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ABSTRACT
The education-training process and all activities related to this process have the power to
direct the future of society. Nowadays, online distance education with rapidly spreading
information and communication technology can overcome the various problems of
traditional face to face education. It is a practical training system especially for women
who do not work in our country. From this point of view, the process should be analyzed
frequently concerning input, output, and other process elements. System requirements,
changes in users’ demand over time and open system design depend on changes in
demands are essential factors to achieve maximum performance from the system at the
design of web-based distance education systems. In web-based education, the
restructuring of courses or contrary pages with taking into account individual differences
provides a determination of individual needs and the best way for the adaptation of
learners. Educational data mining is a multidisciplinary research area that develops
methods and techniques for discovering data derived from various information systems
used in education. This systematic mapping study aims to provide an overview of the
current work of educational data mining practices in distance education. In this study,
various search engines were used to search the academic literature. This systematic map
and its results are based on 140 primary sources that involve articles published in
conferences, articles published in the magazines, symposium articles, theses, and others.
Keywords: Distance education, Educational data mining, Systematic literature mapping
INTRODUCTION
Distance education has taken its place among the indispensables of education and
training in the developed world as well as in most developed countries. This is due to
changes in the needs and expectations of people in parallel with the developments in
technology. The widespread use of the internet in our age has an essential place in
accessing information. It also becomes an indispensable tool for information sharing and
communication between communities and people living in the same society (URL-1,
2010). Distance education is an alternative to traditional educational problems, and it is a
method of teaching by organizing educational activities and providing communication and
interaction between practitioners and students through a specific center through
specially prepared teaching units and various mediums (İçten, 2006).
Information and information technology from being just a tool, teachers, students and
educational institutions-institutions that are effective in undertaking different tasks. At
the same time, it is among the most important elements that have a say in the world
economy. All societies aim to call today's economy as knowledge and technology
economy; from education to healthcare using information technology to improve in every
area of human resources and putting lifelong learning as the priority is to try to obtain a
place for themselves in this area (Arı, 2010).
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Successful distance education systems depend on students, faculty/institutions,
assistants, technical staff and managers to work continuously and in teams. When
designing distance education systems, design, interoperability, integration with other
systems, scalability, performance levels, upgrade operations, support, security, and
accessibility should be considered.
Technological developments that are now influential in educational environments have
also enabled large volumes of data to be generated in the field of education with the
integration of technology into education. The contribution of this data set to the quality of
education is directly related to the uncovering of meaningful patterns within the data. For
quality education, higher education institutions should be able to make the right
decisions in an administrative and educational sense. Incorrect or incomplete academic
planning, failing students, students who can leave school are the problems of higher
education institutions. Solving these problems and taking precautions are very important
for the quality of education.
The education-training process and all activities related to this process have the power to
direct the future of society. From this point of view, it can be said that the process should
be analyzed frequently regarding input, output, and other process elements. Although
this analysis is carried out at micro and macro level achievement exams, the convergence
of the achieved success to the desired one is controversial when the exam scores are
considered as the only input. Therefore, it is important to predict the transition period of
input to the desired output to establish the awareness of the situations in which
interruptions in the process should be intervened. In this respect, educational data
mining methods can be a powerful tool for academic interventions.
In the field of distance education, educational data mining studies are carried out widely,
especially in the area of ethics, data protection, storage of data in appropriate systems,
detailed data collection for in-depth analysis of learning processes, and development of
reports that can be easily understood by teachers and learners.
Educational data mining concerns issues such as developing recommendations for
students, providing feedback and support to trainers, modeling student data, grouping
students, supporting planning activities, and identifying student analysis. Educational
data mining is a relatively new field of study in scholarly research, and it increases its
importance among educators day by day. It is an interdisciplinary field of study which is
directly related to many areas such as computer science, statistics, mathematics, data
visualization, etc. It aims to transform the data produced by the information and
communication technologies used in education into meaningful information for actors
involved in education by analyzing them with various methods. When the studies
conducted in the field of education are examined, data mining seems to be used for
classification, clustering, cohesion rules, methods and techniques for students'
achievements, clustering according to their information, determination of their interests
and trends, automatic presentation of learning contents and revealing misconceptions.
In this study, the educational data mining applications in distance education attempted to
capture an overview of the systematic classification and mapping of current relevant
studies. The contribution of the research is a systematic mapping of the primary sources
that exist in the online resource repository on educational data mining distance
education. The rest of this study is organized as follows; a summary of the educational
data mining and its applications are given in Part 2. The research methodology, including
the general systematic mapping process, the target followed in this study, and the
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research questions are listed in Part 3. Part 4 discusses the source selection process.
Section 5 analyzes the recurrent development of the map. The results of systematic
mapping are presented in Part 6. Finally, Part 7 specifies the results of this mapping and
future work to be done.
FIELD SUMMARY AND RELATED STUDIES
Distance education can be defined as methods and techniques that enable the learner
who is far away from the teaching as time and space to reach the education program
(Romero and Ventura, 2007). Many different methods have been used in distance
education from past to present, such as learning by letter, audio and video cassette
training, radio and TV broadcasting, teleconferencing and computer-aided education.
Nowadays, in parallel with technological developments, these methods have been
replaced by internet-based training which is easier to use and access. Internet-based
education systems; course content preparation tools, simultaneous and asynchronous
conference systems, questionnaires and quiz components, virtual work environments for
resource sharing, whiteboard, note reporting system, diary book, homework publishing
(Zaiane and Luo, 2001). However, the educational activities carried out by the students
with these tools cannot be wholeheartedly followed up and evaluated by the educators.
Although they present statistical reports on student activities, they do not have advanced
tools to derive meaningful information for understanding student mobility. Therefore,
data mining is used to reveal significant information, to define data patterns, to visualize
and analyze data (Talavera and Gaudioso, 2004).
The technological developments that effect on educational environments have enabled
the accumulation of large amounts of data in the field of education with the integration of
technology in education. Data mining studies in education are driven by the fact that
there is still unexplored knowledge available to students, teachers, administrative staff,
and educational institutions in large volumes of data. Therefore, the information obtained
from these data stacks will play an active role in the design of future educational
environments.
Educational data mining concerns issues such as developing recommendations for
students, providing feedback and support to trainers, modeling student data, grouping
students, supporting planning activities, and identifying student analysis. Educational
data mining is a relatively new field of study in educational research, and it increases its
importance among educators day by day. It is an interdisciplinary field of study which is
directly related to many areas such as computer science, statistics, mathematics, data
visualization, etc. It aims to transform the data produced by the information and
communication technologies used in education into meaningful information for actors
involved in education by analyzing them with various methods. When the studies
conducted in the field of education are examined, data mining seems to be used for
classification, clustering, cohesion rules, methods and techniques for students'
achievements, clustering according to their information, determination of their interests
and trends, automatic presentation of learning contents and revealing misconceptions.
According to Calders and Pechenizkiy (2012), educational data mining is a
multidisciplinary research area that develops methods and techniques for discovering
data derived from various information systems used in education. Along with the increase
in educational data, educational data mining has become a rich application area for data
mining as well as learning knowledge. Educational data mining contributes to the
understanding of the learning styles of learners and also enables data-driven decisionmaking to develop existing education practices and learning materials. Baker et al. (2010)
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define educational data mining as a discipline that develops methods of discovering
unique types of data coming from educational environments and using them to
understand better students and how they learned. According to another definition,
educational data mining is the application of data mining methods and techniques to
specific sets of data coming from educational environments to find answers to
educational questions (Romero & Ventura, 2010).
Many information is obtained such as the application of educational data mining
techniques on the data in distance education systems, identifying frequently and rarely
used paths, identifying pages that are not visited at all, and how learner-based groups
use them. Obtaining this information for learners will play an active role in providing
better learning in similar web-based applications. For example, in the previous form, the
short paths of user activities as suggestions for learners or activity suggestions will play a
useful role in the development of similar learning. In short, if the learning attitudes,
interests and previous behaviors of the students can be adapted logically to the system
content, this can be beneficial.
RESEARCH METHOD
An overview of the research method, the objectives and mapping questions are presented
in this section.
The Purpose of the Study and the Mapping Questions
This work aims to identify the challenges and to find alternatives for future research from
the perspectives of researchers and practitioners. To this end, the literature on
educational data mining applications in distance education has been systematically
mapped and reviewed to find the current approaches and trends in this area. Based on
this reasoning, the following mapping questions (MQ) were created:








MQ 1- Mapping of studies by type of contribution to the field: The question of
what type of contributions the scientific studies on educational data mining in
distance education make to the field regarding the method, techniques, models,
tools, processes, etc. According to Peterson's systematic mapping studies, the
contribution type is a commonly used practice. Answering this question will help
us to understand the tendency of the area that the current researches focus on in
error determination.
MQ 2- Mapping by type of research: It is aimed to answer the question of which
research method was used to develop the studies. Peterson also introduced
guidelines for classifying research approaches of the studies, and these principles
were used to answer this question. To respond to MQ 2, primary studies were
classified according to 6 different research methods. Each study was classified as
including only one research method.
MQ 3- Mapping according to educational data mining technique used: Mapping
has been done according to data mining techniques used in the study of
educational data mining. This step will help to understand the trend of existing
data mining techniques and algorithms used.
MQ 4- Mapping according to the purpose of use of data mining in distance
education: In scientific studies covering data mining applications applied in
distance education, the question of the purpose of using data mining techniques
was sought. The answer to this question will help to understand how the scientific
studies that are being developed in this area intensely serve for and what the
general tendency is.
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An Overview of the Process
As mentioned before, this systematic mapping study is conducted based on the guidelines
provided by Peterson et al. [1]. The process underlying this systematic map is
summarized in Figure 1, which consists of three phases:




Article selection (Part 4)
Development of systematic mapping (Part 5)
Results of systematic mapping (Part 6)

Figure 1:
The protocol used for systematic mapping studies
Resource Selection
The first step in systematic mapping is the selection of resources. In this phase, the
following steps were applied in order:
• Resource selection and search for key words (Part 4.1)
• Inclusion / exclusion criteria (Part 4.2)
• Completing the resource pool (Part 4.3)
Source Selection and Keywords to Search
The digital libraries used to find resources in the study are IEEE Xplore, (2) ACM Digital
Library, (3) Science Direct, (4) Springer, and (5) Google Scholar. The search begins with
the search keyword "educational data mining in distance education." This search resulted
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in a total of 143 studies in the initial pool. By reviewing the summary and introduction
parts of the studies obtained with this keyword, their relevance to the research field was
evaluated concerning the reliability of the studies and the number of studies in the
resource pool was reduced to 140 as a result of this evaluation. Also, some of the
resources referenced by the studies were searched manually to minimize the risk of
overlooking the related studies, and the studies that were not in the resource pool but
were likely to be relevant were included in the study.
Inclusion/Exclusion Criteria
The inclusion criteria considered in this study were: (1) the relevance of each study to the
context of educational data mining; (2) the level of coherence, evaluation and validity
followed in the work. Only studies written in English and accessible only electronically
were included. The studies that are related to the scope but do not have valid evidence
were excluded. Articles related to the scope but not accessible for free were also
excluded. To apply the inclusion/exclusion criteria in the first pool, each study was rated
as "1" and "0" by evaluating the studies in the first pool. "1" indicates that the study
might be included, and "0" indicates that the study might be excluded. The title, abstract,
and keywords of the articles were reviewed to identify each study. If there was
insufficient information available from these sources, a more in-depth assessment was
made. As a result, the final pool was reduced from 143 to 140.
Recent Article Pool and Online Storage
The spreadsheet link (e-table) can be checked for the full reference list of 140 primary
resources. The final pool of selected studies was published in an online repository using
the Google Docs system. The classification of each publication chosen by the classification
scheme described in Chapter 5 is also available in the online repository. The annual
publication volume of educational data mining in distance education is shown in Figure 2.
Regarding the beginning year of the publication period, educational data mining studies
have begun to emerge in the year 2000, and there seems to be a growing concentration
of work since 2013. Forty-three studies from 2017-2018 on educational data mining were
included in the mapping.

Figure 2:
Distribution of studies by years
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THE DEVELOPMENT OF SYSTEMATIC MAP (CLASSIFICATION SCHEME)
Table 1 shows the final classification scheme developed after applying the processes
described above. Column 1 in the table is the mapping question (MQ) list. Column 2 is the
corresponding attribute/property. Column 3 is a set of all possible values for the property.
Finally, column 4 specifies an attribute as to whether more than one selection can be
applied.
Table 1:
The systematic map developed and used in the study
MQ

Attributes

Categories

1

Type of
contribution

{Methods / Techniques, Models, Tools, Processes,
Case studies, Others}
{Basic research, Applied research, Experimental
Development, Product development, Descriptive
research, Others}
{Association analysis, Clustering, Classification,
Estimation by ANN, Others}

2
3
4

Type of
research
Data mining
technique
Intended use

{Identification, Predict, Knowledge discovery,
Comparison, Others}

(M)ultipl
e/
(S)ingle
M
S
M
S

RESULTS
The results obtained in the context of the mapping questions asked in the systematic
mapping study are presented in this section.
MQ1- Contribution Types of Studies to the Research Field
The first research question aims to find out how many studies have contributed to the
literature through educational data mining methods/techniques, models, tools,
processes, case studies, and others. Figure 3 shows the distribution of the contribution
types of all 140 sources involved in the study.
Figure 3 shows that a large number of studies contribute to the field of the data mining
process. It has also been determined that 49 studies have committed or developed an
existing technique/methodology with new methods/techniques and models. Thirty-one
studies that produced results by applying techniques on the case and 11 studies that
contributed by the new tool were identified. According to contributions, an article can be
included in more than one classification.
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Figure 3:
Distribution by type of contribution
MQ2- Type of Research
This research question is aimed to determine what kind of research methods are used in
the studies. Figure 4 shows the distribution of studies regarding research types.
In the pool of 140 studies included in the mapping study, Figure 4 shows that the most
used research method is the necessary research. The results show that 54 articles use
research questions or hypotheses. Following the primary analyses, there are also a lot of
studies to apply data mining techniques on educational data in distance education
systems. Nevertheless, the number of empirical or product-oriented studies that perform
these functions is minimal. Especially in recent years, it has been determined that the
emphasis is given to explanatory researches that present future proposals.

Figure 4:
Distribution by type of research
MQ3- Types of Data Mining Technique
To investigate which data mining techniques were used in educational data mining
studies which are applied in distance education systems, the studies in the pool were
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classified according to data mining techniques. Figure 5 shows the distribution of the
methods used in all of the 140 studies examined.

Figure 5:
Distribution by type of data mining technique
MQ4- Purpose of Educational Data Mining
To study how data mining techniques are being used for educational data mining studies
in distance education systems, the data mining activities in the pool were classified by the
purpose of use. Figure 5 shows the objects for which the techniques used in all of the 140
studies examined serve. Accordingly, it can be said that the reviews were generally
developed towards the purpose of forecasting, identification, and discovery of
information. The number of publications prepared for the comparison of techniques is
relatively low.

Figure 6:
Distribution by purpose of educational data mining
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CONCLUSIONS
In this article, a systematic mapping study was conducted to characterize the educational
data mining in the distance education area. A total of 143 primary studies were analyzed,
and 140 sources remained in the final pool after filtering with inclusion and exclusion
criteria. Subsequently, research questions were formed within the scope of the study. In
response to the research questions, the charts related to the problems were analyzed.
Accordingly, it is seen that studies which is educational data mining used in distance
education systems began to emerge in the year 2000 and that since 2012 there has been
a growing study intensity. It has been found that numerous studies have contributed to
the data mining process. It has been determined that there is a density in the number of
studies demonstrating new methods/techniques and models.
On the other hand, there are very few studies that put forth new tools. It has also been
observed that studies in which classification and clustering techniques are predominantly
studied, but studies that make predictions for the future are relatively small. As future
work, based on this work, it is planned to carry out a Systematic Literature Review (SLR)
study in the field of educational data mining by extending this work from different angles.
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