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Abstract—To improve the learning effect of online learning, an online learn-
ing target automatic classification and clustering analysis algorithm based on
cognitive thinking was proposed. It was applied to a multi-dimensional learning
community. A new form of virtual learning community concept was proposed.
The design ideas of its multi-dimensional learning environment were elaborated.
Ontology technology was used to collect student learning process data. A cogni-
tive diagnostic model for assessing student learning status was generated. Finally,
through the cluster analysis technology, the registered students in the curriculum
center were automatically divided into different levels of community groups. The
results showed that the proposed algorithm for automatic classification and clus-
tering of online learning targets had a good application effect in the learning com-
munity. Therefore, this method has practical application value.
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1 Introduction

With the development of computer technology and networks, the number of students
who have received academic education or formal training through the Internet has in-
creased dramatically. According to statistics from the Ministry of Education website,
online learners have increased 4 times over the past 5 years. Online learning has become
the main learning method of continuing education and lifelong learning. To realize col-
laborative learning, knowledge building and smart development, the virtual learning
community, an ideal learning environment, is being concerned by many educational
technology researchers and Internet developers.

E-learning is a very broad concept that represents a large learning system. From the
point of view of the composition system, it includes learning management systems,
content management systems, learning object libraries, and virtual learning communi-
ties. Among them, the virtual learning community is an important application mode in
the E-learning environment. In general, the virtual learning community is also referred
to as the E-learning community on the Internet. Compared with the traditional e-learn-
ing system, the virtual learning community emphasizes the concept of interaction. It
belongs to the category of collaborative learning. In the virtual learning community, the
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distribution of learners and the transfer of knowledge are separated in time and space.
Through collaboration among learners and effective guidance of teachers, problems in
distance learning are overcome to achieve better learning results.

In the face of large-scale student data information, the traditional E-learning envi-
ronment is difficult to provide teachers with accurate and useful information. It cannot
provide a personalized and adaptable learning environment for large-scale distance
learners. Therefore, these systems have some defects in smart guidance. It is one of
teachers’ responsibility to guide learners in collaborative learning. Teachers must be
responsible for the process of implementing and controlling collaborative learning ac-
tivities. Cluster analysis technology is applied in the intelligent learning system, which
can acquire student's learning process data from the background system. Meaningful
features were extracted to generate models that correctly assessed their learning status.
Based on the model, cluster analysis can effectively classify students.

2 State of the art

Network is widely used. Information technology has developed rapidly. The society
is very concerned about education. The field of personalized intelligent online learning
platform has attracted a large number of domestic and foreign scholars to study it. One
of the research topics is still to categorize users so as to achieve personalized guidance.
Shaw et al. [1] introduced personalized learning into traditional learners and non-tradi-
tional learners through an asynchronous learning platform, enabling learners to advance
to individual learning goals at their own pace. The platform was built using a guided
learning path (GLP) to provide thread user scenarios for each module. It can help read-
ers to achieve visualization. Andruseac et al. [2] proposed an e-learning platform for
personalized treatment and online monitoring of learning disabilities patients. By de-
veloping new methods that support ICT, patients' cognitive functions are improved. Xi
et al. [3] established a personalized adaptive learning behavior analysis model. Based
on this model, a personalized MOOC platform was designed. By analyzing the learning
behavior on the MOOC platform, the model mines the pattern of learning behavior.
This lays the foundation for personalized intervention in the learning process. Xiao et
al. [4] proposed a personalized recommendation system for online learners. By using a
combination of association rules, content filtering, and collaborative filtering, the sys-
tem recommends learning resources. It can improve the utilization of educational re-
sources and improve students' learning autonomy and efficiency. By considering the
personalized activity recognition problem as a multi-task learning problem, Sun et al.
[5] establish models for different human activities. A new online multitasking learning
method is proposed to identify large-scale personalized activities. Compared with the
existing multitasking learning hypothesis task relationship work, it can automatically
discover task relationships from real-world data. Lee [6] argues that the formalization
of folk taxonomy in annotation learning resources as well as in the perspective of de-
mographics to rating resources can not only support personalization, but also enable
learners to participate more effectively in technology-enhanced learning. Shih [7] stud-
ied the human factor. Gender differences and cognitive styles influence learners'
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responses. Based on a personalized and non-personalized learning system, learner's
prior knowledge is studied. Women and serializers respond positively to personalized
learning systems. Men and holists showed similar reactions to personalized learning
systems and non-personalized learning systems. These results have an important influ-
ence on the design of the personalized learning system. Cavus and Zabadi [8] studied
the comparative communication tools of the six open source learning management sys-
tems (LMS). By selecting a learning management system with the best communication
tools, teachers are more likely to make the best choice when choosing a learning man-
agement system.

To sum up, most of the researches are based on the establishment of platform and
the realization of personalized modules. Few scholars have applied the cluster analysis
method to learner's learning activity analysis and target classification. In view of the
above situation, the cluster analysis algorithm is applied to the online learning target
classification to classify the students' cognitive diagnosis model. Students with different
levels of learning are divided into different community learning groups to provide
learners and teachers with more personalized and intelligent services.

3 Methodology

3.1 Data acquisition of learning process based on Ontology technology

The ontology concept refers to the course ontology. Course ontology is also called
the concept hierarchy. It represents the outline and framework of the course content. A
course ontology is defined as a tree R. Among them, TS denotes a set of terms (term)
TS = {terml, term2, ..., termn}, and R denotes a binary relationship on the TS set. In
the course ontology, the keywords may represent chapters, sections, or key concepts in
the course content. The dimensions of the TS set are determined by the teacher.

In an Ontology-based multi-mode interactive network learning environment, real-
time, dynamic, and rapid acquisition of learner's learning process data is needed. A
model that can feed back learner learning status in real time is generated. Based on this,
learners are analyzed. In a general E-learning environment, in order to collect learners'
learning process data, the system framework of the acquisition process is generally de-
signed as shown in Figure 1.
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Fig. 1. System framework for acquiring learning process data

The above system architecture can be embedded in any E-learning system to achieve
user-adaptive or personalized tutoring. The main components of the system framework
include course ontology, user learning process data, and student modeling. Course on-
tology is also called a concept hierarchy or a knowledge structure. It represents the
appropriate granularity and scale of course content predefined by teachers (or expert
instructors). It is the basis for generating the learner's knowledge state model. The learn-
ing process data mainly includes behavior records and test results generated by students
during the learning, reading and testing processes. These process data are generated by
the student behavior record system based on the pre-defined curriculum ontology of the
teacher. These students' behavior records will be recorded and accumulated as historical
data to generate student learning process data models. Based on the historical data of
student behavior records, a student learning process model was established. Through
the model, students' knowledge needs for curriculum ontology are analyzed.

3.2 Generation of cognitive diagnostic models

In recent years, some cognitive diagnosis models have become the mainstream
method for assessing the knowledge of students. The relevant content of the theoretical
model of the Q-matrix is described in detail. Based on the Q-matrix and student learning
process data, a corresponding cognitive diagnosis model is generated.

The student's test question responses reflect the knowledge state, which is the origi-
nal intention of the Q-matrix. The Q-matrix is a binary (0/1) matrix that represents the
relationship between a test item and a potential attribute or concept. Students will be
divided into different knowledge states based on their test answers and the Q-matrix
developed by the experts. The Q-matrix is a two-dimensional matrix. One dimension
represents a question, which is represented by Qn, and the other dimension represents a
concept, which is represented by Cona. If a problem is related to a concept, the value in
the corresponding Q-matrix is 1, and otherwise it is 0. Table 1 is an example of a binary
Q-matrix. Both Q1 and Q6 are related to Concept 1 (Coni). The value in the
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corresponding matrix is 1. They are not related to Concept 2 (Conz). Therefore, the
value in the corresponding matrix is 0.

Table 1. Q- matrix example

Question
Concept
O 0: 0s 04 Os Qs
Con; 1 0 0 1 0 1
Cona 0 1 0 1 0 0
Cons 1 1 1 0 1 0
Cong 1 0 1 0 0 0

In some cases, the value of the Q-matrix is 0 or 1. However, the range of values in
the matrix can also be any value between [0,1]. It represents the probability that a stu-
dent answers a question wrong without knowing a concept.

Several new cognitive diagnostic models will be introduced based on the Q-matrix
basis. Suppose there is a Q-matrix of size JXK, J represents the total number of ques-
tions, and K represents the total number of concepts. If the problem j involves the con-
cept k, the value of gjk in the corresponding Q-matrix is 1, and otherwise the value is 0.

G Y92 - Yy

5

0= Coe . )
v, 49k - Yk,

Q-matrix has two different ways. The first one depends on the number of concepts
involved in each problem. Some problems may only involve a single concept, and some
problems involve multiple concepts. Some Q-matrices include all issues involving a
single concept. Some Q-matrices include all issues involving multiple concepts, and
others include issues involving a single concept and multiple concepts. The second dif-
ference depends on the balance of the Q-matrix. The so-called balance means that in
the matrix, the problem types of a single concept appear the same number of times, or
the problem types of multiple concepts appear the same number of times.

According to the status of the answer question, the student is constructed as a matrix
Y of size NxJ. N indicates the number of students and J indicates the number of ques-
tions. Student n answers question j. If the answer is correct, the corresponding yu; value
in matrix Y is 1; otherwise, it is 0. If student n does not answer question j, then yn=NA.

Yo Vg o Vi
Y= Coe 2
VN1 Nz o g
The DINA model is a simple common conjunctive cognitive diagnosis that can be

used to assess a student's understanding of knowledge. The concrete expression of its
model is as follows:

P(YU :1|77,-j,Sj,gj)=(1_Sj)77z:f g;_n[/ “

58 http://www.i-jet.org



Paper—An Automatic Classification and Clustering Algorithm for Online Learning Goals Based on ...

In the formula, 77, indicates whether student i has mastered all the concepts in-

volved in question j. If the student has mastered all the concepts, the value is 1; other-
wise, the value is 0. s, is a smoothing parameter, which indicates the probability of

students being wrong in mastering the relevant concepts. g is a guess parameter,

which indicates that students have the correct probability without grasping relevant
concepts.

The main idea of the Sum-scores model is to use a vector Wi=(wi1,wi,...,Wik) to rep-
resent the "total score" of a student answering a question. Its model expression is as
follows:

J
Wy = D V4 i 4)
i=1

In the formula, Vi and q j are the corresponding elements in the matrix Y of the

student's answer question and the Q-matrix developed by the expert. Wi indicates the
number of questions correctly answered by student i for each concept k.

The third kind of cognitive diagnostic model for assessing students' knowledge
points is the capability matrix. The capability matrix B is a matrix of size NxK. N is
the number of students and K is the number of concepts in the Q-matrix. The element
Bik in matrix B represents the proportion of students i correctly answering the question
contained in concept k. The expression of its model is as follows:

J
B — Zj:l ]yij:NA yl] 'qjk

ik J )i
Zj:l VijeNd ' q./k

In the formula, Yy and q j are the corresponding elements in the matrix Y of the

©)

student's answer question and the Q-matrix developed by the expert. ]y__ y indicates
ij#]

that student i answered question j. If the student does not answer any questions con-
cerning the concept k, then Bix=NA.

3.3  Cluster analysis of the model

Cluster analysis refers to the process of grouping collections of physical or abstract
objects into multiple classes consisting of similar objects. It is an important human be-
havior. The goal of cluster analysis is to collect data on a similar basis for classification.
Taking into account the relationship of the entire system structure, the K-means algo-
rithm is used as a mining module to implement the classification algorithm.

The k-means algorithm is a centroid-based algorithm. It takes k as a parameter and
divides n objects into k clusters, which makes the clusters have higher similarity and
the similarity among clusters is the lowest. The calculation of similarity is based on the
average of the objects in a cluster (which is considered as the center of gravity of the
cluster). The specific process of the K-means clustering algorithm is as follows: First,
the k centroids Ci, Ca,..., Cx are selected as the initial cluster center from the data set.
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Then, each object is assigned to the cluster where the closest cluster center is. After all
the objects have been allocated, the centroid Ck of each cluster is recalculated. The
above steps are executed cyclically until the division of the data no longer changes.

In order to achieve a cluster analysis based on cognitive diagnostic models for stu-
dents, students in different learning states are divided into different levels of learning
community groups in the virtual learning community. Data analysis tool of Microsoft's
SSAS was used to design organizational solutions. The data mining analysis module is
part of the data service module. Its relationship with the curriculum center platform and
the virtual learning community as well as the specific program flow for clustering
grouping is shown in Figure 2.

Virtual Learning Community

Data structure course

-

Ucenter
¥ API _ | Learning community
groups

Learning process data

Curriculum Center Platform

Ucenter API Client for ASP.NET

v
ASP.NET Windows
Service to collect
students' learning
process data

The results of cluster analysis
are used to get the information
of the students' Grouping

A

y

Generating cognitive
diagnosis model

4

SSAS Data mining module

Data service

Fig. 2. The process of clustering grouping
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3.4  The design of virtual learning community

Based on the platform of the Shanghai Jiao Tong University Network School Cur-
riculum Center, a comprehensive analysis of the back-end data of the curriculum center
was conducted on the data structure of the network exquisite course. Two aspects of a
hierarchical virtual learning community are constructed. A conceptual model of a learn-
ing community that is hierarchically organized into learning communities based on the
evaluation of student knowledge points is proposed. The traditional virtual learning
community is mainly to provide learners with an informal communication environment.
Learners have their own independent personal space in this environment. When stu-
dents encounter problems in their studies or work, or have a certain interest, they can
communicate with people with similar interests to solve problems. With reference to
various virtual learning communities on the network at this stage, a typical virtual learn-
ing community to be built should have the following main functions. First, after enter-
ing the community environment, learners should have their own personal space, which
is similar to the personal homepage functions of common SNS communities (such as
Renren.com and Kaixin.com). In this space, learners can freely record their own learn-
ing and thinking process, communicate with other learners, check their own trajectory
in the community, and understand the status of other members of the community. Sec-
ond, learners can search for friends in the community to facilitate learning and commu-
nication. Different from the traditional virtual learning community, learning communi-
ties are mainly formed through the way that learners search for friends. The innovative
point of this virtual learning community is to cluster and divide learning community
groups according to students' knowledge points. According to the clustering results of
student learning status assessment, the community will divide students with different
levels of learning and ability into different learning community groups to form a learn-
ing group. In each learning group, learners with a close learning level will carry out
various forms of learning activities. Finally, in the learning community, teachers or
students can initiate a form of learning task for the entire community. Other students in
the community can choose to follow or participate in the learning task and discuss and
publish resources within the learning task section.

The proposed virtual community solution is a system that uses E-learning to provide
learners with personalized, intelligent, and systematic E-learning services. In this vir-
tual learning community solution, it mainly consists of three parts: the curriculum cen-
ter platform, the data mining module for assessing student learning status, and the vir-
tual learning community. Its system structure is shown in Figure 3.
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Virtual Learning Community
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learning state A learning community at a level of level

Level 1 Traditional

virtual learning

module community
oz | () |

Data mining
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i Interactive

Interactive
Curriculum management system |« > Curriculum Center website

Curriculum Center Platform
Fig. 3. The scheme design of the virtual learning community system

As shown in Figure 3, the curriculum center platform consists of a curriculum man-
agement system and a curriculum center website. Teachers and administrators design
and maintain the curriculum center through the management system. Students conduct
online learning of a range of resources (such as reading, experimenting, testing, etc.)
through the website system. The data mining module mainly analyzes the test scores of
students' corresponding knowledge points and completes the assessment of their learn-
ing status. Based on the assessment of clustering, students are divided into different
levels of learning community groups in the virtual learning community, so that students
with similar abilities freely use various community mechanisms to conduct a series of
interactive learning activities in the learning community. Teachers can also give differ-
ent personalized guidance according to their situation.

By acquiring student's learning process data (such as the result of knowledge test-
ing), a corresponding result model is generated. In combination with the Q-Matrix de-
veloped by experts, a cognitive diagnostic model that can assess student learning status
is generated. Based on this, a series of cluster analysis was performed. The entire as-
sessment process is shown in Figure 4.
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Fig. 4. The evaluation process of the students' learning state

According to the evaluation results of students' learning status, students of different
ability levels are systematically clustered into different learning community groups, and
different groups are provided with different learning activities for them. Learning ac-
tivity refers to the sum of various operations that students and teachers need to complete
to achieve a specific learning goal. It represents the interaction between the student and
the learning environment. At present, the main forms of e-learning activities include
six major components such as learning tasks, learning processes, supervision rules,
learning support, evaluation rules, and learning resources. The community learning en-
vironment is the support of the online learning environment. It is the technical founda-
tion for students to carry out a series of learning activities. Students complete learning
activities through interaction with the learning environment. The learning environment
mainly includes two levels of elements: One is the material condition that supports the
learning process, that is, the hardware environment. It mainly refers to the learning fa-
cilities and other aspects. The other is the non-material condition, that is, the software
environment. It mainly includes teaching mode, teaching strategy, learning atmosphere,
interpersonal relationship and other factors.

At present, the distributed application software architecture based on network envi-
ronment mainly includes two kinds of C/S structure and B/S structure. The B/S struc-
ture is the browser and server structure. It is a change or an improved structure of the
C/S structure with the rise of Internet technology. Under this kind of structure, the user
working interface is realized through the WWW browser, and a very small part of the
transaction logic is implemented in the browser. However, the main transaction logic
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is implemented on the server to form a three-tier structure. This can simplify the load
on the client computer, reduce the cost and workload of system maintenance and up-
grade, and reduce the overall cost of the user. The proposed virtual learning community
uses a three-tier architecture based on B/S. The three layers are the presentation layer,
business logic layer, and data access layer. The overall framework of its system is
shown in Figure 5.

. AJ; x lil;assrogm DevExpress interface | ASP.NET curriculum
Expression layer ackgroun control template interface
management interface
Ucenter
Home open
. . Business logic layer source SNS
Business logic layer .
BLL community
Data Ucenter
system
Datq set Ling Model | mining Home API
entity .
module interface
Excel
Data access layer SQL DAL DAL
Data base Course template system database Data analysis database Leammg
community

Fig. 5. Framework diagram of the overall system

There are two major components of the presentation layer. One part is the curriculum
center webpage developed based on the .Net platform, and the other part is the virtual
learning community webpage developed based on PHP. Their main function is to ac-
cept learners' requests. After being analyzed and processed by the system, the content
is displayed to the learner as a web page. At the same time, the presentation layer needs
to provide learners with high-quality human-computer interaction interfaces and pro-
vide specific application functions. When designing the presentation layer, professional
and aesthetics need to be taken into consideration, and the user experience is enhanced.
Third-party controls such as Devexpress9.1.5 and ExtJs can be considered. The busi-
ness logic layer centralizes the system's main network services and analysis and pro-
cessing functions. It acts as an intermediary between the client and the database. Its role
is to accept the client's request. Then, the results of the database are returned to the Web
server. Finally, the result is presented to the client. The data access layer provides the
entire virtual learning community with data resources. It includes basic databases such
as learners' basic data bases, community activity record data bases, and virtual learning
community knowledge bases. It is responsible for querying, modifying, and storing in-
formation of the entire community to ensure data security.

4 Result analysis and discussion

The foundation of the proposed new virtual learning community is Ucenter Home,
an open source SNS community software provided by the domestic Kangsheng
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Imagination Company. It is a set of social networking software built using
PHP+MySQL. An exchange network centered on friends can be easily constructed.
Users of the site can easily share information with other friends and discuss topics of
interest so that they can quickly learn about the latest developments of their friends.
Ucenter Home provides developers with rich application development interfaces such
as user interfaces, short message interfaces, friend interfaces, event interfaces, and ap-
plication interfaces. Developers can easily perform secondary development through
these interfaces.

The realization of data management and acquisition technology is mainly achieved
through Microsoft's ASP.NET and SQL Server. Visual Studio 2008 provides a wealth
of WEB controls and a complete class library. SQL Server 2008 provides a secure,
reliable, and efficient platform for data management and business intelligence applica-
tions. The integration service and analysis service module can support integrated ex-
traction, transformation and data mining of large-scale, multi-dimensional and complex
data.

Figure 6 is an implementation diagram of a constructed virtual learning community.
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Fig. 6. Implementation diagram

5 Conclusions

A new design scheme using educational data mining technology is proposed. Differ-
ent competence level learning community groups in the virtual learning community are
constructed. The theory of cognitive diagnostic model for assessing student learning
status is introduced in detail. Several major clustering algorithms are applied. It pro-
vides enough support for educational theory and technology implementation methods.
A new form of virtual learning community concept is proposed. The design ideas of its
multi-dimensional learning environment are elaborated. Ontology technology is used
to collect students' learning process data and generate a cognitive diagnosis model to
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assess student learning status. Finally, the clustering analysis technology is used to au-
tomatically classify registered students in the curriculum center into community groups
at different levels. The results show that the proposed algorithm for automatic classifi-
cation and clustering of online learning targets has a good application effect in the
learning community. Therefore, it has practical application value.
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