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  Abstract 
Learning analysis has gradually become the focus of attention of the majority of 
educators, and data mining has brought more possibilities for learning analysis. 
This study takes CNKI literature as the research object, searches “data mining” 
and “learning analysis” as keywords, and the content analysis method is used to 
explore the application status of data mining technology in learning analysis re-
searches. This study found that relevant research scenarios focus on online plat-
forms and higher education. The research topics are mainly theoretical explora-
tion and model construction to explore the rules of teaching and learning and 
analyze learners. Data collection gradually diversified, focusing on process data 
collection. Analysis method tends to be the comprehensive application of profes-
sional data mining method. In the future, the scope of research objects can be 
further expanded, classroom performance data, unstructured data and physiolog-
ical data can be collected for analysis, and consider data privacy to guarantee the 
legal rights and interests of the participants. 
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1. Introduction 
In recent years, learning analysis has become the focus of attention of a vast majority of educators. Learning analysis 

refers to the measurement, collection, analysis and report of data related to students’ learning behavior and learning 
environment, and is used to understand and optimize learning and the environment in which it occurs. It can be seen 
that data is an important premise of learning analysis (Lin & Yang, 2017), and data analysis is an even important link of 
learning analysis research. As a typical technology of data analysis, data mining technology adds a new possibility for 
learning analysis researches. The concept of data mining appeared in the late 1980s, it is an advanced treatment process 
that extracts potential, effective and readable patterns from huge amounts of data according to the established goals 
(Zhong, Ma, Zhang, & Yu, 2001), as a multidisciplinary integrated product, it use artificial intelligence, machine learn-
ing, pattern recognition, statistics, database and visualization technology to automatically analyze data and gain poten-
tial implicit knowledge (Wang, 2013). With the increasing number of learning data acquisition channels and the in-
creasing amount of data generated by learners, data mining technology has gradually become the mainstream method in 
related researches of learning analysis, which is helpful for in-depth exploration of the internal relations in learning da-
ta. 

This study uses content analysis method to explore the application status of data mining technology in researches re-
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lated to learning analysis, in order to provide reference for the future application of data mining methods in the field of 
learning analysis. 

2. Study design 
2.1. Data Source 

In this study, the China National Knowledge Infrastructure (CNKI) database was selected as the source of literature 
research samples. First used the Boolean operation in advanced retrieval to search two keywords: “data mining” and 
“learning analysis”, used the logical operator “AND” to connect the keywords, and checked the checkbox of education 
sector in “social science Ⅱ album ” in the catalog of literature classification, inall 339 related articles were retrieved. 
Through the screening of the retrieval results, non-applied research articles such as literature research, theoretical in-
troduction and conference review were eliminated, and only literature related to the researches of learning analysis us-
ing data mining technology were selected as the research samples. Finally, 109 valid articles were obtained. 

2.2. Research Methods and Tools 

This study mainly adopts the content analysis method. Content analysis is a research method that objectively, syste-
matically and quantitatively describes the research content (Feng, 2009). It usually carries out coding statistics and 
processing analysis on selected research units based on a certain coding framework, and effectively infers the commu-
nication content, so as to understand the essential facts and trends (Berelson, 1952). Therefore, this study uses content 
analysis method to explore the specific application of data mining technology in the field of learning analysis. 

2.3. Research procedures 

The content analysis framework in this study was developed by two researchers. The two researchers first designed 
the framework respectively based on the content analysis framework for related fields and analysis samples. Then made 
discussions on their own finished frameworks until a consistent framework was formed. The final content analysis 
framework is shown in Table 1. 

After the content analysis framework was confirmed, two coders were selected to complete the coding work. First, 
two coders discussed the analytical framework and coding rules, and coded the literature samples independently on the 
basis of reaching agreement on the coding rules. After the coding was completed, the results of the two coders were 
compared, and the consistency coefficient of the coding results of the two coders was 0.894, which was relatively high. 
Then, the literature samples with inconsistent coding were discussed and recoded until the results reached a consensus. 

3. Research Results 
3.1. Research Topic 

According to the statistics, among the 109 valid articles, 51 of them are theoretical exploration, 55 of them only carry 
out relevant model construction, and 3 of them both carry out theoretical research and complete relevant model con-
struction. In theoretical exploration, some research discuss multiple topics at the same time, the amount of studies on 
each topic is shown in Figure 1. 34 articles (62.96%) focus on exploring the rules of teaching and learning, such as the 
exploration the impacts of learning patterns on learning effects (Wang, 2017), exploration on the relationship between 
the learning behavior and learning result (Chen & Song, 2019), analysis of the association between the students’ feeling 
in class and learning result (Chen, 2018), analysis of the relationships between the students’ characteristics, experiences, 
understanding and their satisfaction (Shu & Xu, 2014), etc. 14 articles (25.93%) have carried on the analysis of the 
learners, such as analysis of the online learning characteristics and learning situations of the learner groups (Chen, 
2018), exploration of the differences of online learning behavior sequence among different types of learners (Jian, 
2019), analysis of learners' learning status through mining relevant data (Lu & Yu, 2016), completion of the recognition 
of learners' emotional tendency (Liu, 2014), etc. At the same time also a small number of researchers carry on explora-
tion on topics such as forecast (7.40%), self-adaptation and personalized learning (5.56%), evaluation (1.85%) and 
learning process monitoring (1.85%), for example, the realization of learners’ achievement prediction based on the 
learners’ behavior characteristics (He & Wu, 2016), and the completion of the active services’ implementation of per-
sonalized education resources (Ding, 2016), etc. 
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Table 1. Content analysis framework 

The primary  
categories The secondary categories Level 3 categories 

Research 
topics 

The theoretical study Exploring teaching and learning rules, self-adaptation and 
personalized learning, prediction, learner analysis 

Learner analysis model construction Early warning, prediction, assessment, learner analysis, per-
sonalized education, others 

Research 
objects 

Preschool education 

 

K12 

Higher education 

The remote education 

Vocational education 

Wisdom education 

Others 

Data types 

Data of Learners’ characteristics Gender, grade/age, student number, educational background, 
type, region, others 

Data on physiological and psychological res-
ponses during the learning process 

Learning style, learning interest/preference, learning motiva-
tion, attitude and emotion, others 

Learning attention behavior Length of study, frequency of study, quantity of study, lo-
gin/attendance, choice of resources, others 

Autonomous behavior of learning Browse, search, download, create resources, click, visit, 
thumb up, paths, others 

Learning interactive data Comments and replies, posts, discussions, events, Q&A, oth-
ers 

Learning outcome data Test scores, final scores, questionnaire scores, notes, assign-
ments, others 

The resource data Resource information, resource characteristics 

Life data Consumption, library borrowing, others 

Teacher data  

Others  

Analysis 
methods 

Statistical analysis Descriptive statistics, regression analysis, correlation analysis, 
principal component analysis, others 

Visual analysis Social network analysis, others 

Relationship mining Association rules mining, sequence patterns mining, others 

Text mining Content analysis, others 

Clustering and classification Clustering, Bayes, Decision Trees, Neural Networks, others 

Recommendation algorithm Collaborative filtering recommendation, others 

Others  

The data 
sources 

Online data Online learning platform, online learning management sys-
tem, Web, others 

Offline data  

Mixed form data  
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Figure 1. Quantity distribution of each topic of theoretical exploration. 

In relevant research of model construction, the amount of each topic involved is shown in Figure 2. 32 articles 
(55.17%) built learner analysis models, for example, the construction of multiple concentric learning analysis model 
based on MOOCs (Hua & Zhang, 2014), the “6W” learning analysis framework proposed by integrating the six key 
elements of learning analysis (Gao, 2015), etc. In 11 articles (18.97%), evaluation models have been designed, such as 
building a multi-source and multi-dimensional model for comprehensive quality evaluation of students (Zhang & Qi, 
2017). In addition, 10 articles have constructed prediction model and personalized education model, the percentage of 
both are 17.24%, for example, the construction of learning outcome prediction work model based on CIEO analysis 
thought (Mou, 2019), and the design of learning resources personalized recommendation model (Wang, 2018), etc. Be-
sides that, 5 articles (8.62%) have built early warning model. 

 
Figure 2. Quantity distribution of each topic of model construction. 
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3.2. Subjects 
In 109 valid articles, only 67 described the specific research object, and the rest only pointed out that they were re-

searching online learning. Among them, higher education received the most attention, accounting for 56.72%; 16.42% 
mainly focused on vocational education; in addition, some researchers also paid attention to K12 (10.45%), distance 
education (8.96%) and wisdom education (7.46%). 

3.3. Data types 
According to the statistics, each study involves at least three kinds of data, and the number of data types involved was 

shown in Figure 3. Among all valid articles, 83 (76.15%) collected learner's learning outcome data, that is, analyzed the 
relevant data generated by learners after the completion of learning, or used it as a learning result verification index, in 
which the final results, homework and test results were mainly concerned. 67 studies (61.47%) collected learners’ inte-
raction data, that is, data related to learners’ communication and interaction in the learning process were collected, 
mainly focusing on learners’ posting, reply and comment, discussion and so on. 63 studies (57.80%) analyzed the data 
of learners’ attention behavior, that is, collected the relevant data of learners’ attention to learning, which mainly fo-
cused on learning duration, learning frequency, login/attendance, etc. 62 papers (56.88%) collected the characteristic 
data of learners, that is, they focused on the characteristics and traits of learners themselves, mainly involving grade/age, 
gender and educational background, etc. 61 studies (55.96%) collected the data of autonomous behavior of learners, that 
is, focusing on the spontaneous learning behavior of learners in the learning process, mainly including browsing, visit-
ing and downloading. 30 papers (27.52%) collected the physiological and psychological response data of learners in the 
learning process, that is, analyzed the relevant cognitive data of learners in the learning process, mainly involving 
learning style, learning interest/preference, attitude and emotion, etc. In addition, a small number of researchers col-
lected data of teachers (5.50%), resource data (5.50%) and life data (4.59%) for analysis. 

 
Figure 3. Quantity distribution of each data type. 
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to the characteristics of learners. 60studies (55.05%) used traditional statistical analysis methods, mainly involving cor-
relation analysis, regression analysis and descriptive statistics. 46 papers (42.20%) involved the use of relational mining 
algorithms, mainly including association rule mining and sequence pattern mining to explore the relationship between 
different factors in the learning process. 24 papers (22.02%) used visual analysis methods, mainly including social net-
work analysis and other types of visual presentation methods. 11 papers (10.09%) used relevant algorithms of text min-
ing, such as text analysis, to analyze text data in the learning process. In addition, 9 articles (8.26%) used relevant rec-
ommendation algorithms, such as collaborative filtering recommendation, etc. 

 
Figure 4. Quantity distribution of various analytical methods. 
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Among the 109 valid articles, 74.32% only selected online data, and the sources included online learning platform 
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4.2. Research topics are gradually increasing, with equal emphasis on theory and practice 
It is found that theoretical exploration and model construction are in a relatively balanced proportion in the relevant 

studies of learning analysis using data mining technology. Researchers not only pay attention to the exploration of rele-
vant theoretical rules, but also pay attention to the construction of corresponding models to solve practical problems. In 
the study, analyzing learners and exploring the rules of teaching and learning are the hot spot of theoretical research and 
model construction. The support of data mining technology is helpful for researchers to analyze learners deeply from a 
wide range of data, to mine implicit features from explicit data, and to explore the objective laws in teaching and learn-
ing. Though prediction for the learners, the implementation of personalized education is not the current research hot 
spot, but with personalized learning continuous progress in the field of education, the realization of personalized educa-
tion strategies, such as the prediction of learners' individual learning effectiveness and personalized resource recom-
mendation, will become the focus of education researchers. In addition, some data mining techniques such as random 
forest and collaborative filtering recommendation also provide the possibility for the implementation of the corres-
ponding strategies. Therefore, the prediction of learners and personalized education will become the research trend in 
the field of learning analysis. 

4.3. Data types are increasingly wide and focus on the learning process 
Study shows that the types of data collected are various. in addition to learning outcome data widely collected, beha-

vioral data such as learners’ interactive behaviors, attentiveness behaviors and autonomous behaviors in the learning 
process, as well as learners’ own characteristic data are the hot spots for researchers to analyze. It can be seen that the 
support of data mining technology provides the possibility for the comprehensive analysis of diverse data in the learning 
process. 

Compared with the above types of data, the collection of psychological and physiological data of learners is relatively 
small, and in most cases, the subjective scale was used for data collection. There is a lack of more objective psycholog-
ical and physiological data collection, such as eye movement data. This may be because this type of data collection re-
quires relatively expensive instruments, and it is difficult to collect a large number of students' data for data mining, so 
there are few relevant researches. How to balance the objectivity of data with the feasibility of research, and how to 
conduct data mining on psychological and physiological data to explore learners' emotional, cognitive and other psy-
chological states still need further research. 

In addition, the data of learning resources, teachers, and life data such as campus consumption and library borrowing 
in related management systems are also considered by some researchers. It can be seen that the introduction of data 
mining technology makes the types of data that can be analyzed increasingly extensive, which is conducive to the com-
prehensive analysis of the possible factors that affect learners’ learning effectiveness. 

4.4. Analytical methods are becoming more diverse, and data mining and learning analysis are increa-
singly closely linked 

It is found through statistics that most researchers do not use a single analysis method in research, but a comprehen-
sive use of multiple research methods. Although the traditional statistical analysis method is still widely used, but as a 
result of data mining methods provide convenience for large data processing and more deeply explore data internal rule, 
therefore it has become the mainstream of study analysis research method. The most widely used methods include clus-
tering algorithm, association rule mining, decision tree, and so on. These methods can help us to cluster according to the 
characteristics of the learners (Hou, Li, Wang, &Li, 2011), explore the relationship between various influencing factors 
in learning and learning results (Chen, 2018), classification analysis of academic performance, etc. (Li, 2019). 

In addition, other types of data mining technology in learning analysis researches are just beginning. For example, 
using text mining conducted semantic analysis of online discussion content (Lao, 2019), using web mining to analyze 
learners’ web browsing history to explore their characteristics (Han & Lin, 2008). These methods enable automatic 
analysis of unstructured data, bring new research opportunities for researchers. For another example, social network 
analysis can visually present the demand relationship of learning resources in learning space (Yun & Liu, 2014), and 
collaborative filtering recommendation algorithm can be used to recommend personalized learning resources for stu-
dents, etc. (Sun, 2018). It can be seen that the connection between data mining technology and learning analysis is be-
coming increasingly close. Data mining methods bring the possibilities for analyzing various data such as qualitative 
and quantitative data, and also promote the realization of multiple purposes such as exploring laws, forecasting and 
warning, and personalized education in learning analysis researches. 
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5. Conclusion 
This paper analyzes the application status and trend of data mining technology in the field of learning analysis in 

China through content analysis method. It is found that the relevant research scenarios are mainly focused on online 
platforms and higher education. The main research topic is theoretical exploration and model construction of learner 
analysis and exploration of the rules of teaching and learning. The prediction of learners and personalized education are 
expected to become the trend. Data collection focuses on procedural and explicit data collection, and analysis of psy-
chological and physiological data has received more and more attention. Analytical methods tend to be the comprehen-
sive use of professional data mining methods. 

The 9th International Conference on Learning, Analysis and Knowledge, held in the US in May 2019, highlighted the 
“inclusiveness” of analytics. The application of data mining technology in the field of learning analysis in China fully 
reflects this point. The diversity of data types and the integration of various analysis methods highlight the expansion of 
research “inclusiveness”. I believe that future researchers will continue to consider enhancing research inclusiveness. 
For instance, expanding the scope of research objects and applying relevant data mining technologies to explore the 
learning rules in K12 and preschool education; Continuing to enrich data types, offline classroom behavioral data, un-
structured data and physiological data can be more included in the research for a more comprehensive exploration. At 
the same time, the wide access to data also brings privacy leakage and other security risks. At present, relevant studies 
rarely mention the issues of “data privacy” and “data security”. Therefore, researchers should pay more attention to this 
point and carry out researches on the premise of guaranteeing the legitimate rights and interests of the participants in the 
future. 
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