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Hybrid online and offline teaching is becoming the mainstream teaching method in the postepidemic era. However, research on
assessing its teaching quality is still limited. *is article thus develops a teaching quality evaluation model based on the BP neural
network. A three-dimensional indicator system involving 19 indicators is set in the model. *e established model was dem-
onstrated and validated by a case study. *e results show that the developed model can accurately assess the teaching quality of
hybrid online and offline teaching. Findings from this study can provide valuable references for improving the quality of hybrid
online and offline teaching.

1. Introduction

In the digital era, digital technologies represented by the new
generation of Internet technology have significantly reduced
the cost of information dissemination. Students can,
therefore, easily access a vast amount of high-quality
teaching resources through the Internet. In this context,
both “teaching” and “learning” are given a new connotation
of the times [1]. A lot of online teaching platforms like
Coursera, Udacity, and edX have emerged. More and more
schools, including some top universities like Harvard and
MIT, have opened their public courses. Online teaching is
beginning to be accepted by the public and is increasing [2].
Especially in the wake of the 2020 New Crown Pneumonia
outbreak in countries around the world, online teaching has
become a choice many universities have to make in the
context of epidemic prevention and control [3]. Even though
the epidemic has been initially controlled in some countries
and regions, the situation of epidemic prevention and
control is still very serious [4]. At present, more and more
universities select hybrid online and offline teaching for daily
teaching tasks, such as Hong Kong Polytechnic University,
Sydney university, and so on. *e Ministry of Education has
issued policy documents such as “Action Plan of Education

Informatization 2.0” and “Opinions on Strengthening the
Application and Management of Online Open Courses in
Higher Education Institutions.” And at the same time, the
Ministry of Education has held a series of meetings such as
the “National Conference on Higher Undergraduate Edu-
cation in the New Era” to promote the construction of online
resources of various courses [5]. It encourages universities to
actively build online resources of multiple classes and
promote the deep integration of modern information
technology and education [6]. In November 2020, the first
batch of 5118 national first-class undergraduate courses,
including 868 online and offline hybrid first-class courses,
was launched. Facing the new challenges in the postepidemic
era, the large-scale hybrid online and offline teaching tends
to become the mainstream mode of teaching in the future
[7].

Even though the mode of hybrid online and offline
teaching has obtained certain development and achieve-
ments, there are still many teachers, students, and experts
who doubt that the online and offline hybrid teaching mode
cannot achieve the expected teaching effect and thus neg-
atively affect the personnel training of the universities.
Prospective research on the evaluation of teaching quality of
hybrid online and offline teaching is apparent [8]. However,
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at present, systematic and comprehensive assessment in-
dicators and approaches are unavailable.

To address the research gap, this study proposes a
process model and develops an indicator system for
assessing the teaching quality of hybrid online and offline
teaching from the perspective of the whole process of
curriculum construction, teaching implementation, and
teaching effects. An evaluation model based on BP neural
network is also developed. A lecture called Introduction to
Machine Learning in a university in Shanxi, China, is se-
lected for a case study to demonstrate and validate the
establishedmodel. On the one hand, findings from this study
can make up for the deficiency of emphasizing teaching
process evaluation rather than course evaluation in current
research on hybrid teaching quality evaluation. On the other
hand, it provides suggestions and improvement direction for
similar colleges to perfect the construction of related cur-
riculums and improve the quality of hybrid online and
offline teaching.

2. Related Works

From the late 1990s to the present, scholars have experienced
three stages of technology-centered, teacher-centered, and
student-centered cognition of hybrid teaching, which is a
teaching mode combining online and offline teaching. Most
scholars believe that the online part of blended teaching
includes MOOC teaching, SPOC teaching, APP teaching,
and other forms [9, 10], and the offline part is mainly face-
to-face teaching in classrooms, but the application of
modern digital technology should be emphasized. Baragash
and Al-Samarraie conducted a large-scale survey on per-
ceptions of hybrid teaching and learning in US colleges and
universities [11]. *ey found that faculty perceptions of
hybrid teaching and learning have moved beyond tech-
nology integration to a higher level of content and effec-
tiveness improvement. Laura et al. suggest that teachers and
students derive greater psychological satisfaction from hy-
brid online and offline teaching than from traditional in-
structional programs based on cognitive theory [12]. Furnes
et al. found that a 2-year follow-up study of a hybrid online
and offline teaching program for undergraduate students at
the University ofMiami [13].*ey also found that the hybrid
online and offline teaching program significantly improved
students’ communication and innovation skills and was a
highly effective teaching model.

Teaching quality is a direct reflection of the effect of
educational activities [13, 14], and global scholars have
conducted a lot of research on teaching quality evaluation,
covering various aspects, such as influencing factors, di-
mension classification, evaluation indexes, and methods
[15–19]. In terms of factors influencing online teaching
quality, Xu et al. identified interaction (including the in-
teraction between students, the interaction between stu-
dents and teachers, and the interaction between students
and contents), online self-efficacy, and self-regulated
learning habit as essential factors influencing the quality of
hybrid online and offline teaching for university students
[20]. In terms of hybrid teaching quality dimension

division, Huang et al. pointed out that during the new
crown pneumonia epidemic, the construction of an online
teaching quality assurance system in national universities
showed comprehensive, diversified features from three
dimensions of supervisors, teachers, and students [21].
Scholars have also proposed using big data methods and
machine learning methods to convert macroscopic, qual-
itative evaluation to microscopic, quantitative evaluation
[19, 22, 23].

In summary, in the face of the rapid advancement of
digital technologies and the impact of the new coronary
pneumonia epidemic, worldwide scholars continue to be
enthusiastic about hybrid online and offline teaching and
learning and have achieved specific achievements in the
research of hybrid online and offline teaching quality as-
sessment. However, there are still the following deficiencies:

(1) *e hybrid online and offline teaching mode is be-
coming more affluent, especially with the develop-
ment of mobile Internet, which further promotes the
diversification of hybrid online and offline teaching.
But the current research on the evaluation of hybrid
online and offline teaching quality has not yet paid
attention to this new change.

(2) *e existing research on the quality of hybrid online
and offline teaching mainly starts from the per-
spective of the general process of teaching activities,
ignoring the impact of hybrid online and offline
teaching courses as the basic unit and new mode
teaching mode on educational effects.

(3) *e hybrid online and offline teaching quality
evaluation indicator system established by the
existing research is relatively brief, ignoring the key
index points that affect the quality of hybrid
teaching, such as course objectives, course philoso-
phy, and teaching team, which affects the com-
pleteness of the hybrid teaching quality evaluation
system.

(4) *e current research on the implementation strategy
of hybrid teaching has not yet formed a good echo
with the research on teaching quality evaluation, and
the suggestions on the implementation strategy of
hybrid teaching quality evaluation based on the
expansion of practice level will help the application
and promotion of the hybrid teaching.

3. Development of Evaluation Indicator System

3.1. Principles. Hybrid online and offline teaching is based
on constructivist learning theory and emphasizes student-
centeredness. Currently, the development of 5G technology
and the popularity of mobile Internet have expanded hybrid
teaching to new forms, such as mobile Internet APP, and the
basic elements involved in hybrid teaching, such as teaching
resources, are also expanding. *is paper proposes the
principles that should be followed in constructing a hybrid
teaching quality evaluation indicator system from the fol-
lowing aspects.
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3.1.1. Integration of Course Evaluation and Implementation
Evaluation. *e quality evaluation system of hybrid online
and offline teaching must start from the curriculum as the
high level of curriculum is the prerequisite and fundamental
to ensure the quality of blended teaching. *e prerequisite
and foundation for the quality of hybrid online and offline
teaching is a high-level curriculum. *e evaluation of the
implementation and feedback of hybrid teaching is carried
out to grasp the fundamental elements of the curriculum in
hybrid teaching. *e quality evaluation system of hybrid
online and offline teaching should be based on the whole
teaching process, and the coverage of teaching quality
evaluation index points should be improved.

3.1.2. Combination of Process Evaluation and Outcome
Evaluation. *e student-centered teaching concept requires
that the evaluation of hybrid online and offline teaching
quality should focus on process evaluation on the one hand
and outcome evaluation on the other.*e process evaluation
needs to focus on the dimensions of teacher-student in-
teraction, student-student interaction, and teaching con-
tents, and its forms include learning behavior evaluation on
the desktop and mobile end of the teaching platform, offline
learning behavior evaluation, stage assignments, and so on;
the form of outcome evaluation includes test papers, essays,
defenses, and so on.

3.1.3. Diversification of Evaluation Subjects and Evaluation
Indicators. Hybrid online and offline teaching includes both
flexible online desktop teaching and mobile APP teaching
and traditional offline, face-to-face teaching. Both teachers
and students are deeply involved in the whole process of
teaching activities, especially in the construction of hybrid
teaching courses; the teachers’ overall design of the course
has an important impact on the teaching quality. *erefore,
in the selection of evaluation subjects, teachers, students, and
experts inside and outside the university and the teaching
platform should be included in the evaluation subjects, and
the application of learning behavior data from the desktop
and mobile ends of the teaching platform should be em-
phasized. As for the evaluation indicators, the diversified
design of combining qualitative and quantitative indexes,
objective data, and subjective judgment should be insisted
on.

3.1.4. Comprehensive Evaluation Content and Evaluation
Method. As the course construction and organization
implementation process in hybrid teaching are relatively
complex, the quality evaluation needs to be more com-
prehensive and detailed, focusing not only on the all-round
examination of the course construction but also on the
evaluation of questions, tests, and assignments in the
traditional offline teaching process, as well as the evaluation
of video viewing, chapter tests, topic discussions, and other
contents in the online teaching process. In terms of eval-
uation methods, evaluation can be carried out with the data
from the online desktop and mobile APP teaching

platforms, and phase evaluation and rolling dynamic
evaluation can also be carried out according to the course
teaching progress.

3.2. Indicator System. *e key to constructing a hybrid
teaching quality evaluation system is the selection and de-
termination of evaluation indicators. *is paper develops a
hybrid teaching quality evaluation system containing three
first-level indicators: course construction evaluation,
teaching implementation process evaluation, and teaching
effect evaluation.

Firstly, in the evaluation of hybrid teaching course
construction, combined with the specific elements contained
in the course, we focus on whether the system meets the
basic construction standards and, at the same time, has the
essential characteristics of hybrid teaching. Specifically,
seven secondary indicators such as course objectives,
teaching content, and teaching design are evaluated com-
prehensively and should be considered by different evalu-
ation subjects because of the difference in the connotation of
secondary indicators of different dimensions. *e indicator
system is shown in Table 1.

Secondly, in evaluating the teaching implementation
process of hybrid teaching, we aim to improve the inter-
activity and build a teaching process evaluation system based
on the interaction between “teaching” and “learning.”
Specifically, it includes four secondary indicators, namely,
students’ online session, teachers’ online session, students’
offline session, and teachers’ offline session, as shown in
Table 2.

At last, in the evaluation of hybrid teaching effect, the
teaching effectiveness of both online teaching and offline
classroom is combined to make a comprehensive judgment.
Specifically, from two dimensions of process assessment and
outcome assessment, eight secondary indicators are
designed, including assessment objectives, assessment
forms, assessment contents, and assessment quality, as
shown in Table 3.

4. Assessment Methods

4.1. Model Development. Traditional assessment methods
such as the single-factor evaluation method, the compre-
hensive evaluation method, fuzzy mathematics, operation
research, multivariate statistical analysis, multidimensional
scalar analysis, and so on have been used to evaluate the
quality of hybrid teaching. Even though these methods could
achieve certain results to different degrees, they were im-
perfect, mainly in the following aspects: (1) It is difficult to
determine the weights of each secondary index, and the
evaluation is usually subjective and arbitrary by virtue of
experts’ experience. *ere is thus a specific error with the
actual value. (2) It is difficult to make an accurate evaluation
of the results of specific indicators by traditional methods.
(3) *e calculation is complicated, and the solution is te-
dious. (4) *e algorithm lacks self-learning ability. *ere-
fore, this study tries to obtain a fast, effective, and accurate
method of hybrid teaching quality evaluation.
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Artificial Neural Network, in the field of machine
learning and cognitive science, is a mathematical or com-
putational model that mimics the structure and function of
biological neural networks (the central nervous system of
animals, especially the brain) for estimation or approxi-
mation of functions [24]. A neural network consists of a
large number of artificial neurons linked for computation. In
most cases, artificial neural networks are able to change their
internal structure based on external information and are
adaptive systems, which are commonly known as having a
learning function. Modern neural networks are a nonlinear
statistical data modeling tool, and they are usually optimized
by a learning method based on a mathematical, statistical
type, so they are also a practical application of mathematical,
statistical methods, which allow us to obtain a large number
of local structural spaces that can be expressed as functions
[25, 26]. On the other hand, in the field of artificial per-
ception in artificial intelligence, we can do decision problems
in artificial perception through the application of

mathematical statistics (i.e., through statistical methods,
artificial neural networks can have the ability to make simple
decisions and superficial judgments like human beings), and
this method has advantages over formal logical reasoning
[27]. Like other machine learning methods, neural networks
have been used to solve a wide variety of problems, such as
machine vision and speech recognition. *ese are problems
that are difficult to be solved by traditional rule-based
programming.

BP neural network, also called “error backpropagation
neural network,” provides a novel technique for teaching
quality evaluation, which can effectively overcome the
shortcomings of traditional evaluation methods. In essence,
this is a category of dynamic information processing systems
composed of a large number of information processing units
through a wide range of linkages, and this system is unique
in processing various kinds of paradoxical, ambiguous,
random, large volumes dynamic, and low-precision infor-
mation. It has the functions of learning, remembering,

Table 1: Evaluation indicators of hybrid teaching course construction.

Indicators Subindicators Meanings Subjects

Course construction
evaluation X1

Course objectives
X11

(1) In line with the school’s orientation

Internal and external
experts

(2) In line with the professional training objectives
(3) Covering the three dimensions of knowledge, quality, and
ability
(4) Reflecting innovation, high order, and challenges

Teaching content X12

(1) Clearly expressed; measurable, quantifiable, and assessable in
terms of achievement

Internal and external
experts

(2) Implementing the requirements of the construction of
curriculum thinking and politics
(3) Reflecting the frontier and modernity
(4) Reflecting the integration of multiple disciplines
(5) Meeting the teaching objectives

Teaching design X13

(1) Reasonable arrangement of online and offline teaching hours

Internal and external
experts

(2) *e online and offline teaching contents are cross-
complementary
(3) Close connection between online and offline teaching
activities

Teaching team X14

(1) Upholding the concept of student-centered, output-oriented,
and continuous improvement Internal and external

experts(2) Strong awareness of teaching reform and outstanding
teaching ability
(3) Clear division of labor and mutual collaboration

Teaching resource
X15

(1) In line with the teaching objectives
Internal and external

experts
(2) Teaching resources are abundant in various forms
(3) Teaching resources are updated in a timely manner and have
a short periodicity

Teaching platform
X16

(1) Easy and fast operation of the platform and stable operation

Teachers and
students

(2) Instant monitoring, feedback, and statistics
(3) Convenient interaction between teachers and students,
students and students in various forms
(4) Supporting for a variety of functions, such as testing,
assessment, and live streaming
(5) Facilitating teachers’ personalized teaching design and
students’ personalized learning

Teaching
environment X17

(1) Software and hardware configurations to meet teaching
needs Teachers and

students(2) Stable network environment
(3) Supporting new technologies and tools
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associating, summarizing, generalizing, extracting, guest
error, and self-adaptive capabilities and is a system that can
handle nonlinear problems.

A typical BP neural network is a three-layer feed-forward
hierarchical network consisting of an input layer, an implicit
layer, and an output layer. *e learning process of a BP

Table 2: Evaluation indicators of hybrid teaching implementation process evaluation.

Indicators Subindicators Meanings Subjects

Teaching implementation process
evaluation X2

Students’ online
session X21

(1) Length of students’ study

Platform and
teachers

(2) *e number of times of students’ study
(3) Percentage of students completing task points
(4) Students’ online chapter test scores
(5) *e number of times of students extending their
learning
(6) *e number of times of students participate in activities
(7) *e number of times of students post and reply to posts
(8) *e degree of completion of student group tasks
(9) Quality of student group task completion

Teachers’ online
session X22

(1) *e number of teacher postings

Platform and
students

(2) *e number of times of teachers answering questions
(3) Coverage rate of teachers’ Q&A
(4) *e time limit for teachers to answer questions
(5) *e number of times of teachers guided, supervised and
instructed students in their studies
(6) *e number of teaching activities organized by teachers

Students’ offline
session X23

(1) *e number of times of students asking or answering
questions

Platform and
teachers

(2) *e quality of questions asked or answered by students
(3) *e number of times of students participated in
classroom activities
(4) *e student’s performance in completing classroom
tests
(5) *e clear division of work among group members
(6) *e degree of completion of group tasks
(7) Quality of group tasks completed

Teachers’ offline
session X24

(1) *e number of questions asked by teachers

Platform and
students

(2) *e organization of classroom activities by teachers
(3) Development of team learning by teachers
(4) Experiential learning by teachers
(5) *e conduct of classroom tests by teachers
(6) Training students to solve complex problems
(7) Teaching with digital teaching tools
(8) Teachers’ guidance to students
(8) Teachers guide students in learning, summarizing, and
reflecting on the situation

Table 3: Evaluation indicators of hybrid teaching effect evaluation.

Indicators Subindicators Meanings Subjects

Teaching effect evaluation X31

Objective of process evaluation X31 Covering milestones Internal and external experts
Form of process evaluation X32 Nonstandardized evaluation Internal and external experts

Content of process evaluation X33

(1) Evaluation of course knowledge

Internal and external experts
(2) Evaluation of professional skills
(3) Evaluation of applied skills
(4) Comprehensive ability evaluation
(5) Competence evaluation

Quality of process evaluation X34 Evaluation quality Teachers
Objective of outcome evaluation X35 Covering milestones Internal and external experts
Form of outcome evaluation X36 Nonstandardized evaluation Internal and external experts

Content of outcome evaluation X37

(1) Evaluation of course knowledge

Internal and external experts
(2) Evaluation of professional skills
(3) Evaluation of applied skills
(4) Comprehensive ability evaluation
(5) Competence evaluation

Quality of outcome evaluation X38 Evaluation quality Teachers
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neural network consists of forwarding propagation of in-
formation and backward propagation of errors. When given
a set of input patterns to the network, the BP network will
sequentially learn this set of input patterns in turn in the
following manner: first, the input pattern is transmitted
from the input layer to the implicit layer unit, and after being
processed by the implicit layer unit layer by layer, an input
pattern is generated and transmitted to the output layer,
which is called forward propagation [28]. *e output result
is then compared with the expected value [29]. If it does not
meet the anticipated expectation, it is transformed into a
backpropagation of the error, which returns the error along
the original path and makes the error signal smaller by
modifying the connection weights of the neurons in each
layer. *ese forward and backward propagation alternate
with each other and are seen as a “memory training” process.
*e system repeats these two processes until the error be-
tween the output value, and the expected value is reduced to
within a specified range [30]. At this moment, the new
samples are fed into the already trained network, and the
corresponding output values are obtained.

*e BP neural networkmodel for hybrid teaching quality
evaluation is established in the following steps.

4.1.1. Determination of the Number of Neurons in the
Transmitter Layer. According to the evaluation indicator
system of hybrid online and offline teaching quality, there are
19 subindicators in the system. *ese 19 subindicators can be
used as the input neurons of the model.*erefore, the number
of neurons in the input layer n is determined as n� 19.

4.1.2. Determination of the Number of Neurons in the Output
Layer. *is study uses the evaluation results as the output of
the developed network and the number of output layers
m� 1. *e desired outcomes are grade A for excellent; grade
B for good; grade C for pass; and grade D for fail.

4.1.3. Determination of the Number of Implied Layers of the
Network. *e indicated layer can be one or more layers.
According to the theory of Kolmogorov, the following has been
proved: for any given continuous function, a three-layer neural
network can then accurately implement the predefined model
functions. *erefore, in the hybrid online and offline teaching
quality evaluation model, we choose the hidden layer as one
layer.

4.1.4. Determination of the Number of Neurons in the Hidden
Layer. In general, the number of neurons in the hidden layer is
determined based on the convergence performance of the
network. Too few neurons in the hidden layermay not train the
network, or the obtained network may not be “strong” enough
to recognize previously unseen samples, and the error tolerance
is poor. However, too many neurons in the hidden layer may
make the learning time too long, and the error may not be
optimal either. *erefore, there is a problem with how to
determine the appropriate number of neurons in the hidden
layer of the network. Generally, the “trial-and-error method”

can be used to compare the network output error with the
desired error and select the simulation effect. *e number of
hidden layer nodes used for the best simulation results is
chosen by comparing the fit between the output and desired
errors, but this approach is tedious and time-consuming. *e
number of neurons in the hidden layer can also be determined
by referring to some empirical formulas to determine. *e
following equations are two widely used empirical formulas.

s � 0.43mn + 0.12m
2

+ 2.54n + 0.77m + 0.35 
1/2

+ 0.51, (1)

s � (n + m)
1/2

+ a, (2)

where a is a constant between 1 and 10, n is the number of
neurons in the input layer, and m is the number of neurons
in the output layer. In this paper, we initialize the number of
neurons in the hidden layer based on the relevant empirical
formula as s� 12.

4.1.5. Determination of Neuronal Transition Function. BP
neural network neuron conversion function is generally
chosen as sigmoid function:

f(x) �
1

1 + e
−λx

 
, (3)

in which the coefficient λ determines the degree of com-
pression of the sigmoid function.

4.1.6. Determination of the Model Structure. From the above
results, it can be determined that the structure of the hybrid
online and offline teaching quality evaluation model based
on the BP neural network is shown in Figure 1.

4.2.ModelTraining. A lecture called Introduction toMachine
Learning in a university in Shanxi, China, is selected for a case
study to demonstrate and validate the established model. We
conducted a questionnaire survey among 60 students of this
lecture. Surveyed subjects are asked to mark the 19 indicators
from 0 to 9. *e three-layer BP neural network shown in
Figure 1 was used for identifying the above hybrid online and
offline teaching quality assessment system. *e numbers of
neurons in the input layer, implicit layer, and output layer are
38, 12, and 1, respectively, and the learning rate η � 0.85. 40
randomly selected samples of data were considered as the
training set of the neural network.*e target error is 0.001.*e
specific training process is shown in Figure 2.

4.3. Model Test. After the training of the network was
completed, it was tested using the remaining 20 sets of data.
*en, the error between the evaluation target value and the
actual evaluation target value output by the neural network is
checked and compared, and the comparison results are shown
in Table 4. It can be learnt that the output values of the hybrid
online and offline teaching quality evaluation model built
based on the BP neural network are very close to the real
values. In other words, the model can accurately determine
the teaching effectiveness based on each evaluation indicator.
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Initialize weights

Read in network
weights

Input learning samples

Calculate output at
hidden layer

Calculate output Y and
error E at output layer

Calculate error E at
hidden layer

Revise network
weights

Are there any unlearned
samples in the training set?

Y N N

Y

E < 0.001

END

E <− 0

Figure 2: Process of model training.

x1

x2

x19

y

Input Layer Hidden Layer Output Layer

Figure 1: Structure of the BP neural network.
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5. Conclusions

*e hybrid online and offline teaching quality evaluation
system is a complex nonlinear system with many uncer-
tainties between the input and output. *e BP neural net-
work model can effectively overcome the defects of
traditional evaluation methods and weaken the human in-
fluence factors of index weight determination in traditional
evaluation methods because of its highly nonlinear function
mapping function and self-adaptive and self-learning ability.
It is not only feasible but also has high accuracy. After the
empirical study, we found that the error between the output
value of the BP neural network model and the real value is
relatively small. *e performance can fully meet the re-
quirements of practical applications. In addition, the output
accuracy of the network depends on the number of input
training samples, and the more the number of training
samples, the closer the output teaching effect evaluation
value is to the actual evaluation value. In conclusion, the
developed hybrid online and offline teaching quality eval-
uation model established based on the BP neural network is
expected to provide helpful reference for universities and
teaching management departments to seek scientific solu-
tions for teaching quality evaluation and improvements.
*is research still has two main limitations: (1) the evalu-
ation model is still superficial; (2) only a case is applied to
validate the model. In the future, the evaluation model can
be further improved by introducing big data and deep
learning. In addition, more cases should be used to further
validate the developed indicator system and evaluation
model.
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