-

View metadata, citation and similar papers at core.ac.uk brought to you by ;{ CORE

provided by Research at Sofia University

Research Phases of University Data Mining Project
Development

Dorina Kabakchieva'!, Kamelia Stefanova?®, Valentin Kissimov?,
and Roumen Nikolov*

! Sofia University ,,St. KI. Ohridski*, 125 Tzarigradsko shosse Blvd., Sofia, Bulgaria
dorina@fmi.uni-sofia.bg
23 University of National and World Economy, Sofia, Bulgaria
kamelia@fmi.uni-sofia.bg, vkisimov@gmail.com
* State University of Library Studies and Information Technologies, Sofia, Bulgaria
nroumen@abv.bg

Abstract. Educational Data Mining becomes one of the challenging
new research fields where data mining methods and tools could help
universities in taking timely and data analysis based management
decisions, thus contributing to gaining competitive advantages in their
successful policy introduction. This paper presents the research activities
performed for the implementation of a data mining project initiated in
one of the most prestigious Bulgarian universities. The project main goal
is to reveal the high potential of data mining applications for university
management, referring to the optimal usage of data mining methods and
techniques to deeply analyze the collected historical data. That will lead
to better understanding the student behavior and building well structured
educational process that meets the university policy and supports the
management decision making process.
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1 Introduction

Data Mining is one of the most important steps in the process of Knowledge
Discovery in Databases, a relatively new and very quickly developing area of
the information industry. It refers to discovering new and potentially useful
knowledge, extracted from the large quantities of data, generated and collected
during the organizations’ every day operations, to support decision making. The
effective use of data and information is not only an important factor for the sur-
vival and normal functioning of organizations in the modern knowledge-based
society, but it is also crucial for remaining competitive and ensuring prosperity.

Educational Data Mining becomes one of the challenging new areas where
data mining methods and tools application could help universities in taking
timely and content rich management decisions, strongly supported by multi
dimensional data analysis, thus contributing to gaining competitive advantages
in their successful policy introduction.

The main purpose of this paper is to present the research activities performed
for the implementation of a data mining project initiated in one of the most
prestigious Bulgarian universities.
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2 Educational Data Mining

The implementation of data mining techniques and tools for solving problems
within the area of higher education is a new stream in the data mining research
field and the software industry that is known as “educational data mining”.
The educational data mining research community [1] is constantly growing.
It has started by organizing workshops since 2004, then conducting an annual
International Conference on Educational Data Mining (the first conference be-
ing held in Montreal, Canada, on June 20-21, 2008), and now already having a
Journal on Educational Data Mining (the first issue being published in October
2009). There are already a large number of research papers discussing various
problems within the higher education sector and providing examples for their
successful solutions reached by using data mining.

Two papers are providing an extensive literature review of the educational
data mining research field. The first one is published in 2007 by Romero and
Ventura [2], providing an overview of the research efforts in the area between
1995 and 2005. Baker and Yacef, the authors of the second paper [3] published in
October 2009, review the history and current trends in educational data mining.

Nowadays, higher education institutions are operating in a very complex and
highly competitive environment. They are constantly working for gaining com-
petitive advantages over their business competitors. Moreover, modern univer-
sities are organizations that are collecting and keeping large volumes of data,
referring to their students, the organization and management of the educational
process, and other managerial issues. The analysis of these unique types of data
by applying data mining methods and tools, and the extraction of new knowl-
edge, could substantially contribute to improving universities’ performance and
to better decision making.

Universities, as representatives of innovative institutions, ready to analyze
the dynamic processes and successfully manage changes, have been learn-
ing how to process the large volumes of data that they are in possession. As
mentioned in [2], this data is coming from two types of educational systems
— traditional classroom and distance education. In the institutions following
the traditional form of education, data is collected at the admission of new stu-
dents, during the organization and implementation of the educational process,
for management issues, etc., and it is usually stored in databases or in a data
warehouse. The main sources of data in distance education are web log files,
providing information about the learners’ navigation in the web-based educa-
tion systems. The implementation of data mining techniques for these two types
of educational systems differs because of the different data sources and infor-
mation systems used, and the specific goals and objectives followed. We focus
mainly on the traditional form of education in the proposed project because it is
most relevant for the Bulgarian educational environment.

The application of data mining in educational systems can be addressed for
contribution to different stakeholders — students, educators, administrators, [2]
managers, governmental institutions. Students could be supported by being
recommended different learning resources, activities, tasks or even different
learning paths. Educators can get more objective feedback and insight about the
educational process that could help them to improve the content of the courses,
to select adequate methods for the content provision, to differentiate students,
based on their needs in guidance and monitoring, taking into consideration their
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learning abilities and peculiarities. Administrators could benefit from getting
the right information at the moment when it is needed, thus supporting the
decision-making process with adequate analysis. University managers could
be assisted in their strategic tasks by receiving deep multi dimensional analysis
that could reveal trends and opportunities for improving the effectiveness and
efficiency of the university management.

The problems in the higher education institutions, that are most often at-
tracting the attention of researchers and becoming the reasons for initiating
data mining projects, are focused mainly on retention of students, improving
institutional effectiveness, enrollment management, targeted marketing, and
alumni management. Using data mining for predicting student drop-out, finding
the factors predicting student failure, maximizing student retention, are consi-
dered in a large number of research papers [4,5,6,7,8,9,10,11]. The improve-
ment of student performance and institutional effectiveness is the research fo-
cus in [12,13,14,15,19]. The development of enrollment prediction models by
applying different data mining methods is discussed in [16,17]. Targeted mar-
keting based on data mining models characterizing the best performing students
at a university is the research topic in [2,3,16,17]. Data mining application for
alumni management is addressed in [7,14].

3 University Data Mining Research Project

Universities today are challenged to meet the society and business requirements
for adequately educating the future specialists that could fulfill the needs for ad-
vanced professional knowledge, technological expertise and open minded hu-
man behavior. Universities are becoming strong pillars of the knowledge-based
society development and the most comprehensive institutions not only for de-
livering sophisticated knowledge and skills, but also for introducing innovative
management approaches, supported by progressive methods and techniques.

These main directions insist on implementation of flexible universities ma-
nagement and optimal performance results. In order to survive within the rapid
changing environment today and make salutary analysis for discovering pro-
mising trends, universities could much benefit from implementing the data
mining methods to process the collected data.

The research goal that the initiated project explores is devoted to revealing
the high potential of data mining applications for university management, re-
ferring to the optimal usage of data mining methods and techniques to deeply
analyze the collected historical data. That will lead to better understanding the
student behavior and building well structured educational process that meets
the university policy and supports the management decision making process.

The main project goal will be achieved through the fulfillment of the follow-
ing specific objectives:

* To provide a clear picture of the students admitted at the University
and to find out what are the characteristic features of the successfully
admitted students;

* To analyze the students’ profile development and to characterize the
students according to their performance at the University;

* To analyze the university management decision making process, based
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on the analysis of the most successful in student performance years,
compared to those years showing the worse students results.
The main research questions that will be answered during the project imple-
mentation are:

*  Who become students at the University?

*  Who are the students that develop successfully throughout the educa-
tional process, who fail and who could perform better?

*  What are the most successful in student performance years and what are
the management factors that could be associated with that success?

The results achieved when answering the first research question will be used
for targeting future university campaigns to those potential university candi-
dates that best match the defined profile of successful students. The outcomes
of the second research question will be useful for improving institutional ef-
fectiveness by better implementation of the educational process, considering
different student profiles, learning capabilities and preferences. The answers to
the third research question would support the university management to take
important administrative decisions concerning the organization of the educa-
tional process.

3.1 The Research Approach

In theory and practice different approaches exist for the realization of a data min-
ing project. The most famous of them are usually associated with the vendors
of the data mining software, e.g. the 5A’s approach (Assess, Access, Analyze,
Act, Automate) of SPSS Clementine, the SEMMA approach (Sample, Explore,
Modify, Model, Assess) of SPSS Enterprise Miner, etc. In 1999-2000, a consor-
tium of data mining software vendors and end-users developed the CRISP-DM
(Cross-Industry Standard Process for Data Mining) model as a non-propriety,
freely available, and application-neutral standard for data mining projects.
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Fig. 1. The CRISP-DM (Cross-Industry Standard Process for Data Mining) Approach.
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The CRISP-DM model is considered a standard approach for data mining
projects and it is widely used during the last ten years. For these reasons, it is
chosen as a research approach to be followed for the realization of the initiated
data mining project at the University. It is a cyclic approach (see Fig.1), includ-
ing six main phases— Business understanding, Data understanding, Data prepa-
ration, Modeling, Evaluation and Deployment. There are a number of internal
feedback loops between the phases, resulting from the very complex non-linear
nature of the data mining process and ensuring the achievement of consistent
and reliable results.

The software tools that will be used for the project implementation are the data
mining open source software packages WEKA (v3.6) and RapidMiner (v5.0).

3.2 The Project Implementation

The initiated University data mining project has started recently and the re-
search work is still in the initial stage. The activities performed and the results
achieved during the first two phases are briefly presented below.

During the Business Understanding Phase an extensive literature review
was performed in order to study the existing problems at higher education insti-
tutions that have been solved by the application of data mining techniques and
methods in previous research projects. Formal interviews with representatives
of the University management at university, faculty and departmental levels
were also conducted, for finding out the specific problems at the University
which have not yet been solved but are considered very important for the im-
provement of the University performance and for more effective and efficient
management. Some insights were gathered from informal talks with lecturers,
students and representatives of the administrative staff (IT experts and mana-
gers). Based on the outcomes of the performed research, the project goal and
objectives, and the main research questions were formulated.

The stated project goal and objectives, and the formulated research
questions, were then transformed into specific data mining tasks. These are
mainly tasks for classification and description that could be solved by using
a great variety of data mining methods (decision trees, regression, neural net-
works, Bayesian classification, K-nearest neighbour method, etc). The logical
architecture, on which the realization of the data mining solutions will be based,
is presented on Fig.2.

ETL Server Training D
(TestData) raining Data

University [ 7
Data Mart =" & —

Working Station
ETL Server —| /
(All Data for analysis) = Trained models =

=1 Analytical
= Server

University I WEKA 3..6
Databases Eﬁ RapidMiner 5.0
(OLTP Systems)

Fig. 2. Logical Architecture of a Data Mining Solution.
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The main components of the logical architecture are the OLTP (On-Line
Transaction Processing) Systems (University Databases) where the university’s
operational raw data is collected, the data warehouse (University Data Mart) in
which the university’s historical data is stored and organized in a specific man-
ner that is providing opportunities for extensive data analysis, and the analyti-
cal environment including the various tools for data analysis (e.g. queries and
reports, OLAP tools, data mining tools), and Graphical User Interface (GUI) for
data visualization and graphical representation of the achieved results.

The project implementation is currently in its second Data Understanding
Phase. This phase started with a study of the application process for student
enrollment at the University, including the formal procedures and application
documents, in order to identify the types of data collected from the university
applicants and stored in the university databases in electronic format. The rules
and procedures for collecting and storing data about the academic performance
of the university students, including drop-outs and stop-outs, were reviewed
as well. The research continued with discussions with representatives of the
administrative staff that is responsible for the university data collection, storage
and maintenance. University data is basically stored in two databases. All the
data related to the university admission campaigns is stored in the first database,
including personal data of university applicants (names, addresses, secondary
education scores, selected admission exams, etc.), data about the organization
and performance of the admission exams, scores achieved by the applicants at
the admission exams, data related to the final classification of applicants and
student admission, etc. All the data concerning student performance at the uni-
versity is stored in the second database, including student personal and admi-
nistrative data, the grades achieved at the exams of the different subjects, etc.

Standard reports are usually generated from the two databases, supporting
the University administrative management. However, the available data is not
being subjected to extensive analysis for getting an overall picture about the
university performance and a better insight about the educational and manage-
ment processes. There is no data mart or data warehouse being developed yet,
and that is an important prerequisite for the effective analysis of the available
historic data at the university.

Since the data warehouse or a data mart is one of the main components of
the logical architecture of any data mining solution, the project implementa-
tion continues with the development of a data mart where the university data,
which will be used for the implementation of the formulated data mining tasks,
is organized.

4 Creation of the UNSS Data Mart

There are several reasons for starting the initiated data mining project by build-
ing a university data mart. First of all, only the university data that is needed for
the purposes of the data mining analysis, and is relevant for the achievement
of the formulated project goal and objectives, will be incorporated in the data
mart. This data is actually collected and stored in the two available univer-
sity databases described above. The data mart creation will make possible the
integration of that data in a single data source and its structuring in formats
that are suitable for data analysis. Another important reason for the data mart
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development is the need for careful data preprocessing which is an important
prerequisite for achieving reliable results from the data mining analyses. One
of the most important tasks within the data preprocessing phase includes data
cleaning, referring to treating missing values, mistakes, inconsistencies, redun-
dancies, etc. The software tools for data mart development usually support data
cleaning functions and could be successfully used for ensuring clean data for
the analyses. Last but not least, when the data needed for the analyses is stored
in a university data mart, the risks of data damage due to continuous interaction
with the operational University databases will be minimized.

Having in mind the formulated project goal, objectives and research
questions, the following data will be organized within the developed university
data mart:

*  Student personal data: faculty number, gender, age at enrollment (will
be calculated based on the birth date or the unique personal identifi-
cation number), constant address (city/village, municipality, region,
country), secondary school (city, profile), year of secondary education
graduation.

»  Student pre-university data: scores achieved at the admission exams,
successful admission exam, and total score at admission.

*  Student performance data: length of university education (based on the
enrollment and graduation dates), form of education, specialty, total
graduation score.
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Fig. 3. University Data Mart Structure.
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The next step in the university data mart development is the organization of
the data into the data mart components: measures, dimensions, hierarchies, and
attributes. The snow-flake schema has been chosen for building the structure of
the University data mart. It is preferred to the star schema because it has all the
advantages of good relational design - each level of a hierarchy is stored in a
separate dimension table, there is no duplicate data and it is, therefore, easier to
maintain. The developed University data mart structure is presented on Fig.3.

5 Conclusions and Future Steps

A research data mining project is initiated at one of the most prestigious Bul-
garian Universities in order to reveal the opportunities that data mining ap-
plications could provide for improving university management effectiveness
and for achieving optimal performance results. The project implementation is
based on the CRISP-DM approach considered standard for data mining project
development and fulfillment. The rationale for the project initiation and the
research work performed during the first two phases of the project implemen-
tation, Business Understanding and Data Understanding, are presented in the
paper. The future steps are related to the implementation of the next phases,
including population of the developed University data mart, data preprocess-
ing, the application of data mining methods using the open source software
packages WEKA 3.6 and RapidMiner 5.0, evaluation of the developed models,
and deployment.
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