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Introduction 



What do we call it?  

• Statistics 

• Machine Learning 

• Data mining 

• Knowledge Discovery in Data 

• Business Analytics 

• Data Science 

• Data Analytics 

• …? 

 
“In god we trust, all others must bring Data” 

William Edwards Deming (1900-1993) 

Same Core Idea: 

Finding Useful 

Patterns in Data 

 

 

 

Different 

Emphasis 
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History: 1980-2008 

“statistics” is the oldest term,  

“analytics” has been used since  1900, but started to rise in 2005 

“data mining” surges around 1995 (soon after first KDD conference) but slowly  

declines after 2003 (TIA controversy, associated with Govt invasion of privacy). 

“Knowledge Discovery” appears in 1989, rises in 1996, and plateaus in 2000 

From Google Ngram viewer (frequency in English language books) 
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History: 2008-2012 

“Big Data” Surge 

New terms: 

Big Data > Data Mining > Analytics > Data Science 

 

Google Trends search, Jan 2007- Dec 2012, USA 6 



Statistics 

• Statistics: The science of collecting, 
describing, and interpreting data. 

Two areas of statistics: 
• Descriptive statistics are 

methods for organizing 
and summarizing data. 

• Inferential statistics are 
methods for using sample 
data to make general 
conclusions (inferences) 
about populations. 
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Machine Learning 

• Machine learning (ML) is programming 

computers to optimize a performance criterion 

using example data or past experience.  
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Data Mining/ 

Kwnoledge Discovery in Data 

Data Mining (DM) or KDD is the non-trivial process 

of identifying valid, novel, potentially useful, and  

ultimately understandable patterns in data. 
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• Data Analytics (DA)/Business Analytics (BA) 
is the use of  analytical methods, either 
manually or automatically, to derive relationships 
from data, to include the access, reporting, and 
analysis of data supported by software to drive 
(business) performance and decision making. 

Data Analytics/ 

Business Analytics 
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Big Data 

• Big Data (BD) is the term for a collection of data sets so 

large and complex that it becomes difficult to process 

using on-hand database management tools or traditional 

data processing applications. 

• The three dimensions of BD: 
• Volume. Gigabytes  to Terabytes to 

Petabytes. 

• V e l o c i t y. online streaming. 

• Variety. Numbers,text,links,images, 

audio,video,... 
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Data Science 

• Data Science (DS) is the generalizable extraction of 

knowledge from data. 

Data scientists use the ability 

to find and interpret rich data 

sources, manage large amounts 

of data, merge data sources 

together, ensure consistency of 

data-sets, create visualizations 

to aid in understanding data, 

build mathematical models 

using the data, present and 

communicate the data 

insights/findings to specialists 

and scientists in their team and 

non-expert audience. 12 



Educational Data Science 



Introduction 
EDS: Multidisciplinary domain and communities 

 Educational Data Science (EDS) that only works with 

data gathered from educational environments/setting for 

solving educational problems. 

 Educational Data Science 

(EDS) is a multidisciplinary 

domain with several related 

communities: 
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Introduction 

 Learner Analytics/Personalization and 

Educational Recommender Systems (ERS) 
work at the macro or “learner” level in order to explore 

how the differences among learners affect their 

persistence, and how overall college success can be 

increased by using adaptation, personalization and 

recommendation techniques. 

 Systemic/Instructional Improvement and Data 

Driven Decision Making in Education 

(DDDME) uses data from test-based systems and 

state longitudinal data systems, primarily to evaluate 

teaching methods. 
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Introduction 

 

 Educational data mining (EDM) is the application of 

data mining techniques to educational environments. 
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Introduction 
Multidisciplinary domain 

 Educational data mining (EDM) is a multidisciplinary 

domain that is an intersection of 3 domains: computer 

science, education, statistics. 
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Introduction 
Other areas closely related to EDM 

 Learning analytics 

The measurement, collection, analysis and reporting 

of data about learners and their contexts, for 

purposes of understanding and optimising learning 

and the environments in which it occurs. 

 Academic/Institutuional analytics  

Bussiness intelligence applied to institutional 

academic data. 
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Introduction 
EDM and Learning Analytics progression 
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Introduction 
Background on EDS 

           1991-3 ---------------------- First Papers about prediction 

 

 

  2000 ---------------------- Specific Workshops 

 

                 2005 ---------------------- Data Mining in e-learning Book 

 

  2008 ---------------------- First EDM conference 

   2010 ---------------------- Handbook on EDM 

   2011  ---------------------- First LAK conference 

 

            2014 ---------------------- First L@S conference 
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Process and actors 



Process and actors 

Entorno educativo

Profesores Estudiantes

Minería de datos sobre el 

entorno educativo (EDM)

Autoridades 

Académicas

The Lifecycle of Educational Data Science: 

Educational Data 

Science 

Learning 

Environment 

Professors Students 

Academic 

Authorities 

Design, build and 

mantain 
Interact 

Make 

recommendations 

Provide new 

knowledge 

Use and Interaction Data 

Information about courses 

Academic Data 

… 
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Goals 



Goals 
Student perspective 

 Which activities, resources and tasks could 

improve the academic performance of students? 

 Which activities are the most suited to a given 

student, knowing its profile? 

 Which path should a student travel to obtain a 

specific result? 

 Based on previous knowledge on the path already travel 

by the student and its success. 

 Comparing with the path travel by other students with a 

similar profile. 
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Goals 
Professor perspective 

 To quantify the effectivity of a learning process 

 To organize the contents of a given course 

 To improve or review the structure of a course 

 To evaluate the activities performed in a course 
 Performance 

 Motivation 

 To monitor activities: 
 To find the most common errors in the development of activities 

 To set the level of an activity 

 To personalize and adapt the content of a course 
 Designing instruction plans 

 To classify or cluster students from their features: 
 Mentoring and assessment 

 Monitoring interesting knowledge 

 To find behavior patterns in students 
 General patterns 

 Rare patterns 
25 



Goals 
Institutional Perspective  

• To improve the efficiency of a web site and to adapt it to the 
users’ behavior: 

– Design of the optimal server 

– Network traffic distribution 

• To organize institutional resources 

– Timetabling 

– Planning adquisitions 

• To improve the academic offer 

– Demand-oriented programs 

– Grouping students according their 

• Objectives 

• Capabilities 
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Data 



Data 
Types of Educational Environments 
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Data 
Characteristics 

• The information come from different sources of data. 

• There are a lot of incomplete and loss data because not all 

students carry out all the activities. 

• User/Students are clearly identified.  

• There is a great number of available instances and attributes 

that may required tasks of filtering for selecting the most 

important. 

• Educational data have different level of granularity. 

• Some transformation such as discretization of number are 

normally used for improving the comprehensibility of data and 

the obtained models.  
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Data 
DM Tecnique used for each type of data 

• Different types of data and DM techniques used:  

 
Type of data 

 
DM Technique 

 
Relational data 

 
Relational data mining 

Transactional data Classification, clustering, association rule mining, etc. 

Temporal, sequence and time series data Sequential data mining 

Text data Text mining 

Multimedia data Multimedia data mining 

World Wide Web data Web content/structure/usage mining 
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Tasks 



Tasks 

 Low level tasks. Similar to ML/DM, 

but the knowledge we want to 

discover is extracted from 

educational data. 

 

 High level tasks. Try to solve a 

problem in the educational context. 

Involves one or more low level tasks, 

as well as the interpretation of 

results. 

GENERAL 

(DM) 

SPECIFIC 

(EDM) 
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Tasks 
Low level (ML/DM) tasks 

 Predictive tasks 

Supervised. Output information is available 

Examples 

Classification 

Regression 

 Descriptive tasks 

Unsupervised. Output information is not available 

Examples 

Association 

Clustering 
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Tasks 
High level tasks 

 Analysis & Visiualization. 

 Providing Feedback. 

 Recomendation. 

 Predicting Performance. 

 Student Modeling. 

 Detecting Behavior. 

 Grouping Students. 

 Social Network Analysis. 

 Developing Concep Map. 

 Planing & Scheduling. 

 Constructing Courseware. 
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Publications 



• Data Mining in E-Learning.  

     C. Romero & S. Ventura (Eds).  

     Editorial WIT Press, 2006. 

• Handbook of Educational Data Mining. 

     C.Romero, S. Ventura,  

     M. Pechenizky, R. Baker. (Eds).  

     Editorial CRC Press, Taylor & Francis Group. 2010. 

• Education Data Mining: Applications and Trends.  

     A. Peña-Ayala (Eds).  

     Springer, SCI Vol. 524, 2014 

• Learning Analytics: From research to practice.  

     J.A. Larusson, B. White (Eds).  

     Springer, SCI Vol. 524, 2014 

 

 

Publications 
Books 
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• C. Romero & S. Ventura. Educational Data Mining: A survey from 
1995 to 2005. Expert Systems with Applications 33:1, pp. 135-146, 
2007. 

• Baker, R., Yacef, K. The State of Educational Data Mining in 2009: 
A Review and Future Visions. Journal of Educational Data Mining, 1, 
1, 3-17. 2009. 

• C. Romero, S. Ventura. Educational Data Mining: A Review of the 
State-of-the-Art. IEEE Transactions on Systems, Man, and 
Cybernetics--Part C: Applications and Reviews. 40:6, pp. 601 – 618. 
2010. 

• Karen Cator. Enhancing Teaching and Learning Through 

Educational Data Mining and Learning Analytics.  Report of the U.S. 

Office of  Educational Technology. 2012. 

• C. Romero, S. Ventura. Data Mining in Education. Wiley 

Interdisciplinary Reviews: Data Mining and Knowledge Discovery. 

Volume 3, Issue 1, pages 12–27, 2013. 

 

 

 

 

 

Publications  
Surveys/Reviews 
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• International Conference on Educational Data Mining 

– EDM’08 Montreal  http://www.educationaldatamining.org/EDM2008  

– EDM’09 Córdoba  http://www.educationaldatamining.org/EDM2009  

– EDM’10 Pittsburgh  http://www.educationaldatamining.org/EDM2010  

– EDM’11 Eindhoven  http://www.educationaldatamining.org/EDM2011  

– EDM’12 Creta  http://educationaldatamining.org/EDM2012/  

– EDM’13 Memphis  http://edm2013.memphis.edu  

– EDM’14  London http://educationaldatamining.org/EDM2014/  

– EDM’15 Madrid http://educationaldatamining.org/EDM2015/  

– EDM’16 Raleigh,NC http://www.educationaldatamining.org/EDM2016/  

 

 

 

Publications  
Conferences 
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• Learning Analytics & Knowledge 

– LAK’11, https://tekri.athabascau.ca/analytics/  

– LAK’12. http://lak12.sites.olt.ubc.ca/  

– LAK’13. http://lakconference2013.wordpress.com/  

– LAK’14. http://lak14indy.wordpress.com/  

– LAK’15. http://lak15.solaresearch.org/   

– LAK’16. http://lak16.solaresearch.org/  

• ACM Conference on Learning at Scale 

– L@S’14 http://learningatscale.acm.org/las2014/  

– L@S’15 http://learningatscale.acm.org/las2015/  

– L@S’16 http://learningatscale.acm.org/las2016/  

 

 

 

Publications  
Related Conferences 
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• International Conference on Educational Data Mining 
ICEDM. 
https://www.waset.org/conference/2014/06/copenhagen 
/ICEDM 
https://www.waset.org/conference/2015/06/copenhagen/ICE
DM  

 

• Artificial Intelligence in Education (AIED) 

• Intelligent Tutoring Systems (ITS) 

• Knowledge Discovery and Data Mining  (KDD) 

• User Modeling, Adaptation and Personalization  (UMAP) 

• European Conference on Technology Enhanced Learning 
(EC-TEL) 

 

 

 

Publications  
Related Conferences 
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Resources 



http://www.educationaldatamining.org/ 

 

Resources 
Educational Data Mining Society 
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http://www.solaresearch.org/  

Resources 
Society for Learning Analytics 
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http://datamining.it.uts.edu.au/edd/  

Resources 
IEEE Task Force of Educational Data Mining 
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https://www.edx.org/course/big-data-
education-teacherscollegex-bde1x  

Resources 
Edx: Big Data in Education MOOC 
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https://www.edx.org/course/utarlingtonx/utarlingtonx-
link5-10x-data-analytics-2186#.VCb1Kxbiv_I  

Resources 
edX: Data, Analytics and Learning MOOC 
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https://pslcdatashop.web.cmu.edu/  

Resources  
PSLC Data Shop 
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https://archive.ics.uci.edu/ml/datasets/Student
+Performance#  

Resources  
UCI: Student Performance Data Set 
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http://www.kddcup2015.com/information-
introduction.html  

Resources  
KDD Cup 2015Predicting dropouts in MOOC 
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http://linkededucation.org/  

Resources  
Linked Education 
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Software 



DM Software 

Weka is one of the most popular 

software packages for Data Mining 

http://www.cs.waikato.ac.nz/~ml/weka/  
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http://rapidminer.com  

This is a very popular DM tool, 

developed in Java 

R is a programming language that 

was initially created to perform 

statistics, but it has also used in DM 

https://www.r-project.org/  
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Specific EDS Software 
Tool Objective Reference 

WUM tool To extract patterns useful for evaluating on-line courses. (Zaïane and Luo, 2001) 

EPRules To discover prediction rules to provide feedback for courseware authors. (Romero et al., 2004) 

GISMO/CourseVis To visualize what is happening in distance learning classes. (Mazza and Milani, 2004) 

TADA-ED To help teachers to discover relevant patterns in students’ online exercises. (Merceron and Yacef, 2005) 

O3R To retrieve and interpret sequential navigation patterns. (Becker et al., 2005) 

Synergo/ColAT To analyze and produce interpretative views of learning activities. (Avouris et al., 2005) 

LISTEN Mining tool To explore huge student-tutor interaction logs. (Mostow et al., 2005) 

MINEL To analyze the navigational behavior and the performance of the learner. (Bellaachia and Vommina, 2006) 

LOCO-Analyst To provide teachers with feedback on the learning process. (Jovanovic et al., 2007) 

Measuring tool To measure the motivation of online learners. (Hershkovitz and Nachmias, 2008) 

DataShop To store and analyze click-stream data, fine-grained longitudinal data generated 

by educational systems. 

(Koedinger et al., 2008) 

Decisional tool To discover factors contributing to students’ success and failure rates. (Selmoune and Alimazighi, 2008) 

CIECoF To make recommendations to courseware authors about how to improve courses. (Garcia et al., 2009) 

SAMOS Student activity monitoring using overview spreadsheets. (Juan et al., 2009) 

PDinamet To support teachers in collaborative student modeling.  (Gaudioso et al., 2009) 

AHA! Mining Tool To recommend the best links for a student to visit next. (Romero et al., 2009) 

EDM Visualization Tool To visualize the process in which student solve procedural problem in logic. (Johnson and Barnes, 2010) 

Meerkat-ED To analyze participation of students in discussion forums using social network 

analysis techniques. 

(Rabbany et al. 2011) 

E-learning Web Miner To discover student's behavior profiles and models about how they work in virtual 

courses. 

(García-Saiz and Zorrilla, 2011) 

MMT tool To facilitate the execution of all the steps in the data mining process of Moodle 

data for newcomers. 

(Pedraza-Perez et al., 2011) 
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Tool Free Integr. Language Vis. Preproc. Supervi. Unsupervi. 

CoSyLMSAnalytics No No VisualBasic No No No Yes 

ViMoodle No No Java Yes No No No 

CIECoF No No Java No No No Yes 

Meerkat-ED No No Java Yes No No Yes 

MMT No No Java No Yes Yes Yes 

DRAL No No Java No No Yes No 

GISMO 

 

Yes Yes PHP Yes No No No 

SNAPP 

 

Yes Yes JavaScript Yes No No No 

AAT No No PHP No No No No 

MOClog 

 

Yes Yes PHP Yes No No No 

E-learningWebMiner No No Java Yes No No Yes 

CVLA No Yes Phyton Yes No Yes No 

IntelliBoard.net 

 

No Yes PHP Yes No No No 

SmartKlass 

 

Yes Yes PHP Yes No No No 

Engagement Analytics Yes Yes PHP Yes No No No 

Analytics Graphs 

 

Yes Yes PHP Yes No No No 

http://www.snappvis.org/ 

http://gismo.sourceforge.net/ 

http://moclog.ch/ 

http://intelliboard.net/ 

http://klassdata.com/ 

https://moodle.org/plugins/browse.php?list=set&id=20 

https://moodle.org/plugins/block_analytics_graphs 



Thanks. 

 

Questions? 
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