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The emergence of massive open online courses (MOOCs) 

and the open data initiative have led to a change in the 

way educational opportunities are offered by shifting 

from a university-centric model to a multi-platform 

environments include not only diverse online learn-

ing platforms, but also social media applications (e.g., 

SlideShare, YouTube, Facebook, Twitter, or LinkedIn) 

data and resources. Henceforth, learning is now 

occurring in various forms and settings, both at the 

formal (university courses) and informal (social media, 

MOOC) levels. This has led to a dispersion of learner 

data across various platforms and tools, and brought 

across various environments for a comprehensive 

connectivist MOOC (cMOOC). In cMOOCs, learning, 

but relies on a range of dedicated online learning 

applications as well as social media and networking 

applications for sharing information and resources 

among learners (Siemens, 2005). These developments 

led to new requirements and imposed new challenges 

for both data collection and use. 

From the perspective of data collection, the emergence 

of cloud services and the rapid development of scalable 

web architectures allow for pulling and mashing data 

from various online applications. This is supported by 

major Web stakeholders such as Facebook, LinkedIn, 

or Twitter, and by MOOC providers such as Coursera 

and Udacity. From the perspective of data use, the 

plethora of resources and interactions occurring in 

educational platforms requires analytic capabilities, 

including the ability to handle different types of data. 

take the form of unstructured content, ranging from 

posts. This multitude of kinds and sources of data pro-
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sources, and the content analysis of learning resources and learning traces. This chapter 
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and its overall objectives to better understand learners 

and the learning process, provide timely, informative, 

and adaptive feedback, and foster lifelong learning 

Challenges associated with the collection, integration, 

and use of data originating from heterogeneous sources 

are often dealt with, in the educational community, 

for integration and leveraging of heterogeneous data 

use of such a data model in both formal and informal 

for establishing a globally usable network of informa-

Similar graphs could be created at the individual level, 

for each particular learner, connecting all the data 

and resources associated with their learning activi-

educational 

graph across UK universities, comprising knowledge 

by an increasing number of major companies such as 

possibilities opened up by such graphs for learning 

This chapter describes the current state of the art of 

and potential applications in the learning analytics 

-

ticular dimensions: 1) the data integration dimension 

and 2) the data analysis and interpretation dimension. 

Finally, we discuss some potentials and challenges 

Linked data has the potential to become a de facto 

standard for sharing resources on the Web (Kessler, 

1  to describe entities 

1. Use URIs as names for things; for instance, his-

ISBN (a kind of URI): 0385535309

2. 

1

URIs; while an ISBN does uniquely identify a book, 

it cannot be used to provide direct access to it on 

3. Upon URI look up, return useful information using 
2; for instance, 

we can state, in a machine-processable manner, 

type 

<http://www.worldcat.org/oclc/827951628> rdf:type 

.

4. 

by their URIs; for instance, we can connect the 

<http://

www.worldcat.org/oclc/827951628> schema:author 

<http://viaf.org/viaf/34666> where the latter URI 

represents an elegant framework for modelling and 

querying data at a global scale. It is usable in various 

applications and domains, and can constitute a re-

sponse to the interoperability and data management 

challenges that have long faced the educational com-

Billions of data items have been published on the web 

as linked data, forming a global open data space — the 
3 — that includes open 

data from various domains such as government data, 

scientific knowledge, and data about a variety of 

online communities. Huge cross-domain knowledge 
4,  

Yago5,  and Wikidata

to enable a global shift in how data is accessed and 

through various kinds of data access points, including 

-

es semantic-rich connections between items from 

different data sources, and thus opens up data silos 

(e.g., traditional databases) for more seamless data 

integration and reuse. 

and technologies have had a slow adoption in the area of 

technology-enhanced learning; initiatives that employ 

al., 2013). We can identify several application scenarios 

2 https://www.w3.org/TR/sparql11-query/
3 http://lod-cloud.net/
4 http://lod-cloud.net/
5 http://bit.ly/yago-naga
 http://bit.ly/wikidata-main
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including 1) resource discovery (e.g., faceted search) 

and content enrichment (e.g., augmenting content 

integration potential. This is particularly relevant 

and management of learner and content data from a 

variety of sources (applications and services) used in 

informal and life-long learning (Santos et al., 2015). 

In particular, to build a comprehensive learner mod-

el, one needs to integrate learner data recorded in 

different learning platforms/tools the learner has 

the challenges associated with handling multiple data 

formats and the overall lack of data interoperability, 

of data transfer, pre-processing, use, combination 

and analysis without loss of meaning across learning 

platforms are becoming important factors for the 

for data integration issues such as the biomedical domain 

(Belleau, Nolin, Tourigny, Rigault, & Morissette, 2008), 

sciences (Lausch, Schmidt, & Tischendorf, 2015). All of 

Previous Initiatives in Data Integration in 
the Educational Community
The technology enhanced learning research community 

efforts. Cooper (2013) provides a valuable overview of 

various standards related to learning. Mainly, these 

standards relate to the representation of data about 

learners and their activities, as well as learning con-

tent and services. 

At the learner level, standards focus on facts about 

individuals and their history, their connections and 

interactions with other persons, and interactions 

with resources offered by learning environments 

7), and 

8 9).

At the content level, previous initiatives such as IEEE 

Learning Object Metadata (LOM)10 11 

attempted to create vocabularies and standards that 

would unify the description of online educational 

12). Other efforts targeted 

the mapping between various data models, such as 

the work of Niemann, Wolpers, Stoitsis, Chinis, and 

Manouselis (2013) who aimed at aggregating sets of 

social and interaction data. Finally, several interfaces 

were proposed to provide guidelines for the imple-

mentation of services compliant with these standards 

Based on different viewpoints, these efforts led to 

multiple competing projects and thus created sub-com-

munities with various technologies, languages, and 

models, and very little interoperability among them. 

-

erability issues by allowing a multiplicity of models on 

the Web, bridging these models using Web-accessible 

semantic links. Thus semantically similar models that 

are differently represented can still be aligned using 

typed links that establish meaningful connections 

between concepts originating from different models; 

for instance, equality connections (owl:sameAs), or hi-

erarchical connections (rdfs:subclassOf or skos:broader).

Current Data Integration Initiatives Us-
ing Linked Data

attributes, and the kinds of connections among the 

entities. It also depends on the availability of services 

section introduces some of the available vocabularies 

-

overview of education-related vocabularies can be 

An increasing number of educational institutions have 

as the Open University in the UK or the University 

7 http://www.foaf-project.org/
8 http://activitystrea.ms/
9

10 http://ieeeltsc.org/wg12LOM/
11 http://www.adlnet.org/
12 http://www.imsglobal.org/question/

DATA INTEGRATION USING LINKED 
DATA
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13

project14, which resulted in a catalog of datasets relat-

ed to education and encouraged the development of 
15,  whose 

promote their analysis by researchers. While these 

educational community, their impact remains limited. 

platforms — one of the most striking developments 

Still, few recent initiatives (Kagemann & Bansal, 2015; 

interest in describing and comparing MOOCs using 

particular subjects and compare details of the cours-

that relies on schema.org  to create a vocabulary for 

course description17 with the purpose of facilitating 

the discovery of any type of educational course. 

Schema.org is a structured data markup schema (or 

vocabulary) supported by major Web search engines. 

This schema is then used to annotate Web pages and 

its adoption by major players on the Web, this is a 

welcome initiative that might have some long-term 

impact in the educational community. Similarly, some 

of the Atom Activity Streams18 were developed. This 

enabled data integration and interoperability both at 

Finally, with the current shift towards RESTful (rep-

resentational state transfer) services on the cloud, 

to emerge. At a conceptual level, we can identify 

being investigated in research: 1) services for course 

interlinking within a single institution and across 

institutions, and 2) services for integrating learners’ 

log data based on a common model. 

-

13 http://lodum.de/
14 http://linkedup-project.eu/
15 http://lak.linkededucation.org/

 https://schema.org/
17

18

higher education programs to interlink courses in a 

granular and reusable manner. Another work links 

ESCO19-based skills to MOOC course descriptions to 

-

thors are able to identify similar skills taught in the 

Coursera and Udacity MOOC platforms, thus providing 

implicit links between courses of two different MOOC 

life-long learning based on a cross-platform MOOC 

course recommendation service.

20

-

learner logs in personal learning environments.

Based on the scalability of the Web as the base infra-

structure, and using the interoperability of the W3C 

initiatives can further contribute to the development 

on various online social media and communication 

channels, as well as the ever-increasing amount of 

dedicated learning content deployed on MOOCs, there 

is a need to automate the discovery of items relevant 

to distance education, such as topics, trends, and 

opinions, to name a few. In fact, analytics required 

for the discovery and/or recommendation of relevant 

items can be improved if the regular input data (e.g., 

Yago, alone or in combination with traditional content 

analysis techniques (e.g., social network analysis, 

a promising avenue for advancing content analysis 
19 European Commission, "ESCO: European Skills, Competencies, 

20

DATA ANALYSIS AND INTERPRETA-
TION USING LINKED DATA
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and information retrieval in educational settings, as 

outlined in the following sections. 

Content Analysis Using Semantic 
Annotation

semantic an-

notators

21 and Yago). The latter 

are general, cross-domain knowledge bases storing 

Wikipedia-like knowledge in well-structured formats 

-

traction of various types of concepts, such as named 

entities (e.g., people and places), domain concepts 

(e.g., protein, gene), and themes or keywords, though 

the diversity of possible annotations is continuously 

22 
23 and TagMe.24

courses, MOOCs, and social media, the capacity of 

-

analytic services. However, very few research works 

have yet leveraged the power of semantic annotation 

various social media (i.e., Facebook, Twitter, and blogs) 

-

ing on some of the commonly used topic modelling 

to identify emerging topics (groups of concepts). Spe-

based on the co-occurrence of concepts within a 

single post. Finally, the authors applied modularity 

in order to identify the most prominent groups of 

concepts (i.e., latent topics). The main advantage of 

such an approach, over "traditional" topic-modelling 

21 https://www.wikidata.org/
22 https://github.com/dbpedia-spotlight/dbpedia-spotlight/wiki
23 http://www.alchemyapi.com/
24 https://tagme.d4science.org/tagme/

Analysis of Scientific Publications in the 
LA/EDM Field

-

adoption by various content publishers such as BNF25 

datasets provide grounds for various scientometric 

researchers, and describe the research community at 

help professionals (researchers, students, librarians, 

course producers) from the educational sector to 

locate relevant information. 

-

authors, conference). It represents a data integration 

-

been encouraged since 2013 through the annual LAK 

data analytics and content analysis applications. One 

of topics and relations between topics in the dataset, 

-

salient topics and relationships between them. Oth-

er techniques applied for discovering topics include 

2014) and clustering (Scheffel, Niemann, Leon Rojas, 

further in their data integration efforts by relying on 

and Nunes, Fetahu, and Casanova (2013) relied on 

25

 http://datahub.io/dataset/l3s-dblp
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to identify topics and named entities in publications. 

keywords, and themes, and 2) the ability to develop 

advanced services such as potential collaborator de-

tection (Hu et al., 2014), dataset recommendations, or 

more general semantic searches (Nunes et al., 2013). 

Interpretation of Data Mining Results
Several research works have provided insights, pat-

interaction and discussion data (e.g., identifying the 

most of these analyses remain limited to a closed or 

silo dataset, and are often hard to interpret on large 

datasets. 

model and a human analyst for the meaningful interpre-

tation of results according to several dimensions (e.g., 

topics, student characteristics, learning environments, 

during the data-mining process. In particular, they 

URIs so that these patterns can be further enriched 

authors illustrate the idea by a case study of student 

enrollment in course modules across time. They 

by associating them, via course URIs, with course 

descriptions, i.e., a set of properties describing the 

course. The (chain of) properties provide(s) analyti-

course sequences) and as a navigational structure. 

new analytical dimensions by linking the discovered 

especially relevant in multidisciplinary research where 

various factors can contribute to a pattern or phenom-

one can imagine the utility of having this support in 

-

rience requires state-of-the-art data management 

techniques for the collection, management, querying, 

combination, and enrichment of learning data. The 

contribute to all these aspects of data management. 

-

nologies is to make the data easily processable and 

reusable, for a variety of purposes, while preserving 

by enabling the seamless combination and querying 

of various datasets. Third, large-scale knowledge 

bases available as linked open data on the Web pro-

vide grounds for a variety of services relevant for the 

analytic process; e.g., semantic annotators for content 

on the Web can provide on-demand ( just-in-time) 

data/knowledge input required in different phases 

of the analytic process, as this knowledge cannot be 

also include representing the resulting analytics in 

a semantic-rich format so that the results could be 

to interested parties (educators, students) in differ-

ent manners, depending on needs and preferences 

(e.g., different visual or narrative forms). Moreover, 

through its inference capabilities over multiple data 

sources, originating in semantic-rich representation 

analytical methods for discovering themes and topics 

and machine-learning methods are widespread in 

resources (especially open, Web-based knowledge) can 

make the traditional analytical approaches even more 

powerful. Some of the potential enrichments provided 

of concepts instead of bags of words), semantic-rich 

-

tics for edges and nodes, or recommendations based 

on semantic similarity measures. 

the heterogeneity of learning environments and social 

media platforms. In particular, one can query and as-

semble various datasets that do not share a common 

and practical approach than previous approaches that 

required compliance to a common model/schema.

However, there are also several challenges related to 

1. Quality:

concern (Kontokostas et al., 2014), and linking 

-

sets and knowledge bases might introduce noisy 

data. Although there are some initiatives for data 

DISCUSSION AND OUTLOOK
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cleaning, this issue is far from being resolved. 

2. Alignment: Besides the use of common Web URIs 

among schemas, there is often a need to seman-

tically align vocabularies and models, which is a 

challenging task. Current alignment approaches 

are often based on syntactic matching, which 

does not deal well with ambiguities. One way to 

mitigate the alignment issue is to be aware and 
27 whenever possible 

(e.g., foaf:name is a property depicting the name 

be used instead of creating a new property); 

3. Privacy: -

forms is often siloed for privacy reasons. Merging 

27 http://lov.okfn.org/dataset/lov/

information between learning and social platforms 

access to their data and provide log-in information 

for the different services they use for learning. 

Facebook graph search and their increasing adoption 

-

provides a useful formalism for facilitating the overall 

learning analytic process, from raw data collection 

interpretation of the analytics results. 
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