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Abstract. At present, the evaluation of normal teaching order and teaching quality has been seriously interfered by the impact
of COVID-19. In order to ensure the quality of art classroom teaching, this article uses BP neural network technology to
build a model for art teaching quality evaluation during the epidemic. Based on the introduction of the BP neural network
model and the problems of art teaching quality evaluation, the article focuses on the art teaching quality evaluation indicators
and the BP neural network algorithm and process. In addition, the article also uses an empirical method to verify the effect
of the BP network model training method, and obtains the expected effect. Finally, it discusses the problem of information

processing in art teaching evaluation.

Keywords: Art teaching quality evaluation, BP neural network, COVID-19

1. Introduction

At the beginning of 2020, the normal teaching
order was impacted by the epidemic of COVID-19,
and the teaching quality was greatly affected. Teach-
ing quality is one of the core contents in the education
quality guarantee system, and it is also an impor-
tant indicator reflecting the teaching level of teachers.
Through the evaluation of teachers’ teaching quality,
the teaching management department can systemat-
ically, comprehensively and accurately understand
the teaching level and quality of all kinds of cur-
riculum teachers. Teaching quality evaluation can
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also find out the experience and problems of teach-
ing reform in time, so as to provide a reliable basis
for decision-making. The evaluation can collect the
objective reflection of the students on the teacher’s
teaching in the teaching process, and also provide
feedback information for the teacher to improve the
teaching. This plays a great role in promoting the
improvement of teaching quality. Through evalua-
tion, we can train a group of excellent teachers,
especially for young teachers and teachers ’profes-
sional development. Evaluation is also conducive to
the improvement of the overall quality of the teaching
staff, and provides a fair, reliable, and scientific basis
for the evaluation of teachers’ positions [1].
Artificial neural network, also known as neu-
ral network, is a computer technology invented by
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American neurobiologist. Loch and mathematical
logician W. Pitts in 1943 [2]. Artificial neural network
ANN can simulate the neural activity of human brain,
and use the mathematical model and algorithm sys-
tem to get the relationship between the input sample
information and the information through the adjust-
ment of neuron weight and threshold value. It can also
predict and analyze the relationship between other
information. Therefore, it has good generalization
ability. Artificial neural network has the following
outstanding advantages: it can fully approach any
complex nonlinear relationship; it has strong robust-
ness and fault tolerance; it can quickly carry out a
large number of operations; it has associative memory
and learning functions; it can process quantitative and
qualitative knowledge at the same time. These advan-
tages of ANN can better adapt to the multi-factors,
uncertainty and nonlinearity of teaching quality eval-
uation problems, it can overcome the shortcomings
of other methods, quickly and objectively evaluate
the teaching quality of teachers. In this paper, the
neural network toolbox (NNT) of Matlab 7.1 is used
to collect the evaluation samples of art college stu-
dents, and to study the feasibility and effect of back
propagation network on the evaluation of art teachers’
teaching quality.

2. The principles of establishing the
evaluation index system of teachers’
teaching quality

To carry out teaching evaluation, we need to grasp
the following principles:

— The principle of simplicity and scientificity. The
evaluation index system should be appropriate in
size and clearly reflect the quality of art teach-
ers’ teaching. If the evaluation index system is
too large, too many and too fine, it will certainly
attract the attention of the evaluator to the small
problems. However, if the evaluation index sys-
tem is too small, the index level is too small, and
the index is too coarse, it cannot fully reflect and
evaluate the overall level and teaching effect of
teachers [4].

— The principle of fairness and rationality. That
is to say, the evaluation index should be able to
objectively, fairly and reasonably reflect whether
the teaching process, teaching methods and
methods of teachers are conducive to students’
active learning and personalized learning.

— The Principle of operation convenience. The
evaluation index system should be operable in
practical application, with clear and reliable
index meaning and easy data collection, which
can be operated and applied by personnel who
do not understand the establishment process of
the index system.

— Practical principle. The evaluation system of
teaching quality of art college teachers should
embody the principle of attaching importance
to practical teaching. We should pay attention
to the cultivation of students’ practical ability
and establish an open practical teaching envi-
ronment. All teaching activities should be based
on the corresponding vocational field ability
obtained by the students as the starting point
and the end point, and give the students sufficient
learning time and space to cultivate the students’
ability and method of acquiring knowledge [3].

— The principle of overall consideration. The eval-
uation of teaching quality of teachers in art
colleges is a systematic work, which is related
to teachers, students, teaching facilities (equip-
ment), teaching material construction and many
other aspects. We should make a scientific over-
all plan. At the same time, the evaluation work
should be combined with school orientation,
training objectives and teaching management.

In order to meet the requirements of the cur-
rent new situation, art education needs to constantly
improve and improve its own development level
through reform. The main carrier of art teachers to
achieve this goal puts forward higher requirements
for their teaching level. Therefore, it is necessary to
take various measures to improve the teaching quality
of teachers.

At present, many schools use the method of eval-
uating teachers by students. This method divides all
the courses into several categories, such as theory
courses, practice courses, experiment courses, etc.,
and sets up some evaluation indexes for each kind of
courses. According to these indexes, the students give
anonymous scores to the lecturers of the courses. The
specific operation is that at the end of each semester,
the academic affairs department or the University
Evaluation Center will collect the students’ scores,
so as to strengthen the teaching management and
improve the teaching quality of teachers. Although
this way strengthens the school’s management of
teaching to a certain extent, and the evaluation results
reflect the teachers’ teaching level to a certain extent,
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there are some problems in this evaluation mecha-
nism

— Teaching evaluation does not fully consider the
differences of the evaluated teachers. Because of
the difficulty of practical operation, the school
did not set the evaluation index according to
the difference of the nature of the art cur-
riculum. It is impractical to adopt a unified
evaluation method and standard for the different
development stages of art discipline. Teachers
in different disciplines and development stages
should have different evaluation systems and
standards. Even in the same discipline, teachers
in the same development stage should have the
difference between traditional curriculum teach-
ing and new curriculum teaching [5].

— The main body of participating in the evaluation
is too single, which is easy to cause one-sided
results. According to the traditional teaching
evaluation system, the main body of teaching
evaluation is students, so the value orientation
of students will directly affect the quality of
evaluation results. To some extent, students’
experience as the only subject of teaching eval-
uation results in one-sided teaching evaluation.
Due to the ideological independence of college
students, the evaluation of teachers is often based
on their popularity, qualifications, professional
titles, educational background, cognitive level,
etc., which to some extent affects the scoring
results. At the same time, students’ interest in
curriculum learning will also affect the evalua-
tion results. They tend to pay more attention to
whether teachers are funny, vivid and passionate
in the classroom. This kind of guidance is more
common, and the result often leads teachers to
introduce some irrelevant content in lectures to
meet the evaluation standards of students, thus
ignoring the main content of the course.

— The evaluation method is lack of operability.
At present, although the teaching quality eval-
uation of art teachers adopts the combination
of normal and regular, qualitative and quantita-
tive, supervision and students, but in the specific
operation, there is no real assessment method
with strong applicability and easy operation.
For example, in the aspect of combining regu-
lar assessment with regular assessment, there is a
lack of regular assessment. In the combination of
qualitative and quantitative assessment, there is
a lack of quantitative assessment. In the aspect

of the combination of supervision and student
assessment, there is a lack of supervision and
assessment.

To sum up, the research and establishment of sci-
entific evaluation standards and systems of teachers’
teaching quality is not only the need of school sys-
tem construction and standardized management, but
also the direction of teachers’ teaching behavior. It is
imperative to establish a reasonable teaching evalua-
tion index system.

The evaluation index system of art teachers’ teach-
ing quality is mainly composed of the following
elements: the teaching concept, the implementation
of the syllabus (plan), the teaching content, the teach-
ing methods and means, the teaching cultivation and
the basic skills of teaching. As shown in Table 1.

According to the characteristics of the two majors
of urban and rural planning and human geography,
and the adjustment ideas of the three major sections
above, the curriculum system of urban and rural plan-
ning and human geography can be integrated. The
overall idea for integration is: “Theoretical courses
are compatible with skill courses, supplemented by
direction courses”.

In order to evaluate teachers’ teaching quality and
teaching effect objectively and accurately, 22 sec-
ondary evaluation indexes in the teaching quality
evaluation index system need to be evaluated respec-
tively, and the evaluation indexes are set as X1, X2,
X3, X4 ... X21, X22, through a questionnaire sur-
vey of teachers and students in an art college. In the
survey, the respondents are required to fill in and
grade 22 evaluation indexes in the table. The value
range of evaluation indexes is specified as 0-9, and
each person fills in a copy. After the summary, a
teaching quality questionnaire as shown in Table 2 is
established (only 21 samples and evaluation of some
indexes are listed, others are omitted).

It can be seen from Table 2 that the 22 sec-
ondary indicators included in the teaching concept,
syllabus (plan) implementation, teaching content,
teaching methods and means, teaching accomplish-
ment and basic teaching skills affect the teaching
quality of art teachers to varying degrees. How-
ever, because the teaching quality evaluation system
contains non-quantitative factors, and the input (22
evaluation indicators) and output (teaching effect)
of the evaluation system are not necessarily sim-
ple linear relationships. Therefore, it is necessary
to establish a reasonable and scientific mathematical
model to find the mathematical relationship between
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Table 1

Evaluation Index System of Art Teachers’ Teaching Quality

First level index

Secondary index

Teaching philosophy

Implementation of syllabus and
teaching plan

Content of courses

Teaching methods and means

Teaching accomplishment

Basic teaching skills

Modern educational ideas and strong innovative ideas (X1)

Obvious awareness of teaching reform, forming their own teaching style (x2)

Education and subject objectives meet the requirements of syllabus (x3)

Complete the teaching tasks and contents specified in the syllabus (x4)

Ensure the continuity and systematization of learning content (x5)

Follow the teaching plan. No change without approval (x6)

Teaching content should highlight the key points and difficulties (X7)

Clear knowledge level and strong logic (x8)

Timely introduction of new knowledge, theory and skills into classroom teaching (x9)

Pay attention to the cultivation of students’ practice and innovation ability, and strengthen the
relevant skills training of this course (X10)

The teaching method should be selected according to the characteristics of the course, with
students as the center, learning and teaching (X11)

The teaching method is flexible and diverse, which can stimulate students’ participation
consciousness and innovative thinking (X12).

The modern teaching method is adopted reasonably, and the lecture image is vivid (x13)
Teachers influence students with a high sense of responsibility, a noble manner of speech and
behavior, and a rigorous attitude towards learning (x14)

Teachers should answer students’ questions patiently, teach students according to their
aptitude and guide them (x15)

Teachers respect students’ differences in teaching and arouse students’ enthusiasm for
learning (x16)

Harmonious atmosphere between teachers and students in class (x17)

Proficient in Mandarin teaching. The language expression is accurate, fluent and clear. (X18)
The design of blackboard writing is reasonable, concise, neat and standardized (X19)

The teaching style should be natural, dignified, generous and friendly, and the clothes should
be neat (X20)

Scientific and reasonable allocation of teaching time and high efficiency of classroom
teaching (X21) To attend and leave class on time, not late, leave early, not delay (X22)

Table 2
Questionnaire on teaching quality of art teachers

Serial Evaluation index (secondary index) Evaluation
number X1 X2 X3 X4 X5...X20 X21 X22 objectives
1 6.5 5 7 45 L. 6 7 7.75
2 3 9 4 6 ... 7.5 6 6.5
3 6 6.5 8 4 L 7 6.5 6.5
4 7 6.5 8 6 .. 6 7 7.25
5 8.5 4 9 55 L. 8.5 7 8.5
6 6 7.5 6.5 75 L 7 7.5 7.25
7 7.5 4 8 65 ... 6 7 8
8 6.5 5.5 6 9 L. 7 6 6.25
9 7 3 6 5 L 5.5 6.5 6.75
10 8 3 9 55 L. 7 7 7.5
11 7 6 8 4 Ll 6.5 7 6.75
12 6 8 7 75 L. 6.5 7 7.5
13 6.5 6.5 6 5 L 5.5 6 6.75
14 7.5 8.5 5 7T 8.5 7.5 6.75
15 6 9 5.5 65 ... 6.5 5.5 6
16 6 9 5 7 8 6.5 6.5
17 7 5.5 8 55 L. 7 7.5 7.5
18 4 7.5 3.5 55 L. 4.5 6 6.25
19 4 8 6 55 L. 6.5 6 6.5
20 5.5 4 5 3 4 7 6.75
21 9 6.5 8 6 .. 6.5 8 8
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the input and output of the evaluation system, which
has important practical significance for the objec-
tive and fair evaluation of the teaching quality of art
teachers.

3. Evaluation model of teachers’ teaching
quality based on neural network

3.1. Introduction to BP neural network

BP neural network was proposed by Rumelhart
et al. Based on the research achievements of mod-
ern neuroscience [6], neural network theory attempts
to simulate the way the human nervous system pro-
cesses, memorizes, and processes information in
order to design an information processing system
with a human brain feed-forward network style.
According to statistics, in the practical application
of artificial neural networks, nearly 9 neural network
applications are based on the BP algorithm and its
variants. The BP neural network embodies the most
essential part of the artificial neural network and has
a good ability to approximate nonlinear mapping.,
And it is very suitable for solving problems with few
rules, multiple constraints or incomplete data, such
as complex classification and pattern recognition.
Specifically, the neural network can automatically
learn the previous experience from the provided data
samples, without the need for cumbersome query and
expression process, and can automatically approxi-
mate the functions that describe the regularity of the
sample data, regardless of the form of these functions.
For those situations where the influencing factors
are more complex and the degree of nonlinearity
is higher, the advantage of neural networks is more
obvious. It can be widely used in various data such
as prediction, classification pattern recognition and
process control.

3.2. Neural network model and learning
algorithm for teachers’ teaching quality
evaluation

BP neural network (Back Propagation NN) is a uni-
directional multi-layer forward neural network. The
network can be divided into input layer, intermediate
layer and output layer, in which the input and output
are only one layer, the intermediate layer can have
one or more layers. There is no connection between
network nodes on the same layer. Each network node
represents a neuron. The input signal is input from
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Fig. 1. Three-layer neural network structure diagram of BP.

the input layer node, then passes through the mid-
dle hidden layer node, and then is transmitted to the
output node. The output of each layer of nodes only
affects the output of the next layer of nodes. Kol-
mogorov’s theorem shows that a 3-layer BP neural
network containing only input layers, single hidden
layers and output layers can achieve arbitrary con-
tinuous mapping [7]. In 1989, Robert Hecht Nielson
proved that any continuous function in a closed inter-
val can be approximated by a BP network with an
implicit layer, and a 3-layer BP network can com-
plete any N-dimensional to M-dimensional mapping
[8]. For the determination of the number of hidden
neuron nodes, the cell characteristic transfer function
usually uses a Sigmoid-type transformation function,
and the cell characteristics of the output layer nodes
can be expressed linearly [9].

This article uses BP neural network to identify
the teaching quality evaluation system of art teach-
ers. Here, the 22 secondary evaluation indicators are
used as the input of the neural network system, and
the teacher’s classroom teaching effect is used as the
output of the system. Its structure is shown in Fig. 1.

Let the input layer of the BP network
X = {x(1)...x(m)}, Among them, X (1) ~ X (n)
are various evaluation indexes of the teacher’s
teaching quality evaluation system. In this study, the
value of n is 22, that is n=22.

The hidden layer of the network is:

net; = Z v;jx10; = a(net;)

where v;; is the weighting coefficient and a(x) is the
system’s excitation function or transfer function, tak-
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ing the Sigmoid function, namely:

l—e™

14 etx

6]

a(x) =

The output layer of the network is: y = > w;o0;
i

Among them, y is the output variable of the neural
network system, {w;} is the weighting factor.
Let the criterion function be:

Ez[y—ﬂ_ﬁ .

2 2

Using BP algorithm can minimize the performance
index, In order to ensure the overall stability of the
system, the actual output y of the identified object
(teaching quality evaluation system) is used as a feed-

back signal and compared with the output y of the
neural network identifier. And E<e (e is a very small
number). If it does not meet the requirements, it is
necessary to constantly adjust the number of weights
to meet the expected requirements.

For the basic BP, the algorithm steps can be fur-
ther improved, and then the improved BP learning
algorithm steps can be followed:

— Firstly, the network model structure, learning
parameters and network connection weights are
initialized.

— Then input the input vector X and the expected
output vector D.

— The output vectors of each layer of the model
are calculated.

— Use the following formula to calculate the cumu-
lative error.

P
_ 1 L,y
E—gng—zwp ) G

— The error signals of each layer of the model are
calculated.

— When all samples are finished, proceed to the
next step, otherwise return (2)

— Adjust the network connection weight of each
layer.

P P
wj = wj+n28juj+ozn28juj 4)
p=I p=1

p p
vjzvij+n25ijuj+ar)26ijx (®)]
p=1 p=1

Problem model

Build BP model lL

Constructing BP network model

Set training parameters

<

Input training data

BP network training {}

BP neural network training

I

Training results reach the goal

End of N
training

Input test data

BP network prediction iL

BP network prediction

Fig. 2. Flow chart of the BP neural network model.

— Judge whether the learning is over. If every P
and K is satisfied If each P and K satisfies |d” —
y?| &, or reaches the maximum of the set training
times, then the learning is finished, otherwise
continue to the next step.

4. Experiment results and analysis

First, the BP network can be created by the function
newff, which establishes the network object and ini-
tializes the network weight and threshold. Network
training is realized by function train, and network
simulation is realized by function sim. The above
process can be used to model and solve practical
problems. Figure 2 is the realization process of BP
network modeling in MATLAB.
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Fig. 3. Training process of BP neural network system.

The three-layer BP neural network is used to
identify the above-mentioned teacher teaching qual-
ity evaluation system. The number of nodes in the
input layer, the hidden layer and the output layer are
22 x 44 x 1 respectively. The sigmoid learning rate
n=0.9 is used as the activation function. The back
propagation (BP) algorithm is used as the learning
algorithm. The data in Table 2 is used as the training
sample of the neural network identification model,
the target error is 0.001. MATLAB software is used
for simulation experiment to get the training process
curve as shown in Fig. 2. After the training meets
the requirements, the identification value shown in
Table 3 can be obtained. It can be seen from Table 3
that the original data is very close to the identification
value of the neural network system, that is to say, the
model can determine the teaching quality and effect
of teachers according to each evaluation index more
accurately [10].

As for the information processing methods of edu-
cation evaluation, each school is different, and the
network teaching platform used has no unified ref-
erence standard in function, content, development
technology, management means, etc. As far as the
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current situation is concerned, there is basically no
platform that can provide more abundant means of
education evaluation in the network teaching plat-
form. On the one hand, due to the lack of participation
of educational experts in the design and development
of the platform, the design of educational infor-
mation processing module is not considered in the
framework design of the system. On the other hand,
there are many means of educational evaluation,
and the methods of educational information process-
ing are different. The difficulty of development and
the long cycle affect the enthusiasm of developers.
The development of middleware technology provides
a reusable development means for the educational
information processing and educational evaluation
activities under the network teaching environment.
Middleware is a kind of independent system software
or service program, with which distributed applica-
tion software shares resources, manages computing
resources and network communication among dif-
ferent technologies. Middleware, as a special layer
between system software and application, abstracts
the typical application mode, so that application soft-
ware manufacturers can put more ideas in business
logic and develop based on the standard form. In order
to complete application integration and business pro-
cess integration, it is necessary to solve the problem
of data and database integration. Before integration,
the data must be identified and catalogued, and the
metadata model must be determined [10].

Combined with educational evaluation methods
and educational information processing methods, a
large number of educational information (data) com-
plex processing is encapsulated with middleware
technology to form educational information process-
ing software package (i.e. educational information
processing middleware). The compiler of educational
software is based on the functions provided by the
middleware, the data communication between soft-
ware and middleware is completed by combining the
data interface or data model of middleware.

Table 3
Comparison and analysis of identification values of original data and neural network
Serial Evaluation Identifica- Serial Evaluation Identifica- Serial Evaluation Identifica-
number objectives tion value number objectives tion value number objectives tion value
1 7.35 7.748 7 8 6.25 6.2532 15 6 5.9594
2 6.4 6.489 5 9 6.75 6.758 7 16 6.5 6.4595
3 6.5 6.489 1 10 7.5 7.459 6 17 7.5 74591
4 7.75 7.260 6 11 6.75 6.750 4 18 6.25 6.254 2
5 8.3 8.492 8 12 7.5 7.4592 19 6.5 6.5512
6 7.26 7.2510 13 6.75 6.7514 20 6.75 6.750 8
7 8 7.998 9 14 6.75 6.7597 21 8 7.958 4
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If we analyze the structure of educational infor-
mation processing middleware, we should have two
basic modules:

— Data interface module. Data structure module
consists of standard information source object
interface, external specification information,
metadata inspection and standard information
feedback interface

— Information processing object module. The data
are calculated and processed according to the
selected evaluation method. The most common
way to achieve data communication is to use
parameter transfer to transfer data to middle-
ware. However, for the transfer of a large number
of data, this method is more cumbersome and
error prone. Using XML technology to trans-
fer data can solve these problems thoroughly.
Specifically, according to the data interface or
data model of the middleware (written in XML),
the education software combines its own data
storage structure and uses SOA p to transfer the
XML file conforming to the specification to the
middleware. The middleware obtains all the data
needed from the XML file provided by the edu-
cation software and processes it, and feeds back
the processing results to the education software.
Finally, the information processing of education
evaluation is realized.

5. Conclusions

At the beginning of 2020, the normal teaching
order was impacted by the epidemic of COVID-
19, and the teaching quality was greatly affected.
The evaluation of teachers’ teaching quality has
experienced the traditional statistical analysis and
evaluation model, fuzzy evaluation method, grey
decision-making method, analytic hierarchy process
and so on. The above evaluation methods have played
a certain role in the evaluation of teachers’ teach-
ing quality in a specific time and scope. However,
the evaluation of teachers’ teaching is a rather com-
plex problem, so up to now, there is no generally
accepted evaluation index system is the best, and all
of the above methods have their limitations. In recent
years, BP neural network has achieved good results in
pattern recognition, recognition filtering, automatic
control and prediction. It can process any complex
data without knowing the cause of data generation,
and can approach any complex nonlinear relationship

with any precision. Teachers’ teaching evaluation
is of great significance to improve teaching qual-
ity, teachers’ quality and students’ learning effect.
The evaluation system of College Teachers’ teaching
quality is a high-dimensional non-linear relationship,
and the evaluation method of teachers’ teaching qual-
ity based on BP neural network is relatively more
reasonable, scientific and feasible in the processing
of weights and data.

This paper studies some methods of teachers’
teaching evaluation by predecessors, analyzes the
advantages and disadvantages of the methods they
adopt, and puts forward a teacher’s teaching evalua-
tion model based on BP neural network. This paper
uses MATLAB to build BP neural network for train-
ing, simulation and testing. The evaluation results are
very close to the expert evaluation results. It is a feasi-
ble and reasonable teaching quality evaluation model.
Mainly in two aspects.

The Based on the analysis of the structure and prin-
ciple of neural network, especially BP model, this
paper applies it to the evaluation of teaching qual-
ity index system of art college teachers. It is proved
that the error between the output identification value
and the real value of the mathematical model estab-
lished by BP neural network is very small, so that the
teaching quality and teaching effect of higher voca-
tional teachers can be evaluated scientifically and
accurately.

Neural network has the characteristics of “similar
shape input, similar shape output”. The evaluation
accuracy and scientificity of this method not only
depend on the number of training samples, but also on
the quality of training samples. Practice has proved
that the more training samples, the more accurate
the mathematical model can describe the quality of
teaching effect according to each evaluation index.
Because of its high self-organization, self-adaptive
and self-learning ability, it can weaken the influ-
ence of human factors in the determination of index
weight, so it is superior to other evaluation methods.
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