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With the popularization of the Internet lifestyle and the innovation of learning methods, more and more online learning systems
have emerged, allowing users to study in the system anytime and anywhere. While providing convenience to users, online learning
systems also bring troubles to users, who cannot quickly find the resources they are interested in from the huge amount of learning
resources. In this paper, we apply deep learning to an English online learning platform and analyze learners and learning contents
by clustering algorithm and association rules. Based on this, a content organization system is developed using genetic algorithms,
which is applied to the case of this paper to provide learners with personalized learning content. With the hope that the system can
be extended to other online learning platforms in the future, three data mining techniques were selected to solve the problems
found in the English online learning platform, and we designed how these techniques should be applied to the online learning
platform. The first technique is the cluster mining technique, which is used to analyze learners’ profiles, classify learners in
different categories, provide them with personalized learning content, and organize group learning. The second technique is
association rules, which is used to analyze the correlation between learning contents. For the adaptive student-teacher knowledge
migration strategy, the teacher model can guide the student model to track online and migrate the task-specific knowledge to the
online tracking student model through the network parameters. Finally, a case study is selected and the above design is applied to
this case study, and the results are analyzed in detail. The data mining technology is applied to the English online learning
platform, and an innovative English learning content organization system is developed. It is hoped that the results of this study will
have some practical value for promotion and provide an idea for the construction of the online learning platform, and it is also
expected that the idea can improve the quality of online learning to a certain extent. Specifically, the online student model is
adaptively updated by the teacher model parameters and the online student model parameters together.

1. Introduction

Personalized learning is an important way to realize stu-
dents’ personalized development, an important goal for
school construction, and an important direction for edu-
cation development. With the in-depth application and
rapid development of information technology in the field of
education and the rapid promotion of the “Inter-
net + Education” strategy, online learning resources have
also been developed at a high speed, and we can get the
learning resources we are interested in anytime and any-
where through the Internet terminal [1]. However, while the
increasing number of online learning resources brings us
opportunities, it also brings us challenges in personalized

learning [2]. The huge amount of learning resources can
easily cause us to be lost in resources, and we cannot find the
most suitable learning resources among many learning re-
sources quickly [3]. Deep learning technology, speech rec-
ognition technology, face recognition technology, and other
intelligent technologies have been widely used in other fields,
bringing numerous conveniences to our production life and
getting good evaluations [4]. Therefore, how to use intelli-
gent technology to realize personalized recommendations of
learning resources has become a hot and difficult research
point in the field of education. Personalized learning can
promote the development of “Internet + education” and is
also of great significance in the actual process of education
and teaching. Personalized learning is widely accepted and
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loved by learners [5]. Personalized learning is the basic need
for efficient learning, which can effectively combine learners’
individual characteristics and provide targeted guidance to
learners; personalized learning is also an important direction
of teaching reform, which can fully reflect the learner-
centered thinking and provide opportunities for students’
personalized development [6-9].

Personalized learning is an inevitable trend in the de-
velopment and progress of education, which can improve
the shortcomings of existing education and provide the
possibility of personalized development of education [10].
With the rapid development of Internet technology, online
education is welcomed and loved by the majority of learners
because of its convenience without the limitation of time and
space and is also favored and valued by the capital market as
well as major institutions and schools, and online education
platforms have sprung up like a spring [11]. At the same
time, in order to meet the diversified learning needs of
different learners, online education platforms have been
increasing the construction of online learning resources, so
that we can obtain the colorful learning resources we need
for free anytime and anywhere through networked devices,
which brings us numerous convenience in learning. The
Internet has provided us with many rich and diverse
learning resources that can be shared and reused, and In-
ternet technology has facilitated our learning with resources,
which is the benefit and opportunity given to us in the
Internet era [12-15]. Opportunities and challenges coexist.
With the rapid growth and accumulation of Internet re-
sources, the massive and diverse learning resources easily
bring about problems such as information disorientation
and lead to excessive redundant information, making it
difficult for learners to distinguish the authenticity of
learning resources [16]. It takes a lot of time and effort for
learners to find the learning resources they need and like the
most from the vast amount of learning resources related to
their learning interests, and it also requires learners to have
certain information recognition and screening ability, which
is a challenge for learners and an even bigger challenge for
beginners. Therefore, we have to meet the challenge and rise
to the challenge to solve the problem of disorientation
brought by the richness of learning resources in the Internet
era and to realize personalized learning of learning resources
(17].

Since the application of deep learning technology in the
field of education started late, although there are more
studies on the personalized recommendation of learning
resources, there are fewer studies on the personalized rec-
ommendation of learning resources combined with deep
learning technology. This study summarizes the character-
istics of personalized recommendation of learning resources,
constructs a deep neural network-based personalized rec-
ommendation model of learning resources, and designs the
corresponding algorithm by fully analyzing the advantages
and shortcomings of the existing related research, thor-
oughly studying the related theories and technologies, which
can provide a theoretical reference for the personalized
recommendation of learning resources supported by deep
learning technology and describe how to realize personalized
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recommendation. This study gives full play to the advantages
of deep learning technology, constructs a personalized
recommendation model of learning resources supported by
deep learning technology, and applies the recommendation
model to a personalized recommendation platform of
learning resources based on a deep neural network to collect
users’ real evaluations after trying the platform. This can
provide an effective reference for the functional module
setting, data recording, and analysis of online learning
platforms and promote online learning platforms to realize
personalized recommendation of resources and improve
user experience and satisfaction, which has a reference value
for the construction and development of online learning
platforms.

2. Deep Learning-Assisted Personalized
Learning of English

2.1. English Personalized Learning. Personalized learning
recognizes the individual characteristics and differences of
each student and promotes the personalized development of
each student by implementing individualized learning plans,
learning paths, and learning strategies so that each student
can experience and personalize learning [18]. Personalized
learning requires us to recognize that each student is an
individual with different learning styles, learning rhythms,
learning paths, and learning aspirations, to support multiple
learning choices and opportunities, and to meet the indi-
vidual learning needs of each student. Traditional person-
alized learning, due to limitations in technology and
resources, mainly consists of teachers formulating different
instructional plans according to the different characteristics
of different learners and learners realizing personalized
learning by completing personalized tasks formulated by
teachers, but this does not really meet the personalized needs
of learners [19]. The return of artificial intelligence tech-
nology in the era of artificial intelligence, with machine
learning and deep learning as the key support, has reshaped
and rebuilt personalized learning, and “Inter-
net + education” enables learners to obtain the learning
content they need regardless of time and space, and “arti-
ficial intelligence + education “AI+ Education” further
provides personalized services for learners.

Personalized learning in the age of intelligence can
strengthen learner-centered thinking through technological
means, emphasize learners’ personalized learning environ-
ment, learning time, and learning methods, respect learners’
different cognitive abilities, interest preferences, learning
speed, and other personalized characteristics, and enable
students to obtain personalized learning experience and
learning effectiveness, so as to better promote learners’
lifelong personalized development. Personalized learning
has the main features of personalization, autonomy, and
flexibility. It starts with each learner, considers each learner’s
different learning style, cognitive level, and learning inter-
ests, and provides personalized learning content and
learning methods for each learner through intelligent
technology methods. This study is a personalized recom-
mendation of learning resources, which includes
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personalized learning content for learners. Therefore, this
study will build a personalized recommendation model for
learning resources based on deep neural networks for
learners with different cognitive abilities, different learning
interests, and different learning styles.

The action a = (Aa, Ab) consists of an action involving a
target movement, as follows:

Aa = ocqt,

t (1)
Ab=ap,
where « is set 0.3 according to ADNet experience.
The state st is represented by the information inside the
tracking box and the dynamic action generated by the action
dynamic vector together:

b =(a1,a2,qt,pt), (2)

denotes the target position coordinates and the length and
width of the tracking frame, respectively. Specifically, a
preprocessing function,

s=¢(d’>f) (3)

is designed to crop the image block in the tracking frame g°
in the specified frame f.

The state transfer function is used to describe the hor-
izontal and vertical changes of the target. The tracking al-
gorithm moves the target tracking frame to a new position
according to the predicted action. The tracking frame b, is
moved to the new position b, , ; according to the action a, , 1,
which can be expressed as follows:

q=a;+ay, (4)
pr = bt + bt+1’

unlike other existing deep reinforcement learning-based
tracking algorithms that use a simple strategy to explore the
action space, thus enhancing the exploration capability of
the tracking algorithm.

The reward function r(s, a) is used to evaluate the
transfer by taking the action a and transferring the state s to
the state s’ afterward. It is obtained from the overlap ratio
(IoU) between the predicted tracking frame b, and the true
target frame G, as shown in the equation.

In the proposed target tracking algorithm framework,
the mainstream target tracking framework is followed. As
shown in Figure 1, a random variance descent gradient based
on nonconvex optimization is designed as a back-
propagation method for alleviating the local optimal solu-
tion problem in target tracking. In addition, an action
reward loss function is also designed for training the
tracking algorithm, which implements Intersection Over
Union (IoU) between the predicted tracking frame and the
real tracking frame.

min f(x) = f(x-1) +g(a), (5)

where f (x) denotes the smoothing function and g(x) de-
notes the regularizer. Currently, most deep reinforcement
learning-based target tracking algorithms use SGD to solve

the backpropagation problem as shown in the equation.
where 6 denotes the model parameters, B denotes the
minibatch, g denotes the regularizer, 5 denotes the learning
rate, and ¢ denotes the number of iterations:

6

_ _ t
rltJrl - 77t Zl‘:lAfi (t) (6)

However, SGD methods usually require more time for
algorithm convergence because of the large variance
generated by Vfi(0;) during random sampling. A se-
quence-based hyperparametric optimization method is
used to improve the algorithm identification. The existing
estimates are averaged and the approximation error
variance is reduced. Three averaging strategies are pro-
posed for reducing the estimation bias. A combination of
cross-entropy and double-delay depth-deterministic
strategy gradients is used to enhance the algorithm’s
robustness. To further improve the accuracy and com-
putational efficiency of the tracking algorithm, a non-
convex optimized random variance descent gradient is
introduced instead of the SGD method for back-
propagation, which is expressed as

Bist =ﬁt_< +fi(‘1)>- (7)

M
LiaAfi (D)

Assuming that the current training epoch is s, a copy of
the model parameters will be generated from the previous
training epoch. Thus, it can reduce the variance of the model
parameter update, as shown in Table 1.

Due to the action exploration space limitation, deep
reinforcement learning-based target tracking algorithms
usually suffer from the problem of falling into local op-
timal solutions. When the algorithm falls into the local
optimal solution, the limited action exploration space will
restrict the algorithm to jump out of the local optimal
solution, resulting in tracking failure. However, existing
deep reinforcement learning-based target tracking algo-
rithms use a simple action space search strategy to try to
solve this problem but still fall into a locally optimal
solution. To solve this problem, an adaptive exploration
method is proposed, which uses spatiotemporal infor-
mation for optimizing the action space search, enabling
the algorithm to jump out of the local optimal solution
and thus find a better solution. This method extends the
action space using spatiotemporal information and im-
proves the performance of the tracking algorithm by
balancing exploitation and exploration.

2.2. Online Target Tracking and Deep Learning Strategies.
Before the emergence of these target tracking video datasets,
researchers could only test tracking algorithms by their own
filmed samples; no unified dataset was available, resulting in
the inability to measure and compare algorithms with each
other [20]. The emergence of OTB and VOT datasets, for
example, provides a unified test data platform and defines
many metrics for measuring algorithm performance, pro-
viding a complete process for testing and comparing the
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FIGURE 1: Personalized learning algorithm pretraining process.
TasLE 1: Table of model parameters. The accuracy of the target is evaluated by the central
; ; ; ; error and the central error threshold TC is used to assess
o1 31 j 23 whether the target tracking algorithm has been successfully
0 1 5 4 followed. In the definition of tracking success based on the
03 6 6 ) center error for the center error, f, tracking is considered
04 3 4 4 successful. Therefore, the correct response rate is the per-
05 0 2 5 centage of the number of frames successfully followed rel-
06 1 0 7 ative to the total number of frames, and the correct response
67 2 0 6 rate is the percentage of frames with a central error of less

performance of relevant tracking algorithms, further ac-
celerating the performance improvement of target tracking
algorithms. The designed target tracking algorithms are also
trained and tested on OTB, VOT, and GOT-10k datasets and
compared with other State-Of-The-Art (SOTA) tracking
methods. The details of the relevant datasets are shown in
Table 2, and the relevant datasets are presented separately
next.

Target tracking algorithms are evaluated for perfor-
mance by measuring the distance difference between the
predicted position and the true target position. Robust
tracking algorithms are able to maintain the distance be-
tween the predicted position and the true target position
within a small range:

X =|x —a-1), (8)

where G, denotes the coordinates of the center point po-
sition of the real target in frame t-th, O, denotes the co-
ordinates of the center point position of the target tracking
frame predicted by the tracking algorithm in the frame, and
the calculation result represents the center error of frame in
the video sequence. Center errors can reflect the accuracy of
the location prediction of the target tracking algorithm in a
specific frame of the tracking sequence. If all center errors in
a video sequence are used for mapping, the center error map
of the tracking algorithm can be retrieved for this video
sequence.

than Tc for the total number of frames, where Tc is generally
interpreted as follows: pixel point. The specific calculation
formula is shown as follows:

PR_aP—fZ_ (9)

Regional reviews can only evaluate the tracking per-
formance for a specific frame, not the overall performance of
avideo sequence. The expected mean overlap (EAO) is based
on overlapping the areas of each frame of the video se-
quence, and the overall robustness of the tracking algorithm
for the entire video sequence is evaluated by calculating the
average overlap of all areas of the video sequence. The
specific formulae are

0= thlap B qt

(10)

The success rate of the target is defined by the overlap of
the range. If the range overlaps in the definition of the
overlap success, the track success is considered to be suc-
cessful. Therefore, the success rate is the percentage of
successful frameworks in relation to the total number of
frames. The success rate is the percentage of frames where
the range overlaps with the total number of frames greater
than N. The specific formulae are

_ Zt:lqt
=~

(11)

N
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TaBLE 2: Comparison of training and test sets for same target tracking.
Dataset Category Number of videos Number of texts Frame rate Duration
OTB 5.06 20.11 15.32 18.03 14.37
VOT 5.32 19.48 15.24 18.14 14.60
TColor 5.03 20.16 14.33 18.04 15.66
Tencent 3.81 13.95 10.65 11.86 8.51
Lasot 4.98 18.73 14.26 16.20 12.14
MOL 59.72 61.88 60.36 61.30 56.44
GOT 6.26 19.78 16.09 18.63 14.46
VID_d 15.02 27.22 22.25 24.10 17.21

where g specifies the number of frames that fulfill condition
N and N specifies the total number of frames in the video
sequence. So, the higher the success rate, the better the
tracking performance of the tracking algorithm. If the size of
the mean error threshold changes, the success rate also
depends on the threshold value. Therefore, the success rate
curve can be obtained by displaying the threshold value and
the corresponding correct response rate. If you increase the
threshold gradually, the success rate curve becomes a mo-
notonous increasing curve, as the number of frames fulfilling
the condition increases gradually, as shown in Figure 2. At
the same time, the performance of the proposed method in
high-speed movements is somewhat lower than in some
mainstream trackers.

2.3. Research on the Effectiveness of Online Learning. Existing
tracking algorithms based on deep reinforcement learning
use action space noise to improve the exploration ability of
models in complex scenes [21]. However, action space noise
is generated completely randomly, which is stochastic and
nonreproducible. Excessive randomness will lead to dra-
matic fluctuations of the tracking algorithm in complex
scenes and thus lose the target. In addition, the action space
noise is an approximately linear function, which is difficult
to fit complex functions and limits the tracking performance
of the tracking algorithm in complex scenes. To solve this
problem, parametric space noise is introduced to the target
tracking field for the first time. Inserting noise in the pa-
rameter space can enhance the exploration ability of the
algorithm, thus further improving the robustness of the
tracking algorithm in complex scenes, as shown in Figure 3.
While ensuring the robustness of the tracking algorithm in
complex scenes, it can also generate richer action behaviors
to improve the exploration capability of the tracking
algorithm.

In the model, the model training level and resource
recommendation level are closely interlinked, the model
training level is the basis of the resource recommendation
level, the resource recommendation level is the application
of the model training level, and the main purpose is to
improve the accuracy and timeliness of learning resource
recommendation after learning through big data. The re-
source filtering module reduces the number of learning
resources in the resource recommendation module and
reduces the complexity of the resource recommendation
module; the resource recommendation module provides
personalized learning resources for the resource display

module, which can improve the efficiency of the learning
resource recommendation process and improve the accu-
racy, diversity, initiative, and timeliness of learning resource
recommendation. Compared with traditional recommen-
dation models and methods, the model uses deep learning
technology, adds resource filtering methods and resource
display methods, makes certain optimization in terms of
recommendation efficiency, display effect, and learning
initiative, and reduces the complexity of the model, in order
to improve the sense of efficiency and satisfaction of per-
sonalized recommendation of learning resources.

These attributes of OTB dataset benchmarks have also
been analyzed to further analyze the robustness of the
proposed tracking algorithm over the challenges. Figure 4
shows the results of all tracking algorithms for the eight main
video attributes of ope in the OTB100 dataset. The proposed
AEVRNet method is characterized by light changes, low
resolution, and background arrangement. In comparison to
ADNet, AEVRNet exceeds ADNet in scale variation and in-
plan rotation with accuracy and success rates of 2.6%, re-
spectively. 4.1%. Since the proposed method uses regression
rather than classification, it is more sensitive to changes in
various aspects of the target state, e.g., the width and height
of the target. Compared to ECO and MDNet, the proposed
AEVRNet uses adaptive search to improve the larger action
space and has the ability to jump out of locally optimal
solutions. This result is related to the feature extraction
overhead of deep neural networks. This is because the built-
up network uses fewer layers, improves tracking speed, and
limits the detectability of deep features.

3. Results and Analysis

3.1. Effectiveness of Tracking Learning. In order to further
analyze the contribution of each component of the algo-
rithm, various combinations of the proposed methods at
OTB100 and OTB2013 were evaluated. ADNet was used as a
benchmarking algorithm. SVRG shows that the proposed
method uses only a combination of nonconvex optimization
variances. There are descent cases for offline training and
online tracking. SVRG action shows that the proposed
method uses a combination of nonconvex optimized ran-
dom dispersion degrees and adaptive search for target [22].
AEVRNet shows that the proposed method uses a combi-
nation of all nonconvex optimized random dispersion de-
grees, adaptive search, and regression-based training.
Figure 5 shows the performance of all these combinations.
You can see that everyone is gradually improving the
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FIGURE 4: Experimental results for different tracking challenges.

performance of the proposed method. For adaptive  2.9% and 5.0%, respectively. The regression loss function
searching, the combination of temporal and spatial rela- reduces the loss of information and improves the robustness
tionships to solve visual tracking problems based on deep  of the proposed method. For the problems found in the
reinforcement learning during online tracking improves the ~ English online learning platform, three data mining tech-
search and successfully emerges from local optimal solu-  niques are selected to solve the problems found, and how
tions. The results show that the two data sets improve by
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these techniques should be applied in the online learning
platform is designed.

In order to further analyze the contribution of each
component of the algorithm, various combinations of the
proposed methods at OTB100 and OTB2013 were evaluated.
ADNet was used as a benchmarking algorithm [23]. SVRG
shows that the proposed method only uses a combination of
nonconvex optimized random dispersion degrees for offline
training and online tracking. SVRG action shows that the
proposed method uses both nonconvex optimized random
dispersion degrees as well as adaptive combinations. There is
reconnaissance for target pursuit. AEVRNet shows that the
proposed method uses a combination of all nonconvex
optimized random dispersion degrees, adaptive search, and
regression-based training. Figure 6 shows the performance
of all these combinations. You can see that everyone is
gradually improving the performance of the proposed
method. The results show that the two data sets improve by
2.9% and 5.0%, respectively. The regression loss function
reduces the loss of information and improves the robustness
of the proposed method.

We analyze the impact of the proposed nonconven-
tional randomly dispersed optimization gradient to show
specific reasons why nonconventional optimization gra-
dients can improve the performance of the target audience
algorithm. The training of the 120 s keeps the same set-
tings as with ADNet. Nonconvex optimized random
dispersion gradients can converge quickly with losses of
0017 or 0027 in the training and test data sets. The
nonconvex optimized random dispersion gradient ini-
tializes the parameters of the next epoch using the best
solution for the current training epoch. The training speed
of the model can be accelerated compared to SGD using
random parameters as initial parameters. Nonconvex
optimization random dispersion gradients in both data-
sets can improve the accuracy of benchmark algorithms
by 0.8% and 0.6%. In order to further analyze the effec-
tiveness of the proposed nonconvex optimized random
dispersion gradient, it is applied to deep learning-based
trackers ECO and MDNet. As shown in Figure 7, the
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FiGure 7: Results of the benchmark method with nonconvex
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nonconvex optimized random dispersion gradient offers
improvements of 0.6% and 0.5%, respectively, in ECO and
MDNet. This is mainly due to the ability of the nonconvex
optimized random dispersion gradient to converge faster



with less loss during training and to improve the accuracy
of the proposed method. Extensive experiments on six
generic target tracking datasets show that the proposed
method outperforms other deep reinforcement learning-
based tracking methods.

4. Analysis of Experimental Results

The effect of hyperparameter T in adaptive action explo-
ration was also analyzed. Improvements of 2.3% and 3.1%
were obtained on both datasets. The analysis of the results in
Figure 8 shows that adaptive exploration can effectively
mitigate the occurrence of target loss in occlusion and
ambiguity cases. To further analyze the effect of 4 on action
selection, three action selection methods were designed on
OTB100. Compared with the greedy strategy, the current
mean can obtain 1.1% and 0.8% improvement in accuracy
and success rate, respectively. When fi; is combined with the
standard deviation, it can improve 0.6% and 0.5% in pre-
cision and success rate, respectively. For adaptive searching,
the combination of temporal and spatial relationships to
solve visual tracking problems based on deep reinforcement
learning during online tracking improves the search and
successfully emerges from local optimal solutions.

The impact of the regression-based loss function on
training is analyzed. It achieves a 0.6% and 2.0% im-
provement on the two datasets, respectively, because the
regression-based loss function makes the algorithm more
sensitive to changes in the target state, such as the width and
height of the target, reducing the interference information
passed to the tracking algorithm. In addition, the regression-
based training method can also reduce the frequency of
redetection by 30% on average when blurring occurs. To
further analyze the effectiveness of the loss function of the
proposed regression, it is applied to another deep rein-
forcement learning-based tracker ACT, and the experi-
mental results are shown in Figure 9. It can be found that the
proposed method obtains an accuracy improvement of 1.2%
and 1.3% on the OTB100 and OTB2013 datasets, respec-
tively, and also improves the success rate. This is mainly due
to the fact that the proposed method is more sensitive to
target state changes.

For the target tracking motion module, a new deep
reinforcement learning-based target tracking method
AEVRNet with a nonconvex optimized random variance
descent gradient and adaptive exploration strategy is
proposed. First, the adaptive motion exploration strategy is
proposed to combine time and space relations to extend the
motion space to enhance the motion exploration capability
and realize the tracking algorithm to jump out of the local
optimal solution. Second, a nonconvex optimized sto-
chastic variance descent gradient backward propagation
method is proposed to optimize the supervised learning
and deep reinforcement learning process of target tracking,
which avoids the occurrence of premature convergence to
the local optimal solution and thus obtains better con-
vergence accuracy and speed. Third, an action reward loss
function is designed for target tracking by regression,
which is more sensitive to various aspects of the target state,
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such as the width and height of the target, and can further
improve the accuracy of AEVRNet. In future work, at-
tentive mechanisms with deep feature channels will be
attempted to be introduced to improve the efficiency of
feature utilization and enhance the robustness of the
tracking algorithm.

5. Conclusion

With the popularization of the Internet lifestyle and the
innovation of learning methods, more and more online
learning systems have emerged, allowing users to study in
the system anytime and anywhere. While providing con-
venience to users, online learning systems also bring troubles
to users, who cannot quickly find the resources they are
interested in from the huge amount of learning resources. In
this paper, we apply deep learning to an English online
learning platform and analyze learners and learning contents
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by clustering algorithm and association rules. Based on this,
a content organization system is developed using genetic
algorithms, which is applied to the case of this paper to
provide learners with personalized learning content, with
the hope that the system can be extended to other online
learning platforms in the future. For the goal tracking al-
gorithm update module, a deep reinforcement learning-
based multitask multimodel goal tracking method is pro-
posed, which is able to improve the tracking performance of
the tracking algorithm on different tasks by using task-
specific knowledge without increasing the parameters of the
network model through knowledge migration techniques.
For the adaptive student-teacher knowledge migration
strategy, the teacher model can guide the student model to
track online and migrate the task-specific knowledge to the
online tracking student model through the network pa-
rameters. Specifically, the online student model is adaptively
updated by the teacher model parameters and the online
student model parameters together.

In the future, these models will improve the sense of
efficiency and satisfaction of personalized recommendations
of learning resources.

Data Availability

The data used to support the findings of this study are
available from the corresponding author upon request.

Conflicts of Interest

The authors declare that there are no conflicts of interest.

Acknowledgments

This work was supported by an Educational Science Re-
search Program funded by Qigihar Medical University,
Application of Mind Map in Medical English Vocabulary
Teaching, QYJY20180104, and a Teaching and Reforming
Research Program on Academic Degree and Graduate
Education funded by Qigihar University, Research on
Training of Academic Proficiency in English for Non-En-
glish Major Graduate Students, JGXM-QUG-2021023.

References

[1] P. Haje, A. Arystanbaeva, Z. Oralbaeva, and Z. Kupenova,
“The role and importance of accounting information system
in the context of digitalization,” Asian Journal of Social Sci-
ences ¢ Humanities, vol. 5, no. 1, pp. 64-73, 2019.

[2] M. McKee, M. C. I. van Schalkwyk, and D. Stuckler, “The
second information revolution: digitalization brings oppor-
tunities and concerns for public health,” The European Journal
of Public Health, vol. 29, no. 3, pp. 3-6, 2019.

[3] L. Ge, L. Quan, X. Zhang, Z. Dong, and J. Yang, “Power
matching and energy efficiency improvement of hydraulic
excavator driven with speed and displacement variable power
source,” Chinese Journal of Mechanical Engineering, vol. 32,
no. 1, pp. 1-12, 2019.

[4] T. Pistunova, V. Slabko, K. Averina, I. Romanchenko,
O. Babakina, and O. Vidomenko, “Providing the minds of the
out-of-the-Box digitalization as the basic component of the

information culture of the teacher,” Laplage Em Revista, vol. 7,
no. 2, pp. 691-696, 2021.

[5] T.Rudakova and M. Semikolenova, “Evolution of accounting
information model under conditions of changing economic
formations and digitalization of the economy,” Bulletin of
South Ural State University series “Economics and manage-
ment”, vol. 12, no. 1, pp. 108-115, 2018.

[6] A. Rafisovich Gapsalamov, E. Munirovich Akhmetshin,
R. Rashatovich Sharipov, V. Lvovich Vasilev, and
T. Nikolaevna Bochkareva, “Approaches to information se-
curity in educational processes in the context of digitaliza-
tion,” TEM Journal, vol. 9, no. 2, pp. 708-715, 2020.

[7] J. Tuzii, “Healthcare information technology in Italy, critiques
and suggestions for European digitalization,” Pharmaceuticals
Policy and Law, vol. 19, no. 3, pp. 161-176, 2018.

[8] E.Hofmann, H. Sternberg, H. Chen, A. Pflaum, and G. Prockl,
“Supply chain management and industry 4.0: conducting
research in the digital age,” International Journal of Physical
Distribution & Logistics Management, vol. 49, no. 10,
pp. 945-955, 2019.

[9] S. Sheikhi, M. T. Kheirabadi, and A. Bazzazi, “An effective
model for SMS spam detection using content-based features
and averaged neural network,” International Journal of En-
gineering, vol. 33, no. 2, pp. 221-228, 2020.

[10] E. W. M. Lee and H. F. Lam, “Intelligent-based structural
damage detection model,” Mechanics of Advanced Materials
and Structures, vol. 18, no. 8, pp. 590-596, 2011.

[11] Y. Zhang, S. Wang, and G. Ji, “A comprehensive survey on
particle swarm optimization algorithm and its applications,”
Mathematical Problems in Engineering, vol. 2015, Article ID
931256, 38 pages, 2015.

[12] Y. Zhang, L. Wang, W. Sun, R. C. Green II, and M. Alam,
“Distributed intrusion detection system in a multi-layer
network architecture of smart grids,” IEEE Transactions on
Smart Grid, vol. 2, no. 4, pp. 796-808, 2011.

[13] D. Li, X. Chen, Z. Zhang, and K. Huang, “Learning deep
context-aware features over body and latent parts for person
Re-identification,” in Proceedings of the 2017 IEEE Conference
on Computer Vision and Pattern Recognition (CVPR),
pp- 7398-7407, Honolulu, HI, USA, July 2017.

[14] Y. Yu, X. Gao, and C. Z. Xu, “LAFEAT: piercing through
adversarial defenses with latent features,” in Proceedings of the
2021 IEEE/CVF Conference on Computer Vision and Pattern
Recognition (CVPR), pp. 5735-5745, Nashville, TN, USA,
June 2021.

[15] D. Aspandi, F. Sukno, and B. Schuller, “An enhanced
adversarial network with combined latent features for spatio-
temporal facial affect estimation in the wild,” in Proceedings of
the 16th International Joint Conference on Computer Vision,
Imaging and Computer Graphics Theory and Applications,
pp. 172-181, London, U.K., February 2021.

[16] R.Luss, P.Y. Chen, A. Dhurandhar, P. Sattigeri, Y. Zhang, and
K. Shanmugam, “Leveraging latent features for local expla-
nations,” in Proceedings of the 27th ACM SIGKDD Conference
on Knowledge Discovery & Data Mining, pp. 1139-1149,
Singapore, August 2021.

[17] S. Zhang, T. Minav, M. Pietola, H. Kauranne, and J. Kajaste,
“The effects of control methods on energy efficiency and
position tracking of an electro-hydraulic excavator equipped
with zonal hydraulics,” Automation in Construction, vol. 100,
pp. 129-144, 2019.

[18] R. Ding, J. Zhang, B. Xu, M. Cheng, and M. Pan, “Energy
efficiency improvement of heavy-load mobile hydraulic



10

(19]

(20]

(21]

(22]

(23]

manipulator with electronically tunable operating modes,”
Energy Conversion and Management, vol. 188, pp. 447-461,
2019.

R. Ding, J. Zhang, B. Xu, and M. Cheng, “Programmable
hydraulic control technique in construction machinery: sta-
tus, challenges and countermeasures,” Automation in Con-
struction, vol. 95, pp. 172-192, 2018.

R. Ding, M. Cheng, L. Jiang, and G. Hu, “Active fault-tolerant
control for electro-hydraulic systems with an independent
metering valve against valve faults,” IEEE Transactions on
Industrial Electronics, vol. 68, no. 8, pp. 7221-7232, 2021.

Z. Quan, L. Ge, Z. Wei, Y. W. Lj, and L. Quan, “A survey of
powertrain technologies for energy-efficient heavy-duty
machinery,” Proceedings of the IEEE, vol. 109, no. 3,
pp. 279-308, 2021.

Y. L. Shrayberg and K. Y. Volkova, “Features of copyright
transformation in the information environment in the age of
digitalization,” Scientific and Technical Information Process-
ing, vol. 48, no. 1, pp. 30-37, 2021.

R. Ding, M. Cheng, S. Zheng, and B. Xu, “Sensor-fault-tol-
erant operation for the independent metering control sys-
tem,” IEEE, vol. 26, no. 5, pp. 2558-2569, 2021.

Computational Intelligence and Neuroscience



