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Executive Summary 

The overall aim of the PBL3.0 project is to enhance Problem Based Learning (PBL) with Learning 

Analytics (LA) and Learning Semantics (LS). Therefore PBL3.0 will produce a new educational 

paradigm and pilot it to produce relevant policy recommendations.   

WP1 is responsible for the needs analysis of the project, providing state-of-the art input on the PBL 

strategy as well as the LA field that will guide the project in constructing the PBL3.0 educational 

approach. In particular, it aims to: 

ω Identify all educational data that are generated for each step of the PBL strategy. 

ω Analyse processes and techniques that transform educational data into meaningful, multi-

modal information. 

ω Identify all intervention mechanisms that could be put into practice based on all LA feedback 

during PBL3.0 courseǎΩ design, implementation and delivery. 

ω Construct the PBL_LA educational approach. 

The present deliverable is the second deliverable of WP1, D1.2 ς LA Analysis. Its purpose is to 

present all preparatory work done to analyse the LA domain as well as all the results derived, such as 

all the LA components that are required to be employed in order to effectively raise the quality of 

education and training. Information that is included in this deliverable is valuable to all partners for 

ensuring the appropriate development of the PBL_LA educational approach and the LA modules that 

will be employed in the pilots. 

More specifically, this deliverable covers issues such as the LA stakeholders, existing frameworks 

that aim to describe the LA domain and depict all related concepts, as well as existing mechanisms 

regarding the LA lifecycle, e.g. data gathering, data processing, data analysis, data storage, data 

cleaning, visualization and interpretation as well as interventions or recommendation methods that 

are currently available based on the relevant literature. Indicative examples of models identified in 

the study carried out include behaviour modelling, discourse analysis, sentiment analysis, natural 

language processing, association rule mining, knowledge domain modelling etc. 

Furthermore, the report provides information on available tools that have been developed in order 

to perform specific LA functionalities. Indicative examples of technologies identified include:  

¶ General-purpose LA dashboards, which are solutions that provide information and 

visualizations around different types of data for multiple stakeholders. Such tools include 

CourseVis, GLASS and Google Analytics.  

¶ LA standalone tools, which provide specific information and be used in different platforms, 

such as SNAPP for social network analysisΣ [Ŝaƻ ŦƻǊ ŘŜǘŜŎǘƛƴƎ ƭŜŀǊƴŜǊǎΩ ƴŀǾƛƎŀǘƛƻƴ ǇŀǘǘŜǊƴǎΣ 

StepUp! for allowing reflection etc. 
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¶ LMS-based tools, which have been developed, usually as plugins or add-ons, to support LA 

functionality within LMS environments, such as Gismo for evaluating the social, cognitive and 

behavioural activities of learners in the online courses, MOCLog for analysing all interactions 

that can be recorded in an online course etc. 

The deliverable also covers ethical issues and limitations and studies the classification of the LA 

ethical issues, i.e. location and interpretation of data, Informed consent, privacy and the de-

identification of data, and the management, classification and storage of data. Additionally, the 

limited available LA practices, the objectivity in interpretations of LA results, and the proper and 

effective usage of relevant software are some of the challenges and limitations identified in regards 

to the LA effective application in real world settings. Finally, the deliverable elaborates (based on 

existing practices of LA application in real world) educational and training settings in general and 

usage of the PBL strategy in particular.  
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1 Introduction 

¢ƘŜ ŀƛƳ ƻŦ ǘƘƛǎ ǎŜŎǘƛƻƴ ƛǎ ǘƻ ƛƴǘǊƻŘǳŎŜ ǘƘŜ ōŀŎƪƎǊƻǳƴŘ ƻŦ ǘƘŜ ǿƻǊƪ ǇǳǊǎǳŜŘ ǿƛǘƘ ¢ŀǎƪ мΦн ά[! 

ŀƴŀƭȅǎƛǎέΦ ¢ƘŜ ǎŎƻǇŜ ŀƴŘ ǘƘŜ ƻōƧŜŎǘƛǾŜ that the current document has set out to achieve are 

presented in sub-section 1.1. The intended audience for this document is described in sub-section 

1.2 while sub-section 1.3 outlines the structure of the rest of the document. 

1.1 Scope 

The present document ƛǎ ǘƘŜ 5ŜƭƛǾŜǊŀōƭŜ мΦн ά[! !ƴŀƭȅǎƛǎέ όƘŜƴŎŜŦƻǊǘƘ ǊŜŦŜǊǊŜŘ ǘƻ ŀǎ 5мΦнύ ƻŦ ǘƘŜ 

PBL3.0 project. The main objective of D1.2 is to provide an in-depth overview of the LA domain and 

investigate the integration of LA mechanisms in PBL-oriented settings. These results will feed into 

the development of the PBL_LA educational approach and will guide the identification, configuration 

ŀƴŘ ŀǇǇƭƛŎŀǘƛƻƴ ƻŦ [! ǘƻƻƭǎ ƛƴ ǘƘŜ ǇǊƻƧŜŎǘΩǎ ǇƛƭƻǘǎΦ 

1.2 Audience 

The intended audience for this document is the PBL3.0 consortium, the European Commission, and 

the public interested in investigating the LA domain. 

1.3 Structure  

The structure of the document is as follows: 

Á Section 2 presents the methodology followed in this deliverable. 

Á Section 3 provides an analytical overview of LA, including the different LA definitions and 

detailed information on the different LA directions and existing frameworks. The Section 

also presents the LA stakeholders as well as the most commonly employed LA methods and 

techniques. ¢Ƙƛǎ ŀƛƳǎ ǘƻ ƛƳǇǊƻǾŜ ǘƘŜ ǇǊƻƧŜŎǘΩǎ ƛn -depth knowledge on the LA field.  The 

section also describes the related work on the LA lifecycle by elaborating on existing LA 

models and presenting each step within the LA lifecycle. This aims to provide information on 

all the LA steps that will later on help the project design the PBL_LA educational approach. 

Á Section 4 presents the Educational Reference Process Framework and the adaptation model 

IDEAL, and deals with the tasks and potentials of modelling and measuring educational 

processes and looks for appropriate instruments. 

Á Section 5 presents LA tools that exist to support the LA processes for education and training. 

This aims to provide information on all the existing technological solutions that can be 

exploited and / or configured for the purposes of the project during WP3. 

Á  Section 6 describes some interesting existing applications of LA in different real world 

contexts, such as higher education institutions, MOOCs, business trainings etc. This aims to 
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provide empirical evidence on methodology, ways of implementation and lessons learned 

that can be exploited in the project during WP4 and WP5. 

Á Section 7 presents some interesting existing applications of LA in PBL environments. This 

aims to provide insights on existing ways LA is integrated with the PBL strategy and to detect 

good practices, limitations, gaps and opportunities for the project to put to practice and / or 

to address and solve. 

Á Section 8 presents the ethical and privacy issues related to the LA domain. This aims to raise 

awareness on the issues that need to be taken into consideration when designing the 

PBL_LA educational approach, configuring the LA tools, and applying LA related approaches 

in real world contexts. 

Á Section 9 provides an initial synthesis of the studied literature in regards to all the 

ŎƻƳǇƻƴŜƴǘǎ ǘƘŀǘ ŀǊŜ ǊŜƭŜǾŀƴǘ ǘƻ ǘƘŜ ǇǊƻƧŜŎǘΩǎ ƻōƧŜŎǘƛǾŜǎΦ ¢Ƙƛǎ ŀƛƳǎ ǘƻ ǇǊƻǾƛŘŜ ŀ ǎƻƭƛŘ ƛƴƛǘƛŀƭ 

foundation for the work to be carried out in Task1.3 and in the following WPs. 

Á Section 10 concludes the document. 
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2 Methodology 

In order to perform a thorough and in-depth review of the LA domain, a collection and structured 

review of the relevant State of the Art was carried out. The review included the following research 

fields covered by PBL3.0 in order to identify main terms, concepts and components of the LA domain 

that will guide the development of the PBL_LA educational approach. Such research fields include: 

ω LA terms and objectives; 

ω LA lifecycle steps and data processing on each step;  

ω LA frameworks; 

ω Ethical issues and limitations;  

ω Existing approaches and practices of LA in educational and training settings; 

ω Existing approaches and practices of LA in PBL-designed educational and training settings.  

We started by searching the major research databases of computer science, i.e. ACM Digital Library, 

IEEE Xplore, SpringerLink, ScienceDirect and Google Scholar using keywords such as learning 

analytics, learning analytics lifecycle, learning analytics problem based learning, learning analytics 

ethics, learning analytics methods etc. We preferred publications dated from 2011 (as according to 

DƻƻƎƭŜ ¢ǊŜƴŘǎΩ ǎŜŀǊŎƘ ŀƴŘ ƴŜǿǎ ǊŜŦŜǊŜƴŎŜ ǾƻƭǳƳŜ Řŀǘŀ ǘƘŜ ǘŜǊƳ ΨLearning analyticsΩ started 

becoming popular in March 2011).  

 

Figure 2-1 Google Trends on Learning analytics 
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The references of the selected papers were checked and additional papers were found. Electronic 

articles written in blogs such as Learning and Knowledge Analytics1 , elearning space2, Effective 

Learning Analytics challenge by Jisc3 etc, referring to LA were also reviewed. Finally, initiatives 

coming from research institutes, universities, training organizations, companies and funded projects 

were also included in the survey. 

This resulted in a collection of more than 150 publications that included (a) conference, workshop 

and symposium papers, (b) journal articles, (c) electronic articles and (d) technical reports and white 

papers. Around 110 publications were finally selected as the most relevant. Furthermore, a total of 

35 sites were selected, which discuss initiatives from researching organizations/institutes, research 

communities, standardization bodies, consortia, and funded projects.  

Figure 2-2 presents the overall overview of the work carried out in this deliverable and the 

corresponding main concepts addressed and studied.  

 

Figure 2-2 D1.2 Overview 

                                                           
 

1
 http://www.learninganalytics.net/  

2
 http://www.elearnspace.org/blog/  

3
 http://analytics.jiscinvolve.org/wp/  

http://www.learninganalytics.net/
http://www.elearnspace.org/blog/
http://analytics.jiscinvolve.org/wp/
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More specifically, the overall aim of studying and analysing the LA domain led to the identification of 

the sub-sections that are relevant to the study and that combined provide a holistic overview of all 

LA components. 

 The thorough study and analysis of the LA domain led to the identification of the main concepts that 

are relevant to the PBL3.0 project and that will later oƴ ŦŜŜŘ ǘƘŜ ǿƻǊƪ ŘƻƴŜ ƛƴ 5мΦо άt.[ψ[! 

ŜŘǳŎŀǘƛƻƴŀƭ ŀǇǇǊƻŀŎƘέΦ 
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3 Learning Analytics Overview 

This section reports on the generic overview of the LA concept. Section 3.1 presents all the available 

definitions of the term and comments on the commonalities of the existing approaches. In Section 

3.2, main concepts relevant to the LA domain are presented, while Section 3.3. elaborates on the 

existing techniques and methods of LA processes. Finally, Section 3.4 presents frameworks that have 

been constructed to describe the LA domain. 

3.1 Learning Analytics definitions 

The increased usage of learning technologies such as learning management systems, web-based 

learning environments, Web 2.0 tools, social media etc, has led to the generation of a large variety 

of different and multimodal educational data (Ferguson, 2012). Thus, an important question is how 

ǿŜ Ŏŀƴ ƎŀǘƘŜǊ ŀƴŘ ƳŀƪŜ ǎŜƴǎŜ ƻŦ ŀƭƭ ǘƘŜǎŜ Řŀǘŀ ƛƴ ƻǊŘŜǊ ǘƻ ƛƳǇǊƻǾŜ ƭŜŀǊƴŜǊǎΩ ǇŜǊŦƻǊƳŀƴŎŜΣ ǘŜŀŎƘŜǊǎΩ 

ǊƻƭŜ ŀƴŘ ŎƻǳǊǎŜΩǎ ŘŜǎƛƎƴΦ  

Up until 2010 there was still limited exploitation of such data from educational institutions and 

companies, leading to increased numbers of dropouts and delayed actions taken to enhance 

performance (Long & Siemens, 2011). As a promising solution, the concept of LA has started gaining 

increasing attention from the end of 2010 to the beginning of 2011, when the 1st International 

Conference on Learning Analytics and Knowledge (LAK, 2011) took place.4 The main purpose of this 

new field is to try and make sense of learning related data and provide insights on how to enhance 

the learning experience for both learners and teachers (Ferguson, 2013). Following the growth of the 

interest on LA, a variety of different, yet also similar definitions is available. Some of the most 

representative definitions are as follows: 

1) ά[! ƛǎ ǘƘŜ measurement, collection, analysis and reporting of data about learners and their 

contexts, for purposes of understanding and optimizing learning and the environments in 

ǿƘƛŎƘ ƛǘ ƻŎŎǳǊǎΦέ ό[ƻƴƎ ϧ {ƛŜƳŜƴǎΣнлммύ 

2) ά[A refers to the interpretation of a wide range of data produced by and gathered on behalf 

of students in order to access academic progress, predict future performance and spot 

potential issues. The goal of LA is to enable teachers and schools to tailor educational 

opportunities to eŀŎƘ ǎǘǳŘŜƴǘΩǎ ƭŜǾŜƭ ƻŦ ƴŜŜŘ ŀƴŘ ŀōƛƭƛǘȅ ƛƴ ŎƭƻǎŜ-to-real time.έ (NMC Horizon 

H.E. Report, 2012 & EDUCAUSE) 

3)  άThe field of LA focuses on tracking learning activities and the context in which these 

activities occur, to promote awareness and reflection through algorithmic analysis (in 

educational data mining) or information visualisation.έ (Duval et al, 2014) 

                                                           
 

4
 Proceedings of the LAK 2011 - 1st International Conference on Learning Analytics and Knowledge 

Banff, AB, Canada τ February 27 - March 01, 2011 
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Another interesting definition that applies to the business sector is the following: 

4) ά[! ƛǎ ŀƴ ŜŘǳŎŀǘƛƻƴŀƭ ŀǇǇƭƛŎŀǘƛƻƴ ƻŦ ǿŜō ŀƴŀƭȅǘƛŎǎΣ ŀ ǎŎƛŜƴŎŜ ǘƘŀǘ ƛs commonly used to by 

business to analyse commercial activities, identify spending trends, and predict consumer 

behaviourΦέ (Horizon Report, Schools 2014) 

All aforementioned definitions share an emphasis on collecting and analysing learning data and 

translating them into meaningful actions for improving the learning experience for all involved 

stakeholders (Chatti et al., 2012). 

The field of LA has emerged from and is closely connected to multiple and different research fields 

and interests related to analysis, such as business intelligence, statistics, web analytics, academic 

analytics, data mining, social network analysis as well as research interest in the field of learning 

sciences such as pedagogies, Technology Enhanced Learning (TEL), cognitive sciences etc. LA is finally 

strongly related to the learning technologies that have become an integrated part of the learning 

experience through the technology enhanced learning paradigm. Such technologies generate large 

amounts of educational data, and range from cognitive tools to more sophisticated and complex 

environments like Learning Management Systems (LMSs), Virtual Learning Environments (VLEs) and 

the recent Massive Open Online Courses (MOOC). 

 

Figure 3-1 Multidisciplinary nature of LA 

Some of the fields that are more inter-connected with LA include: 

1. Business intelligence. Process established in the business world for generating informative 

decision making capabilities through the analysis of data (Elias, 2011). 

2. Academic analytics. Process established in the academic world for applying tools and 

methods from the business intelligence domain to academia (Golstein and Katz, 2005). 
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3. Social network analysis. Process for investigating social structures and relations through 

networks (Otte and Rousseau, 2002).  

4. Constructivism. Theory according to which humans generate knowledge and meaning from 

an interaction between their experiences and their ideas (Piaget, 1967).  

The LA domain can thus reinforce education and training through providing feedback based on 

generated data and allowing an in-depth understanding of the learning experience. This can be done 

by accumulating as much educational data as possible and enabling learners and educators / trainers 

to comprehend the information provided and make decisions in regards to the learning process, the 

ƭŜŀǊƴƛƴƎ ǇǊƻŎŜǎǎŜǎΣ ƭŜŀǊƴŜǊǎΩ ƪƴƻǿƭŜŘƎŜ ŀƴŘ ǎƪƛƭƭǎ ŀǎ ǿŜƭƭ ŀǎ ǘƘŜƛǊ ǿŜŀƪƴŜǎǎŜǎ ŀƴŘ ƳƛǎŎƻƴŎŜǇǘƛƻƴǎΣ 

ǘƘŜ ŀǎǎŜǎǎƳŜƴǘΩǎ ŜŦŦƛŎƛŜƴŎȅ ŜǘŎΦ !ƭƭ ǘƘŜǎŜ ƛƴǎƛƎƘǘǎ Ŏŀƴ ǘƘŜƴ ǳƴŘŜǊǇƛƴ ǎǳŎŎessful personalized and 

adaptive learning that improve all aspects of education and training. 

 

3.2 LA directions  

LA can be viewed as focusing on two main directions, namely academic analytics and activity 

analytics. The first category refers to the academic lŜǾŜƭ ƻŦ [!Ωǎ ƛƴŦƭǳŜƴŎŜǎ ǿƘƛƭŜ ǘƘŜ ǎŜŎƻƴŘ ǊŜŦŜǊǎ ǘƻ 

ǘƘŜ ƛƴŘƛǾƛŘǳŀƭ ƭŜǾŜƭΣ ǿƘŜǊŜ [!Ωǎ methods and results affect education and training processes on a 

macro- and meso-level. 
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Figure 3-2 LA directions 

Figure 3-2 presents some examples of the two main categories, and more details are provided in the 

following sub-sections as well as in Section 3.4 

3.2.1 Learning Analytics on an academic level 

LA provide methods and techniques that contribute to the continuous improvement of academic 

institutions. Also, they provide a personalized learning experience, by exploiting available data so 

that academic institutions and educatƻǊǎ Ŏŀƴ ŀŘŘǊŜǎǎ ƭŜŀǊƴŜǊǎΩ ƴŜŜŘǎ (Dietz et al, 2013). 

LA on an academic level provide information focused on the administration of the academic sector, 

underpinning operations such as improved decision making, efficient resources allocation, 

representative view of the successes and challenges of the institution and increase of the 

organizational productivity (Dietz et al, 2013). 

 

3.2.2 Learning Analytics on an individual level 

LA are also useful for individuals within the academic institutions, as they provide information on the 

learners, such as at risk cases, and can suggest intervention ƳŜǘƘƻŘǎ ǘƻ ƛƳǇǊƻǾŜ ǘƘŜǎŜ ƭŜŀǊƴŜǊǎΩ 

pedagogical approaches. 
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¢ƘŜ ǎǘǳŘŜƴǘǎΩ ǇŜǊŦƻǊƳŀƴŎŜ ŜǾŀƭǳŀǘƛƻƴ ƛƴ ŀ ŎƻƳǇƭŜȄ computer supported learning environment is a 

tiring and time-consuming process for educators who must take into consideration a large amount 

of paǊŀƳŜǘŜǊǎΦ {ǘǳŘŜƴǘǎΩ ŀǎǎŜǎǎƳŜƴǘ ǎƘƻǳƭŘ ŀƭǎƻ ōŜ ŎƻƴƴŜŎǘŜŘ ǿƛǘƘ ǘƘŜƛǊ ǇŀǊǘƛŎƛǇŀǘƛƻƴΣ ǘƘŜ ǎǇƛǊƛǘ ƻŦ 

collaboration, and the quality of engagement and creativity in the group assignments (Dyckhoff et 

al., 2012). These parameters are difficult for an educator to assess without using sophisticated 

analytics methodologies and tools. Such tools can also exploit data recorded in an LMS and allow the 

educators to create a ƭŜŀǊƴŜǊΩǎ model of successful behaviour, so that they can design their future 

courses based on thiǎ ƳƻŘŜƭ ŀƴŘ ƛƴŎǊŜŀǎŜ ǘƘŜ ǇǊƻōŀōƛƭƛǘȅ ƻŦ ŜƴƘŀƴŎŜŘ ƭŜŀǊƴŜǊǎΩ ǇŜǊŦƻǊƳŀƴŎŜǎ (Dietz 

et al, 2013). 

Apart from support for educators, LA also support the learners, by providing them knowledge on 

their own performance by allowing them to reflect on their progress, view their ongoing 

engagement in the learning process and ask for scaffolding when needed.  

 

3.3 Learning Analytics Frameworks  

The proper, efficient and beneficial exploitation of LA in education and training requires the 

investigation of all dimensions that ǎƘƻǳƭŘ ōŜ ǘŀƪŜƴ ƛƴǘƻ ŎƻƴǎƛŘŜǊŀǘƛƻƴ ŘǳǊƛƴƎ [!Ωǎ ŀǇǇƭƛŎŀǘƛƻƴ ƛƴ ǊŜŀƭ 

world settings. Relevant research on this matter has led to the construction of multiple frameworks 

and models that describe the basic dimensions related to the LA domain.  

3.3.1 LA framework by SOLAR 

The Society for Learning Analytics Research (SOLAR), was the instigator in this research, proposing 

integrated toolsets through the development of four specific tools and resources: 

1. A Learning analytics engine, a versatile framework for collecting and processing data with 

various analysis modules  

2. Adaptive content engine 

3. Intervention engine: recommendations, automated support 

4. Dashboard, reporting, and visualization tools 
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Figure 3-3 LA integrated engine framework by SOLAR (Siemens et al., 2011) 

Figure 3-3 shows all the components such an integrated solution comprises. According to the SOLAR 

team, the Analytics engine is the central component of the engine, as it comprises of a framework 

that focuses on gathering and processing data from multiple different sources, e.g. LMS 

environments, social media websites, dashboards, and even physical-world data such as attendance 

lists, usage of learning materials etc.  

For example, the LA framework would include gathering data from a discussion forum of an LMS, 

which would include the scope of the forum, the topics and posts submitted, the interactions, 

replies, quotes etc., and then performing processing with various methods and techniques such as 

data mining, social network analysis, natural language processing, prediction models design etc.  

3.3.2 LA framework by the OU of the Netherlands 

The Centre for Learning Sciences and Technologies of the Open Universiteit (OU) in the Netherlands 

designed an LA framework (Drachsler & Geller, 2011) which consists of six main dimensions, as 

shown in Figure 3-4.  
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Figure 3-4 OU Netherlands LA Framework (Drachsler & Geller, 2011) 

These dimensions represent the main components that are strongly connected with the successful 

application of LA in real world settings. 

Stakeholders. The framework recognizes that the stakeholders are an important part of the LA 

process and suggest four main categories of interested parties, namely institutions, teachers, 

learners and parents.  

Objectives. This dimension refers to the specific target outcomes of the analysis of educational data. 

As examples, the framework includes reflection and prediction. Reflection information can regard 

ongoing progress on learnersΩ performance, common mistakes, most active and inactive learners 

etc., while prediction involves the identification of learners at risk, final outcomes etc.   

Educational data. This dimension refers to all data that is generated during learning. The framework 

divides this data into open and protected, emphasizing the importance of privacy and sensitive data.  

Technologies.  This dimension refers to the different tools and methods that allow proper and 

successful gathering, processing and analysis of the educational data. Closely related concepts and 

terms include educational data mining, recommender systems and statistical analysis. These tools 

and methods will also provide the means to properly visualize the target objectives, by enabling the 

development of reflection dashboards and prediction models. 

Constraints. This dimension refers to all the limitations and issues to take into consideration when 

applying LA in real world settings. Such limitations include privacy and ethics issues, as well as 

ownership and legal protection in regards to the educational data generated and analysed. 

Competences. This dimension refers to all the knowledge and skills required for the correct and 

effective application of LA in real world settings. The proper and contextual interpretation of the LA 
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outcomes into robust actions to improve the learning experience for all stakeholders requires 

competences such as critical thinking, interpretation skills, ethical understanding and self-

directedness.  

3.3.3 LA Reference Model 

An LA reference model was suggested by Chatti et al. (2012), which consists of four main 

ŘƛƳŜƴǎƛƻƴǎΣ ƴŀƳŜƭȅ ǘƘŜ ǉǳŜǎǘƛƻƴǎ ά²ƘŀǘΚέΣ ά²ƘȅΚέΣ άIƻǿΚέ ŀƴŘ ά²ƘƻΚέ ǊŜƎŀǊŘƛƴƎ ŀƴ [! ǇǊƻŎŜǎǎΣ 

as shown in Figure 3-5.  

 

Figure 3-5 LA Reference Model (Chatti, 2012) 

The dimensions of the reference model are as follows: 

What? This question refers to the actual data and the environments in which data is generated and 

analysed. LA requires that the data to be gathered, processed and analysed is educational, and thus 

collected through environments that are used in learning (e.g. LMS, VLE, social media, ePortfolios, 

Wikis, MOOCs, sensors etc.). Also, it is important to determine which of the educational data is 

available and / or can be made available, as well as which of these datasets can actually provide 

meaningful insights when analysed (Pistilli et al., 2014). It is considered that the utilization of data 

from multiple data sources can provide more accurate insights on the learning process, as they 

analyse different types of aspect of the learning experience. 

Apart from the content and the source, another concerning data is the amount of data gathered. 

Technology enhanced learning data, i.e. data that derive from different tools applied for learning can 
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be quite large, especially when technologies such as MOOCs are utilized. These big data require 

specific operations, such as increased storage availability, fragmentation etc.  

Why? This question refers to the specific objectives and motivation behind utilizing LA for learning 

and teaching. Each objective requires a different set of indicators and metrics that determine which 

data will be gathered, what processing will be carried out and what kinds of visualizations / actions 

will be available to achieve the set goals. As shown in Figure 3-5, seven main objectives are listed 

that cover the majority of the reasons why stakeholders use LA.  

These objectives include: 

¶ monitoring and analysis for making decisions depending on the on-going progress; 

¶ predictions for performing interventions when needed, tutoring for providing scaffolding 

mechanisms; 

¶ assessment for evaluating the learning progress during each step and not only in the end 

and providing feedback to learners; 

¶ adaptation for allowing flexibility acŎƻǊŘƛƴƎ ǘƻ ǘƘŜ ƭŜŀǊƴŜǊǎΩ ƴŜŜŘǎΤ 

¶ recommendations for transferring the control to the learners and letting them decide on 

how they will learn; 

¶ reflection for allowing on-going overview of the learning progress to both teachers and 

learners. 

How? This question refers to all the LA methods and tools that are available for performing all the 

steps of an LA lifecycle. The methods that are more commonly used include clustering, social 

network analysis, predictive models, machine learning, statistics etc. The outcomes of these 

methods are then depicted in various types of visualizations such as dashboards, graphs, networks 

etc. 

Who? This question refers to the stakeholders, i.e. the people that are closely connected to the LA 

domain. These can include students, teachers, trainers, trainees, researchers, institutions, system 

ŘŜǎƛƎƴŜǊǎ ŜǘŎΦ 9ŀŎƘ ǎǘŀƪŜƘƻƭŘŜǊΩǎ ƛƴǘŜǊŜǎǘ ƛƴ [! ŘƛŦŦŜǊǎ ŘŜǇŜƴŘƛƴƎ ƻƴ ǿƘŀt objectives they aim to 

achieve by using LA. For example, learners want to be able to reflect on their progress, get 

recommendations and adaptive learning pathways that will help them improve their performance, 

teachers want to be able to monitor the learning process more proactively, make sense of the 

generated data, scaffold their learners and design their courses more effectively, institutions want to 

be able to make more efficient decisions based on what works and what does not etc.  

This dimension involves two other main concepts, namely competences and constrains. The 

exploitation of LA by each stakeholder requires a specific set of competencies that allow efficient 

critical thinking, decision making and proper interpretation of the LA outcomes. Furthermore, the 

nature of the data presents issues such as privacy, ethics, data management etc. Appropriate 
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decisions and actions need to be taken by the stakeholders in regards to these issues before any 

data analysis is carried out.  

3.3.4 LA Framework for Educational Virtual worlds 

CŜǊƴłƴŘŜȊ-Gallegoa et al. (2013) propose an LA framework focused on virtual learning environments 

as shown in Figure 3-6 and includes concepts such as process models, educational world, learning 

platform, educational data and process mining system.  

 

Figure 3-6 CǊŀƳŜǿƻǊƪ ŦƻǊ [! ƛƴ о5 ŜŘǳŎŀǘƛƻƴŀƭ ǾƛǊǘǳŀƭ ǿƻǊƭŘǎ όCŜǊƴłƴŘŜȊ-Gallegoa et al., 2013) 

This framework shows that the educational world is consisted of the stakeholders involved in LA 

include the teachers, the students and the instructors as well as the learning resources and services 

that operate during learning.  

This concept is inter-connected with the process models, which refer to learning flows constructed 

based on the IMS Learning Design (LD) specification. The process models represent the actual 

processes that are simulated within the virtual world and are realized by the teachers and students 

inside the environment.  

The process models receive input from the event logs of the virtual learning platform and the 

learning flows are designed in accordance to the data processing carried out by the Process Mining 

System.  
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3.4 LA stakeholders  

LA can be targeted at and be interesting to a different number of stakeholders, each of which has 

different reasons and expectations from the analysis of educational data. The literature review 

provides different suggestions on who the LA stakeholders are and what is their connection to the 

LA domain. Figure 3-7 presents a holistic representation of the most commonly identified interested 

parties. 

 

Figure 3-7 LA Stakeholders 

The LA stakeholders can be divided into two main categories, namely: (1) the practitioners, i.e. the 

parties that work with and engage with LA, and (2) the decision makers, i.e. the parties that do not 

actively participate in the LA processes but they make decisions based on the LA outcomes and 

assess their benefits, limitations, opportunities for their respective sector (e.g. academia, business, 

public sector). 

3.4.1 LA Practitioners  

LA can be done at different levels and characterised accordingly in macro-level, meso-level, and 

micro-level analytics (Buckingham Shum and Ferguson, 2012; MacNeill et al., 2014). 

The LA practitioners represent the micro-level LA which involves learners, teachers and trainers, 

researchers, technologies and data analysts. All of these stakeholders have a similar and yet 
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different perspective and expectations of the data (Dyckhoff et al., 2013; Romero & Ventura, 2013; 

Greller & Drachsler, 2012).  

Learners. Students and learners of all other domains (e.g. private and public sector) will be mainly 

interested in using LA in order to increase their performance and reflect on their own progress and 

competencies.  

Teachers/trainers. Teachers and trainers will mainly use LA in order to make sense of all the data 

generated during learning, support their learners, enhance their monitoring abilities, identify 

problems more quickly and improve the learning experience for them and the learners. This can be 

done by identifying at risk learners and providing helpful interventions and recommendations as well 

as providing learners with visualized insights of their learning progress. Furthermore, teachers and  

Researchers. Researchers are mainly interested in LA in order to identify how this new concept 

benefits the learning experience for all stakeholders. Moreover, researchers will study ways to 

ƛƳǇǊƻǾŜ ǘƘŜ ŦƛŜƭŘΩǎ ŀǎǇŜŎǘǎ by applying LA in different contexts and investigate the impact of this 

application on education and training. 

Technology developers. Technology developers are interested in the tools and technologies that can 

support and reinforce the LA lifecycle. These stakeholders actively engage in the development of 

technologies that can improve, visualize and automate the different steps of LA. 

Data analysts / providers. Data analysts and providers refer to all stakeholders that deal with 

providing and analysing data. These stakeholders are interested in the nature, formats and different 

analyses that can be carried out on the data generated during education and training. 

 

3.4.2 LA Decision makers 

The macro- and meso-levels of LA involve mostly stakeholders that do not usually engage with LA 

actively, but can make decisions around and based on LA objectives and outcomes. LA in these levels 

is usually carried out with the aim to understand the opportunities and weakness of learning at an 

institutional, regional and national/international levels so that productivity and decisions making can 

be improved within the educational institutions.  

Table 1 Macro-level LA 

Scale of Analysis Objective  Who benefits  

Institutional : learner profiles, performance of 
knowledge flow  

Administrators, funders, marketing  

Regional : comparison between systems  Funders, administration  

National and International  National governments, education authorities  

 

Institutional leaders. Authorities within institutions are strongly interested in LA so that they can be 
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ǇǊƻǾƛŘŜŘ ǿƛǘƘ ŦŜŜŘōŀŎƪ ƻƴ ǘƘŜ ŘƛŦŦŜǊŜƴǘ ƭŜŀǊƴŜǊ ǇǊƻŦƛƭŜǎΣ ŀƴŀƭȅǘƛŎǎ ƛƴŦƻǊƳŀǘƛƻƴ ƻƴ ǘƘŜ ƭŜŀǊƴŜǊǎΩ 

progress across the departments and years, comparison across different systems and institutions 

etc. All these LA-generated outcomes can help improve administrative decision making as well as 

resource allocation within the institutions. Furthermore, institutional leaders  can identify different 

patterns that emerge as well as ǘƘŜ ǉǳŀƭƛǘȅ ƻŦ ǘŜŀŎƘƛƴƎΣ ǘƘŜ ƛƴǎǘƛǘǳǘƛƻƴΩǎ ǊŜǇǳǘŀǘƛƻƴ etc, and interpret 

these insights into meaningful actions. 

Policy makers. Policy makers are interested in LA outcomes in order to transform and reform 

existing policies, mainly in education and training. These policies can then allow and underpin the 

growth of novel educational paradigms such as new learning approaches, strategies, curricula, 

technologies etc, that will reinforce the field. 

Product vendors. Product vendors refer to all stakeholders that can exploit LA into developing and 

supplying new products that generate significant added value in the business domain, e.g. innovative 

dashboards, learning workflow modelling tools, analytics tools etc. 

Instructional designers. All stakeholders that design and develop courses for education and training 

are iƴǘŜǊŜǎǘŜŘ ƛƴ [! ōŜŎŀǳǎŜ ǘƘŜ ƎŜƴŜǊŀǘŜŘ ƻǳǘŎƻƳŜǎ ƛƴŎǊŜŀǎŜ ǘƘŜ ƭŜŀǊƴƛƴƎ ŘŜǎƛƎƴǎΩ ŜŦŦŜŎǘƛǾŜƴŜǎǎ 

and success and allow them to understand how the learning resources are being used by the 

learners. These insights provide them with the necessary knowledge to better design and refine their 

courses in the future so that the learning experience will be adaptive and beneficial for all different 

learner styles. 

Research / standardization bodies. Standardization and research bodies are interested in LA 

because the field strongly affects the way we deal with and understand educational data. The field 

of learning semantics has also emerged in the last few years, which has led to the release and 

publication of new standards that allow easy educational resources annotation. 

 

3.5 LA methods 

According to the co-founder and president of SOLAR, LA methods can be categorized in two main 

components, namely techniques and applications (Siemens, 2013). Techniques refer to the specific 

models and algorithms that are used for carrying out the analysis of the educational data, while 

applications refer to all the different ways we can exploit the techniques in order to improve 

teaching and learning. However, the distinction between the two terms is not absolute as they can 

sometimes overlap. Representative examples of techniques are provided by Baker and Yacef (2009) 

who list five primary areas of this dimension: 

¶ Prediction 

¶ Clustering 

¶ Relationship mining 
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¶ Representation of data for human review 

¶ Discovery with models 

The techniques dimension focuses more on the technical aspect of LA, by using mostly machine 

learning methods, network analysis, statistical analysis etc. The information that can be gained 

through these processes can then provide meaningful insights into different kinds of applications 

such as user behaviours, interventions on learning contents, recommendations, predictions etc. The 

ŀŦƻǊŜƳŜƴǘƛƻƴŜŘ ǘŜŎƘƴƛǉǳŜǎ Ŏŀƴ ŀƭǎƻ ŘŜǎƛƎƴ ƳƻŘŜƭǎ ǘƘŀǘ ǿƛƭƭ ƛŘŜƴǘƛŦȅ ǎǘǳŘŜƴǘǎΩ ǇǊƻƎǊŜǎǎ, predict their 

performance and identify parameters of similarity amongst group of students. 

On the other hand, Bienkowski, Feng, and Means (2012) list five main areas of the application 

dimension: 

¶ Modelling user behaviour, knowledge and experience 

¶ Creating user profiles 

¶ Modelling knowledge domains 

¶ Trend and patterns analysis 

¶ Personalization and adaptation 

These application areas can guide educators into enhancing their courses (e.g. by personalizing 

ƭŜŀǊƴƛƴƎ ŎƻƴǘŜƴǘ ƛƴ ŀŎŎƻǊŘŀƴŎŜ ǘƻ ǘƘŜ ƭŜŀǊƴŜǊǎΩ ǇǊƻŦƛƭŜ ŀƴŘ ƪƴƻǿƭŜŘƎŜ ƭŜǾŜƭ ƛƴ ǘƘŜ ǎǇŜŎƛŦƛŎ ƪƴƻǿƭŜŘƎŜ 

area) and developing new curricula based on viewing insights on the knowledge domain or the trend 

analysis (Herskovitz et al., 2013). Furthermore, educators can study the social networks formed 

within a classroom and determine how these are formed and affected from the tools and learning 

strategies used during learning. This can be carried out through social network analysis (SNA), which 

analyses the interactions carried out during learning during their group collaborations, information 

transfer etc. and then uncovers any identified patterns or structures of relationship networks that 

can provide insights valuable to the learning process (Bakharia & Dawson, 2011).  

Table 2 provides some representative examples of some of the most commonly used techniques and 

applications (Siemens, 2013). 

Table 2 LA dimensions and examples 

LA dimension Examples 

Techniques 

Modelling Learner modelling 

Behaviour modelling 

User profile design 
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Relationship mining Sentiment analysis 

Discourse analysis 

 Association rule mining 

Knowledge domain modelling Natural language processing 

!ǎǎŜǎǎƳŜƴǘ ōȅ ƳŀǘŎƘƛƴƎ ƭŜŀǊƴŜǊΩǎ ƪƴƻǿƭŜŘƎŜ 

with knowledge domain 

Applications 

Personalization & adaptation Adaptive content to learners 

Recommendations on content, activities and 

interactions 

Prediction and trend analysis 

Changes in learner behaviour, identification of 

errors 

Early risk identification 

Interventions 

Classification  

Structure discovery and analysis 

Social network analysis 

Information flow analysis 

Semantic analysis 

Clustering  

 

Modelling techniques focus on designing models for learners in order to better structure the 

learning experience. The existence of behaviour, user and learner profiles allows educators to 

formulate their curricula and learning activities based on the needs of their students. Data analysis 

can detect different learning styles depending on for example the types of content and activities 

each learner prefers (e.g. pictures ς visual, podcasts ς aural, writing ς verbal, forums ς social etc.), 

thus allowing more adaptability and flexibility during learning and teaching.  

 Relationship mining techniques focus on methods that detect any forming relationships between 

specific variables and investigate how strong these relationships are (Baker & Siemens, 2014). Such 

variables can include types of discourse (e.g. interactions, cognition, text etc.), different sentiments 

(positive, negative, neutral), patterns of behaviour (e.g. what behaviour can be linked with high 

performances) etc. For example, discourse can show how learners are thinking collectively. The way 

in which each learner participates in a discourse can indicate how each learner a) handles and 
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ŀŘŘǊŜǎǎ ƻǘƘŜǊǎΩ ƛŘŜŀǎΣ ōύ ŎƻƳǇŀǊŜǎ ƻǘƘŜǊǎΩ ƛŘŜŀǎ ǿƛǘƘ Ƙƛǎ ƻǿƴ ŀƴŘ Ŏύ communicates his ideas to 

others. (De Liddo et al., 2011). 

Knowledge domain modelling techniques focus on structuring and mapping the knowledge domains 

of each learning subject in order to personalize and adapt learning for specific students. Appropriate 

domain modelling can lead to the gathering and exploitation of data about the learners, their 

profiles, the content, data trails on their interactions etc. The analysis of all these data in correlation 

with the specific concepts of the knowledge domain can briƴƎ ŦƻǊǘƘ ƛƴŦƻǊƳŀǘƛǾŜ ƛƴǎƛƎƘǘǎ ƻƴ ƭŜŀǊƴŜǊǎΩ 

ƪƴƻǿƭŜŘƎŜ ƛƴ ǊŜƭŀǘƛƻƴ ǘƻ ǘƘŜ ŘƻƳŀƛƴΩǎ ǎǘǊǳŎǘǳǊŜ as well as predictions, adaptations and 

personalization of the learning processes.  

Personalization and adaptation applications focus on providing flexible learning pathways during 

the learning process. This can be realized through the availability of adaptive content according to 

the analysis of the generated educational data, as well as through recommendations provided to 

both educators and learners on different learning resources, activities and interactions that could 

lead to higher performances. 

Prediction and trends analysis applications focus on providing insights on future developments 

based on educational data analysis. Predictions can involve various variables such as learnersΩ 

scores, performances, risk of dropping out etc., and they usually are realized by analysing other 

predictor variables, such as frequency of participation, level of interactions and group work, progress 

on assignments, number of content accessed etc. (Baker & Siemens, 2014).  

Structure discovery and analysis applications focus on performing analysis on the educational data 

in order to detect any structures that are not yet visible or identifiable. Such structures can include 

the detection of specific groups of students that are characterized by particular features through 

clustering or social network analysis (e.g. similar learning styles, similar skills or knowledge levels 

etc.), the identification of learning contents or activities characterized by particular features through 

information flow or semantic analysis (e.g. supporting similar learning objectives or similar skills, 

relevant to similar learning subjects etc.).  

The specific techniques and applications that will be used in real world settings heavily depend on 

the context of each learning and teaching environment (e.g. offline / blended / online, higher 

education / corporate trainings / public sector trainings, technology enhanced / no tools etc.) as well 

as on the kinds of data that can be collected during learning.  

 

3.6 LA Lifecycle 

The LA lifecycle represents the LA process, i.e. all the different steps that lead from raw data to 

meaningful information that has significant added value to the enhancement of education and 

training. There are many LA lifecycle models that have been designed since the concept emerged, 

and while they are different in some ways, they share many similarities as well. The majority of them 
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are based on the Knowledge continuum concept which goes back to the 1800s but was re-designed 

by Baker (2007), as shown in Figure 3-8. 

 

Figure 3-8 Knowledge Continuum model (Baker, 2007) 

The bottom layer of the Knowledge continuum refers to all the raw data that is generated and 

available for accumulation. Once meaning is attached to this data, it is transformed into information 

that can answer specific questions. The next level represents the knowledge, which is generated 

once the information is analysed and synthesized using particular methods. The top level refers to 

the actual application of knowledge, which leads to wisdom, as by applying the created knowledge 

we can get design and achieve our objectives, get lessons learnt for future high quality knowledge. 

It is important to study all the different steps that are essential for proper LA utilization, because 

these steps will guide the process, will determine the types of tools and methods to be used as well 

as the different LA outcomes that can be generated.  The following sub-sections present some of the 

most representative LA models that have been designed to describe the LA lifecycle and steps. 

 

3.6.1 LA Model by Siemens 

The LA Model (LAM) proposed by Siemens (2013) consists of seven components, as shown in Figure 

3-9.  This model aims to provide a more system-based approach to the LA process, where 

educational data can be exploited not just for individual monitoring of progress, common mistakes 

etc., but also for more high quality and complex insights such as specific actions that can optimize 

the learning experience, e.g. by providing recommendations or suggesting predictions etc. 
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Figure 3-9 LA Model (Siemens, 2013) 

The LAM components are as follows: 

Collection & Acquisition. The actual gathering of all the data that will be used for analysis is the 

initial step of the LA lifecycle. The decision on what data we will process always depends on the 

purpose leading our choices. The data types, sources, formats etc. will change, if our goal is to 

ŜƴƘŀƴŎŜ ƭŜŀǊƴƛƴƎ όŜΦƎΦ ǎǘǳŘŜƴǘǎΩ ǎŎƻǊŜǎΣ ǊŜǎƻǳǊŎŜǎ ƳƻǊŜ ŎƻƳƳƻƴƭȅ ŀŎŎŜǎǎŜŘ ŜǘŎ.) or to facilitate 

administration (e.g. log data from a Student Information System - SIS). Thus, this step is closely 

connected with the different data sources available for collection and acquisition; these can include 

the different LMS environments used during learning, the SIS used by the institution, any sensors 

employed during labs, tests or courses, manual entries etc. 

Storage. The gathered data should be stored in databases that will allow their easy retrieval and 

processing. If the data is retrieved from multiple data sources, then an issue to be examined is the 

storage of different types of data and their reconciliation.  

Cleaning. The format and content of the gathered data is also important, as they determine whether 

or not pre-processing operations are needed. If the data is already structured and only the 

information useful for analysis is included then no further cleaning might be required. However, if 

the data is not structured and there are empty or duplicate records and nonsensical content, then it 

is important to clean it to make sure it is accurate and valid by using methods from the data mining 

field, such as data cleaning, data integration, data transformation, data reduction, data modelling 

etc. (Romero and Ventura, 2007). 

Integration. This step refers to the combination of data residing in different sources and having 

different formats for the provision of a unified view. 
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Analysis. The analysis of data can be carried out with multiple LA methods, such as social network 

analysis, predictive models, at-risk identification, recommendations etc. Specific techniques and 

tools are available to support these kinds of methods that can process raw data and produce 

valuable insights. 

Representation & Visualization. The analysed data can be represented and visualized in ways that 

make sense to the stakeholders. These visualizations are usually in forms of dashboards, graphs, 

tables, annotated text etc., and they allow for a comprehensive representation of all the valuable 

information retrieved from the analysis step. 

Action. The visualizations will allow for stakeholders to take specific actions in order to achieve the 

set goals. Such actions include interventions in the learning process that will improve learning, 

optimization techniques, improved course design and evaluation, increased scaffolding mechanisms, 

ongoing monitoring etc. 

As shown in the above Figure, this LA lifecycle is a data loop, since the outcomes of the Action step 

also feed into the Collection & Acquisition step. This is done so that the lessons learnt from every LA 

process can improve future endeavours. 

Siemens (2013) also highlights the importance of a data team, which consists of many different types 

of professionals that possess a specific set of skills and knowledge that are required for the 

successful operation of all the LAM steps.  

 

3.6.2 LA lifecycle by LTEE  

Dimitracopoulou (2015) presents a LA lifecycle that consists of a loop with six main steps, as shown 

in Figure 3-10. 

 

Figure 3-10 LA lifecycle (Dimitracopoulou, 2015) 

 

The steps represented in this lifecycle are as follows: 



  D1.2 LA Analysis 

 

 

Page 37 of 92 

 

 

Data Selection. During this step, the data that is generated during learning and that is relevant for 

our objectives are selected. This step is closely related to data capture, where all different kinds of 

data are collected. Such data can include explicit data (e.g. posts on assignments, access to learning 

resources, answers to quizzes etc.), tacit (e.g. time on pages, social media posts, replies to posts 

etc.), physical (e.g. location of resources, sensor-based data etc.) and other. 

Data storage. During this step, all selected and captured data is stored for further analysis.  

Data analysis. During this step, the stored data is analysed according to the available LA methods, 

depending on the types of analysis we aim to perform.  

Data operationalization. During this step, we try to identify clear and measurable data variables that 

can help measure concepts that are complex, fuzzy or difficult to measure. This way, we can 

understand these concepts in terms of which of the analysed data is of the wider concept and which 

is not. For exaƳǇƭŜΣ ƛǘ ƛǎ ŎƘŀƭƭŜƴƎƛƴƎ ǘƻ ŘƛǊŜŎǘƭȅ ƳŜŀǎǳǊŜ ǎƻƳŜƻƴŜΩǎ leadership skill. For that reason, 

we identify data that can help measure this concept, such as the number of times this person has 

initiated activities, made decisions etc.   

3.6.3 LA model by Elias 

Elias (2011) presents an LA model that consists of a cycle with three main phases and four 

components that support all LA steps aimed to constantly improve learning and teaching, as shown 

in Figure 3-11.  

 

Figure 3-11 LA model (Elias, 2011) 

The three phases comprising the LA model by Elias (2011) are as follows: 

Data gathering. This step refers to the selection and capture of the data that we want to analyse. 



  D1.2 LA Analysis 

 

 

Page 38 of 92 

 

 

Information processing. This step refers to all the different methods used to analyse and process the 

gathered data. Such methods can include aggregation of multi-resource data, prediction models etc. 

Knowledge application. This step refers to all the different actions taken for the contextual 

application of all the knowledge derived from the information processing. Such actions include the 

usage of the knowledge for improved courses and learning activities, the refinement of learning 

resources and course designs etc. 

The four components that support all the LA phases and steps are as follows: 

Organizations. This component refers to the organizational capacities of the institutions applying LA 

in their processes. It is essential that committed and skilled leaders are in place to ensure improved 

performance and corresponding cultural change.   

Computers. This component refers to the different technologies that support each LA step. In 

regards to data gathering, it is essential to utilize tools that allow the seamless collection of data and 

the integration of data from diverse sources. During information processing tools are available that 

can develop prediction models and aggregate the data. During knowledge application, tools are 

available that support processes such as data visualization, decision trees, dashboards etc. The 

visualization of the analytics results is essential for appropriate decision making, as it allows large 

amounts of information to be displaying in a comprehensive way (Baker 2007). 

Theory. This component refers to all the pedagogical theories and practices that can support LA, by 

underpinning collaboration, student motivation etc. However, there are no available guidelines for 

educators on which LA parameters may be useful on a pedagogical level (e.g. what types of data can 

indicate student motivation (MacFayden and Dawson, 2010), and how can the LA results be used to 

better structure the courses based on pedagogical theories.  

People. ¢Ƙƛǎ ŎƻƳǇƻƴŜƴǘ ǊŜŦŜǊǎ ǘƻ ǘƘŜ ƛƳǇƻǊǘŀƴŎŜ ƻŦ ǇŜƻǇƭŜΩǎ ƛƴǾƻƭǾŜƳŜƴǘ ƛƴ ǘƘŜ [! ǇǊƻŎŜǎǎΦ 9ǾŜƴ 

though tools perform the majority of the data analysis and visualization, the actual knowledge 

application should be realized by people, i.e. educators, instructional designers, trainers etc. These 

people are required to check the accuracy and appropriateness of the LA results for their specific 

contexts and make the final decisions whether they will apply the knowledge to achieve their set 

goals. These actions, however, call for people with a specific set of skills and knowledge, i.e. problem 

solving, decision making, leadership, critical thinking etc.  

3.6.4 LA process model by Verbert et al. 

Verbert et al. (2013) proposed an LA process model that consists of four main stages that indicate 

the level of impact of the LA results in learning and teaching, as shown in Figure 3-12.  
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Figure 3-12 LA process model (Verbert et al., 2013) 

The four stages are as follows: 

Awareness. This stage refers to the actual data, where stakeholders are made aware of their content 

through different overviews and visualizations. 

Reflection. This stage refers to the investigation of the data by asking questions about their nature, 

usefulness, validity, added value etc. 

Sense making. This stage refers to the process of answering the questions posted in the reflection 

stage and having a more clear and holistic understanding of the analysed information. 

Impact. This stage refers to the process of making decisions and allowing change when it is 

appropriate according to our set objectives. 
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4 Educational Reference Process Framework 

This chapter deals with the tasks and potentials of modelling and measuring educational processes 

and looks for appropriate instruments. The answer on the question: "How to implement and 

improve Learning Analytics in learning, education, and training?" leads to the support which can be 

provided by international educational quality standards. Therefore we will introduce international 

standards as an appropriate means for structuring Learning Analytics. The first ISO quality standard 

for learning, education, and training called "RFDQ" (ISO/IEC 19796-1, currently under revision with 

the new numbering ISO/IEC 40180) will be explained and the adaptation model IDEA will be 

introduced. In summary, the implementation and adaptation of the international process standard 

demonstrate its support for establishing Learning Analytics in learning, education, and training. 

4.1 The international Reference Process Framework 

Quality does not exist in a simple manner as we have shown before (Stracke 2010). First, all 

ǎǘŀƪŜƘƻƭŘŜǊǎ ƘŀǾŜ ǘƻ ŘŜŦƛƴŜ ǘƘŜƛǊ ƻǿƴ ǳƴŘŜǊǎǘŀƴŘƛƴƎ ǿƘŀǘ ǘƘŜ ǘŜǊƳ άǉǳŀƭƛǘȅέ ƛǎ ǎǘŀƴŘƛƴƎ ŦƻǊ ƛƴ 

relation to the given context, here: Learning Analytics. Then these different perspectives and 

opinions about quality have to be combined, to be brought into consensus and transferred into 

practice. The specification of relevant aspects and criteria to define quality as well as the application 

of these criteria into the given context of the organisation are quite abstract by itself. For this 

purpose a common reference framework is needed. The standard RFDQ (ISO/IEC 19796-1), the first 

international quality standard for learning, education and training, is providing such a common 

reference framework for educational processes and will be explained in the following. 

4.1.1 The structure of the Reference Process Framework 

The reference process framework of ISO/IEC 19796-1 called RFDQ is the integration of the following 

two main reference models (cf. ISO/IEC 2005) that will be described in detail below: 

ω the generic process model and  

ω the generic descriptive model. 

The reference process model covers the whole lifecycle of learning, education, and training in 

general including e-Learning and blended learning. Therefore it can be used to describe any learning 

scenarios as well as any educational and vocational training product and learning solution. It is 

important to note that the reference process model does not include any regulations about the 

sequence of the processes or interdependencies between them as well as it does not give any 

instructions on its specific implementation in detail as a prescription or regulation. The reference 

process model serves as an open descriptive framework that always needs the adaptation to the 

organisation, the learning context, and the given situation (cf. Stracke 2006, 2010). 
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4.1.2 The Process Model of ISO/IEC 19796-1 

The reference process framework is based on the generic process model that is divided into seven 

process categories containing in total 38 processes. It is described by the following table: 

Table 3 : The process model of ISO/IEC 19796-1 

ID Category Description Processes 

NA Needs Analysis 

Identification and description of 
requirements, demands, and 
constraints of an educational 
project 

NA.1 Initiation  
NA.2 Stakeholder Identification 
NA.3 Definition of objectives 
NA.4 Demand analysis 

FA 
Framework 
Analysis  

Identification of the framework 
and the context of an 
educational process 

FA.1 Analysis of the external context 
FA.2 Analysis of staff resources  
FA.3 Analysis of target groups 
FA.4 Analysis of the institutional and 
 organisational context  
FA.5 Time and budget planning 
FA.6 Environment analysis 

CD 
Conception / 
Design 

Conception and Design of an 
educational process 

CD.1 Learning objectives 
CD.2 Concept for contents  
CD.3 Didactical concept / methods  
CD.4 Roles and activities 
CD.5 Organisational concept 
CD.6 Technical concept 
CD.7 Concept for media and interaction
 design 
CD.8 Media concept 
CD.9 Communication concept 
CD.10 Concept for tests and evaluation 
CD.11 Concept for maintenance 

DP 
Development / 
Production  

Realization of concepts 

DP.1 Content realization 
DP.2 Design realization 
DP.3 Media realization 
DP.4 Technical realization 
DP.5 Maintenance 

IM Implementation 
Description of the 
implementation of 
technological components 

IM.1 Testing of learning resources 
IM.2 Adaptation of learning resources  
IM.3 Activation of learning resources 
IM.4 Organisation of use 
IM.5 Technical infrastructure 

LP 
Learning 
Process 

Realization and use of the 
learning process 

LP.1 Administration 
LP.2 Activities 
LP.3 Review of competency levels 
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EO 
Evaluation/ 
Optimization 

Description of the evaluation 
methods, principles, and 
procedures 

EO.1 Planning 
EO.2 Realization 
EO.3 Analysis 
EO.4 Optimization/ Improvement 

 

The process model (table 5-1) structures the lifecycle of learning processes, but it does not contain 

any prescriptions on the structures or procedures of how to deal with the stated processes. Thus, it 

can and has to be defined and adapted for any purpose including Learning Analytics (cf. Stracke 

2010, 2014b). 

4.2 The Adaptation Model IDEAL 

The ISO/IEC 19796-1 reference process framework is a generic model: This means that it cannot 

simply be implemented and used as it is, but instead it has to be adapted to every specific context of 

usage. In this chapter we will describe the process of implementing and adapting the reference 

process model of the standard in practice based on first gained experiences introducing the 

adaptation model IDEAL as a helpful instrument (cf. Stracke 2013, 2014a). 

The following figure presents the overview of the IDEAL model: 

 

Figure 4-1 The Adaptation Model IDEAL 
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In the implementation process of quality development based on the reference model of the quality 

standard ISO/IEC 19796-1, an individual selection of processes, which are applicable, has to be made 

and each of the selected processes has to be specified according to the current situation. During this 

adaptation, the specific requirements and objectives of the current situation are considered and 

thus, become part of the model. 

Since the process model covers any learning processes, it is applicable to any application scenario. 

Each scenario has got specific characteristics and focal points. In the planning phase of a learning 

opportunity (product or solution), the model provides valuable support especially for the analysis of 

the needs and the requirements. The reference process model supports customers defining a call for 

biddings as well as providers customising corresponding learning opportunities. In the development 

phase of learning contents, the model can be helpful for the design of a learning opportunity as well 

as for selecting and implementing an appropriate infrastructure. Moreover, the model also supports 

the production, implementation and realisation of learning opportunities as well as the continuous 

evaluation just from the beginning (cf. Stracke 2010). 

To achieve a holistic quality development the needs and requirements of all stakeholders of the 

current learning scenario have to be considered (Feigenbaum 1986; Ishikawa 1985; Soin 1992). This 

perception is also valid for the adoption and introduction of the reference process model: A strong 

procedure systematically planned is needed for adapting the reference process model of the 

standard ISO/IEC 19796-1 to a specific organisation including all stakeholders. Therefore simple to 

use quality tools as the adaptation model IDEAL with its IDEA Phases can deliver helpful support. 

The abbreviation IDEA stands for the four main tasks to introduce quality development:  

ω 1. Initiate!  

ω 2. Do!  

ω 3. Evaluate! and  

ω 4. Act! 

These four tasks and their phases and steps were developed according to the Deming cycle and the 

ISO standard family ISO 900x (cf. Stracke 2006a). They have to be fulfilled for the implementation of 

quality development in LET: These phases and steps can be realized and applied according to the 

specific needs and the given situation of the organization including feedback loops, individually 

adapted sequences and parallel implementation.  

The phases and steps of the four tasks can be described and defined as follows (cf. Stracke 2013): 

ω 1. Task: Initiate! 

First the raising of the awareness of all stakeholders and their full involvement and 

participation is needed. In transparent procedures the vision for the quality development 

should be defined based on a common and shared understanding of quality for learning, 

education, and training and the innovations that should be achieved by the implementation 
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of quality development. The long-term policies and strategies will be discussed and agreed 

upon the approved vision. 

ω 2. Task: Do! 

For the starting implementation the quality model has to be selected (here in our case: 

RFDQ) and to be adapted as an application profile. Concerning RFDQ that means the 

selection of the appropriate and relevant processes in a quality profile. Then the specific 

definitions and success criteria has to be described, for RFDQ those are the attributes of the 

descriptive model, mainly the methods, actors, metrics and criteria. The preparation of the 

implementation will include all needed decisions and developments for the organizations. 

And finally the realization of all planning for the quality development and its integration into 

organizational processes is completing this task. 

ω 3. Task: Evaluate! 

The evaluation will focus on three distinctive objects: First, the realization of the 

implementation of quality development itself as the main outcome of task 2. Second, the 

adaptation of the quality model selected and adapted at the beginning of task 2. And third, 

the evaluation of the initiation task 1 including the revision of the vision, strategy and 

policies for the quality development. 

ω 4. Task: Act! 

The fourth task is dedicated to the sustainability and long-term impact of the adaptation and 

implementation of the quality development. The communication and further discourse with 

all stakeholders will guarantee the ongoing debate and consensus building on the quality 

definitions and common understandings. Based on the evaluation results, the adaptation of 

the quality model will be revised and the vision and strategy will be reviewed. Finally it 

should lead the whole organization to the establishment of a continuous improvement cycle 

for the quality development related to all tasks and steps from the other phases. 

The following figure shows the IDEA phases of the IDEAL adaptation model in an overview: 
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Figure 4-2 The IDEA Phases 

The adaptation model IDEA is presented here by using the example of introducing the ISO quality 

standard RFDQ (ISO/IEC 19796-1). It is an appropriate model for establishing a continuous 

improvement cycle based on the principles of ISO 900x and the Deming cycle, in particular for the 

implementation of quality development in learning, education, and training including Learning 

Analytics. For the PBL3.0 objectives related Learning Analytics the IDEAL model can be used for 

adapting RFDQ, the unique ISO quality standard for LET, to the specific organizations and given 

situations to introduce and implement Learning Analytics in problem-based learning (cf. Stracke 

2010, 2013, 2014a, 20014b). 
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5 LA tools 

The availability of tools that are suitable for LA has increased in the last few years, adopting existing 

technologies from similar disciplines such as data analytics and data science. Currently there is a 

wide variety of tools that can support and implement LA processes towards improved learning and 

teaching. This is also the case due to the gradually increasing application of technology enhanced 

learning, where technologies are actively used in order to enhance and support learning (Siemens, 

2013). This brought forth the easy recording of educational data, a process that is extremely 

challenging to perform manually on a traditional learning setting (Picciano, 2012). 

Today, the online and blended courses can capture and analyse a wide variety of information, 

including clicks, navigation patterns, times spent on an activity or a learning resource, social 

networks, types of resources accessed by each learner etc. (West, 2012). Such courses can also 

adopt success stories from the business world, e.g. by using dashboards to view LA results in a more 

visualized and comprehensive way. Such functionalities support all types of stakeholders that are 

interested in improving learning and teaching. 

Existing tools that can be applied in education and training can be divided into three main categories 

as follows: 

¶ General purpose dashboards 

¶ Ad-hoc tools 

¶ LA standalone tools 

¶ LA plugins 

The following sub-sections provide examples for each of these categories of interesting LA tools.  

5.1 General purpose LA dashboards  

General purpose LA tools include solutions that provide information and visualizations around 

different types of data for multiple stakeholders, i.e. students, teachers, researchers, institutions etc. 

These visualizations can be in the form of graphs, tables, charts etc., and aim to assist stakeholders 

in getting a more holistic overview of course activity realized in a specific platform. The following 

sub-sections present a few examples of this LA tools category. 

5.1.1 GLASS tool 

GLASS (Gradient's Learning Analytics SyStem) is a platform that visualizes events realized in a 

learning environment (Leony et al., 2012). The architecture designed for the development of this 

platform includes four main components: 

¶ Sensors that send events of actions taken to the database. 

¶ Database that stores the information of the captured events. 

https://sites.google.com/site/glassuc3m/
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¶ GLASS viewer that represents the information. 

¶ User that understands and interprets the environmentΩǎ ǾƛǎǳŀƭƛȊŀǘƛƻƴǎ. 

The user interface of the tool is shown in Figure 5-1. 

 

Figure 5-1 GLASS tool user interface 

The types of visualizations available include user activity, user statistics, activity evaluations and 

group statistics. The users can choose one or multiple visualization views for the captured data and 

thus explore a multimodal dashboard that will help them make beneficial decisions to improve 

learning and teaching. 

5.1.2 CourseVis tool 

CourseVis (Mazza and Dimitrova, 2007) is a system designed for helping educators become more 

aware of what is happening during learning and make more informed decisions. This system includes 

information such as: 

Table 4 Information presented in CourseVis 

Social aspects 

Participation in group work 

Participation in discussions 

Cognitive aspects 

Overall performance in the course 

Level of knowledge achieved for each domain concept of the course 

Students having difficulties with a concept 

Comparison of a student's progress with that of other students and the whole class 

Behavioural aspects 

Accesses to the course 
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Reads of course materials 

Performance on evaluation proofs 

Progress with the schedule 

 

A representative visualization is shown in Figure 5-2, where educators can identify the learners that 

have initiated threads in a discussion forum. This can provide insights as to who are the students 

with a more active engagement and leadership skills and who are the students that require 

scaffolding so that they can start participating more during learning. 

 

Figure 5-2 Visualization of discussion threads focusing on the students who have initiated the threads 
(Mazza and Dimitrova, 2007) 

This solution aims to be used for tracking generated data within Course Management Systems 

(CMS). Currently it is only supported by WebCT. 

5.1.3 Google Analytics 

Google Analytics5 may not be developed specifically for LA purposes; however it can be very 

beneficial for courses that utilize different websites.  

                                                           
 

5
 Google Analytics: http://www.google.com/analytics 
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Figure 5-3 Google Analytics 

Google Analytics can track any website traffic and feed back to the users information such as 

statistics about the users accessing the websites, real time overview, types of visits etc. 

5.2 LA standalone tools 

LA standalone tools have been developed so that they can provide specific information and be used 

in different platforms. The following sub-sections provide some representative examples of such 

tools. 

5.2.1 SNAPP 

The SNAPP6 (Social Networks Adapting Pedagogical Practice) tool was developed to extract all user 
interactions especially in discussion forums from various commercial and open source LMS 
environments, including BlackBoard, WebCT, Moodle and Sakai. This tool performs real-time social 
network analysis and presents the discussion forum activity on a network diagram, as shown in 
Figure 5-4. This visualization derives from the analysis of data such as: 

¶ Who posted and replied to whom 

¶ What were the topics of the discussions 

¶ How spread-out were the discussion 

                                                           
 

6
 SNAPP tool: http://www.snappvis.org 

http://www.snappvis.org/
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Figure 5-4 SNAPP tool visualizations 

The information presented in the network diagram can help educators detect more easily learners 
that do not participate, measure the level of engagement for each student and provide scaffolding 
features to students in need. The social network diagrams can also help educators identify: 

¶ Isolated learners 

¶ Groups malfunctions or conflicts 

¶ Learners that serve as information brokers 

5.2.2 LeMo application 

LeMo is a web-based LA application that ŀƛƳǎ ǘƻ ǇǊƻǾƛŘŜ ƛƴŦƻǊƳŀǘƛǾŜ ƛƴǎƛƎƘǘǎ ƻƴ ƭŜŀǊƴŜǊǎΩ 

navigational patters and to identify ways to improve and re-design the courses (Fortenbacher et al., 

2013). The intended target groups are the educators, researchers and the content providers. 












































































