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Abstract. Transforming data to knowledge can be realized through data mining methods, and that is a
continuous challenge to discover helpful information in huge data sets. Data mining (DM) techniques can
be used to extract knowledge and identify specific patterns that can be harnessed in optimal solutions to
answer identified issues. By collecting huge data sets and analyzing them, data mining can produce major
changes that enhance the quality of educational activities, management, and teachers’ continuous training.
The educational potential of data mining can be argued through the changes it produces in teaching and
learning. Analyzing the context that subjects perceive as encouraging learning, the predictability of
learning, and the understanding of real learning behavior, data mining techniques can be used to inform
and develop teaching methodologies than enhance the learning results.
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1. Introduction

The general development that the IT field is constantly experiencing, and in particular e-learning, as the
area of application of information technology in education, have given rise to the field of Educational
Data Mining, which can be described as a relatively new multidisciplinary field - combining techniques
from statistics, artificial intelligence, machine learning, neuronal networks, database systems, data
visualization. It aims to discover how people learn effectively and to identify aspects that can improve
educational processes by exploiting educational data sets through the use of data mining techniques.
Fig. 1 shows the relationships between data mining and its related fields.
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Figure 1. Relationship between Data Mining and Related Fields

The data used in EDM systems are extracted from various sources. The largest volumes come from e-
learning platforms and educational software. (Al-Razgan; Al-Khalifa; Al-Khalifa, 2014)

Knowledge extracted through data mining techniques can be used to identify patterns that lead to
improved decision-making processes and find optimal solutions to solve the identified issues.

In this paper we aim to make a brief overview of educational data mining.

The paper is structured as it follows: the second section refers to the phases of the EDM process, the
third section addresses the current state of DM in education and research directions, the fourth section
contains a brief analysis of the most used techniques in education followed by conclusions.

2. Educational Data Mining Process
The EDM process has four main phases:

a. defining the problem. In this phase, the objectives are formulated, as well as the main research
directions.

b. data extraction and preparation phase. It can take up to 80% of all processing time. As the obtained
knowledge essentially depends on the mined data, extraction step is very important. Data extraction is
an iterative process; it doesn’t stop when a certain solution is implemented. This can be a new input for
a new data extraction process. (Zori¢, A.B., 2020) Data quality is a major challenge in data mining. At
this stage, the source data must be identified, cleaned and formatted in a pre-specified format.

c¢. the modeling and evaluation phase in which the parameters are set to optimal values and different
modeling techniques are selected and applied;

d. the implementation phase in which the results of data exploitation are organized and presented
through graphs and reports.
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Figure 2. Educational data mining in a nutshell (Calders, Toon & Pechenizkiy, Mykola, 2012)

3. The Current State of DM in Education and Research Directions

EDM research has evolved from workshops (2005) to international conferences (since 2008 in Montreal,
Canada) to the establishment of EDM communities. The Journal of Educational Data Mining began
publication in 2009, and in 2011 the International Educational Data Mining Society was founded to
support collaboration and scientific development in this new discipline, by organizing the EDM
conference series and the Journal of Educational Data Mining.

Although EDM is a relatively new field, there are already many valuable works from which we can
extract some guidelines:

- current data extraction techniques and tools are complex and can’t be used by teachers who
should know, first of all, to select the most appropriate tool from those available

- EDM tools should be designed to have an intuitive interface, good visualization so that they are
easy to use by non-data mining experts;

- data extraction algorithms should be pre-configured so that their use can easily generate patterns
- integration in e-learning environments and standardization of input data;

There are authors who have suggested the use of XML as a data specification. Other authors have used
PMML (Predictive Modeling Markup Language) for statistical and data extraction models.
(https://educationaldatamining.org). To select the correct algorithms, researchers should initially design
the data and make it compatible with the output data. There is a need for tools to integrate knowledge
in the field of education into algorithms for data exploitation.

In the near future, researchers will conduct studies on EDM and Industry 4.0 and one of its application
areas, the Internet of Things-loT. EDM has the potential to substantially help researchers discover
patterns in interaction data in Learning Management Systems (LMS) and in designing more effective
learning environments.

It also gives designers the opportunity to develop personalized learning. Currently, EDM focuses more
on the “student model”, which is a key component of learning systems, compared to learning analysis.
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The most important study area of EDM is Intelligent Tutoring Systems (ITS) where there is no human
tutor. Research on the integration of LMS and ITS to combine EDM and LA forces has increased
recently. Promising topics for the future of EDM include updating, optimizing and improving algorithms
based on machine learning and expert systems in artificial intelligence applications in education
(Muhittin & Halil, 2020).

4. Data Mining Techniques Used in Education

The educational system stores huge data that can come from both traditional and online learning
environments: data about teachers, data about students, data about graduates, courses, educational
programs, etc.

We present, below, a summary of the most used data mining techniques in the educational field, and
their application.

Table 1. Data Mining Techniques Used in Educational Field (Villanueva, Moreno & Salinas, 2018)
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Correlation Analvsis 1 1
Decision Trees 5 8 2 2 6 2
Rearession Trees 1
Markov Chains 1
Classification 4 2 4 3 1 3
Clusterina 7 3 5 3 9 2
Differential Seauence 1
Seauential Patterns 4 1 1 7 3 2
Bavesian Networks 2 1 1 1 6
Neural Networks 1 2 2 1 5
Association rules 8 1 7 14 9 1
Linear rearession 1 1

5. Conclusions

The daily storage of large amounts of data in education, through the massive use of IT technologies, is
a target for researchers around the world.

The exploitation of educational data (EDM) helps to create and develop interesting, interpretable, useful
data extraction methods to obtain new information, which can lead to a better understanding of the
student and the optimal learning environment in order to obtain the best results. (Algarni &
Abdulmohsen, 2016).
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