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Abstract 

Current worldwide conditions include rapid generation of new knowledge, tools 

and emergence of new professional fields. These require competent workforce equipped 

with transversal skills, i.e. skills that they can use to adapt to these changes. A well-

established learning strategy that allows the development of such skills is Problem Based 

Learning (PBL), as it enables active participation of students who “learn by doing”. 

However, educators are still facing challenges in changing their teaching styles to PBL 

formats and do not exploit the data generated due to students’ active engagement. At the 

same time, the use of data in education through Learning Analytics (LA) offers new 

perspectives to improve learning methods. Another promising newly emerged field is 

Learning Semantics (LS), which can support personalized learning by allowing digital 

systems and human users to understand the “meaning” of resources and their connection 

to curricula and learning objectives. Until today, PBL has not yet been combined with 

LA and LS towards new potentials. 

The main objective of this thesis is to expand PBL with LA and LS features. In 

this vein, we carried out a systematic literature review on these topics, discussed findings 

in focus groups with experts across Europe, and validated our results with experts, 

instructors and students. The main theoretical outputs of this thesis are two: 

PBL_LA framework: A framework that expands PBL with LA aiming to 

provide course design, delivery and monitoring support. It comprises of four layers, 

namely Pedagogical layer (PBL steps, activities), Analytics layer (LA methods), Data 

layer (data generated) and ICT layer (tools for use). With the usage of LA within each 

PBL step, educators are now aware of how students are progressing and can make 

corresponding adaptations to improve lacking performances and low engagement.  

Semantic annotation model: A model that describes the main concepts of a 

PBL_LA course and their relationships. It comprises of 13 concepts, i.e. programme, 

semester, course, project, project work, phase, PBL step, activity, learning objective, 

skill, knowledge, tool and content.  The annotation of learning objects and resources 
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using the model can facilitate adaptable and personalized learning by allowing access to 

learning objects based on specific criteria (e.g. topic, skills, PBL step etc.). 

We proceeded to devise three application use cases that explore ways in which 

the two outputs can be exploited to boost education based on the needs identified. Each 

use case aims to support the three main phases of instructional design, i.e. course design, 

delivery and monitoring respectively. For each use case, we developed and applied 

technological solutions that could bring forth the research’s outputs’ potentials. The 

solutions also exploit Linked Open Data (LOD), aiming to contribute to the enrichment 

of educational interconnected knowledge. These include:  

Course design (Guided support towards transversal skills development): We 

populated the PBL_LA framework with entries for each layer (e.g. nine steps of the PBL 

model, examples of tools and activities to support PBL, LA methods and tools to apply 

for data analysis etc.). These entries were also modelled as LOD to reinforce interlinking 

of concepts with each other and the Web of Data. The PBL_LA web application browser 

was then developed, allowing access to the framework’s LOD entries. Educators can 

choose a PBL step and view activities and tools commonly used within this step, LA 

tools that can analyse the data generated, relevant skills etc.  

Course delivery (Integrated solutions that limit monitoring effort): We developed 

HTML scripts that can be embedded in any e-learning platform and retrieve LOD based 

on the semantic annotation model for easier discovery and access. 

Course monitoring (Improving assessment and performances): Access to learning 

objects and resources connected to the Web of Data and linked to curricula and learning 

objectives can help educators improve assessment techniques and enhance students’ 

performances. In this vein, we developed a) an ontological model with RDF classes and 

properties that allows publication of the semantic annotation model’s concepts as LOD 

and b) a web-based semantic annotation tool that allows annotation and recording of the 

model’s concepts as LOD by any user across the world. Educators, students and linked 

data stakeholders can access this repository and discover learning objects and resources 

based on specific criteria. 
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We anticipate that the PBL_LA framework can motivate and support educators to 

adopt PBL in their courses and allow them to provide more diverse and multidimensional 

education. At the same time, semantically annotated learning objects and resources can 

facilitate educators to enrich their courses with relevant resources and provide 

personalized learning paths. The thesis opens up potentials for future research initiatives 

in the following areas: (a) PBL_LA course design: Structuring courses using evidence-

based models, (b) Semantics: Allowing semantic representation of educational concepts 

and (c) Linked data: Contributing to the still limited availability of educational 

information as linked data. Another future aim that we plan to pursue is performing 

large-scale utilization of the PBL_LA framework and semantic annotation model and 

evaluating the results.  

Keywords: problem based learning, learning analytics, learning semantics, 

course design, semantic annotation 
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1 

 1 Introduction 

 1.1  Problem definition and research objectives 

Current worldwide conditions include rapid generation of data, new knowledge 

and technologies and the continuous emergence of new professional fields. The amount 

of knowledge in the world has doubled in the past 10 years and is doubling every 18 

months. This requires competent workforce that will be equipped with cognitive and 

transversal skills, i.e. skills that they can use to adapt to these changes, absorb and 

comprehend all the new knowledge, utilize the novel technologies, transfer across 

professional domains, contribute to economic growth and boost societal benefits. To 

acclimate to this new state, organizations have been forced to develop new methods of 

deploying education taking into consideration that: 

 Learners usually transfer across different and possibly unrelated professional 

fields over the course of their lifetime.  

 Formal education no longer comprises the majority of our learning experience. 

Learning nowadays occurs informally, through professional tasks, personal 

networks etc.  

 Technology is altering and defining the way we think and act. 

 Know-where (understanding where to look for the required and relevant 

knowledge) is beginning to enclose know-how and know-what.   

This requires a shift from traditional learning with passive delivery of knowledge 

towards participatory learning pedagogies where students can learn how to think 

critically, solve problems, communicate their ideas, collaborate with their peers and 

witness in practice how their opinion makes a difference. A well-established learning 

strategy that allows the development of such skills is Problem Based Learning (PBL), as 

it enables active participation of students who “learn by doing”. However, the application 

of PBL in courses is still facing challenges, as educators usually feel that it is not that 

easy to change their teaching style to the PBL format (Manson et al., 2015; Savery, 



 

2 

2015). This mostly derives from the shift of power realized within PBL, where educators 

are not responsible for delivering knowledge, but for constantly facilitating and 

scaffolding students while they discover new knowledge and build skills. Thus, they are 

usually unsure of exactly what their role is and how they can provide guidance to 

students. Another challenge in successfully applying PBL seems to be the insufficient 

investment in properly preparing and constantly updating learning resources that could 

accommodate different learning styles depending on learners’ specificities; this is mostly 

due to the fact that educators lack to recognize the availability of additional resources 

that could enrich knowledge and improve personalized paths (Azer, 2011). Finally, 

students are reluctant to participate actively in the learning process, as they are 

unaccustomed working in groups, voicing their opinions, taking initiatives or being 

mainly responsible for their own learning (Savery, 2015). 

At the same time, the emergence of Web 2.0 brought on the new version of PBL, 

namely PBL 2.0., which could help students and educators to more adequately perform 

PBL tasks. Within PBL2.0, learners use newly developed tools (e.g. forum, chat, blogs, 

wikis etc.) in the learning process and educators can usually access this information and 

monitor their progress (Palaigeorgiou et al., 2009). This in turn leads to the generation of 

multiple types of data, due to the active participation of learners and the usage of 

technologies that document operations. All this data can indicate students’ progress or 

problems occurring and can provide insights on how they can improve their performance. 

However, there is still limited exploitation of such data from educational institutions as 

educators are not aware of how to make sense of and exploit the data that is recorded, 

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

performance. 

Newly emerged methods such as Learning Analytics (LA) and Learning 

Semantics (LS) show promise towards improving the current version of PBL, since they 

have emerged from existing well-established good practices such as data analytics and 

semantics respectively, and are related to the exploitation and usage of data in education. 

The recent interest in the use of data for assessment in education through LA offers new 

perspectives to adapt the ongoing assessment methods and approaches in all educational 
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sectors. Additionally, used on a large-scale level with vast amounts of detailed data, 

learning materials can be constantly improved, the learning process can be streamlined, 

likely-to-fail or highly achieving individuals can be identified, educators can receive 

concrete data on progress, etc. At the same time, LS can enable digital systems and 

human users to understand the “meaning” of resources, their relation among each other 

and their connection to curricula and learning objectives. This in turn can underpin the 

wider use of digital and open educational materials as their discoverability and specificity 

can increase. It can particularly aid self-guided learning and self-chosen learning paths.  

Until today, PBL has not yet been combined with LA and LS towards new 

potentials. Within this problem formulation, we identified in this thesis two opportunities 

for realising the promise of personalized, ever-improved learning experiences for gaining 

transversal and cognitive skills.    

 Integrating PBL with LA towards the provision of data-driven participatory 

learning experiences. 

 Enriching this integrated approach with LS towards better understanding and 

discovery of learning objects / resources and linkage with the Web of Data. As 

learning object we consider any re-usable instructional component that can be 

reused a number of times in different learning contexts. 

Our goal is to develop a holistic representation of PBL which engulfs both the 

exploitation of generated educational data and the semantic description of learning 

objects and resources.  In this vein, the following problems and research questions drive 

the research work carried out in the context of this thesis: 

• P1–Q1: Designing PBL courses to ensure maximum benefits – What 

instructional design steps and concepts successfully structure a PBL model in a 

blended setting to ensure skills development and high-level cognition?  

This entailed studying existing models of the PBL strategy that are commonly 

used in education and facilitate course structure according to PBL principles. We 

selected as best practice for further exploration the PBL model proposed and 
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successfully employed by Aalborg University, Denmark. We then studied the 

model and the steps it comprises of in order to draw knowledge on benefits and 

drawbacks. The studies revealed that students become responsible for their own 

learning and solve the given problem collaboratively; however, little information 

is gathered during the learning process that could improve ongoing assessment 

and usage of resources.  

• P2–Q2: Gathering of educational data and its analysis into meaningful 

knowledge – What types of data is generated that can be gathered, processed and 

exploited in a blended PBL setting for enhancing learning and which methods can 

ensure their proper analysis?  

This entailed studying the LA domain, such as methods, data usually gathered, 

frameworks and technologies. The study identified and recorded the most 

commonly identified concepts and investigated how they can be utilized to 

improve the PBL model.  

• P3 – Q3: Enriching learning concepts such as resources and learning objects 

with semantics towards underpinning easier access and discovery – What are 

the concepts that could be annotated with semantic meaning? Which available 

technologies are available for semantic annotation? What are the existing 

ontologies and vocabularies that allow giving meaning to concepts? How can the 

semantically annotated concepts underpin discovery of resources and enriched 

knowledge? 

This entailed studying the area of LS, which focused on the identification of 

existing vocabularies that can successfully describe educational elements in order 

to give meaning to learning objects and resources. Additionally, we reviewed 

existing technologies that have been developed in order to distinguish possible 

gaps and limitations that need addressing. 
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We gathered the above information, discussed the findings in focus groups
5
 and 

brainstorming sessions with experts across Europe, and validated our results with 

experts, instructors and students. More specifically, the focus groups consisted of 10 

individuals, educators from public universities in Greece, Denmark, Spain and the 

Netherlands, research assistants and trainers in Austria. During each focus group, a study 

purpose was decided each time depending on the research, and a series of questions were 

posed intended to gain insight about the topics, exchange ideas and brainstorm towards 

interesting outputs.  

 

 1.2  Thesis contribution 

The merging of a well-established learning strategy with novel developments in 

education aims to provide guidance to educators when designing, delivering and 

evaluating courses that will allow learners to acquire lifelong learning skills and become 

competitive professionals. The benefits of utilizing such a framework regard: 

• employing engaging learning activities that learners can perform and participate 

in, and acquire skills by hands-on practice, 

• providing meaningful assessment that records and takes into consideration 

individual performance even within groups, as opposed to traditional learning 

where individual contributions are difficult to assess, 

• performing ongoing monitoring, where educators can reduce likely-to-fail 

learning by reviewing their progress per PBL step and adapt the learning process 

accordingly, as opposed to summative assessment where educators only review 

the final product and it is too late to ensure learners’ correct and in-depth 

comprehension, 

                                                

5 http://www.mmgconnect.com/projects/userfiles/file/focusgroupbrief.pdf  

http://www.mmgconnect.com/projects/userfiles/file/focusgroupbrief.pdf
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• accommodating different learner styles, where educators can detect behaviour and 

user models and adapt their learning pathways based on their specific needs, 

• enabling reflection by learners on their progress and performance during each 

step of the learning process that could motivate their increased participation. 

Towards the aforementioned goals, the contribution is summarized in the 

following parts: 

PBL_LA framework: A new framework that expands PBL with LA concepts. 

The framework aims to enhance courses and curricula by highlighting areas that need 

improvement. It comprises of 4 layers where each layer includes a number of relevant 

concepts, namely Pedagogical layer (PBL steps, PBL activities, evidence outputs from 

activities such as task results and related transversal skills), Analytics layer (LA 

methods), Data layer (data generated during PBL courses) and ICT layer (of 

technologies to support PBL_LA). The concepts within each layer were also populated 

with specific instances in order to provide detailed guidance for educators. Example of 

such instances include all the PBL steps of the Aalborg model, specific PBL activities 

like brainstorming, literature searching, examples of PBL tools (i.e. tools usually 

employed in PBL for better execution of activities) such as social bookmarking, mind 

maps etc.. Finally, we formed connections amongst the concepts and instances based on 

how they are related (e.g. mind maps are more often used during the problem formulation 

PBL step and for PBL activities such as brainstorming etc.).  

Semantic annotation model: A model with concepts that describe the main 

elements of a data-driven PBL course in order to ensure maximum understanding by 

individuals and machines. This model can be utilized for courses in any type of field and 

sector and be enriched with specific ontologies and vocabularies for more robust 

description of the annotated concepts. The model comprises of 13 concepts such as 

programme, semester, course, project, project work, phase, PBL step, activity, learning 

objective, skill, knowledge, tool and content. 

We proceeded to devise three application use cases that explore ways in which 

the two outputs can be exploited to boost education based on the needs identified. Each 
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use case aims to support the three main phases of instructional design, i.e. course design, 

delivery and monitoring respectively. For each use case, we developed and applied 

technological solutions that could bring forth the research’s outputs’ potentials. The 

solutions also exploit Linked Open Data (LOD), aiming to contribute to the enrichment 

of educational interconnected knowledge. These include:  

Course design (Guided support towards transversal skills development): We 

populated the PBL_LA framework with entries for each layer (e.g. 9 steps of the PBL 

model, examples of tools and activities to support PBL, LA methods and tools to apply 

for data analysis etc.). These entries were also modelled as LOD to reinforce interlinking 

of concepts with each other and the Web of Data. However, usually frameworks with 

numerous entries are depicted as non-editable graphs, which make their access and 

consultation challenging and time-consuming. Thus, the PBL_LA web application 

browser was developed, allowing access to the framework’s LOD entries. Educators can 

choose a PBL step and view activities and tools commonly used within this step, LA 

tools that can analyse the data generated, relevant skills etc.  

Course delivery (Integrated solutions that limit monitoring effort): We developed 

HTML scripts that can be embedded in any e-learning platform and retrieve LOD based 

on the semantic annotation model for easier discovery and access. 

Course and students evaluation (Improving assessment and performances): 

Access to learning objects and resources connected to the Web of Data and linked to 

curricula and learning objectives can help educators improve assessment techniques and 

enhance students’ performances. In this vein, we developed two solutions. An 

ontological model was assembled which comprised of RDF classes and properties that 

allows publication of the semantic annotation model’s concepts as LOD.  Existing 

ontologies and vocabularies for education mostly include a) classes for a course’s context 

(e.g. department, institution, course, course’s modules etc.), b) limited classes for a 

learning object or c) limited classes for resources. There is no integrated solution that 

allows for a holistic semantic representation of the most prominent features of a learning 

object or resource. The new model adopts classes and properties from existing 

vocabularies and aims to describe learning objects and resources into RDF and published 
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LOD for easier discovery and linkage with the Web of Data. The model includes classes 

and properties from RDF vocabularies like IMS-LD, Learning Object Metadata (LOM), 

Dublin-Core, Teaching Core, Courseware, LOCO (Learning Object Context Ontologies), 

AIISO (Academic Institution Internal Structure Ontology), ESCO (European 

Skills/Competences, qualifications and Occupations) and FOAF (Friend-Of-A-Friend). 

Additionally, a web-based semantic annotation tool was developed that allows automatic 

annotation and recording of the model’s concepts as LOD by any user across the world. 

Educators, students and linked data stakeholders can access this repository and discover 

learning objects and resources based on specific criteria. 

The design, delivery and evaluation of PBL_LA courses is improved for two 

main reasons: on the one hand, the Aalborg PBL model provides educators with a clear 

structure for courses, facilitating the shift from traditional learning to a more flexible and 

student-led learning experience; on the other hand, the PBL_LA framework and the 

PBL_LA application browser provide educators with guidance on which PBL tools are 

best to employ for each PBL step, which activities are more relevant, what data is usually 

generated in each step and which LA tools/ methods should be employed for the analysis 

of this data. Taking into consideration the information they gain, they can make decisions 

that will better suit their courses’ needs.  

Ongoing assessment is made more diverse and multidimensional, as it takes into 

consideration different types of data generated across learning apart from traditional 

grading. The different LA visualizations provided for each PBL step also allow educators 

to re-design and adapt their courses during a course’s lifetime and prevent possible 

failures and drop-outs. 

Scaffolding is made more accurate and relevant, as educators are made aware 

from the LA results which of the activities and /or interactions are causing low 

engagement and performance. Additionally, the discovery of learning objects recorded 

with the semantic annotation tool that are relevant and connected with specific curricula, 

objectives etc., can allow educators to enrich their course with new elements based on 

these objects that could improve performance.  
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Access to learning resources is made easier with the semantic annotation tool and 

allows for the discovery of additional content from the Web of Data. Educators can 

search for resources on a specific topic or related to a particular course domain and 

retrieve content that can enrich their course. 

 

 1.3  Structure  

The thesis is structured as follows: 

The first chapter is the introduction of the research carried out, while Chapter two 

provides background information on related work. More specifically, it presents the 

study carried out on the PBL strategy and on the Aalborg PBL model. Furthermore, the 

chapter expands on the LA term, presenting existing frameworks, models and 

technologies in order to elicit the most important features and concepts that should be 

adopted in a LA-enabled course. Finally, the chapter introduces the term of LS, and 

presents existing RDF vocabularies technologies that have been developed semantic 

annotation.  

Chapter three presents the PBL_LA framework that was designed and elaborates 

on the framework’s design for each step within the PBL model. Moreover, the Chapter 

presents the semantic annotation model that was designed for allowing semantic 

description of learning objects and resources. 

Chapter four presents the three application use cases that have been developed 

and elaborates on the need that drives each use case, the description of the use case, the 

specific technological solution and its functionalities as well as the benefits and 

validation details on each solution’s application to the design, delivery and evaluation of 

PBL_LA-based courses. More specifically, the Chapter describes the PBL_LA web 

application that was developed and the enrichment of the exported results as LOD.  

Furthermore, the Chapter presents a demo course in the LMS Moodle that has been 

designed based on the consultation and browsing of the PBL_LA framework, and that 

has integrated scripts for accessing the recorded LOD and its results for discovering and 
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enriching the course with relevant information based on the LA results visualized during 

the course delivery. The Chapter also presents the ontological model structured for 

semantic annotation of learning objects and resources as well as the semantic annotation 

environment that was developed based on the requirements elicitation carried out. 

Finally, Chapter five offers conclusions drawn and future work that will increase 

the solution’s efficiency in supporting data-driven technology enhanced learning. 

 2 Theoretical background  

 2.1  Introduction 

In the previous chapter, we scoped and defined the problem that this thesis aims 

to address and outlined the solution. We stated that the goal is to design an enhanced 

representation of courses which engulfs both the structured pedagogical aspect and the 

technological enrichment. This will effectively allow educators to design their courses 

more effectively and improve learners’ performances and skillets. To achieve this, we 

need to overcome the limitations discussed in Section 1.1. 

In order to design our solution, we reviewed the state of the art in the area of PBL 

and existing PBL models in order to investigate how other researchers and practitioners 

have approached the implementation of learner-centred strategies in education. We 

proceeded to review the state of the art in the area of LA, existing definitions, directions, 

stakeholders as well as frameworks, methods and technologies that have been proposed 

by relevant researchers. This study aimed to identify all prominent concepts that should 

be employed when extending a learning model towards improving the quality of 

education. Finally, we reviewed the area of LS, semantic vocabularies available for 

describing and annotating educational elements and developed semantic annotation 

technologies in order to investigate existing approaches on exploiting semantics in 

education.  

Driven by the limitations that we are addressing in this work, we organise our 

literature review in two main parts: 
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 Section 2.2 studies existing PBL pedagogical models and their principles. 

The analysis revealed similarities between PBL models proposed by 

different universities such as Maastricht, McMaster, Manchester, 

Delaware etc., and focuses on the investigation and analysis of the model 

proposed and successfully employed by Aalborg University, Denmark.  

 Section 2.3 studies the LA related concepts and focuses on the analysis of 

the different methods available for gathering, processing, analysing and 

visualising educational data as well as existing tools that allow data 

manipulation and visualisation. The analysis results in the identification of 

the most commonly researched concepts that should be taken into 

consideration in the enrichment of the PBL model, which will be 

presented in Section 3. 

 Section 2.4 studies the area of LS, and focuses on the identification of 

existing vocabularies that can successfully describe educational elements 

in order to give meaning to learning objects and resources. Additionally, 

we review existing technologies that have been developed in order to 

distinguish possible gaps and limitations that need addressing. This 

analysis results in the construction of an RDF vocabulary with all the 

terms that should be used for annotating, as well as a semantic annotation 

tool that will be presented in Section 4.4.3. 

 

 2.2  Problem based learning  

PBL is a learning strategy that has emerged in the late 1960s and can be defined 

as “A constructivist learning paradigm where small groups of students engage in 

cooperative learning and collaborative problem-solving to solve problems in complex 

and authentic projects. These projects pursue specified learning outcomes that are in line 

with academic standards and course objectives with assessment focusing, to a varying 

degree, on the project outcome versus team process” (Brodie & Borch, 2004). 
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Thus, PBL shifts the focus from understanding common knowledge to the ability 

to develop new knowledge through "learning by doing” activities. Additionally, the new 

knowledge tends to be stored in memory patterns that facilitate later recall (Hung, 2011). 

The following Chinese proverb is often referenced as a representative definition of PBL: 

“Tell me and I will forget. Show me and I will remember. Involve me and I will 

understand. Step back and I will act” (Enemark, 2002).  

PBL also underpins the development of essential transversal skills. By transversal 

skills, we mean skills that are transferable skills in terms of their application across 

different contexts and that are usually acquired in education and applied to employment 

(e.g. communication of ideas, information analysis, critical thinking etc.) (Bridges and 

Hallinger, 1992; Donnelly, 2010). Within PBL, students are also able to familiarize 

themselves with real world situations through their involvement with problems, and 

become acquainted with professional conditions that they will encounter as future 

workers (Zotou, 2015). Thus, PBL is more commonly implemented in higher education 

project-oriented courses such as medicine, project management, engineering etc., where 

students are often required to perform specific tasks for an in depth understanding 

towards the implementation of a project that solves a given problem.  

One of the main reasons why PBL is successfully applied for many decades in 

traditional classrooms and over the last decade more frequently in online learning 

environments is that businesses of all sectors offer employment opportunities more to 

graduates who are equipped with domain-specific as well as lifelong-learning skills (Tsai 

& Chiang, 2013).  

 2.2.1 PBL Learning Principles  

As PBL is a conceptual learning theory that can be transferred across countries, sectors 

and institutions in many different ways, Graaff & Kolmos (2007) have suggested a list of 

common PBL principles in order to facilitate understanding of the core elements within 

any PBL model. These principles are encompassed into three main approaches, i.e. 

cognitive learning, contents and social, as shown in Figure 2-1.  
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Figure 2-1. PBL learning principles - taken from (Kolmos, De Graaff, & Du, 2009) 

The cognitive learning approach regards all learning where the starting point and the 

main context of the learning process is a problem, which needs to be solved as a project. 

Thus, during this approach learners are required to perform complex activities where they 

will draw from prior knowledge and experience and gain problem-solving and time 

management skills in order to successfully complete the project and solve the problem.  

The contents approach regards interdisciplinary learning, which involves different 

subjects and possible methodologies and results in outcomes that are exemplary to the 

objectives of the course. This approach requires both theory and practice for the solution 

of the problem and allows learners to gain analytical and research skills. 

The socials approach focuses on learning as a group, where learners gain knowledge and 

skills through constant collaboration and dialogue. With this approach, learners are active 

participants of the problem solving process, and are thus able to gain skills such as 

critical thinking, collaboration, self-learning, problem solving etc. 

The above principles are considered generic guidelines that can result in a large variety 

of PBL models across different countries, institutions and sectors.  
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 2.2.2 Benefits of PBL 

The adoption of the PBL theory throughout the years by institutions of multiple 

disciplines has led researchers to identify the different benefits of this strategy that 

improve learning (Hmelo-Silver, 2004; Neville, 2009). These benefits can be 

summarized as follows: 

Flexible and contextual knowledge. In PBL, learners acquire new knowledge in a specific 

context situated around a problem that needs to be solved. This enables learners to search 

different knowledge relevant to the different aspects of the problem but also provides 

them with a well-defined context in order to avoid confusion.  

Lifelong-learning skills. Learners are required to solve the given problem by engaging in 

the learning process through activities such as argumentation, writing, discussions, 

presentation etc. This in turn enables them to develop transversal skills (e.g. self-directed 

learning, collaboration, critical thinking etc.) that will allow them to transfer across 

different professional domains and also continue to learn throughout their life.  

Facilitated pattern recognition. Learners are able to activate their prior knowledge and 

experience by creating concept schemas of the knowledge gained. Learning through 

doing enables learners to understand the connections between different elements of the 

taught knowledge and how they are related to previous information they have already 

stored in their memories.  

Real-time elaboration of knowledge. PBL supports formative assessment and ongoing 

monitoring of the learning process instead of the traditional summative assessment 

through a final exam. This way, learners can elaborate any occurring misconceptions and 

improve their knowledge throughout the course, leading to an enhanced final 

performance and comprehension of the taught concepts.   

Motivated participation. The active participation of learners during the learning process 

as well as the practical application of the taught knowledge increases their motivation to 

engage in the course and solve the given problem. Additionally, the team-based and 

social aspect of PBL, where learners work in groups, as well as the frequent usage of 
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attractive technologies such as social media, games, simulators etc., increases their 

enjoyment of the learning process.  

 2.2.3 Challenges of PBL 

The application of PBL in courses is still facing challenges, as educators usually 

feel that it is not that easy to change their teaching style to the PBL format (Manson et 

al., 2015; Savery, 2015; Miao et al., 2014). This mostly derives from the shift of power 

realized within PBL, where educators are not responsible for delivering knowledge, but 

for constantly facilitating and scaffolding students while they discover new knowledge 

and build skills. Thus, they are usually unsure of exactly what their role is and how they 

can provide guidance to students (Ravitz, 2010). Research indicates that it is excessively 

demanding to expect educators to learn and successfully use the PBL approach without 

any guidance, since this requires thorough and time-consuming preparation, strategic 

course design and effective selection of supportive environments and tools (Ravitz, 2010; 

Hmelo-Silver et al., 2007). 

Another challenge in successfully applying PBL seems to be the insufficient 

investment in properly preparing and constantly updating learning resources that could 

accommodate different learning styles depending on learners’ specificities; this is mostly 

due to the fact that educators lack to recognize the availability of additional resources 

that could enrich knowledge and improve personalized paths (Azer, 2011).  

Finally, students are reluctant to participate actively in the learning process, as 

they are unaccustomed to working in groups, voicing their opinions, taking initiatives or 

being mainly responsible for their own learning (Savery, 2015; Kolmos et al., 2009). 

Learners are also required to learn and solve problems at the same time, which can 

overload their working memory and hinder their understanding of the subject area 

(Kolmos et al., 2009).  

 2.2.4 Review of ICT in PBL 

PBL is usually implemented strictly inside the classroom. However, according to 

Armstrong (1997), the most effective approach involves Blended Learning (BL), 
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because: “Replacing all lectures with discussion groups or tutorials would merely 

substitute one lopsided system with another”. BL can be defined as “The combination of 

face-to-face instruction with computer mediated instruction” (Bonk & Graham, 2006). 

As computer-mediated instruction we describe the integration of digital learning 

technologies and cognitive tools in face-to-face education (Graham, 2006), while 

cognitive tools are defined as “Technologies that learners interact and think with during 

knowledge construction, designed to bring their expertise to the performance as part of 

the blended learning system” (Kim & Reeves, 2007, 224).  

 The challenges that teachers and students face with PBL can be reduced and 

moderated in BL settings. According to Scardamalia & Bereiter (2003), the shift in the 

knowledge delivery process that occurs within PBL, where students are required to learn 

by doing instead of passively absorbing the knowledge delivered by the educators, leads 

to the students’ reluctance to perform tasks with limited assistance and guidance. 

Cognitive tools address this problem by allowing students to use them as tools for 

analysing the world, accessing information, interpreting and organizing their personal 

knowledge. They also allow students to represent and express what they already know 

and what they are learning during the course, by supporting and guiding the visualization 

of their thinking processes (van Joolingen, 1999; Jonassen, 2004). Interactive systems 

and collaborative tools can be considered cognitive when they are adapted and used in 

order to help students assign meaning to new knowledge based on previously gained 

information (Jonassen & Reeves, 1996). Cognitive tools can be categorized depending on 

their role in the learning process as follows (Robertson et al., 2007): 

- Information presentation. Tools that present information in a meaningful way 

(e.g. concept maps, graphics software). 

- Knowledge organization. Tools that classify knowledge into schemas for its 

visual representation (e.g. presentation tools, notebooks). 

- Knowledge integration. Tools that build new knowledge by interconnecting new 

information with prior knowledge (e.g. mapping tools, simulations, online 

discussions). 
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- Information research. Tools that assist in discovering new information (e.g. 

search engines, databases). 

We carried out a research on studies that implement PBL with the support of 

ICTs, in order to identify the most commonly used tools that facilitate PBL delivery. We 

searched the major research databases of computer science, i.e. ACM Digital Library, 

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

“PBL technologies” Problem-based learning online tools”, “PBL e-learning”, “PBL 

blended”, “PBL ICT’ etc., limiting the scope to scientific papers that have been published 

since 2010. After reviewing the results, we concluded with 30 papers that provide 

interesting information on the usage of tools in PBL. The outcomes from our concept-

centric review are shown in the following Table. 

Technology used in PBL Source 

LMS  [Jin & Bridges, 2014] [Ravitz & Blazevski, 
2014] [Koroneou et al., 2013] [Verstegen 
et al., 2016] [Tseng et al., 2008] [Reis et al., 
2015][Delialioglu, 2012] 

Wiki [Ravitz & Blazevski, 2014] [Verstegen et 
al., 2016] [Verstegen et al., 2016] 
[Tambouris et al., 2012] [Bajwa & Wu, 
2013] [Moeller et al., 2010] 

Forums  [Ravitz & Blazevski, 2014] [Verstegen et 
al., 2016] [Schmidt et al., 2011] [Verstegen 
et al., 2016] [Tambouris et al., 2012] 
[Tseng et al., 2008] [Bajwa & Wu, 2013] 
[Donnelly, 2010] [Beetham & Sharpe, 
2013] [Tsai et al., 2013] 

Whiteboards [Savery, 2015] [Jin & Bridges, 2014] 
[Hmelo-Silver, 2013] [Lu et al., 2010] 
[Beetham & Sharpe, 2013] [English & 
Kitsantas, 2013] [Walker et al., 2015] 

Games / simulation tools [Jin & Bridges, 2014] [Verstegen et al., 
2016] [Al-Dahir et al., 2014] [Bajwa & Wu, 
2013] [Heidmann et al., 2015] [Delialioglu, 
2012] [Beetham & Sharpe, 2013] [Hung, 
2011] [Walker et al., 2011] [Walker et al., 
2015] 

Social networking tools [Jin & Bridges, 2014] [Verstegen et al., 
2016] [Savery, 2015] [Walker et al., 2015] 
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Project management tools [Jin & Bridges, 2014] [Ravitz & Blazevski, 
2014] [Verstegen et al., 2016] [Hung, 
2011] [Walker et al., 2011] 

Feedback and monitoring tools [Jin & Bridges, 2014] [Ravitz & Blazevski, 
2014] [Reis et al., 2015] [Bajwa & Wu, 
2013] [Donnelly, 2010] [Lan et al., 2012] 
[Delialioglu, 2012] [Beetham & Sharpe, 
2013] [Hung, 2011] [English & Kitsantas, 
2013] [Tsai et al., 2013] 

Multimedia tools (videos, podcasts) [Verstegen et al., 2016] [Savery, 2015] 
[Tambouris et al., 2012] [Al-Dahir et al., 
2014] [Reis et al., 2015] [Bajwa & Wu, 
2013] [Donnelly, 2010] [Delialioglu, 2012] 
[Beetham & Sharpe, 2013] [English & 
Kitsantas, 2013] [Bishop & Verleger, 2013] 

Mobile applications [Verstegen et al., 2016] [ Robinson et al., 
2015] [Lan et al., 2012] [Walker et al., 
2015] 

Content organization / sharing [Koroneou et al., 2013] [Verstegen et al., 
2016] [Tambouris et al., 2012] [Donnelly, 
2010] [Delialioglu, 2012] [Beetham & 
Sharpe, 2013] [Hung, 2011] [Walker et al., 
2011] 

Data search engines [Schmidt et al., 2011] [Núñez-del-Prado & 
Goméz, 2017] [Beetham & Sharpe, 2013] 

E-portfolios [Verstegen et al., 2016] [Savery, 2015] 
[Beetham & Sharpe, 2013] [Hung, 2011] 
[English & Kitsantas, 2013] [Walker et al., 
2015] 

e-mail  [Verstegen et al., 2016][Donnelly, 2010] 
[Beetham & Sharpe, 2013] [Tsai et al., 
2013] 

The above technologies that facilitate and support PBL delivery can be classified 

in the following categories for easier discovery based on their purpose:  

Access to and organization of information 

This category includes tools that allow learners to have immediate access to new 

information and organize this information based on its context. According to the 

aforementioned studies, during PBL learners are required to search on their own for new 

data on the problem to be solved and critically decide which of the identified data is 
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relevant, timely and appropriate for the group’s objectives. This process can be facilitated 

through search engines such as Google, Bing, Scholar, Web of Science etc., as well as 

content sharing / organization tools such as digital libraries, Google Docs, Dropbox, 

Diigo etc. 

Main course platform 

The course that is designed based on the PBL principles can be transferred into an 

online setting with the help of an LMS such as Moodle, Blackboard etc. This will 

provide learners and educators with an online space that can include a variety of tools 

and materials that they can access and interact with during the learning process. 

Communication and collaboration 

The main aspect of PBL is collaboration of learners towards the solution of a 

given problem. To this end, studies state that it is essential that group members can 

communicate with each other and collaborate in the different assigned tasks. It is also 

important that learners can communicate with the educators in case of issues that need 

resolving, clarifications that may be needed or questions that may arise. Tools that allow 

such interactions are discussion boards and forums, where learners can discuss about 

different topics of the course and present their opinions, arguments and research, e-mails, 

where they can contact each other as well as their teacher and social networking sites, 

where learners and educators can post updates on the problem’s progress or solve arising 

issues.  

Thinking and practicing 

In existing PBL deliveries, research indicates that learners’ active engagement 

and participation during PBL requires tools that can facilitate them in this transition of 

power from being passive deliverers of knowledge to creating new knowledge. Such 

tools can include whiteboards, where they can brainstorm and organize their thinking 

process along with their group members, games and simulation tools, where they can 

practice and visualize the different possible solutions of their problems in order to make 

more informed decisions on their final products, and wikis, where they can document 
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their findings and present their ideas in a collaborative way. Another helpful tool regards 

mobile applications, which can allow learners to visualize and organize their thinking 

processes as well as practice different solution strategies. 

Scaffolding and monitoring 

As the main role of the educators in PBL is that of the facilitator, research in PBL 

indicates that it is important that they provide constant scaffolding to learners during the 

learning process. This will also empower learners that are unaccustomed to take 

initiatives or be active participants, since they can receive increased and ongoing help 

when required. Different tools that can improve scaffolding include project management 

facilities, such as task progress documentation, timesheets, meetings scheduling, web 

conferencing, tasks assignments etc. These tools can help learners organize their 

workload and be constantly aware of the group’s progress. Educators can also observe 

and consult these tools in order to intervene with additional help for groups that are not 

performing according to the set objectives. Another facilitating set of tools include those 

that provide feedback and allow monitoring of the learning process. In PBL, learners 

learn by doing throughout the entire course and are assessed constantly, not only at the 

end through a final examination. Thus, tools that provide them with feedback on their 

work can help them improve their knowledge and skills even before the end of the 

course, and monitoring tools can help educators prevent dropouts, encourage and 

motivate the more passive students and enrich the course with more activities or 

materials when needed. 

Enriched resources 

The enrichment of knowledge as well as the development of a variety of skills 

can be assisted through multiple types of resources during the learning process, instead of 

the traditional slides or lecture notes. To this end, the majority of the reviews on PBL 

technologies mention multimedia in contents, such as videos and podcasts, which provide 

another mode of learning content that can be more effective to some learners. Another 

tool that can enrich existing resources is e-portfolios, where each learner can assemble 
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evidence of their work and create electronic evidence of their findings in different 

format, such as text, images, blog entries, multimedia etc. 

 2.2.5 Problem based learning models 

A literature review is carried out on higher education institutions that have 

successfully implemented PBL models in their project-oriented courses (Zotou & 

Tambouris, 2014; Tambouris et al., 2012). The examined case studies are portrayed in 

Table 2-1. The table presents the institution that has proposed and implements the 

specific model, the course(s) the model is applied in, the steps each model comprises of, 

the types of assessment followed within each model and the skills to be gained within 

each model. 

Table 2-1 Evaluation criteria on implemented PBL models 

 Higher 

education 

institute 

Course(s) Steps Assessment Skills 

Aalborg 

(Kolmos et al., 

2004) 

  

Project 

Management 

8 steps 

(Group formation, 

Problem 

formulation, Task 

formulation, 

Problem 

delimitation, 

Solution, Discussion, 

Implementation, 

Evaluation) 

Group-based 

assessment 

with 

individual 

grading 

Knowledge 

processing, 

Analytical 

thinking, 

Argumentation, 

Communication 

of ideas, 

Group-work  

McMaster 

(Saarinen-

Rahiika & 

Binkley, 1998) 

  

Medicine 7 steps 

(Objectives 

identification, 

Interaction with the 

scenario, 

Identification of self-

study questions, Self-

directed study, 

Self 

assessment, 

Peer 

assessment, 

Tutor 

assessment 

Problem 

solving, Group-

work,  Self-

directedness, 

Communication 
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Discussion, Review 

and synthesis, 

Evaluation) 

Maastricht 

(Schultz & 

Christensen, 

2004)  

  

Science, 

Healthcare, 

Business etc 

7 steps  

(Setting clarification, 

Problem definition, 

Case investigation, 

Problem re-

structure, Learning 

goals formulation, 

Individual learning, 

Report) 

Performance 

in the 

problem 

solving 

process 

Presenting 

viewpoints, 

Debating, 

Writing texts, 

Working 

together 

Manchester 

(David et al., 

1999) 

Medicine, 

Engineering, 

8 steps 

(Terms clarification, 

Problem definition, 

Hypotheses 

brainstorming, 

Arrangement of 

ideas, Learning 

objectives definition, 

Information 

gathering, Results 

sharing, Discussion 

experience) 

Individual, 

peer and 

group 

assessment  

Problem-

solving, Team-

work, 

Communication 

Samford 

(Mauffette, 

2001) 

  

Business, 

Education, 

and 

Pharmacy 

7 steps  

(Problem analysis, 

Conceptualization, 

Prioritization of 

hypotheses, Plan 

identification, Data 

collection, 

Hypotheses 

verification, 

Defence) 

Reflection 

and peer 

assessment 

Critical 

thinking, 

Problem 

solving, 

Decision 

making 
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Delaware 

(Allen et al., 

2003) 

  

Biochemistry, 

Biology, 

Science etc 

5 steps  

(Problem analysis,  

Information 

identification, 

Sharing research 

findings, Formulate 

solution, Evaluate) 

Evaluation 

forms 

Problem-

solving, 

Research, 

Social skills,  

Critical 

thinking, 

Writing 

All of the aforementioned cases have implemented their respective PBL models 

offline, i.e. inside the classroom. Furthermore, in all cases the teacher acts as a facilitator, 

which is essential to every PBL approach since it alleviates the self-consciousness that 

having added responsibilities and taking initiatives may cause students (Hakkarainen, 

2007; Kemery and Aggarwal, 2000). Finally, students are always divided into groups and 

work collaboratively towards a specific goal.  

Table 2-2 comparison of PBL models  

 Aalborg McMaster Maastricht Manche

ster 

Samford Delaware 

Group formation X       

Identification of 

initial ideas / 

hypotheses / 

objectives and 

Problem 

formulation 

X  X  X  X  X  X  

Task formulation X       

Problem analysis 

and re-structure  

X  X  X X  X  X  

Implementation 

/  Solution 

X X  X  X  X  X  

Discussion / 

sharing research  

X X   X   X  

Evaluation / 

Review  

X X  X   X  X  

Self-directed 

study 

X X  X   

 

  

Data collection X    X  
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Based on the research carried out and as shown in comparison of PBL models, all 

models include steps regarding the analysis of the problem and the formulation of ideas 

related to specific objectives. Additionally, in all models students are required to form a 

solution and in the majority of the models (apart from Maastricht and Samford) they 

discuss findings and share their research amongst the group. Finally, almost all models, 

apart from Manchester, require students to evaluate, report and / or defend their work. 

However, only Aalborg model seems to explicitly include steps that are focused in group 

forming and group work (task formulation step), important elements for PBL, since the 

transition from traditional individual learning to group collaboration is challenging for 

both educators and students and requires support.  

After examination, the Aalborg PBL model (Kolmos et al, 2004) was chosen as 

the most appropriate solution for the purposes of this study.  One of the reasons for this 

selection is that Aalborg University holds more than 30 years of experience in project – 

oriented, thus focusing on the application of the new knowledge instead of solely its 

production (Perrenet et al., 2000). Moreover, in the Aalborg model students choose the 

projects they want to implement instead of the teacher, whereas in the other PBL models 

the problem is usually set by the teacher. Finally, there is explicit information not only 

regarding the model’s steps but also the implementation process on the University’s 

courses, facilitating our comprehension on how to put the model into good practice in our 

course. We were also able to contact seven educators from Aalborg University and 

perform five focus groups and brainstorming sessions with them in regards to the model 

implemented in their University. This allowed for us to develop more robust results since 

they were designed and validated with feedback from experts in the field. 

 2.2.6 PBL - Aalborg model 

In Aalborg University, Denmark, all university programs have been based on 

PBL, also referred to as “PBL - The Aalborg model” (Barge, 2010; Kjærsdam & 

Enemark, 1994). The PBL - Aalborg Model has become both nationally and 

internationally recognized and a trademark for Aalborg University. 
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A more recent and updated representation of the model’s steps, as defined by 

academics in Aalborg University, Copenhagen, is shown in Figure 2-2. 

Group Forming

Problem 
Formulation

Task Formulation

Data Gathering

Analysis

Design

Implementation

Evaluation

Reporting

Problem Analysis

Problem Solving

 

Figure 2-2 PBL Aalborg model steps 

Initially, learners form groups in order to work together towards solving a 

problem. In PBL, teamwork is one of the most important elements, and thus learners 

need to create a group environment that will increase their motivation to work and 

produce successful results.  The way groups are formed can be varied; it is however 

usually the learners’ own responsibility to find members of their groups that suit their 

needs.  

Once groups are formed, each group is required to formulate a specific problem 

to be solved. This problem requires all members to bring forth their prior knowledge and 

skills, study the generic field of the course and identify issues that would be considered 

as problems that need solving. The problem formed should be straightforward enough 
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that it can be solved within the designated timeframe and complicated enough that it 

would require analysis, design, implementation and evaluation of a robust solution.  

The next step regards the formulation of tasks, where the problem is divided into 

small tasks and members of the group are assigned specific responsibilities for realizing 

these tasks. Within this step, learners take different roles and are introduced to additional 

skills such as project management, leadership, communication of ideas etc. 

Problem analysis follows, where learners usually gather data on the problem they 

are investigating, analyse the information they have gathered and make specific decisions 

that lead to the design of the strategy for the solution of the problem they formulated.  

Once the problem is analysed and a suitable solution has been designed, groups 

move towards the actual implementation of the solution. This implementation is then 

applied for validation and evaluation with different means, such as usability tests, 

interviews, technical tests etc. The results of the evaluation are recorded and learners 

form the assessment of their work.  

Finally, learners report their project work where they formulate their conclusions 

and propose future work for their problem. 

 2.2.7 Tools for Aalborg PBL model 

Even though Aalborg University applies the PBL model in an offline setting 

without recording any educational data for further analysis, educators and students use a 

variety of technologies to help with the project work and collaboration within the groups. 

These tools were identified by Khalid et al., (2012) and they focus more on the 

interactions amongst the students during project work and not on the educators’ usage of 

tools for project and course design. This study mapped the tools most commonly used by 

students during each step of the PBL model, as shown in Table 2-3 

Table 2-3 Mapping of PBL steps with activities Web 2.0 tools 

PBL step  Activities  Tools 

Group forming Brainstorming  Forum, Twitter, 



 

27 

Blogger 

Group creation Email, Twitter 

Problem formulation Brainstorming  Mindmap, Google 

Docs, Forum 

Literature searching Digital library, Google 

Scholar, Google 

Literature storing Diigo, Digg, Dropbox 

Argumentation Skype, Email, Social 

networks, Forum 

Writing Google Docs, Wiki 

Presenting Google Docs, Prezi 

Reflecting  Quiz, Notes, Survey 

Task formulation Scheduling Task list, Check list, 

Google Calendar, 

Doodle 

Diagraming Gliffy, Dabbleboard 

Resource allocation Check list, Trello, MS 

Project 

Reflecting  Quiz, Notes, Survey 

Data gathering Data collection / transforming 

/ storing  

Google Docs 

Reflecting  Quiz, Notes, Survey 

Analysis Data analysis Google Docs 

Argumentation Skype, Email, Social 

networks, Forum 

Reflecting  Quiz, Notes, Survey 

Design Development / production / 

testing 

Wiki, Google Docs 

Experimenting / modelling / 

simulating 

Dabbleboard 

Writing  Wiki, Google Docs 

Reflecting  Quiz, Notes, Survey 

Implementation  Application of the solution - 

Evaluation  Perform evaluation 

techniques  

Google Docs, 

Limesurvey 

Record evaluation results Google Docs, 

Limesurvey, Excel 
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Reflecting  Quiz, Notes, Survey 

Reporting Report writing  Wiki, Google Docs 

Report submitting  Email, Google Project 

Presenting Google Docs, MS 

PowerPoint, Prezi 

Argumentation Skype, Email, Social 

networks, Forum 

Publishing  Wordpress, Joomla, 

Blog 

Reflecting  Quiz, Notes, Survey 

As shown above, these tools are all Web 2.0 solutions that are independent and 

standalone, and not plugins of a holistic e-learning environment. This makes the 

gathering of data generated across the project work very challenging for educators and 

thus all this data remain unexploited. They can however, provide insights on the types of 

interactions these tools can support and how LA methods and technologies can analyse 

the corresponding data towards meaningful visualizations.  

Aalborg also uses a Moodle instance in its courses. However, the environment is 

not being adequately exploited, as it is only used for exchange of files and content and 

not for supporting collaboration and data recording during project work. 

 

 2.3  Learning analytics 

As LA is still quite a new concept, relevant research has been growing rapidly on 

the different steps, methods and technologies that can sufficiently describe what LA is, 

how it works and what the benefits are. An extensive literature review was carried out on 

the LA domain using a concept-centric methodology and a variety of concepts that cover 

the majority of the LA field (Webster & Watson, 2002).  In particular, a desktop research 

was carried out using keywords such as “Learning Analytics”, “LA definition”, “LA 

framework” and all other concepts shown in Table 2-4.  

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

ACM Digital Library, IEEE Xplore, SpringerLink, ScienceDirect and Google Scholar 
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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 Google Trends’ search and news 

reference volume data the term ‘Learning analytics’ started becoming popular in March 

2011; see Figure 2-3).  

 

Figure 2-3 Google Trends on Learning analytics 

The references of the selected papers were checked and additional papers were 

found. Electronic articles written in blogs such as Learning and Knowledge Analytics
6
 , 

elearning space
7
, Effective Learning Analytics challenge by Jisc

8
 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. 112 publications were finally selected as the 

                                                

6 http://www.learninganalytics.net/  

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

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

http://www.learninganalytics.net/
http://www.elearnspace.org/blog/
http://analytics.jiscinvolve.org/wp/
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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.  

Table 2-4 LA domain concept-centric review 

Concept Author 

LA definition [Ferguson, 2012], [Long & Siemens, 2011], [LAK, 2011], [NMC 

Horizon H.E. Report, 2014], [Duval, 2012], [Horizon Report, 

Schools 2014], [Chatti et al., 2012] 

LA framework [Geller & Drachsler, 2011], [Chatti et al., 2012], [Pistilli et al., 

2014], [Fernández-Gallegoa et al., 2013] 

LA stakeholder [Buckingham Shum & Ferguson, 2012], [MacNeill et al., 2014], 

[Dyckhoff et al., 2013], [Romero & Ventura, 2013], [Greller & 

Drachsler, 2011] 

LA method [Siemens, 2013], [Baker and Yacef, 2009], [Bienkowski et al., 

2012], [De Liddo et al., 2011], [Baker & Inventado, 2014] 

LA lifecycle [Siemens, 2013], [Romero and Ventura, 2007], [Dimitracopoulou, 

2015], [Elias, 2011], [Baker 2007], [MacFayden and Dawson, 

2010], [Verbert et al., 2013], [Stracke 2010, 2013, 2014a, 

20014b] 

LA tool [Picciano, 2012], [West, 2012], [Leony et al., 2012], [Mazza and 

Dimitrova, 2007], [Fortenbacher et al., 2013], [Santos et al., 

2012], [Ali et al., 2012], [Dyckhoff et al., 2012], [West, 2012], 

[Mazza et al., 2012], [Dimopoulos et al, 2013] 

LA applications  [Baker, 2014], [Wastiau et al., 2013], [Ferrari et al., 2014], 

[Prinsloo et al., 2012], [NMC Horizon H.E. Report, 2014], 

[Caulfield, 2013], [Norris & Baer, 2013], [European Commission, 

2013], [Nielson, 2013], [Jager et al., 2014], [Salas et al. 2012], 

[Drachsler & Kalz, 2016] 

LA and PBL [Tempelaar et al., 2013],[Göhnert et al., 2014] 
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Each concept was then studied thoroughly and divided into concrete concepts that 

were more relevant to our research, as shown in Table 2-5.  

Table 2-5 LA methods concept-centric review 

Concept Author 

Data gathering [Cooper, 2014], [Pistilli et al., 2014], [Dyckhoff et al., 

2013], [MacNeill et al., 2014,] [Van Harmelen & Workman, 

2012], [Ferguson, 2012], [Papamitsiou & Economides, 

2014], [Elias, 2011], [Pardo, 2014], [Siemens, 2013], 

[Dimitracopoulou, 2015] 

Data analysis and visualization [Elias, 2011], [Pardo, 2014], [Dimitracopoulou, 2015],  

[Buckingham, 2011] , [Siemens, 2013] 

Learner modelling (learner profile, 

behaviour modelling) 

[De Liddo et al., 2011], [Bienkowski et al., 2012] 

Interventions in learning 

(adaptation, predictions, 

mentoring, personalization)  

[Chatti et al., 2012], [Pardo, 2014], [Siemens, 2013], 

[Dimitracopoulou, 2015], [Elias, 2011], [Verbert et al., 

2013], [Baker & Siemens, 2014] 

Relationship mining (sentiment 

analysis, discourse analysis) 

[Baker & Siemens, 2014], [De Liddo et al., 2011] 

Knowledge domain modelling [Herskovitz et al., 2013] 

Structure discovery and analysis 

(social network analysis, semantic 

analysis, clustering, information 

flow analysis) 

[Herskovitz et al., 2013], [Otte and Rousseau, 2002], 

[Chatti, 2012], [Siemens, 2013], [Baker and Yacef, 2009], [ 

Assessment (monitoring, guiding, 

scaffolding, feedback, reflection) 

[Dyckhoff et al., 2012], [Chatti, 2012], [Dimopoulos et al, 

2013], [Prinsloo et al., 2012], [Long & Siemens, 2011] 

A detailed presentation of the above identified concepts is provided in the 

following sub-sections. 
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 2.3.1 Learning Analytics definitions 

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. “LA is the measurement, collection, analysis and reporting of data about learners 

and their contexts, for purposes of understanding and optimizing learning and the 

environments in which it occurs.” (Long & Siemens,2011) 

2. “LA 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 each student’s level of need and 

ability in close-to-real time.” (NMC Horizon H.E. Report, 2012 & EDUCAUSE) 

3. “The 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.” (Duval et al, 

2014). 

4.  “LA is an educational application of web analytics, a science that is commonly 

used to by business to analyse commercial activities, identify spending trends, and 

predict consumer behaviour.” (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 
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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). 

Some of the fields that are more inter-connected with LA include (Cooper, 2012; 

see Figure 2-4): 

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 (Goldstein and 

Katz, 2005). 

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).  

 

Figure 2-4 Multidisciplinary nature of LA 

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 
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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, learners’ knowledge and skills as well 

as their weaknesses and misconceptions, the assessment’s efficiency etc. All these 

insights can then underpin successful personalized and adaptive learning that improve all 

aspects of education and training. 

 2.3.2 Learning Analytics Frameworks  

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

requires the investigation of all dimensions that should be taken into consideration during 

LA’s application in real 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.  

 2.3.2.1 LA framework by SOLAR 

The Society for Learning Analytics Research (SOLAR) has proposed integrated 

toolsets through the development of four specific tools and resources: 

1. A Learning analytics engine, which is a versatile framework for collecting and 

processing data with various analysis modules  

2. An Adaptive content engine 

3. An Intervention engine, which supports recommendations and automated support 

4. Dashboard, reporting, and visualization tools 
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Figure 2-5 LA integrated engine framework by SOLAR (Siemens et al., 2011) 

Figure 2-5 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 a 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.  

 2.3.2.2 LA framework by the OU of the Netherlands 



 

36 

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 2-6.  

 

Figure 2-6 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 learners’ 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.  
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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 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.  

 2.3.2.3 LA Reference Model 

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

four main dimensions, namely the questions “What?”, “Why?”, “How?” and “Who?” 

regarding an LA process, as shown in Figure 2-7.  
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Figure 2-7 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 be quite large, especially when technologies such as 

MOOCs are utilized. These big data require specific operations, such as increased storage 

availability, fragmentation etc.  
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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 2-7, 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 according to the learners’ needs; 

– 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 

educators 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 designers etc. Each stakeholder’s interest in LA differs 

depending on what 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 
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pathways that will help them improve their performance, educators 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 decisions and actions need to 

be taken by the stakeholders in regards to these issues before any data analysis is carried 

out.  

 2.3.2.4 LA Framework for Educational Virtual worlds 

Fernández-Gallegoa et al. (2013) propose an LA framework focused on virtual 

learning environments as shown in Figure 2-8 and includes concepts such as process 

models, educational world, learning platform, educational data and process mining 

system.  
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Figure 2-8 Framework for LA in 3D educational virtual worlds (Fernández-

Gallegoa et al., 2013) 

This framework is consisted of the stakeholders involved in LA (i.e. the 

educators, 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 educators 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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 2.3.3 Learning analytics 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 

 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 aforementioned techniques can 

also design models that will identify students’ progress, predict their performance and 

identify parameters of similarity amongst group of students. 

On the other hand, Bienkowski et al. (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 
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 Personalization and adaptation 

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

personalizing learning content in accordance to the learners’ profile and knowledge level 

in the specific knowledge 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 2-6 provides some representative examples of some of the most commonly 

used techniques and applications (Siemens, 2013). 

Table 2-6 LA dimensions and examples 

LA dimension Examples 

Techniques 

Modelling Learner modelling 

Behaviour modelling 

User profile design 

Relationship mining Sentiment analysis 

Discourse analysis 

 Association rule mining 

Knowledge domain modelling Natural language processing 

Assessment by matching learner’s 

knowledge 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 
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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 – visual, 

podcasts – aural, writing – verbal, forums – 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 addresses others’ ideas, b) compares others’ ideas with his own and c) 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 bring forth informative insights on learners’ knowledge in 

relation to the domain’s structure as well as predictions, adaptations and personalization 

of the learning processes.  
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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 learners’ 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.  

 2.3.4 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 
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been designed since the concept emerged, and while they are different in some ways, 

they share many similarities as well. The majority of them are based on the Knowledge 

continuum concept which goes back to the 1800s but was re-designed by Baker (2007), 

as shown in Figure 2-9. 

 

Figure 2-9 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. 
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 2.3.4.1 LA Model by Siemens 

The LA Model (LAM) proposed by Siemens (2013) consists of seven 

components, as shown in Figure 2-10.  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. 

 

Figure 2-10 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 enhance learning (e.g. students’ scores, 

resources more commonly accessed etc.) 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. 



 

48 

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. 

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. 
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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.  

 2.3.4.2 LA lifecycle by LTEE  

Dimitracopoulou (2015) presents a LA lifecycle that consists of a loop with six 

main steps, as shown in Figure 2-11. 

 

Figure 2-11 LA lifecycle (Dimitracopoulou, 2015) 

The steps represented in this lifecycle are as follows: 

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.  
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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 example, it is challenging to 

directly measure someone’s 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.   

Interpretation / action. During this step, stakeholders are able to study the LA 

results, and interpret the visualizations towards taking corresponding actions. Such 

actions include interventions in the learning process in order to improve learners’ 

experiences and performances. 

LA output communication. During this step, stakeholders such as educators or 

trainers communicate the LA outputs with the relevant students on an individual or group 

level, or with the course designers for re-designing the course if needed. This 

communication will allow for changes to occur within the course by all involved 

stakeholders. 

 2.3.4.3 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 2-12.  
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Figure 2-12 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. 

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 
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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 & 

Dawson, 2010), and how can the LA results be used to better structure the courses based 

on pedagogical theories.  

People. This component refers to the importance of people’s involvement in the 

LA process. Even 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.  

 2.3.4.4 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 2-13.  
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Figure 2-13 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. 

 2.3.5 Learning analytics tools and visualizations 

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). 
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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.  

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. 

 2.3.5.1 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. 

https://sites.google.com/site/glassuc3m/
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 Database that stores the information of the captured events. 

 GLASS viewer that represents the information. 

 User that understands and interprets the environment’s visualizations. 

The user interface of the tool is shown in Figure 2-14. 

 

Figure 2-14 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. 

 2.3.5.2 CourseVis tool 

CourseVis (Mazza & 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 2-7 Information presented in CourseVis 

Social aspects 

Participation in group work 

Participation in discussions 
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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 

Reads of course materials 

Performance on evaluation proofs 

Progress with the schedule 

A representative visualization is shown in Figure 2-15, 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 2-15 Visualization of discussion threads focusing on the students who have 

initiated the threads (Mazza & Dimitrova, 2007) 

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

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

 2.3.5.3 Google Analytics 
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Google Analytics
9
 may not be developed specifically for LA purposes; however it 

can be very beneficial for courses that utilize different websites.  

 

Figure 2-16 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. 

 

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. 

 2.3.5.4 SNAPP 

The SNAPP10 (Social Networks Adapting Pedagogical Practice) tool was 

developed to extract all user interactions especially in discussion forums from various 

                                                

9
 Google Analytics: http://www.google.com/analytics 

10
 SNAPP tool: http://www.snappvis.org 

http://www.snappvis.org/
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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 2-17. 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 

 

Figure 2-17 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 

 2.3.5.5 LeMo application 
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LeMo is a web-based LA application that aims to provide informative insights on 

learners’ navigational patterns 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. 

 

 

Figure 2-18 LeMo tool visualizations 

The LeMo application employs various LA methods such as statistics, sequential 

pattern mining etc., in order to retrieve data from various databases and log files. This 

data analysis will be analysed and the outputs will be visualized with different 

visualization techniques, as shown in Figure 2-18. The stakeholders can then study the 

outputs and assess the learners’ behaviour and the quality of the courses. An important 

benefit of the LeMo application is that data analysis can be carried out across different 

learning platforms and LMS environments, allowing the comparison of learners’ 

behaviours in each environment. 

 2.3.5.6 StepUp! LA tool 
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The StepUp! Tool was developed with an aim to underpin reflection features for 

educators and learners (Santos et al., 2012). To this end, the tool gathers, analyses and 

visualizes data such as time spent on a course, usage of resources, usage of social media 

etc., as shown in Figure 2-19. 

 

Figure 2-19 StepUp! Tool interface (Santos et al., 2012) 

The Figure shows that each row describes a specific learner, and learners are 

clustered together in the groups they belong to. The table also shows the group and each 

learner’s number of posts, comments, hours spent on the course, number of tweets etc. 

StepUp! tracks these types of data, such as posts and comments of learners on 

blogs, tweets using a specific course related hash-tag etc., through RSS feeds from the 

blogs and social media’s APIs. 
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 2.3.5.7 LOCO-Analyst 

LOCO-Analyst is a semantic web application that aims to provide feedback to 

educators in online learning environments, as well as information regarding the quality of 

the learning content (Ali et al., 2012). The feedback provided by the tool is developed in 

three different levels: 

– All activities that were designed by the learners during the learning process. 

– The usage and understanding of the learning content prepared by the educators. 

– The social networks developed amongst the learners in a VLE. 

The tool was developed as an extension of the Reload Content Packaging Editor, 

an open source tool for course design, aiming to facilitate educators by using the same 

tool for the design of their courses, the retrieval of analytical information and feedback 

and the configuration of their courses.  

 

Figure 2-20 LOCO-Analyst user interface (Ali et al., 2012) 
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The analysis carried out in LOCO-Analyst is based on the concept of the 

Learning Object Context (LOC), which refers to the interactions of a learner with a 

learning content through a specific learning activity towards a specific goal. Information 

provided from the analysis can include more commonly discussed topics, time spent on a 

module, page revisits, quiz scores etc. 

LOCO-Analyst also exploits semantic annotation by using the annotation 

facilities of the Knowledge & Information Management (KIM) platform in order to link 

different learning artefacts that have certain relations between them, such as lessons, 

activities, content etc.  

 2.3.5.8 Netlytic tool 

Netlytic11 is a cloud-based social network analysis tool aiming to analyse textual 

data and social media interactions realized in different tools, such as Twitter, blogs, 

forums, chats etc.  

                                                

11
 Netlytic: https://netlytic.org/home 
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Figure 2-21 Netlytic LA tool 

Netlytic can detect learners’ engagement levels as well as how active each learner 

is within a group relationship. 

 2.3.5.9 eLAT toolkit 

Dyckhoff et al (2012) developed the exploratory Learning Analytics Toolkit 

(eLAT), aiming to reduce limitations they encountered during learning and teaching, 

such as the collection, integration and analysis of raw data from log files of the VLEs 

used in courses. eLAT’s main goal was to improve the online teaching methods 

depending on personal interests and observations. 
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Figure 2-22 Online-based LA process (Dyckhoff et al., 2012) 

A typical LA process starts with the collection of data. This stage accumulates all 

the learners’ activities from a Virtual Learning Environment (VLE), an LMS or a 

Personal Learning Environment (PLE). The next stage is the export of the processed data 

through visual representations, which educators can draw conclusions on their teaching’s 

efficiency and effectiveness and take appropriate actions. 

The success application of the eLAT software required the following features: 

– Usefulness  

– Use of use 

– Extensibility  

– Reusability  

– Real time operation  

– Data privacy 

In order to cover all the above features, eLAT comprises of three main 

components: the Indicator framework, which generated assessment reports, a mining 

database and a visualizer application, which visualizes the generated reports.  
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LMS-based tools 

A typical form of online learning involves the usage of an LMS system like 

Moodle or WebCT. These LMS environments require that educators constantly adapt 

their courses (both the structure and the content) to ensure more comprehensive, high 

quality and effective learning. The successful application of an LMS for learning requires 

that educators are made aware of what is happening and how engaged their learners are. 

This brings forth the need for ongoing feedback (Ali et al, 2012). All LMS environments 

by default record various data indicators that can be gathered and processed, such as time 

spent on a page, access time, number of posts, navigation paths etc. and provide reports 

that present some of this data in a more comprehensive way. However, proper LA 

outputs that will underpin a higher level of decision making to improve learning and 

teaching requires additional data gathering in regards to learners’ behaviours, ongoing 

progress, social networks etc.  A number of tools have been developed, usually as 

plugins or add-ons, to support LA functionality within LMS environments (West, 2012).  

The following sub-sections describe a few representative examples of such tools. 

 2.3.5.10 Gismo Moodle add-on 

Gismo is a graphical interactive monitoring add-on for Moodle, which aims to 

assist educators in evaluating the social, cognitive and behavioural activities of learners 

in the online courses (Ali et al, 2012). Gismo can be easily installed in Moodle and 

provide diverse visualizations regarding learners’ activities, as shown in Figure 2-23.  
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Figure 2-23 Gismo output – learners’ access to a course 

Some examples of insights provided by Gismo include: 

 Access of learners to a course. 

 Access of learners to the resources included in a course. 

 Submission of assignments by learners. 

 Quizzes overview. 

 2.3.5.11 Analytics graphs  

Analytics graphs is a Moodle plugin that generate different types of graphs by analysing 

learner profiles and their interactions with a variety of the system’s modules. Such graphs 

include: 

 Grades distribution across a course’s learners. 

 Resources access information. 

 Timeline on assignments submissions (e.g. tasks, quizzes etc.), if they were late 

or on time. 

 Hits distribution across a course’s learners through the system’s pages. 

The following figures show examples of these graphs and how they represent the data 

analysed. 
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Figure 2-24 Analytics graph timeline on submissions visualization
12

 

 

Figure 2-25 Analytics graph assessment distribution visualization
13

 

                                                

12 https://moodle.org/plugins/block_analytics_graphs  

13 https://moodle.org/plugins/block_analytics_graphs  

https://moodle.org/plugins/block_analytics_graphs
https://moodle.org/plugins/block_analytics_graphs
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Figure 2-26 Analytics graph hits distribution visualization
14

 

Educators can monitor the learning process’s progress, and they are able to scaffold and 

guide learners with problems by communicating directly with them. This can happen if 

they click over specific elements within a graph and send a notification email to groups 

of learners (in the access distribution and submissions timeline graphs) or to individual 

learners (in the assessment distribution graph).  

 2.3.5.12 Configurable reports  

Configurable reports is a Moodle plugin that allows the creation of various reports for 

monitoring purposes by setting specific conditions based on the learning objectives. 

Some examples of reports that can be developed include: 

 Course reports, with information such as course statistics, learners’ final grades 

per course etc. 

                                                

14 https://moodle.org/plugins/block_analytics_graphs  

https://moodle.org/plugins/block_analytics_graphs
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 Users reports, with information such as course completion status, actions in each 

activity, statistics on participation per activity, user profile etc. 

 Timeline reports, with information such as dedication times and overall overview 

of the course for a specific timeline. 

 

Figure 2-27 Configurable reports visualization
15

 

 2.3.5.13 Engagement analytics 

Engagement Analytics is a Moodle plugin which provides analytics in regards to learner 

progress against specific indicators. These indicators concern a set of activities within 

Moodle which have been considered by educational research as influential on learners’ 

success in online learning. Such activities include assessment, forum, login data.  

                                                

15 https://moodle.org/plugins/block_configurable_reports  

https://moodle.org/plugins/block_configurable_reports


 

70 

 

Figure 2-28 Engagement analytics plugin screenshot
16

 

As shown in Figure 2-28, the tool provides individual engagement analytics per student 

and per activity. Each score is also accompanied by the “raw score”, i.e. the actual 

engagement percentage without the weighting function. The weighting function allows 

educators to indicate which of the activities is more important in the combined 

engagement analysis.  

This combined analysis is shown at the last column, and reflects an overall risk for each 

learner, where 100% designates maximum risk of failure and 0% minimum risk of 

failure. Educators also consult a dashboard where each student is assigned a colour 

according to his/her level of risk to fail, as shown in Figure 2-29, and the colour changes 

from green to red as the risk increases. 

 

Figure 2-29 Engagement analytics plugin dashboard
17

 

                                                

16 https://docs.moodle.org/22/en/Engagement_Analytics_Plugin  

17 https://docs.moodle.org/22/en/Engagement_Analytics_Plugin  

https://docs.moodle.org/22/en/Engagement_Analytics_Plugin
https://docs.moodle.org/22/en/Engagement_Analytics_Plugin
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Educators can review these two different visualizations and make decisions to intervene 

or scaffold learners with high risk percentages as well as identify which activities may be 

in need of re-design. For example, if the majority of learners are close to failing in the 

assessment activity, there is a chance that the quizzes or other assessment activities 

designed by the educators are too complex to comprehend.  

 2.3.5.14 Analytics and Recommendations 

The Analytics and Recommendations tool is a plugin developed for Moodle and aims to 

provide colour coded visualizations in forms of tables and charts representing learners’ 

progress and participation in various activities, as shown in Figure 2-30.  

 

Figure 2-30 Analytics and Recommendations plugin visualizations
18

 

More specifically, the tool records each learner’s participation in the installed Moodle’s 

modules, and visualizes their participation level in a table and in a chart. Additionally, 

each cell is coloured according to the level of participation for each learner. This way, 

                                                

18 https://moodle.org/plugins/block_analytics_recommendations  

https://moodle.org/plugins/block_analytics_recommendations
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educators as well as learners can more easily detect if someone is failing a specific 

activity and is in need of scaffolding.  

The tool also provides recommendations on which activities the learner needs additional 

participation in order to achieve the maximum grade, as shown in Figure 2-31. Learners 

can view what is their participation compared to the required participation to improve 

their performance, as well as how much added effort is needed for them to achieve the 

targeted participation.  

 

Figure 2-31 Analytics and Recommendations plugin recommendations
19

 

Educators are also provided with estimated grades that are calculated based on their 

participation in the activities. This way, they are more aware of which learners are in 

more need of assistance and guidance. 

 2.3.5.15 Adaptive quiz  

The Adaptive quiz plugin has been developed for Moodle and aims to allow flexible 

learning and adaptive assessment in online courses. Quizzes developed with this plugin 

                                                

19 https://moodle.org/plugins/block_analytics_recommendations  

https://moodle.org/plugins/block_analytics_recommendations
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allow for questions with specific levels of difficulty and can be matched with the 

estimated ability level of each learner.  

 

Figure 2-32 Adaptive quiz plugin visualization
20

 

As a learner answers the quiz’s questions, if they succeed then the following question 

will be more challenging, whilst if they fail, the following question will be easier in 

nature. The assessment quiz will finish when the learner’s ability is determined to the 

required accuracy, as represented in Figure 2-32. 

 2.3.5.16 MOCLog Moodle add-on 

MOCLog is a toolset that was developed based on GISMO and aims to analyse 

all interactions that can be recorded in an online course (Mazza et al., 2012). To this end, 

MOCLog tools create statistical reports and visualizations depending on each user’s role 

in the system and allow a comprehensive overview of all available data.  

                                                

20 https://moodle.org/plugins/mod_adaptivequiz  

https://moodle.org/plugins/mod_adaptivequiz
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Figure 2-33 MocLog tool activity report 

Figure 2-33 shows an activity report created with MOCLog, which presents the 

usage of the available tools within an online course. Relevant information includes 

number of usage for every type of tool, comparison of tools’ usage levels etc. 

 2.3.5.17 LAe-R Moodle add-on 

LAe-R (Learning Analytics Enhanced Rubric) is a Moodle add-on that was 

developed as an upgraded assessment method and is an improved version of the existing 

Rubric add-on for Moodle. LAe-R is used for the assessment of learners’ performance 

based on the analysis of the data gathered during online courses. Educators can determine 

specific criteria that are to be used for assessment, such as collaboration, scores in 

assignments, learning content access etc., as shown in Figure 2-34 (Dimopoulos et al, 

2013). 



 

75 

 

Figure 2-34 Determining assessment criteria with LAe-R (Dimopoulos et al, 2013) 

In regards to the collaboration, LAe-R analyses and visualizes data related to the 

forum posts, such as new messages, replies, quotes, number of files attached to forum 

posts etc. Furthermore, learners’ behaviours are assessed using the number of ideas 

learners present in the available learning assignments. Educators assess the learners’ 

performances through these two criteria in a quantitative manner, while a qualitative 

assessment is carried out through the grading of previous assignments by determining 

how much learners comprehended the learning material. 

 2.3.5.18 SmartKlass Moodle add-on 

SmartKlass21 is an LA dashboard that analyses behavioural data in order to 

present insights on learners’ performances.  

                                                

21
 SmartKlass: http://klassdata.com/smartklass-learning-analytics-plugin/ 
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Figure 2-35 SmartKlass dashboard (KLASSdata, 2016) 

The different types of visualizations available can help educators detect at-risk 

learners and send them warnings and assistance, see the overall progress of a course etc., 

and can help learners reflect on their progress, compare their performance to that of their 

group, receive personalized feedback from their educators etc. 

The following table provides a representative list of available free and open 

source LA tools, frameworks, applications etc.  

Table 2-8 LA free & open source tools 

LA TOOL  TYPE  DATA MANIPULATION  

Dragon ToolKit 1.3.3 

(2008-01-16)  

Application software Data analysis  

LOCO-Analyst3 (2009-12-

20)  

Application software Data extraction, Data visualisation  

Learning Analytics 

Enriched Rubric 1.0  

MOODLE add-on  Data analysis  

R 3.0.2 (2013-09-09)  Application software Data transformation, Data analysis, Data 

visualisation  

DataMelt 1.2 (2015-07-

10)  

Application software  Data transformation, Data analysis, Data 

visualisation  

Gephy 0.8.2 (2013-01-

01)  

Application software  Data visualisation  

Iramuteq 0.6 alpha 3  Application software  Data extraction, Data transformation, Data 

analysis, Data visualisation  

Juxta  Application software  Data analysis, Data visualisation  
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KEEL 1.0 (2014-01-29)  Application software  Data transformation, Data analysis, Data 

visualisation  

KH Coder2.Beta.30   Application software  Data analysis, Data visualisation  

KNOT  Application software  Data analysis  

Knime 2.9.1 (2014-01-15)  Application software  Data extraction, Data transformation, Data 

analysis, Data visualisation  

LightSide  Application software  Data analysis  

Orange Textable  Application software  Data extraction, Data transformation, Data 

analysis, Data visualisation, Data conversion, Data 

cleaning  

Apache Mahout  Framework/Library/API  Data analysis  

Apache OpenNLP1.5.3  Framework/Library/API  Data extraction, Data transformation, Data analysis  

Apache UIMA2.5.0  Framework/Library/API  Data extraction, Data transformation  

Lingpipe 4.1  Framework/Library/API  Data analysis  

Orange 2.7 (2014-02-14)  Framework/Library/API  Data analysis, Data visualisation  

Gismo 3.2 (2013-10-18)  Moodle Plugin  Data visualisation  

KoRpus  Plugin/extension pack  Data extraction, Data transformation, Data analysis  

SNAPP 2.1  Web application  Data extraction, Data analysis  

SmartKlass Moodle add-on Data analysis, Data visualization 

LAe-R Moodle add-on Data analysis, Data visualization 

MOCLog Moodle add-on Data analysis, Data visualization 

eLat Application software Data extraction, Data analysis, Data visualization 

Netlytic Cloud-based 

application 

Data extraction, Data analysis, Data visualization, 

Social network analysis 

LOCO-Analyst Application software Data analysis, Data visualization 

StepUp! Application software Data analysis, Data visualization 

LeMo Web-based application Data analysis, Data visualization 

Google analytics Cloud-based service Data extraction, analysis, Data visualization 

CourseVis Application software Data analysis, Data visualization 

GLASS Web-based application Data analysis, Data visualization 

 

 2.3.6 Existing approaches on using LA in PBL-environments 

This section aims to present a few case studies that have attempted to integrate 

LA in PBL environments. The relevant literature is still limited on this subject, as there 

seems to be a lack of available knowledge on how to utilize LA when the courses are 

structured using the PBL strategy.  

 2.3.6.1 LA and PBL in mathematics and statistics 
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Tempelaar et al. (2013) carried out a research study for learning and teaching of 

mathematics and statistics in a blended learning environment. 

The methodology used includes a face-to-face part of the learning process which 

followed the PBL strategy based on the Maastricht PBL model and an online part which 

is optional. Within PBL, students were required to form small groups, where each group 

had a specific content expert and mentor. The online components are three digital 

environments, namely the Blackboard LMS and MyStatLab and ONBETWIST used for 

test-directed learning. Students’ engagement with the online technologies is optional as 

this is more in line with the Maastricht model, where a) students are responsible for their 

own learning and educational choices and b) students have different prior knowledge and 

thus don’t always gain knowledge and skills by using the same environments.  

The course begins with a question, and students are encouraged to attempt to 

answer it. When students find difficulties answering the question, they are given two 

options to solve the problem: 

– Help Me Solve This: students ask for help on how to solve the problem using a step 

by step method. 

– View an Example: students ask for a holistic example that shows how similar 

problems have been solved. 

 Once students acquire new knowledge from this process, they are provided with 

a new problem that they try to solve based on what they have learned so far. 

Additionally, students take quizzes every two weeks for formative assessment of their 

progress. These are taken in the online environments, which encourages students’ 

participation in the online tools and allows them to reflect on their scores and compare 

their progress to that of their peers.  

The data collected during the learning process included: 

 Performance scores 

 Frequency of using the practice tests 
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 Time spent on practice tests 

 Number of attempts at solving a problem 

 Variables that demonstrate prior knowledge  

 Student profile 

 Groups formed 

 Engagement levels 

 Learning styles 

The analysis of the gathered data provides insights to students that help them 

monitor and reflect on their progress, their level of comprehension and get feedback from 

the educators on their performance. The educators are the facilitators in this process, and 

thus view LA outputs that help them guide and scaffold the students when needed (e.g. 

low performances, isolated students within groups, at-risk students, common mistakes 

frequently made etc.) as well as perform interventions through the overview of predictive 

results (e.g. predicted performances on future maths exams). 

The case study concluded that the usage of the online environments as a 

complimentary tool to PBL proved to help students, as they helped in the support of self-

direction, reflection and decision making. Students of PBL are usually new at this 

learning model, where they hold the majority of the responsibility to gain knowledge, 

and it seems that visual feedbacks on how the self-directed learning is proceeding has 

made them more confident in this control shift.  

 2.3.6.2 Doctors training with Analytics and PBL 

Göhnert et al. (2014) have developed a web-based Analytics workbench that is 

generic and easily extensible and supports various analytics processes and visualizations. 

The workbench allows multiple types of analytics results as separate modules, which 

educators can choose and retrieve insights from, as shown in Figure 2-36. 
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Figure 2-36 Analytics workbench (Göhnert et al., 2014) 

Some representative examples include: 

 Community detection 

 Networks of interactions amongst learners and course elements (resources, 

activities etc.) 

 Log statistics 

 Workflows 

 Identification of central actors 

 Diverse visualizations with graphs 

 Activity statistics  

The workbench has not been developed specifically for education and training, 

however the authors believe that it can easily be employed in such settings, and perform 

three different case studies to determine the validity of their assumption. One of the case 

studies involves a project called KOLEGEA, which provides trainings for doctors 
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practicing in family medicine using the PBL strategy. Medicine is one of the educational 

domains where PBL is most commonly used, and in this case, doctors were required to 

generate cases and solve these cases in a PBL context, i.e. they can collaborate, share and 

discuss the cases in small groups, while the trainers mentor and guide the process. 

The integration of the platform used in KOLEGEA with the Analytics workbench 

required the gathering of data from the platform so that it can be processed and analysed 

within the workbench (e.g. log files, user profiles, data on course elements etc.). The LA 

results available after this integration include graphs or data tables with results similar to 

the modules supported by the workbench. No specific information is provided in the 

study regarding the effectiveness of the solution and actual LA outputs from the doctors’ 

PBL practices.  

 2.3.7 Ethical issues and challenges 

This section provides information regarding some of the most commonly cited 

ethical issues, limitations and challenges concerning LA. 

 2.3.7.1 Ethical issues 

One of the most commonly cited definitions for ethics with focus on the digital 

world describes them as “the systematization of correct and incorrect behaviour in virtual 

spaces according to all stakeholders” (Pardo & Siemens, 2014). The specific ethics that 

should be taken into consideration for any domain are usually quite complex to locate, 

decode and make sense of (Willis, 2013). Documents that can be studied and consulted 

include the Nuremberg Code, the UN Declaration etc. provide information regarding 

protection, safety, human rights, minimization of harm etc. (Markham & Buchanan, 

2012). The principles available in such documents are easily applicable in the LA field, 

as data handling is relevant to all the aforementioned ethics principles.  

The LA field is still quite new and, despite its many benefits, the research and 

educational world is still sceptical about the actual application of the concept in real 

world settings. The most crucial issues that concern the stakeholders interested in LA 

involve all the ethical and legal issues around the collection, analysis and visualization of 
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data that may be considered personal or sensitive. Addressing such issues would involve 

proper anonymization and cleaning of learner-related data in accordance to national or 

European legal requirements or data policies (Greller & Drachsler, 2012).  

Furthermore, consent is essential for proper LA application. Learners should 

always be aware that their actions are being recorded as well as to who has access to their 

data, how their data is being used and to always be allowed to ask the termination of their 

data’s recording.  

Apart from the above, other ethics issues are involved in many levels, such as 

follows:  

Accountability. Creation of LA outputs with validation processes and accuracy 

verification.  

Clarity. The purpose as well as the scope of the data gathering and analysis 

should be publically and openly stated.   

Transparency. The educational data gathered should be open and all interested 

stakeholders should be aware of the LA processes being carried out and the ways in 

which the LA results will be exploited.   

Privacy. Specific mechanisms should be put in place for handling sensitive and 

out of scope data (e.g. cleaning, machine learning, transformation etc.). 

Access. This refers to the different data formats, and different types and levels of 

access to data by each stakeholder. 

Validity. The gathered data should be educational in nature, relevant to the 

educational goals set and accurate.  

Furthermore, it is important to investigate the amount of data gathered and 

analysed; sometimes more data does not mean better results. This requires proper LA 

tools that can harvest the data correctly and more importantly, educators with strong 

decision making and critical thinking skills who can determine which and how much of 

the available data can and should be exploited for analysis and to what end. During this 
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process, educators will also decide whether the available data is also ethical and in line 

with the ethics principles (Dimitracopoulou, 2015).  

 2.3.7.2 Limited LA practices 

Even though LA is a newly developed domain, there is already significant 

research being done on all its dimensions. However, this is not the case with the actual 

application of LA in real world settings, where “The work of researchers often sits in 

isolation from that of vendors and of end users or practitioners” (Siemens, 2012, p.5). To 

this end, limited evidence-based results are available to address LA challenges that 

hinder the successful transformation and improvement of learning and teaching.  

This is also reinforced by Figure 2-37, which shows the different domains that 

use Data Analytics and how prepared the organizations of the domains are to properly 

exploit these analytics. Based on the Figure, education is one of the least prepared 

domains for data analytics, especially regarding ease of data capture, IT usage, data-

driven mind-sets and overall data availability (Educause report, 2013). 

The limited existing practices are usually focused on gathering and analysing 

simple educational data and getting informative visualizations; however, no promising 

progress has been made in finding out and implementing ways to translate the LA 

outputs into actions that address learning and teaching issues. Furthermore, the 

availability of LA tools does not necessarily mean that they are being used properly or 

sufficiently in education and training. Studies indicate that educators and trainers are still 

not appropriately knowledgeable on LA and do not fully understand how to use the 

available tools in order to exploit the potential benefits for improving learning and 

teaching (Swan, 2012). 
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Figure 2-37 Organizational capacity for Analytics (Educause Report, 2013) 

Studies indicate that the future research on LA should focus on the learning 

sciences dimension so that it will be easier for learners and educators to transform the 

learning processes based on the LA outputs (Dyckhoff et al., 2013; Ferguson, 2012).  

 2.3.7.3 Objectivity of LA interpretations 

A commonly expressed concern regards the possibility that educators will rely 

exclusively on the LA results for the assessment of their students and do not try to make 
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sense of the information presented, review it and then determine which parts of the LA 

outputs they will exploit. This strongly diminishes educators’ abilities to think and 

observe critically and interact with the students. Furthermore, sole usage of LA for 

assessment can cause incorrect assumptions for students, since the assessment process 

requires a more holistic approach that takes into consideration other elements along with 

LA outputs, e.g. learners’ profiles, specific contexts of the course, particular conditions 

etc.) (Long & Siemens, 2011).  

 2.3.7.4 LA software  

The proper and effective usage of relevant software is essential in the LA domain. 

Higher education institutions and training organizations use a variety of diverse 

technologies during education and training for their courses. This significantly affects the 

LA process and the data quality, as the data generated is distributed across multiple 

sources and platforms and can be accessed in different formats (Reyes, 2015).  

Furthermore, each LA tool has been developed for specific purposes, and usually 

access and process specific types of data. This, in turn, means that the majority of LA 

software will not be able to record the complete set of the learning experience or 

holistically assess learners’ behaviours.  

The correct usage of LA software is usually limited due to incorrect application 

by the educators. Educators need to determine the learning objectives at the beginning of 

the course design phase, and correspondingly decide on which data indicators and 

measures are relevant for analysis before choosing and applying specific LA software.  

Another significant challenge regards the time and effort needed for successful 

LA process and software application. Very few educators will find the time to properly 

design their courses and incorporate the correct LA software. This is also connected to 

the usual lack of collaboration amongst educators, the IT staff, the admin staff and the 

decision makers. Such collaborations can lead to more holistic overviews on the 

educational and training needs and to long term decisions on how to address these needs 

through effective LA mechanisms.   



 

86 

 2.3.8 LA analysis outcomes  

The LA steps that were identified through the thorough research of LA 

frameworks and models can be viewed in the following Figure.  

 

Figure 2-38 LA steps 

The data gathering phase regards the selection and acquisition of educational data 

for their further analysis. Initially, the educational objectives should be set and defined, 

so that the data gathered will be in line with these objectives. It is important that we 

know what we want to achieve because that will guide us towards realizing what types of 

data are required that will help us reach our goals. Decisions made during this step 

include the data sources, data formats, data volume etc. Once the data is selected, it then 

is collected and stored into one or multiple data stores for future processing.  

It is essential to identify which data is usually generated during learning, in what 

state, in what formats, where does it get stored and how etc. The PBL strategy involves 

active participation of learners, which means that they will generate large amounts and 

multimodal data. The most important aspect of this data is that it is educational in nature, 

as the success of LA in education and training always relies on what types of data is 

gathered and analysed.  This also is strongly dependant on the types and kinds of data 

that is available for gathering and analysis and that can provide meaningful information 

that will improve education and training (Pistilli et al., 2014; Timonidou et al., 2013). 

Dyckhoff et al. (2013) carried out an extensive review of LA state of the art and 

listed 200 different indicators that are used for LA and mapped the different data sources 

in six main categories, i.e. student generated data, academic profile, performance, 

evaluation, course metadata and context data. The study carried out indicates that the 

majority of the data that is exploited by existing LA tools regards basic data about 

student activity and performance and it usually comes from a single source, i.e. an LMS. 

This limits the level of insights available to the educators for improved decision making; 
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thus, it is essential that the educators themselves decide on which indicators to be used 

for data gathering based on their specific objectives. 

The following Table includes a list of possible data sources and types that would 

be beneficial to be gathered in a PBL based environment during education or training. 

These data may come from either the learners or the teachers/trainers or from the 

learning technology itself (e.g. log data, records on movements, traffic data etc.). It may 

also be structured (e.g. scores per learner, log data) or unstructured (e.g. forum posts, 

Facebook posts) (Timonidou et al., 2013; MacNeill et al., 2014; Van Harmelen & 

Workman, 2012). 

Table 2-9 Data generation in PBL 

Data type Data source 

Assignments submitted  Learner – generated data in LMS, VLE, 

MOOCs etc. Courses enrolled 

Times spent on each unit of learning 

Access to learning resources 

Navigation patterns 

Frequency of log ins  

Activities accessed / used 

Posts on forums 

Number of participants per group 

Clusters of students who made specific 

mistakes 

Contributions to shared documents  

Facebook posts and interactions (replies, 

shares, tags) 

Student – generated data in social media 

and online 

Twitter posts and interactions (replies, 

retweets) 

Blog posts and interactions (comments, 

ratings) 

LinkedIn posts and interactions (networks, 

shares) 

Time spent in different webpages  

Performance in assignments Teacher – generated data 

Performance in activities  
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Performance in quizzes  

Final exam grades 

Frequency of interactions / engagement  

Geo locations Data generated from other technologies 

Sensor data (e.g. movements, gestures, 

activities, physical state etc.) 

All the above data is generated in large amounts in student-centred learning 

strategies such as PBL, and it is usually stored in the respective databases and not 

exploited for decision making and enhancing learning and teaching (Siemens, 2013). 

PBL also usually involves and allows multiple environments for student engagement, 

which causes a significant challenge in regards to gathering data from distributed 

learning environment for analysis (Ferguson, 2012). However, the exploitation of data 

from multiple sources can provide a more holistic and accurate insights of the learning 

experiences and thus reinforce learning and teaching (Papamitsiou & Economides, 2014). 

Thus, it is important to address the integration challenge and find innovative ways of 

exploiting multi-source data. 

The next step in the LA lifecycle regards all operations carried out to the stored 

data so that they are transformed into appropriate formats for further analyses. Such 

operations can include cleaning of the data so that it includes only relevant and wanted 

data for analysis, aggregation for combining different datasets that will be appropriate for 

more homogenous results, transformation for changing the data structure so that it 

becomes more in accordance to the set objectives etc.   

The next step regards the actual analysis of the stored and processed data, which 

can be carried out with multiple LA methods. Representative examples of LA methods 

are social network analysis, user modelling, patterns analysis, knowledge domain 

modelling etc. Specific techniques and tools are available to support these kinds of 

methods that can process raw data and produce valuable insights. 

Once the data is analysed, there are various ways in which they can be visualized 

so that they make sense to the stakeholders. Some of the most commonly visualized 

information regard: 
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• Learner activity  

• Learner navigation pathways 

• Learner interactions  

• Learner interim scores 

• Learner engagement levels 

• Comparison amongst groups progress 

• Hints, alerts and other scaffolding mechanisms (e.g. suggestions on learning 

materials) 

• Common mistakes  

• Learner profiles in accordance to their learning style, ongoing progress and 

recorded needs 

The types of visualizations and their content are important because they provide 

meaningful information to the educators and learners that can improve their learning 

experience. If the visualization does not provide any insights on a learner’s progress then 

it provides no added value to learning. 

The last phase of the LA lifecycle regards specific actions taken to achieve the set 

educational objectives. These include different interventions in the learning process that 

improve course design, delivery and monitoring.  

Relevant operations can be categorized into six main categories:  

• Predictions and interventions. This regards the operations that answer previously 

asked questions about possible outcomes. Examples of such actions include 

estimations of a learner’s future scores, potential dropouts or at-risk learners, etc. 

These actions can be carried out through a number of LA methods such as 

statistical inference and machine learning. 

• Recommendations and personalization. This regards the provision of suggestions 

to educators and learners based on specific learner-based LA information. 
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• Adaptations. This regards the tailoring of the course materials or learning 

activities based on a learner’s progress in order to ensure maximum performance. 

The types and number of adaptive actions to be performed is a decision made by 

the educators depending on the learning context and the specific learner.  

• Mentoring. This regards all the actions that are performed by the educators in 

their facilitating roles, especially in student-centred learning strategies. In these 

cases, educators study the LA outputs and provide guidance and advice based on 

the LA information. 

• Assessment and feedback. This regards the support of formative and self-

assessment actions during the learning process as well as the provision of 

informative feedback to both educators and learners regarding the ongoing 

progress. Continuous assessment is an essential objective and such mechanisms 

should be studied.  

• Reflection. This regards the provision of visualizations and information that show 

educators and learners the ongoing progress, current achievements and mistakes 

made, comparison between learners and groups, across courses etc. 

 2.4  Learning semantics  

The rapidly growth of today’s markets and professional sectors require workforce 

with lifelong learning skills that can be constantly up-to-date with on-going 

developments and able to be competitive in any professional field. This calls for a new 

paradigm in learning that will be mostly driven by business and societal demands and 

relevant to the context of each field (Mahmoud et al., 2013). 

Furthermore, ongoing research in education and e-learning shows current trends 

and challenges in the field that should be addressed and solved (Howell et al., 2003; 

Merrill, 2003; Koper, 2003): 

 Knowledge and data are growing rapidly, increasing the need for lifelong 

learning skills and e-learning technologies that can support distance learning. 
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 Learning is becoming more learner-centred and demands activities where 

learners solve real-world problems. 

 Learning environments should support problem-centred learning and flexible, 

adaptive pathways based on learners’ progress. 

 Effort of educators should be focused on supporting and scaffolding learners’ 

active engagement in learning, and thus automatic functions that can alleviate 

effort of teaching should be encouraged. 

The utilization of semantics in the educational domain is called Learning 

Semantics and it aims to allow wider use of digital and open educational materials and 

increase their discoverability and specificity. Furthermore, LS could aid self-guided 

learning and self-chosen learning paths (Zotou et al., 2014). 

The increasing usage of the semantic web in education could support the above 

issues, as semantics allow more automatic representation and discovery of information. 

The inventor of the World Wide Web also states that the semantic web can support the 

communication and shared understanding between humans and computers on a semantic 

basis (Berners – Lee et al., 2001). This understanding is underpinned through the usage 

of domain ontologies and formal specifications / vocabularies, where learning objects are 

annotated with pieces of information and organized into blocks of descriptive statements 

(Kalampokis et al., 2014; Stojanovic et al., 2001). 

Figure 2-39 also shows how the semantic representation of knowledge can help 

computers organize the information in a structured and meaningful manner. 
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Figure 2-39 Semantic representation of web information (Barker & Campbell, 2015, 

pp. 11-13) 

This semantic structure can improve learning implementation and assessment by 

allowing educators to perform their tasks more effectively through automated 

recommendations based on specific problem-based tasks or learners’ profiles. This can 

be supported when courses and their relevant concepts are semantically annotated, where 

software agents are aware of these concepts’ meanings and can thus support filtering of 

appropriate resources, managing and recommending workflow of activities based on 

learners’ profiles etc. (Bergin et al., 2000). 

The semantic representation of courses also supports the exchange and re-use of 

learning objects across different educational fields and sectors and thus contribute to the 

courses’ improvement and efficiency (Littlejohn, 2003), as they are more easily 

discoverable when the computers are aware of what types of elements they are and what 

information they hold.  

Furthermore, educators can enrich their knowledge on their educational field 

when their courses and learning objects are linked with external semantic information 

(e.g. DBpedia concepts) and are therefore constantly up-to-date with the ongoing growth 

of information.  
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 2.4.1 Semantic vocabularies for educational resources  

This section provides an overview of the RDF vocabularies that have been 

studied in order to decide which classes and properties will be used to describe learning 

objects.  

The annotation of learning objects and resources requires the identification of 

classes and objects that allow their appropriate semantic description. To this end, we 

carried out a research on which RDF vocabularies are available that focus on 

semantically describing educational elements. In our research, we focused on searching 

the LOV database, which contains 587 vocabularies that can be used for semantically 

describing resources from multiple domains, including education. 

 

Figure 2-40 LOV database
22

 

In total, we found eleven vocabularies that are well-defined and include classes 

and properties for concepts that can be used to describe educational elements. We 

proceed to decide which of these classes and properties better describe the concepts of 

                                                

22 https://lov.okfn.org/dataset/lov/  

https://lov.okfn.org/dataset/lov/
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the semantic annotation model and we also take into consideration the concepts included 

in the PBL_LA educational framework.  

 2.4.1.1 LOM vocabulary 

The LOM (Learning Object Metadata) ontology exposes the IEEE LOM standard 

used for educational content as linked data (Li, 2004; Koutsomitropoulos et al., 2010). 

Thus, the ontology provides a vocabulary with classes and properties that will provide 

metadata information about any learning object. The model and concepts supported by 

the vocabulary are shown in Figure 2-41.  

 

Figure 2-41 LOM Ontology (Koutsomitropoulos et al., 2010) 

In summary, some of the classes supported include
23

: 

 Learning object. The specific learning object that we are describing.  

 Identifier. A unique identifier assigned to the learning object described. 

                                                

23 http://slor.sourceforge.net/ontology/lom.owl  

http://slor.sourceforge.net/ontology/lom.owl
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 Annotation: Comments on the educational use of a learning object, including 

information on when and by whom the comments were created. 

 Contribution: The entities (i.e., people, organizations) that have contributed to 

the state of this learning object during its life cycle (e.g., creation, edits, 

publication). 

 Relation: A concept which defines the relationship between a learning object 

and other learning objects, if any. 

Additionally, some of the properties included in the vocabulary include: 

 hasResourceIdentifier: a globally unique label that identifies the learning 

object. 

 description: a text description of the learning object. 

 educational: the key pedagogical characteristics of the learning object. 

 classificationTaxon: a term within a taxonomy that aims to classify a learning 

object. 

 duration: duration of the learning object. 

 2.4.1.2 LRMI vocabulary 

The Learning Resource Metadata Initiative (LRMI) has developed a specification 

for semantically describing learning resources, and also provides an RDF version of its 

terms. The specification aims to facilitate educators and other stakeholders in more easily 

searching, identifying and sharing educational content across different store engines 

(Barker & Campbell, 2015). The LRMI vocabulary builds on the extensive vocabulary 

provided by Schema.org
24

 and other standards. The classes it supports are
25

: 

                                                

24 http://schema.org/  

25 http://dublincore.org/dcx/lrmi-terms/1.1/  

http://schema.org/
http://dublincore.org/dcx/lrmi-terms/1.1/
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 AlignmentObject: An intangible item that describes an alignment between a 

learning resource and a node in an educational framework, e.g. specific lesson 

in a curriculum. 

 EducationalAudience: An individual or group for whom the learning resource 

was created or useful  

The vocabulary also includes several properties, such as: 

 alignmentType: a category of alignment between the learning resource and 

the node of an educational framework. Recommended values for the property 

include: “assesses”, “teaches”, “requires”, “educationalSubject”, and 

“educationLevel”. 

 educationalRole: the role that describes the target audience of the learning 

resource. 

 educationalUse: the purpose of a learning resource in the context of a course. 

Recommended values for the property include “group work”, “assignment” 

etc. 

 interactivityType: the prominent mode of learning supported by the learning 

resource. Recommended values include “active”, “mixed”, “expositive”. 

 learningResourceType: the prominent type characterizing the learning 

resource. Recommended values for the property include “presentation”, 

“exercise”, “handout” etc. 

 2.4.1.3 AIISO vocabulary 

The AIISO (Academic Institution Internal Structure Ontology) ontology provides 

a vocabulary with classes and properties that describe the organizational structure of an 

academic institution (Styles & Shabir, 2008; Mouromvtsev et al., 2013). This includes 

information about classes, departments, subjects etc. For example, some of the classes 

available are as follows
26

: 

 Center: a group of people recognised by an organization as a cohesive group  

                                                

26 http://vocab.org/aiiso/  

http://vocab.org/aiiso/
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 Course: a cohesive collection of educational material 

 KnowledgeGrouping: a collection of resources, learning objectives, 

timetables, and other materials 

 Programme: a KnowledgeGrouping that represents a cohesive collection of 

educational material referred to by an organization as a programme  

 Subject: a KnowledgeGrouping that represents a cohesive collection of 

educational material referred to by the organization as a subject 

Additionally, AIISO provides a list of properties that can be used to further 

describe educational elements, such as: 

 name: the name of the described element. 

 responsibilityOf: when a concept is the responsibility of another concept. 

 responsibleFor: when a concept is responsible for another concept. 

 2.4.1.4 ESCO vocabulary 

The ESCO (European Skills/Competences, qualifications and Occupations) 

ontology provides a vocabulary with classes and properties for describing skills, 

occupations, qualifications and organisations (Zotou et al., 2014). Examples of such 

classes include
27

:  

 Skill: when a concept represents a skill. 

 Group: when a concept represents a group of members. 

 Occupation: when a concept represents an occupation. 

 Qualification: when a concept represents a qualification. 

                                                

27 https://ec.europa.eu/esco/resources/data/static/model/html/model.xhtml  

https://ec.europa.eu/esco/resources/data/static/model/html/model.xhtml
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Additionally, some of the properties available in ESCO are: 

 name: the name of the described concept. 

 isOptionalSkillFor: when a skill is optional for another skill or for an 

occupation 

 subject: the topic of the concept. 

 2.4.1.5 IMS – LD vocabulary 

The IMS-LD conceptual model is very commonly used to describe learning 

elements in order to guide educators when designing their courses and enable learning 

resources’ interoperability (Derntl et al., 2012). To this end, an RDF version of the 

ontology has been created which transforms all its concepts into RDF classes and 

properties for easier discovery and linkage with the Web of data. Figure 2-42 shows a 

segment of the IMS-LD vocabulary that is available for re-use. 

 

Figure 2-42 IMS-LD specification
28

 

                                                

28 http://jelenajovanovic.net/ontologies/loco/LearningDesignOnt.rdf  

http://jelenajovanovic.net/ontologies/loco/LearningDesignOnt.rdf
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Some of the classes available in the vocabulary include ActivityStructure, 

Activity, Environment, Role, LearningObjective etc., and some of the properties include 

terms such as hasPrerequisite, hasLearningObjective, hasLearner etc. 

 2.4.1.6 Teaching Core vocabulary 

The Teaching Core Vocabulary provides classes and properties for teachers to use 

when describing their courses. Some of the classes available are
29

 Course, Assignment, 

Material, Student, Teacher, Lecture etc.  

Additionally, properties of the vocabulary include terms such as courseTitle, 

teacherOf, has Assignment etc. 

 2.4.1.7 ReSIST Courseware vocabulary 

The ReSIST Courseware vocabulary provides classes and properties for 

describing courses and resources
30

. As shown in Figure 2-43, the ReSIST Courseware 

classes can be used to describe concepts such as assessment methods, Courses, student 

interactivities etc., while some of the properties are: has-title, has-courseware, has-

assessment-method etc.  

                                                

29 http://linkedscience.org/teach/ns/  

30 http://lov.okfn.org/dataset/lov/vocabs/crsw  

http://linkedscience.org/teach/ns/
http://lov.okfn.org/dataset/lov/vocabs/crsw


 

100 

 

Figure 2-43 ReSIST Courseware vocabulary visualization with Protégé 
31

 

 2.4.1.8 Open Vocabulary 

This vocabulary includes terms in RDF format for multiple domains, including 

education. Some of the classes included are Course, CourseTeacher, Database etc., and 

some of the relevant properties are semester, teaches, delivered by etc. 

 2.4.1.9 LUDO-xAPI vocabulary 

The LUDO-xAPI vocabulary is an OWL representation of the statements defined 

in the Experience API (xAPI) specification
32

. This vocabulary is focused on describing 

interactions within Serious Games, aiming to provide personalized recommendations on 

                                                

31 http://icommas.ou.nl/lru/OWLwikiForms/index.php?title=OWL_Wiki_Forms_instructions  

32 http://ns.inria.fr/ludo/v1/docs/xapi.html  

http://icommas.ou.nl/lru/OWLwikiForms/index.php?title=OWL_Wiki_Forms_instructions
http://ns.inria.fr/ludo/v1/docs/xapi.html
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helpful learning resources that could improve students’ learning progress. Even though 

the focus is Serious Games, there are multiple classes and properties that focus on 

generic activities based on the xAPI concepts and thus can be adopted for other learning 

processes (e.g. Activity, InteractionActivity, Group, hasInteractionType etc.).  

 2.4.1.10 FOAF vocabulary 

The FOAF (Friend Of A Friend) vocabulary is one of the most commonly used 

when describing people and organizations. The classes and properties of FOAF can be 

used for annotating specific people, an organization (e.g. a University or a training 

company), a project, a tool, a document etc. 

 2.4.1.11 Dublin Core vocabulary 

The Dublin Core vocabulary includes terms to semantically describe web 

resources such as web pages, videos, images etc., as well as physical resources such as 

books, documents
33

, as shown in Figure 2-44.  

                                                

33 http://dublincore.org/documents/dcmi-terms/  

http://dublincore.org/documents/dcmi-terms/
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Figure 2-44 Dublin Core vocabulary
34

 

 2.4.2 Semantic annotation technologies 

This section presents the research carried out on existing technologies that allow 

annotation of concepts with semantic information from domain ontologies.  These tools 

are available for usage, either in open-source format for download and installation, or 

through a provided API. Additionally, the tools reviewed are not dependent on a specific 

domain but can be used to annotate different types of concepts.  

 2.4.2.1 LOCO-Analyst 

LOCO-Analyst is an open-source tool that allows semantic annotation in order to 

connect different learning artefacts (Jovanović et al., 2008). It is a desktop application 

                                                

34 http://ganesha.fr/index.php?post/2008/03/31/Dublin-Core  

http://ganesha.fr/index.php?post/2008/03/31/Dublin-Core
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available for download
35

, and a part of the Reload Content Packaging Editor, an open-

source tool for creating courses compliant with the IMS Content specification. The 

semantic annotation functionality is carried out via the Knowledge and Information 

Management (KIM) platform, which is, however, neither open-source nor free for 

commercial usage. 

During the annotation process, each learning artefact, e.g. lesson, quiz question, 

chat message, forum post etc., is assigned none or multiple annotations from domain 

ontologies (Dicheva et al., 2009).  

 

Figure 2-45 Semantic annotation of learning artifacts in LOCO-Analyst (Dicheva et 

al., 2009) 

As shown in the example in Figure 2-45, let us assume that we have a learning 

artefact e.g. a specific pseudocode, which we want to annotate and give meaning to it so 

that it is understandable by computers as well as humans. The tool allows us to assign 

meaning to the pseudocode with a specific identifier (e.g. 

http://www.iHelprCourses.org/CMPT100/ProgProcess#Intro) and specify that it belongs 

to a domain topic (by using the RDF property Ic:hasDomainTopic) with the identifier 

kim-wkb:pseudocode and that it has a humanly recognizable label “pseudocode”. The 

elements used to describe the pseudocode are instances of domain ontologies’ classes and 

properties such as alocom-core, Ic, proton and rdfs.  

                                                

35 http://semwebcentral.org/scm/viewvc.php/?root=locoanalyst        

http://semwebcentral.org/scm/viewvc.php/?root=locoanalyst
http://semwebcentral.org/scm/viewvc.php/?root=locoanalyst
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 2.4.2.2 DBpedia Spotlight 

DPpedia Spotlight is an open-source web-based open-source application that 

allows automatic annotations of content based on resources stored in DBpedia (Daiber et 

al., 2013).  

 

Figure 2-46 DBpedia Spotlight demo page36 

The tool allows users to copy paste a text in the form and prepare the annotation 

process by setting different parameters. These parameters include: 

 Language of text. DBpedia stores content in different languages; thus, the tool 

allows annotation of content in 10 different languages, including English, 

French, German, Italian, Dutch etc. 

 Confidence percentage. Users can determine how confident the annotation 

process should be, e.g. on what level to annotate concepts that are very or less 

similar to content stored in DBpedia. 

 Selection of specific ontologies and types. Users can select which classes to 

use in the annotation for a more domain-specific annotation. The tool allows 

                                                

36 http://dbpedia-spotlight.github.io/demo/  

http://dbpedia-spotlight.github.io/demo/
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selection of classes from the DBpedia ontology, the Freebase ontology, the 

Schema ontology as well as based on a custom SPARQL query, as shown in 

Figure 2-47.  

 

Figure 2-47 Selection of ontologies for annotation with DPpedia Spotlight  

The tool has a user-friendly interface and is web-based; however its usage has 

specific limitations, since it only allows semantic annotation of text and not of structured 

information like we aim for our tool. Additionally, it requires that the users have 

knowledge on semantics and ontological structures when choosing classes and 

ontologies.   

The tool is available for download
37

 and also provides a demo
38

 for 

experimentation. 

 2.4.2.3 Pundit Annotator 

Pundit is an open-source web application that allows users to annotate web pages 

using semantic elements (Grassi et al., 2013; Grassi et al., 2012). The tool can be 

                                                

37 https://github.com/dbpedia-spotlight/dbpedia-spotlight  

38 http://dbpedia-spotlight.github.io/demo/  

https://github.com/dbpedia-spotlight/dbpedia-spotlight
https://github.com/dbpedia-spotlight/dbpedia-spotlight
http://dbpedia-spotlight.github.io/demo/


 

106 

embedded as a Chrome plugin for annotating web pages that users visit or it can be 

embedded into a custom project for annotating locally saved web pages. 

Users can highlight specific text within a web page and annotate it with an RDF 

triple element (i.e. subject, property, object) as well as with entities from existing 

ontologies, as shown in Figure 2-48. This way, RDF triples are created which describe 

the subject concept using elements from the RDF/RDFS specifications, the Dublin Core 

ontology and a custom Pundit ontology. Pundit also allows the connection of the 

concepts with linked data, focusing on the DBpedia database. 

 

Figure 2-48 Demo usage of Pundit Annotator 

The Chrome plugin is easy to use for non-technical experts; however it focuses 

on the annotation of web pages and allows manual annotation, which would require 

significant effort from the educators.  

The tool is available for download
39

 and also provides a demo for 

experimentation
40

. 

 2.4.2.4 AIDA  

                                                

39 https://github.com/net7/pundit2    

40 http://thepund.it/annotator-pro-web-annotation/  

https://github.com/net7/pundit2
https://github.com/net7/pundit2
http://thepund.it/annotator-pro-web-annotation/
http://thepund.it/annotator-pro-web-annotation/
http://thepund.it/annotator-pro-web-annotation/
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AIDA is an open-source tool developed by the Databases and Information Systems 

Department at the Max Planck Institute for Informatics in Saarbücken, Germany, and it 

identifies mentions of named entities (e.g. persons, organizations, locations, songs, 

products etc.) in English language text and links them to a unique identifier (Gangemi, 

2013). 

The tool also maps the identified concepts with entities that are registered in the 

Wikipedia-driven YAGO2 knowledge base and thus provides additional information, 

enriching the concepts. 

Figure 2-49 shows AIDA’s interface, where users can insert a text in the top right part of 

the screen and decide on different parameters for the disambiguation process, e.g. 

robustness levels, ambiguity degrees etc.  

 

Figure 2-49 Demo usage of AIDA41 

                                                

41 https://gate.d5.mpi-inf.mpg.de/webaida/  

https://gate.d5.mpi-inf.mpg.de/webaida/
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As shown in the example, AIDA identifies the different locations and people 

present in the text, and attempts to assign meaning to each concept by matching it with 

similar entities found in the YAGO2 knowledge base. 

The tool is available for download
42

 and also provides a demo
43

 for 

experimentation. 

 2.4.2.5 Apache Stanbol 

Apache Stanbol is an open-source tool, part of the Apache Foundation Software, 

which aims to extend existing Content Management Systems (CMS) with semantic 

functionalities. These functionalities aim to semantically describe data and release the 

results as RDF and JSON, as shown in Figure 2-50.  

 

Figure 2-50 Demo usage of Apache Stanbol44 

                                                

42 https://github.com/yago-naga/aida  

43 https://gate.d5.mpi-inf.mpg.de/webaida/  

44 https://stanbol.apache.org/overview.html  

https://github.com/yago-naga/aida
https://gate.d5.mpi-inf.mpg.de/webaida/
https://stanbol.apache.org/overview.html
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The data for annotation is initially converted into plain text for analysis; then, the 

tool detects the language of the text and proceeds to extract different entities (e.g. 

persons, organizations, locations etc.). Finally, Apache Stanbol allows the linkage of the 

identified entities with DBpedia elements. 

The tool is available for download
45

 and can be installed as a standalone desktop 

or web application. 

 2.4.2.6 Open Calais 

Open Calais Thomson Reuters is a web service developed to allow tagging of 

people, places, companies, facts, and events in a text. The tool utilizes machine learning 

and statistical methods in order to assign meaning to concepts of the text and also maps 

the tags to Thomson Reuters unique identifiers that will allow linkage of the data with 

related information from Thomson Reuters datasets.  

 

Figure 2-51 Demo usage of Open Calais46 

                                                

45 https://svn.apache.org/repos/asf/stanbol/trunk/  

46 http://www.opencalais.com/opencalais-demo/  

https://svn.apache.org/repos/asf/stanbol/trunk/
http://www.opencalais.com/opencalais-demo/
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Figure 2-51 shows an example of using Open Calais to tag a text by identifying 

entities and assigning each entity into a category based on the data processing carried 

out. 

The tool is available for use through the provided API
47

. 

 2.4.2.7 CWRC-Writer 

CWRC-Writer is an open-source in-browser text markup editor developed by the 

Canadian Writing Research Collaboratory (CWRC). The tool allows standard XML 

WYSIWYG editing, where the text of the editors can be annotated with specific entities 

(e.g. people, locations, organizations), as shown in Figure 2-52.  

 

Figure 2-52 Demo usage of CWRC-Writer
48

 

The tool supports annotation by using multiple supporting services, such as: 

 a document store that processes the documents and texts inserted in the tool 

 an XML schema or multiple schemas that provide structure for the annotation 

process 

                                                

47 http://www.opencalais.com/opencalais-api/   

48 https://github.com/cwrc/CWRC-Writer-Reference-Implementation  

http://www.opencalais.com/opencalais-api/
http://www.opencalais.com/opencalais-api/
https://github.com/cwrc/CWRC-Writer-Reference-Implementation
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 an XML validation service that validates the semantically annotated data 

 an annotation store that manages the annotations produced and 

 a service that searches existing URIs of linked data entities or creates new 

URIs. 

The tool is available for download
49

 and a demo version
50

 is available for 

experimentation. 

 2.4.2.8 Marvin text annotator  

Marvin is an open-source semantic annotation tool that uses various sources to 

annotate text (Milosevic, 2016). The sources used include the Wordnet library for 

recognizing words in English and their synonyms, the DBpedia database for enriching 

data with similar information and the MetaMap program for recognizing biomedical 

concepts in the text, as shown in Figure 2-53. 

 

Figure 2-53 Workflow of Marvin annotator (Milosevic, 2016) 

The workflow presented shows that the inputted document is initially tokenized 

using the Apache OpenNLP machine learning toolkit (Baldridge, 2005) in order to be 

                                                

49 https://github.com/cwrc/CWRC-Writer  

50 https://sites.google.com/site/cwrcwriterhelp/  

https://github.com/cwrc/CWRC-Writer
https://sites.google.com/site/cwrcwriterhelp/


 

112 

annotated with concepts from the external sources. The annotation is extracted in the 

SKOS (Simple Knowledge Organization System) format. 

The tool is available for download
51

 and can be used as a standalone program or 

as Java library for an external project. 

 2.4.2.9 Federated knOwledge eXtraction Framework (FOX) 

FOX (Federated knOwledge eXtraction Framework) is an open-source 

framework and toolkit developed to receive text input and provide semantic output in 

RDF Turtle format (Speck & Ngomo, 2014). The FOX interface allows the input of data 

which users can indicate if it concerns text or a URL. Additionally, users indicate the 

output format they prefer (e.g. RDF, JSON-LD, Turtle etc.) and the type of entity 

recognition method to be used.   

                                                

51 https://github.com/nikolamilosevic86/Marvin 
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Figure 2-54 Demo usage of FOX tool (Speck & Ngomo, 2014, p. 2) 

Furthermore, FOX allows linkage of the identified entities against Linked Data 

databases such as DBpedia, using the AGDISTIS Named Entity Disambiguation 

framework and focusing on identifying entities of the “Person”, “Organization” and 

“Location” types (Ngomo et al., 2011). 

The tool is available for download
52

 and a demo
53

 version is available for 

experimentation.  

                                                

52 https://github.com/AKSW/fox  

https://github.com/AKSW/fox
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 2.4.2.10 RDFazer 

RDFazer is a plugin for the Chrome browser and it allows the annotation of 

websites with RDFa concepts. The tool allows users to manually tag text within a static 

HTML page with concepts from an existing ontology and outputs the results in RDFa 

format, as shown in Figure 2-55.  

 

Figure 2-55 Demo usage of RDFazer
54

 

RDFazer also supports annotation of text using formal specifications (e.g. EU’s 

ESCO ontology) through the SPARQL endpoint search functionality (Zotou et al., 2014), 

which requires knowledge on SPARQL queries.  

The tool is available for download
55

 and can be installed in the Chrome browser 

for usage. 

                                                                                                                                            

53 http://fox-demo.aksw.org/index.html#!/demo  

54 https://github.com/Rahien/RDFazer  

55 https://github.com/Rahien/RDFazer  

http://fox-demo.aksw.org/index.html#!/demo
https://github.com/Rahien/RDFazer
https://github.com/Rahien/RDFazer
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 2.5  Summary  

The study of the state of the art in this chapter helped us elicit all the main 

concepts from three different domains (i.e. PBL, LA, LS) that will be utilised for 

designing the PBL_LA framework in Chapter three. It also helped us understand the 

workflow of a course designed based on the Aalborg PBL model, mostly by identifying 

and elaborating on the nine steps that should comprise a course where students are 

required to solve a given problem in groups and form solid and comprehensive solutions. 

Additionally, Chapter two researched the LA field and identified the different 

available definitions, directions, stakeholders etc. As LA is still a rather new concept, we 

examined the domain in further detail and through multiple dimensions (e.g. frameworks, 

lifecycles, technologies, ethics etc.) in order to have a clear overview of its features. 

Additionally, in Section 2.3.6 we researched the most commonly mentioned LA 

methods in the relevant literature in order to distinguish techniques and applications 

utilized for analysing educational data.  Table 2-10 shows a list of these methods. 

Table 2-10 List of identified LA methods 

LA dimension Examples 

Techniques 

Modelling Learner modelling 

Behaviour modelling 

User profile design 

Relationship mining Sentiment analysis 

Discourse analysis 

Association rule mining 

Knowledge domain modelling Natural language processing 

Assessment by matching learner’s knowledge 

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 
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Interventions 

Classification  

Structure discovery and analysis Social network analysis 

Information flow analysis 

Semantic analysis 

Clustering  

The above mentioned methods should be taken into consideration when 

integrating PBL with LA, since they are closely interconnected with the different ways 

educational data can be analysed and how the analysed information can be applied within 

the learning process. Thus, it is interesting to research how these methods can be 

integrated within each PBL step what techniques and applications are more relevant 

depending on the PBL’s steps context.  

Furthermore, we were able to detect the most thoroughly researched LA lifecycle 

steps. The following Table shows the steps identified from each researched lifecycle 

model. 

Table 2-11 comparison of LA lifecycle models 

 LA model by 

Siemens 

LA model by LTEE LA model by 

Elias 

LA model by 

Verbert et 

al. 

Collection & 

Acquisition 

X X (Data selection) X (Data 

gathering) 

X 

(Awareness) 

Storage X X (Data storage)   

Processing  X (Cleaning, 

Integration) 

X (Data 

operationalization) 

X 

(Information 

processing) 

X 

(Reflection) 

Integration X    

Analysis X X (Data analysis) X 

(Information 

processing) 

X (Sense 

making) 

Representation & 

Visualization 

X X (LA output 

communication) 

X (Sharing) X (Sense 

making) 

Data 

operationalization 

 X    

Action X X (Interpretation / X (Knowledge X (Impact) 
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Action) application) 

Based on the above, we distinguish five main steps within a LA lifecycle, namely 

data gathering, processing, analysis, visualisation and actions, as also shown in Section 

2.3.14. This lifecycle provides meaningful insights to educators and students when 

gathering relevant and correct data, performing appropriate processing and analysing, 

and showing meaningful visualizations that will allow profound interventions towards 

improved performances and course design.  

The study of LA also identified a number of LA technologies that are either 

standalone or LMS plugins, which can be utilized to support all above steps of the LA 

lifecycle. Table 2-12 presents an overview of the analysis presented in Sections 2.3.9, 

2.3.10 and 2.3.11, where we include the LA tools identified as well as the different types 

of data that each tool gathers, processes, analyses and visualises so that educators can 

take necessary actions for improving learning.  

Table 2-12 Overview of identified LA tools 

Type of LA 

tool 

LA tool Data gathered for analysis 

General 

purpose LA 

dashboards 

GLASS User activity, User statistics, Activity evaluations, 

Group statistics 

CourseVis Participation in group work, Participation in 

discussions, 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, Accesses to the course, 

Reads of course materials, Performance on evaluation 

proofs, Progress with the schedule 

Google 

Analytics 

Page access statistics, Real time overview, Types of 

visits, Demographic data 

LA 

standalone 

tools 

SNAPP User interactions in discussion forums (Who posted 

and replied to whom, What were the topics of the 

discussions, How spread-out were the discussion) 

LeMo 

application 

Statistics, access overview, interactions, Posts in 

discussions 
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StepUp! LA 

tool 

Time spent on a course, Usage of resources, Usage of 

social media, Posts and comments of learners on blogs, 

Tweets using a specific course related hash-tag 

LOCO-Analyst Interactions of a learner with a learning content, 

Commonly discussed topics, Time spent on a module, 

Page revisits, Quiz scores 

Netlytic tool Textual data and social media interactions realized in 

different tools (Twitter, blogs, forums, chats) 

eLAT toolkit Time spent, Areas of Interest, Usage of resources, 

Participation rates, Correlation with grades 

LMS-based 

tools 

Gismo Access of learners to a course, Access of learners to the 

resources included in a course, Submission of 

assignments by learners, Quizzes overview 

Analytics 

Graphs 

Quizzes overview, Resource access and usage, Timeline 

on assignments submission, Pages access 

Configurable 

reports 

Actions in each activity, Statistics on participation per 

activity, User profile  

dedication times, Overview of the course for a specific 

timeline 

Engagement 

analytics 

Students’ interactions with activities such as 

assessment, forum, login data 

Analytics and 

recommendat

ions 

Students’ participation levels on activities such as 

forum, quiz, chats, assignments, lessons, wikis etc. 

Adaptive quiz Students’ interactions within a quiz 

MOCLog Usage for every type of tool, Comparison of tools’ 

usage levels 

Learning 

Analytics 

Enhanced 

Rubric 

Forum posts (e.g. new messages, replies, quotes, 

number of files attached to forum posts), Number of 

ideas learners present in the available learning 

assignments, Scores in assignments, Learning content 

access 

SmartKlass Interactions within a course, Grades, Collaboration 

The above gathered information will contribute to the research on how LA 

technologies will be integrated within each PBL step so that educators will have access to 

interesting visualisations and take actions to improve the current step. 
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The chapter also presented a limited number of existing approaches where PBL 

was used with the support of LA. The relevant research showed that the usage of 

technologies helped with the challenges that educators and students face during the shift 

from traditional to PBL courses and facilitated self-directed learning.  

The LA analysis of this chapter concluded with the examination of the prominent 

ethical issues and limitations that regard LA usage. Such issues include anonymization 

and cleaning, consent, accountability, transparency etc. These issues need to be taken 

into consideration in any application of LA application in real-world educational settings. 

In regards to challenges, research identified issues such as a) the limited LA practices 

that can provide helpful guidelines for adoption, b) the objectivity of LA interpretations 

and educators’ corresponding actions and c) the still newly developing LA software that 

do not provide a wide range of data processing, analysis and visualisation techniques. 

Finally, this chapter presented the research carried out on semantics in education 

in order to identify ways in which LS can be used to enhance the quality of education and 

assessment. The study indicated that the annotation of learning objects and resources 

could allow educators to discover more efficiently required resources and to understand 

their relation to curricula and objectives. Our research resulted in the identification of 

existing ontologies that include terms of educational elements and can therefore be used 

for semantic annotation. Another study carried out includes existing technologies that 

have been developed for semantic annotation towards the identification of the available 

functionalities and the elicitation of requirements for an improved semantic annotation 

tool that will be described in the next chapter.  
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 3 PBL_LA framework and semantic annotation model 

 3.1  Introduction  

The main goal of this Chapter is to present the two main theoretical outputs of 

this research, i.e. the PBL_LA framework and the semantic annotation model.  

The PBL_LA framework aims to support each PBL step by exploiting the data 

that is generated towards improving the learning experience for both learners and 

educators. Additionally, the Chapter presents the semantic annotation model that was 

structured in order to enable annotation of learning objects and resources. 

In the previous Chapter, we provided the theoretical background regarding the 

three main domains of interest within the context of this thesis, i.e. PBL, LA and LS. 

These findings were discussed with experts in the fields and produced a framework with 

concepts that should be taken into consideration when combining PBL with LA features 

and a model that helps annotation of learning objects and resources used within a 

PBL_LA course.  

The remainder of this Chapter is organised as follows: 

– Section 3.2 presents the framework and the different layers it consists of and 

provides additional information on the framework’s structure and objectives. 

– Section 3.3 presents the model that was designed in order to facilitate semantic 

annotation of learning objects and resources. 

 3.2  PBL_LA framework  

The proposed PBL_LA framework includes three main layers and one horizontal 

supporting ICT layer, as shown in Figure 3-1. 
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Figure 3-1 PBL_LA framework 

The Pedagogical Layer consists of all the steps of the PBL model (i.e. Group 

forming, Problem Formulation etc.). Within these steps, the PBL_LA framework will 

also identify the activities usually realized by the learners as well as the evidence that 

show the level of progress. We select this layer because the PBL strategy and its steps are 

the core basis of course’s structure and thus needs documentation. 

The Data Layer consists of all the different data that is usually generated during 

learning. We select this layer because based on the research on LA presented in Section 

2.3, the specific data that can be gathered greatly affects the kind of processing, analysis 

and visualisation to be provided, and thus should be recorded. This data is usually a) 

generated by the learners within an e-earning platform (e.g. scores in a Moodle quiz, 

posts in a Blackboard forum etc.), b) generated by learners in other tools that are not 

specifically used for learning (e.g. posts on twitter, tasks on a task management tool etc.), 

c) data generated by educators (e.g. grades recorded, hints provided etc.) and d) data 

generated by the system based on the interactions recorded (e.g. number of resource 

access, navigation paths,  login sessions etc.).  

The Analytics Layer consists of the LA methods available for gathering, 

processing, analysing and interpreting data into meaningful information. We choose this 

layer because, based on the research carried out in Section 2.3, the types of methods 

(techniques and applications) affect the type of visualisations and LA outputs that will be 

provided to the educators and trainers. These LA methods generate insightful 
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visualizations for both educators and learners so that they can make sense of the analytics 

results.  

The ICT layer is horizontal across all three main layers, as it aims to provide 

technological support for each layer’s components. We select this layer because the 

application of PBL that can generate data for analysis as well as the analysis of this data 

is supported by a variety of tools, as presented in Sections 2.2.4, 2.3.9, 2.3.10 and 2.3.11. 

More specifically, this layer regards a) tools that are usually employed during a PBL 

course can underpin the pedagogical layer and scaffold students’ interactions and 

engagement in their project work, b) tools that can be used for gathering and storing data 

generated mentioned in the Data layer and c) tools that can be used to support the LA 

methods mentioned in the Analytics layer. It should be noted that the utilization of the 

PBL_LA framework should take into consideration the ethical issues described in 

Section 2.3.13 when gathering, processing and analysing data (e.g. anonymisation, 

cleaning, consent, privacy, transparency etc.).  

The discussions carried out with PBL and LA experts allowed the population of 

the framework’s three main layers with specific entries and relationships amongst them. 

The ICT layer is not further elaborated, as detailed information on existing tools for PBL, 

data gathering and LA have been provided in the corresponding sections 2.3.3, 2.3.8, 

2.3.9, 2.3.10 and 2.3.11. 

 3.2.1 PBL_LA Group forming 

Group forming takes place in the beginning of each semester. Learners are free to 

form groups as long as all learners belong to a group. The number of learners in each 

group depends on the program and the semester. All learners in one semester gather and 

discuss amongst themselves before finding a group. Learners are allowed to make 

arrangements before group forming but they have to be present on the day of group 

forming even if they have already formed the group. Project supervisors are there to 

guide learners through project work.  
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According to the discussions carried out and the feedback gathered by the 

Aalborg PBL experts, the activities of Table 3-1 are usually the most commonly carried 

out in this step. 

Table 3-1 Activities within Group Forming step 

PBL step  Activities  

Group forming Brainstorming  

Group creation 

These activities produce specific types of data and evidence of work, which can 

be recorded, processed and analysed towards different analytics visualizations and 

interventions.  

More specifically, the Pedagogical Layer can include activities that are usually 

realized for group formation, such as: 

– Discussing / brainstorming. All learners discuss with each other regarding what 

their goals are for the specific course and for the group they want to join. During 

these discussions, learners also present their own qualifications and competences 

and declare what types of members they wish for their group. 

– Group creation. Once all learners have identified the people that would fit well in 

their groups, they proceed in actually forming each group and notify their 

supervisors accordingly. 

The Analytics Layer of the PBL_LA framework can be populated with different 

LA methods that are suitable for analysing the aforementioned data and providing helpful 

insights to educators and learners. A focus group was carried out with seven individuals, 

as previously mentioned, with a study purpose of identifying the most relevant LA 

methods for each PBL step. The questions posed in this case were transferred into a 

Google Form, so that we could receive quantitative results on which of the LA methods 

to include in the Analytics Layer, as shown in the following graph. 
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Figure 3-2 LA methods for Group forming 

According to Figure 3-2, the LA methods that gathered more than 50% of the 

votes are: 

– User profile and learner model. Educators and learners can view the different 

traits of each learner, which can help them identify learners with learning styles or 

knowledge and skills that are suitable for a specific group.   

– Social network analysis. Educators and learners can view the different networks 

that are formed based on the data generated from each learner’s activities. This can 

help learners form groups faster and educators guide learners that have not yet been 

assigned in a group.  

– Behaviour modelling. Educators can identify specific patterns of behaviour during 

group forming that could help them in scaffolding each student. For example, 

passive behaviours that are identified based on lack of interactions can alert 
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educators that they need to encourage these students to be more active and take 

initiatives.  

– Clustering. Educators can identify different clusters that may form during group 

forming, which can indicate the similar characteristics that define them. This can 

give insights to educators on why certain students group together (e.g. age, 

common interests, background knowledge etc.).  

The Data Layer of the PBL_LA framework for this step can be populated with 

the specific data that is generated as well as the evidence that will be used for analysis 

and assessment. The discussions amongst the focus groups indicated such instances: 

– Learner profile. The documentation and visualization of learners’ profile can help 

other learners identify possible group members and educators guide and provide 

feedback to learners in need of group members. 

– Brainstorming / dialogues posts. The discussion that is carried out towards the 

formation of a group. This kind of data can include the actual discussion posts from 

each learner, the interactions amongst learners towards forming a group, each 

learner’s ideas on future goals or possible problems, how engaged each learner is 

during group formation, voting polls that can help indicate learners with similar 

goals etc. 

– Time spent per group creation. The actual time spent per group can help 

educators assess the process and adapt the step in a future semester. This data can 

also be compared with the respective group’s final performance, in case there is a 

correlation between the speed with which the group was formed and how well its 

members worked together.  

During their interactions in these activities, learners build a variety of different 

transversal skills, i.e.  

– Critical thinking, when trying to identify the more suitable group dynamic for 

them. 
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– Social interaction, when argumenting on their competences that will make them 

suitable for a team. 

– Initiative, when taking actions in forming a group or being a part of a group. 

 3.2.2 PBL_LA Problem formulation 

Problem formulation regards the decision of the problem to be solved. It is one of 

the most important PBL steps, as it guides all the next steps and provides specific context 

to the theme. During the problem formulation step, all members of the group are invited 

to suggest different ideas on possible problems and alternative possible solutions. 

Because of this, dialogue and brainstorming are vital activities along with literature 

research.  

The following Table shows the list of activities most commonly realized during 

this step and that support them in building transversal and domain-specific skills. 

Table 3-2 Activities in Problem formulation 

Problem formulation Brainstorming  

Literature searching 

Literature storing 

Argumentation 

Writing 

Presenting 

Reflecting  

As indicated above, such activities include searching relevant literature and 

storing the identified resources, brainstorming and discussing possible problems and their 

respective solutions, argumenting on the course of actions towards solving the chosen 

problem, writing and presenting the formulated problem and reflecting on the knowledge 

gained.  
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The activities produce specific types of data and evidence of work, which can be 

recorded, processed and analysed towards different analytics visualizations and 

interventions.  

More specifically, the Pedagogical Layer can include activities that are usually 

realized for problem formulation, such as: 

– Literature search. Each member of a group searches the literature that is relevant 

to the generic domain of the course. This includes searching different sources and 

resources, such as websites, blogs, scientific articles, online and library books, 

social media entries etc.  

– Literature storing. All resources identified from literature that will be utilized for 

solving the problem should be stored for future reporting and reuse.    

– Brainstorming. Members of a group brainstorm around different ideas on possible 

directions and problems. This includes identifying interesting cases from the 

studied literature, creating mind maps with the main concepts of the most relevant 

resources and deciding on the more suitable problem.  

– Argumenting. Members of a group present arguments on their problem ideas and 

possible solutions and discuss their appropriateness based on the educator’s 

requirements. This leads to forming valid arguments that will reinforce the group’s 

decision of the chosen problem.  

– Writing. Members of a group write the problem they have formulated by 

presenting their ideas and the literature that their ideas are based on. 

– Presenting. Members of a group present their problem and communicate to their 

supervisor the reasons behind their decision. 

– Reflecting. Learners reflect on the knowledge they have gained up until this point, 

usually through answering quizzes or discussing with their peers and / or educators. 

The Analytics Layer of the PBL_LA framework can be populated with different 

LA methods and intervention actions that are suitable for analysing the aforementioned 
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data and providing helpful insights to educators and learners. The focus groups amongst 

experts revealed the most relevant LA methods for this PBL step, as shown in Figure 3-3. 

 

Figure 3-3 LA methods for Problem formulation 

– Recommendations. Educators can provide recommendations to learners when they 

need assistance and guidance. Such recommendations during problem formulation 

can regard increased participation in the brainstorming sessions, provision of more 

references in their arguments etc.   

– Adaptive content. A more specific intervention in this step regards the provision 

of resources depending on the learners’ progress. Since this step is heavily 

dependent on the literature study learners will carry out, it is important for the 

educators to be able to provide extra resources if the LA visualizations show at-risk 

learners with low engagement or identifiable learning styles that prefer specific 

resources types. 
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– Guiding / mentoring. Educators can consult the LA visualizations in order to 

guide and mentor the problem formulation step and facilitate the process for the 

entire group. This involves discussing with learners that may be experiencing 

difficulties in coming up with interesting ideas, changing the group dynamics when 

sub-networks are formed within the group that dominate the work etc. 

– Feedback. Educators can provide feedback to learners on their ongoing progress so 

that learners are aware if they are performing as expected.  

– Natural language processing. As during problem formulation, students are 

required to form ideas on possible problems, educators can detect interesting 

patterns in the documents submitted through natural language processing 

techniques.  

– Warnings. Educators can provide warnings to students that show low engagement 

during activities, or do not access the required content or in general need urging to 

continue on formulating the group’s problem. 

The Data Layer of the PBL_LA framework for this step can be populated with 

the specific data that is generated as well as the evidence that will be used for analysis 

and assessment. Such instances are: 

o Research resources. All resources that were accessed and chosen for further 

research should be gathered for future analysis. This includes documentation of 

the: 

o Types of resource sources gathered, e.g. online websites, university library, 

social media, scientific journals, conference proceedings, personal blogs etc. 

This information can indicate the most commonly accessed types of resources 

by learners. For example, if a LA visualization shows that the majority of the 

learners search only social media accounts for resources, the educator can 

scaffold the process by recommending that they search more scientific resource 

types, such as specific scientific journals, books etc., which will lead to a more 

evidence-based problem formulation.  
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o Content of resources gathered, e.g. link URLs, book titles, scientific article 

names, scientific journal / conference names, social media accounts etc. This 

information can indicate if learners are searching literature that is relevant to the 

course’s knowledge domain or if they are researching an area that is either not 

interesting enough or too complicated for the course’s requirements. If educators 

have this information, they can intervene and personalize the PBL step by 

providing content to the learners that will assist them in their tasks.   

o Number of resources gathered, that is the total number of resources that each 

learner has gathered for future study. This information can indicate if some 

learners are not gathering enough resources to form a valid argument for their 

problem, or if they are gathering too many resources that will be challenging to 

study and analyse, leading to delays for the entire group in forming the problem.  

– Brainstorming ideas / dialogues posts. The discussion that is carried out towards 

the decision of a problem is important for identifying issues and scaffolding the 

process. Possible specific data that should be gathered include: 

o Content of discussions / posts. This information can indicate the progress of 

discussions, highlight if there is prevailing negative or a positive sentiment 

during a brainstorming session, identify the main issues arising during a 

discourse etc. These insights can be provided through LA visualizations to 

educators and group members, and assist the process of formulating an 

interesting problem. For example, educators can intervene if they see a 

discussion with high percentages of negative sentiment which might lead to 

unproductive arguments.  

o Content of ideas. This information can indicate whether the ideas formed that 

will lead to the problem are relevant, interesting and appropriate. This way, 

educators can recommend different directions to the discussion and learners can 

reflect on the ideas they formed. 

o Number of ideas formed per learner. This information can indicate if a learner 

is not participating equally within the group. It is important that educators are 
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aware of individual efforts during each step so that they can encourage and help 

learners at risk of failing before the final step of the process and prevent work 

being carried out by only a few members of the group.  

– Votes. This information can indicate learners’ engagement in the decision making 

process, allowing educators to guide the groups that cannot reach a decision 

through multiple votes or learners to reflect on their possible ideas and reach a 

decision faster.  

– Mind maps. Each group can create mind maps that will visualize all concepts that 

comprise their problem and the relations amongst them. This includes the gathering 

and analysis of data such as:  

o Number of concepts within each mind map. This information can indicate the 

quality of a mind map, and educators can view if the concepts formulate an 

interesting and promising problem; for example, too many concepts can lead to 

an unsolvable problem and too few concepts can signify that the domain around 

the problem has not been studied enough.  

o Relations of connected concepts. This information can indicate if the members 

of a group have correctly studied and understood the context of their chosen 

problem. If the data analysis through, e.g. information flow analysis, shows that 

the relations amongst the concepts are not correct, educators can notify the 

learners and mentor them towards correct domain comprehension.  

– Versions of problem formulated. Each group can formulate different problem 

versions before finalizing their decision. It would be interesting to gather 

information on the different versions and monitor their elimination process that led 

to the concluding problem. This includes data such as: 

o Number of problem versions. The number of different problem versions can 

indicate if a group experienced difficulties in forming decisions on their 

problem. Furthermore, this can show either a problem in the group-work or a 

lack of understanding of the domain area. This is an analysis that will most 
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likely be carried out by the educator based on their experience, but by consulting 

the LA visualizations that will visualize this data; e.g. a diagram of number of 

problem versions per learner across time could show how often a group 

submitted a new problem and the educator would attempt to detect the 

reasoning.  

o Differences between each problem version. If learners document the changes 

that are made within each version, educators could mentor learners by providing 

guidance and advice based on the types of volume of the changes in each 

version.   

– Problem presentation. The way the problem that is formulated is presented 

shows the levels of knowledge comprehension and skills building.  This includes 

data such as: 

o Structure of presentation. The different sections of the problem formulation 

document can indicate the proficiency of the group’s work and if they have 

taken into consideration all the different aspects of the problem. A visualization 

of all the different sections of a problem formulation across groups can show 

educators the most commonly included sections and which groups did not 

provide important sections.    

o Content of presentation. The content of the problem formulation is the most 

important evidence that indicates the quality of the work carried out within this 

step. The argumentation within the presentation can also show the presentation 

skills that have been built or highlight any noticeable inconsistencies.  

– Process data. This data involves information that is traditionally recorded in e-

learning and online environments in general, and can be analysed for improving 

the learning process. This includes data such as:  

o Access to resources per learner. This can indicate learners that have not 

accessed important resources, or highlight learners with a specific learning style, 

i.e. that usually access specific types of resources (e.g. only videos).  
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o Times spent on each activity per learner. This can indicate how much effort 

each learner is putting in each activity and provide educators insights such as if 

specific learners are spending too much time to perform an activity.  

o Navigation patterns. This can indicate the ways in which each learner learns, by 

visualizing any prominent patterns of navigation across online environments. 

o Engagement levels per activity per learner. This can indicate how engaged 

each learner is when performing an activity. Learners can view their 

engagement in comparison to the group’s or course’s engagement and reflect on 

their own progress. Also, educators can make personalized interventions by 

scaffolding specific at-risk learners with low engagement levels. 

During problem formulation, learners build a variety of different transversal 

skills, i.e.  

– Critical thinking, when trying to identify relevant literature. 

– Sharing information, when discussing and brainstorming around possible ideas 

and problems. 

– Social interaction, when argumenting on the problem to be formulated. 

– Communication of ideas, when presenting the formulated problem and attempting 

to prove its validity, importance and relevance to the knowledge domain. 

– Interpretation, when trying to identify an underlying problem that requires 

solving based on the read materials. 

– Synthesizing of information, when trying to formulate a robust problem statement 

by combining prior knowledge, new knowledge and ideas derived from 

brainstorming with other people. 

Finally, the educator can provide a list of learning resources that learners can 

study in order to research the domain and formulate a robust problem. These resources 

can be enhanced with learning semantics. For example, if the educator provides a variety 

of research papers on the e-learning system which cover diverse topics for all groups, the 
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learners will have to search through all the resources and locate the ones relevant to their 

context. However, if all resources have been semantically annotated, learners can search 

the tool for a specific topic and the machine will bring out all papers relevant to the 

search, since now the machine understands the meaning of each resource. For example, if 

a group is researching the e-Participation field, then out of the following annotated 

papers: 

– “Web2.0 tools for e-Participation” hasTopic “e-Participation” 

– “Web2.0 tools for e-Participation” hasTopic “Web 2.0” 

– “Information systems for Business Intelligence” hastopic “Business Intelligence”  

The group will be provided with the 1
st
 paper as the relevant to their study. 

Furthermore, if the educator gets feedback from the LA methods that a learner has not 

accessed learning resources that are useful for his chosen problem domain, the educator 

can adapt the course and provide the learner with the necessary resources in a more 

effective way if the resources are annotated, since they will be more easily discoverable 

and accessible.  

 3.2.3 PBL_LA Task formulation 

Task formulation includes a workload and possibly role distribution among group 

members, which are continuously adapted throughout the project. Common roles are the 

project leader, the chairman and the secretary. The leader is responsible for keeping an 

overview of the group’s progress and for making sure that agreed meetings and deadlines 

held. Moreover, the leader is responsible for creating and maintaining a nice atmosphere 

between members of the group. 

The most commonly set educational objectives / evidence that should be achieved 

in this PBL step regard: 

a) Comprehensive list of tasks relevant and appropriate to the chosen problem.  

b) Homogenous and fair tasks distribution across the group members  

c) Successful execution of tasks and management of time and effort.  
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Thus, the activities that are most commonly realized during the task formulation 

step as shown in Table 3-3. 

Table 3-3 Activities for task formulation 

Task formulation Scheduling 

Diagraming 

Resource allocation (roles, tasks, tools etc) 

Reflecting  

These activities facilitate learners of each group to properly execute tasks for the 

analysis, design, implementation and evaluation of their problem. The activities produce 

specific types of data and evidence of work, which can be recorded, processed and 

analysed towards different analytics visualizations. 

More specifically, the Pedagogical Layer can include activities that are usually 

realized for problem formulation, such as: 

 Scheduling. Learners schedule meetings that are to be held within the group 

regarding workload. 

 Diagramming. Learners create diagrams that will assist them in deciding on 

possible courses of actions, different roles and tasks to be allocated. 

 Roles allocation. Learners decide which roles are suitable for their problems and 

assign the different roles to specific members of the group. Ideally, roles change 

across learners during the project. 

 Tasks allocation. Learners decide how many and which tasks will be designed 

for the proper execution and implementation of their problem. Also, they allocate 

each task to specific members of the group and assign deadlines and outputs for 

each task.  

 Reflecting. Learners reflect on the knowledge they have gained up until this 

point, usually through answering quizzes or discussing with their peers and / or 

educators. 
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The Analytics Layer of the PBL_LA framework can be populated with different 

LA methods and intervention actions that are suitable for analysing the aforementioned 

data and providing helpful insights to educators and learners. The focus groups amongst 

experts revealed the most relevant LA methods for this PBL step, as shown in Figure 3-4. 

 

Figure 3-4 LA methods for Task formulation 

Some of the LA methods and actions are: 

 Discourse analysis. The analysis of the posts during a discussion can indicate the 

main topics that will need to be taken into consideration by the group in the 

analysis of the problem. Educators can also identify learners with low 

participation levels, and encourage their more active involvement in the 

discussions. 

 User profile and learner modelling. This LA method can produce a model for 

the educators to examine, which shows patterns of characteristics per learner, and 

helps educators identify possible learning styles and create personalized 

pathways. 
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 Warnings. LA visualizations can provide warnings to educators and learners in 

the form of colouring (green for successful progress, yellow for needing attention 

and red for needing intervention), pop-up messages, e-mail notifications etc. Such 

warnings during Task formulation can regard when the data analysis identifies 

under or over-allocations of tasks, slow progress of tasks or low engagement in 

scheduling and diagramming.  

 Feedback. Educators can provide feedback to students that will help them 

formulate their tasks more efficiently and participate in the group work more 

actively. 

 Natural language processing. Educators can detect interesting patterns within 

the reports submitted during task formulations and take according actions. Such 

patterns can regard tasks that are constantly repeated, negative language during 

the tasks or roles allocation process, main tasks that are mentioned etc. 

 Early risk identification. Educators can identify possible at-risk students if they 

have not participated actively during the task formulation process or have not 

been allocated roles and tasks.  

 Engagement analysis. Active engagement during task formulation is essential, as 

it delimitates the problem work and provides activities to-do for each student. 

Thus, low participation can trigger warnings for educators to contact the specific 

students and boost their engagement. 

The Data Layer of the PBL_LA framework for this step can be populated with 

the specific data that is generated as well as the evidence that will be used for analysis 

and assessment. Representative instances are: 

 Roles mapping. The different roles that will be assigned across the group 

members should be recorded for monitoring. The following should be recorded: 

o Number of different roles. Each group can decide on a specific number and 

type of roles to be used within the project. The variety and appropriateness of 

the roles can indicate how wide a skill-set the group will be able to build and 

can allow educators to guide the learners towards identifying suitable roles.  
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o Allocation of roles across learners. This can indicate the behaviour each 

learner must follow according to the role assigned as well as the skills to be 

built through each role. Also, educators can view if a specific learner has not 

been assigned a role and make sure that all group members experience all 

different roles. 

 Tasks list. The different tasks that each group decides to execute can indicate to 

what level they have understood the needs of their project and proper ways to 

address them. Insights on this can be shown through the documentation of: 

o Number of tasks. Each group is free to decide on the number of tasks that is 

appropriate for their project. A visualization of the total number can lead the 

educator to identify any extreme values (e.g. too few tasks to cover any 

problem solving, too many tasks that can create extra unnecessary workload). 

o Types of tasks. The actual tasks that are designed by each group can indicate 

the level comprehension on what is needed to be done to solve their problem. 

Educators can mentor, guide and provide recommendations to students within 

a group when they see visualizations that show tasks inconsistent with their 

problems. 

o Allocation of tasks across learners. The way a group allocates its tasks across 

its members can indicate if a team works fairly by providing work to all 

learners equally. Educators can highlight issues of under- or over-allocations 

and ensure that all learners are working on some aspect of the project during 

the step’s execution.  

 Tasks progress. The visualization of the tasks progress is essential for 

monitoring the task formulation step.  

o Tasks level of completion. This data can indicate how close a task is to 

finishing compared to the given target deadline. Educators can adapt and 

personalize the process when they identify tasks left behind, when they study 

visualizations that  for example use colour codes to indicate a task’s level of 
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completion (e.g. green: on-time, yellow: close to deadline, red: failed to be 

completed on-time). 

o Tasks workload progress. This data can indicate the workload progress on a 

task per task participant. This way, educators can suggest changes in the 

allocation and workload as well as guide learners as to how to perform 

challenging tasks that are causing delay. 

o Timesheets. This data can indicate the amount of time it takes each learner to 

execute a given task. Educators can consult such visualizations and mentor 

learners that take too long to finish a simple task or detect inconsistencies on 

time spent within tasks amongst group members. 

 Meeting records. During task formulation, members of a group should hold 

regular meetings to discuss tasks progress, allocation and efforts towards their 

goals. Insights on this can be shown through the documentation of: 

o Number and duration of meetings held. This data can indicate how often a 

group discusses the overall progress of the project and how long do these 

discussions take. Educators can consult this visualized information and 

identify any cases that meet too rarely, which could lead to group members not 

made aware of how the project is progressing, or that take too long to 

complete, which could mean difficulties in communicating within the group. 

Educators can then mentor these groups, find out if assistance is needed and 

adapt the process accordingly.   

o Participants in each meeting. This data can indicate if certain members of a 

group do not participate in the workload equally. Educators can contact 

learners that are usually absent during meetings and encourage their 

engagement in the group work.  

o Meeting minutes. The decisions made during each meeting can indicate how a 

group collaborates towards decision making processes and what kind of 

decisions they reach.  
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 Process data. This data involves information that is traditionally recorded in e-

learning and online environments in general, and can be analysed for improving 

the learning process. This includes data such as:  

o Time spent on each activity per learner. This can indicate how much 

effort each learner is putting in each activity and provide educators 

insights such as if specific learners are spending too much time to perform 

an activity.  

o Participation in discussions.  This can indicate which learners participate 

more actively during discussions and which require scaffolding so that 

they can start participating more when collaborating. 

o Engagement levels per activity per learner. This can indicate how 

engaged each learner is when performing an activity. Learners can view 

their engagement in comparison to the group’s or course’s engagement 

and reflect on their own progress. Also, educators can make personalized 

interventions by scaffolding specific at-risk learners with low engagement 

levels. 

During task formulation, learners build a variety of different skills, i.e.  

 Collaborating on tasks, when trying to carry out assigned tasks along with other 

members of the group. 

 Leadership, when trying to manage the work progress and group efficiency as 

the group leader. 

 Time management, when trying to make sure that deadlines are held across the 

group. 

 Critical thinking, when trying to carry out assigned tasks efficiently and on time.  

 Planning, when trying to plan the tasks that need to be carried out for the 

successful solution of the formulated problem. 

 Self-discipline, when trying to carry out assigned tasks without getting distracted 

and on schedule. 
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 3.2.4 PBL_LA Problem analysis  

The problem analysis step usually consists of three separate steps, i.e. data 

gathering, analysis and design, and thus is one of the most challenging steps of the PBL 

model.  

Firstly, learners gather data on the problem they are investigating (e.g. scientific and non-

scientific publications, conducting interviews, administrating questionnaires/surveys 

etc.). This can be challenging for non-experienced students, since they might lose track 

of time while gathering information. Learners have to learn to be efficient and to be able 

to filter the available information in order to gather only relevant data. 

During the analysis of the problem, learners examine the gathered information in 

order to decide to a direction towards the solution of the problem. The analysis ends with 

the creation of a list of design requirements – that means requirements for the proposed 

problem solution. These requirements guide the design, which is the next phase.  

During design, learners develop the strategy for a solution to the chosen problem. 

The design activities depend on the specific field (e.g. blueprint of technical 

implementations, service-design, artistic design etc.). 

Thus, the educational objectives / evidence that should be achieved in this PBL 

step. For the problem formulation step, these objectives regard  

a) A refined and final problem statement.  

b) A comprehensive design requirements list. 

c) A detailed design strategy for the problem to be solved. 

The activities that are most commonly realized during this step in order to 

facilitate students reaching the above objectives are shown in Table 3-4 

Table 3-4 Activities for Problem analysis  

Data gathering Data collection / transforming / storing  

Reflecting  

Analysis Data analysis 
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Argumentation 

Reflecting  

Design Development / production / testing 

Experimenting / modelling / simulating 

Writing  

Reflecting  

The activities produce specific types of data and evidence of work, which can be 

recorded, processed and analysed towards different analytics visualizations and 

interventions. 

More specifically, the Pedagogical Layer can include activities that are usually 

realized for problem formulation, such as: 

 Data collection. Learners search the relevant literature, conduct surveys and 

interviews in order to gather data in regards to design requirements for their 

solution.  

 Filtering and analysis of data. Learners study the data gathered, filter out the 

unnecessary or irrelevant data and analyse the information relevant to their 

problem domain. 

 Argumenting. Learners argue their opinions on the different refinements needed 

to their initial problem statement, the design requirements relevant to their 

solution and the design strategy that will lead the implementation step. 

 Development / production / testing. If relevant to their project, learners develop 

prototypes for the proposed solutions based on the design requirements they have 

identified.  

 Experimenting / modelling / simulating. If relevant to their project, learners can 

experiment or model their solution and perform simulations before implementing 

the output for evaluation. 
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 Writing. Learners are required to record and report the evidence of this step, such 

as the design requirements and the design strategy that will support the 

implementation of their solution in the next PBL step. 

 Reflecting. Learners reflect on the knowledge they have gained up until this 

point, usually through answering quizzes or discussing with their peers and / or 

educators. 

The Analytics Layer of the PBL_LA framework for the problem analysis step 

can be populated with different LA methods and intervention actions that are suitable for 

analysing the aforementioned data and providing helpful insights to educators and 

learners. The focus groups amongst experts revealed the most relevant LA methods for 

this PBL step, as shown in . 

 

 

Figure 3-5 LA methods for Problem analysis 
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Some of these LA methods and actions are: 

- Recommendations. Educators can monitor all LA visualizations available during 

the problem analysis step and make corresponding recommendations to learners. 

Such recommendations can include literature resources to study for refining their 

problem statement, different stakeholders to interview for gathering design 

requirements, examples of methodologies for designing their strategies etc.  

- Scaffolding. Educators in PBL and especially in the problem analysis step which 

requires great effort can scaffold learners based on the LA insights available. 

Such scaffolding can include demonstrating how to analyse part of the problem, 

and then step back, offering support as needed. 

- Adaptive content. Educators can provide adaptive content to learners when they 

are made aware of their specific needs or drawbacks. This can include different 

types of content (videos, interactive presentations, audio) depending on learners’ 

learning styles. 

- Feedback. As the problem analysis phase is highly connected to the final solution 

learners will present, it is important that educators provide constant feedback on 

their progress, e.g. quality of gathered data, appropriateness of data analysis 

methods decided, relevance of prototypes designed etc. 

- Mentoring. Educators should be constantly available for discussing with groups 

or individual learners on the problem analysis process and provide advice when 

necessary.  

- Early risk identification. Educators should be aware of how much each learner 

is participating during the problem analysis and take corresponding actions in 

case of low participation in order to avoid drop-outs.  

The Data Layer of the PBL_LA framework for this step can be populated with 

the specific data that is generated as well as the evidence that will be used for analysis 

and assessment. Representative instances are: 
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 Research resources. All resources that were accessed and chosen for further 

research on the initial problem formulation should be gathered for future analysis. 

This data is described in detail in the Problem formulation step and includes: 

types of resource sources gathered, content of resources gathered and number of 

resources gathered.  

 Survey data. All data that is recorded from the survey questions should be 

gathered for future analysis. This data includes information on the participants 

(e.g. user profile), the actual answers in each question as well as statistical 

analysis of dependant and non-dependant variables that can help learners make 

decisions on their problem and design solution. 

 Interview data. All data generated during an interview should be recorded for 

further analysis. This data includes information on the participants (e.g. user 

profile), an analysis of their feedback in main concepts and an overall conclusion 

on their opinions regarding the questions asked. 

 Brainstorming / dialogues. The discussions carried out towards the refinement 

of the formulated problem, the design requirements and the design strategies are 

important for identifying issues and scaffolding the process. This data source is 

described in more detailed in the previous steps.  

 Refined problem statement. The content of the final version of the problem 

statement is one of the main outputs of this step, and will indicate to a great 

extent the group’s achievement of the step’s educational objectives.  

 Design requirements. The list of design requirements is another main output of 

this step and will allow educators to assess the group’s performance. Specific data 

include: 

o Number of design requirements. The actual number of requirements can 

be indicative of how much effort the group’s members dedicated into 

making the list.   

o Content of design requirements. The content of the design requirements 

can indicate how much the group comprehended the way in which the 
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solution should be implemented as well as how successfully they 

translated the data they gathered into design requirements. 

 Design strategy. The design strategy is the last main output of this step, and 

involves the group’s proposal of how the solution to their problem should be 

implemented. This strategy is important to be properly assessed as it will guide 

the next three steps of the PBL model. 

 Process data. This data involves information that is traditionally recorded in e-

learning and online environments in general, and can be analysed for improving 

the learning process. This data is also described in the previous steps and 

includes: access to resources per learner, times spent on each activity per learner, 

navigation patterns, engagement levels per activity per learner etc. 

According to the Aalborg University’s lesson plans, during problem analysis, 

learners build a variety of different skills, such as:  

 Critical thinking, when trying to identify new relevant literature. 

 Sharing information, when discussing and brainstorming around ways to refine 

the problem statement, create the design requirements and design a robust 

strategy. 

 Social interaction, when argumenting on the aforementioned main step’s issues. 

 Filtering of information, when trying to identify which of the new data gathered 

is relevant to the more mature version of the problem. 

 Interpretation, when trying to make sense of the data gathered and to translate it 

into design requirements and a design strategy. 

 Synthesizing of information, when trying to formulate a final robust problem 

statement by combining prior knowledge, new knowledge and ideas derived from 

brainstorming with other people. 

 Creativity, when designing a strategy for the proposed solution. 
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Finally, the educator can provide a list of learning resources that learners can 

study in order to refine their problem statement and design their strategy. As in problem 

formulation, these resources can be enhanced with LS to increase discoverability and 

provide adequate knowledge to learners.  

 3.2.5 PBL_LA Implementation 

The implementation step belongs to the problem solving phase of PBL. During 

implementation, learners implement the actual solution to the problem that corresponds 

to the analysis they carried out in the previous steps.  

Each solution is dependent on the specific sub-domain the group has chosen, the 

problem they formulated as well as the design requirements and strategy they drafted 

during problem analysis.  

The educational objectives / evidence that should be achieved in this PBL step 

regard: 

d) A comprehensive solution (prototype, software etc.). 

e) A detailed description of the solution. 

As implementation is a step that varies a lot depending on the semester, domain, 

problem and designed solution, the activities usually proposed by the educators are more 

domain-independent and supporting in nature, while learners decide within their group 

on the more specific activities that will underpin the application of the implementation.  

The Analytics Layer of the PBL_LA framework for the implementation step can 

be populated with different LA methods and intervention actions that are suitable for 

analysing the aforementioned data and providing helpful insights to educators and 

learners.  
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Figure 3-6 LA methods for Implementation 

Some of these LA methods and actions are: 

- Adaptive content. Educators can provide adaptive content to students when they 

can detect that the solution they are implementing does not follow certain aspects 

of the materials taught. This content can be even more enriched if it is linked to 

external relevant resources and the Web of Data. 

- Assessment by matching learner's knowledge with knowledge domain. 

During the implementation step, educators deem that learners have already 

accumulated the necessary knowledge that will guide them to successfully 

implement their solutions. Thus, by assessing exactly what learners have 

comprehended up until this step and comparing it to the knowledge they should 

have acquired can support educators in identifying gaps in knowledge that need to 

be tackled.  
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- Personalization. Educators can personalise the learning experience for students 

in need, by identifying where within the course these students are lacking and 

providing resources, activities and tools that match the students’ specificities.  

- Recommendations. Educators can monitor the implementation process and 

provide recommendations to learners that are either at risk of not performing well 

or in need of additional resources or recommendations on ways of testing the 

solution. 

- Scaffolding. Educators can monitor the LA visualizations and scaffold learners 

by providing helpful hints and designing compelling tasks that will help them 

implement an interesting solution. 

The Data Layer of the PBL_LA framework can be populated with the specific 

data that is generated as well as the evidence that will be used for analysis and 

assessment. Representative instances are: 

 Testable prototype. The actual prototype implemented is the main output of the 

step and should be in complete alliance with all the previous outputs provided by 

the group. 

 Description of solution’s implementation. The description of the solution’s 

implementation regards the details of the different tests, simulations, experiments 

etc. carried out towards the final version of the solution as well as the 

presentation of the solution’s added value. 

 Process data. Process data. This data is also described in the previous steps and 

includes: access to resources per learner, times spent on each activity per learner, 

navigation patterns, engagement levels per activity per learner etc. 

During implementation, learners build a variety of different skills, such as:  
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 Creativity, when trying to find all the different ways in which a solution can be 

implemented. 

 Resourcefulness, when trying to find ways to get the best results for the goals 

set. 

 Application of knowledge, when applying the studied theory in order to produce 

a comprehensive solution. 

 Organizational skills, when trying to structure the work needed towards the 

implementation of the solution for the best possible results. 

 Commitment, when trying to stay focused on the set goals and perform their 

tasks on time and correctly. 

 

 3.2.6 PBL_LA Evaluation  

The evaluation step regards the actual assessment of the implemented solution. 

During this step, learners refine the evaluation strategy they had drafted in the start of the 

project, since it is heavily associated with the problem they formed and refined. 

Furthermore, learners perform different types of tests, depending on what type of 

solution they created, and carry out various evaluation techniques to gather feedback on 

the solution (e.g. observations, interviews, surveys, usability tests etc.).  

The educational objectives / evidence that should be achieved in this PBL step 

regard: 

a) A refined evaluation strategy.  

b) Evaluation results that show the solution’s appropriateness to the formulated 

problem. 

The activities more commonly performed during this step are shown in Table 3-5. 

Table 3-5 Activities for Evaluation 

Evaluation  Perform evaluation techniques  
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Record evaluation results 

Reflecting  

The activities produce specific types of data and evidence of work, which can be 

recorded, processed and analysed towards different analytics visualizations. 

More specifically, the Pedagogical Layer can include activities that are usually 

realized for the solution’s evaluation, such as: 

 Performing user tests. Learners perform different user tests in order to evaluate 

the validity and appropriateness of their implementation. This involves utilizing 

and applying the solution in different settings and contexts and recording the 

results in regards to different variables such as usability, ease of use, intention of 

future usage, accessibility etc. 

 Getting feedback from interviews. Learners ask feedback from different 

stakeholders that use the solution and respond to a variety of evaluation related 

questions. 

 Getting feedback from surveys. Learners gather data from surveys that ask 

questions in regards to the evaluation of the implemented solution. 

 Recording results. Learners gather all above data and document the results. 

 Reflecting. Learners reflect on the knowledge they have gained up until this 

point, usually through answering quizzes or discussing with their peers and / or 

educators. 

The Analytics Layer of the PBL_LA framework for the evaluation step can be 

populated with different LA methods and intervention actions that are suitable for 

analysing the aforementioned data and providing helpful insights to educators and 

learners.  
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Figure 3-7 LA methods for Evaluation 

Some of these LA methods and actions are: 

- Recommendations. Educators can monitor the evaluation process and provide 

recommendations to learners that are either at risk of not choosing correct 

evaluation techniques or performing incorrect documentation of results. 

- Reflection. Learners can reflect on the evaluation process and take necessary 

actions when they realize that they e.g. require more rich evaluation results. 

- Feedback. Educators can provide feedback to learners when they need help (e.g. 

when they are not using the appropriate evaluation methods, when they have not 

gathered enough participants for feedback etc.).  

- Assessment. Educators can assess learners’ knowledge and skills while they are 

evaluating the work done within the problem solving project. 
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The Data Layer of the PBL_LA framework for this step can be populated with 

the specific data that is generated as well as the evidence that will be used for analysis 

and assessment. Representative instances are: 

 Refining evaluation strategy. The evaluation strategy that will be used to carry 

out the evaluation process is representative of the work done by the group.  

 Evaluation results. The actual evaluation results gathered and documented by 

the group will lead to the informative reporting in the next step and allow learners 

to form interesting conclusions on whether their developed and tested solution 

was appropriate for their formulated problem. 

 Process data. This data is described in the previous steps and includes: access to 

resources per learner, times spent on each activity per learner, navigation patterns, 

engagement levels per activity per learner etc. 

During evaluation, learners build a variety of different skills, such as:  

 Creativity, when trying to find all the different ways in which a solution can be 

implemented. 

 Resourcefulness, when trying to find ways to get the best results for the goals 

set. 

 Oral communication, when interviewing stakeholders for gathering important 

information on the evaluation of the solutions.  

 3.2.7 PBL_LA Reporting  

The final step of the PBL strategy regards the reporting of all results to the 

supervisor, the drawing of conclusions and their presentation in a comprehensive and 

valid manner. Each learner contributes to the reporting step and presents a part of the 

work done to the supervisor and other members of the assessment team. Learners also 

propose paths for improvement and future work. 

The educational objectives / evidence that should be achieved in this PBL step 

regard: 

a) A report with all the work done.  
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b) Conclusions drawn. 

c) Proposals on future work. 

As reporting is the final step of the PBL model, it is important that the group 

works together towards properly presenting all of its members’ efforts and the added 

value of their solution. Some of the proposed activities that can help them towards this 

goal are shown in Table 3-6. 

Table 3-6 Activities for Reporting 

Reporting 

` 

Report writing  

Report submitting  

Presenting 

Argumentation 

Publishing  

Reflecting 

More specifically, the Pedagogical Layer can include activities that are usually 

realized for the reporting, such as: 

 Argumention. Learners discuss on the overall work done across all the PBL 

steps and form arguments on how to report their efforts and results in this step. 

 Report writing. Learners write a detailed report of all the work done in all the 

PBL process and steps in a way that the report describes all major tasks and 

activities as well as the solution itself. 

 Report submitting. Learners submit the final report. 

 Presenting. Learners present their work to the exam committee and defend their 

results. 

 Publishing. Learners publish their work and results for sharing their findings. 

 Reflecting. Learners reflect on the knowledge they have gained up until this 

point, usually through answering quizzes or discussing with their peers and / or 

educators. 
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The Analytics Layer of the PBL_LA framework can be populated with different 

LA methods and intervention actions that are suitable for analysing the aforementioned 

data and providing helpful insights to educators and learners.  

 

Figure 3-8 LA methods for Reporting 

Some of these LA methods and actions are: 

 Adaptive content. If educators detect that the reporting results are lacking, they 

can provide corresponding materials to a group or an individual learner in order 

to improve the quality of the report. 

 Information flow analysis. Educators can view possible interdependencies of the 

different concepts during reporting and identify whether they correspond to 

miscomprehensions or not. 

 Semantic analysis. Educators can have a clearer picture of each learner’s 

knowledge development throughout the course. 
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 Assessment. Assessing learners’ progress during this last step provides educators 

with an overall overview of their progress and performance. 

 Reflection. Learners can reflect on their progress and their comprehension levels 

in order to identify possible gaps that require further study. 

 Mentoring. Educators can monitor all the LA visualizations and provide general 

mentoring to a group and individuals while they are trying to report their work in 

a comprehensive and valid manner.  

 Feedback. Educators can provide feedback to learners while they are working on 

their report, and mentoring them when they need assistance in e.g. different ways 

of presenting the report, sections to include in the report etc. 

 Recommendations. Educators can provide various recommendations based on 

the LA visualizations available, which will allow learners to generate a suitable 

report documentation and presentation. 

The Data Layer of the PBL_LA framework can be populated with the specific 

data that is generated as well as the evidence that will be used for analysis and 

assessment. Representative instances are: 

 Report. The report that is written by each group presents all the work done across 

all PBL steps and also includes the conclusions drawn from the evaluation of the 

solution developed. 

 Future work. Each group presents various proposals for future work based on 

the gaps they have identified that would be interesting to address in further 

research. This includes the number of proposals suggested as well as how 

relevant or promising they are for the subject domain. 

 Presentation. The presentation includes the main points of the work done by 

each group and each member is called to defend their overall and specific effort 

as well as validate all the activities carried out and results produced. This includes 

the content of the presentation, the layout (e.g. template used, presentation 

structure etc.) as well as the learners’ oral communication skills. 
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 Process data. This data is described in the previous steps and includes: access to 

resources per learner, times spent on each activity per learner, navigation patterns, 

engagement levels per activity per learner etc. 

During this last PBL step, learners build a variety of different transversal skills, 

such as:  

 Data interpretation and analysis, while drawing interesting and innovative 

conclusions from all the work done in the previous PBL steps and the evaluation 

of the solution’s implementation. 

 Group-work and collaboration, while working together to decide on the report 

sections to include, the presentation to design, the conclusions to draw etc. 

 Written communication, while writing the report in a comprehensive way that 

includes scientific references, valid arguments and added value to the problem 

domain. 

 Oral communication, while presenting the report to the exam committee and 

defending the work done on an individual and group level. 

 Creativity and innovation, while identifying existing gaps and proposing 

interesting and promising future work. 

 3.2.8 PBL_LA framework evaluation  

The PBL_LA framework aims to allow educators and trainers to apply learning 

processes where learners participate actively and are engaged throughout the course. This 

way, each learner can execute specific activities even if he/she is a part of a group, and 

thus his/her performance can be more easily measured and assessed as opposed to a 

traditional learning setting where individual contributions to a work project are usually 

unknown or difficult to assess. Furthermore, PBL’s step-by-step nature allows for more 

meaningful assessment, since educators can evaluate the work’s progress during each 

step and adapt the following steps accordingly. This also enables learners to reflect on 

each specific step and ensure they have obtained the necessary knowledge to progress 

effectively. 

The PBL_LA framework also aims to reduce the risk of likely-to-fail learners by 

encouraging their active participation which supports more in-depth comprehension of 
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the subject course. Furthermore, this learning strategy can benefit different behavioural 

groups;  PBL along with LA can detect and assist learning styles that are more introvert 

or too extrovert since different learners participate in multiple types of activities such 

problem analysis, task delimitation, discussion, solution planning, evaluation etc. By 

identifying such behavioural patterns, educators can adapt their individual learning 

pathways and enable effective personalized learning.  

The PBL_LA framework also aims to allow direct feedback for educators and 

learners on the learning progress as well as in which areas need improvement. The 

structured nature of PBL allows for more concrete feedback based on the LA analysis, 

since the PBL_LA framework can further analyse and define each step in regards to the 

data generated, the activities that are executed as well as the skills developed (e.g. in the 

problem analysis step learners develop skills such as critical thinking, concept analysis, 

group work, communication of ideas etc.). The educators will be able to make more 

sense of the LA results in such a well-established learning environment and more 

informative decisions in regards to adapting the learning processes. The design of 

structured learning processes can more easily encourage and endorse academic programs 

and curricula to become accordingly more structured. This way, learners will be provided 

with clear routes to completion and concrete guidelines instead of being presented with 

an abstract course, with no guidelines or clear activities.  

A testing scenario was realized in order to assess the LA’s usage within a PBL-

based course and examine the aforementioned aspired benefits. This scenario was carried 

out while the PBL_LA framework was being designed, aiming to test students’ reactions 

when required to participate actively during a course and learn by doing within a PBL 

setting. 

The course is named “Information Systems Analysis and Design” and it is part of 

the postgraduate programme “Management Information Systems” at the University of 

Macedonia, Thessaloniki Greece. During this course, 72 students participated in the 

autumn semester of academic year 2015-2016. Students were divided into groups of 

three, where each group had to complete a project of designing an information system. 

During this testing scenario, the layers of the PBL_LA framework had been determined 
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and each layer was populated with entries; however, we had not yet established relations 

between entries (e.g. LA method / tool – PBL step, data generated – activity etc.). Thus, 

we did not follow a strict course structure and incorporate LA methods / tools within 

each PBL step. Students performed PBL activities in order to successfully solve the 

given problem, where they studied the relevant literature (e.g. slides provided by the 

educator, e-lectures included within a Moodle LMS, videos with theory etc.), they 

brainstormed offline in order to decide on the specific diagrams to design, they designed 

the different diagrams using the Visual Paradigm tool, wrote down their findings etc. 

Finally, they reflected on the knowledge they gained each week by answering quizzes 

within Moodle. We focused on retrieving and examining the data that can be gathered for 

analysis, i.e. interactions within the Moodle platform. Table 3-7 presents how the 

PBL_LA framework’s concepts were populated for the testing scenario.  

Table 3-7 PBL_LA framework population for testing scenario  

Activities (Pedagogical layer - Activities):  

Literature searching / storing (resources accessed for learning e.g. videos, e-lectures, 

slides) 

Writing (weekly reports of the group progress and results) 

Presenting (presentations during the course on weekly progress and results) 

Diagramming (diagrams designed with Visual Paradigm) 

Scheduling (group workflow, timesheets) 

Reflecting (weekly quizzes within Moodle) 

Knowledge (Pedagogical layer –Evidence): 

Identify the basic steps of a method for analysing and designing an information system 

Understand the usage of basic UML diagrams (activity, use case, class, robustness, 
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sequence)  

Development of an information system that covers the needs of an organization by using  

information systems analysis and design methods 

Skills (Pedagogical layer – Evidence): 

Usage of the Visual Paradigm software for the analysis and design of Information 

Systems using UML  

Translation of UML diagrams into Java code  

LA methods  (Analytics layer – LA methods): 

Early risk identification 

Engagement analysis 

Warnings 

LA tools  (ICT layer – LA tools): 

Hits distribution (Analytics Graphs plugin in Moodle) 

Quiz submission (Analytics Graphs plugin in Moodle) 

Configurable reports (plugin in Moodle) 

PBL tools (ICT layer – PBL tools): 

Quiz for theory assessment – activity in Moodle 

Lessons for theory reading - activity in Moodle  

Questionnaire for reviewing the theory – activity in Moodle 

Hotpot interactive quiz – activity in Moodle 
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Feedback - activity in Moodle 

The aforementioned LA plugins within the Moodle LMS (Figure 3-9, Figure 

3-10, Figure 3-11, Figure 3-12 and Figure 3-14) provided visualizations that could allow 

the educator to scaffold the learning process and help students in need. 

 

Figure 3-9 LA visualization: Hits distribution 

Figure 3-9 shows an LA visualization that provides information on the number of 

times each student accessed the course across the weeks the course was active, as well as 

the number of resources each student accessed through the course’s weeks. A warning 

icon appears for the students that have not accessed the course in the last week, altering 

the educator on the student’s inactivity. The educator can then decide whether this 

inactivity is justified (e.g. summer break, complete course) or if it is necessary to contact 

the inactive students and prompt them to increase their participation. 
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Figure 3-10 LA visualization: Quiz submission  

Figure 3-10 visualizes the students’ activity within the course’s quizzes. More 

specifically, it provides information on how many submissions per quiz were on time, 

how many were late and how many students did not submit at all.  If we click on a 

column within the graph, we can see the specific students that either submitted or time, 

late or not at all, as shown in Figure 3-11. 

 

Figure 3-11 LA visualization: Students with on time quiz submission 

Additionally, as shown in Figure 3-12, when educators press on top of a student’s name, 

they have the choice to contact the student and send a message for scaffolding the 
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learning process, providing adaptive content or give warnings for improving the student’s 

performance. 

 

Figure 3-12 LA visualization: Contact student for scaffolding 

The educator could detect students that submitted quizzes late and provided them 

with warnings on completing the quizzes in order to ensure they would study and 

comprehend the relevant theory. For example, when many students were late in 

submitting quizzes about a part of the theory that belongs in the Problem analysis PBL 

phase, the educator can assume that the provided resources were not comprehended 

abundantly, so additional material is provided.  
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Figure 3-13 Highest and lowest grades on a Quiz 

Figure 3-13 allowed the educator and students to view the three highest grades of 

the current Quiz and the three lowest. This can indicate to what level students 

comprehended the weekly material. 

 

Figure 3-14 LA visualization: Dedicated time to course per student 
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Figure 3-14 provided information on the time each student spent on the course. 

When the educator detects that a student spent too little or too much time, they can 

contact the student in order to find out the reasons for this and recommend facilitating 

actions (e.g. additional material, other activities etc.).  

Based on the above, we can already identify benefits of using PBL within courses 

and incorporating LA features. Students could absorb the weekly knowledge by having 

access to different modes of learning materials (slides, videos, e-lessons), and by 

reflecting on the weekly taught concepts through answering quizzes. The quizzes 

encouraged students to comprehend each lecture in depth and allowed the educator to 

detect any specific concepts that were not understood by the majority of the class. Each 

week, the educator consulted the LA visualizations shown in the above figures and 

presented to discuss with students any occurring issues, e.g. if the majority of the class 

had low scores, if a question was answered incorrectly by a large percentage of the class 

etc. We anticipate that the benefits identified in this testing scenario with limited data to 

analyse will be supplemented when students are allowed to utilize multiple tools that will 

help with performing their activities and educators can view additional analytics per PBL 

step and make corresponding interventions.  

   

 3.3  Semantic annotation model 

In this section, we proceed to describe a semantic annotation conceptual model 

that was designed to include the most important concepts that should be included in such 

annotations. Courses in Aalborg University follow a specific workflow, which can be 

seen in Figure 3-15.  
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Figure 3-15 Modelling of the Aalborg PBL course flow 

More specifically, each group project relates to a specific problem the group is 

required to solve and a set of competences that are required to successfully pass the 

generic educational domain. During the project, learners go through the PBL model’s 

phases that are designed by the educator and perform activities within each phase. Each 

activity comprises of relevant content, supporting tools and corresponds to a specific 

service. The proper realization of an activity covers a specific set of competencies and 

creates a set of artefacts as evidence for the activity’s outcomes. This evidence consists 

of the process carried out and the actual results produced within the activity. Finally, the 

evidence is used for assessment, which is carried out through data analysis and measures 

competencies acquisition levels.  

We distinguish all the different concepts included in the PBL_LA framework and 

check whether there are missing elements that should be incorporated in the semantic 

annotation model in order to accommodate LA analysis. Based on the PBL_LA 

framework, the most prominent concepts include: 
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 Activity – PBL step and Activity concepts in the PBL_LA pedagogical layer. 

This concept matches the activity structure type concept within the PBL study, 

which includes the 9 different steps of the Aalborg model. 

 Evidence – Evidence concept in the PBL_LA pedagogical layer. This concept 

matches the evidence concept from the PBL study and aims to specify the 

outcomes from each PBL step that are used for assessment of work. 

 Tool – Tools concept in the PBL_LA ICT layer. This concept matches the tool 

concept from the PBL study. This aims to provide further guidance for educators 

when they want to discover which PBL tools to employ for realization of 

activities. 

 Assessment – LA methods concept in the PBL_LA LA layer. This concept 

matches the LA methods concept from the LA study and includes the Data 

concept in the PBL_LA Data layer, since the data gathered are used for analysis 

and assessment of the learning process. 

During the aforementioned workflow, LS can be incorporated for semantic 

binding of learning objects and resources. This will enable personalization and adaptation 

of the learning process, allow discoverability of learning resources and underpin multiple 

learning pathways.  

Based on the above workflow, we distinguish the following concepts to be 

included in the semantic model: 

 Semester and programme context. These concepts can provide an overall 

overview of the course regarding the department and institution it is a part of 

and the semester it is taught on.  

 Project and project work. A project can be considered the overall thematic area 

of the course, while the project work corresponds to the work carried out by 

each group with the specific identified problems and solutions.  
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 Phase. The project work carried out in Aalborg is comprised of three phases, 

namely problem analysis, problem solving and problem reporting.  

 Activity structure type. This concept can provide information on the different 

steps within the PBL model.  

 Activity. This concept can provide information on which activities are employed 

during a specific project work and how they are connected with the different 

phases of the project work. 

 Learning objectives / competences. This concept can provide information on the 

different skills and knowledge directly connected with the specific project work. 

This data can help educators search for relevant learning objects or resources 

when they identify that specific knowledge or skills are missing based on the LA 

results. 

 Content. This concept can provide information on the learning resources 

connected with the project work. Even though Aalborg usually does not provide 

large quantities of content to the students, since it promotes self-directed 

learning, educators usually provide some resources to scaffold the learning 

process. 

 Tool. This concept can provide information on the different tools employed 

within the project work in order to assist students’ tasks, as shown in Section 

2.4.3.  

 Assessment. This concept can provide information on the type of assessment 

method following for the learning object. 

Based on the above, we proceed to design the conceptual model shown in Figure 

3-16. 
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Figure 3-16 Conceptual annotation model 

This model can then be extended with semantic vocabularies that will assign 

meaning to each concept and allow semantic description of learning objects and 

resources.  

 

Figure 3-17 Semantic annotation model matched with semantic ontologies  

More detailed representation of the actual classes and properties proposed for the 

annotation of the above concepts using RDF ontologies is provided in the next Chapter. 
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We envision that the annotation of these learning concepts with semantic 

meaning could facilitate educators in locating helpful information that is interlinked 

corresponding to the set needs. For example, if during a course, an educator consults the 

LA tools available and identifies a lack of participation in an activity, they can search for 

and discover e.g. which tools are generally connected to the specific activity from other 

semantically annotated and recorded learning objects. Thus, they can choose to employ 

one or more of those tools and scaffold the learning process. Another example usage can 

be the discovery of additional content for a specific topic that has either been 

semantically annotated or has been interlinked from an external source, e.g. an available 

MOOC or online course that provide content for the searched topic.  

 3.4  Summary  

This Chapter focused on presenting the two main theoretical outputs of the thesis.  

Initially, the Chapter presented the PBL_LA framework that was designed aiming 

to combine the PBL Aalborg model with the LA concepts identified in the literature 

review presented in Chapter 2. The framework comprises of three main layers 

(Pedagogical, Analytics and Data) and one horizontal layer (ICT); all layers of the 

framework were designed in such a way so that it can be utilized by educators in any 

field that can be taught using a PBL setting and in any sector (e.g. higher education, 

business and public trainings, secondary school). 

The Chapter proceeded to elaborate on the PBL_LA framework by analysing 

each layer of the framework across each PBL step. For each PBL step, we provided 

information on which activities could underpin the execution of the step and produce 

informative evidence and data for analysis, which LA methods could facilitate the 

visualization of the learning progress for both educators and which transversal skills are 

most commonly gained in the step.  

The Chapter also presented an initial testing scenario that was carried out for 

interim evaluation of the PBL_LA framework’s benefits. Within this scenario, a 

postgraduate course followed the Aalborg’s PBL steps and was supplemented with PBL 

activities in order to allow students to solve their project in a more structured way. The 
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supporting tools included a Moodle e-platform with multimodal materials (videos, e-

lectures, pdf files), and PBL tools such as quizzes, questionnaires, feedback etc. The data 

that was gathered produced visualisations from installed LA plugins, which allowed the 

educator and the students to have a more comprehensive overview of the weekly 

progress and assist students in need on time.  

Finally, the Chapter presented the conceptual and semantically enriched 

annotation model that was designed in order to provide meaning to learning objects and 

resources, underpin easier discovery of interconnected concepts and also enrich 

educators’ knowledge by linking the concepts with external concepts from the Web of 

Data. The model can be employed by any stakeholder of any sector and field and can be 

implemented into multiple online environments that could support the annotation 

process. Such environment could include modelling tools that allow workflow modelling 

and their concepts’ annotation with metadata models as well as standalone environments 

that can provide an interface for the semantic annotation of the model’s concepts.   
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 4 Application use cases  

 4.1  Introduction  

The previous Chapter presented the two main theoretical outputs of this thesis, 

which aim to expand the PBL model towards better supporting technology-enhanced 

courses. In this Chapter, we proceed to devise three application use cases that explore 

ways in which the two outputs can be exploited to boost education based on the needs 

identified. Each use case aims to support the three main phases of instructional design, 

i.e. course design, delivery and evaluation respectively. For each use case, we developed 

and applied technological solutions that could bring forth the research’s outputs’ 

potentials. The solutions also exploit Linked Open Data (LOD), aiming to contribute to 

the enrichment of educational interconnected knowledge. 

 4.2  Course design (Guided support towards transversal skills 

development) 

 4.2.1 Need  

The application of a PBL strategy within courses can foster transversal skills, 

which are essential in this ever-changing world. However, the change from traditional 

learning to a course model requires active participation and initiatives from students and 

on-going facilitation and scaffolding from educators. This shift seems challenging for 

both roles and thus requires supporting methods and easy to use tools. The PBL_LA 

framework aims to address this challenge. However, frameworks with numerous 

instances are usually depicted as non-editable graphs or text, which make their access 

and consultation challenging and time-consuming (Kalampokis et al., 2012; Tambouris et 

al., 2012). Thus, there is a need for an intuitive easy to use interface that will allow easy 

and dynamic access to all the available information.  

 4.2.2 Description 

The PBL_LA framework includes 4 layers, namely Pedagogical (PBL steps, 

activities and evidence), Analytics (LA methods), Data (data generated) and ICT (PBL 
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and LA tools). We populated the PBL_LA framework with entries for each layer (e.g. 9 

steps of the PBL model, examples of tools and activities to support PBL, LA methods 

and tools to apply for data analysis etc.). For example, the framework suggests that 

during the Problem formulation PBL step, activities such as brainstorming and 

argumentation can be carried out to improve the step’s execution, and each activity can 

be performed with a variety of tools (e.g. Mind map for brainstorming, forum for 

argumentation etc.). Additionally, educators can view that during the Problem 

formulation step, they can utilize specific LA methods and corresponding LA tools that 

support them, for better analysis of the generated data.  

These entries were also modelled as LOD to reinforce interlinking of concepts 

with each other and the Web of Data. The PBL_LA web application browser was then 

developed, allowing access to the framework’s LOD entries.  

 4.2.3 Technical solution 

Figure 4-1 presents the architecture of the application and the following sections 

elaborate on its components and functionalities. 

 

Figure 4-1 PBL_LA Browser architecture 
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Initially, the PBL_LA framework’s concepts and corresponding instances are 

recorded into a relational database, along with the relations amongst all instances. More 

specifically, the database consists of tables with data identified in our research on the 

PBL_LA educational approach and record instances about activities usually employed in 

PBL learning, the Aalborg PBL steps, transversal skills usually obtained in student-

centred learning processes, LA methods available, existing LA tools, existing tools used 

in PBL courses.  

 Then, with the creation of web services, we access the data stored in the database 

and retrieve the results in a JSON format. The visualization of the JSON data is carried 

out with the AngularJS library and the Bootstrap framework. More specifically, three 

main drop-down lists are created, which present the instances of the PBL-specific 

concepts, i.e. the model’s steps, activities and tools, as shown in Figure 4-2. We focus on 

the pedagogical aspect of the framework and proceed to show information regarding the 

other concepts, as the PBL related elements will guide educators’ course design.  

 

Figure 4-2 Front-page of PBL_LA browser 

Users, mainly educators and trainers, are encouraged to choose a PBL step so that 

they can view which other elements (i.e. activities, PBL tools to use, LA methods, data 

generated, LA technologies) to take into consideration when designing their courses for 

the specific PBL step. For more filtered results, users can specify an activity and/or a 
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PBL tool that they want to employ and view which other elements are related to the 

specified concepts. Figure 4-3 presents the Browser’s results.  

 

Figure 4-3 PBL_LA Browser results 

This way, educators that want to design the problem formulation step within a 

course is now aware of which types of activities can be employed (e.g. brainstorming, 

literature searching, literature storing etc.) and which PBL tool can support each activity 

(e.g. forum, Google Docs, Mindmap etc.). The second table presents which data is 

generated during the specific step (e.g. posts on forums, content of ideas etc.) and the 

PBL tool each data is generated from (e.g. Forum, Mindmap etc.). Finally, the third table 

shows the LA tools that can analyse the identified data as well as the LA methods 

employed for the data analysis.  

A more filtered version of the results can be viewed in Figure 4-4, where we want 

more guidance regarding a combination of a PBL step and a specific activity. 
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Figure 4-4 Filtered results in PBL_LA browser 

These results focus on the data generated during evaluation and more specifically 

during the documenting results activity, and provide educators with information on the 

different concepts that can help design, execute and evaluate the course and specifically 

the evaluation step.  

It should be noted that so far, 3862 records of “PBL step-activity-LA method-

data-PBL tool-LA tool” relations have been added to the “relations” table of the 

application’s database, which consists of a still small percentage of the existing relations 

that will be added as future work for the enrichment of information provision. 

The most important benefit of the PBL_LA browser is that it allows educators 

and other interested stakeholders to search, discover and understand the most essential 

concepts related to enhancing education and training through data-driven learner-centred 

courses and the relations amongst them. This benefit increases when machines also 

become aware of these concepts and understand their meanings and their inter-

connections (Costa et al., 2013). This process is called semantic enrichment and is 

realised by adding metadata to and describing resources using specifications such as 
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controlled vocabularies or ontologies. When machines understand what each concept is, 

which other concepts it relates to and what these relations are, they can provide more 

automated and enriched data retrieval and enable interpretation of the available content in 

order to support reasoning and informative decision making (Bordes et al., 2014).  

To this end, we carried out a research on the ontologies available that can 

describe the educational concepts existing in the PBL_LA framework and thus could 

enrich the PBL_LA browser’s functionalities and benefits for the stakeholders. The 

ontologies that exist for the educational domain are still a work in progress and provide a 

limited set of classes and properties; however, we concluded with a set of semantic items 

that can sufficiently address the semantic enrichment of the PBL_LA framework. 

Initially, we searched the semantic items that can adequately describe what each 

PBL_LA concept is, which, in semantic terms regards the RDF class that it belong to. 

We also aimed to semantically describe concepts that are not a core part of the PBL_LA 

framework, but are very strongly related to its concepts and allow for a more complete 

overview of the learning process. These include the technologies that allow PBL 

implementation and LA application as well as the skills that learners develop during each 

PBL step and through each PBL activity.  Table 4-1 shows the ontologies and respective 

classes used to describe each of these concepts. 

Table 4-1 RDF types per PBL_LA concept 

PBL_LA 
concept 

Ontology Ontology Class and URI 

PBL step SKOS Concept  
< http://www.w3.org/2004/02/skos/core#Concept> 

LOM 
(Learning 
Object 
Metadata) 

EducationalContext 
< 
http://data.opendiscoveryspace.eu/lom_ontology_ods.owl#EducationalContext> 

MEX-CORE Phase 
< http://mex.aksw.org/mex-core#Phase> 

MEX-ALGO LearningMethod 
< http://mex.aksw.org/mex-algo#LearningMethod> 

Activity RESIST 
Courseware 

Student_Interactivity_Type 
< http://lov.okfn.org/dataset/lov/vocabs/crsw/Student_Interactivity_Type> 

xAPI Activity 
< http://ns.inria.fr/ludo/v1/xapi#Activity> 
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LA method RESIST 
Courseware 

Assessment_Method 
http://lov.okfn.org/dataset/lov/vocabs/crsw/Asessment_Method 

Data 
generated 

MEX-CORE Dataset 
<http://mex.aksw.org/mex-core#Dataset> 

Skill ESCO Skill  
< http://data.europa.eu/esco/skill/> 

Technology DC-TERMS Software 
< http://purl.org/dc/dcmitype/Software> 

MEX-ALGO Tool 
< http://mex.aksw.org/mex-algo#Tool> 

FOAF Agent  
< http://xmlns.com/foaf/0.1/Agent> 

 

Once the identification of RDF classes was carried out, each concept was mapped 

with the respective URIs using the OpenRefine tool for creating RDF data out of 

structured data. During this process, we assigned a base URI (<http://pbl_la_sem/>) for 

the RDF data to be produced in order to ensure that each concept will have a unique 

identifier. This process produced triples that were then saved in an RDF store for future 

re-use and retrieval.  

More specifically, the RDF data produced in regards to the PBL step concept 

included triples such as: 

Subject Property Object 

<http://pbl_la/sem/Task+formulation> rdf:type <http://mex.aksw.org/mex-
core#Phase> 

<http://pbl_la/sem/Task+formulation> rdfs:label “Task formulation” 

 

These triples were then retrieved by the PBL_LA browser application using the 

SPARQL query language and visualized as tables using the Sgvizler JavaScript library, 

as shown in Figure 4-5. 
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Figure 4-5 Semantically enriched data for “Task formulation” PBL step 

This information allows educators to: 

a) Search for information related to these RDF classes in external resources in 

order to gain further knowledge of learning phases. For example, they can browse other 

RDF stores and search specifically for triples about the  <http://mex.aksw.org/mex-

core#Phase> Class and gain more insights on what other concepts are usually related to 

learning phases, if there is a learning phase similar to “Task formulation” described and 

what information does it include etc. 

b) Contribute to the semantic enrichment of the educational domain and store the 

RDF data to external sources to allow future exploitation of the information by other 

educators and stakeholders. 

Another concept that was semantically enriched regards the skills that learners 

develop in PBL courses. We focus on skills that are transversal in nature, as they are 

developed because of the way learners learn and not on the specific educational field they 

are learning about.  

Thus, we describe these skills using the ESCO ontology developed by the EU as 

an interoperability standard for skills, occupations and competencies across Europe. This 

will allow learners, educators and all stakeholders as well as machines, to have a 
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common understanding of which skills are linked to each PBL step and also gain more 

information on the actual skills.  

The semantic enrichment of the “Skills” concept’s instances (e.g. Critical 

thinking, Build relationships, Plan for action, Explore issues etc.) was carried out through 

label matching of each ESCO skill instance with PBL_LA skill instance and linking the 

similar instances using the RDF property “owl:sameAs”. For example, Figure 4-6 shows 

that the PBL_LA skill labelled “Plan for action” is similar to the ESCO skill with URI 

<http://data.europa.eu/esco/skill/367623>. This way, educators can visit this URI and 

gain additional information on this skill, other related skills, linked occupations and 

competences.  

Furthermore, using SPARQL query, we retrieve information on the narrower and 

broader skills that comprise the hierarchy of the studied skill. This allows stakeholders 

like educators and learners to be aware of what abilities are being or could be fostered 

during the respective PBL step and thus further enhance learners’ competitive skill-set. 

 

Figure 4-6 Semantically enriched data for “Plan for action” skill 

Such insights provide educators and learners with the potential to further increase 

knowledge on a domain, if they also match and map these skills to specific courses and 

learning outcomes (Zotou, 2014). Furthermore, learners can use this information to build 



 

181 

their professional profiles using a common “language”, which will facilitate their 

mobility across different countries and sectors.  

 In addition to semantic enrichment of the PBL_LA concepts, we proceeded to 

publish these data as Linked Data on the web, and increase their usability and 

discoverability by allowing them to connect with the Web of Data. The first Table shown 

in Figure 4-4 visualizes each instance as a link. This link redirects users to the published 

Linked Data version of the instance.  

This process was carried out by mapping the RDF data created with OpenRefine 

and stored in the Fuseki RDF data store to a configuration template provided by the 

Pubby Linked Data Frontend. Pubby provides an interface for accessing and browsing 

RDF data.  For example, as shown in Figure 4-7, the “LOCO-Analyst” technology’s 

published version has the URI <http://egov.dai.uom.gr:8085/linked/page/technology/7> 

and can now be browsed through the web. In this case, we see all the properties that the 

instance is related to, to (e.g. foaf:name and dc:title for label description and rdf:type and 

dc:type for type description).  

 

Figure 4-7 Linked data for “LOCO-Analyst” technology 

By pressing the RDF icon at the top right of the instance’s page, we can also 

retrieve this information in triples, as shown in Figure 4-8. 
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Figure 4-8 RDF version of linked data 

Figure 4-9 presents another functionality of the web application, which regards 

the linking of the PBL_LA framework’s instances with the Web of data. This was carried 

out using the OpenRefine tool, where we performed terms reconciliation between each 

concept’s label and the respective concepts stored in DBpedia. With this process, we 

identified and created links between elements of the PBL_LA framework and Dbpedia 

using the property owl:SameAs from the OWL ontology. For example, as shown in 

Figure 4-9, we retrieve information that Google Docs is a tool (rdf:type property) that 

belongs in the PBLcategory (dc:type property), and also that it is the same concept as the 

one depicted with the URI 

<http://dbpedia.org/resource/Google_Docs,_Sheets,_and_Slides>. Thus, we can increase 

our knowledge on this concept by visiting the said link.  
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Figure 4-9 Linking data with DBpedia  

 4.2.4 Benefits and validation  

As initial validation of the PBL_LA framework’s efficiency in facilitating 

decision making during course design for educators was carried out by educators and 

training experts across Europe. More specifically, seven university courses and one 

training course were designed following the guidelines of the framework and browsing 

the web application. The courses were designed using the Adoxx modelling tool 

developed by the BOC Company in Austria. 

Course name Organization Target 

Information Systems 
Analysis and Design 

University of Macedonia, Greece Postgraduate students 

Information Systems 
Analysis and Design 

University of Macedonia, Greece Undergraduate students 

Project Management University of Macedonia, Greece Undergraduate students 

Advanced Software 
Engineering 

University of Alcala, Spain Undergraduate students 

Audio – Visual 
Experiments 

Aalborg University, Denmark Undergraduate students 

Human-Computer 
Interactions 

Aalborg University, Denmark Undergraduate students 

Quality in (Open) 
Education 

Open University of the Netherlands, 
Netherlands  

Undergraduate students 
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ADOxx Modelling 
Language 

BOC Company, Austria Private employees 

 

One representative example is the course/project called “Audio-Visual 

Experiments" carried out at the University of Aalborg, PBL expert. Three educators from 

Aalborg University performed brainstorming sessions within two focus groups with three 

modelling experts at BOC and utilized the thesis’s outputs in order to design the course. 

Figure 4-10 shows the structure of the course, displaying the different PBL steps 

(Pedagogical layer of the PBL_LA framework – PBL steps). Additionally, the course 

design includes the different resources to be used (Pedagogical layer of the PBL_LA 

framework - activities), the competencies related to the course (Pedagogical layer of the 

PBL_LA framework - evidence) and the different tools to be employed (ICT layer of the 

PBL_LA framework – PBL and LA tools). 

 

Figure 4-10 “Audio-Visual Experiments” project structure 

The next step of the design processed involved finding the proper activities and 

corresponding tools to use for each PBL step. This decision and mapping for all PBL 

steps is shown in Figure 4-11. 
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Figure 4-11“Audio-Visual Experiments” project tools 

Taking a representative look at the “Problem formulation” step, if we visit the 

PBL_LA application browser, and choose to get information on this specific step, we 

will retrieve the following guidelines, as shown in Figure 4-12. 
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Figure 4-12 PBL_LA browser for “Problem Formulation” 

Each term is shown in the form of links, where each link redirects to the Linked 

Data version of the term, providing more information and allowing its linkage with the 

Web of Data.  

 

Figure 4-13 Linked data published version of the term “eLAT toolkit” 
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Furthermore, educators can view which skills are related to the searched PBL step 

according to the ESCO ontology, as shown in Figure 4-14. 

 

Figure 4-14 Skills related to the Problem formulation step 

The activities suggested by the framework and the browser are: brainstorming, 

literature searching and storing, argumentation, writing, presenting and reflecting. The 

browser suggests different tools that can be employed to cover each activity. Depending 

on the e-learning environment to be used for the course (e.g. an LMS like Moodle, a 

MOOC, independent tools per activity etc.), educators find the suggested or similar tools 

to employ for the execution of each activity. Based on the above, the “Problem 

formulation” step within the Adoxx course model is designed as shown in Figure 4-15. 

 

Figure 4-15 “Audio-Visual Experiments” project tools for “Problem formulation” 
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The mapping of the activities suggested by the PBL_LA framework and browser 

to the specific activities chosen for the “Audio-Visual Experiments” project is as follows: 

 Brainstorming & Argumentation  Problem formulation discussion & To-Do 

list1 

 Writing  Co-writing problem ideas  

 Literature search and storing  Student folder1 & Social Bookmark1  

 Reflecting  Adaptive quiz1  

The same process is followed for each PBL step. Educators also consult the 

PBL_LA browser in order to decide which LA methods and tools to employ in their e-

learning environment based on the PBL activities and corresponding tools they have 

decided to use. More details on this will be provided in the next Section during course 

delivery validation.  

Another validation example regards the “Information Systems Analysis and 

Design” course taught at the University of Macedonia. This is the same course that was 

used for initial validation of the PBL_LA framework in Section 3.2.9 without a strict 

course structure. At this stage, we fully re-design the course based on the framework and 

navigating the PBL_LA application browser. One educator from University of 

Macedonia performed brainstorming sessions within three focus groups with three 

modelling experts at BOC and utilized the thesis’s outputs in order to design the course. 

Figure 4-16 shows the modelling of the traditional structure of the course into the PBL 

model, by arranging the weekly lectures into each PBL step depending on their context, 

and identifying what types of activities are most suited for the course. 

 

Figure 4-16“Information Systems Analysis and Design” course with PBL 
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Taking a representative look at the 3 PBL steps comprising the “Problem 

analysis” step, we visit the PBL_LA application browser, and choose to get information 

on the three steps; we retrieved the following guidelines, as shown in Figure 4-17. 

 

 

Figure 4-17 PBL_LA browser for “Problem Analysis” 
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Similarly to the previous example, Figure 4-18 shows the selection of activities 

and tools to be used for this course for the “Problem Analysis” PBL step, which includes 

the “Data Gathering”, “Analysis” and “Design” steps.  

 

Figure 4-18 “Information Systems Analysis and Design” course tools for “Problem 

Analysis” 

The mapping of the activities suggested by the PBL_LA framework and browser 

to the specific activities chosen for the “Information Systems Analysis and Design” 

project is as follows: 

 Data collection / storing  Student folder2 & Social bookmark2 

 Reflecting  Adaptive quizzes  

 Data analysis  Mind map 

 Argumentation  Problem analysis discussion 

 Writing & Development & Production / Testing  Design workshop 

The same process was carried out for all PBL steps. 

The most important benefit of the PBL_LA browser is that it allows educators 

and other interested stakeholders to search, discover and understand the most essential 

concepts related to enhancing education and training through data-driven learner-centred 
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courses and the relations amongst them. Educators with no prior knowledge on the PBL 

principles or on adding technologies to support learning are able to make decisions easily 

and transform their courses from traditional to PBL_LA-based.  

Access to this information allows stakeholders to: 

 Structure their courses based on a well-established learning strategy that 

has years of successful application in multiple fields and supports 

transversal skills development. 

 Expand the learning activities they employ in their courses and be 

knowledgeable on which part of the course to employ them. 

 Intervene within the course and re-design future courses based on 

informative, data-driven visualisations. 

 Appropriately utilize PBL and LA technologies.  

 

 4.3  Course delivery (Integrated solutions that limit monitoring effort) 

 4.3.1 Need  

Educators are not aware how to exploit the data generated due to students’ active 

engagement and do not have easy access to external resources that are relevant to their 

courses and could improve and enrich their materials and course design. Due to the 

challenge in shifting from traditional learning to a student-led learning model, it is 

important to limit the number of environments educators need to navigate through in 

order to deliver their course.  

 4.3.2 Description 

In order to allow easy access to LA visualizations and easy discovery of learning 

objects and resources, we provide a demo course designed in Moodle according to the 

PBL_LA framework which also includes a number of HTML scripts that retrieve 
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learning objects and resources that have been recorded as LOD (e.g. if according to the 

LA results of their course, additional scaffolding is required for a specific topic, 

educators can search for learning objects or resources submitted by other educators with 

activities that are most appropriate for that topic). These scripts can be embedded in any 

e-learning environment. 

 4.3.3 Technical solution 

The courses mentioned in the Course design validation section were transferred 

into e-learning environments for delivery. More specifically, four of the courses were 

created in the Moodle LMS environment, taking into consideration the information 

gathered from the PBL_LA framework, one course was structured within the YOUlearn 

platform, and one course was structured within the JIRA platform. 

Educators can either visit the PBL_LA browser presented in Section 4.1 or embed 

the web application within their Moodle course for easier access, as shown in the 

following Figure. 

 

Figure 4-19 Access to PBL_LA applications through Moodle  

Once educators access the PBL_LA browser, they can gather information on 

which activities are more appropriate for a specific PBL step, which LA technologies 

could be used, which LA methods would be more relevant and what kind of data would 

be generated, as shown in Section 4.2.   

Based on this information, educators can include corresponding activities within 

the respective Moodle unit, as shown in Figure 4-20.  
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Figure 4-20 Problem formulation in Moodle 

For example, apart from learning content as a PDF file, the PBL step includes a 

forum called “Problem formulation discussion” (Brainstorming activity), a Wiki called 

“Co-writing problem ideas” (Writing activity), a checklist (Argumentation activity) and a 

Student folder module (Literature storing activity). These will assist students in 

formulating their problem, and also generate data that educators along with students can 

utilize for improved performances.  

Educators can then utilize LA methods and technologies in order to process, 

analyse and visualise the data. These technologies can be either Moodle plugins or 

external tools that allow data analysis and visualization.  

Additionally, when educators consult the LA tools on students’ progress, they 

might want to discover learning objects that are relevant to units of learning where 

specific students or groups are lacking or are at risk of failing. For example, if a group is 

having issues (e.g. low engagement, limited access to resources, lack of posts on wiki or 

forum etc.) on use case diagrams, educators can gain this information directly within 

Moodle, using an embedded script created with PHP that searches LOD saved in an 

external RDF store. For example, Figure 4-21 shows the published linked data that have 

been recorded and are relevant to “use case diagrams”.  
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Figure 4-21 Discovery of learning objects for “use case diagrams” 

As shown in the following Figure, educators can discover a resource called 

“Creation of use case diagrams” and other learning objects that have been recorded for 

this issue, which educators can consult on which activities have been utilized, which 
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tools have been linked to each learning resource etc. and use this information to adapt 

and re-design their courses towards getting better analytics.  

 

 

Figure 4-22 Published linked data for use case diagrams 

This information can be helpful to educators as it provides recommendations on 

next actions that could improve their students’ performance. For example, if they do not 

already include an activity about creating use case diagrams, or a relevant presentation or 

a specific tool. This functionality improves with increased semantically annotated 

learning objects, as educators can discover more diverse learning objects and 

recommendations.  
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 4.3.4 Benefits and validation  

The early validation results based on the framework’s application in a university 

course as described in Section 3.2.9 show that educators are able to easily identify which 

activities and tools (PBL and LA) to utilize for their courses by browsing the PBL_LA 

application browser and make decisions based on the results for structuring their courses. 

The incorporation of LA tools allowed educators to detect students’ progress and provide 

help towards improved performances, and students were able to reflect on their progress 

and interact more directly with their group members and the educator. It should be noted 

that additional entries in the framework and the application browser (e.g. more PBL and 

LA tools to use) would enrich existing choices and provide additional alternatives for 

course design. 

Additionally, two other courses have been designed based on the PBL_LA 

framework and browser, i.e. “Audio-Visual Experiments” course from Aalborg 

University, Denmark and “ADOxx.org Training” from BOC Information Technologies 

Consulting GmbH, a company in Vienna, Austria with extensive experience in modelling 

tools. These two organizations used a Moodle LMS tool to structure their courses and 

make decisions after consulting with the framework and application browser.  

 

Figure 4-23 Training course design 
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Figure 4-23 shows the training course designed by BOC, where each section of 

the course has included specific activities and corresponding tools as well as resources to 

support course delivery. 

 

Figure 4-24 Activities employed for training course 

As shown in Figure 4-24, the activities chosen for the course include social 

bookmarking, mind maps, checklist, forums, quizzes, workshops, wikis etc. These 

activities and corresponding tools will allow interactions amongst trainees towards 

achieving their learning objectives and will provide educational data to the system for 

further analysis. 



 

198 

 

Figure 4-25 LA tools employed for training course 

Figure 4-25 shows some of the LA plugins installed for the training course. These 

include the Heatmap, with total and distinct views for resources, and different colouring 

of resources depending on the frequency of access. The deep red-coloured lines show the 

resources most accessed within the course. This is an easy visualization technique for 

educators to detect if some resources have not been accessed by students or have not 

been accessed as often they should be. Another plugin is Gismo, which records scores 

per student for quizzes and resource overview data. The Statistics plugin shows graphs 

with login information per day, so that educators can have a clear view of the course 

traffic. 

When the LA plugins indicate low engagement or participation for a particular PBL step, 

activity or resource, educators or trainers can access related LOD that can help them 

make decisions to improve course delivery. For example, trainers can see from the 

Heatmap plugin and the Gismo LA tool that there nobody or very few students have 

accessed the Video resources available on the Adoxx modelling language. Thus, they 

access the Moodle page with the HTML script that retrieves LOD related to adoxx. This 

page is shown in Figure 4-26. Studying the URIs, we can see that the search has retrieved 

one learning object 

(http://egov.dai.uom.gr:8085/semlinked/1/learningobject/ModellinglAdoxxWebin1) and 

two relevant concepts of the learning object that have descriptions or titles with the query 

http://egov.dai.uom.gr:8085/semlinked/1/learningobject/ModellinglAdoxxWebin1
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string “adoxx”. In the example we see that we retrieve a course and a programme. If we 

click on the learning object’s URI, we can navigate across all its concepts.  

 

 

Figure 4-26 Semantically annotated LOD for Adoxx 

By navigating in the above URIs, trainers can identify possible solutions for 

course delivery that could improve the LA results; for example, if we visit the resource 

related to the specific learning object, as presented in Figure 4-27, we can try and use the 

shown resource by providing the resource’s URL to the students.  



 

200 

 

Figure 4-27 Learning resource for Adoxx 

BOC designers mentioned that the consultation of the PBL_LA application 

browser helped them decide which activities to utilize for their training and which tools 

to employ within Moodle. They also stated that their positive belief that the design of 

their course based on the PBL_LA framework and application browser will lead to 

improved performances. Additionally, the incorporation of pages for access to LOD 

learning objects and resources allowed for easy and fast discovery of possible adaptations 

that can be done during delivery based on LA visualisations. The full large-scale testing 

of this and two other university courses will be carried out within the next two years.   

 4.4  Course monitoring (Improving assessment and performances) 

 4.4.1 Need  

Mechanisms for facilitating students’ learning processes and improving their 

performance are essential. Towards this goal, improving monitoring processes by 

allowing personalized pathways and course adaptations would be beneficial. Also, access 

to learning objects and resources connected to the Web of Data and linked to curricula 

and learning objectives can help educators improve these techniques and enhance 

students’ accomplishments. 
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 4.4.2 Description 

The two technological solutions developed to address the aforementioned need 

are a) an ontological model with RDF classes and properties that allows publication of 

the semantic annotation model’s concepts as LOD and b) a web-based semantic 

annotation tool that allows annotation and recording of the model’s concepts as LOD by 

any user across the world. Educators, students and linked data stakeholders can access 

this repository and discover learning objects and resources based on specific criteria. 

 4.4.3 Technical solution 

 4.4.3.1 Semantic annotation environment requirements specification 

The development of an intuitive, easy to use environment for semantic annotation 

of learning objects and resources involves a number of requirements that should be taken 

into consideration in order to ensure that educators or any other interested individual can 

benefit from the tool. We set the following required functionalities based on the 

mentioned needs:  

 Limited requirement for technical skills during annotation: Automatic annotation 

of structured data. Support of automatic annotation of learning resources, as the 

main end-users will be educators of any domain, in order to facilitate 

mainstreaming of the tool’s usage. Additionally, educators and any other 

stakeholders should be able to enter information about learning objects, which 

will represent instances of the semantic annotation model concepts. Thus, it is 

important that the developed tool’s user interface allows input of data in a 

structured way and not solely plain text.  

 Context-based understanding of concepts from individuals and machines: 

Annotation using educational vocabularies. Map the semantic annotation model’s 

concepts to specific RDF educational vocabularies, in order to allow exposure of 

the annotated concepts as linked data. The study and usage of educational 

vocabularies can help advance existing research on linked educational data and 

expose any potentials or limitations. 
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 Support connection of educational concepts with the Web of Data: Creation of 

linked published data.  Support the automatic linkage of the data with external 

sources for enrichment of knowledge and publishing of the data for easier 

browsing and future connection with other concepts within the Web of data.  

 Support re-use and discoverability of LOD: Allow export of LOD data. The 

availability of the annotated data in a re-usable format such as RDF, will allow 

users to store the data in other RDF data stores and expand existing knowledge.  

We proceed to study of functionalities supported by the existing tools as 

presented in Section 2.4.2, in order to assess whether existing solutions already cover the 

aforementioned functionalities. Based on the above functionalities, a set of criteria have 

been set for reviewing the semantic annotation tools, as follows: 

 Type of annotation. It is important to note if the annotation allowed is manual or 

automatic.  

 Type of content. We document what kind of content each tool supports for 

annotation, e.g. text, documents, web pages etc.  

 Usage of RDF vocabularies in annotation. We document whether each tool 

supports the annotation of data based on RDF vocabularies, such as FOAF, 

Dublin Core or custom-developed ontologies.  

 Creation of Linked data. We document whether each tool supports the linkage of 

the annotated concepts to external sources of information, such as DBpedia or 

other RDF repositories.  

 Export of RDF for reuse. We document whether each tool allows the reuse of the 

annotated data.  

Table 4-2 shows the values of each criterion per tool. 

Table 4-2 Semantic annotation tools overview 

Tool Type of 
annotation  

Type of 
content  

Usage of 
RDF 
vocabularies 
in 
annotation 

Creation of 
Linked data 

Export of 
RDF for 
reuse 

LOCO-
Analyst 

Manual  Unstructured 
plain text  

Yes  No  No  
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DBpedia 
Spotlight 

Automatic  Unstructured 
plain text  

Yes 
(DBpedia) 

Yes 
(DBpedia) 

No  

Pundit Manual  Web pages Yes (Dublin 
Core, CiTO 
etc) 

Yes 
(DBpedia) 

No  

AIDA Automatic Unstructured 
plain text  

No Yes (YAGO2) No 

Apache 
Stanbol 

Automatic Unstructured 
plain text  

Yes 
(DBpedia, 
Dublin Core, 
FOAF etc.) 

Yes 
(DBpedia) 

Yes  

Open Calais Automatic  Unstructured 
plain text  

No  No  No  

CWRC-
Writer 

Manual  Unstructured 
plain text  

Yes  Yes  No  

RDFazer Manual  HTML pages  Yes Yes  No  

Marvin Automatic Unstructured 
plain text  

No  Yes 
(DBpedia) 

Yes  

FOX Automatic  Unstructured 
plain text  

Yes  Yes (limited 
DBpedia) 

Yes  

Based on the above table, the review results show: 

 Type of annotation. The review shows that six of the tools support automatic 

annotation, while the rest allow users to manually tag the resources.  

 Type of content. Based on the overview, the vast majority of the existing tools 

support annotation of plain, unstructured text. 

 Usage of RDF vocabularies in annotation. Based on the overview, the majority of 

the tools support annotation with vocabularies such as FOAF, Dublin Core and 

DBpedia. None of the tools support customized vocabulary import. 

 Creation of Linked data. Based on the overview, it seems that seven of the ten 

tools support linkage of data, mostly through the DBpedia database.  

 Export of RDF for reuse. Based on the overview, it seems that the majority of the 

tools do not support export of the semantic data for future exploitation. 

We proceed to assess if one or multiple tools could be used as-is or configured in 

order to support all functionalities aforementioned, as shown in Table 4-3. 

Table 4-3 Semantic annotation tools functionalities matrix 

Tool Automatic Structured Usage of Creation of Export linked 
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annotation data input educational 

vocabularies 

Linked 

published 

data 

data  

LOCO-Analyst      

DBpedia 

Spotalight 

X   X  

Pundit    X  

AIDA X   X  

Apache 

Stanbol 

X   X X 

Open Calais X     

CWRC-Writer    X  

RDFazer    X  

Marvin X   X X 

FOX X   X X 

Based on the above, we cannot identify an existing tool that can cover all target 

functionalities and features for the semantic annotation environment. Thus, we develop a 

new tool that will support the majority of features provided by the existing semantic 

annotation tools, but with enriched functionalities.  

 4.4.3.2 Semantic annotation vocabulary 

All RDF vocabularies mentioned in Section 2.4.1 were studied and evaluated in 

regards to their relevance to the concepts that will be included in the semantic annotation 

environment. In the RDF framework, every statement about a resource is represented as a 

triple with the structure: Subject – Property-Object. Table 4-4 shows the vocabularies’ 

classes that are used within the tool for describing the “Subject” or the “Object” segment 

of each resource description, where we annotate the type of the resource. 

Table 4-4 RDF vocabulary: Classes 

Annotated 

term 

Vocabulary Class  

Learning 

Object 

LOM 

IMS-LD 

http://data.opendiscoveryspace.eu/lom_ontology_ods.owl

#LearningObject 

http://jelenajovanovic.net/ontologies/loco/alocom-

core/ns#LearningObject 

http://data.opendiscoveryspace.eu/lom_ontology_ods.owl#LearningObject
http://data.opendiscoveryspace.eu/lom_ontology_ods.owl#LearningObject
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PROGRAM AIISO 

Teaching 

Core 

http://purl.org/vocab/aiiso/schema#Programme 

http://linkedscience.org/teach/ns#StudyProgram 

SEMESTER AIISO 

Dublin 

Core 

http://purl.org/vocab/aiiso/schema#KnowledgeGrouping 

http://purl.org/dc/terms/extent 

COURSE Teaching 

Core 

AISSO 

ReSIST 

http://linkedscience.org/teach/ns#Course  

http://purl.org/vocab/aiiso/schema#Course 

http://courseware.rkbexplorer.com/ontologies/coursewar

e#Course 

PROJECT IMS-LD 

FOAF 

http://www.lornet.org/LOCO#Method 

http://xmlns.com/foaf/spec/Project 

PROJECT 

WORK 

IMS-LD http://www.lornet.org/LOCO#Play 

SKILL ESCO http://data.europa.eu/esco/model#Skill 

PHASE LOM http://data.opendiscoveryspace.eu/lom_ontology_ods.owl

#Classification 

ACTIVITY 

STRUCTURE 

TYPE (PBL 

STEP) 

LOM 

 

http://data.opendiscoveryspace.eu/lom_ontology_ods.owl

#Classification 

http://data.opendiscoveryspace.eu/lom_ontology_ods.owl

#TaxonPath  

ACTIVITY 

TYPE 

IMS-LD 

LOM 

LUDO x-API 

http://www.lornet.org/LOCO#LearningActivity 

http://slor.sourceforge.net/ontology/lom.owl#Interactivity

TypeVocabulary 

http://ns.inria.fr/ludo/v1/docs/xapi.html#Activity 

TOOL IMS-LD 

Dublin 

Core 

http://www.lornet.org/LOCO#Tool 

http://purl.org/dc/dcmitype/Software 

 

LEARNING 

CONTENT 

Teaching 

Core 

IMS-LD 

http://linkedscience.org/teach/ns/#Material 

http://www.lornet.org/LOCO#Resource 

 

COMPETEN

CY 

IMS-LD http://www.lornet.org/LOCO#LearningObjective 

COURSE 

EVALUATIO

N 

ReSIST http://courseware.rkbexplorer.com/ontologies/coursewar

e#Assessment-Method 

KNOWLEDG

E 

AIISO http://purl.org/vocab/aiiso/schema#knowledgeGrouping  

http://purl.org/vocab/aiiso/schema#Programme
http://linkedscience.org/teach/ns#StudyProgram
http://purl.org/vocab/aiiso/schema#KnowledgeGrouping
http://xmlns.com/foaf/spec/Project
http://data.opendiscoveryspace.eu/lom_ontology_ods.owl#TaxonPath
http://data.opendiscoveryspace.eu/lom_ontology_ods.owl#TaxonPath
http://slor.sourceforge.net/ontology/lom.owl#InteractivityTypeVocabulary
http://slor.sourceforge.net/ontology/lom.owl#InteractivityTypeVocabulary
http://purl.org/dc/dcmitype/Software
http://linkedscience.org/teach/ns/#Material
http://www.lornet.org/LOCO#Resource
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Table 4-5 shows the properties that can be used to describe the relations between 

the annotated concepts within integrated RDF Vocabulary.  

Table 4-5 RDF vocabulary: Properties 

Property / Vocabulary  Subject Object  

http://data.opendiscoveryspace.eu/lom_ontology_ods.owl#

educationalInteractivityType 

LEARNING 

OBJECT 

ACTIVITY 

STRUCTURE 

TYPE 

http://jelenajovanovic.net/ontologies/loco/alocom-

core/ns#hasPart 

LEARNING 

OBJECT 

LEARNING 

CONTENT  

http://jelenajovanovic.net/ontologies/loco/alocom-

core/ns#hasLearningObjective 

LEARNING 

OBJECT 

COMPETENCY 

http://data.opendiscoveryspace.eu/lom_ontology_ods.owl#

annotation 

LEARNING 

OBJECT 

COURSE 

EVALUATION 

http://jelenajovanovic.net/ontologies/loco/alocom-

core/ns#hasPart 

LEARNING 

OBJECT 

KNOWLEDGE  

http://purl.org/vocab/aiiso/schema#part_of LEARNING 

OBJECT 

COURSE 

PROGRAMME 

http://www.lornet.org/LOCO#hasPlay PROJECT  PROJECT 

WORK 

http://linkedscience.org/teach/ns#academicTerm COURSE SEMESTER 

http://www.lornet.org/LOCO#hasAct PROJECT WORK PHASE 

http://data.opendiscoveryspace.eu/lom_ontology_ods.owl#

classificationDescription 

ACTIVITY 

STRUCTURE 

TYPE 

String value 

http://linkedscience.org/teach/ns#courseTitle COURSE String value 

http://courseware.rkbexplorer.com/ontologies/courseware

#has-title 

COURSE String value 

http://www.lornet.org/LOCO#hasLearningObjective ACTIVITY TYPE COMPETENCY 

http://www.lornet.org/LOCO#hasResource ACTIVITY TYPE LEARNING 

http://jelenajovanovic.net/ontologies/loco/alocom-core/ns#hasLearningObjective
http://jelenajovanovic.net/ontologies/loco/alocom-core/ns#hasLearningObjective
http://jelenajovanovic.net/ontologies/loco/alocom-core/ns#hasPart
http://jelenajovanovic.net/ontologies/loco/alocom-core/ns#hasPart
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CONTENT 

http://data.opendiscoveryspace.eu/lom_ontology_ods.owl#

taxonPath 

PHASE PBL STEP 

http://data.opendiscoveryspace.eu/lom_ontology_ods.owl#

taxonpathSource 

http://data.opendiscoveryspace.eu/lom_ontology_ods.owl#

classificationDescription 

ACTIVITY 

STRUCTURE 

TYPE 

String value 

http://purl.org/dc/elements/1.1/title TOOL String value 

http://www.lornet.org/LOCO#title LEARNING 

CONTENT 

PROJECT WORK 

String value 

http://xmlns.com/foaf/spec/#name PROJECT String value 

http://www.w3.org/2004/02/skos/core#prefLabel SKILL String value 

http://dublincore.org/dcx/lrmi-

terms/#learningResourceType 

LEARNING 

CONTENT 

String value 

http://dublincore.org/dcx/lrmi-terms/#isBasedOnUrl LEARNING 

CONTENT 

String value 

http://dublincore.org/dcx/lrmi-terms/#educationalUse LEARNING 

CONTENT 

String value 

http://dublincore.org/dcx/lrmi-terms/#interactivityType LEARNING 

CONTENT 

String value 

http://dublincore.org/dcx/lrmi-terms/#timeRequired LEARNING 

CONTENT 

String value 

http://dublincore.org/dcx/lrmi-terms/#useRightsUrl LEARNING 

CONTENT 

String value 

http://purl.org/vocab/aiiso/schema#name KNOWLEDGE String value  

http://purl.org/vocab/aiiso/schema#name PROGRAMME String value 

 

 

 4.4.3.3 Semantic annotation environment architecture 

http://data.opendiscoveryspace.eu/lom_ontology_ods.owl#taxonpathSource
http://data.opendiscoveryspace.eu/lom_ontology_ods.owl#taxonpathSource
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The semantic annotation environment was developed using the Eclipse IDE, the 

Java programming language, the AngularJS JavaScript library and the Bootstrap 

framework. Furthermore, the development stores the resulted annotated data in a RDF 

store called Fuseki, and utilizes the Pubby tool for publishing the annotated learning 

objects as Linked Data, as shown in Figure 4-28. 

 

Figure 4-28 Semantic annotation environment architecture 

The environment includes four main tools that comprise the semantic annotation 

tool, as follows: 

 Semantic annotator. The user interface provides two columns with a structured 

visualization of the semantic annotation model’s concepts that the stakeholders 

should populate with data relevant to the learning object they want to annotate. 

One column includes the semantic annotation model’s concepts for a learning 

object represented as HTML elements and the other column includes more 

detailed terms for describing in more detail the learning resource relevant to the 

object.  
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 The data that is input by the users are then sent to the back-end via web services, 

where they get annotated using the custom vocabulary described in Section 4.3. 

This annotation is then stored in an RDF store for future discovery through 

SPARQL queries using the SGVizler JS library and is also exposed in Turtle 

format to the users for future exploitation. 

 Semantic publisher. Once the data is annotated, they are automatically linked to 

similar entities from external resources such as DBpedia and the ESCO ontology, 

and are published as linked data using the Pubby linked data tool.  

 Semantic browser. Apart from adding annotations, the users can also search 

existing annotations that have been saved in the RDF store. This way, they can 

discover similar learning objects that have already been annotated and enrich their 

knowledge. The search results provide links of each published identified object, 

which users can visit and browse the object through any web browser. 

 Semantic enricher. Based on the PBL step that the annotated learning object 

belongs to, the semantic annotation tool exposes RDF and published linked data 

that are related to this step, based on the concepts and instances that are included 

in the PBL_LA framework. These instances were RDFized using the OpenRefine 

tool, linked with corresponding DBpedia entities where applicable, and published 

as linked data with the Pubby tool. For example, if an educator annotates a 

learning object which belongs in the PBL step "Group creation", the enriched data 

that will show up will suggest him with activities that he could use in this step, 

data that is usually generated during this step, LA methods he could employ and 

the corresponding tool he can use to perform this LA method. 

 4.4.3.4 Semantic annotation environment overview  

The semantic annotation environment’s interface is shown in Figure 4-29. The 

interface is divided into two main panels, two visible from the start, and two visible when 

relevant information is entered by the user. These panels represent the environment’s 

tools and they involve: 
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 Searching of existing learning objects 

 Discovery of existing learning objects as published linked data 

 Annotation of new learning object 

 Enrichment of knowledge on the PBL_LA paradigm based on each PBL step. 

As shown in Figure 4-29, the first panel / tool (Semantic browser) regards the 

search of existing learning objects.  This includes a text field where users can provide a 

keyword for searching learning objects that have been previously semantically annotated 

and saved in an RDF store. The second panel / tool (Semantic publisher) generates the 

search results as links, where each link is a published linked version of the data as 

performed by the Semantic publisher. 

The third panel / tool (Semantic annotator) regards the annotation of new learning 

objects and is divided into two columns. The first column includes text fields, dropdowns 

and lists for each semantic annotation model’s important concept. Some concepts (e.g. 

student names) will be added in the next version of the environment. Each text field 

accepts free text from the user, and we provide representative examples under each label 

to guide the users on how to annotate their learning objects. Apart from free text, the 

following concepts allow a specific range of choices: 

 Phase. A list is provided with the three main pedagogical phases as set by 

Aalborg University, i.e. Problem analysis, Problem design, Project report. The 

user can choose one or multiple phases in order to indicate where the learning 

object belongs to. 

 Activity structure type. A list is provided with the 9 main steps of the Aalborg 

PBL model. The user can choose one or multiple PBL steps that the annotated 

learning object is related to. 

 Activity structure. A list is provided with the different structures that represent 

activities as stated in Table 2-3. The user can choose one or multiple activity 

structure that the annotated learning object is related to. 

 Skill. A list is provided with the different transversal skills based on the ESCO 

ontology. The user can choose one or multiple skills that can be gained with 

students’ interactions with the specific learning object. 
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 Tool. A list is provided with the different tools that have been recorded in the 

PBL_LA framework, for easier identification and guidance. The user can choose 

one or multiple tools that are associated with the recorded learning object. 
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213 

Figure 4-29 Semantic Annotation tool interface
56

 

This column allows the semantic annotation of the learning resource / content that 

corresponds to the learning object. The concepts chosen are specified in the LRMI 

vocabulary which specializes in learning resources’ semantic description. The majority of 

the concepts can be annotated through free text, apart from the Interactivity type, which 

is a list because, based on the vocabulary, it can include only the values active, 

expositive, or mixed. 

Finally, the forth panel / tool (Semantic enricher) appears once a user has 

annotated a learning object, where the tool dynamically and automatically presents a 

table with knowledge from the PBL_LA framework that is related to the PBL step 

annotated for and related to the user’s learning object. 

The following sub-sections elaborate in more detail the tools within the 

environment as case scenarios. 

 4.4.4.3.1 Scenario 1: Semantic annotator - Annotation of a learning object  

Let us assume that we want to annotate a learning object for a course named 

“Information Systems Analysis and Design”. As we have mentioned before, as learning 

object we consider any re-usable instructional component that can be reused a number of 

times in different learning contexts. Thus, we take into consideration that the learning 

objects we want to describe and expose as linked data are small, individual parts of the 

course that consists of a learning content, aim to underpin a specific knowledge and 

skill(s), have a specific type of evaluation and belong to a particular project within the 

course, to a specific learning phase, to one or more PBL steps and can be implemented 

using one or more activities and tools. A representative example is shown in Figure 4-30. 

                                                

56 http://egov.dai.uom.gr:8080/sem_annotation/  

http://egov.dai.uom.gr:8080/sem_annotation/
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Figure 4-30 Semantic annotation of learning object 

Once we fill in all the information we want to annotate, we press the button 

“Annotate learning object”. The tool receives the inputted data and proceeds to create 

RDF statements for each concept based on what the concept represents, as shown in 
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Figure 4-31. This data is automatically saved in a Fuseki RDF store in the back-end in 

order to support future discoverability for the semantic objects.                         

 

Figure 4-31 Semantically annotated learning object 

Figure 4-32 presents a closer look at the RDF data. The main subject of our 

annotation is the learning object, which is assigned a dynamic identifier (URI). In this 

example, the object’s URI is <http://pbl3_semannot/28Cohort2015ComputerGr28>, 

which is a combination of the following elements: 

 A base URI used in all identifiers for all concepts for a common root: 

http://pbl3_semannot 

 A number derived from a random generator function to ensure that there will be 

no duplicate URIs  
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 A combination of substrings from the annotation model concepts “Cohort” and 

“Course” to provide contextual understanding for the user 

 A number derived from a random generator function to ensure that there will be 

no duplicate URIs  

The learning object is initially annotated with a Class that describes what type of 

information it is, as follows:  

Subject: <http://pbl3_semannot/28Cohort2015ComputerGr28> 

 Property: <http://www.w3.org/1999/02/22-rdf-syntax-ns#type>                                       

Object: 

<http://data.opendiscoveryspace.eu/lom_ontology_ods.owl#LearningObject> 

We proceed to assign relations to the object using statements that have the same 

subject <http://pbl3_semannot/28Cohort2015ComputerGr28> and property – object 

groups. Some representative examples are as follows: 

 <http://purl.org/vocab/aiiso/schema#part_of> 

<http://pbl3_semannot/28Cohor28> which shows that the learning object is a 

part of an element with the URI    <http://pbl3_semannot/28Cohor28>. This 

element is the Cohort that was also annotated. 

 <http://purl.org/vocab/aiiso/schema#part_of> 

<http://pbl3_semannot/28Media28> which shows that the learning object is a 

part of an element with the URI      <http://pbl3_semannot/28Media28>.This 

element is the Programme that the learning object is related to. 

  <http://data.opendiscoveryspace.eu/lom_ontology_ods.owl#classification> 

<http://pbl3_semannot/28Prob28> which shows that the learning object belongs 

to a classification that is represented by an element with the URI 

<http://pbl3_semannot/28Prob28>. This element is the Phase that this object 

belongs to. 

 <http://data.opendiscoveryspace.eu/lom_ontology_ods.owl#educationalInteractiv

ityType> <http://pbl3_semannot/28Anal28> which shows that the learning object 

is related to an educational interactivity type that is represented by an element 

with the URI            <http://pbl3_semannot/28Anal28>. This element is the 

Activity structure type (PBL step) that the learning object is related to.                              
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 <http://data.opendiscoveryspace.eu/lom_ontology_ods.owl#educationalInteractiv

ityType> <http://pbl3_semannot/28Desi28> which shows that the learning object 

is related to an educational interactivity type that is represented by an element 

with the URI < http://pbl3_semannot/28Desi28>. This element is the second 

Activity structure type (PBL step) that the user added.     

 

Figure 4-32 Part of semantically annotated learning object 

Each of the concepts available in the interface is annotated on its own and is 

assigned values and relations with other concepts based on the semantic annotation 

model. For example, the learning resource annotated has the URI: 

<http://pbl3_semannot/28LO12328> and is described using the following statements: 

 <http://www.w3.org/1999/02/22-rdf-syntax-ns#type> 

<http://linkedscience.org/teach/ns/#Material>, which shows that the learning 

resource belongs to the RDF Class “Material” from the Teaching core vocabulary 

and therefore now computers can understand the meaning behind this element. 

  <http://www.w3.org/1999/02/22-rdf-syntax-ns#type>   

<http://www.lornet.org/LOCO#Resource>, which shows that the learning 

resource can also be assigned the RDF class “Resource” from the IMS-LD 

vocabulary. This way, we increase the possibility that the URI 

<http://pbl3_semannot/28LO12328> will be discovered, since it can be searched 

with multiple types. 

  <http://www.lornet.org/LOCO#title> "LO123-HowtomakegoodUserInterfaces", 

which shows that the learning resource has a specific title with the value "LO123-

HowtomakegoodUserInterfaces". 

 <http://dublincore.org/dcx/lrmi-terms/#learningResourceType> "Presentation", 

which shows that the learning resource has a specific type with the 

aforementioned string value.   
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 <http://dublincore.org/dcx/lrmi-terms/#isBasedOnUrl> 

"http://usabilitypost.com/2009/04/15/8-characteristics-of-successful-user-

interfaces/", which shows that the learning resource is based on another 

resource’s URL that has the aforementioned string value.  

 <http://dublincore.org/dcx/lrmi-terms/#educationalUse> "Theoryreading", 

which shows that the learning resource has a specific educational use which is 

depicted by the aforementioned string value. 

 <http://dublincore.org/dcx/lrmi-terms/#interactivityType> “Active”, which 

shows that the learning resource supports a specific predominant mode of 

learning that is depicted by the aforementioned string value. 

 <http://dublincore.org/dcx/lrmi-terms/#timeRequired> "45minutes", which 

shows that the learning resource requires 45 minutes to work through. 

 <http://dublincore.org/dcx/lrmi-terms/#useRightsUrl> 

"http://creativecommons.org/licenses/by/3.0/", which shows that the learning 

resource follows the permission guidelines depicted in the aforementioned string 

value.    

All the information that has been semantically annotated can now be accessed and 

understood by both humans and computer machines. This can allow meaningful design 

of courses, monitoring of learners’ progress, assessment of performance and utilization 

of resources.  

 4.4.4.3.2 Scenario 2: Semantic browser - Discovery of existing learning objects 

Users can use the semantic annotation tool to search for any existing learning 

objects that have already been annotated, increasing discoverability of information in the 

education and training sector for any domain. Figure 4-33 shows the panel that supports 

this functionality, where the user can submit a keyword for what they want to discover.  

 

Figure 4-33 Search existing learning objects 
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The tool searches based on the keyword set all concepts of the learning objects 

that have been saved on the RDF store. For example, if we search with the keyword 

“activity diagram” in order to search for any learning objects related to activity diagrams, 

the tool generates a list of learning objects that include one or multiple concepts with the 

value “activity diagram”, as shown in Figure 4-34.  

 

Figure 4-34 List of existing linked learning objects 

The links shown have been generated on the back-end using the Pubby linked 

data tool, and allow the publishing of each learning object and all concepts of the 

semantic annotation model as linked data and the web browsing of all elements of an 

RDF resource. We have also designed each LOD link in such a way that humans can 

understand if the data refers to a learning object, an activity, a tool etc. The structure of 

the LOD link is as follows: 

Base URI + Unique ID + type of concept + Unique String 

And an example:  

http://egov.dai.uom.gr:8085/semlinked + 41+ learningobject + 

DesignofInformatio41 

 Figure 4-35 shows that the link in the search result depicts a web representation 

of the RDF statements describing the learning object that includes the value “activity 

diagram”. 
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Figure 4-35 Browsing published linked data with Pubby 

More specifically, based on the above information, the computer can understand 

that the above concept is a learning object (through the rdf:type property and the 

corresponding objecs lom:LearningObject and loco:LearningObject). Furthermore, we 

understand that the learning object is a part of multiple other concepts that we can access 

and browse through their URIs. As previously mentioned, humans can more easily detect 

the type of concept that each URI refers to from the LOD link itself. These concepts 

comprise the course that the learning object belongs to, the programme, the project and 

the specific project work. Additionally, we get the information that the learning object 

requires two tools, which again we can browse through their URIs to receive more 

information on, and has two learning objectives and one related learning resource. We 

can continue to browse through each URI in order to enrich our knowledge on the 

respective concepts linked to this learning object. For example, if we want to gain more 

information on the resource of the learning object, we can click on the URI that is linked 

with the “Content Unit” property 

(http://egov.dai.uom.gr:8085/semlinked/page/29/resource/Creat29) and get re-directed in 

the specific resource, as shown in Figure 4-36. 

http://egov.dai.uom.gr:8085/semlinked/page/29/resource/Creat29
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Figure 4-36 Linked data browsing of resource 

From this information we can see that this is a resource of type “presentation”, it 

has as educational use tutoring on activity diagrams, it requires 45 minutes to work with 

the resource and its location for access is on the provided URL.  

We can access this information in different formats as well, as shown in the links 

available at the bottom of the page. Thus, if we want, we can download this data as RDF 

or Turtle, and save it to another RDF store or upload them to another repository, 

increasing its mainstreaming and contributing to its discoverability. Users can also 

upload the XML/RDF version of the data into LMS or other e-learning systems that 

allow XML / RDF import, and inspect and consult the learning objects during learning.  

Additionally, users can use the published data’s link and link it to other RDF 

learning objects, enriching existing information for any domain. 

Figure 4-37 shows another example of searching existing learning objects. This 

time, we use the “Comp” keyword in order to find anything that includes this string 

value. We get the link shown in the Figure as a result. 
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Figure 4-37 Searching courses 

Vising the link, we are redirected to the published linked data version of the 

learning object, as shown in Figure 4-38.  

 

Figure 4-38 Browsing published linked course 

The information shows that the concept found is a course with the title 

“Computer Graphics Programming”. Additionally, we can see that this course has as 

course objective an element that is further described by a URI, and belongs to an 

academic term that is also further described by the URI 

<http://egov.dai.uom.gr:8085/semlinked/page/28Semester528>. The user can visit these 

additional URIs and get further information about these semantically annotated elements.  

 4.4.4 Benefits and validation 

Improved monitoring processes that can lead to adaptable and personalized 

learning pathways based on students’ progress can facilitate their performances. This 

benefit increases when machines also become aware of these concepts and understand 

their meanings and their inter-connections (Costa et al., 2013). This process is called 

semantic enrichment and is realised by adding metadata to and describing resources 

using specifications such as controlled vocabularies or ontologies. When machines 
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understand what each concept is, which other concepts it relates to and what these 

relations are, they can provide more automated and enriched data retrieval and enable 

interpretation of the available content in order to support reasoning and informative 

decision making (Bordes et al., 2014).  

Access to this information allows stakeholders to: 

 Expand the content they deliver by linking the materials with the Web of 

data and enrich them with up-to-date external resources.  

 Contribute to the augmentation of the Web of Data for the educational 

domain.  

 4.4.4.1 Semantic annotation tool’s validation 

The semantic annotation tool that was developed was evaluated and validated in 

accordance to the requirements criteria set in Section 4.4.3 and by implementing different 

scenarios to test whether the tool fulfils these requirements. The requirements and 

proposed solutions as functionalities within the tool are shown in Table 4-6. We 

gradually fill out the last column of the table, as we proceed with the test usage scenario, 

evaluating whether each requirement is fulfilled or not. 

Table 4-6 Semantic annotation tool validation template 

Requirement  Solution functionality  Fulfilment from semantic 

annotation tool  

Limited requirement for 

technical skills during 

annotation 

Automatic annotation of 

structured data 

 

Context-based understanding of 

concepts from individuals and 

machines 

Annotation using educational 

vocabularies 

 

Support connection of 

educational concepts with the 

Web of Data 

Creation of linked published data  
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Support re-use and 

discoverability of LOD 

Allow export of LOD data  

 

A learning object was imported in order to test the tool’s functionalities. The 

learning object was structured by Aalborg University and refers to their “Medialogy 

Bachelor” department and their “Audio-Visual Experiments” theme. The learning object 

was first designed according to the semantic annotation model, as shown in Table 4-7, 

and then all concepts were inserted into the semantic annotation tool, as shown in Figure 

4-39. 

Table 4-7 Design of Learning Object based on semantic model 

Case study statement Semantic model term  

Medialogy Bachelor PROGRAM 

Semester 5 SEMESTER 

Audio – Visual Experiments COURSE 

Project Module S5 PROJECT 

Project Work 1516 03 PROJECT WORK 

Take responsibility of one’s own learning during a 2-3 month 

project period and generalize the gained experiences 

COMPETENCY 

Carry out a basic evaluation of an artifact with the target 

user group 

KNOWLEDGE 

Problem solving PHASE 

Synthesizing information SKILL 

Analysis ACTIVITY STRUCTURE TYPE 

Design ACTIVITY STRUCTURE TYPE 

Diagramming ACTIVITY STRUCTURE 

Gliffy TOOL 

LO 123 - How to make good User Interfaces LEARNING CONTENT 
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Figure 4-39 Annotation of learning object for “Project work 151603” 

The interface of the tool allows for the structured representation of the semantic 

model’s terms, thus enabling structure data annotation and not plain text annotation, as 

supported by the majority of existing semantic annotation technologies. 

Table 4-8 Semantic annotation tool validation – automatic annotation 

Requirement  Solution functionality  Fulfilment from semantic 

annotation tool  

Limited requirement for 

technical skills during 

annotation 

Automatic annotation of 

structured data 
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Context-based 

understanding of concepts 

from individuals and 

machines 

Annotation using 

educational vocabularies 

 

Support connection of 

educational concepts with 

the Web of Data 

Creation of linked 

published data 

 

Support re-use and 

discoverability of LOD 

Allow export of LOD data  

Once we pressed “Annotate learning object”, the inserted information was 

transformed into semantically annotated terms, shown as RDF data within the same page 

and automatically stored in an external RDF store for future discovery. Figure 4-39 

shows the RDF data that is generated.  

 

Figure 4-40 Semantically annotated learning object for “Project work 151603” 

The RDF data shown were generated with educational vocabularies, as 

aforementioned in Section 4.4.3.2, in order to ensure context-based understanding from 

stakeholders as well as machines. For example, a representative RFD record created is: 
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<http://pbl3_semannot/4/learningobject/ProjectWorAudio-Visu4> 

<http://www.w3.org/1999/02/22-rdf-syntax-ns#type> 

<http://data.opendiscoveryspace.eu/lom_ontology_ods.owl#LearningObject> 

which annotates the learning object using the LOM vocabulary and its class 

“LearningObject”. 

Table 4-9 Semantic annotation tool validation – usage of educational vocabularies 

Requirement  Solution functionality  Fulfilment from semantic 

annotation tool  

Limited requirement for 

technical skills during 

annotation 

Automatic annotation of 

structured data 
 

Context-based 

understanding of concepts 

from individuals and 

machines 

Annotation using 

educational vocabularies 
 

Support connection of 

educational concepts with 

the Web of Data 

Creation of linked 

published data 

 

Support re-use and 

discoverability of LOD 

Allow export of LOD data  

The new learning object has now been annotated and stored as RDF data in the 

external RDF store. We can search for the learning object within the semantic annotation 

tool by adding relevant keywords in the search field. Based on the test usage scenario, we 

entered as keyword the string “Audio-Visual Experiments” in order to check that the 

learning object was successfully stored and generated as LOD.  
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Figure 4-41 Searching learning objects for “Audio-Visual Experiments” theme 

Figure 4-41 shows the results of the search, where we discover two different 

learning objects that are related to the set keyword. The URIs shown are the linked data 

version of each learning object, which can be used for linkage with other similar linked 

data resources.  

 

Figure 4-42 Linked data version of learning object for “Project work 151603” 

Figure 4-42 shows the page we are redirected to when pressing one of the 

aforementioned LOD links. The information shown validates that the learning object was 

successfully transformed into LOD. We can also download and export the LOD in 

different formats, such as Turtle, RDF/XML etc., by pressing the corresponding link at 
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the bottom of the page. This will allow any interested user to store this data in another 

RDF store and re-use it for enriching existing knowledge. 

Table 4-10 Semantic annotation tool validation – creation and export of LOD 

Requirement  Solution functionality  Fulfilment from semantic 

annotation tool  

Limited requirement for 

technical skills during 

annotation 

Automatic annotation of 

structured data 
 

Context-based 

understanding of concepts 

from individuals and 

machines 

Annotation using 

educational vocabularies 
 

Support connection of 

educational concepts with 

the Web of Data 

Creation of linked 

published data 
 

Support re-use and 

discoverability of LOD 

Allow export of LOD data 
 

Based on the presented usage scenario, we validated that the tool covers 

successfully all requirements set and the proposed solutions lead to the creation of 

semantically annotated learning objects, as shown in tables Table 4-8, Table 4-9 and 

Table 4-10. 

Finally, we created an HTML script for the corresponding Moodle course created 

and shown in Section  

Additional learning objects on courses provided by experts from the University of 

Macedonia, Greece, Aalborg University, Denmark, University of Alcala, Spain and BOC 

company, Austria, have been semantically annotated using the tool and are now available 

as LOD. In total, as shown in Figure 4-43, so far 328 unique records of LOD are 

available within the RDF store for future discovery and linkage with other data. 
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Figure 4-43 Total count of distinct LOD records stored in RDF store 

All these LOD can also be accessed through the HTML scripts mentioned in 

Section 4.4 within the e-learning platform for easier discovery.  

Issues reported from the tool’s usage for future investigation include: 

1. Users were not sure how to distinguish what a learning object should be and 

how detailed the description should be. 

2. Users were interested in seeing how each learning object can be linked to 

external data, e.g. existing courses available online, similar tools, similar 

content etc.   

3. Users would prefer for one learning object to be connected to multiple 

resources. 

 4.4.4.2 Learning object’s exploitation example 

We proceeded to investigate how a set of learning objects within a PBL_LA-

based course can be exploited in order to enable educators in better delivering and 

monitoring their learners’ performances. As an example, we focus on a quiz as a set that 

includes questions as learning objects of a course named “Project Management” at the 

University of Macedonia, Thessaloniki, Greece. Each question within the quiz has a 

specific learning objective, i.e. learning about the project charter, specific content, i.e. the 
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question that corresponds to a lecture’s theory, uses a specific tool, i.e. the Quiz plugin 

within a Moodle platform and leads to specific learning outcomes, i.e. the answer 

learners post on the quiz. Within this example, we researched what types of data is 

generated and recorded (see Table 4-11), and with which LA tools this data is analyzed 

and transformed into insights on learners’ progress (see Table 4-12).  

Table 4-11 Data generated within a Moodle Quiz 

Quiz related data 

Number of complete graded first attempts 

Total number of complete graded attempts 

Average grade of first attempts 

Average grade of all attempts 

Average grade of last attempts 

Average grade of highest graded attempts 

Median grade (for highest graded attempt) 

Standard deviation (for highest graded attempt) 

Score distribution skewness (for highest graded attempt) 

Score distribution kurtosis (for highest graded attempt) 

Coefficient of internal consistency (for highest graded attempt) 

Error ratio (for highest graded attempt) 

Standard error (for highest graded attempt) 

Question with highest error responses 

Facility index 

Standard deviation 

Discriminative efficiency 

Level of difficulty 

User related data 

User profile 

User response 

Number of attempts 

Time taken to complete quiz 

Saved answers 

Start time per question 

Finish time per question 

Grade per question 

Correct / partially correct / incorrect answers per question 

Answers per question category 
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Table 4-12 Matching LA tools with generated data from a Quiz tool 

LA result Moodle tool Data used  Insights / Interventions 

Quiz 

submission 

frequency 

Analytics 

graphs 

Time of submissions 

Total number of students 

per type of submission 

Names of students per 

type of submission 

In time submission 

Late submission 

Submission ratio 

Email to students 

Quiz 

submission 

graph  

GISMO Grades per student 

Date of quiz completion 

 

Grades per student per quiz 

Gradient coloring according 

to grade 

Dates completed 

Quiz 

structure 

analysis 

Quiz statistics Number of attempts 

Answers of questions per 

student 

 

Analysis of responses 

Facility index 

Frequency of response per 

question choice 

Content 

accesses 

Analytics 

graphs 

Access to quiz per student Total number of students 

accessed quiz 

Names of students that 

accessed and not accessed 

quiz 

Email students 

Analysis of 

quiz 

Quiz analytics Correct / partially correct 

/ incorrect answers per 

question 

Difficulty level per 

question 

Grades per question per 

student 

Number of attempts 

Improvement curve (how 

each student improved with 

each attempt) 

Hardest question (how 

other students have scored 

in comparison) 

Attempts snapshot 

Number of students per 
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Answers per attempt 

Answers per question 

category 

score percentage 

Question analysis (number 

of attempts per type of 

response) 

Last attempt summary 

Challenging question 

categories 

 

The above Tables indicate all the ways educators can monitor a Quiz, as shown in 

Figure 4-44, through LA tools within the e-learning platform and adapt the PBL step in 

which the quiz is located accordingly.  

 

Figure 4-44 Quiz learning object 

The following Figures show examples of LA insights educators and learners can derive 

from a quiz, as also mentioned previously in Table 4-12. 



 

234 

 

Figure 4-45 Quiz structure analysis (Quiz statistics for educator) 

 

Figure 4-46 Quiz submissions (Analytics graphs for educator) 
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Figure 4-47 Quizzes overview and grades (GISMO for educator) 

 

Figure 4-48 Quiz analytics (Progress and predictions for learner) 

The above figures can show interesting visualizations to both educators and 

learners and also allow interventions for adapting the course when needed, such as 

contacting learners that have not submitted the quiz or providing new content or 

questions to learners with low grades. Learners can also investigate their performance in 

the quiz compared to their peers and receive predictions regarding their future attempts.  
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Additionally, the semantic annotation of each question can assign meanings to the 

quiz, and facilitate in knowledge enrichment and effective course monitoring. Educators 

can search other learning objects that are related to the quiz monitored and adapt the 

course accordingly, e.g. provide resources relevant to the theory taught, change tool or 

add activities. For example, Figure 4-45 shows that question E5 has been answered 

incorrectly by the majority of the learners, and thus educators can consult semantically 

annotated learning objects that are relevant to the theory linked to the specific quiz 

question in order to make adaptations and scaffold learners. Figure 4-49 shows a question 

that has been semantically annotated as part of learning objects that are related to the 

main topic of “Project charter creation”. 

 

Figure 4-49 Semantically annotated question 

Educators can search this and other learning objects that have been annotated and 

published as linked data that are related to project goals or project charter, and consult 

the concepts of each learning object in order to make necessary changes to improve 

learners’ performance in this question. 
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 4.5  Summary  

This chapter presented a number of application use cases that have been proposed 

in order to test and validate the added value of integrating LA and LS into a well-

established structured learning strategy such as PBL. The PBL_LA web browser and its 

semantic enhancement were described, and initial validation results were provided.  

Additionally, the chapter described the HTML scripts available for accessing 

LOD annotated using the semantic annotation model, and presented a demo course 

constructed as validation of the outputs’ efficiency. Finally, the semantic annotation tool 

and its functionalities were presented in detail.  
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 5 Conclusions and future work 

 5.1  Summary of the thesis  

Current worldwide conditions include rapid generation of data, new knowledge 

and technologies and the continuous emergence of new professional fields. The amount 

of knowledge in the world has doubled in the past 10 years and is doubling every 18 

months. This requires competent workforce that will be equipped with cognitive and 

transversal skills, i.e. skills that they can use to adapt to these changes, absorb and 

comprehend all the new knowledge, utilize the novel technologies, transfer across 

professional domains, contribute to economic growth and boost societal benefits. To 

acclimate to this new state, organizations have been forced to develop new methods of 

deploying education taking into consideration that: 

 Learners usually transfer across different and possibly unrelated professional 

fields over the course of their lifetime.  

 Formal education no longer comprises the majority of our learning experience. 

Learning nowadays occurs informally, through professional tasks, personal 

networks etc.  

 Technology is altering and defining the way we think and act. 

 Know-where (understanding where to look for the required and relevant 

knowledge) is beginning to enclose know-how and know-what.   

This requires a shift from traditional learning with passive delivery of knowledge 

towards participatory learning pedagogies where students can learn how to think 

critically, solve problems, communicate their ideas, collaborate with their peers and 

witness in practice how their opinion makes a difference. A well-established learning 

strategy that allows the development of such skills is Problem Based Learning (PBL), as 

it enables active participation of students who “learn by doing”. Furthermore, the 

emergence of Web 2.0 brought on the new version of PBL, namely PBL 2.0., where 

learners use newly developed tools (e.g. forum, chat, blogs, wikis etc.) in the learning 
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process. This in turn leads to the generation of multiple types of data, due to the active 

participation of learners and the usage of technologies that document operations. All this 

data can indicate students’ progress or problems occurring and can provide insights on 

how they can improve their performance. However, there is still limited exploitation of 

such data from educational institutions as educators are not aware of how to make sense 

of and exploit the data that is recorded, leading to increased numbers of dropouts and 

delayed actions taken to enhance performance. 

Newly emerged methods such as Learning Analytics (LA) and Learning 

Semantics (LS) show promise towards improving the current version of PBL, since they 

have emerged from existing well-established good practices such as data analytics and 

semantics respectively, and are related to the exploitation and usage of data in education. 

The recent interest in the use of data for assessment in education through LA offers new 

perspectives to adapt the ongoing assessment methods and approaches in all educational 

sectors. Additionally, used on a large-scale level with vast amounts of detailed data, 

learning materials can be constantly improved, the learning process can be streamlined, 

likely-to-fail or highly achieving individuals can be identified, educators can receive 

concrete data on progress, etc. At the same time, LS can enable digital systems and 

human users to understand the “meaning” of resources, their relation among each other 

and their connection to curricula and learning objectives. This in turn can underpin the 

wider use of digital and open educational materials as their discoverability and specificity 

can increase. It can particularly aid self-guided learning and self-chosen learning paths.  

Until today, PBL has not yet been combined with LA and LS towards new 

potentials. Within this problem formulation, we identified in this thesis two opportunities 

for realising the promise of personalized, ever-improved learning experiences for gaining 

transversal and cognitive skills.    

 Integrating PBL with LA towards the provision of data-driven participatory 

learning experiences. 

 Enriching this integrated approach with LS towards better understanding and 

discovery of learning objects / resources and linkage with the Web of Data. As 
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learning object we consider any re-usable instructional component that can be 

reused a number of times in different learning contexts. 

Our goal was to develop a holistic representation of PBL which engulfs both the 

exploitation of generated educational data and the semantic description of learning 

objects and resources.  This entailed studying the area of LS, which focused on the 

identification of existing vocabularies that can successfully describe educational elements 

in order to give meaning to learning objects and resources. Additionally, we reviewed 

existing technologies that have been developed in order to distinguish possible gaps and 

limitations that need addressing. We proceeded to discuss the findings in focus groups 

with experts across Europe, and validated our results with experts, instructors and 

students. The main theoretical outputs of this thesis are two: 

PBL_LA framework: A framework that expands PBL with LA aiming to 

provide course design, delivery and monitoring support. It comprises of four layers, 

namely Pedagogical layer (PBL steps, activities), LA layer (LA methods), Data layer 

(data generated) and ICT layer (tools for use). With the usage of LA within each PBL 

step, educators are now aware of how students are progressing and can make 

corresponding adaptations to improve lacking performances and low engagement.  

Semantic annotation model: A model that describes the main concepts of a 

PBL_LA course and their relationships. It comprises of 13 concepts, i.e. programme, 

semester, course, project, project work, phase, PBL step, activity, learning objective, 

skill, knowledge, tool and content.  The annotation of learning objects and resources 

using the model can facilitate adaptable and personalized learning by allowing access to 

learning objects based on specific criteria (e.g. topic, skills, PBL step etc.). 

We proceeded to devise three application use cases that explore ways in which 

the two outputs can be exploited to boost education based on the needs identified. Each 

use case aims to support the three main phases of instructional design, i.e. course design, 

delivery and monitoring respectively. For each use case, we developed and applied 

technological solutions that could bring forth the research’s outputs’ potentials. The 
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solutions also exploit Linked Open Data (LOD), aiming to contribute to the enrichment 

of educational interconnected knowledge. These include:  

Course design (Guided support towards transversal skills development): We 

populated the PBL_LA framework with entries for each layer (e.g. 9 steps of the PBL 

model, examples of tools and activities to support PBL, LA methods and tools to apply 

for data analysis etc.). These entries were also modelled as LOD to reinforce interlinking 

of concepts with each other and the Web of Data. The PBL_LA web application browser 

was then developed, allowing access to the framework’s LOD entries. Educators can 

choose a PBL step and view activities and tools commonly used within this step, LA 

tools that can analyse the data generated, relevant skills etc.  

Course delivery (Integrated solutions that limit monitoring effort): We developed 

HTML scripts that can be embedded in any e-learning platform and retrieve LOD based 

on the semantic annotation model for easier discovery and access. 

Course monitoring (Improving assessment and performances): Access to learning 

objects and resources connected to the Web of Data and linked to curricula and learning 

objectives can help educators improve assessment techniques and enhance students’ 

performances. In this vein, we developed a) an ontological model with RDF classes and 

properties that allows publication of the semantic annotation model’s concepts as LOD 

and b) a web-based semantic annotation tool that allows annotation and recording of the 

model’s concepts as LOD by any user across the world. Educators, students and linked 

data stakeholders can access this repository and discover learning objects and resources 

based on specific criteria. 

The main features that distinguish our outputs from existing solutions in the fields 

of PBL, LA and LS are as follows. 

1. The PBL_LA framework and application browser can: 

a. ensure that educators utilize a well-structured good practice PBL model for 

their courses instead of following abstract PBL principles. This way, they are 
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more aware of which step shows low engagement and performances during 

learning and can take necessary measures to avoid such incidents 

b. motivate and support educators to adopt PBL in their courses by guiding 

them on which activities and tools to incorporate in each PBL step 

c. reduce effort of course design for instructional designers and educators, 

d. indicate which LA tools can be used within PBL in order to expose occurring 

issues and provide meaningful insights that can improve learning. 

2. The semantic annotation model and tool can: 

a. provide guidelines to educators on how to model their learning objects and 

link them with specific curricula, learning objectives, skills etc., 

b. enrich courses of any domain and sector with relevant resources and provide 

personalized learning paths, 

c. enrich existing knowledge of LOD in the field of education by allowing 

connection of educational concepts with the Web of Data. 

3. The HTML scripts can allow easy access to LOD within an e-learning platform, 

without forcing educators to navigate to a different environment, i.e. the semantic 

annotation tool. 

 5.2  Limitations of the study  

The study examined how the PBL strategy can be extended through the 

integration of LA and LS features. Despite the potency, the findings have to be thought 

through taking into consideration the following limitations: 

 The data gathered on the PBL strategy derive from one higher education institute 

and focus only on the model proposed and implemented by this university. Even 

though the steps included in the Aalborg model cover the majority of the steps 

present in other PBL models, future research could include the investigation on 

how other PBL models can adapt and adopt the thesis’s results. 
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 The design of the PBL_LA framework and the semantic annotation tool was 

carried out through relevant literature review and focus groups with experts in 

the field from various European countries. In total, ten people provided their 

contributions. Additional feedback from more stakeholders in the future can 

strengthen the results’ validity and robustness. 

 Due to time limitations, there have been limited testings carried out for the 

evaluation of the proposed solutions. The current validations have been realized 

mostly by the experts participating in the results’ creation process; future large-

scale application of the results can underpin the results’ validity and lead to 

newer more refined and updated versions.  

While acknowledging these limitations, the research exhibits an effective 

comprehension of the most prominent concepts in each of the three main thematic areas, 

i.e. PBL, LA and LS, and examines different ways and scenarios in which these areas can 

be integrated in order to facilitate both educators and students to bring forth improved 

performances and a wide skill-set development.  

 5.3  Directions for future research  

The thesis opens up potentials for future research initiatives in the following 

areas:  

(a) PBL_LA course design: Structuring courses using evidence-based models. 

Additional research is required on the proper design principles that will guide course 

structure, which will take into consideration evidence gathered from previous iterations 

of the course. We aim to investigate how the design, delivery and evaluation of PBL_LA 

courses can help us re-design newest versions of the same or similar courses and exploit 

gathered data for constantly improving learning processes and resources. 

(b) Semantics: Allowing semantic representation of educational concepts. 

Additional research is required on ontologies and vocabularies that are or can be used for 

describing educational concepts. This could lead to the creation of new vocabularies that 
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will cover existing gaps and allow semantic representation of additional concepts for 

education. 

(c) Linked data: Contributing to the still limited availability of educational 

information as linked data. Additional research is required on the different ways 

educational LOD can be exploited towards enhancing education. This could include 

linkage of existing LOD with external concepts (e.g. matching required skills with 

available online courses individuals could enroll in, matching learning objects with 

related professional profiles etc.).  

 Another future aim that we plan to pursue is performing large-scale utilization of 

the PBL_LA framework and semantic annotation model and evaluating the results. This 

will be carried out within the next two years in the context of a European Erasmus+ 

research project.  
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