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ABSTRACT
/HDUQLQJDQDO\WLFV /$ LVZLWQHVVLQJDQH[SORVLRQRIGDWDJHQHUDWLRQGXHWRWKHPXOWLSOLFLW\
and diversity of learning environments, the emergence of scalable learning models such as
massive open online courses (MOOCs), and the integration of social media platforms in the
learning process. This diversity poses multiple challenges related to the interoperability
of learning platforms, the integration of heterogeneous data from multiple knowledge
sources, and the content analysis of learning resources and learning traces. This chapter
GLVFXVVHVWKHXVHRIOLQNHGGDWD /' DVDSRWHQWLDOIUDPHZRUNIRUGDWDLQWHJUDWLRQDQG
DQDO\VLV,WSURYLGHVDOLWHUDWXUHUHYLHZRI/'LQLWLDWLYHVLQ/$DQGHGXFDWLRQDOGDWDPLQLQJ
('0 DQGGLVFXVVHVVRPHRIWKHSRWHQWLDOVDQGFKDOOHQJHVUHODWHGWRWKHH[SORLWDWLRQRI
/'LQWKHVHāHOGV
Keywords:/LQNHGGDWD /' GDWDLQWHJUDWLRQFRQWHQWDQDO\VLVHGXFDWLRQDOGDWDPLQLQJ ('0

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
DQGPXOWLUHVRXUFHPRGHO,QIDFWWRGD\ VOHDUQLQJ
environments include not only diverse online learning platforms, but also social media applications (e.g.,
SlideShare, YouTube, Facebook, Twitter, or LinkedIn)
ZKHUHOHDUQHUVFRQQHFWFRPPXQLFDWHDQGH[FKDQJH
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
DQHHGIRUHIāFLHQWPHDQVRIFRQQHFWLQJOHDUQHUGDWD
across various environments for a comprehensive
LQVLJKWLQWRWKHOHDUQLQJSURFHVV2QHVDOLHQWH[DPSOH
RIWKHQHHGIRUGDWDH[FKDQJHDFURVVSODWIRUPVLVWKH
connectivist MOOC (cMOOC). In cMOOCs, learning,
E\GHāQLWLRQGRHVQRWWDNHSODFHLQDVLQJOHSODWIRUP
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
WKHGHYHORSPHQWRIODUJHVFDOHLQWHUIDFHV $3,V E\
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.
9DULRXVNLQGVRIGDWDDUHJHQHUDWHGVRPHRIZKLFK
FDSWXUHOHDUQHUV LQWHUDFWLRQVLQOHDUQLQJDQGVRFLDO
PHGLDSODWIRUPV OHDUQHUV ORJVWUDFHV ZKHUHDVRWKHUV
take the form of unstructured content, ranging from
FRXUVHFRQWHQWDQGOHDUQHUV EORJVWRGLVFXVVLRQIRUXP
posts. This multitude of kinds and sources of data proYLGHVIHUWLOHJURXQGIRUWKHāHOGRIOHDUQLQJDQDO\WLFV
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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
*DHÇYLİ'DZVRQ 6LHPHQV 
Challenges associated with the collection, integration,
and use of data originating from heterogeneous sources
are often dealt with, in the educational community,
E\GHYHORSLQJDVWDQGDUGL]HGGDWDPRGHOWKDWDOORZV
for integration and leveraging of heterogeneous data
'LHW]HHWDO 7KLVFKDSWHUIRFXVHVRQOLQNHGGDWD
/' DVRQHSRWHQWLDODSSURDFKWRWKHGHYHORSPHQWDQG
use of such a data model in both formal and informal
RQOLQHOHDUQLQJVHWWLQJV,QSDUWLFXODUWKHXVHRI/'
SULQFLSOHV %L]HU+HDWK %HUQHUV/HH DOORZV
for establishing a globally usable network of informaWLRQDFURVVOHDUQLQJHQYLURQPHQWV G $TXLQ$GDPRX
'LHW]H OHDGLQJWRDJOREDOHGXFDWLRQDOJUDSK
Similar graphs could be created at the individual level,
for each particular learner, connecting all the data
and resources associated with their learning activiWLHV7KHHGXFDWLRQDOSRWHQWLDOVDQGEHQHāWVRIVXFK
JUDSKVKDYHDOUHDG\EHHQH[DPLQHGDQGGLVFXVVHG)RU
LQVWDQFH+HDWKDQG%L]HU  SURSRVHDQeducational
graph across UK universities, comprising knowledge
H[WUDFWHGIURPWKHFRQWHQWRIOHDUQLQJUHVRXUFHV
*LYHQWKHGHYHORSPHQWDQGXVHRINQRZOHGJHJUDSKV
by an increasing number of major companies such as
*RRJOH0LFURVRIWDQG)DFHERRNWKHSRWHQWLDODQG
possibilities opened up by such graphs for learning
VKRXOGEHH[DPLQHG =DEOLWK 
This chapter describes the current state of the art of
/'XVDJHLQHGXFDWLRQIRFXVLQJSULPDULO\RQH[LVWLQJ
and potential applications in the learning analytics
/$ HGXFDWLRQDOGDWDPLQLQJ ('0 āHOG$IWHUDEULHI
LQWURGXFWLRQWR/'SULQFLSOHVLQWKHQH[WVHFWLRQWKH
FKDSWHUDQDO\]HVWKHSRWHQWLDORI/'DORQJWZRSDUticular dimensions: 1) the data integration dimension
and 2) the data analysis and interpretation dimension.
Finally, we discuss some potentials and challenges
DVVRFLDWHGZLWKWKHXVHRI/'LQ/$('0

LINKED DATA IN EDUCATION
Linked data has the potential to become a de facto
standard for sharing resources on the Web (Kessler,
G $TXLQ 'LHW]H ,WXVHV85,VWRXQLTXHO\LGHQWLI\
HQWLWLHVDQGWKH5')GDWDPRGHO1 to describe entities
DQGFRQQHFWWKHPYLDOLQNVZLWKH[SOLFLWO\GHāQHG
VHPDQWLFV,QSDUWLFXODU/'UHOLHVRQIRXUSULQFLSOHV
1.

2.

Use URIs as names for things; for instance, hisWRULFDOQRYHO3DULVLVXQLTXHO\LGHQWLāHGE\LWV
ISBN (a kind of URI): 0385535309
3URYLGHWKHDELOLW\WRORRNXSQDPHVWKURXJK+773

5HVRXUFH'HVFULSWLRQ)UDPHZRUNKWWSZZZZRUJ5')

1
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URIs; while an ISBN does uniquely identify a book,
it cannot be used to provide direct access to it on
WKH:HEVR+77385,VVKRXOGEHXVHGLQVWHDG
WKHERRNIURPRXUH[DPSOHFRXOGEHORRNHGXSYLD
WKHIROORZLQJ+77385,KWWSZZZZRUOGFDW
RUJRFOF!
3.

Upon URI look up, return useful information using
WKHVWDQGDUGV5')DQG63$54/ 2; for instance,
we can state, in a machine-processable manner,
WKDWWKHUHVRXUFHLGHQWLāHGE\WKHKWWSZZZ
ZRUOGFDWRUJRFOF!85,LVRIWKHtype
ERRNDQGEHORQJVWRWKHJHQUHRIKLVWRULFDOāFWLRQ
<http://www.worldcat.org/oclc/827951628> rdf:type
VFKHPD%RRNVFKHPDJHQUH+LVWRULFDOāFWLRQ.

4.

,QFOXGHOLQNVWRRWKHUHQWLWLHVXQLTXHO\LGHQWLāHG
by their URIs; for instance, we can connect the
ERRNIURPRXUH[DPSOHZLWKLWVDXWKRU<http://
www.worldcat.org/oclc/827951628> schema:author
<http://viaf.org/viaf/34666> where the latter URI
XQLTXHO\LGHQWLāHVWKHZULWHU(GZDUG5XWKHUIXUG

7KDQNVWRWKHVLPSOLFLW\RIWKHVHSULQFLSOHV/'
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 response to the interoperability and data management
challenges that have long faced the educational comPXQLW\ 'LHW]HHWDO 
Billions of data items have been published on the web
as linked data, forming a global open data space — the
OLQNHGRSHQGDWDFORXG /2' 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
EDVHVKDYHDOVRHPHUJHGRQWKH/2'VXFKDV'%SHGLD4,
Yago5, and Wikidata$VVXFK/'KDVWKHSRWHQWLDO
to enable a global shift in how data is accessed and
XWLOL]HGRIIHULQJDFFHVVWRGDWDIURPYDULRXVVRXUFHV
through various kinds of data access points, including
:HEVHUYLFHVDQG:HE$3,VDQGDOORZLQJIRUVHDPOHVV
FUHDWLRQRIG\QDPLFGDWDPDVKXSV %L]HUHWDO 
,QIDFWRQHVDOLHQWIHDWXUHRI/'LVWKDWLWHVWDEOLVKes 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.
'HVSLWHDOOWKHVHSRWHQWLDOEHQHāWVWKH/'IRUPDOLVP
and technologies have had a slow adoption in the area of
technology-enhanced learning; initiatives that employ
/'WHFKQRORJLHVKDYHRQO\HPHUJHGUHFHQWO\ 'LHW]HHW
al., 2013). We can identify several application scenarios
2

https://www.w3.org/TR/sparql11-query/
http://lod-cloud.net/
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LQWKH/$('0āHOGWKDWZRXOGEHQHāWIURPWKH/2'
including 1) resource discovery (e.g., faceted search)
and content enrichment (e.g., augmenting content
ZLWKGDWDIURP/2'GDWDVHWV  0DWXUDQD$OYDUDGR
/´SH]6ROD,E¢²H] (O´VHJXL  FRQWHQW
DQDO\VLVEDVHGRQVHPDQWLFDQQRWDWLRQ -RNVLPRYLHW
DO  UHVRXUFHDQGVHUYLFHLQWHJUDWLRQ 'LHW]H
HWDO  SHUVRQDOL]DWLRQ 'LHW]H'UDFKVOHU 
*LRUGDQR DQG LQWHUSUHWDWLRQRI('0UHVXOWV
G $TXLQHWDO 

DATA INTEGRATION USING LINKED
DATA
2QHRIWKHPRVWVDOLHQWEHQHāWVRI/'OLHVLQLWVGDWD
integration potential. This is particularly relevant
IRUWKH/$('0āHOGVLQFHLWUHTXLUHVWKHFROOHFWLRQ
and management of learner and content data from a
variety of sources (applications and services) used in
informal and life-long learning (Santos et al., 2015).
In particular, to build a comprehensive learner model, one needs to integrate learner data recorded in
different learning platforms/tools the learner has
LQWHUDFWHGZLWK 'HVPDUDLV %DNHU 7KHUHIRUH
the challenges associated with handling multiple data
formats and the overall lack of data interoperability,
DUHEHFRPLQJDNH\LVVXH &KDWWL'\FNKRII6FKURHGHU
7K½V'XYDO 0RUHJHQHUDOO\WKHHDVH
of data transfer, pre-processing, use, combination
and analysis without loss of meaning across learning
platforms are becoming important factors for the
HIāFLHQF\RI/$('0 &RRSHU 
6HYHUDOGRPDLQVKDYHEHHQVXFFHVVIXOLQH[SORLWLQJ/'
for data integration issues such as the biomedical domain
(Belleau, Nolin, Tourigny, Rigault, & Morissette, 2008),
SKDUPDFRORJ\ *URWKHWDO DQGHQYLURQPHQWDO
sciences (Lausch, Schmidt, & Tischendorf, 2015). All of
WKLVVXJJHVWVWKDW/'WHFKQRORJLHVFRXOGSURYLGHWKH
VROLGGDWDLQWHJUDWLRQOD\HUWKDW/$('0QHFHVVLWDWHV

Previous Initiatives in Data Integration in
the Educational Community
The technology enhanced learning research community
KDVORQJUHFRJQL]HGWKHLPSRUWDQFHRIGDWDLQWHJUDWLRQ
ZKLFKHYHQWXDOO\UHVXOWHGLQPXOWLSOHVWDQGDUGL]DWLRQ
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 content 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
SHUVRQDQGOHDUQLQJDFWLYLWLHVGLPHQVLRQV 9DULRXV

VSHFLāFDWLRQVH[LVWWRPRGHOOHDUQHUV HJ)2$)7), and
OHDUQHUDFWLYLWLHVDQGLQWHUDFWLRQV HJ&RQWH[WXDOL]HG
$WWHQWLRQ0HWDGDWD>6FKPLW]:ROSHUV.LUVFKHQPDQQ
1LHPDQQ@$FWLYLW\6WUHDPV8RU$'/[$3,9).
At the content level, previous initiatives such as IEEE
Learning Object Metadata (LOM)10DQG$'/6&25011
attempted to create vocabularies and standards that
would unify the description of online educational
UHVRXUFHVRUWKHVSHFLāFDWLRQRIFRPSXWHUEDVHG
DVVHVVPHQW HJ,0647,12). 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 implementation of services compliant with these standards
'LHW]HHWDO 
Based on different viewpoints, these efforts led to
multiple competing projects and thus created sub-communities with various technologies, languages, and
models, and very little interoperability among them.
7KH/'SKLORVRSK\SURYLGHVDVROXWLRQWRWKHVHLQWHURSerability 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 hierarchical connections (rdfs:subclassOf or skos:broader).

Current Data Integration Initiatives Using Linked Data
,QWHJUDWLRQEDVHGRQ/'UHTXLUHVWKHDYDLODELOLW\RI
:HEDFFHVVLEOH/'YRFDEXODULHVWKDWGHVFULEHWKH
W\SHVRIHQWLWLHVLQVSHFLāFVXEMHFWGRPDLQVHQWLWLHV 
attributes, and the kinds of connections among the
entities. It also depends on the availability of services
WKDWDOORZIRUH[SORLWLQJPXOWLSOHGDWDVHWVIRUDJLYHQ
WDVNDVZHOODVVHUYLFHVWKDWH[SRVHGDWDDV/'7KLV
section introduces some of the available vocabularies
LQWKHHGXFDWLRQDOGRPDLQDQGHIIRUWVDLPHGDWH[SRVLQJHGXFDWLRQDOGDWDDV/'$PRUHFRPSUHKHQVLYH
overview of education-related vocabularies can be
IRXQGLQ'LHW]HHWDO  7KHVHFWLRQDOVRJLYHV
H[DPSOHVRIVHUYLFHVH[SORLWLQJWKHLQWHJUDWLRQRI
PXOWLSOH/'GDWDVHWV
An increasing number of educational institutions have
EHHQH[SRVLQJWKHLUGDWDIROORZLQJ/'SULQFLSOHVVXFK
as the Open University in the UK or the University
7

http://www.foaf-project.org/
http://activitystrea.ms/
9
KWWSZZZDGOQHWJRYWODH[SHULHQFHDSL
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http://ieeeltsc.org/wg12LOM/
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RI0½QVWHU13LQ*HUPDQ\2QHSURPLQHQWHIIRUWLQ
H[SRVLQJHGXFDWLRQDOGDWDDV/'ZDVWKH/LQNHG8S
project14, which resulted in a catalog of datasets related to education and encouraged the development of
FRPSHWLWLRQVVXFKDVWKH/$.'DWD&KDOOHQJH15, whose
DLPZDVWRH[SRVH/$('0SXEOLFDWLRQVDV/'DQG
promote their analysis by researchers. While these
LQLWLDWLYHVUHSUHVHQWDVWHSLQWKHDGRSWLRQRI/'E\WKH
educational community, their impact remains limited.
)RUH[DPSOHWKHGDWDUHSUHVHQWDWLRQDQGXVHLQ022&
platforms — one of the most striking developments
LQWRGD\ VWHFKQRORJ\HQKDQFHGOHDUQLQJØKDVQRW
EHHQEDVHGRQ/'SULQFLSOHVRUWHFKQRORJLHVWRGDWH
Still, few recent initiatives (Kagemann & Bansal, 2015;
3LHGUD&KLFDL]D/´SH] 7RYDU VKRZHGVRPH
interest in describing and comparing MOOCs using
DQ/'DSSURDFK)RUH[DPSOH022&/LQN .DJHPDQQ
%DQVDO DJJUHJDWHVRSHQFRXUVHZDUHDV/'
DQGH[SORLWVWKHVHGDWDWRUHWULHYHFRXUVHVDURXQG
particular subjects and compare details of the coursHV V\OODEL5HFHQWO\WKHUHKDVDOVREHHQDQLQLWLDWLYH
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
IDFLOLWDWHWKHGLVFRYHU\RIUHOHYDQWLQIRUPDWLRQ*LYHQ
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
DXWKRUVZRUNHGRQSURYLGLQJDQ5')UHSUHVHQWDWLRQ
ELQGLQJ RIHGXFDWLRQDOVWDQGDUGV)RUH[DPSOHDQ
5')ELQGLQJRIWKH&RQWH[WXDOLVHG$WWHQWLRQ0HWDGDWD
&$0  0X²R]0HULQRHWDO DQGDQ5')ELQGLQJ
of the Atom Activity Streams18 were developed. This
enabled data integration and interoperability both at
V\QWD[DQGVHPDQWLFOHYHOV
Finally, with the current shift towards RESTful (representational state transfer) services on the cloud,
HGXFDWLRQUHODWHGVHUYLFHVEDVHGRQ/'KDYHVWDUWHG
to emerge. At a conceptual level, we can identify
WZRPDLQW\SHVRIVHUYLFHVEDVHGRQ/'FXUUHQWO\
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.
)RUH[DPSOH'LHW]HHWDO  SURSRVHGDQ/'EDVHG
IUDPHZRUNWRLQWHJUDWHH[LVWLQJHGXFDWLRQDOUHSRVLWRULHVDWWKHVHUYLFHDQGGDWDOHYHOV=DEOLWK  
13

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

https://schema.org/
17
KWWSVZZZZRUJFRPPXQLW\VFKHPDFRXUVHH[WHQG
18
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VXJJHVWHGWKHXVHRI/'DVDFRQFHSWXDOOD\HUDURXQG
higher education programs to interlink courses in a
granular and reusable manner. Another work links
ESCO19-based skills to MOOC course descriptions to
FUHDWHHQULFKHG&9V =RWRX3DSDQWRQLRX.UHPHU
3HULVWHUDV 7DPERXULV ,QWHUHVWLQJO\WKHDXthors are able to identify similar skills taught in the
Coursera and Udacity MOOC platforms, thus providing
implicit links between courses of two different MOOC
SODWIRUPV2QHFDQHQYLVDJHH[FLWLQJRSSRUWXQLWLHVIRU
life-long learning based on a cross-platform MOOC
course recommendation service.
$QRWKHULQGLFDWRURIWKHJURZLQJLPSRUWDQFHRI/'
LQWKHUHDOPRIHGXFDWLRQLQJHQHUDODQG/$('0
LQSDUWLFXODULVWKHDGRSWLRQRI/'FRQFHSWVDQG
WHFKQRORJLHVLQWR[$3,VSHFLāFDWLRQV20:LWK[$3,
GHYHORSHUVFDQFUHDWHDOHDUQLQJH[SHULHQFHWUDFNLQJ
VHUYLFHWKURXJKDSUHGHāQHGLQWHUIDFHDQGDVHWRI
VWRUDJHDQGUHWULHYDOUXOHV'H1LHV6DOOLDX9HUERUJK
0DQQHQVDQG9DQGH:DOOH  SURSRVHWRH[SRVH
GDWDPRGHOVFUHDWHGXVLQJWKH[$3,VSHFLāFDWLRQDV
/'7KLVSURSRVDOSURYLGHVDQLQWHURSHUDEOHPRGHORI
OHDUQLQJWUDFHVGDWDDQGDOORZVIRUVHDPOHVVH[SRVLQJRIOHDUQHUV WUDFHVDVVHPDQWLFDOO\LQWHURSHUDEOH
/'6LPLODUO\6RIWLFHWDO  UHSRUWRQWKHXVHRI
6HPDQWLF:HEWHFKQRORJLHV 5')63$54/ WRPRGHO
learner logs in personal learning environments.
Based on the scalability of the Web as the base infrastructure, and using the interoperability of the W3C
VWDQGDUGV5')DQG63$54/ZHEHOLHYHWKDWVLPLODU
initiatives can further contribute to the development
RIGHFHQWUDOL]HGDQGDGDSWDEOHOHDUQLQJVHUYLFHV

DATA ANALYSIS AND INTERPRETATION USING LINKED DATA
*LYHQWKHUDSLGJURZWKRIXQVWUXFWXUHGWH[WXDOFRQWHQW
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.,
OHDUQHUV ORJV LVHQULFKHGZLWKEDFNJURXQGLQIRUPDWLRQ
IURP/2'GDWDVHWV HJGDWDDERXWWRSLFVDVVRFLDWHG
ZLWKWKHFRXUVH  G $TXLQ -D\ 7KHXVHRI/2'
FURVVGRPDLQNQRZOHGJHEDVHVVXFKDV'%SHGLDDQG
Yago, alone or in combination with traditional content
analysis techniques (e.g., social network analysis,
WH[WPLQLQJODWHQWVHPDQWLFLQGH[LQJ UHSUHVHQW
a promising avenue for advancing content analysis
19

European Commission, "ESCO: European Skills, Competencies,
4XDOLāFDWLRQVDQG2FFXSDWLRQVKWWSVHFHXURSDHXHVFR
20
KWWSVJLWKXEFRPDGOQHW[$3,6SHF

and information retrieval in educational settings, as
outlined in the following sections.

WRNQRZOHGJHEDVHV HJ'%SHGLD DOORZLQJIRUHDVLHU
LQWHUSUHWDWLRQRIWKHH[WUDFWHGWRSLFV

Content Analysis Using Semantic
Annotation

Analysis of Scientific Publications in the
LA/EDM Field

2QHLPSRUWDQWGHYHORSPHQWLQWKH/'āHOGKDVEHHQ
WKHUDSLGH[SDQVLRQDQGDGRSWLRQRIsemantic annotators -RYDQRYLİHWDO VHUYLFHVWKDWWDNH
XQVWUXFWXUHGWH[WDVLQSXWDQGDQQRWDWHWDJLWZLWK
/2'FRQFHSWV LHHQWLWLHVGHāQHGLQ/2'NQRZOHGJH
EDVHVVXFKDV'%SHGLD:LNLGDWD21 and Yago). The latter
are general, cross-domain knowledge bases storing
Wikipedia-like knowledge in well-structured formats
ZLWKH[SOLFLWO\GHāQHGVHPDQWLFV6HYHUDORIWKHVH/'
DQQRWDWRUVRIIHULQWHUIDFHV $3,V WKDWWDUJHWWKHH[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
H[SDQGLQJ([DPSOHVRIWKHVHDQQRWDWRUVERWKIURP
DFDGHPLDDQGLQGXVWU\LQFOXGH'%SHGLD6SRWOLJKW 22
$OFKHP\$3,23 and TagMe.24

$QRWKHUDSSOLFDWLRQGRPDLQSRZHUHGE\/'DQGUHODWHG
WRWKHHGXFDWLRQDOFRQWH[WLVVHPDQWLFSXEOLVKLQJ HJ
UHOHDVLQJOLEUDU\FDWDORJXHVDV/' DQGPHWDDQDO\VLVRIVFLHQWLāFSXEOLFDWLRQV,QIDFWRQHRIWKHPDLQ
VXFFHVVHVRI/'WHFKQRORJLHVKDVEHHQWKHLUHDUO\
adoption by various content publishers such as BNF25
DQGVFLHQWLāFEDVHGSXEOLVKLQJLQLWLDWLYHVVXFKDV
'%/37KLVKDVOHGWRDSOHWKRUDRI/2'YRFDEXODULHV
DQGGDWDVHWVUHODWHGWRVFLHQWLāFSXEOLFDWLRQV7KHVH
datasets provide grounds for various scientometric
FRPSXWDWLRQVWKDWLGHQWLI\WUHQGLQJWRSLFVLQĂXHQFLQJ
researchers, and describe the research community at
ODUJH 0LUULDKL*DÇHYLİ'DZVRQ /RQJ2FKRD
6XWKHUV9HUEHUW 'XYDO 7KH\DOVRGLUHFWO\
help professionals (researchers, students, librarians,
course producers) from the educational sector to
locate relevant information.

*LYHQWKHSOHWKRUDRIXQVWUXFWXUHGWH[WVIURPIRUPDO
courses, MOOCs, and social media, the capacity of
VXFKDQQRWDWRUVWRSURGXFHH[SOLFLWVHPDQWLFUHSUHVHQWDWLRQVRIWH[WPDNHVWKHPYDOXDEOHIRUYDULRXV
analytic services. However, very few research works
have yet leveraged the power of semantic annotation
IRUOHDUQLQJDQDO\WLFV5HFHQWUHVHDUFKE\-RNVLPRYLİHW
DO  XVHVDPL[HGPHWKRGDSSURDFKIRUGLVFRXUVH
DQDO\WLFVLQDF022&EDVHGRQ/'DQGVRFLDOQHWZRUN
DQDO\VLV 61$ 7KHDLPRIWKHVWXG\ZDVWRH[SORUH
WKHPDLQWRSLFVHPHUJLQJIURPOHDUQHUV SRVWVZLWKLQ
various social media (i.e., Facebook, Twitter, and blogs)
DQGWRDQDO\]HKRZWKRVHWRSLFVHYROYHWKURXJKRXW
WKHFRXUVH -RNVLPRYLİHWDO ,QVWHDGRIUHO\ing on some of the commonly used topic modelling
DOJRULWKPV HJODWHQW'LULFKOHWDOORFDWLRQ>/'$@ 
WKHUHVHDUFKHUVXWLOL]HGWRROVIRUDXWRPDWHGFRQFHSW
H[WUDFWLRQ LHVHPDQWLFDQQRWDWRUV DORQJZLWK61$
to identify emerging topics (groups of concepts). SpeFLāFDOO\IRUHDFKZHHNRIWKHFRXUVHFRQFHSWVZHUH
H[WUDFWHGIURPWKHSRVWVJHQHUDWHGLQHDFKRIWKH
PHGLDDQDO\]HG)XUWKHUWKHDXWKRUVFUHDWHGJUDSKV
based on the co-occurrence of concepts within a
single post. Finally, the authors applied modularity
DOJRULWKPIRUFRPPXQLW\GHWHFWLRQ 1HZPDQ 
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
DOJRULWKPVLVSRVVLELOLW\WRH[WUDFWFRPSRXQGZRUGV
HJFRPSOH[DGDSWLYHV\VWHPV WKDWDUHIXUWKHUOLQNHG

,QWKH/$('0GRPDLQWKH/HDUQLQJ$QDO\WLFVDQG
.QRZOHGJH /$. 'DWDVHW 7DLEL 'LHW]H UHSUHVHQWVDFRUSXVRISXEOLFDWLRQVIURPWKH/$('0
FRPPXQLWLHV7KH/$.'DWDVHWFRQWDLQVERWKWKH
SXEOLFDWLRQV FRQWHQWDQGPHWDGDWD HJNH\ZRUGV
authors, conference). It represents a data integration
HIIRUWDVLWUHOLHVRQYDULRXVHVWDEOLVKHG/2'YRFDEXODULHVDQGFRQVWLWXWHVDVXFFHVVIXODSSOLFDWLRQRI/'
WHFKQRORJLHV7KHDQDO\VLVRIWKH/$.'DWDVHWKDV
been encouraged since 2013 through the annual LAK
'DWD&KDOOHQJHZKRVHJRDOZDVWRIRVWHUUHVHDUFKDQG
DQDO\WLFVRQWKH/$('0SXEOLFDWLRQV7KLVGDWDVHW
KDVEHHQIXUWKHUH[SORLWHGIRUWKHGHYHORSPHQWRI
data analytics and content analysis applications. One
SDUWLFXODUO\YDOXDEOHDSSOLFDWLRQLVWKHLGHQWLāFDWLRQ
of topics and relations between topics in the dataset,
SHU\HDUSHUFRPPXQLW\ /$YHUVXV('0 SHUSXEOLFDWLRQDQGRYHUDOO)RUH[DPSOHWKHZRUNRI=RXDT
-RNVLPRYLİDQG*DÇHYLİ  HPSOR\HGRQWRORJ\
OHDUQLQJWHFKQLTXHVRQWKH/$.'DWDVHWWRLGHQWLI\
salient topics and relationships between them. Other techniques applied for discovering topics include
ODWHQW'LULFKOHWDOORFDWLRQ /'$6KDUNH\ $QVDUL
2014) and clustering (Scheffel, Niemann, Leon Rojas,
'UDFKVOHU 6SHFKW :KLOHWKHVHDSSURDFKHV
RIIHUHGDWH[WEDVHGFRQWHQWDQDO\VLVRWKHUZRUNVZHQW
further in their data integration efforts by relying on
WKH/2'NQRZOHGJHEDVHV HJ'%SHGLD DQGVHPDQWLF
DQQRWDWRUVWRLGHQWLI\WRSLFVRILQWHUHVW)RUH[DPSOH
0LOLNLİ.UFDGLQDF-RYDQRYLİ%UDQNRYDQG.HFD  
and Nunes, Fetahu, and Casanova (2013) relied on
7DJ0HDQG'%SHGLD6SRWOLJKWVHUYLFHVUHVSHFWLYHO\
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to identify topics and named entities in publications.
7KHEHQHāWRI/'LQWKLVFDVHZDVKLJKOLJKWHGE\ 
WKHDELOLW\WRHQULFKWKHGDWDVHWZLWK/2'FRQFHSWV
keywords, and themes, and 2) the ability to develop
advanced services such as potential collaborator detection (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, patWHUQVDQGSUHGLFWLYHPRGHOVE\DQDO\]LQJOHDUQHUV 
interaction and discussion data (e.g., identifying the
OLQNEHWZHHQOHDUQHUV GLVFRXUVHDQGSRVLWLRQDQG
WKHLUDFDGHPLFSHUIRUPDQFH 'RZHOOHWDO RU
FRXUVHUHJLVWUDWLRQGDWD G $TXLQ -D\ +RZHYHU
most of these analyses remain limited to a closed or
silo dataset, and are often hard to interpret on large
datasets.
,QJHQHUDOSDWWHUQGLVFRYHU\LQ/$('0UHTXLUHVD
model and a human analyst for the meaningful interpretation of results according to several dimensions (e.g.,
topics, student characteristics, learning environments,
HWF  G $TXLQ -D\ 7KHZRUNE\G $TXLQ -D\
 SURYLGHVQHZLQVLJKWVLQWRWKHXVHIXOQHVVRI/'
IRUHQULFKLQJDQGFRQWH[WXDOL]LQJSDWWHUQVGLVFRYHUHG
during the data-mining process. In particular, they
SURSRVHDQQRWDWLQJWKHGLVFRYHUHGSDWWHUQVZLWK/'
URIs so that these patterns can be further enriched
ZLWKH[LVWLQJGDWDVHWVWRIDFLOLWDWHLQWHUSUHWDWLRQ7KH
authors illustrate the idea by a case study of student
enrollment in course modules across time. They
H[WUDFWIUHTXHQWFRXUVHVHTXHQFHVDQGHQULFKWKHP
by associating them, via course URIs, with course
descriptions, i.e., a set of properties describing the
course. The (chain of) properties provide(s) analytiFDOGLPHQVLRQVWKDWDUHH[SORLWHGLQDODWWLFHEDVHG
FODVVLāFDWLRQ HJWKHFRPPRQVXEMHFWVRIIUHTXHQW
course sequences) and as a navigational structure.
$VLOOXVWUDWHGLQWKLVFDVHVWXG\/'FDQKHOSGLVFRYHU
new analytical dimensions by linking the discovered
SDWWHUQVWRH[WHUQDONQRZOHGJHEDVHVDQGH[SORLWLQJ
/2'VHPDQWLFOLQNVWRLQIHUQHZNQRZOHGJH7KLVLV
especially relevant in multidisciplinary research where
various factors can contribute to a pattern or phenomHQRQ*LYHQWKHFRPSOH[LW\RIOHDUQLQJEHKDYLRXUV
one can imagine the utility of having this support in
WKHLQWHUSUHWDWLRQRI/$('0UHVXOWV

DISCUSSION AND OUTLOOK
7KHRYHUDOODQDO\WLFDODSSURDFKWROHDUQLQJH[SHrience requires state-of-the-art data management
techniques for the collection, management, querying,
combination, and enrichment of learning data. The
FRQFHSWDQGWHFKQRORJLHVRI/'ØWKHODWWHUEDVHGRQ
:&VWDQGDUGV 5')63$54/ ØKDYHWKHSRWHQWLDOWR
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contribute to all these aspects of data management.
)LUVWRQHRIWKHSULPDU\REMHFWLYHVEHKLQG/'WHFKnologies is to make the data easily processable and
reusable, for a variety of purposes, while preserving
DQGOHYHUDJLQJWKHVHPDQWLFVRIWKHGDWD6HFRQG/'
DOORZVIRUDGHFHQWUDOL]HGDSSURDFKWRGDWDPDQDJHPHQW
by enabling the seamless combination and querying
of various datasets. Third, large-scale knowledge
bases available as linked open data on the Web provide grounds for a variety of services relevant for the
analytic process; e.g., semantic annotators for content
DQDO\VLVDQGHQULFKPHQW)RXUWKGDWDH[SRVHGDV/'
on the Web can provide on-demand ( just-in-time)
data/knowledge input required in different phases
of the analytic process, as this knowledge cannot be
DOZD\VIXOO\DQWLFLSDWHGLQDGYDQFH3RWHQWLDOEHQHāWV
also include representing the resulting analytics in
a semantic-rich format so that the results could be
H[FKDQJHGDPRQJDSSOLFDWLRQVDQGFRPPXQLFDWHG
to interested parties (educators, students) in different manners, depending on needs and preferences
(e.g., different visual or narrative forms). Moreover,
through its inference capabilities over multiple data
sources, originating in semantic-rich representation
RIGDWDLWHPVDQGWKHLUPXWXDOUHODWLRQVKLSV/'EDVHG
PHWKRGVFRXOGEHDUHOHYDQWDGGLWLRQWRWKHH[LVWLQJ
analytical methods for discovering themes and topics
LQWH[WXDOFRQWHQW0RUHJHQHUDOO\ZKLOHVWDWLVWLFDO
and machine-learning methods are widespread in
WKH/$('0FRPPXQLW\RWKHUNLQGVRIGDWDDQDO\VLV
PHWKRGVDQGWHFKQLTXHVØWKRVHEDVHGRQH[SOLFLWO\
GHāQHGVHPDQWLFVRIWKHGDWDØDQGRSHQNQRZOHGJH
resources (especially open, Web-based knowledge) can
make the traditional analytical approaches even more
powerful. Some of the potential enrichments provided
E\/'LQFOXGHVHPDQWLFYHFWRUEDVHGPRGHOV HJEDJV
of concepts instead of bags of words), semantic-rich
VRFLDOQHWZRUNDQDO\VLVZLWKH[SOLFLWO\GHāQHGVHPDQtics for edges and nodes, or recommendations based
on semantic similarity measures.
)LQDOO\/'WHFKQRORJLHVFDQEHXVHIXOLQGHDOLQJZLWK
the heterogeneity of learning environments and social
media platforms. In particular, one can query and assemble various datasets that do not share a common
VFKHPD7KLVDVSHFWLQLWVHOIUHSUHVHQWVDPRUHĂH[LEOH
and practical approach than previous approaches that
required compliance to a common model/schema.
However, there are also several challenges related to
WKHXVHRI/'LQWHUPVRIWKHIROORZLQJ
1.

Quality:7KHTXDOLW\RIWKH/2'GDWDVHWVLVD
concern (Kontokostas et al., 2014), and linking
OHDUQLQJUHVRXUFHVDQGWUDFHVWRH[WHUQDOGDWDsets and knowledge bases might introduce noisy
data. Although there are some initiatives for data

cleaning, this issue is far from being resolved.
2.

3.

Alignment: Besides the use of common Web URIs
among schemas, there is often a need to semantically 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
UHXVHPDMRU/'YRFDEXODULHV27 whenever possible
(e.g., foaf:name is a property depicting the name
RIDSHUVRQLQWKH)2$)VSHFLāFDWLRQDQGFRXOG
be used instead of creating a new property);
Privacy:'DWDZLWKLQ022&VDQGOHDUQLQJSODWforms is often siloed for privacy reasons. Merging

information between learning and social platforms
ZRXOGUHTXLUHIRUH[DPSOHWKDWOHDUQHUVJUDQW
access to their data and provide log-in information
for the different services they use for learning.
'HVSLWHWKHFKDOOHQJHVLQGLFDWHGDERYHDQGJLYHQ
WKHXVHRI/2'GDWDVHWVDQGNQRZOHGJHEDVHVLQVRPH
PDMRULQLWLDWLYHVVXFKDV*RRJOHNQRZOHGJHJUDSKRU
Facebook graph search and their increasing adoption
LQHGXFDWLRQDOLQVWLWXWLRQV/'LVDSURPLVLQJWHFKQRORJLFDOEDFNERQHIRUWRGD\ VOHDUQLQJSODWIRUPV,WDOVR
provides a useful formalism for facilitating the overall
learning analytic process, from raw data collection
DQGVWRUDJHWRGDWDH[SORLWDWLRQDQGHQULFKPHQWWR
interpretation of the analytics results.
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