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Abstract: Educational Data Mining is an emerging field, concerned with developing methods for exploring the 

unique types of data that come from educational settings and applying those methods to understand students better 

and the system in which they learn. It provides intrinsic knowledge of teaching and learningprocess for effective 

education planning. This survey paper describes the evolution of EDM by bringing to light the aspects and 

outcomes of various studies carried out over time. It also pictures the methods and algorithms used in EDM.Finally, 

the research gaps are identified and opportunities for further research are presented that leads to the promising 

future of EDM for yielding better outcomes and results. 
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1. INTRODUCTION  

1.1 Data Mining:  

Data Mining is a topic that has recently attracted the 

attention of various researchers and organizations. 

Various definitions by researchers are: Data Mining is 

the process of analyzing data from different views and 

to develop the results as useful information. Data 

Mining has been defined as the nontrivial process of 

identifying novel, valid, potentially useful and 

ultimately understandable patterns in data [1], [2]. It is 

the automatic or semiautomatic means of exploration 

and analysis, of large quantities of data in order to 

discover meaningful patterns and trends [3]. Data 

mining is the process of identifying meaningful and 

actionable patterns, profiles and trends by evaluating 

the data using pattern recognition technologies such as 

machine-learning, genetic algorithms and neural 

networks [4]. 

 

1.2 Educational Data Mining:  

Educational data mining (EDM) makes the use of Data 

mining (DM), statistical and Machine learning 

algorithms over a variety of educational data [5]. With 

the advent of technology increasing data volumes have 

been generated due to the instrumentation of 

educational software and e-administration by the state 

education authorities. Also with the use of internet in 

learning; new methods like e-learning and web based 
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education have been introduced. They are almost 

perpetually generating data about the learning and 

teaching behaviors of students and educators. EDM 

works in the direction to better seek these repositories 

to develop an understanding of the underlying process 

and users. This is done in order to make use of the data 

in combination with different data mining and 

association techniques to help optimize the education 

practice benefiting the end user. EDM is not limited to 

data mining itself it draws its inferences and techniques 

from different areas ranging from machine learning to 

psychometrics [6] EDM has impacted educational 

research greatly in recent years the applications have 

encompassed various areas such as: 

 

1.3 E-learning:  

The area has grown exponentially over time in few 

years this has paved the path for formation of a new 

style and environment of learning which has radically 

changed the norms of classic education techniques [7]. 

The advancements of e-learning techniques lead to 

generation of huge amounts of data. A wide variety of 

web mining techniques have been applied on the log 

files and databases of the students. 

Intelligent tutorial systems (ITS) and adaptive 

education hypermedia systems are the advancements on 

the web based learning approach they try to cast the 

web learning environment so that it can support the 

needs of each individual student [8] DM techniques 

have been applied on the log files and the user models. 

 

1.4 Offline Education:  

The classical and original mode of imparting 

knowledge by face-to-face interaction and physical 

presence is referred as offline education. EDM tries to 

explore the curriculum, behavior, background and other 

information of the students collected by the institutions 

involved. It tries to understand the effects of social 

environment on performance and tries to study 

psychological aspects of human learning. Various 

psychometric, data mining and statistical techniques 

have been applied on the databases. 

The data coming from these systems is RAW in 

sense of its organization and representation. The EDM 

tries to process this data and structure it into useful 

information which could be of immense importance to 

the educational system and the students. In addition the 

ultimate goal being better understanding of the systems 

functioning as to lay down a better groundwork for the 

education imparting and learning. 

 

2. APPLICATIONSOF DATA MINING IN 

EDUCATION  

 

2.1 Students:  

They illustrate e-learning, recommend activities to 

learners, provide learning tasks, convey interesting 

learning experiences to the students, convey path 

pruning and shortening or links to follow, create 

adaptive hints, and advise courses, text books, relevant 

discussions, and so on. 

 

2.2 Teachers:  

They get feedback about their teaching, determine 

students learning and behavior, find the students who 

need support, judge student performance, categorize 

learners into groups, find the most repeated mistakes, 

find learners regular and irregular patterns, analyze 

more effective activities and improve the adaptation 

and customization of courses. 
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2.3 Educational Researchers :  

They decide and maintain courseware, enhance student 

learning, evaluate the design of course content and its 

effectiveness in the learning process, build student 

models and tutor models, compare data mining 

techniques to recommend the most useful one for each 

task, and develop data mining tools specifically for 

educational purposes. 

 

2.4 Universities / Organizations :  

They enhance the decision processes in institutions, 

streamline efficiency in decision making, achieve 

specific goals, recommend certain courses that might be 

valuable for each class of learners, find the cost-

effective way of improving retention rate and grades, 

select the most qualified applicants for graduation, and 

to admit students who will perform well in the 

university. 

 

2.5 School Administrators / System Administrators:  

They develop the best way to organize institutional 

resources both material and human, enhance 

educational program funds and determine the distance 

learning approach effectiveness, use of available 

resources more effectively, evaluate curriculum and 

teachers and set parameters for improving website 

efficiency and adapt it to users considering optimal 

server size, network, bandwidth and traffic. 

 

3. METHODS OF EDM  

3.1 Statistical Methods:  

Statistical methods range from simple measurements 

such as visits to the e-sources, online time of students. 

Some measure the most frequently visited courses and 

the visits per page. Other more advanced statistical 

measure such as correlation analysis has been used to 

predict the student performance in exams and determine 

student behavior affecting their learning performance 

[9]. 

 

3.2 Clustering:  

This technique deals with grouping the objects or 

entities involved into similar groups and classes. 

Clustering has been successfully used to group s tudent 

with similar characteristics of learning. 

 

3.2 Association Rule Mining:  

This technique is used to discover relations among the 

attributes in the database in order to produce if-then 

statements. An association rule from X=>Y depicts a 

strong relationship between X and Y with quantifiers 

support and confidence. 

 

3.3 Web based mining:  

Data on the web is mined using the tools provided by 

web mining. This paved the path for the development of 

personalized web environment for students as described 

by C. Romero [10]. The previous section provided an 

introduction to the various components of the EDM. 

The following table mentions the reference to 

authors, the databases used, techniques involved and 

the outcome of the studies. It tries to picture the 

development of EDM over time. 
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Year Author Database Techniques O bservation 

     

2001 Zaiane and Luo [11] Web Log of Technical Association and pattern Improved online course activities 

  university, British mining operation  

  Columbia   

     

2002 Silva et al. [12] Data from students Association and Better knowledge discovery 

  enrolledfor distant classification  

  learning courses   

     

2003 Behr ouz et al. [13] Logs ofweb Genetic algorithm Grade prediction with higher 

  Based education system  accuracy 

     

2003 Shea rd et al. [14] Wire website Log analysis technique Identification of student 

  interactive data set   Learning behavior 

     

2004 Freyberger et al. [15] Data from online Associative mining Better transfer model for 

  algebratutor  Quicker access 

     

2007 Vandamme et al. [16] Belgian university Decision tree predictive Efficient performance prediction of 

  database of questions Discriminant analysis, students 

   Neural network  

     

2009 M.Ra m a swa m i and Data obtained from Six filter feature Increase in prediction accuracy due 

 R.Bha ska ra n [17] 1969 students using selection Algorithm to minimum number of features 

  questionnaire   

     

2010 S.Kannanand Dataset collected from Rule ordering for Accuracy of associative 

 R.Bha ska ra n [18] distance learning associative classifier classifierscan be improved using 

  program  appropriate 

  through questionnaire  interestingness measures instead of 

  from  support-confidence framework 

  UG and PG students   

     

2010 Asma andNus ar i [19] Student data Decisiontree, Student behavior corresponding 

  Of UST,Yemen Memorybased To academicachievement 

   reasoning  
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 2011 C.Ma rq ue z et al. [20] Real dataof 670 All the 10 Crossvalidationis  

   Middleschoolstudents algorithms in shownandcompared  

    WEKA   

       

 2012 C.Ma rq ue z et al. [21] Problemsusing real Geneticprogramming Predictstudentfailure at school  

   data about 670 high algorithm insecondary  

   

Schoolstudentsfrom 

Zac  education  

   atecas,    

   Mexico    

       

 2012 M.Ramaswami et al. Databaseofsecondarystu Bayesian Relationbetween  

  [22] dents Networks socioeconomic and  

     academicfactors  

       

 2012 S Agar wa l et al. [23] Data fromCommunity SVM, Maturedfaith onData  

   college decisiontreeoperation Miningtechniques  

       

 2013 C.Ma rq ue z et al. [24] 670 middleschool Jrip,NNge,OneR,J48, Betterpredictionof studentfailure  

   studentsfrom C4.5   

   Zacatecas,    

   México    

       

 2014 ABED Ahme d et 15 yeardata from Decisiontree Helpsimprovement in  

  al.[25 ] college method 

Academicsbyidentifyingpoor 

student  

   ofscienceandtechnology  s  

       

 2015 M Wooket al. [26] Surveydata of158 Technology Acceptance Studentsaccept theusefulnessof  

   studentsfrom model EDMtechnologyforanalyzing  

   fourpublicInstitutions  academicdata  

   ofHigherLearninginMal  whichcouldimprovetheirperforman  

   aysia  ce  

       

 2015 M angel et al. [27] Data froma GeneralDM Predictionfor earlyintervention  

   spanishhighschool Techniques incorrectivemanner  
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4. APPLICATIONS OF ALGORITHMS IN 

EDUCATION MINING  

Number of universities and students is increasing day 

by day; we think that data mining technology can help 

improving the education standard and consequently 

causing high ratio of successful candidate, low ratio of 

students drop-out and maximizing education system 

efficiency. Following is a detail of the algorithms used 

in education mining. 

 

4.1 C 4.5 algorithm:  

 

A classifier system takes input from the cases described 

by values and attributes and output a classifier that can 

accurately predict classes of new cases. C 4.5 is a 

descendant of CLS andIDEcreates classifier and 

generated decision tree. It can also make class ifier in 

most comprehensive rule-set forms. 

 

4.2 Support Vector Machine (SVM):  

 

Support Vector Machine (SVM) is considered an 

efficient tool to train data. If offers accurate methods 

among algorithms. SVM is the most worked upon 

algorithm for training purposes and a lot of research is 

still going on. SVM can find classification function in 

two- class learning tasks. The metric for "best" can be 

realized geometrically. It is good because of its 

generalization ability. 

 

4.3 Apriori algorithm:  

A popular way to find frequent data item sets [28] is by 

comparing explosion. After data items are obtained then 

we can easily generate association rules. 

 

There are different steps for that. 

 

Step 1: Generate Ck+1 for item sets of 

k+1 Step 2: Calculate support 

 

Step 3: Put items for minimum support for fk+1 

 

4.4 The Expectation Maximization Algorithm:  

 

It provides a flexible mathematical approach to 

modeling and clustering of data on randomly observed 

basis. This can be used to cluster continuous data. 

Expectation Maximization algorithm is used to model 

distribution of random phenomenal data.  

 

4.5 Page Ranker:  

 

Page Ranker [29] was given forth by BrinKarruy Page 

in 1998. On this algorithm’s bas is they built Google, 

which has an excellent success ratio. It produces a static 

ranking of different web pages in sense that pager value 

is determined offline and does not depend on the online 

queries. 

 

4.6 Pager Ranker formula:  

 

A hyperlink point the value of the page is an 

implicit conveyance for authority. Thus more links 

a page receives more prestige it has. Pages that go 

to I is also considered good 

 

Page Rank algorithm given by Lawrence Page and 

Sergey Brin is as follows, 
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PR (A) = (1-d) + d (pr (ti) / C (ti) + …..... + PR 

(Tn)/C (tn)) 

 

Where, PR (A) is aPage Rank of Page A and PR (Tn) is 

Page Rank. 

 

5. CONCLUSION  

 

This paper presents the research work carried out by 

several research scholars and professional expertson 

Educational Data Mining. There are a wide variety of 

applications of EDM discussed in this paper. It is 

recommended to create and continue strong 

collaboration across research, commercial, and 

educational sectors.The algorithms discussed in this 

paper are used in education mining. They have shown a 

remarkable improvement in strategies like teacher 

student understanding,course outline formationand high 

output and turn out ratio.Four main gaps have been 

identifiednamely: (i) unavailability of consistent 

datasets which are bigenough to reflect the educational 

system and its functioning,(ii) flexibility in the datasets 

(iii) most of the miningtechniques have been applied in 

isolation, a very less work hasbeen carried out using 

hybrid techniques (iv) there is a lack ofconfidence of 

the authorities in the EDM outcomes. This review paper 

appreciates the current algorithm researchers and 

inspires the new ones to explore further. 
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