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ABSTRACT
Educational Data Mining (EDM) is an emerging field
exploring data in educational context by applying different
Data Mining (DM) techniques/tools. It provides intrinsic
knowledge of teaching and learning process for effective
education planning. In this survey work focuses on
components, research trends (1998 to 2012) of EDM
highlighting its related Tools, Techniques and educational
Outcomes. It also highlights the Challenges EDM.
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behavior, risk, performance analysis, predicting right
enrollment decision etc. both in traditional and digital
environment and Faculty modelling- job performance
and satisfaction analysis.
—Department/Institutions oriented (related to particular
department/institutions with respect to time, sequence
and demand).
E.g.: Redesign new courses according to industry
requirements, identify realistic problems to effective
research and learning process.
—Domain Oriented (related to a particular
branch/institutions)

1. INTRODUCTION
Educational Data Mining (EDM) is an emerging field
exploring data in educational context by applying
different Data Mining (DM) techniques/tools. EDM
inherits properties from areas like Learning Analytics,
Psychometrics, Artificial Intelligence, Information
Technology, Machine learning, Statics, Database
Management System, Computing and Data Mining. It
can be considered as interdisciplinary research field
which provides intrinsic knowledge of teaching and
learning process for effective education [18].
The exponential growth of educational data [37] from
heterogeneous sources results an urgent need for research
in EDM. This can help to meet the objectives and to
determine specific goals of education. EDM objective
can be classified in the following way:

(1) Academic Objectives
—Person oriented
E.g.: Student learning, cognitive learning, modelling,
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E.g.: Designing Methods-Tools, Techniques, Knowledge
Discovery based Decision Support System (KDDS) for
specific application, branch and institutions.

(2) Administrative Objectives
—Administrator Oriented (related to direct involvement
of higher authorities/administrator)
E.g.: Resource (Infrastructure as well as Human)
utilization, Industry academia relationship, marketing for
student enrollment in case of private institutions and
establishment of network for innovative research and
practices.
—To explore heterogeneous educational data by
analyzing the authors' views from traditional to
intelligent educational systems in the decision making
process.
—To explore intelligent tools and techniques used in
EDM and
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—To find out the various EDM challenges.
To meet academic and administrative objectives, a
survey of EDM is necessary which focus on cutting
edge technologies for quality education delivery.
This paper discusses the EDM components and
research trends of DM in Educational System for
the year 1998 to 2012 covering various issues and
challenges on EDM.
The rest of this paper is organized into 5 sections.
Section-2 focuses on EDM Components such as
Stakeholders, environments, data, methods, tools etc.
Section-3 is about mining educational objectives.
Section-4 highlights the research trends in EDM
including various authors’ views in educational
outcomes, useful EDM Tools and Techniques. Section-5
is a discussion based on section 3 and 4, Section-6
concludes the paper with observations based on the
survey work and the future scope of EDM.

2. EDM COMPONENTS
The key components of EDM are Stakeholders of
Education, DM Methods-Tools and Techniques,
Educational data, Educational task and Outcomes which
meet the Educational objectives (see fig. 1).
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Hybrid group. This group is involved with
administrative/decision making process e.g.: Employers,
Administrator/Educational Planner, and Experts.

2.2. EDM environments
Formal Environment. Direct interaction with primary
group stakeholder of education. E.g.: face to face
classroom interaction.
Informal Environment. Indirect interaction with primary
group stakeholder of education. E.g.: web based
education (e-learning [14] e-training used in Chu et al.
[32], online supported tasks)
Computer Supported Environment (individual and
interaction). Direct and /or Indirect interaction with all
the three groups (depends upon the objectives)
stakeholder of education. E.g.: Intelligent Tutoring
Systems- Tools such as DOCENT, IDE, ISD Expert,
Expert CML related to curriculum development [67].
Tools such as such as Algebra Tutor, Mathematics Tutor,
eTeacher, ZOSMAT , REALP, CIRCSlM-Tutor, Why2Atlas, SmartTutor, AutoTutor, ActiveMath, Eon, GTE,
REDEEM related to tutoring system.
—Collaborative learning used in [55]
—Adaptive Educational System [1]
—Learning Management System, Cognitive Learning,
Recommender System used in [35] and User Modeling
[18] etc.

2.3. Educational Data

2.1. Stakeholders

Decision-making in the field of academic planning
involves extensive analysis of huge volumes of
educational data [63]. Data’s are generated from
heterogeneous sources like diverse and varied uses in
[44], diverse and distributed, structured and unstructured
data.

Considering primary to higher education, major
stakeholders of education can be divided in three groups:

These data’s are mostly generated from the offline or
online source

Primary group. This group is directly involved with
teaching and learning process. E.g.: Students (learners)
and Faculties (teachers / learners, educators etc.)

Offline Data. Offline Data are generated from traditional
and modern classroom interaction interactive
teaching/learning
environments,
learner/educators
information, students attendance, emotional data, course
information, data collected from the academic section of
an institution [18] etc..

Figure1. EDM components

Secondary group. This group is indirectly involved in the
growth of the institution. E.g.: Parents and Alumni.

Online Data. Online Data are generated from the
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geographically separated stake holder of the education,
distance educations used in [15], web based education
used in [31], computer-supported collaborative learning
used in [55] social networking sites and online group
forum.
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data into a predefined class. This technique is useful for
success analysis with low, medium, high risk students used
in [37], student monitoring systems [42], predicting student
performance, misuse detection used in [6] etc.

Statistics
E.g: Web logs, E-mail, Spreadsheets, Tran scripted
Telephonic Conversations, Medical records, Legal
Information, Corporate contracts, Text data, publication
databases[69] etc.
Uncertain Data .Uncertain Data are generated from
scientific measurement techniques and heterogeneity in
designing Data Warehouse (DWH) [23], sensor
generated data, privacy preservation process data,
summarization of data [10].

2.4. Educational Task
It is a continual process for formation of Vision and
Mission of an institution, to nurture the talent of students
which addresses issues in a responsive, ethical and
innovative manner to meet the academic and
administrative objectives. This task can divide into two
types:
Decision making task. Active participation of the hybrid
group of stakeholder to fulfill administrative oriented
objectives.

It is a technique to identify outlier fields, record using
mean, mode etc. and hypothetical testing. This technique
is useful to improve the course management system &
student response system [36].
Clustering
It is a technique to group similar data into clusters in a
way that groups are not predefined. This technique is
useful to distinguish learner with their preference in
using interactive multimedia system used in [12],
Students comprehensive character analysis used in [75]
and suitable for collaborative learning used in [24,7].
Prediction
It is a technique which predicts a future state rather than
a current state.This technique is useful to predict success
rate, drop out used in Dekker et al. [30,75], and retention
management used in [61] of students.

3. MINING EDUCATIONAL OBJECTIVIES

Learner based task. Active participation of Primary
stakeholder to fulfill academic objectives.

This survey focused on mining academic objectives of
EDM in context of traditional to dynamic environments.

2.5. DM Methods

In traditional teaching and learning environment
Performance and Behavior analysis are performed on the
basis of observation and paper records used in .[15,60].
This process is static used in [44]. This system has the
drawbacks such as it cannot meet the need of the
individual learner as well as lacking dynamic learning
which can be improved by using five steps of an
academic analytics process such as capture, report,
predict, act and refine [36].

DM methods are one of the main components in EDM.
As per the different purpose it can be broadly divided
into two groups [53]:
—Verification
Oriented
(Traditional
StatisticsHypothesis test, Goodness of fit, Analysis of Variance
etc.)
—Discovery Oriented (Prediction and DescriptionClassification, Clustering, Prediction, Relationship
Mining, Neural Network, Web mining etc.)
Following DM methods are popular with the EDM
research community.
Classification
It is a two way technique (training and testing) which maps
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Learning and assessment process in a virtual
environment using sophisticated DM methods in a digital
learning environment is presented by [8]. This research
focused on individual learners by ―informationprocessing narratives‖ and group learners by ―sociocognitive narratives‖.
To enhance the quality in higher learning institutions, the
concept of predictive and descriptive models discussed
by [51]. Predictive model predicts the success rate for
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individual students;
individual lecturer and Descriptive model describe the
pattern modeling of student course enrollment, course
assignment policy making, behavior analysis etc.
In Web-based education system learner behaviors, access
patterns are recorded in a log file described in [62],
hence able to analyze the need of the individual learner.
To better design and modification of web sites by
analyzing the access patterns in weblogs are described in
[33].
The limitation of the log file is the authenticity of the
user.
In [71] provides the different way to log record process
by keeping record of learning path. This approach is
suitable only for small log files.
To accumulate large log file in a real or virtual
environment, an approach given by [50] where recording
of all activities of learning such as reading, writing,
appearing test, communicate with peer groups are
possible.
To enhance this concept, [43] added collaborative
learning approach between learner groups and educators
which provides an easy way to analysis learner learning
behavior.
E-learning is one way of mining online data. Importance
of DM in e-learning, concept map in e-learning described
in [11] learning management and Moodle system was
described in [16].
Researchers [43,34,70] consider the ―perception
behavior‖ of learners and analysis with the help of
sequential pattern mining technique which is able to
analysis the data in a time sequence of actions.
The researchers mixed up the different DM techniques to
validate the Predictive and Descriptive model so it is not
clearly visible which technique/algorithm is to discover
the appropriate quality in higher education.
To overcome this issue, an approach given by [4], trying to
discover the vital patterns of students by analyzing
academic and financial data in terms of validity, reality,
utility and originality. The researcher used clustering
algorithm (k-means), Association Rules (Apriori algorithm)
and DT algorithm (J48, ID3) and WEKA data mining tool
to validate the data model. In this research, researcher
focuses on vital pattern analysis in higher education system.
But researcher did not mention which algorithm/technique
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is best to analyze vital patterns for quality education.

Knowledge based decision technique by comparative
study of the DM algorithms (C5.0 CART, ANN) and
DM Tool (SPSS Clementine) was given by [20].
Attribute mainly considered in this research work was
enrollment decision making parameters such as parental
pressure, demand of industry and historical placement
record. To enhance the accuracy of the analysis real data
set of AIEEE 2007 was used in this work. This research
work concluded that C5.0 has the highest accuracy rate
to predict the enrollment decision. Another approach
given by [45], proposing a new Attribute Selection
Measure Function (heuristic) on existing C4.5 algorithm.
The advantage of heuristic is that the split information
never approaches zero, hence produces stable Rule Set
and Decision Tree.
Most of the above discussed researches try to meet
student perspectives, where as analyses of satisfaction
levels of teachers were not discussed which is also
important in the educational system.
To analyze this matter [40] proposed a model which
comprises of five attributes i.e. Positive affect, Goal
support, Self efficacy, Work conditions and Goal
progress.
This model tested on the sample data of Abu Dhabi
employed teachers and it was found that most of the
teachers satisfied with their supportive work conditions/
environments. Other parameters like Student’s behavior,
parent-teacher relationship, administrative satisfaction
[64], social culture, stress, demographic variables [5] are
also important to evaluate the teacher's satisfaction. In
recent research, [46] enhanced the concept of [40] using
hypothesis (22no) testing using 5022 samples of Abu
Dhabi employed teachers. This study results a strong
bond between the parameters ―Positive affect‖ and
―Work condition‖. ―Goal progress‖ and ―Self efficacy‖
are essential component where as goal support improves
the goal performance if a teacher has high confidence in
the work place.
Apart from the teachers’ job satisfaction; it is necessary
to mine teachers’ research interest including
interdisciplinary areas to create a knowledge hub and
hence transforming to world class institutions.
In [63] presents a methodology for managing educational
capacity utilization, simulating various academic proposals
and ultimately building a Decision Support System (DSS)
that gives a comprehensive framework for systematic and
efficient management of the university resources
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The survey conducted by [7, 15], reported that during
1995-2005, 28% research are involved in prediction
methods; 43% are relationship mining, 17% are
exploratory data analysis and 15% are cluster analysis.
During 2008-2009, it has been reported that only 9%
researches are involved with relationship mining where
as the rest are approximately same.
This survey (see table -3) considered the four groups of
years i.e. 1998-2000, 2001-2004, 2005-2008 and 20092012 to find out the paradigm shift in EDM ( see Figure
2).
Trends of DM Techniques/Methods used
During 1998-2000, highest research involved with Web
Mining whereas during 2001-2004 researches were
involves Association Mining. This research revealed the
almost same result given by [7, 15].
Changes in DM methods/techniques are seen during the
periods 2005-2008 and 2009-2012. During this period,
highest research involved in Classification- DT
algorithms and Clustering. Association Mining begs the
next position. Apart from these techniques, researches
involving other DM Techniques SVM such as Neural
Network etc. are seen during 2009-2012.
—Trends of DM tools Used
DM tools are required to validate the large set of data
collected from heterogeneous environments [58]. During
1998-2012 it is found that researcher mostly preferred open
source tool like WEKA and then commercial tool such as
SPSS Clementine to validate their dataset(see figure 3).
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Behavioral identification of learners using the web was
the main focus of research during 1998-2000.
The research paper ―Discovering web access patterns and
trends by applying OLAP and data mining technology on
web logs‖ by [72]mostly cites papers (citation no: 553)
as on 30th January 2013(see figure 4).
During 2001-2004, the main focus of the researches were
to design an intelligent web based educational system,
recommender system and educational planning in
general.
The research paper ―Web usage mining for a better webbased learning environment‖ by [73], mostly cites papers
(citation no: 188) as on 30th January 2013.
The major outcomes of research during 2005-2008 was
an intelligent tutoring system which identifies Meta
cognitive skills of students, DSS which evaluates overall
academic performance and survey on EDM.
It is worth mentioning that in Survey category papers in
EDM, the research paper ―Educational Data Mining: A
survey from 1995 to 2005‖ by [15] is found to be mostly
cited papers (citation no : 327) as on 30th January 2013.
The paradigm shift of the EDM research has been seen
during 2009-2012. During this period the focal point of
research was importance of leadership, Users’ preference
mining, student-Teacher modeling, higher education
planning, EDM research & practice and Security
analysis.The research paper ―Educational Data Mining : A
review of the state of the Art‖ by [[Romero and Ventura
2010], are found to be mostly cited papers (citation no: 79)
as on 30th January 2013.

—Trends of Dataset Use

5. DISCUSSION

EDM researchers’ preferred Web data during 19982000. Whereas during the period 2001-2004 the
researches preferred data from educational institutions in
their research works. The uses of primary data (survey
data) and secondary data (public repository data) in the
research were seen during 2005-2008 and 2009-2012. It
is beneficial to the EDM research community to use both
the data set. But the caution should be taken to apply
secondary data set as it may not be inadequate in the
context of the EDM research problem [19].

A This survey focused on research trends on EDM since
the year 1998 to 2012 and found that maximum research
focuses were on academic objectives. The other issues
are:

—Trends of Educational Outcome
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(1) Challenges of EDM
—Educational data is incremental in nature
Due to the exponential growth of data, the maintaining
the data warehouse is difficult. To monitor the
operational data sources, infer the student interest,
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intentions and its impact in a particular institution is the
main issue.
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papers from various journals/conferences of repute in the
context of DM techniques/methods, Tools, citation nos,
Dataset used, educational outcomes, useful commercial /
open sources/ open access tools with their features, data
set and links. Since it is not possible to cover all the
research papers, from all corners and explores each

Another issue is the alignment and translation of the
incremental educational data. It should focus on
appropriating time, context and its sequence.
Optimal utilization of computing and human resources
[28] is another issue of incremental educational data.
—Lack of Data Interoperability
Scalable Data management has become critical
considering wide range of storage locations, data
platform heterogeneity and a plethora of social
networking sites [27].

and every mentioned tools with their functional points,
popular tools, techniques and most cited research papers
were discussed which may be considered as
representatives of this research area. The features
discussed in this work are comprehensive rather than
inclusive.

E.g.: Metadata Schema Registry is a tool to enhance to
enhance Meta data interoperability.

6. CONCLUSION AND FUTURE WORK
In Information Technology (IT) driven society, mining
of heterogeneous data is an important issue. In this paper,
a journey of research and practice from the year 1998 to
2012 is presented. This work focuses on research trends
in Offline, Online and Uncertain data, useful data
sources, links etc in an educational context. Different
colleges/institutions affiliated to the same University
should adopt a single model for academic planning to
strengthen the utilization of existing resources. Lastly
this work can further be improved for designing
Knowledge Discovery based Decision Support System
(KDDS) which will capable of giving right decision for
research in Science & Technology based on the demand
of the society.

So there is a need to design a model to classify/ cluster the
data or find relationships. Examples of clustering
applications are grouped students based on their learning
and interaction patterns used in [3] and grouping users for
purposes of recommending actions and resources to similar
users. It is possible to introduce Neuro-Fuzzy mining
technique to remove the gap of data interoperability.

—Possibility of Uncertainty
Due to the presence of uncertain errors, no model can
predict hundred percent accurate results in terms of
student modelling or overall academic planning.
—Research Expertise Relation between Student-Teacher
In most of the higher Educational institutions (e.g.
Engineering Institutions) final year students have a
compulsory project work which is a research work based
on their area of interest. Generally Supervisors are
assigned as per availability and area of expertise in the
respective department. But still it is not possible to
assign all the students –supervisor with similar area of
interest hence the result of the project is nots applicable
to real scenarios. There is need to find the relation
between areas of interest, students' interest, applicability
of the project/research and mining cross faculty interest.
It will be beneficial to introduce using Association
Mining to optimize this issue.
(2) Limitations of this research
This survey work studied around 50 EDM research
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As an extension of this work we will try to solve the
issues of:
—Building a real model taking into consideration of
specific application of Tools and Techniques

—Build a predictive model using incremental data.
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