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Abstract: As the application value of educational big data becomes increasingly prominent, the develop-
ment of educational data mining has been widely concerned. In this study, 1216 journal articles related to
educational data mining were collected from CNKI database. By using information visualization software
CiteSpace and using spatio-temporal knowledge graph and content knowledge graph analysis as the main re-
search methods, this paper reveals and reflects the research hot spots and development trends of educational
data mining in China, in order to provide reference for in-depth research, practical exploration and industri-

al promotion of educational data mining.
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Data mining (DM) is a process of discovering hidden patterns and knowledge from massive data through
certain algorithms (Han & Kamber, 2001), which has been widely applied in banking, insurance, finance and
other fields. With the development of educational informatization, the construction of smart campus and the
exponential growth of big data in education, educational data mining (EDM) emerges at the historic moment,
which aims to analyze the unique data generated in the educational environment to solve educational research
problems (Baker & Yacef, 2009). Educational data mining bridges two disciplines: education and computa-
tional science, of which data mining and machine learning are sub-fields. EDM is defined by the education
data mining community as: "Education data mining is an emerging discipline dedicated to developing new
methods to explore unique and increasingly large amounts of data from educational environments and to
use these methods to better understand students and their learning environments." In fact, EDM can also be
understood as the application of DM in education big data, which is not only the embodiment of digital ed-
ucation research, but also the inevitable demand for the development of education informatization (Li & Fu,
2010). EDM, which is the integration of educational big data and data mining, has attracted more and more

researchers' attention in recent years.
Research Program

Research Methods and Tools

Bibliometrics is a discipline that studies the distribution structure, quantitative relationship, change law and
quantitative management of literature information by means of mathematics and statistics, and further dis-
cusses some structures, characteristics and laws of science and technology. CiteSpace is a widely used tool

for bibliometric analysis. It is an information visualization tool developed by Professor Chen Chaomei of
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Drexel University, which is specially used for academic literature analysis. It is suitable for multivariate,
time-sharing and dynamic complex network analysis, which can detect hot topics and their evolution in a
certain discipline or field. At present, it has been widely used to detect and analyze the changing trend of
research frontier, the relationship between research frontier and knowledge base, and between different re-
search frontier. CiteSpace's buttons mainly include Keyword, Cited Author, Cited Journal, Cited Reference,
etc. Keywords are an important part and essence of academic papers, and their co-occurrence can keenly and

directly reflect the hot spots and frontiers of research in a certain field (Yan, Zhu & Zeng, 2014).

The specific steps of CiteSpace analysis education big data research are as follows: Use CiteSpace's own
data format conversion tool to convert CNKI literature exported to Refworks format into data format rec-
ognized by CiteSpace; Set the time span to 2002 to 2021, with an interval of one year. The thresholds (c,
cc, cev, where c is the citation frequency of references, cc is the co-citation frequency of references, and the
co-citation coefficient of ccv references) were set as (2, 2, 20). Select Pathfinder's cut-link method to simplify
Network structure and highlight important features, and use Cluster view-static and Show Merged Network

visualization to present the final analysis map.

Research Objects

Select "Advanced Search" in CNKI, select "Topic" as "Education Data Mining", "Education & Data Mining",
set the time from 2002 to 2021, and obtain a total of 1245 related literatures. After manual screening, reports,
conference notices, documents, papers calling for contributions, preamble and so on were eliminated, a total
of 1216 valid papers were obtained, including author, title, abstract, key words, author unit, reference and
other fields.

Analysis of Research Results

Literature Time and Organization Distribution

The number of publications and citations can directly reflect the change of research popularity in a certain
research field in a specific period of time, and is an important indicator to measure its development trend. To
investigate the research results of educational data mining, this study makes statistics of literatures published
from 2002 to 2021, as shown in Figure 1. As shown in Figure 1, from 2002 to 2010, the studies on education
data mining increased year by year, but the overall studies were relatively few. Since 2014, the research lit-
erature on education data mining increased sharply, with rich research achievements and rapid development.
This is attributed to the arrival of the era of big data, the application and development of educational data has
been pushed into the "fast lane", especially the application of cloud computing, Internet of Things, mobile
communication and other new information technology, which makes the collection of educational data more
real-time, coherent and comprehensive. In addition, after 2014, as Maker education and STEAM education
gradually entered primary and secondary schools, more and more intelligent products entered the education
market, and data mining and learning analysis technologies were increasingly needed to solve problems in

teaching.



Communication & Education Review

400

350

300

250

200

150

100

50

2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 20122013 2014 2015 2016 2017 2018 2019 2020 2021

Figure 1. Literature chronology analysis of education data mining 2002-2021

Through the analysis of institutions and authors by CiteSpace, it was found that the co-occurrence network
was very scattered, and the researchers appeared most frequently were Zhang Hai (11), Ding Guoyong (11),
Zhu Zhiting (6), and Li Xin (4). The largest number of research institutions are East China Normal University
and Northeast Normal University, but the research departments of these two schools are also very diversified,
such as the Department of Educational Information Technology, School of Open Education, Department of
Education, Shanghai Digital Education Equipment Engineering Center of East China Normal University. In
Northeast Normal University, there are college of Media Science, College of Computer Science and Informa-
tion Technology, Preparatory School for Studying in Japan, Office of Information Management and Planning,
and College of Information Science and Technology. This also shows from another side that the research field

of educational data mining is intersectional and dispersed, and the research results lack certain cooperation.

Word Frequency Analysis

From the perspective of knowledge theory, keywords with high centrality and frequency represent the com-
mon concerns of researchers in a period of time, that is, research hotspots. As a measure of the power of
nodes, centrality reflects the importance of nodes in the network. The higher the co-occurrence frequency of
keywords is, the higher the point centrality is, indicating that nodes are more important in this field. As shown
in Table 1, keywords with the highest frequency in research literature include "data mining", "big data",

nn

"learning analysis", "educational data mining" and "association rules".

Table 1. High-frequency keywords

Serial Word fre- | Centrali-| Serial Word fre- | Centrali-
Keywords Keywords
number quency ty number quency ty
1 Data mining 359 1.21 12 Data analysis 14 0.02
2 Big data 110 0.19 13 MOOC 13 0.03
3 Study analysis 73 0.27 14 Personalized 13 0.03
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Educational data WEB data min-
4 o 71 0.24 15 ) 12 0.02
mining ing
5 Association rules 43 0.19 16 Online education 12 0.04
Distance educa- Network educa-
6 ) 42 0.27 17 ] 12 0.03
tion tion
. . Teaching evalua-
7 Education big data 40 0.10 18 . 11 0.01
tion
Data mining tech- Apriori algo-
8 32 0.05 19 . 10 0.03
nology rithm
Educational infor- Learn analytical
9 o 18 0.08 20 ) 10 0.03
matization techniques
10 Data warehouse 17 0.11 21 Decision tree 9 0.06
Personalized . .
11 i 14 0.05 22 Machine learning 9 0.01
learning

The keyword clustering function of CiteSpace can clarify the hot spots and development trends of a certain

research field (Jiang, Zhao, Li & Wang, 2016). In the knowledge graph, circles represent keyword nodes, and

the larger the circle is, the more frequently the topic appears. The color and thickness of node tree ring indi-

cate the time period of appearance, that is, the thicker the color ring within the circle, the higher the frequency

of appearance of the color in the corresponding year. The educational data mining literature data downloaded

from CNKI database is processed, and the age of segmentation is | year. The source of clustering words is ti-

tle, abstract, author information, key words, node type, etc., and the cutting line is set as the path detection al-

gorithm, so as to obtain the educational big data literature clustering map (Feng, 2012). Analysis of keyword

co-occurrence clustering results (see Figure 2) shows that there are 334 nodes and 677 links in the keyword

co-occurrence network of educational data mining, and the overall network density is 0.0122. The centrality

of "data mining" is the highest, which shows the importance and foundation of data mining theory and tech-

nology.

RETR

Ml 2 2]

AA K3

KA
citospace SR I HTHAR
A

7 Wit
oy i
nAE o BRI JesH B
FHAE
47
A T

A

LRl

T ALAE 3B LR N 8

JReTy

Cﬁﬁjﬁﬁiﬁg e

(ST <ismooc ﬁyﬁﬁz ﬁ(ﬁ&ykc$ 53

W EGE B

e e

TR e

AP

L N Y i pati

14 W %{ﬁ{‘ﬁ‘ i< %

CCILE g ——

Ler moodle A HEE
ke R S T
e learning W R

{EAR 2] P, AR
hadoop

R BRI e
. s EPRT R ]
TSI N 4“&}?%3

= 3 250 FEL 3
NI L
AR S0 4 RAER
i t«;rtﬁiﬂl)_!u S wobll &
SR E web hi
\ é?@f i P 7 N Wil I Rk
7 R
S i BRI
B ATUR ST R g AL - S
faed e a Y ] j:,/_\z j?ﬁl:
W SR - o - 1
|k S Es C T | CGrE: ERZin= ., ﬁ%’ i 174
A Sk
apriori i
we
L L L)
AP i
AR i
R | A T HEE ol

Figure 2. Keywords knowledge graph
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Figure 2 shows that compared with institutional cooperation network, the structure and performance of key-
word co-occurrence network have been greatly optimized and improved, but overall the structure of keyword
co-occurrence network is still loose and the density is not high. In the future, relevant researchers should be
required to do a good job in institutional research cooperation, and at the same time, they should maintain

sufficient concentration on research topics and select appropriate topics for precise and in-depth research.

Analysis of Research Route

Based on the cluster graph, the time sequence graph of frontier keywords in education data mining is statis-
tically analyzed by time segment in this study, which reflects the focus and change of fields of concern in the
advancement and development of education big data, as shown in Figure 3. The development of education-
al data mining can be roughly divided into three stages: the first stage is the gestation period (2002-2006),
which can be regarded as the technical development or ideological root of data mining, mainly involving the
technical application of data mining and its proposal in education informatization, and later also involved in
distance education. The second stage is the initial stage (2007-2013). As a special field, educational data min-
ing was put forward, involving the application of distance education, education management, personalized
education and learning, especially in the field of higher education and network education. The third stage is
the development stage (2014-present), involving knowledge graph, machine learning, visual analysis, and the
comprehensive emergence of various data mining technologies in performance analysis, talent cultivation,

and education evaluation represented by Pisa large-scale evaluation.
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Figure 3. Time sequence atlas of frontier keywords

Research Trend Analysis

Mutants are words that appear more often or are used more frequently in a shorter period of time. According
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to the word frequency change of emergent words, we can judge the frontier and trend of the research field.
According to CiteSpace related analysis, the emergent theme of educational data mining and its correspond-
ing highlighting rate and cited history curve are obtained, as shown in Figure 4. "Education big data", "dis-
tance education" and "data analysis" are hot spots of education data mining research, among which "distance
education" is mainly reflected in 2003-2013, "data analysis" in 2014-2018, and "education big data" in 2016-
2021, and the research trend is increasing year by year. To a certain extent, the research frontiers of educa-
tional data mining in China are mainly embodied in educational big data, data analysis, distance and network

education and other fields.

Top 10 Keywords with the Strongest Citation Bursts
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Figure 4. Top 10 research hotspots

Analysis of Hot Spots in Educational Data Mining

Comparison and Consideration of Educational Data Mining and Learning Analysis

Educational data mining and learning analysis, which are closely related and overlapping, are popular fields
in promoting teaching and learning. Although they have different origins and emphases, they share many
common goals and concerns. Shu Zhongmei and Xu Xiaodong have made in-depth discussions on cross-field
studies. For example, based on the perspective of educational data mining, factors affecting college students'
satisfaction are obtained and meaning reconstruction is discussed from the perspective of learning analysis
(Shu & Xu, 2014). The learning outcome evaluation model is constructed from both individual students and
schools (Shu & Qu, 2014), and relevant factors based on student engagement model are identified by combin-
ing correlation analysis and data mining methods, and students' learning behaviors are classified (Shu, Xu &
Qu, 2015). These discussions give full play to the advantages of modeling and discovery structure of educa-
tional data mining and promote the construction of meaning in learning analysis. At the same time, learning
analysis is also used to collect learning traces to facilitate the discovery of evolutionary paths and calculation
indicators of educational data mining algorithms. Liu Qingtang et al. (2017) defined the concepts and dif-

ferences between learning analysis and educational data mining, and proposed that educational data mining
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could help solve the problems of insufficient data in learning analysis, and the application strategies of learn-

ing analysis could provide references for educational data mining.

Educational data mining and learning analysis, as the main application technologies of big data in education,
should strengthen the exchange of their research results through their own journals and conferences in order
to promote the development of educational practice and learning science. At the same time, competition and
cooperation between the two communities can expand the number of researchers working in the field of big
data in education, thus enhancing the application and impact of educational data mining and learning analysis
through multidisciplinary collaboration in computer science, education, psychology, mathematics and other
disciplines (Siemens & Baker, 2012).

Application Exploration of Distance Education Based on Education Data Mining

In educational data mining, extracting available information and constructing learner model are the boosters
to solve key problems in distance education research. Among them, personalized learning support service and
teaching interaction is one of the core contents of distance education, which is also the focus of researchers'
attention. Jiang Qiang et al. (2016) emphasize the personalized adaptive learning become big data era digital
learning, the necessity of the new normal, and refine the personalized the metacognitive and open learners
adaptive learning model, autonomous learning mode and information visualization processing, to solve the
problem of the network personalized learning, improve the effect of learners' learning, improve learning ex-
perience provides the reference. Feng Guier (2012) focuses on the role of data mining in distance education,
uses association rules, cluster analysis and other methods to process online course data, respects individual
differences and feeds back results to optimize teaching. Zhang Ting (2017), based on the development of
modern distance education and personalized learning theory, uses data mining technology to mine learner
information and designs a personalized learning system with learner model as the core, thus providing refer-
ence for subsequent intelligent application and dynamic update research. Therefore, educational data mining
broadens the realization path of distance education development, and plays a great role in supporting person-

alized service, assisting learners to make choice of resources, learning diagnosis and feedback.

Research on Key Technologies of Educational Data Mining

In the context of "Internet + education”, educational data mining technology is a means to gather and dis-
seminate resources. It is also a kind of creativity, which is reflected in adapting to the changes of various
educational scenes, dynamically mining hidden knowledge information, and forming new understanding
and research. Educational data mining technology is actually a data mining technology used in the field of
education. Feng Guier (2012) for a large amount of data online course learning, use all kinds of data mining
technology in mining, such as visits from path analysis, clustering analysis of common characteristics, the as-
sociation rules of statistical interest ratio, sequential patterns, predict learning behavior, make the online plat-
form for the improved access and communication frequency increase, satisfaction and performance has been
improved. Peng Ya et al. (2017) sorted out the distribution of educational data mining technologies and meth-
ods. The results showed that the commonly used technologies were prediction, relationship mining, cluster-

ing, statistical analysis and visualization, and collaborative filtering was less used. The focus of the research
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was that with the richer data and higher complexity of the technology, it was necessary to pay attention to the

adaptability of mining task objectives and mining technology to avoid detours.

Researchers are more inclined to the application of data mining technology in network education, platform
architecture, learning behavior analysis and other aspects, but the research on standardization and ease of use
of technology is not mature, and the current problem of data "island" and technology "gap" still needs to be

solved.

Study on Learning Effect and Academic Early Warning

Dynamic interaction in teaching and learning process, various types of data, such as learning engagement
data, performance data, and so on, these can be used as education input, data mining is then prior rules au-
tomatically analyze the program output is obtained as a result, finally the results combined with education
teaching analysis and application of the hot issues. As an important starting point for deepening the explo-
ration of teaching practice, the study of academic performance prediction and academic warning is closely
related to the learning activity process data in educational data mining. Chen Yijun et al. (2013) analyzed the
performance characteristics of different network behavior groups based on the clustering algorithm in data
mining, so as to discuss the influence model of students' performance and formulate effective strategies. Chen
Zijian et al. (2017) adopted data mining and machine learning methods to jointly determine the factors influ-
encing academic performance through correlation coefficient and information gain rate, build a classification
prediction model and evaluate performance, and promote academic warning and learning prediction practice

in online learning.

The general process of most research is: using data mining technology to extract and analyze various learning
records and behavior information, build learner models, so as to determine the behavior attributes of learners,
predict their learning performance, and provide directional content and targeted intervention for behaviors
with warnings, so as to achieve accurate support for education and teaching, avoid risks and promote the all-
round development of students. No matter in junior high school, senior high school or university, there is
a considerable drop-out phenomenon. Studying the dropout factors of students can identify students at risk
of dropping out in advance and carry out timely intervention to reduce the dropout rate. Different from the
above studies on drop-out in traditional education, the high drop-out rate in online education has attracted the

attention of many researchers.

Personalized Learning Services

Personalized learning services can provide students with the most appropriate learning resources, such as cur-
riculum recommendation, personalized intervention, development of early warning system, etc. At present,
there are mainly two kinds of researches on personalized learning service in the field of education data min-
ing. One is personalized learning service based on recommendation system. Currently, personalized learning
service based on recommendation system proposed by researchers mainly includes content-based recommen-
dation algorithm, collaborative filtering and hybrid recommendation algorithm. For example, Zhu Tianyu et
al. (2017) proposed a student-oriented collaborative filtering test question recommendation method, which

can recommend appropriate test questions according to students' knowledge mastery. The other is personal-
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ized learning service based on data mining. Data mining methods for personalized learning services mainly
include classification algorithm, clustering algorithm and association rules. In addition, some researchers are

also using other technologies in personalized learning services.
Discussion on the Research Trend of Educational Data Mining

Guidance of Educational Data in the Learning Process

According to the analysis of mutant words, education big data and data analysis is one of the frontier and de-
velopment trends. At present, distance education and network education are the most widely used fields of ed-
ucational data mining. Achievement prediction and dropout research are mostly in higher education research.
Educational data mining rarely involves the study of basic education and real classroom. This may be because
the classroom teaching process in primary and secondary schools is more complicated and data acquisition
is difficult. In May 2018, the Blue Book on The Development of Big Data in China's Basic Education (2016-
2017) proposed six development trends and five challenges of big data in education, and put forward a series
of development suggestions to the education industry, which is of great significance to promote the healthy
development of China's education big data industry and education data mining. At the same time, with the
construction of handheld devices and various smart classrooms, the teaching process will be recorded more
completely and accurately, and the data analysis and mining of classroom teaching of basic education will

also increase in the future.

Application of Deep Learning

At present, the research on educational data mining mostly uses several classical classification or regression
algorithms to process data and find out the algorithm with the best performance. A few of them will adjust or
improve the data mining algorithm according to the actual application scenarios. In fact, in addition to ma-
chine learning, deep learning has also achieved great success in image, speech recognition, natural language
processing and other fields, but its application in the field of education is still not widespread. Deep learning
technology with high prediction accuracy and no need to manually extract features will shine in educational

data mining in the future.

Design and Application of Decision Support System and Adaptive Learning System

The algorithms, methods and technologies of educational data mining play an important role in the design
and implementation of decision support system and adaptive learning system, and will promote the develop-
ment and application of various service systems in the future. Decision support system consists of data ware-
house, knowledge base, method library and man-machine interface. Technical improvement will be beneficial
to play the synergistic effect of all parts, improve the system function, and provide strong support for school
management and decision-making. Adaptive learning system is an effective way to support personalized
learning and achieve differentiated teaching. It can transform and analyze multidimensional data and build
models from social, emotional and metacognitive aspects, so that learners can master their own learning state
and actively engage in deep learning. However, the current adaptive adjustment in recording, tracking, analy-

sis, prediction, evaluation and other stages is not accurate, and further research is needed. In addition, the de-
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sign and application of these systems need to apply more educational theories, aiming to provide guidance for
content configuration, learning behavior evaluation and other aspects, jointly promote the realization of the
significance of educational data mining, and avoid the embarrassing situation that practice is divorced from

educational needs.
Application of Data Mining Technology in the Field of Teachers

At present, educational data mining rarely involves the study of teachers. This may be because it is difficult
to acquire data about teacher development, which often requires questionnaires and other methods. Unlike
student data, which is usually stored in educational administration management system, learning management
system and other systems, it is convenient for direct application in education data mining research. As an im-

portant part of the field of education, it is expected that there will be more literature on teachers in the future.

Summary and Outlook

Existing studies on educational data mining have guided the development of data mining and educational
practice activities to varying degrees, and promoted the field and height of the application of educational big
data. At the same time, this study also found the deficiencies and difficulties in Chinese education data mining
research by sorting out existing studies. Specifically, the following three aspects should be strengthened in the

future research of Chinese educational data mining.

Enrichment and Improvement of Data Sets

At present, the research on education data mining in China is more focused on education field and theoretical
level. First of all, there are few public data sets. (1) data sets usually contain the personal information of re-
search objects, which should not be published based on academic ethics and norms. (2) data sets are usually
valuable assets acquired by researchers at great cost of time and manpower. For the educational data mining
community, the lack of high quality public data sets is one of the bottlenecks restricting its development. In
addition, classifiers generated with only a small amount of data tend to have poor generalization ability, so

data sets with larger sample size will be the development trend in the future.

Secondly, there is no unified data standard for data sets. The huge amount of information stored in the data-
base, its expression form is complicated, which brings great trouble to the data preprocessing, so the stan-

dardization of data will be the focus of the future education data mining research.

Integration of Research Methods and Tools

At present, the research content of education data mining in China has attracted the attention of researchers
from different disciplines such as computer science and education, but most EDM research results are pub-
lished in educational journals rather than technical journals. Due to the lack of technical depth, educational
data mining and learning analysis, as the main application technology of big data in education, have little

cooperation. In the future, they should strengthen the exchange of research results through their own journals
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and conferences, so as to promote the development of educational practice and learning science. At the same
time, researchers in the two fields are collaborating to enhance the application and impact of educational data

mining through computer science, education, psychology, mathematics and other disciplines.

At the same time, the data mining tools used need certain domain knowledge. Data mining open source tools
such as WEKA and Rapid Miner used in existing educational data mining literature all require certain knowl-
edge in the field of mathematics or computer science, which are not very friendly to educators. Therefore, the
development of open source tools suitable for the field of educational data mining is the engine to break down

the development barrier of educational data mining.

Data Mining Based on China's Actual Education

At present, there are many evaluations and summaries of other countries' research achievements in China, but
few researches on its own education status. Therefore, it is necessary to fully collect all kinds of educational
data and use the technology of educational data mining to promote the "connection" and "intelligence" land-
ing, and provide reference and basis for the teaching reform of schools at all levels and of all kinds, and bring

new opportunities.
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