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In keeping with global informatization, a combination of science and technology is being applied in the education sector where an intelligent system
of educational informatization is playing a vital role. However, with the continuous changes being made to educational objectives and requirements,
the volume of data generated by teaching activities are increasing, the teaching environment is becoming more and more complex, and teaching
management is beginning more difficult. The traditional education system cannot cope with such a complicated and problematic scenario, let alone
manage education and teaching activities effectively. In this paper, and utilizing a BP neural network algorithm, an in-depth analysis of the teaching
environment is conducted, and teaching theory and algorithm theory is applied to construct an intelligent teaching information system. Then, the
constructed intelligent system is tested in terms of: management efficiency, user use and system performance. Finally, it is found that the average
management efficiency of the system proposed in this paper can reach more than 80% in terms of course management and student management,
which proves that it is a practical solution. If it is widely applied in the current education sector, it can provide scientific and effective technical support
for the intelligent development of education informatization.
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1. INTRODUCTION

With the increasing role and influence of science and
technology in the market economy, the pace of social
informatization is accelerating, and intelligent technology is
constantly being integrated with various industries, leading to
advanced development and innovation. Today, the education
sector is evolving in terms of intelligence and informatization.
E-learning has become another major learning method to
supplement traditional offline learning and, in the future, it
is highly likely that this learning mode completely replace
the traditional education mode of teaching and learning.
However, in practical application, it is not only as simple as
having a good class: the management and education before
and after class is very important. For teachers, most of the
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current education systems can only offer online teaching,
which cannot be analyzed in combination with teaching prac-
tice and student needs, and lack personalized and intelligent
features. For users and students, the existing education
system cannot perform targeted management according to
students’ individual differences; nor can it guarantee the
quality of learning if students’ individual learning styles and
abilities are not taken into account. Therefore, in order to
develop a feasible and sustainable education system, it is
important to accurately analyze the complex educational data
and provide more reliable theoretical and technical support
for an intelligent educational information system.

Against the background of the continuous development and
improvement of artificial intelligence (AI) technology, the
BP neural network has developed unprecedentedly and has
demonstrated its unique value in many fields of application.
The BP neural network has enabled many industries to
upgrade and transform in alignment with the characteristics
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and demands of the intelligent era. It has changed not only
the way that manufacturing is done, but also plays a key
role in people’s daily activities. The application of the BP
neural network to the construction and research of educational
informatization intelligent system can improve the quality and
effect of systematic educational management analysis, and
make educational and teaching activities more scientific and
rational. In this paper, the BP neural network algorithm is
integrated with the educational information intelligent system.
According to the experimental data, the efficiency of the
proposed system in terms of course management and student
management is 81.78% and 83.37% respectively. In regard
to user use, there is little difference between the test results
of teachers and students and the traditional education system.
The average scores for teaching effect and learning quality
are 84.02 and 82.21 respectively. Finally, test results show
that the performance of the proposed system is superior. In
different test environments, the security and stability of the
system are ideal, with the average results for the security test
being 85.50% and the average value for the stability test being
82.75%.

2. RELATED WORK

In recent years, many scholars have carried out research on
intelligent educational informatization systems. Lakhno et al.
(2017) proposed an information object (OBI) protection and
control system architecture, which has an intelligent support
subsystem to make decisions on the educational operation
and management of network protection [1]. Guided by the
system model and design principles of intelligent education
environment, Ji (2019) put forward preliminary design ideas
for an intelligent education system, in order to provide some
guidance for the construction of an intelligent education
environment [2]. Liu (2020) constructed a visualization
analysis framework for an intelligent educational informa-
tization system, and discussed the realization process and
mechanism of educational talent training data visualization
in terms of timeliness and media form [3]. Lu (2021)
studied the entrepreneurial mode of an intelligent educational
informatization system, and based on machine learning
technology, combined with intelligent image recognition
technology, recognized the state and expression of students in
educational informatization intelligent system [4]. Through
the in-depth research conducted by countless scholars, the
educational information intelligent system is now relatively
mature. However, with the continuous development of educa-
tional undertakings and the continuous reform of educational
objectives, the requirements for the analysis of teaching
quality are requiring constant improvement. In order to keep
pace with technological and other modern developments, it
is a more intelligent choice to integrate a BP neural network
algorithm into the construction of educational informatization
intelligent system.

In order to obtain a thorough understanding of the BP
neural network algorithm, in this paper, relevant research
on the application of this algorithm is examined. Ma et al.
(2017) established a BP neural network prediction model to

obtain heat transfer coefficient of supercritical water in order
to determine the heat transfer coefficient within the range
of supercritical water pressure, based on the experimental
data [5]. Lü et al. (2017) analyzed the density, stress,
strain and other parameters that affect the compressional
and shear wave velocities of elastic waves, and used LM-
BP neural network to obtain the experimental results. The
estimated average relative error was 2.22% [6]. Li et al.
(2018) encoded the weights and thresholds of BP neural
network, and obtained a general optimal solution by genetic
algorithm, and then got an accurate optimal solution by
adding chaotic disturbance [7]. Liu and Yin (2017) used an
advanced adaptive acceleration factor and improved adaptive
inertia weight to improve the initial weight and threshold
of BP neural network, and gave details of the process [8].
These studies have made good use of the BP neural network
algorithm, but with the rapid development of the times,
the application of the intelligent algorithm has expanded
from a relatively professional technical field to educational
and teaching activities, although few studies have focused
on building an educational information intelligent system.
Therefore, there is an urgent need to examine and analyze
an intelligent educational information system based on a BP
neural network.

3. BP NEURAL NETWORK AND
INTELLIGENT SYSTEM OF
EDUCATIONAL INFORMATIZATION

3.1 Overview of Educational Informatization
Intelligent System

The construction of an intelligent educational informatization
system must be based on an established teaching theory.
In education and teaching, we generally conduct teaching
activities in a scientific and orderly manner, guided by the
notion of individualized teaching.

Individualized teaching is student-centred, takes students’
individual differences into account, encourages active learn-
ing, inspires students to create self-worth, delivers individual-
ized education, and encourages people to make their best use
of their talents. Individualized teaching theory has four main
elements as shown in Table 1:

(1) Emphasize the individual differences of students.

Teachers should conduct targeted teaching activities
according that cater for students’ individual differences.
This is because students have different abilities and
learning styles, and will learn best when their strengths
and preferred learning mode are taken into account.

(2) Encourage students to learn actively.

With traditional learning and teaching practices, students
are usually passive recipients of the knowledge imparted
by teachers, often lacking the subjectivity and autonomy
of learning. Under the guidance of individualized
teaching theory, an intelligent educational information
system will encourage students to participate actively
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Table 1 Classification of individualized teaching features.

Scope Sequence Connotative features

Individualized Teaching Theory

1 Emphasize the individual differences of students
2 Encourage students’ active learning
3 Inspire students’ self-creation ability
4 Apply individualized teaching strategies

in learning, stimulate students’ interest in learning, and
cultivate a different learning mindset.

(3) Inspire students to create self-worth.

Individualized teaching theory requires the coordinated
development of students’ learning ability and personality,
and attaches great importance to students’ self-creation
ability in the learning process. Teachers also need
to create a more natural and friendly image when
transferring knowledge to students, so that students have
the confidence to express their opinions, interact better
with their instructors, and develop independent thinking
skills.

(4) Individualized teaching strategy

If we want to develop an equitable and comprehensive
education system, we should examine with the education
strategy implemented by each school. In delivering
education, every school should uphold the principle of
fairness and justice, and teachers should play an active
and healthy leading role, and strive to teach students in
accordance with their individual abilities and aptitudes.
Students should be encouraged to develop individual
thinking skills and cultivate their talents.

Teachers’ lesson content needs to be supplemented or
adjusted according to the actual progress of students’ learning.
At the same time, after each teaching session, students should
be given appropriate learning tasks, and individual assessment
and feedback should be provided. This reflects the application
of the student/learner-centered principle that characterizes
individualized teaching.

In order to obtain an in-depth understanding of the role and
influence of individualized teaching theory in an intelligent
educational information system, in this paper, an analysis
is conducted from two perspectives: the three elements of
teaching theory and the principles that an system educational
information intelligent should encompass in the network
learning environment.

According to the theory of individualized teaching, the
learning environment is where students are located for the
purpose of learning, together with the learning tools they use
when engaging in learning-related activities. The learning
places and learning tools are the physical elements associated
with the normal learning activities. Learning places can be
either larger collective places or smaller individual places.
Learning tools are classified according to whether they are
concrete or abstract.

According to the individualized teaching theory, the learn-
ing environment needs to be personalized and diversified at
the same time. Because each student’s learning characteristics

and personal interests are different, the appropriate learning
environment is also different. Some students like to
acquire knowledge through collaboration, some students are
independent and like to study alone, some students can
acquire knowledge through indirect experience conveyed by
teachers, and some students like to acquire direct experience
through practice. Therefore, when constructing an intelligent
educational information system, these individual differences
should be considered, which distinguishes this system from
the traditional educational model.

The learning style and the above-mentioned learning
characteristics of students are similar to personal interests,
but its scope goes far beyond these. A learning style is the
unique learning style gradually formed by students during
their growth and learning. This includes the learning strategies
used by students, and their learning tendencies (including
learning attitude, learning characteristics, personal interests
and other factors). Both strategies and tendencies will undergo
subtle changes due to the differences in learning content
and difficulty. An intelligent educational information system
can fully apply individualized teaching theory and improve
students’ learning efficiency. Based on the results of an in-
depth analysis of students’ learning data, we can understand
students’ personality traits and provide each student with a
learning environment that matches his/her learning style.

An intelligent educational information system needs to
obtain a variety of data on students’ learning activities, which
can be divided into two categories: learning mechanism and
learning needs. In the system, the learning records are col-
lected by a BP neural network algorithm, and then classified
according to different items. The learning mechanism is the
social mechanism of learning activities from a large-scale
perspective, while from a small-scale perspective, it is the
physiological and psychological traits of students. Simply
put, learning needs drive the students’ motivation to learn. A
BP neural network algorithm creates a personalized teaching
plan according to different classifications.

The design of course content should also be underpinned
by individualized teaching theory, so that it is delivered to
students in different ways that cater for their different levels of
progress. The delivery method is also based on the completion
of previous tasks, that is, according to students’ different
learning styles, providing and recommending diversified
teaching forms to students. The recommendation system is
implemented by the algorithm’s analysis results, although
this is just a reference. In practical application, students
can learn according to the teaching methods provided by the
system and, of course, they can also choose their own learning
content delivery methods according to personal preferences
and interests. When this step is completed, the whole learning
framework will be comprehensively defined.
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Table 2 Principles of Educational Informatization Intelligent System.

Scope Sequence Classification

Principles that education information intelli-
gent system should grasp in network learning
environment

1 The educational goals of the course should be
clearly understood.

2 The course content should be progressive in
terms of difficulty and the students’ mastery
of knowledge.

3 The education system should be able to
promote students to form a system of what
they have learned

4 The system should include tests to determine
whether the teaching objectives have been
achieved.

5 The system should provide extension activi-
ties for the more advanced students, and re-
medial activities for those who are struggling.

6 Students should be encouraged to collaborate
with their peers in learning activities.

Figure 1 Composition of the expert system.

There are six principles that an intelligent educational
information system should encompass in the network learning
environment, as shown in Table 2.

The construction of an intelligent educational information
system should also be based on expert system theory and
constructivism theory. An expert system utilizes artificial
intelligence technology to imitate expert thinking to solve
professional problems and challenges. It consists of six parts:
knowledge base, database, inference engine, explanation
mechanism, knowledge acquisition mechanism and user
interface, as shown in Figure 1.

With the rapid development and uptake of computer
technology throughout the world, constructivism theory has
gradually expanded its influence and role in the field of
education. Underpinned by constructivism theory, the whole
process of instructional design, educational information intel-
ligent system should not only comprehensively understand
the instructional requirements and students’ individualized
differences, but should also focus on the design of instructional
situations.

Of course, it is not difficult to find that this issue has been
addressed in the traditional education system. However, the

traditional education system often only pays attention to the
influence of specific teaching situations on the achievement of
teaching objectives, and always takes this as a starting point
to create other teaching situations. However, this approach
ignores the central position of students in the learning process,
and the role of teacher-student interaction in improving
teaching quality. According to cognitive theory, students
are capable of being active information builders, not passive
information receivers. To create an optimal teaching situation,
we must realize the importance of students’ subjectivity in the
whole teaching process. Therefore, this point is particularly
emphasized in the construction of an intelligent educational
information system.

In this system, cognitive theory is applied to both teaching
and learning, as it can give full play to students’ learning
initiative, correctly understand the leading role of teachers,
and achieve a balance between them. However, currently,
cognitive theory has not achieved remarkable results in
improving students’ learning. It is often effective only for
the achievement of learning objectives involving lower-level
cognitive abilities (such as memorizing, understanding and
simple application), and is not as good as the “collaborative”
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Figure 2 BP neural network structure.

teaching model for learning objectives involving higher-
level cognitive abilities. In other words, the kind of model
that should be adopted for an education system should be
determined by the learning objectives and course contents,
and should not be the same as all other models.

3.2 Application of BP Neural Network
in Intelligent System of Educational
Informatization

A BP neural network consists of three layers: input, hidden,
and output layers [9]. Each neuron is a basic component,
connected to the others to form each layer of a neural network.
The input layer, the hidden layer and the output layer are
mainly connected by neurons,but the neurons in each layer are
independent The structure of a BP neural network is different
from that of other algorithms. As shown in Figure 2, its
structure is relatively simple, but has great application value
in the construction of educational information system.

The application of the BP neural network algorithm princi-
ple in an intelligent educational information system involves
forward propagation and backward propagation [10–11]. The
forward propagation process can transmit working signals
to obtain network errors; the back propagation process
involves the continuous transmission and transformation of
the acquired network error signal until the network weight is
adjusted to a state that is the closest to the actual value [12].

In the process of forward propagation, the working signal
starts from the input layer, then leads to the hidden layer where
it undergoes several transformations. Finally, the transformed
results are output via the output layer. If the final output signal
has reached the preset goal of the system, the algorithm will
stop the operation.

The error back propagation process calculates the differ-
ence between the actual value and the ideal value calculated
by the BP neural network during forward propagation [13].
When the BP algorithm’s back propagation operation is

applied to an intelligent educational information system, the
error signal will be transformed several times and the weight
will be adjusted continuously, from the output layer of neural
network to the hidden layer of neural network, and finally to
the input layer [14]. The actual final value is obtained after
constant adjustment and correction of network weights.

In these two processes, the BP neural network is repeatedly
crossed and trained, and finally the actual output value is
slowly matched with the ideal output value, and it will not
stop until the accuracy is aligned with the requirements.

The algorithm flow is shown in Figure 3 below.
The input layer of BP network has I input signal, the

hidden layer is composed of J neurons, and finally the
output layer signals are K , the input of neurons is u, and
the v output of neurons is as a transfer function Sigmoid .
The thresholds introduced by the hidden layer and the output
layer neurons are x0 = −1, y0 = −1, respectively, the input
vector is X = (x1, x2, · · · , xt , · · · , xn)T, the hidden layer
Xk = (x1, x2, · · · , xi , · · · , xn)

T output vector corresponding
to any training sample is Yk = (y1, y2, · · · , yi , · · · , ym)T,
the actual output is Ot = (O1, O2, · · · , Ok , · · · , Ol )

T, the
expected output is dr = (x1, x2, · · · , xk, · · · , xl)

T, the weight
matrix from the input layer to the hidden layer is wii , the
weight matrix from the hidden layer to the output layer is wik ,
and t is the iteration of the learning process.

When Xk input sample is operated through the output layer,
there can be for the hidden layer [15] :

u J
j =

I∑

i=0

wI
i j xni j = 1, 2, · · · , J (1)

v J
j = f (

I∑

i=0

wI
i j xni j = 1, 2, · · · , J ) (2)

For the output layer [16]:

uK
k =

J∑

j=0

wJ
jkv

J
j k = 1, 2, · · · , K (3)
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Figure 3 BP neural network algorithm flow.

vK
k = f (

J∑

j=0

wJ
jkv

J
j )k = 1, 2, · · · , K (4)

It can be obtained from Formula 1 to Formula 4:

ynk = vK
k = f (uK

k ) = f (

J∑

j=o

wJ
jkv

J
j )k = 1, 2, · · · , K (5)

For the unipolar transfer function Sigmoid [17]:

f (x) = 1

1 + e−x
(6)

It is continuous and derivable, and has [18]:

f ′(x) = f (x)(1 − f (x)) (7)

E represents the total error energy, which is expressed by
the formula [19]:

E(t) = 1

2

K∑

k=1

(dnk − onk)
2 (8)

Set enk(t) as the error signal obtained through the output
layer during forward propagation [20]:

enk(t) = dnk(t) − onk(t) (9)

In this way, the error signal and the total value generated
by the continuous transformation of the working signal in the
forward propagation process can be obtained. The expected

value is the preset condition of the system parameter. At that
time, the algorithm automatically ends the operation process,
otherwise it enters the next operation process [21].

The next operation process is the back propagation process
we mentioned earlier, as shown in Figure 4:

The error signal obtained with the previous step is input
from the output layer, transformed by the hidden layer, and
continuously adjusted along the negative gradient direction of
the weight. This step reduces the error between the actual
value and the expected value, and finally the result is output
via the output layer. We characterize the weight correction as
�wik , �wik is proportional to the negative gradient direction
of the error, that is [22]:

�w j k∞ − ∂ E(t)

∂w j k
(10)

�wi j ∞ − ∂ E(t)

∂wi j
(11)

Because the derivative function is transitive, Formula 10
can be written as [23]:

∂ E(t)

∂w j k(t)
= ∂ E(t)

∂enk(t)
· ∂enk(t)

∂ynk(t)
· ∂ynk(t)

∂uK
k (t)

· ∂uK
k (t)

∂w j k(t)
(12)

The representative values of the formula components are
shown in Table 3:

There are [24]:

∂ E(t)

∂w j k(t)
= −enk(t) · f ′(uK

k (t)) · v J
j (13)
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Figure 4 Back propagation process graph.

Table 3 Representative values of formula components.

Sequence Formula Calculation method

1 ∂E(t)
∂enk (t) enk(t)

2 ∂enk (t)
∂ynk(t)

-1

3 ∂ynk(t)
∂uK

k (t)
f ′(uK

k (t))

4
∂uK

k (t)
∂w jk (t) v J

j

Let the local gradient be [25]:

δK
k = − ∂ E(t)

∂uK
k (t)

= f ′(uK
k (t)) · enk(t) (14)

Using the unipolar function Sigmoid as the activation
function, there is [26]:

f ′(uK
k (t)) = ∂vK

k (t)

∂uK
k (t)

= ynk(t)(1 − ynk(t)) (15)

So there are:

δK
k = ynk(t)(1 − ynk(t)) · enk(t) (16)

It can also be expressed as:

δK
k = −ynk(t)(1 − ynk(t))(dnk(t) − onk(t)) (17)

According to Debla’s learning rule, the correction is [27]:

�w j k = −η
∂ E(t)

∂w j k
(18)

and can be expressed as:

�w j k = ηδK
k (t) · vK

k (t) (19)

Among them, both δK
k (t) and vK

k (t) can be obtained, so
the weight correction �w j k(t) can be obtained by formula.
Therefore, in the next iteration, the weight of any node from
hidden layer J to output layer K is:

�w j k(t + 1) = w j k(t) + �w j k(t) (20)

4. TESTING OF EDUCATIONAL
INFORMATIZATION INTELLIGENT
SYSTEM

In this paper, the intelligent education information system
based on a BP neural network is tested, and evaluated in
terms of: 1) educational administration management; 2) user
use (teaching quality and learning effect); and 3) system
performance (stability and security). Compared with the
traditional education system, the effectiveness of the proposed
system has been confirmed.

(1) Educational Administration

Educational administration mainly involves curriculum
management and student management. Each academic
year is divided into two semesters, and each semester is
subdivided into two parts. The educational administra-
tion tasks associated with each part are different. The
educational administration test in this paper examines
the efficiency of the system in dealing with curriculum
management and student management tasks during one
academic year cycle. The test results are shown in
Figure 5:

Figure 5A shows the educational system proposed in this
paper, and Figure. 5B shows the traditional education
system.

As can be seen from Figure 5, in the educational
administration work, the average course management
efficiency of the educational information intelligent
system proposed in this paper based on BP neural
network algorithm is 81.78%, and the average student
management efficiency is 83.37%, which shows rela-
tively stable overall performance. In the fourth stage
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Figure 5 Course Management and Student Management Tests.

Figure 6 Teacher user usage test results.

of curriculum management, the management efficiency
decreased slightly because the major courses had entered
the review stage at the end of the school year, and
the number of tasks increased correspondingly, so the
system algorithm would be affected by this, as would
the traditional education system. However, overall,
the management efficiency achieved by the traditional
education system was far less than that of the proposed
system.

(2) User’s Use

Teachers and students are the main stakeholders in an
education system. The education system facilitates
teachers’ teaching and students’ learning. The features
and functions of the system may vary according to
subjects and course objectives. In this paper, an academic
year is taken as an observation cycle, and teachers’
teaching quality and students’ learning are scored on

a monthly basis. The scores are generated by the
education system’s comprehensive analysis of teachers’
and students’ performances before, during and after
classes. The total score is 100. The higher the score,
the better is the user’s performance. The test results are
shown in Figures 6 and 7 below.

Figure 6A is a teacher user test of this system. Figure 6B
is a teacher user test of the traditional system.

As can be seen from Figure 6, there is no significant
difference between the teaching quality test results of
teachers in the intelligent educational information system
based on BP neural network and the teaching quality
test results in traditional education. The average of
teachers’ quality test results in this system is 84.02
points, while that in traditional education system is 82.39
points. Th data show that the application of BP neural
network in intelligent educational information system
can improve teaching quality and efficiency, which is
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Figure 7 Student User Usage Test Results.

Figure 8 Performance Test of Educational Informatization Intelligent System.

crucial to the rapid development of education. While the
traditional education system is stable in terms of teaching
quality, it cannot keep pace with the times and the market
requirements.

Figure 7A is a student user test of the proposed system,
while Figure 7B is a student user test of the traditional
system.

As can be seen from Figure 7, the test results of each
system in terms of students’ use are roughly the same
as those of teachers’ use. The average score of the
educational information intelligent system proposed in
this paper in terms of students’ learning effect is 82.21
points, and that of the traditional education system is
80.35 points. The difference between the test results
is not big, and the learning results obtained with this
system is slightly higher than that of the traditional
system. Learning results, a major parameter used to

evaluate whether the teaching requirements and goals
have been met, play a very important role in all
educational activities. In this respect, the proposed
education system meets the requirements of sustainable
educational development.

(3) System Performance

If an education system wants to run normally, it
must meet the two properties of security and stability
at the same time. Therefore, the performance test
of educational information intelligent system mainly
focuses on the system’s defense rate against factors with
high external security risks under different background
flows and its stability under different node numbers. The
test results are shown in Figure 8.

Figure 8A shows the results of the system security test,
while Figure 8B shows the results of the system stability test.
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As evident in Figure 8, in terms of system security testing,
generally speaking, the greater the background traffic of the
network, the greater is the security risk to the system. It can
be seen that when there are 10 megabits of traffic, the defense
rates of the two systems against external information reach
93% and 86% respectively, but with the increase in traffic, the
defense rates of the systems also gradually decrease, so that
when the background traffic is 80 megabits, the defense rates
of each system are 77% and 63% respectively. In the system
stability test, the education system proposed in this paper runs
stably in the face of different nodes, and the average test value
reaches 82.75%, while the average test value of the traditional
education system is only 75.75%. that the results demonstrate
that the performance of the proposed system is superior.

5. CONCLUSIONS

The implementation of education informatization is a change
that education has to make in order to meet the requirements of
the times and the market. In this paper, a BP neural network
algorithm and its theoretical basis were applied to the con-
struction of an intelligent education informatization system,
which improved the management efficiency and performance
of the system in terms of ensuring the quality, alleviating the
problems and inconsistencies in the current education and
teaching management of the current education system, and
promoted the development of education informatization to a
certain extent. Although it has contributed valuable research
on the intelligent system of educational informatization based
on BP neural network, the study had several shortcomings.
The depth and breadth of this research were not enough,
and my academic level research was limited. The research
on the construction and application of intelligent system of
educational informatization was still in the initial stage. In
future work, we will analyze it from more perspectives based
on the current level of technology, and endeavor to improve
the quality and output of research work.
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