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Chapter 1

Intro duction

First Chapter is the introduction to this Master's Thesis. Here, | formulate and
describe the main problems| should facewhile dewelopingthe nal system.| form
the goalsto adiieve. Also, | descrike the methodology of the deweloped system.

Finally, I introducethe outline of this paper.

1.1 Problem description

Learning is not attained by chane, it must be soughtfor with ardor and

attende to with diligence.
Abigail Adams, 1780

People have beenlearning for ages;to eat one had to hunt, to feel relaxed
sleep,to stay alive  avoid danger. One was obliged to learn to make his/her life
easieror, even more, to survive!

It seemsnothing has changed. Howevwer, the learning processis more organized
now than it usedto be. In general,learning canbe divided into formal and informal.

Formal learning is all we remenber from the school or the university; it is an
old traditional approad. Coursesare rigid, made onceand for all. Studerts are
pushedto go through a coursefrom beginningto the end without the possibility of
changingits cortent.

Informal learning, also known as self-directedlearning , is more natural, spon-

taneousand givesa usermore exibilit y in decidingwhen, whereand what to learn.
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We often learnthat way unconsciouslyby chatting, video conferencespbservingoth-
ers, reading blogs or wikis. It is de nitely cheaper and, what can be strange, more
e ective. In fact, most learning occurs as sud unstructured processesand is not
orchestratedor directed by learning specialists. Accordingto surveystakenin USA,
75% of organizational learning is informal [36]. Informal learning relates with col-
laborative learning, which supports communication betweenlearners,commnunities

of learnersand other forms of sharedknowledgecreation and sharing.

The 'e' in eLearning standsfor experience.
Elliott Masie, Masie Certer

eLearningis a term usedfor describingcomputer-enhancedearning procesy61];
it is naturally suitedfor distance, exible learningbut alsocanbe usedalongwith the
traditional, face-to-faceapproad. eLearningis no longer assaiated with materials
deliveredon CD-ROMs and sent acrossthe courtry [31]. Nowadays, tools like web-
basedteaching materials and hypermediain general(web pages,discussionboards,
simulations and games)are commonly used. eLearningis so popular due to the
expansionof the Internet. There are a lot of online servicesthat provide coursesfor
free or by paying, e.g. Nuvvo!, Berlin High School eLearningOnline?, eTech Ohio®.

After all, there are a considerablenumber of Web 2.0 (see Sec. 2.3) services
like blogs,wikis, fora, digital libraries, online chats or video conferencesThey allow
usersto collaborate with peersand sharetheir opinions. They are sourcef informal
learning sincea lot of relevant information is passedthere. Howeer, information is
often unorderedand it canbe di cult to nd anything.

By applying the Semanic Web (seeSec.7.2.2)to Web 2.0 serviceswe make their
content also madine readable. Thus, computerscan assistand guide usersso that
they are not lost in the seaof information [61]. The assumptionsof the Semairic
Webareful lled by introducing semanic annotations of online resources.This way,
blogs, wikis, and digital libraries becomeScacial Semaittic Information Sources(see
Chapter 7.3.1).

thttp://www.n uvvo.com/
2http://mo odle.berlinwall.org/
Shttp://www.etec h.ohio.gov



In this thesis,| focuson informal learning basedon Sccial Semartic Information
SourceqSSIS).I considersemartic blogs,semairtic wikis and sccial semartic digital
libraries as unfailing sourceof informal knowledge. Both Web 2.0 and the Semartic
Web, conbined together, allow us to create new, better solutions that go beyond
current eLearningassumptions.They form a new learning standard, eLearning2.0,
which aims at giving the ability to leveragethe community as a part of the larger
eLearningpicture [23].

Didaskon® is a system designedaccordingto eLearning 2.0 assumptions. This
is a project deweloped in the Digital Enterprise Researh Institute ® at the National
University of Ireland, Galway®; it was initiated as a working group project in co-
operation with Gda«sk University of Tednology’, Faculty of Electronics, Telecom-
munications and Informatics®. Didaskon delivers a framework for composing on-
demand curriculum from existing learning objects provided by elLearning services
(formal knowledge). Besides,it derivesfrom Sccial Semartic Information Sources

sourcesof informal knowledge. Basing on somepreconditions, Didaskon creates
a learning path which best ts a specic learner. To achieve that, the systemuses
initial information (preconditions) like a studert's needs skills, learning history etc.,
anticipated resulting skills and knowledge(goals), and technical details of the clients

platform.

1.2 Goal of this thesis

The main goal of this thesisis to dewelopIKHarv ester,an extensionfor the Didaskon
system. IKHarv esterwill be a ServiceOriented Architecture (SOA) layer. Its goal
is to capture informal learning from Sccial Semarnic Information Sourcesand store
metadata for this information. Stored data should be deliveredto Didaskon in the
form of informal learning objects that support formal onesduring learning path

composition.

“http://didask on.corrib.org/
Shttp://deri.org
Shttp://www.n uigalway.ie/
"http:/lwww.pg.gda.pl/
8http://www.eti.pg.gda.pl/



Sacial Semairtic Information Sourcesprovide heterogeneouslata. Hence,design
and dewelopmen of IKHarv ester should be supported by a thorough analysis of
them. The extensionshould provide data in a consisten, common object model.
Thus, Didaskon is able to perform more e ectiv e reasoningduring coursecomposi-

tion.

Figure 1.1: Capturing informal learning with IKHarv ester

1.3 Outline

This thesisis divided into six chapters. In Chapter 2, | presen related works; there
is an introduction to the Semaric Web and Web 2.0. In Chapter 3, | introduce
Scacial Semattic Information Sourcesand on new elLearning solutions. Chapter 4
is a summary of the designing stage; here | de ne the system requiremerns, use
cases,and architecture. In chapter 5, | descrite the implemertation proces: tools
| have used during the system dewelopmer, software helpful during writing the
documertation. Finally, Chapter 6 is lled with some conclusionsrelated to my

work.



Chapter 2

Related work

In this Chapter, | descrike the state of the art in eLearning,Web 2.0, and the Seman-
tic Web. At rst, | give ade nition of eLearningand presen how it haschangedin

years. | de ne a Learning Object that is anything onecanacquire,manageand use.
Then, | characterizethe Semarnic Web, a newer, better Web, wherethe cortent of
resourceds usedby peopleand software agens. Afterwords, | introduceWeb 2.0, a
Web dedicatedfor comnunities whosemenbers shareinformation and collaborate.

Finally, there is a description of the Semanic Web 2.0, which is a conbination of
Web 2.0 and the Semariic Web.

2.1 elearning

eLearning (Electronic Learning) [40] is the delivery of educational cortent through
any electronicmedia,including the Internet, intranets, extranets, satellite broadcast,
audio and video tapes, interactive TV, CD-ROMs, interactive CDs and computer-
basedtraining. It is expectedto squeezeout the old-fashionedlearning. In the old
approad, a studert is passiwe, pushedto learn. He/sheis obligedto obey somerules
de ning whenand wherethe classegsake placeand what is their actual cortent [33].
Thus, the learning processis constrainedand limited.

Unlike that, a learner should be given (to someextert) a free hand with regard
to selectingthe coursestedule. One should be allowed to learn just-in-time, on-

demand. Moreover, he/she should have in uence on the contents of the classes.



Learning should be customized, initiated by user pro les and businessdemands.
This is actually what eLearningis aimed at.

There are two communication technologiesusedfor eLearning: syndironousand
asyndironous. The rst expectsstuderts to gather face-to-faceor usechats, video-
conferencestc. The latter approad is characterizedby using blogs, wikis or dis-
cussionboards as tools for sharing opinions or gained experience. All in all, they

both support informal learning.

2.1.1 History of eLearning

The beginning of eLearning goes badk to the late 1950swhen tools sud as cal-
culators, VCRs, radio and bulletin board systemswere used. All thesetools have
contributed to ideasconcerningthe usesof the eLearningsystems[40].

In the mid 1980seLearning started to dewelop rapidly. It was the time when
the Multimedia Era began; Windows 3.1, PowerPoint, Macintosh and CD-ROMs
becamepopular and common all over the world [25]. Computers were supposed
to make training more transportable and visually engaging;learning becamethe
Computer BasedTraining.

In the mid 1990s,the Internet was popular enough; hence,training providers
tried to incorporate it into tuitional process.They found emails,web browsers,web
pages,media players, streamedaudio and video very helpful. A great number of
companiesenriched courseswith graphicsand web-basedtraining and made them

accessiblen the Internet. eLearningenered studert livesfor good.

2.1.2 Learning Object

eLearningis ewlving rapidly. Consequetly, there is more and more information
that can be learned. A single pieceof information is called a Learning Object.

In general,a Learning Object is something you can acquire, manageand use.
LOs [19] are reusable,modular, exible, portable and compatible. E cien t manag-
ing of learning material is crucial to make a Learning Managemem System (LMS)
work properly. The problem is, how to organize metadata so that it can be ex-

changedbetweendi erent LOs.
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SCORM

SCORM! (ShareableContent Object ReferenceModel) is a Web oriented data model
for content aggregation. This is an XML-based framework usedto de ne and access
information about LOs sothey canbe easilysharedamongdi erent LMSs. SCORM
focuseson the structure, runtime ervironment for LOs and description of learning
process[53].

The part of SCORMr relatedto this thesisis SCORM CAM (Content Aggregation
Model) which de nes how to createand managelLOs. Accordingto SCORM CAM,
the content of a learning object canbe diverse:plain text, HTML code, short movies
or even more complicated interactive course. Also, SCORM CAM includesall the

speci cations of the IEEE LOM data model.

LOM

LOM (Learning Object Metadata) is a model for represeting information about
learning objects and electronic resourcesin general; it is a standard underlying
SCORM 2004[5].

LOM de nes the way to build metadata for LOs. There are nine categoriesof

this information [18] eat of which focuson di erent aspects (seealso2.1):
2 General generalinformation about the LO asa whole

2 Lifecycle featuresrelated to the history and currernt state of the LO and

thosewho have a ected it during its ewlution
2 MetaMetadata information about the metadata instanceitself

2 Tedhnical groupsthe technical requiremens and technical characteristics of
the LO

2 Educational educationaland pedagogiccharacteristics of the LO

2 Rights intellectual property rights and condition of usethe LO

thttp://www.adlInet.go v/scorm/
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Figure 2.1: LOM structure (from [60])
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2 Relation group of featuresde ning the relationship betweenthe LO and

other related LOs

2 Annotation commerns on the educationaluseof the LO and information on

the author of the commen and time when it was written

2 Classi cation descrikesthe LO in relation to a particular classi cation system

2.1.3 Defects of eLearning

eLearningwas,and still is, agreatimportancein the educationprocess.Ilts main ad-
vantage is the convenienceand exibilit y a learneris given; onelearnswhen he/she
wants to or hastime. Another positive aspect is commnunication between learn-
ers, which allows them to shareopinions on learning material. eLearningprovides
greater adaptability to a learner's needsand more varieties in learning experience.
Newertheless,eLearningsu ers from a considerablenumber of limits and disadwan-
tages.

First of all, eLearningis course-orieted, not user-orieried. There is one course
prepared for all. Usually, coursesare not personalized[27], they are tailored for
a generic studert on one of the genericlevels of skills or knowledge. The main
assumptionis a desireto passthe course.Learning servicesusually do not take into
accoun speci ¢ user'sconditions, like wishing to broadenknowledgein wide range
of domains at the sametime [52]. Thus, a studernt is obliged to attend di erent
coursesat the sametime; someinformation can be repeatedly used.

Secondly current learning servicestreat studerts as single ertities; they do not
assumecomrmunity involvemert. A learner is merely supposedto go through the
coursealone,without responsefrom other studerts who alsoattend it. Studerts are
deprived of possibility to exchangetheir obsenations and commers.

Finally, existing Learning Managemeh Systemsuse only traditional, formal
methods  they serwe only what is supplied by the provider. Currently, in the
Internet, there is a lot relevant information which could support learning process.
Current LMSs are not capable of understanding the cortent of many web pages,

which are per se informal sourcesof knowledge.
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eLearning needsmanagemen support in order to de ne a vision and plan for
learning and to integrate learning into daily work. Howeer, current Web based
solutionsdo not meetthe requiremerts mertioned above; they bring the problem of
information overload, lack of accurate information or cortent that is not madine-
understandable.Only the coursecreatorsand studerts can understandthe content

of the course.

2.2 The Semantic Web

In this Section| point out the limitations of the current Web. | introduce the
Semartic Web and focus on its core assumptionsand solutions. Finally. | presen
the Semarnic Web 2.0, which links the Semanic Web platform into existing Web

2.0 features.

2.2.1 The current Web

The World Wide Web (Web) is an invertion of Sir Tim Berners-Leejt is a system
of interlinked, hypertext documerts (called web pagesor website) that run over the
Internet. Webpagescan cortain text and multimedia sud asimages,movies, music,
etc. They are navigated by using hyperlinks and viewed with a Web browser [63].
Web data is accessibleand exdhangablethrough HTTP protocol.

Web pagesare written in HTML language.Ead pagehasits own URL (Uniform
ResourcelLocator), which is a synorym of URI (Uniform Resourceldenti er). A
website can cortain hyperlinks that connectit with other sites.

On the one hand, there is an abundanceof valuable information. On the other
hand, the information is not madine readable. Take the following senence as
an example: Bob Marley was a Jamaican reggaemusician. This sertence is an
establishedfact, understood by a human. Howeer, it doesnot bring any particulars
for a machine. One can ask: why should machines understand web page cortents,

whentheseare peoplewho look for it? Nothing more confusing.
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Simple scenario

Imagine Adam, a young man with a broad music taste. He had listened rock and
ska music for ages. Once he heard a reggaesong by Bob Marley on his favorite
Internet radio. He really liked the song, and wanted to learn something about

reggaemusic and Bob Marley.

The perfect situation assumeshe nds a reggaemusic fans comnunity where
a great many information and useful links could be found. Even the previously
mertioned sertence about Bob Marley could, for a start, satisfy Adam asit brings
someknowledge. But, this sertence can be hidden in the mids of the accurnulation
of web pages.Computers'task isto nd it.

But, again, how can the computer nd anything when it doesnot comprehend
it? It must be somehav described, sothat a macine can distinguish one piece of
information from another. The above-merioned scenarioportrays the importance
of appropriate resourcesde nition. Without it, computers are not able to help

peoplederive the boon of the Internet.

2.2.2 The Semantic Web

The SemanticWebwill bring structure to the meaningful content of Web
pages,creating an environmentwhele software agentsroaming from page

to pagecan readily carry out sophisti@ated tasksfor users.
sir Tim Berners-Lee

The word semaric standsfor the meaningof. The Semarnic Web encom-
passes orts to build a new World Wide Web architecture that enhancescontent
with formal annoations. It is supposedto createa universalmedium for exchanging
information in away understood by computers[62,17]. Consequetly, browsingand
searting in the cyberspaceis simpli ed.

One of the most important advantagesof the Semarnic Web is exibilit y. Dif-

ferert kinds of data can be used altogether and diversetypes of analysis can be
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applied over it [64]. For instance, a book can be descrited with Dublin Core [9]
annotations’ whereasinformation about the author can be expressedoy using the
FOAF (Friend-of-a-Fiend)® vocabulary [7]. Moreover, vocabulariescan be easily
broadenedby creating modulesor sets[21].

Thanks to semanic annotations, somereasoningand inferencecan be performed
on using a learner's description (his/her identity, relationships). As sud, the Se-

marntic Web represeits a promising technology for realizing eLearningrequiremens.

Figure 2.2: The Semartic Web Stadk (from W3C)

The Resource Description Framew ork

Semattics ertails descriptionissuessothat artifacts are understood and e cien tly
processedy macdines. The ResourceDescription Framework (RDF) is a model for
metadata description. It is a W3C* standard for describingweb resourceswhich
have beenassigneda URI by which they can be identi ed. It was designedto be

read and processedy macdhines,not to be displayedto people. On accoun of RDF,

2http://dublincore.org/
3http://www.foaf-pro ject.org/
“http://iwww.w3.org/
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programsor automated scripts (crawlers) cane cien tly seard, discover, collectand
processinformation from the Web.

RDF is basedon statemert concepts. In a statemert, there is a subject, a
predicate and an object; altogether they are called a triple (a statemert) [58]. A
collection of RDF statemeris producesa directed graph in which arrows point from
subjects to objects and texts on arrows are predicates.

A fact Ronaldo is a football player canberepreseted by an RDF state-

mert that hasthe following structure:
2 asubject (resource): Ronaldo
2 a predicate (property): is a
2 an object (value): football  player

Supposing all three parts are attributed with URI with http://example.com

namespacethe above statemen can be illustrated by a graph shoved on Fig. 2.3:

Figure 2.3: RDF statemert

Besidesthe graph, RDF N3 represemation canbe usedto shaw triples and rela-
tionships betweenthem. Seethe List. 2.1to learnthe structure of N3 represemation

of the above showved graph.

Listing 2.1: N3 RDF represemation

<http:// example.com/ people# Ronaldo>

<http:// example.com/ property# is>

17



<http:// example.com/ profession# footbal _player> .

Using triples is e ective and very popular. Howewer, for the represemation rea-

son, XML languagecan be employed aswell (seelList. 2.2).

Listing 2.2: RDF/XML represemation

<?xml version="1.0"?>
<rdf :RDF
xmins: rdf="http://www.w3.o0rg/ 1999/ 02/ 22; rdfj syntaxj ns#"
xmlns: property="http://www.example.com/ property#">
<rdf:Description
rdf :about="http://www.example.com/ people# Ronaldo">
<property:is
rdf:resource=
"http://www. example.com/ profession# footbal _player">
</rdf:Description>
</rdf :RDF>

RDF Vocabulary Description Language

Accordingto W3C [59], RDF aims at represemn information on the Web sothat it is
processabldoy madine agerts; RDF Sthemais a sematic extensionof RDF. It is
a description languageof the vocabulary of RDF [11]. Consequetly, it is possible
to describe groupsof related resourceqtheir domain and rangesof properties) and

relations betweenthem.

Ontologies

Ontology is a word with quite a handful of meaning. The term is borrowed from phi-
losoply. It refersto the scienceof describingertities in the world and relationships
betweenthem.

Although RDF and RDF Sdcema are helpful in expressingsimple statemerts,
they lack when usedin more complex cases.That is why Web Ontology Language
(OWL) wasdeweloped. OWL is a markup languagefor publishing and sharing data

using ontologies on the Internet. It consistsof three sub-languages:OWL Lite,
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OWL DL and OWL Full. Ead sub-languageencapsulateshe former ones. It is
mainly the level of restrictions, which distinguishesthem.

An OWL ontology contains a description of classes,properties and their in-
stances[56, 57]. Also, it allows us to de ne cardinality constraints on properties,
specifying transitivit y and unigqueness.

In general,an ontology represems a domain and objects within that domain. It
is a form of knowledgerepresemation of sudy domain. Below, | oresen the list of the

most popular RDF Schemametadata de nitions for speci ¢ domainsof interests:
2 peopleand sccial networks: Friend Of A Friend (FOAF)®
2 gnline discussions:Semartically-In terlinked Online Communities (SIOC)®
2 career: Description Of A Career(DOAC)’
2 project: Description Of A Project (DOAP)?2

2 thesauri, taxonomiesand subject-heading systems: Simple Knowledge Orga-

nization System(SKOS)®

Searching and browsing

The most popular way to seard on the web is text searding. It is supported by
Google, Yahoo and other seart engines.One just enters the query string and then
is given a set of possibleanswers. The list is huge and often consistsof garbage
information, though.

Sematrtics tries to enhancesearting process. It is achieved by introducing se-
mantic indexing and query re nement. The former makesit possibleto measure
distancebetweenterms; the latter improvesimprecisequery string sothat more ad-
equateresults are found [29]. Using dictionaries, like WordNet!°, can boost seard-

ing processby eliminating disambiguity causedby using homoryms, synoryms and

Shttp:/iwww.foaf-pro ject.org/
Shttp://sio c-project.org/
"http://ramonan tonio.net/doac/
8http://usefulinc.com/doap/
Shttp://www.w3.0rg/2004/02/sk os/
Ohttp://w ordnet.princeton.edu/
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words usedin non-basicform. As described earlier, RDF consistsof graph struc-
ture and literals. Thus, a seart can be performed by using both keywords and

structured queries.

2.2.3 Semantic Web and eLearning

eLearningaims at just-in-time, task relevant learning. No longer should there be
a certralized authority (teacher) who foists already de ned coursesdedule on stu-
derts. It is impossibleto satisfy all students’ needsbecausethey di er one from
another.

The Semanic Web can be successfullyemployed for describingLOs which rep-
reserts learning material. Software agerns can perform cortinuous scanningof se-
mantic descriptions of LOs to build a huge, decerttralized knowledge repository.
Additionally, agents may use a commonly agreedservice language, which boosts
their cooperation. Consequetly, creating a courseadjusted for a speci ¢ learneris
becomingsigni cantly simpler and faster. Then, it is possibleto usediversetypes

of learning objects.

Limitations of the Semantic Web

Sofar, | have pointed out a great many virtues of the Semanic Web, especially
when introducing it to eLearning. It distinguishesitself with prefect theoretical
assumptionsand solutions. Newvertheless,practical experiencehas proved that the
Semaric Web s far from changingthe vision of the Internet; it needssomehelp to
becomea reality and facethe current problems.

Somescciety-scaleapplications are required. The above mentioned agerts are
necessaryto processdeceitralized semartic annotations, which must be createdas
well. To make shareddata real, somemore advancedcollaborative applications are

required.

20



2.3 Web 2.0

Although Web 2.0 is currently a very popular term, it is di cult to give its precise

de nition. EvenTim Berners-Leethe inventor of the Internet hasdi cult in doing

that:

Web 1.0 was all alout connecting people [...] It was an interactive
space, and | think Web 2.0 is of course a piece of jargon, nolody even
knowswhat it means. If Web 2.0 for you is blags and wikis, then that
is people to people. But that was what the Web was supmsel to be all

along.

sir Tim Berners-Lee

In short, Web 2.0is the Web where peoplemeet, collaborate and shareanything
that is popular by using social software applications. The term refersto secondgen-
eration of Internet-basedservices:blogs, wikis, communication tools and platforms
like del.icio.us?, Flickr'?, Skype'?, Wikip edia'#, last.fm*®, Tednorati?®.

Web 2.0 applications derive from new techniquessud asrich internet applica-
tions (RIA), Asynchronous JavaScript and XML (AJAX), semairtically valid Ex-
tensible HyperText Markup Language(XHTML), CascadingStyle Sheets(CSS),
Syndication and aggregationof data in RSSor Atom, cleanand meaningful URLs.
A user of Web 2.0 must feel as if he/she usedtraditional desktop applications to
shareanything with the community.

In accordancewith Tim O'Reilly [43],the meaningof Web 2.0 can be preserted

by cortrasting the traditional Web with new Web 2.0in Table 2.2.

http://del.icio.us/
2pttp:/lwww. ic - kr.com/
Bhttp://www.skyp e.com/
nttp://en.wikip edia.org/
Bhttp:/iwvww.last.fm/
http://www.tec hnorati.com/
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Table 2.1: New trends in the Web (concept: [43]).

Web 1.0 Web 2.0

platforms Netscape, Internet | GoogleServicesFlock
Explorer

web pages static personal web- | dynamic blogging
sites

portals Content Managemem | wikis
Systems

encyclop edia | Britannica Online Wikip edia

arrangemen t | directories (tax- | tags (folksonomies)
onomies)

2.3.1 AJAX

AJAX is a web dewelopmern technique to create web applications as if they were
desktopones. The aim is to exdhangeonly small amourts of data with a sener; this
should be performedbehind the scenesNo longer should ertire pagebe (re)loaded.

One of the rst Web 2.0 applications was Google Maps'/, a set of interactive
maps of the world. One can watch diverseviews of the world, changethe way the
views are displayed and personalizethem. There is a constart dialog betweenthe

sener and client application, but a pageis not reloaded.

2.3.2 Democracy

Demcacracy in Web 2.0 is very important [12]. Users, often amateurs, collaborate
and shareanything that is popular. Without users,many Web 2.0application would
not live for long.

Del.icio.usis a collection of favorites. The ideais basedon keepingbookmarks
and sharing them with other users;userscollaborate and shareinformation. It is
similar with Wikip edia, a free encyclopedia. Wikip edians can write new articles,

edit existing ones. Yet, all Wikip edia usersare anxious about the quality of their

http://maps.go ogle.com/
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encyclopedia. There are even Web 2.0 newsservicesJike Reddit*®. It is a setof news
items and articles which were found interesting by other people,and consequetty
addedthere.

Aforemertioned examplesexposethe importance of the Internet users.Web 2.0
existsand is becomingmore and more popular sinceuserstry to ewlve, expandand

improveit. One canshareanything andin return is allowedto useothers' products.

2.3.3 Social network

A sccial network consistsof userswho collaborate and share, using the Internet,
which brings about online communities  social networks (seeFig. 2.4). The main
reasonwhy a user belongsto sacial networks is the desireto shareand meet oth-
ers with a similar domain of interests. Collaboration is a good way of reading
information and knowledge[46].

Communication can be divided to three modes, which is classi ed on the basis

of the techniquesused:
2 one-to-one emails,instant messaging
2 one-to-mary  web pages,blogs(seeSec.3.1.1)
2 many-to-many  forum, wikis (seeSec.3.1.2)

Networks have diversesizes.In a small, tight one,there are few peoplewho form
a kind of a private area. Howewer, there can alsobe a lot of participants with loose
connections(weak ties). From the collaboration point of view, the latter mode is
more valuable as it is more probable to introduce new ideas. Hence, it is better
to have connectionswith other networks than with only one. Howewer, unlimited
accesdo information exchangecan involve somerisk; there is a possibility that a
sccial network is o oded with unneededinformation. To avoid that, or at least to
limit the possibility of reacing poor data, rating and annotating sharedresources

wereintroduced.

Bhttp://reddit.com/
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Figure 2.4: An exampleof a sccial network

Scale-free network

In a scale-freenetwork, there are many very connected nodes (hubs) which have
high degreeof connections. The important characteristics of scale-freenetworks is
that the ratio of thosewell connectedhubsto the number of nodesin the rest of the

network remainsconstart asthe network changesin size.

2.3.4 Tagging

A tag is a label assaiated with or assignedto a piece of information sud as a
web page,a photo or a movie. It is a keyword, which les and classi esresources.
Popular servicesthat usetags are del.icio.usand Flickr. The former usestags to
label favorite web pages,while the latter employ them to marker photos.

A tag cloudrepresets a collection of tagsin away a useris capableof distinguish
more popular tags from lesspopular ones;the former are written in biggerfont than
the latter. Popularity is seeneither by the number of items that have beengiven a

tag (like at Flickr) or the number of times the tag hasbeenapplied to a singleitem
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(like at last.fm). Clicking on a tag from the cloud shows the list of resourceswhich
were labeledwith that tag.

The TagCommon$® project is aimed at creating ways to shareand interoperate
over tagging data. The idea of the project is to benet from rich sccial tagging
acrossapplications, communities, and spacedy introducing an ontology for tagging

descriptions.

2.3.5 Mashups

A mashup is a web page which o ers a number of online servicesfrom various
sources.It allows using existing applicationslike Google Maps*°, Google Calendar?!
or Yahoo! Ul Library (YUI) %2 It is possibledueto accesgo their public APIs, Web
feeds(RSSor Atom) and JavaScript.

2.4 Semantic Web 2.0

Formerly, | have introducedthe Semaric Weband Web 2.0- newtechnologieswhich

have impacted the Internet developmen. The former is a low-level solution whose
assumptionis to produce standards and recommendationshelpful in interlinking

applications, the latter is high-level, userexperience-mindedand supposedto provide
userapplications [21, 65].

Both thesestandardscan be overlappedto make evenbetter bene ts. By involv-

ing Web 2.0 techniquesinto the Semaric Web solutions, we get Semaric Web 2.0
applications which not only act as desktop ones,with a ne looking userinterface,

but alsocarry information understood by madhine agerts.

2.4.1 Metadata development

There are three approadesto creating metadata. They can be created by profes-

sionals, by authors or directly by users.

Phttp://tagcommons.org/
2Ohttp://maps.go oge.com/
2Lhttp://www.go ogle.com/calendar
22http://dev eloper.yahoo.com/yui/
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Table 2.2: Metamorphosisof the Web (concept: [21]).

Web 1.0 Web 2.0 Semantic Web
2.0
web pages static personal| blogs Semarnic Blogs
websites
portals Content Manage-| wikis Semairtic Wikis
mernt Systems
search engines Altavista, Google | Google Per- | Swoogle, The
sonalized, SHOE Seart
dump nd.com Engine

books, articles Project  Guten- | Google Sdolar, | JeromeDL,NDSL
berg Google Book

Seard

collab oration MessageBoards Community Por- | Semaric Forums,
tals Community Por-

tals

socializing AddressBooks Online Scrial Net- | Semaric  Sccial
works Networks

Web space Sceial Seman-

tic Information

Spaces
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The mosttraditional statesthat the metadatais createdby dedicatedprofession-
als; it hasa form of catalogrecordscreatedby complying to complexedrules which
are not understood by laymen. Moreover, organizingand deweloping the catalogsis
expensiwe and time-consuming.

Author-created metadataapproad assumeshat authors are responsiblefor sup-
plying their work with metadata sincethey know them best. It helpswith the scal-
ability problem, but still usersare only the recipierts and do not have the in uence
on the data.

User de ned metadata solvesthe scalability problem and involves usersin the

cataloging process[35].

Folksonomies

Tags(seeSec.2.3.4) arosealong with Web 2.0; they played the role of taxonomies
were supposedto to classifyresources.Taxonomiesare deweloped with cortrolled
vocabulary; usersare imposedwith them.

The Semanic Web 2.0 has set usersfree from using prede ned vocabularies. It
gave one more freedomin that eld by introducing folksonomies.One of the most
popular servicesthat involve folksonomiesare del.icio.usand Flickr. As the name
suggest(it is a combination of words folk and taxonomy ), a folksonony is being
deweloped by folks (users) who collaborate. A more technical de nition says it is
an open-endedlabeling systemwith low eriry coststhat enablesinternet usersto
categorizecontent usingtags. Tagsin a folksonony are metadata about categorized
resourcesthey make a body of information considerablyeasierto seard, discover,
and navigate over time.

In other words, folksonomiesare the simplestway of knowledgerepresemation
in the Semanic Web 2.0 depiction. At the sametime, they bring into the Semairtic
Web 2.0the wholepotential of Web2.0. That is why they alsoappearedin table 2.2.

As | stated earlier in this paper (see Sec.7.2.2), the Semarnic Web is about
describinginformation soit is readableand understood by madines.

An important aspect of of a folksonony is usinga at namespace.There is no

hierarchy concerningtags. A parert or asibling of atag cannotbe speci ed. Instead,
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a tag canbe interlinked with othersrelated tags. The relationship is establishedby
analyzing the URLs. Related tags can be usedto broaden or widen the range of
found information andto nd information somehav assa@iated with current tag [35].

The mostimportant limitation of folksonomiesis the fact that there is no scope
information and systematicguidelines,which resultsin ambiguity. A tag caninclude
a large number of information from di erent subject matters. Then there is no
synorym cortrol. How to classify photos of onesel? In me or selfportret tag?
Then how to read the mostappropriate information about Macintosh? By searting
in apple or macintosh tag? There alsois a problem concerningmultiple words
and spacesasusually multiple words are not allowed. Finally, the problem of plural
and singular forms and conjugated words appears. There is no strict rules which
form should be chosen.As | said, a useris given a free hand in tag's nameselection,
sothere is arisk of existing tags which are senseleser a few versionsof the tag that
could be namedonceand for all with one name.

Howewer, these problemscan be solved in simple ways. One way is to educate
usersto add better tags. They should be advisedto use plurals in basic forms.
They also shall be taught not to make spelling errors and avoid personaltags (e.g.
mydog ) that are meaninglessto the community. Then, tagging systemsshould
catch misspelledand not recommendedvords and give usersadviceat run-time [34].
There are someinitiativ eswho try to learn how to order tags in folksonomiessucd

astaga.licio.us.

23Taga.licio.us: away to integrate del.icio.us  http://frenc hfragfactory.net/ozh/arc hives/2004/10/05/tagaliciol

a-way-to-integrate-delicious/, accessedDecenber 28, 2006
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Chapter 3

Social Semarnic Information Sources

and eLearning 2.0

The goal of this Master's Thesisis to employ Sacial Semartic Information Sources
for eLearning;that is why it is necessaryto understandwhat the Semaric Web 2.0
is and how it canbe usedfor eLearning. Sofar, | have introducedthosetechnologies
(seeChapter 2). In this Chapter, | explain the idea of Sacial Semartic Information
Sources(seeFig. 3.1) and make a review of their most popular examples(semartic
blogs, semartic wiki, and Sccial Semanic Digital Library). Usingthat information,
I de ne a commonmodel of SSISand proposea consisteh way of its description.
Then, | present eLearning 2.0, a new approad which tracks informal learning so

widely available in the Internet.

3.1 Examples of Social Semantic Information

Sources

3.1.1 Semantic Blogs

Accordingto Moeller [37], blogs (weblogs)are online journals or diaries createdand
leaded by one to publish their opinions, thoughts and web links [42]. Although
most blogsare textual, somefocuson photographs(photoblog), videos(vlog), audio

(podcasting). In general,blogsare part of the wide network of social media.
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Figure 3.1: Location of SSISin the Web ( gure concept: [21])

A blog's owner canbe motivated by the desireto introducethemsehesto others.
He/she canbe alsoa beginningwriter who looksfor the audience.Finally, a blogger
can be a professionalin some eld of interest, e.g., a specializedphotographeror a
master of science.Anyway, whoewer the bloggeris, his or her main reasonto create
the blog is to sharesomeinformation with the broader comnunity.

Blogs are updated by habitually writing new ertries (posts). They are usually
showed to visitors in reverse chronological order. New posts can be syndicated
with headlines,hyperlinks and summary using RSSor Atom formats. This allows
interestedreadersknow about changesto the blog.

Visitors can read posts and annotate them. Due to Tednorati!, blogs are pow-
erful sincethey allow millions of peopleto easily publish and sharetheir ideas,and
millions more to read and respond. They engagethe writer and readersin an open

corversation, and are shifting the Internet paradigm aswe know it.

Lhttp://iwww.tec hnorati.com/
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Blog as atool in eLearning

Accordingto Tednorati statistics from August 2006, there were ft y million blogs
in the Internet, and their number had beendoubling every six months or so since
November 2002. At that stage,the number was one hundred times bigger than it
had beenthree yearsearlier. That day, about 175 000 new blogs and about 1.6
million posts were created eat day. These numbers demonstratethe potential of
blogs.

Being so popular, blogscan support the learning process.Yet, not only do they
remove the technical barriers to writing and publishing online, but, thanks to their
format, they alsoencouragestuderts to sharingtheir ideas.

Accordingto O'Hear [41], Will Richardsonwas one pioneeringeducationalblog-
gers. By using Manila3, a blog software, he encouragedhis English literature stu-
derts to publish a reader'sguide to the book The SecretLife of Bees . The author
of this book helped in that experimert by answering questionsand commerning on
what the studerts have written. This way, a small comnunity of peopleinterested
in a certain topic arose.

Will Richardsonsucceededincehe relied on the main conceptsof weblogs,the
power of collaboration, which can be usedin eLearning. Studerts can useweblogs
for exchanging their experience, publishing their notes or gained knowledge. Yet,
other studerts or eventeacherscanwrite annotationsto expressheir feelingsabout

recordsof one'sthinking.

Syndication of blog content

Blogswould not be sohelpful in studying if it werenot for exposingmadine-readable
listings. There is a family of XML-based standardsfor describingthe cortents of a

blog. Syndication servicesgenerate feeds ,which are portions of information about

changesto a blog. The most popular standards[22] are Really Simple Syndication
0.92, Atom and the RDF Site Summary 1.0 (it fully supports RDF).

2State of the Blogosphere,August 2006  http://www.sifry .com/alerts/arc hives/000436.hml;

accessedDecenber 29, 2006
3http://manila.userland.com/
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Semantics for blogs

Thereis alarge number of blogging publishing servicesavailable, suc asBlogger* or
WordPresS. That servicesprovide a wide range of tools for creating and managing
blogs. Howevwer, they lack from semartic description of the cortent: topic of the
posts, their cortent or connectionwith other posts, perhapsfrom others blogs.

To make a blog also macdine readable, rich metadata for its content must be

provided [54]. The metadata can belongto one of two domains:

2 structure  information about the composition of a blog. It descrikesa blog

itself or its parts (posts, commerts, hyperlinks) and relations betweenthem

2 cortent describesa post's topic, which can be an ewvert, a person,a book

etc. The structure of the cortent dependson what it really descrikes.

The data can be either mixed in a post (seenby a reader) or added in a hidden,
computer-understandableRDF format. Due to RDF, computerscan interpret and
processthe metadata; madhinescan nd connectionsbetweenone'sblog postsand
other blogs, quickly obtain information about a post's author or a described evert.
Consequetly, browsing and exploring blogosphereis more e cien t.
Sematically-Interlinked Online Communities (see Sec.3.2.1) project (SIOC)®

deliversa plug-in (SIOC Exporter) for a few most popular blogging platforms:
2 WordPresg one of the most popular bloggingtool
2 DotClear®  blogging platform usedmostly in French
2 Drupal® corntent managemen platform for blogsand fora

2 p2ewlution®

“http://www.blogger.com/
Shttp://w ordpress.org/
Shttp://sio c-project.org/
"http://lw ordpress.org
8http://www.dotclear.net/
http://drupal.org/
Ohttp://b2ev olution.net/

32



SIOC plug-in adds additional information about the site, a hyperlink to extract
RDF documert for the whole blog or its posts. These metadata descrike the blog
who hosts a post, and gives someinformation speci ¢ for a blog post, the author,
the topic, external links, the date of creation, the cortent of the post, etc. To learn

more about SIOC project, see3.2.1

3.1.2 Semantic Wikis

Wiki is an interlink ed websitedeweloped and maintained by a community. The most
popular wiki enginesare MediaWiki'* (Wikip edia? is basedon it) and MoinMoin
Wiki 13,

The invertor of Wikip edia is Ward Cunningham; he introduced its idea at a
programming languagepattern group. A wiki hasa simple text syntax for creating
new pages.Userscan easily createthe corntents (ad hoc) and edit existing informa-
tion using a web browser. They do not have to even be loggedin to do that [16].
Wiki provideseasyand deeplinking by using names.In other words, if a wiki page
contains a word or phrasewhich is the topic of another pagein that domain it is
automatically linked to that page. That, quite straightforward feature, improves
navigation; moreover, this works for pageswhich do not exist yet.

As eweryoneis allowed to interfere what other see,the cortents must be cheded

only then the information a wiki provides is reliable. Each community mem-
ber can be a moderator. Reliability is achieved with versioningand di features.
Eadh wiki page has a history of changeswhich can be easily tracked by compar-
ing di erences betweenthem. Thus, in caseof occurrenceof errors changescan
be easily reverted. All the aforemenioned features make wikis a powerful tool for
collaborative work.

There can be many reasonsfor creating a wiki. Wikip edia is the most popular
encycloedia basedon a wiki enginein the Internet. Wikis can also be usedto

managethe opensourcesoftwaredocumertation, like Jakartal4 does. It is corveniert

L http://www.media wiki.org
Phttp://wikip edia.org/
Bhttp://moinmoin.wikiwikiw  eb.de/
nhttp://jak arta.apache.org/
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to usea wiki asa personalinformation managemen system. Finally, it is commonly

usedas a discussionplatform in companies'intranets (seeTWiki °).

Semantics makes wiki better

Wikis seemto be a good way of making peoplecooperate and a powerful informal
sourceof knowledge. To better usetheir potential, the structure and the content
of wiki pagesshall be modeledby using semartic description. Semaric wikis allow
userto add additional metadata(semartic descriptions)for described concepts.This
data shall mark the place of its occurrencesothat the systemis capableof extract
relevant data without understandingthe rest of the text. As a result, it helpsto
organize,seart, browse,share,and annotate the wiki's content. Semairtics enhance
the searting processjt is not limited to only keyword basedsearting. It introduces
gueriessimilar to structural databases.

For instance, a wiki with articles about rock songscould annotate these pages
with little piecesof additional data (written in RDF), suc as this songwasmadeby
Red Hot Chili Peppers , or This songwaspublishel in 2000. A userdoesnot have
to know RDF syntax to annotate. Thus, the wiki can reasonon the annotations
and for instanceread songsof a speci ¢ band.

Currently, there are few Semanic Wiki solutionsworking:
2 Semaric MediaWiki®  extensionof MediaWiki (seeSec.3.1.2)
2 lkewikil”  web-basedwiki (prototype)

2 Makna'® its engineimplemertation is basedon JanneJalkanen'sJSPWiki'?;

it usesJen&®, the Semaric Web engineusedby HP

2 SemperWiki?t  a semartic personalwiki deweloped for the Gnome desk-
top [44]

http://t wiki.org/
16http://meta.wikimedia.org/wiki/Seman tic_MediaWiki
http://ik ewiki.salzburgresearb.at/
Bhttp://www.apps.ag-n bi.de/makna/

Bnhttp://www.jsp wiki.org/
2Ohttp://jena.sourceforge.net/

2 http:/lwww.semp  erwiki.org/
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There are three ontologiesdesignedto deal with wikis:

2 WikiOnt?? aims at integrating Wikip edia (and by extension other

MediaWiki-basedsites) into the Semaric Web framework
2 SWIFTZ

2 SIOC (seeSec.3.2.1).

Semantic MediaWiki

MediaWiki is one of the most popular wiki engines. The most known wiki,
Wikip edia, is basedon it. Howewver, MediaWiki does not support the Semairiic
Web demands. Although, the HTML code is to someextert semartic, there is no
placefor sud featureslike OWL and RDF.

To make a MediaWiki-lik ewiki a semartic one,onecaninstal the Semaric Medi-
aWiki extension[16]. Its goalis to make important parts of MediaWikis knowledge
madine processablewith as little e ort as possible. For that reason,there are
instructions on how to improve typed links, attributes and types, and introduced
semaric templates.

Typed links are treated like sematic relations betweentwo conceptsdescrited
in articles. A typed link is obtained by extending the way of creating a hyper-
link. Let us take the main page of Corrib Clan Wiki?* as an example. On this
site, there is information about Corrib Clan like projects deweloped by their mem-
bers and the supervisors. There are a number of typed links on that page. The
hyperlink to the article about Didaskon not only givesthe pagelocation but alsoin-
troduce someadditional information, that Didaskon in subprgect of Corrib: [[has
subproject::Didaskon]] . From this template, an HTML hyperlink is contained.
This template is built from two main parts. First part (the expressionbefore:: )
descrilesthe relation; the secondpart (after :: ) is a hyperlink to the article within

the wiki. So,this examplesays that Didaskon is a subprgect of Corrib.

22http://sw.deri.org/2005/04/wikip edia/wikion t.html
Zhttp://on toware.org/projects/swift/
24http:/iwiki.corrib.org/
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Besidestyped links, Semariic MediaWiki introducesbetter way to manageat-
tributes of concepts. Sinceead typedlink connectstwo wiki pages,not all informa-
tion can be stored asa relation. For that reason,oneusesattributes. On the above
mertioned Corrib Clan Wiki main pagethere are a few attributes aswell. For exam-
ple, [[is supervised by:=sebastian_DOT_kruk@deri.org]] meansthat Corrib
Clan is supervisedby SebastianKruk. The di erence betweena typed link and an
attribute is the operator; now it is :=.

Relations and attributes descrile the concept of an article in a macdine pro-
cessableway. A set of relations and attributes is situated on the bottom of the
article page. But madines are not obliged to scrape the content of the page.
Semaric MediaWiki allows extracting these annotations with an RDF feed. For
http://wiki.corrib.org/index.php/Main_Page , the RDF descriptionis available
at http://wiki.corrib.org/index.php/Special:ExportRDF/Main+Page . More-

over, Semartic MediaWiki allows querying on-the-y.

DBp edia.org

DBpedia.org® is a project that aims at extracting structured information from
Wikip edia and to make this information available on the Web. The information
is often published on Wikip edia articles in special boxesby using special templates.
Also, DBpediaallows usto askqueriesagainstWikip ediaand to link other datasets

on the Web to Wikip edia data.

3.1.3 Social Semantic Digital Library

In this Section,| focuson Semartic Digital Libraries. | presen how they introduce
freshnessto traditional libraries. | explain the reasonfor applying semarics to
them. Finally, | describe JeromeDL,the rst Social Semanic Digital Library. All
in all, I point out the importance of Sacial semattic Digital Libraries to learning

process.

2Shttp://dop edia.org/
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Digital Libraries

A library is a sourceof organizedknowledgein various areas. Popularity of comput-
ersand the Internet expansion,brought in digital libraries [6]. In a digital library,
resourcesare macdiine readableand full-text index improves searting. Resources
becomeavailable and easily accessibleghrough the Internet.

There were some quite innovative methods adapted to digital library comrmu-
nities: taxonomies, thesauri and classi cation schemes. They were introduced to
improve managemen of the signi cant collections. Managing resourcesn a digital
library would be impossibleif they werenot su cien tly descriked; electronic anno-
tations play an important role sincethey bring more information about books. The
most popular description formats are MARC21, BibTeX and Dublin Core.

Besidessearting and reading,usersare allowedto download resourcedor further
use. In fact, downloading seemsto be a substitute for traditional book borrowing.
Digital libraries alsohandle accesgights. Someresourcesan be hidden from users

who do not have enoughpermissionsto accesshem.

Semantic Digital Libraries

Digital libraries already have cortrolled vocabulary and taxonomies. All of them
even have metadata in place. In semartic digital libraries, rich and extensiwe se-
mantic annotations (metadata) make resourcesaccessiblenot only with madines
but alsoby madines.

The metadatais modeledwith RDF (seeSec.2.2.2). Searting is more e cien t
and givesmore accurateresults; it re ects meaningsof terms.

Currently, there are a few semattic digital libraries:

BRICKS 2¢ isafully decerralized platform that allowslow-cost,transparert access
to distributed information sourcesby Web Services. It is internationalized,
easyinstallable and manageable . BRICKS is still in dewelopmer stageand is

plannedto support existing systems,not replacethem.

Artifacts, which arefrom cultural heritagedomain, arearrangedin hierarchical

structure and can be stored internally or in any other place by keepingtheir
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references. It also supports various metadata schemasde ned in OWL-DL.
Bibliographic resourcesare described with RDF. Again recordscan be queried
in SPARQL.

Fedora?’ is a service-orieted platform for managing and delivering digital con-
tent. It is deweloped jointly by Cornell University Information Scienceand
the University of Virginia Library. By using SOA, Fedora'sdewelopersaspired
to achieve interoperability and exibilit y. Digital objects consistof linkages
between data streams (internal or external cortent les), in-line or external
metadata, system metadata and behaviors, that are code objects providing

bindings and links to disseminators.

SIMILE 2?8 (Semartic Interoperability of Metadata and Information in unlike En-
vironmens) is deweloped by W3C, HP, MIT Libraries, and MIT's Lab for

Computer Science.

SIMILE project providessometools for metadatamanagersand commonend-
users. They all dealwith RDF: allow to extract XML and HTML les, inspect
and edit RDF les. SIMILE extendsand leveragesDSpaceand makeslibrary
metadata managemen easierby facilitating browsing, searding and mapping

heterogeneouslata in RDF.

JeromeDL the Social Semantic Digital Library

Sofar, | have described innovative semartic digital libraries. | have presened how
the Semaric Webimprovestheir features. The potential of semaric digital libraries
canbe even moreimproved by applying Web 2.0 abilities. A semairtic digital library
cangive somespacefor collaboration. Userscanleave atrace by making annotations
and evaluations of the resources By supporting Web 2.0 collaboration aspects(com-
merts, blogs, sharedbookmarks, tagging, etc.), a sematic digital library becomes
a sccial semartic platform. Also, it turns into a dynamic collaborative informal
knowledgerepositories. A sccial semaric digital library aims at integrating infor-
mation collectedfrom heterogeneousnetadata sources,like resourcesdescriptions,

user pro les, bookmarks and taxonomies.
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JeromeDL ?° [49] is deweloped at Digital Enterprise Researb Institute, Gal-
way3® (DERI) with collaboration from Gda«sk University of Tednology*! by a
group of MSc and PhD studerts, including myself. It has 2-layer metadata en-
richmert. The lower level, MarcOnt Mediation Service,supports legacy metadata
(DublinCore [9], BibTeX and MARC21 [1]), which allows interoperability with al-
ready existing digital libraries systems[48, 47, 26].

The upper level is community oriented [31]; a comnunity of userscan interact
in a Web 2.0 manner by tagging resourcesthrough Scacial Semanic Collaborative
Filtering (SSCF) [50]. Users can evaluate and annotate resources. Users' data
is stored in a private bookshelf, in sematically annotated directories. They can
sharethis information with other users,baseon their pro le, which is managedby
FOAFRealm [30, 13].

In JeromeDL, content managingand browsingis simpli ed dueto an intelligent
seart engine. Userscan form queriesevenin natural language(NL) by using query
templates.

There are seven ontologiessupported by JeromeDL and they can be grouped as

follows:
2 Userpro le managemeh componert

FOAF  Friend-of-a-Fiend - describesperson/agen pro le

FOAFRealm allows identity managemen
2 JeromeDLresourcestructure managemehn  JeromeDL

2 MarcOnt Mediation Service[48, 47,26] metadata about bibliographic re-

sources
DublinCore

BibTeX

MARC21

2http://jeromedl.org/
3Ohttp://www.deri.ie/
3Lhttp://lwww.pg.gda.pl/
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MarcOnt

Among other features, JeromeDL also allows exporting the description of its
resources.One can obtain it in BibTeX, DublinCore or in MarcOnt, the ontology

preparedspecially for bibliographic reasons.

3.2 Model of Social Semantic Information Sources

Sofar, | have described basic Sccial Semattic Information Sourcesexamples. The

analysisof SSISassertedmyselfthat there are a few main conceptsregarding SSIS:
2 collaboration (social aspect  online comnmunity)
2 the cortent of resources
2 rich metadata describingthe content (semartics)
2 enormousnumber of valuable information available

The last point suggestdhe potential of SSIS.Being collaboration-minded, online
community sites, like blogs,wikis, bookmarkssharingsystems allow usersto createa
network wherethey canfeelfreeto band together: shareideasand opinions, publish
links and works and commert them; any resourcecan be annotated. Consequetly,
plenty of relevant information can be extracted; this data can support the learning
process.For instance,it can be sened asan additional material to read. All in all,
this data can be treated asinformal knowledge.

The main problem of online comnunities is that they are dispersedover the
Internet. Although their content is valuable, it is dicult to read it. Current
solutionsallow mainly text basedsearding, soa usermust browsemany web pages
to nd what he/shelooks for.

The Semaric Web assumegich description of the resourcesjts main postulate
says semanic annotations make the content readable by madines, which allows

better navigation and more e cien t searting.
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Figure 3.2: Online communities overview (from [4]).

3.21 SIOC

SIOC?* (Semarically-Interlinked Online Communities) is an initiativ e that is sup-
posedto overcomethe above mertioned problem [20]; its goal is to interconnect
online communities. SIOC can be usedin published or subscrited medanisms,
asit storescomnunity-like metadata sud as information about the post's author,
enclosedinks, the creation time, connectionwith other web pages.

The core of the SIOC framework is the SIOC ontology which is basedon RDF
(ResourceDescription Framework). The ontology consistsof a set of classesand

properties which link them:
Site is the location of an online community or set of commnunities.
Forum is a discussionarea, housedon a site.

Post can be formed as an article, a messageor an audio- or videoclip. A post is

$2http://sio c-project.org/

41



written by an author, hasa topic, a cortent, external links, etc.
User represeits an accourt held by an online comnunity menber.

Usergroup is a set of accours of usersinterestedin a commonsubject matter.

Figure 3.3: Main conceptsin SIOC Ontology (from SIOC homepage)

Mapping in RDFS and OWL allows exchanging community instance data by
importing and exporting SIOC data in dierent vocabularies. This manner, the
amourt of existing available data can be cortrolled. Also, SIOC makes cross-site
queriesand topic related seard on siteswith SIOC metadata more e cient [4]. |
have alreadywritten about SIOC plug-in for afewbloggingplatforms (seeSec.3.1.1).

SIOC ontology is still deweloped; recertly, its authors have beentrying to apply
it to other collaborative services. At the momert, it is possibleemploy it form
modelling wikis, image galleries, evert calendars,addressbooks, audio and video

channelsand a few more.

3.3 elLearning 2.0

Whenwethink of eLearningtoday, we probably think of Learning Objects (LOs) and
Learning Managemem Systems(LMSs) that provide online courses(seeSec.2.1).
LMSs seemto be ubiquitous; thousandsof instructors and studerts in alargenumber

of universities and collegesuse products provided by companiessud as WebCT,
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Blackboard, and Desire2Learn[8]. To recap,LMS organizesthe learning cortent in
a standard way, and deliversit to learnersin the form of courses.

This great approad lacks from many limitations, though. The main problem of
current LMSs is that they deliver coursespreparedfor a genericstudert. They are
personalized,but preparedbasingon an individual's view and supposedto satisfy
all. Howewer, the learning path shall be adaptable,createddynamically. Also, LMSs
focuson a small group of studerts, for instancea group of students in a class;they
do not allow a broadercommnunity. Moreover, studerts shouldbene t from not only
their repository (formal learning), but also use collected learning material widely
available on the Web [33].

eLearning2.0hasemergedrom Web2.0dewelopmerts. Accordingto DTI Global

Watch Mission [36], its key characteristicsare:
2 enablinga more active role of the user/learner
2 knowledgeand information sharing  Web 2.0 core assumption

2 diversity of content and media  Web 2.0 services(blogs, wikis, multimedia

and bookmarks sharing systems)
2 easeof collaborative learning

2 informal learning

Blogswereoneofthe rst Web2.0servicesusedin the newer eLearningapproad.
Studerts' blog posts are often about somethingfrom their own range of interests,
rather than on a coursetopic or assignedoroject. Studerts run blogsand readothers’
blogs;consequetly, they createa sccial network with loadsof usefuldata [36]. Then,
wikis, RSS,podcasting servicesand others Web 2.0 platforms have emerged.All in
all, the number of available resourceshasincreased,which occursas a problem for

content managemen systems|2].

3.3.1 Is there a place for semantics?

In the Semanic Web, data are processedboth by human and madine agerts; this

is possibledue to ontologies(seeSec.7.2.2). Thus, madinescan produceintelligent
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responsesfor unforeseersituations. But the real power of the Semartic Web canbe
realizedwhenheterogeneouslata from diverseervironmerts are collected,processed
and sert for further use[33]. Ontologies organizelearning material around good
semaittic annotations of learning objects. Also, they can be usedto descrile user
pro les in order to composethe bestcoursefor him/her basingon semartic queries.

Description of learning material is essetial for coursecomposing. The main
problem of current eLearningis that there is no standard that de nes description
of LOs. We have many LMSs and most of them describe LOs in their speci ¢ way.
Thus, it is impossibleto exdange LOs between di erent LMSs, integrate learn-
ing cortent usedby other LMS and createcommonseartable cortent and content
repositories. AdvancedDistributed Learning (ADL) Initiativ e introduced SCORM
(seeSec.2.1.2) which is a collection of standards and speci cations adapted from
multiple sourcesto provide a comprehensie suite of eLearningcapabilities that en-
ableinteroperability, accessibiliyy and reusability of Web-basedearning content [32].
Howewer, SCORM hasintroducedits own XML formats and methodologies[3]. One
of the standardsthat underly SCORM is LOM; its goalis to provide rich descrip-
tion of learning material (seeSec.2.1.2). SinceLOM is very accurate,many LMSs
support it. This way, exdhanging LOs betweenthem is, to someextert, facilitated.

Although SCORM tries to introduce semattics to the education community,
learning cortent is still not much madine-readable.By bringing the Semaric Web
to eLearning,it is easierto integrate learning material with other material and de ne
services;it allows interoperability, exibilit y, and madine-readabledescription of
learning material [3, 38]. Thus, it is more likely to benet from both formal and
informal sources(Social Semattic Information Sources)of information.

At the momert, considerablee ort is put into researth in the Semaric Web
and eLearning. There is a number of the Semaric Web educational servicesand

projects:

AQUA is an ontology-driven Question Answering (QA) system. Its goalis to an-
swer questions,written in natural language(English), about academicpeople
and organizations. Heterogeneouslata for reasoningcan be collected from

web pagesthat cortain semairtic cortent. AQUA usesontologiesfor re ning
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initial queries,similarity algorithm, and reasoningprocess[55].

SES (Student Essa Service)is a servicefor annotating argumertation in studert
ess&s, which facilitates writing essgs that really answer the essg question.
Annotations are createdby using argumertation categorizationsstored ason-

tologies[38].

Elena® de nes a smart spacefor eLearningon top of Edutella [39] peer-to-peer
(P2P) infrastructure. It brings in interoperability and resourceexchangebe-
tweendi erent heterogeneougducational applications and di erent types of
learning resourcerepositories. It usesSOAP basedWeb Serviceswhich are
descriked in WSDL and DAML-S [3, 51].

Edutella is a peer-to-peer (P2P) network that interconnectsuniversities. Within
Edutella, a university is a cortent provider and a content consumer.The net-
work and all its resourcesare described in RDF. This allows running e cien t
queries, perform replications supposedto adieve workload balancing, and

mapping, mediation and clustering resourcesand the metadata for them [39].

Memora is an ontology-baseddocumeri-drivenmemory, which allowsto e cien tly

managelearning material through indexing by the meansof ontologies[2].

3.3.2 Didaskon

Didaskon®* is a project deweloped in the Digital Enterprise Researb Institute 3°
(DERI), Ireland by a few studerts, including myself. It is a researt project in
the eLearning eld. Its main goal is to deliver a framework for asserbling an on-
demand curriculum from existing Learning Objects (LOs) provided by elearning
services[52].
It hasan accesdo a repository of LOs describted with semarnic annotations

LOM ontology. LOs are composedinto a learning path for a speci ¢ studert. Along
with formal Learning Objects, Didaskon also usesthe potential of Sccial Semartic

Information Sources. It is capable of ful lling informal learning postulates and

34http://didask on.corrib.org/
3Shttp://deri.ie/
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createsLOs from data harvestedfrom SSIS.Consequetly, a usergetsa coursepath
preparedfrom information collectedin both formal and informal way.

Furthermore, Didaskon composition algorithm takes into accoun some pre-
conditionsregardinga user. Eadh useris descriked with FOAF ontology [7]. Basing
on a delivered user's pro le (knowledge level in dierent domains and goals/ex-
pectations from the course)it is capableof returning learning material customized
for his/her needs. Moreover, the system allows more scalablehelper features for
studerts supervision.

Again, usedontologieslink userneedsand the characteristicsof the learning ma-
terial. Producedcurriculum not only re ects userrequiremerts, but alsointroduces

new interdisciplinary, extensibleand robust meaningof eLearning.
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Chapter 4

Informal Knowledge Harv ester

Eadh project is burdened with somerisk; when things go wrong it can end up
failing to read the initial assumptions.Therefore,the designprocesss very crucial.
Besidesde ning businessgoals,| also must idertify possibleproblemsand risks.

In this chapter, | introduce existing tools for capturing informal learning and
descrike the scope of my project. | de ne the functional and non-functional require-
merts for the systemand use cases. Then, | introduce the its architecture: the
main componerts, classesand Web Servicesspeci cation. All information gathered

helped me during the implemertation stage.

4.1 Capturing informal learning

In this Section, | presen existing tools for capturing, tagging, and browsing on-
line resourceor metadata for them. | descrike their features,and point out their

limitations.

4.1.1 Existing tools
PingtheSeman ticW eb.com

PingtheSematicWeb.cont is a servicefor sharingRDF documerts. Its enginelooks
for RDF data either in the content of the resourcewith the speci ed URL or in docu-

merts this resourcdinks to. If sud datais found, it is savedto the sharedrepository.

thttp://pingtheseman ticweb.com/
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PingtheSematicWeb.comsupports FOAF, SIOC, and DOAP ontologies,and other
RDF documerts.

The pinging featureis invoked either by typing a URL onthe service'shomepage
or using specially prepared browser buttons. Moreover, PingtheSematicWeb.com
bene ts from Semaric Radar?, an add-on for Firefox web browser; whenewer Se-
mantic Radar detectsRDF data on aweb page,it informs PingtheSemarticWeb.com
about that fact soit can be addedto the repository. Software agerns can request
the servicefor a list of stored RDF documerts and usethat information for crawling

the Semaric Web.

SIMILE Pro ject

SIMILE Project® Sematrtic Interoperability of Metadata and Information in unlike
Environments providestools for metadata managersand commonend-users.

Piggy Bank, an add-onfor Firefox, changesthe browserinto a mashup platform,
by allowing to capture metadata for online resourcesand mix them together. Col-
lected data can be stored locally, tagged, seartied, and browsed. Piggy Bank can
capture RDF documerts to whom a web pagelinks and from any web pagesthat are
supplied by screenscrapers. A screenscraper is a little program for collecting
metadata for, also, non-sematic web pages.It is written in another SIMILE tool,
Sohert.

If a userwants to share his collection of metadata, he/she publishesit to the

Semattic Bank, a communal repository of RDF data.

Zotero

Zotero* is an add-on for Firefox web browser. It helps with collecting, manag-
ing, and citing researt material, mainly bibliographic resources. Zotero extracts
RDF injected into XHTML documerts; it works with a few standardsand microfor-

mats [24]: enbeddedRDF, COInS, Dublin Core[9], and MARC [1]. Zotero informs

2http://sio c-project.org/ refo x/
3http://simile.mit.edu/
“http://www.zotero.org/
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a userit hasdiscorered somemark up by showing a special button in the browser
toolbar. Clicking the button starts capturing process.

A usercan easily edit the data saved by Zotero and append additional informa-
tion, sud asnotes,tags, and related les. Moreover, Zotero can be integrated with
Microsoft Word and WordPress. Captured data can be seartied and browsedboth

online and o ine.

4.1.2 Limitations

All the above mentioned tools are good metadata harvesters. Howewer, they work
di erently, and have di erent possibleusages.

Providing Web Services,PingtheSematicWeb.com allows gathering semaric
annotations for online resourcesin a sharedspace. This information can be used
for instance by crawlers while searting for speci ¢ pieceof data. But, PingtheSe-
marnticWeb.comdoesnot comeup with the possibility to browsestored data besides
viewing raw RDF documerts, which is unacceptablefor a commonuser. Also, it
doesnot work with non-sematic sourcesike Wikip edia.

Zoterois a powerful tool for researbiersand studerts becausat facilitates biblio-
graphic resourcesmanagemet With Zotero, it is easyto browsesaved information
about books and articles, seard and cite them. Howewer, it only readsenmbedded
RDF; there is no support for pure RDF data which can passmore knowledge.

Piggy Bank is capableof reading whole RDF documerts that a web pagelinks
to. Although it doesnot support non-sematic web pagesitself, it is possibleto
write screenscrapers that can do that. In spite of that, it haslittle support for
eLearningplatform; there is no standardizedway to usecaptured data by eLearning
frameworks, like Learning Managemem Systems.

Analysis of existing knowledge managemen tools, resulted with a set of signif-
icant characteristicsthat sud a tool must be distinctive with. Not only should it
work with semanic sourcesof information but alsoit must operate on non-semairic
web pages,like Wikip edia. It must be easyto extend it sothat it supports more
types of websites. Then, a user should be supplied by supportive tools for data

capturing, like browser buttons or add-ons.
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Also, | havediscoveredthat captureddata canconsiderablyboostinformal learn-
ing; it can be usedin new eLearning frameworks that use both learning material

preparedby specialistsand collectedby an information harvester.

4.2 System Requirement Speci cation

4.2.1 System scope

The system| have deweloped aims at capturing informal learning. It is an SOA
layer for Didaskon system(seeSec.3.3.2) which works asits extension. The system
provides Web Servicesfor harvesting data from SSISand providing them in a form
of informal Learning Objects (seeFig. 4.1). Data delivered by the systemmust be
descrilked with a common object model so that Didaskon can easily reasonon it.
Becauseahe systemis supposedto collectdata, | have namedit IKHarv ester, from
Informal KnowledgeHarvester.

In the picture of the system scope (seeFig. 4.1), you can seeSSISthat pro-
vide heterogeneousnetadata. Their content is enriched with semartic annotations.
IKHarv estercollectsthe metadata and storesit in the repository of informal knowl-
edge (it's not in the picture). The collection of these metadata is well descriked
soit is madine readable. This allows delivering to Didaskon relevant portions of
learning material, basingon what it needsduring the composition. The description
of learning material is formed in a commonway, accordingto the LOM standard,

which is popular with eLearningframeworks.

4.2.2 System requiremen ts

Before this stage,| had de ned both functional and non-functional requiremerts.
They gave me a view on what and how the deweloped systemshould act.
Requiremen t description template

De ning the systemrequiremeris is very important. They should be organizedin a

readableand correct way. Table 4.1 is a template for describingthe requiremers.
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Figure 4.1: Systemscope

In the table, there is the following information:

2 1d  uniqueiderti er of the requiremen usedfurther within the documena-

tion. It consistsof:

X F for functional; N for non-functional requiremerts

YY  the number of the F or N requiremen, starting from 01

2 Priority  determinesthe importance of this requisite; possiblevaluesfrom

most to lessimportant: crucial, required, optional
2 Title  the described aspect of the system

2 Description  the essencef the requiremen
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Table 4.1: Requiremen description template

Id | XYY | Priority

Title

Description

Source

Related req.

2 Source stakeholder(s)whose/which knowledgeand needsconstitute on the

requiremen

2 Relatedreq. possiblerequiremers the onedescrited relatesto.

Functional requiremen ts

Functional requiremens cover the stakeholders'demandson what the deweloped
systemshould do. Preciselydescriked stakeholders'needsarea rst stepto nish a

project with success.

Id | FO1 | Priority | Crucial

Title | Deliver a list of all informal LOs

Description | IKHarv ester should be able to provide a list all informal LOs stored in

the informal knowledgerepository.

Source| Didaskon

Relatedreq. | FO7, FO9
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Id

FO2

Priority | Optional

Title

Deliver a list of informal LOs that have changedsincea given date

Description

IKHarv ester shall provide information on which informal LOs have
changedsincea given date. This aims at avoiding the situation, where

data which is not up-to-date is used.

Source| Didaskon
Relatedreq. | FO1, FO7, FO9
Id | FO3 | Priority | Crucial
Title | Deliver the manifest of a speci ¢ informal LO

Description

It is oneof the basicfeaturesof IKHarv ester. Metadata for SSISresources
is stored in the informal knowledge repository and must be accessible
by agerts. Howewer, it must be descriked in a common object model.
Becauseof eLearningbadground of the system,the metadata must be

preserted in Learning Object Manifest.

Source| Didaskon
Relatedreq. | FO1, FO2, FO7, FO9
Id | FO4 | Priority | Crucial
Title | Deliver the cortent of a specic LO
Description | During a coursecomposition, Didaskon usesLO manifests. Finally, it
createsa curriculum from the cortent of relevant LOs.
The content of informal LOs must not be storedin the repository; it must
be collectedon the y. This way, only descriptive information is kept in
the informal knowledgerepository. It is uselesgo store the cortent of
SSISresourcesjt can changequite often soit may be di cult to keepit
up to date. Also, the amount of data stored would be too large.
Source| Didaskon
Relatedreq. | FO1, FO2, FO7, FO9
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Id

FO5 | Priority | Crucial

Title | Add a LO to the informal knowledgerepository
Description | Informal Learning Objects will be added either by studerts (Didaskon
users)or by the administrator. RegardingSSIS,onemust know the URL
of the resourcefrom which a LO will be created.
The data should be harvestedfrom:
2 blog poststhat have support for SIOC
2 (semaric) wiki articles, basedon MediaWiki engine
2 JeromeDL
Source| Didaskon
Relatedreq. | FO1, FO2, FO7, FO9, F10, F11, F12
Id | FO6 | Priority | Crucial
Title | Remove a LO from the informal knowledgerepository
Description | If a SSISresourcefrom which the LO wascreatedno longerexists, it shall
be removedfrom the informal knowledgerepository. The data shouldnot
be physically removed though. Instead, in the repository, there should
be added someinformation about removal.
Source| Didaskon
Relatedreq. | FO1, FO2, FO7, FO9
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Id

FO7 | Priority | Crucial

Title | Accesdgo all functionalities by Web Services
Description | IKHarv ester shall be an extensionto Didaskon, build as a SOA layer.
Using SOA assurese ciency and easyaccesdo the systemfeatures. All
methods should be accessibldoy REST type Web Services.
Source| Didaskon
Relatedreq. | FO1, FO2, FO3, FO4, FO5, NO4
Id | FO8 | Priority | Required
Title | Testing background
Description | SincelKHarv estershouldsupport SOA architecture, a userinterfaceis no
longerneeded(especially for LMSs purposes).Howewer, the functionality
should be tested to assurethe systemis reliable. Also, there should be
provided an accesdor the administrator of the repository. Thus, some
testing pagesmust be prepared.
Source| Didaskon, Jaros?®av Dobrza«ski
Relatedreq. | FO71,NO1, NO4
Id | FO9 | Priority | Crucial
Title | The structure of Learning Objects
Description | IKHarv ester must provide informal LOs description in a common ob-
ject model suitable for eLearning. The structure of the model must be
compliant with SCORM Content Aggregation Model.
Source| Didaskon
Related req.
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Id

F10 Crucial

Priority

Title

Harvest data from semairtic blogs

Description

IKHarv ester must be able to collect data from semanic blogswhich are
supported with SIOC plug-in. The data shouldbe obtained by using the
SIOC exporter.

Source| Didaskon
Relatedreq. | FO5
Id | F11 | Priority | Crucial
Title | Harvest data from (semartic) wikis

Description

IKHarv ester must be able to collect data from both semanic and non-
semairtic wikis, basedon MediaWiki engine.
IKHarv ester should use RDF feedsthat provide semartic annotations.

Besides,it must perform articles' pagesscrapingto collect more data.

Source| Didaskon
Relatedreq. | FO5
Id | F12 | Priority | Crucial
Title | Harvest data from JeromeDL
Description | IKHarv estermust be able to collect data from JeromeDL,the Sccial Se-
mantic Digital Library. The data shall be producedby the RDF exporter.
Source| Didaskon
Relatedreq. | FO5
Id | F13 | Priority | Crucial
Title | Filter the collectedmetadata
Description | In caseRDF extractors suppliesIKHarv ester with not relevant data, it
must be ltered.
Source| Didaskon
Relatedreq. | FO5
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Non-functional

Non-functional

requiremen ts

requiremens predetermine expectations regarding the system, but

not concernits interaction with the environmert.

Id | NO1 | Priority | Required
Title | Reliability
Description | IKHarv esterwill be a subsystemworking with LMS(s), in particular with
Didaskon. It is necessaryto provide reliable responses. SSISresources
must be precisely descriked; only then Didaskon can perform proper
reasoningon them.
Source| Didaskon, Jaros?av Dobrza«ski
Related req. | NO6, NO7, NO8
Id | NO2 | Priority | Required
Title | Interoperability
Description | IKHarv ester shall be able to exchangeand useinformation in heteroge-
neousnetworks. Yet, it is supposedto collectdata from SSISwhich carry
diverseinformation.
Source| Jaros?av Dobrza«ski
Relatedreq. | NO5
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Id | NO3 | Priority | Required
Title | Extensibility
Description | The system should be deweloped in a way that allows making im-
provemerts; it must be possibleto make corrections,improvemerts and
changesto the existing and working system.
Also, it must be easily extendedwith plug-ins (seeFig. 4.6) that deal
with other types of SSIS (wiki basedon di erent engine, other digital
libraries, fora, bookmarks sharing systems,etc.)
Source| Didaskon
Relatedreq. | N10, N11
Id | NO4 | Priority | Required
Title | E ciency
Description | The system must provide relevant information quickly. Therefore, it
should be deweloped as a lightweight application, for example as Web
Services.
Howeer, this is not crucial; the comnunication takes place within the
Internet so there might happen some periods of time the servicesare
dead. It cannot happen often, though.
Source| Didaskon, Jaros?av Dobrza«ski
Related req.
Id | NO5 | Priority | Required
Title | Portability
Description | It is required that the systemis platform independen; It should be de-
ployed on either UNIX or Microsoft Windows operating systemwithout
changesto the sourcecode. Systemshould be deliveredin a way that
allows quick deploymert.
Source| Didaskon
Relatedreq. | NO2
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Id | NO6 | Priority | Required
Title | Stability
Description | IKHarv ester should be stable; it should work ne in the environment it
is deployed. Unexpectedbreaksand falls must be predicted and avoided.
Source| Didaskon
Relatedreq. | NO1
Id | NO7 | Priority | Required
Title | Safety
Description | Stored information shall be protected; it cannot be lost or modi ed ac-
cidertally.
Source| Didaskon, Jaros?av Dobrza«ski
Relatedreq. | NO1, NO7
Id | NO8 | Priority | Optional
Title | Security
Description | IKHarv ester shall be protected from intentional and unintentional ac-
tivities and e orts that aim at lowering its e ciency and the quality of
work.
Source| Didaskon, Jaros?av Dobrza«ski
Relatedreq. | NO1, NO4, NO7
Id | NO9 | Priority | Optional
Title | Open software
Description | During the dewelopmert, only open sourcesoftware and tools should be
used(doesnot apply for operating system)
Source| Didaskon
Related req.
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Id

N210 | Priority | Crucial

Title

Version Control

Description

All the documerts and other products (lik e software) createdduring the
project will have a version number which will allow to track changesin

an easyway. There is needfor a tool like SVN for version cortrolling.

Source| Didaskon

Relatedreq. | NO3,N11
Id | N11 | Priority | Crucial
Title | Integrated dewvelopmernt ervironmert
Description | There is a need for an integrated dewelopmen ervironment for more
e cien t project managingand better support for versioncortrol.

Source| Didaskon

Relatedreq. | N10

4.2.3 System Use Cases

As stated previously (see Sec.4.2.2), IKHarv ester is built for capturing informal

learning. There are two main functions provided:

2 providing data storedin the informal knowledgerepository

2 collecting data from SSISand storing it in the informal knowledgerepository

More detailed use casesare depicted in Fig. 4.2; there are basic functionalities

and the actor shawvn.

Actors

Below, thereis a descriptionof the actor that usesfunctionalities provided by IKHar-

vester.
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Figure 4.2: Use Casediagram
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Id | AO1
Title | Client
Description | IKHarv ester will be build as an SOA layer. Initially it was

supposedto be an extensionfor Didaskon, an eLearning2.0
LMS. Howewer, since all its features are accessiblethrough

Web Services,we expect more than one actors that can use

it.

Related actors

Use cases

A usecaseis an occurrencethat takesplace while the systemworks. Each usecase

is initiated either by the actor's activity or by anotherusecase.lIt is very important

to provide a usecasescenariothat was createdafter systemrequiremeris analysis.

Use casedell more preciselyabout what can happen to the systemwhile it works.

Id

uCo1

Title

Delivery of a list of LOs

Description

Providing a list of existing Learning Objects created from

informal knowledgestoredin the repository.

Actors

A0l

Initial occurrence

Claim for list of LOs.

Exceptional occurrence

Unsuccessfutonnectionto the repository

Related usecases

ucov7,uUcC17
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Id

uco2

Title

Delivery of the LO manifest

Description

Providing a description of an informal LO, taken from repos-

itory. The LO is described accordingto LOM standard.

Actors

A0l

Initial occurrence

Claim for the manifest of an informal LO.

Exceptional occurrence

Unsuccessfutonnectionto the repository

Related usecases

uCO07,UC16,UC17

ld | UCO3
Title | Delivery of the LO content
Description | Providing the content of a LO. The cortent canbetxt, HTML
or a link to a digital resource. This cortent will be usedin
the composedcourse.
Actors | AO1

Initial occurrence

Claim for the content of the LO.

Exceptional occurrence

Unsuccessfutonnectionto the resourcewith given URL; ei-
ther problemswith the Internet connectionor the resourceis

no longer online.

Related usecases

ucCo7,uUcC17
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Id

uco4

Title

Adding a new LO

Description

Didaskon's useror the systemadministrator is allowedto add
newLOs. The actor must hold the URL of the resourcewhich
should be added.

Actors

A0l

Initial occurrence

Claim for adding a new LO.

Exceptional occurrence

Unsuccessfulconnectionto the repository or problems with

the Internet connection(impossibleto harvest metadata).

Related usecases

uco7,uUcC10

Id | UCO5
Title | Update to the LO manifest
Description | If the metadata for resourceswhich are regardedas sources
of informal knowledge changes,it should be updated. Only
then Didaskon can perform e cien t and su cien t reasoning.
Actors | A01

Initial occurrence

Claim for updating metadata of resourcethat has changed.

Exceptional occurrence

Unsuccessfulconnectionto the repository or problems with

the Internet connection(impossibleto harvest metadata).

Related usecases

ucCo7,uUC10
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Id

uCo06

Title

Removal of the LO manifest

Description

If aresourceregardedasinformal knowledgeno longerexists,
it should be removed from the repository. Then, Didaskon

will not useit during coursecomposition.

Actors

A0l

Initial occurrence

Claim for the LO manifestremoval.

Exceptional occurrence

Unsuccessfulconnectionto the repository or problems with

the Internet connection(impossibleto harvest metadata).

Related usecases

ucov

Id | UCO7
Title | Specifying the input data
Description | Specifying the input data consistsof qualifying preconditions
or other information (for instanceresource'sURL) neededfor
data harvesting and providing.
Actors | A01

Initial occurrence

Claim for data harvesting and providing.

Exceptional occurrence

Related usecases

UCO01, UC02, UCo03, UCo04, UCos, Uucoe, UC08, UC09

Id

uCo8

Title

Specifying the adding date

Description

Assigna value to resource'sthe adding date.

Actors

A0l

Initial occurrence

Claim for alist of all LOs. If adding date is speci ed, the list

will cortain only those LOs which are addedsincethen.

Exceptional occurrence

Related usecases

ucov
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Id

uCo9

Title

Specifying the URL

Description

Assigninga value to resource'sURL.

Actors

A0l

Initial occurrence

Claim for a specic LO.

Exceptional occurrence

Related usecases

ucov

Id

UC10

Title

Harvesting data from SSIS

Description

For a given resource'sURI metadata harvesting procedureis

performed.

Actors

A0l

Initial occurrence

Claim for LO content or adding or updating metadata of spe-

cic LO.

Exceptional occurrence

Problemswith the Internet connection.

Related usecases

UCO03, UCo04, UCO05, UC11,UC12,UC15

Ild | UC11
Title | Using RDF extractor
Description | Semartiic web pagesallow extracting metadata for their re-
sourceshby using special RDF extractors. IKHarv estercalls it
in order to be giventhe metadata.
Actors | AO1

Initial occurrence

Harvesting data from SSIS

Exceptional occurrence

Problemswith the Internet connectionor di cult y in resolv-

ing RDF extractor URL address.

Related usecases

UC10
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Id

UCi12

Title

ScrapingHTML code

Description

ReadingHTML code of the resource'sweb pagein order to

nd morerelevant metadata.

Actors

A0l

Initial occurrence

Harvesting data from (semartic) wikis

Exceptional occurrence

Problemswith the Internet connection.

Related usecases

UC10,uUC13

ld | UC13
Title | Transformation information to RDF
Description | If a web page scrapingis performed, collected data must be
transformedto RDF sothat it can be storedin the semartic
informal knowledgerepository.
Actors | AO1

Initial occurrence

Scraping(semartic) wikis article web page

Exceptional occurrence

Related usecases

ucCiz

Ild | UC14
Title | Filtering metadata
Description | Someinformation provided by RDF extractors can be no rel-
evant for Didaskon. Thus, the triples must be Itered; only
the crucial information will be saved to the repository.
Actors | AO1

Initial occurrence

Using RDF extractor.

Exceptional occurrence

Related usecases

uco2
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Id

uCi15

Title

Saving data

Description

Saving triples createdduring SSISharvestingto the informal

knowledgerepository.

Actors

A0l

Initial occurrence

Using RDF extractor.

Exceptional occurrence

Unsuccessfutonnectionto the repository

Related usecases| UC10
Ild | UC16
Title | Transformationto LOM model
Description | Triples collectedfrom the informal knowledgerepository must
be delivered to Didaskon in a common model. Becauseof
learning purposes,the model is LOM.
Actors | AO1

Initial occurrence

Claim for LO manifest

Exceptional occurrence

Related usecases| UC02
Id | UC17
Title | Selectionfrom the repository
Description | Metadata which will be deliveredto Didaskon must be col-
lected from the informal knowledgerepository.
Actors | AO1

Initial occurrence

Claim for LO manifestor Lo list

Exceptional occurrence

Unsuccessfutonnectionto the repository

Related usecases

uCO01, Ucoz2
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4.3 System design

By now, | have pointed out and descriked the systemrequiremerts. Also, | de ned
possibleuse cases. In this Section, | descrike the architecture of IKHarv ester. |
report more preciselyhow it works, give somedetails on what is going on inside the

system.

4.3.1 Service-Orien ted Arc hitecture

According to He [15], SOA is an architectural style that aims at loose coupling
amonginteracting software agens. There is a number of servicesthat do a unit of
work to ful ll the serviceconsumer'sneeds. The servicesare independent; they do
not rely on the cortext and state of other services.The architecture demandsusing
interfacesbasedon the Internet protocols like HTTP, FTP, SMTP; all messages,
except from binary data attachmerts, must be descriked in XML. There are two
main Web Servicestypes: SOAP and REST.

SOAP

SOAP (Simple Object AccessProtocol) Web Servicesare very popular nowadays.
SOAP is a protocol for transferring data betweenthe sourceand the destination
through potential intermediate nodes. It forcesdewelopersto descrike servicesin
WSDL (Web ServiceDescription Language). Having a WSDL, it is easyto create
the core (stubs) of the client code which can call SOAP Web Services. Messages
sert with SOAP are wrapped by an ernvelope; within it, thereis the cortent (body)

and someadditional information.

REST

REST (REpresenationalState Browser) Web Servicesare basedon the conceptof a

resource anything that is characterizedwith a URI (Uniform Resourcddenti er).

In fact, it is usedcommonlynowadays, in the World Wide Weband Web2.0[10, 45].
REST interfacesprovide represemation of a resourcein XML. There are four

possibleHTTP methods:
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2 GET  for obtaining a statelessrepresemation of a resource
2 POST for updating or creating a represemation of a resource
2 PUT  for creating a represemation of a resource

2 DELETE for removing a represemation of a resource

Emplo ying SOA

| have decidedto implemert IKHarvester as a SOA layer for Didaskon. | have
dewelopeda group of Web Services.Thus, IKHarv esteris independer from the LMS,
which introducesbetter scalability, e ciency, extensibility and interoperability. This
ful lls a number of non-functional requiremerts.

Although, both SOAP and REST have pros and cons,| have usedREST since

it is more suitable for the Semaric Web solution [14], asit is resource-orieted.

4.3.2 System components

In this Section, | describe details of IKHarv ester's architecture. The componert

diagram (seeFig 4.3) depicts a high level architecture of the system.

Borders of responsibilities of respective componerts are as follows:

IKHarv ester The core of the system. It is responsible for integrating its two

subcomponerts:

2 Harv ester  performsinformal knowledgeharvesting from SSIS

2 Provider delivers informal knowledge stored in the repository in a

form compatible with LOM standard

Jericho HTML Parser® is a Java library for web pagesscraping. It allows anal-
ysis and manipulation of parts of HTML documernts, including some com-
mon sener-sidetags, while reproducing verbatim any unrecognizedor invalid
HTML. It is freeware, under GNU Library or LesserGeneral Public License
(LGPL).
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Figure 4.3: Componert diagram

Didask on LOM a componert deweloped by the Didaskon team. Its goalis to
managedata compatible with LOM standard; it allows creating and exporting

to XML format Learning Objects Manifestwhich su cien tly descrikeslearning

material.

Didask on DB a componert deweloped by the Didaskon team. It providesthe
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interfacefor connectionwith RDF storages.Consequetly, informal knowledge

can be saved to and retrieved from the repository.

Informal Kno wledge Repository RDF storage;it is Sesamaepository. It con-

tains triples describingthe learning material.

4.3.3 Classes

Fig. 4.4and Fig. 4.5presen the simpli ed classdiagramfor the IKHarv estersystem.
It coversanumber of classesvith their mostimportant attributes and methods. The
classesre organizedin a few padkages.

On the classdiagram, there are following classes:

DataHarv ester an interface de ning three methods for harvesting: harvest-

Content(), harvestMetadata() and removeRsoure().

DataHarv esterlmpl that implemerts DataHavester This is the superclassto
thosethat are harvest data from resourcesof di erent types. In currert ver-
sion of IKHarv ester,it hasthree subclassesWordPressDataHaester Blogger-

DataHavester MediaWikiDataHavester and JeromeDLDataHxester

WordPressDataHarv ester is usedfor harvesting informal knowledgefrom blog
poststhat use WordPressengine. Current versionof IKHarv estertracks only

those WordPressblogsthat support SIOC.

BloggerDataHarv ester is used for harvesting informal knowledge from blogs

hosted on Blogger.

MediaWikiDataHarv  ester is usedfor harvesting informal knowledgefrom arti-

cleshostedon wikis that useMediaWiki engine.

JeromeDLDataHarv ester is used for harvesting informal knowledge from

JeromeDL resources.

Harv estingResults erum classthat de ne how harvesting ends (for instance,

with successwith failure)
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MediaWikiScrap er used for scraping web pageswith wiki articles in order
to nd crucial metadata. Its methods employ JerichoHTML Parser for that

purposes.

BloggerScrap er usedfor scrapingblog postshostedon Bloggerin orderto nd

crucial metadata. Its methods employ JerichoHTML Parserfor that purposes.

DataPro vider an interface that de ne two methods for providing data stored

in the informal knowledgerepository: getLOManifest(), and getLOContent().

DataPro viderimpl implemerts the above mertioned interface and calls its sub-
classesresponsible for providing data that has been collected from di erent
type of resources.Also, it delivers methods for obtaining the list of learning

objects stored in the informal knowledgerepository.

BlogP ostDataPro vider provides methods for retrieving from the informal
knowledge repository metadata for posts and providing them to elLearning

frameworks.

WikiArticleDataPro  vider provides methods for retrieving from the informal
knowledgerepository metadatafor wiki articles and providing them to eLearn-

ing frameworks.

DLResourceDataPro vider provides methods for retrieving from the informal
knowledge repository metadata for digital libraries resourcesand providing

them to eLearningframeworks.

NS isasetof afewclasseghat de ne namespace$or ontologiesusedfor describing
blog posts,wiki articlesand JeromeDLresourcesNOTITIOUS FOAF, XFOAF,
MarcOnt, XMarcOnt, JeromeDL.and SIOC

NSDL de nes predicatesusedfor digital libraries resources
NSBlog de nes predicatesusedfor blog posts
NSWiki de nes predicatesusedfor wiki articles

RDF Query a helper classcortaining a set of SeRQL queries
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Util corntains a set of helper methods

Constan t de nes constarts usedin IKHarv ester classes
WikiArticleJBean represeis a wiki article

BlogP ostJBean represeis a blog post

BloggerP ostHTMLJBean represems an HTML snippet with information

about a blog post
LOJBean represets a LO that is returned in a collection of LOs
FieldV alueW rapp er a helper wrapper

FieldV alueType anenum that de nesdierent typesof HTTP requestparam-

eters
ContextKeep er a helper classto accessvebappconext information

FieldV alueW rapp erMap wraps a map constructedwhen processinga request

query

4.3.4 Extending IKHarv ester

| have designedthe IKHarv estersystemin a way that allows programmersto create
new blades modulesfor managingother typesof resourceqseeFig. 4.6). To do
S0, a programmermust learn the classdiagram (seeFig. 4.4 and Fig. 4.5).

Adding new data harv esters

Current version of IKHarv ester captures metadata from SSISwith the following

classes:

2 \WordPressDataHxester
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Figure 4.4: Classdiagram (part #1)
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Figure 4.5: Classdiagram (part #2)
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2 BlogerDataHavester
2 MediaWikiDataHavester

2 JeromeDLDataHaester

Ead of the above mertioned classesvorks with a speci ¢ type of SSIS.It is im-
portant wheter it capturesinformation from, for example,a post hostedon Blogger
or onethat runs on WordPressenginebecausedata is exposeddi erently. Conse-
gertly, to provide support for examplefor a newtype of blog postsor wiki articles,

a programmermust write a new classthat extendsDataHavesterimpl

Adding new data providers

Curertly, there are three classedor retrieving metada for captured resourcesrom

the informal knowledgerepository and providing them to eLearningframeworks:

2 BlogPostDataProvider
2 WikiArticleDataProvider

2 DLResourceDataProvider

All the above mentioned classesextend DataProviderimpthat implemerts the
DataProvidelinterface. Thosethree classesupport three typesof SSIS:blogs, wikis
and digital libraries.

It is assumedthat metadata for resourcesof eat of thosetypesis de ned in a
commonobject model, disregardingthe fact whether it is, for instance,a post from
Bloggeror WordPress,wiki article from MediaWiki or IkeWiki. As a result, extend-
ing IKHarv esterwith a module that capturesdata from anothertype of blogs, wikis
and digital libraries does not require implemertation of a new providing module.
Howewer, if sudh newmodule is required, a new classthat extendsthe DataProvider-

Impl must be added.

4.3.5 Attribute mapping rules

IKHarv esteraims at capturing informal learning. Data harvesting meanscollecting

data from SSIS(in general online commnunities) and saving them to the infor-
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Figure 4.6: Blades for di erent SSIStypes

mal knowledge repository. The repository stores these metadata in RDF triples
from which Learning Objects descrilked accordingto LOM standard are createdand
deliveredto Didaskon.

De ning mapping rules for resourcesattributes, their semartic represemations
(predicates), and LOM attributes was crucial for further dewlopmen. There are
plenty of properties that descrike a resource.Semarnic RDF feedsare very helpful
since they provide mapping from attributes to predicates. For they give a lot of
unnecessarynformation (from learning perspective ), their output must be Itered
during LO's manifest composition.

In this Section,| descrike the attributes mappingsfor ead resourcetype IKHar-

vestersupports at the momen (blog posts, wiki articles, and JeromeDL resources).

Blog Posts

Metadata for blog postsis deliveredby SIOC data exporters. A blog that supports
SIOC, cortains someadditional information in the metatag (inside headtag) in the

HTML code. For my blog, which is available at http://dobrzanski.net , it looks
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as follows:

Listing 4.1: Support for SIOC information

<link rel="meta" type="application/ rdf+xml" title="SIOC"

href="http:// dobrzanski.net/index.php?sioc_type=site" />

The href attribute value is the URL of the RDF represetation of the data on
current page. Its value changesduring browsing the blog; it is always up to date,
ready to produce RDF output. In general,the output consistsof someinformation
about the blog itself and its posts.

Having the URL of SIOC data for a post, IKHarv esterusesthe exporter to obtain
the RDF graph which is saved to the informal knowledgerepository.

When it is asked to deliver data, it collectsthe RDF statemerts from the repos-
itory and transform them sothey describe the postin a way compatible with LOM
standard. Sincesomeof the metadata is not crucial for eLearning purposes,it is
Itered during creating LO manifest.

In the following Table, | presen how post attributes ( rst column) are mapped
to SIOC ontology predicates(secondcolumn) and then to LOM attributes (third
column). Someof the LOM attributes are set to default values, which cannot be
collectedfrom SIOC exporter output. Attributes labeled with an asterisk (*) can

occur more than once.

Table 4.2: Mapping: postsattribute - semaric description - LOM.

Attribute Predicate LOM

- sioc:Post Educational.LearningResourceTlype= BlogP ost

URI - Tedhnical.Location &

General.lderti er.Catalog= URI &
General.lderti er.En try &
Meta-Metadata.ldenti er.Catalog= URI &
Meta-Metadata.ldenti er.En try

title dc:title General.lderti er.Title
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creator

sioc:has_creator

Lifecycle.Cortribute.Role= Author &
Lifecycle.Cortribute.Entit y= P ersonalinfo. &
Lifecycle.Cortribute.Date= Date of creation &

Meta-Metadata.Contribute.Role= Author &

Meta-Metadata.Contribute.En tit y= P ersonalinfo.

Meta-Metadata.Contribute.Date= Date

&

creation date

dcterms:link

Lifecycle.version= Date

description

SIOC:cortent

General.Description &
Educational.Description &

Classi cation.Description

rich content (HTML)

content:encoded

topic* sioc:topic General.Keyword &
Classi cation.Keyw ord
reply* sioc:has_reply Annotation.Entit y= Ab out author &

Annotation.Date= Date &

Annotation.Description= Con tent

external link*

sioc:links_to

Relation.Kind= references &
Relation.Resource.ldeti er.Catalog= URI &
Relation.Resource.ldeti er.En try &

Relation.Resource.Description= references

language

General.Language&
Educational.Language &

Meta-Metadata.Language

Educational.Interactivit yType= expositive

Educational.Interactivit yLevel= medium

Educational.SemarticDensity= medium

Educational.IntendedEndUserRole= learner

Educational.Context= sc hool &
Educational.Context= higher education &
Educational.Context= training &

Educational.Context= other

Educational.Di cult y= easy

Rights.Cost=no

Rights.CopyrightAndOtherRestrictions=

no

General.Structure= atomic
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- - General. AggregationLeel=1

- - MetaMetadata.MetadataSchema= LOMv1.0

- - Tednical.Requiremernt.OrComp osite.. .
.Type= operating system

.Name= multi-os

.Type= browser

.Name=any

- - LifeCycle.Status= revised

Wiki Articles

IKHarv ester must collect data from semarnic and non-sematic wikis which are
basedon MediaWiki engine. Many information (relations and attributes) about
the conceptdescriked in an article from a semartic wiki can be obtained by using
RDF feed. Howeer, harvestingshouldbe performedalsofor non-sematic wikis, like
Wikip edia. It turns out there is quite a lot of semartics in the HTML code; di erent
sectionslike titles, content and categoriesare put inside sectionswith formalized
identi ers. Thus, scrapingthe pageresultsin a lot of crucial information. In fact, |
perform scrapingfor both semaric and non-sematic wikis.

In the following Table, | presen the way of mapping the attributes of wiki
articles (rst column) to SIOC ontology predicates (secondcolumn) and then to
LOM attributes (third column). Someof the LOM attributes are set to default
valuessuggestingon LOM standard proposes. Attributes labeled with an asterisk
(*) canoccur more than onetime; thosewith two asterisks(**) are serned by RDF

feeds;they can be multiple aswell.

Table 4.3: Mapping: wiki article - semariic description - LOM.

Attribute Predicate LOM

- sioc:WikiArticle | Educational.LearningResourcelype=

WikiArticle
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URI

Tednical.Location &

General.lderti er.Catalog= URI &
General.lderti er.En try &
Meta-Metadata.ldenti er.Catalog= URI &
Meta-Metadata.ldenti er.En try

title

dc:title

General.lderti er.Title

last. modif. date

dctermss:link

Lifecycle.version= Date

description

SIOC:cortent

General.Description &
Educational.Description &

Classi cation.Description

rich content (HTML)

content:encoded

category*

sioc:topic

General.Keyword &

Classi cation.Keyw ord

external link*

sioc:links_to

Relation.Kind= references &
Relation.Resource.ldemi er.Catalog= URI &
Relation.Resource.ldemi er.En try &

Relation.Resource.Description= references

relation**

relation:xxx

Relation.Kind=xxx &
Relation.Resource.ldeti er.Catalog= URI &
Relation.Resource.ldeti er.En try &

Relation.Resource.Description=xxx

attribute**

attribute:xxx

Relation.Kind= has attribute &
Relation.Resource.ldemi er.Catalog= URI &
Relation.Resource.ldeti er.En try &

Relation.Resource.Description= hasattribute

language

General.Language&
Educational.Language &

Meta-Metadata.Language

Educational.Interactivit yT ype= expositive

Educational.Interactivit yLevel= medium

Educational.SemaricDensity= medium

Educational.IntendedEndUserRole= learner

Educational.Context= sc hool &
Educational.Context= higher education &
Educational.Context= training &

Educational.Context= other
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- - Educational.Di cult y= medium

- - Rights.Cost= no

- - Rights.CopyrightAndOtherRestrictions=

no

- - General.Structure= atomic

- - General.AggregationLeel= 1

- - MetaMetadata.MetadataSchema= LOMv1.0

- - Tedhnical.Requiremen.OrComp osite.. .
.Type= operating system

.Name= multi-os

.Type= browser

.Name= any

- - LifeCycle.Status= revised

JeromeDL resources

JeromeDL provides extract information for resourcesn a few forms (seeSec.3.1.3).
I have chosenMarcOnt ontology supported by JeromeDL ontology. The mapping

rules for JeromeDL resourcesattributes are preserted in the following table.

Table 4.4: Mapping: JeromeDL resource- semartic description -
LOM.

Attribute Predicate LOM

- jeromedI:Book Educational.LearningResourceTlype=

JeromeDLResource

URI - Tednical.Location &

General.lderti er.Catalog= URI &
General.lderti er.En try &
Meta-Metadata.ldenti er.Catalog= URI &
Meta-Metadata.ldenti er.En try

title marcont:hasTitles General.lderti er.Title

83



creator marcont:hasCreator Lifecycle.Cortribute.Role= Author &
Lifecycle.Cortribute.Entit y= P ersonalinfo. &
Lifecycle.Cortribute.Date= Date of creation &
Meta-Metadata.Contribute.Role= Author &
Meta-Metadata.Contribute.En tit y= P ersonalinfo.
Meta-Metadata.Contribute.Date= Date

abstract jeromedl:abstract General.Description &
Educational.Description &
Classi cation.Description

keyword* marcont:hasKeyword General.Keyword &
Classi cation.Keyw ord

bookType jeromedl:bookType Educational.LearningResourcelype

digitalT ype jeromedl:digitalT ype Tednical.Format

protectionType | jeromedl:protectionType | Rights.Copyright=XXX&
Rights.Cost

language - General.Language&
Educational.Language &
Meta-Metadata.Language

supervisor xmarcont:supervisor Lifecycle.Cortribute.Role= Sup ervisor &
Lifecycle.Cortribute.Entit y= P ersonalinfo. &
Meta-Metadata.Contribute.Role= Sup ervisor &
Meta-Metadata.Contribute.En tit y= P ersonalinfo.

consultant Xmarcont:consultant Lifecycle.Cortribute.Role= Consultan t &
Lifecycle.Cortribute.En tit y= P ersonalinfo. &
Meta-Metadata.Contribute.Role= Consultan t &
Meta-Metadata.Contribute.En tit y= P ersonalinfo.

uploader jeromedl:uploader Lifecycle.Cortribute.Role= Uploader &

Lifecycle.Cortribute.Entit y= P ersonalinfo. &
Meta-Metadata.Contribute.Role= Uploader &

Meta-Metadata.Contribute.En tit y= P ersonalinfo.

Educational.Interactivit yType= expositive

Educational.Interactivit yLevel= medium

Educational.SemarticDensity= medium

Educational.IntendedEndUserRole= learner
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Educational.Context= sc hool &
Educational.Context= higher education &
Educational.Context=training &

Educational.Context= other

Educational.Di cult y= medium

General.Structure= atomic

General.AggregationLeel=1

MetaMetadata.MetadataSchema= LOMv1.0

Tednical.Requiremen.OrComp osite.. .
.Type= operating system

.Name= multi-os

.Type= browser

.Name= any

LifeCycle.Status
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Chapter 5

System implementation

In this chapter, | descrike the software developmen methodology | followed during
dewelopmen of the IKHarv estersystem. Then, | presen tools | usedwhile writing
this Thesis. | give a brief description of software that helped me in both, writing

this paper and deweloping IKHarv ester.

5.1 Implemen tation metho dology

IKHarv esterhas beenbuilt accordingto the waterfall software developmernt model.
This model demandsthat an application is build by following sequetially a few

speci ed steps:

Requiremen ts is the initial stageof the systemdewlopmen. This is the time of

collecting information on what the systemshould.

Design Having the requiremerts, the designersreatethe architecture of the system

and try to explain how it will fulll the demands.

Implemen tation Basing on the prepared architecture, the programmersimple-

mert the system. The result of this stageis a working product.

Testing (validation) When the system works, it is time to validate it, chedk

whether it doeswhat it should and how it should.

Integration After improving bugs and de ciencies discovered during the testing

phase,the systemcan be deployed in the determined environmert.
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Main tenance This is the stage when the systemis deployed and works in the
determined environment. Although it is the last stage,a lot e ort must be
put into maintenance. Often, this is the time, when someuncovered errors

occur. Also, the application can be still improved; new featurescan be added
aswell.

5.2 Three-tier architecture

Although IKHarv esteris a SOA layer, it canalsopresen responsesn web browsers.

Thus, there is supposedto be the presenation layer aswell.

Figure 5.1: Three-tier architecture

All in all, IKHarv ester hasthree-tier architecture, sothere are:
Presentation Tier Visualizesresponsesto the client in a web browser.

Logic Tier Contains the logic of the application. Basing on the input argumens

provided by a client, it performs calculations, also on the data from the
database.
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Data Tier Handlesthe connectionand queriesto the databasein order to get and

save data in the storage.

Eadh tier is related to the di erent aspect of the application (presenation, logic
and data). The generalideasays, that the Logic Tier is the middleware usedby the

presemation layer (user'sactions) in order to operate on the stored data.

5.3 IKHarv ester main page

IKHarv estercanbe usedby a softwareagen dueto the exposedWeb Servicesand by
a userwith a web browser. The secondapproad introducesusageof web pages.In
the picture below (seeFig. 5.2) you can seethe main web pagewith the meru and a

form for adding metadatafor online resourcedo the informal knowledgerepository.

Figure 5.2: IKHarv estermain page

A user can get metadata for informal Learning Objects (seeSec.B.1), get the
list of informal Learning Objects (seeSec.B.3), get the information and support for

facilitating usageof IKHarv esterwith web browsers,and learn about the system.
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5.4 Environment and necessary tools

5.4.1 Implemen tation environmen t
Java Platform

Java Platform is an ervironment dedicatedto programmerswho dewelop applica-
tions using Java programming language,which is supposedto be write once,run
anywhere . It was createdand managedby Sun Microsystems. Java Platform con-
sists of great many technologies. It has an execution madine which is called Java
Virtual Machine (JVM).

As aforemertioned, there are a lot of technologieswhich Java Platform consists
of. 1 will shortly describe two of them, which | decidedto usein the system| will

create.

Java Standard Edition

Java SE! is a collection of Java programming APIs that are broadly usedin many
Java platform programs. With referenceto Sur?, Java SE allows to dewelop and
deploy applications on desktopsand seners. Java SE also includes classesthat
support dewelopmert of Java Web Services,and provides the foundation for Java
Platform, Enterprise Edition (Java EE).

The core products in Java SE family are:

2 Java Runtime Environment (JRE) provides Java APIs, Java Virtual Ma-
chine, and somemore componerts requiredto dewelopapplicationsand applets

in Java programming language

2 Java Dewvelopmert Kit (JDK) encapsulates)RE and usefultools for dewel-

opers (compilers, debuggers)

Ihttp:/fja va.sun.com/j2se/
2http://www.sun.com/
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Java Enterprise Edition

Java EE® provides more classesthan Java SE. They are dedicated to programs
running on rather on senersthan on workstations. That applications have multi-
tier architecture, basedmainly on the modular software running on seners.

Java EE is consideredas a standard as providers must agreeto certain con-
formance requiremerts in order to declare their products as Java EE compliart.

Howewer, it is not a formal standard.

Web server Apac he Tomcat

Tomcat* is a part of an open-sourceApache Jakarta project. It is a platform in-
dependent servlet cortainer, usedin the o cial Referencelmplemenration for the

Java Servlef and Java Sener Page$ technologies.

RDF data storage Sesame

Sesaméis an open-sourceRDF databasewith support for RDF Schemareferencing
and querying. It is being deweloped as a part of the On-To-Knowledgeproject.
Sesame'dene ts are: good scalability, high query performanceand support for

seweral RDF query languagesincluding SeRQL and RQL.

IDE Eclipse

Eclips€ is one of the most popular Integrated Development Environmert. It is an
open-sourceplatform-independert software framework. It is deweloped, evaluated
and promoted by the Eclipse Foundation along with the comnunity.

The platform has beendesignedto be plug-in-able. Its power and abilities can

be extendedby downloading and installing extensionscalled plug-ins.

Shttp://ja va.sun.com/j2ee/
“http://jacarta.apac he.org/tomcat/
Shttp://ja va.sun.com/products/servlets
Shttp://ja va.sun.com/products/jsp
"http://op enrdf.org/
8http://eclipse.org
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Building the pro ject Apac he Ant

Apache Ant® is an open-sourcebuild tool that was build on Java programming
language.

It is kind of Make. Howe\er, it is simpler to use. It automatestasks like com-
piling, building, deploying Java projects les by a proper con guration stored in
XML-based les.

Testing/logging log4j

| have put alot e ort in testing during the developmern. | have tried to createnew
componerts and test them at once,sothe risk of bugswaslimited. All in all, | have
usedlog4j'®, the logging medanism, with two levels of logs: errors and information.
It is easyto switch betweentheselogging levels.

Logsare saved to a special le. Each occurrenceof an error is rich described
there is someinformation about the error itself, the reasonwhy it occurredand the

placein the sourcecode whereit occurred.

Support for group work Subversion

Subversion (SVN)*! is a revision cortrol system which facilitates applications de-
velopmen by a distributed group of programmers. It is designedto be a modern
replacemen for Current Versions Systems(CVS)*. It has a number of features:
atomic commits, versioning of symbolic links, native support for binary les, full

MIME support, etc.

5.4.2 Documentation
Thesis environmen t ATEX

IATEX® is a documert markup language and documert preparation system for

TEX typesetting program.

http://an t.apache.org
Ohttp://logging.apac he.org/log4j/
Uhttp://sub version.tigris.org/
Phttp://www.nongn u.org/cvs/
Bhttp://www.latex-pro ject.org/
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It allows an author to focuson the content and meaningof the documert he/she
writes insteadof how it looks;the visual presenation is de ned by usingstyles. Since
one speci es the logical structure of the documert (chapters sections, paragraphs

etc.), he/she can easily changethe way it looks, by using another style.

IATEX editor TeXlipse

TeXlipsé is a plug-in that addsIATEX support for Eclipse IDE (seeSec.5.4.1). It
facilitates writing TEX documerts by highlighting the syntax, outlining the docu-
merts, code folding, providing BibTeX and table editor.

UML diagrams JUDE Comm unity

All the UML diagramsusedin this documert have beencreatedin a free (Commu-
nity) versionof JUDE?® (Java and UML Developers' Environmert).

JUDE Community supports a number of UML 1.4 diagrams: Class (Object/-
Padkage/Robustness)UseCase,Collaboration, Statedhart, Activity, etc. Moreover,
it can generatetemplates and include of Java source les, automatically generate

Classdiagramswith model information, and more.

Figures Inkscap e

Inkscape'® is an open sourceeditor for creating vector graphicsusing W3C'’ stan-
dard ScalableVector Graphics (SVG)*. It is designedto fully support XML, SVG,
and CSSstandards.

M http:/ftexlipse.sourceforge.net/

Bhttp:/fjude.c hange-vision.com/jude-web/pro duct/comm unity.html
16http://www.inkscap e.org/

http:/iwww.w3.org/

Bnhttp://w3.org/Graphics/SV G/
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5.5 Main problems and solution details

5.5.1 Implemen tation of REST

As stated before (seeSec.4.3.1), IKHarv esteris a SOA layer for Didaskon. Then,
Didaskon is a client that usesWeb Servicesprovided by my system. All available
Web Servicesmust be speci ed, sothat the relevant client code canbeimplemerted.
My REST implemertation employs the Java Servlet technology | have imple-
merted the RESTRequestDispatcherServtddiss the servlet that handlesrequests
from the client and generatesresponses.
All requestshandled by IKHarv esterhave URIs accordingto the following tem-

plate:

2 sener the sener on which IKHarvester is hosted, for example:

http://notitio.us/ikh/
2 querystring  de nes the action to be performed. It is build in two ways:

URI  the URI of the LO to be used(it is put between$ characters). It
can be followed by the manifestor contentkeywords
type if aclient wants to obtain alist of LOs, the type must be speci ed
Below, there are de nitions of all requestthat can be sert to IKHarvester. The
following tables de ne usagefrom the client's point of view. When somefeaturesof

IKHarv esterare invoked from a web page(provided alongwith the system),a query

string mode=adminis usedin order to presen someoutput on the page.

Get the list of available Learning Objects

This HTTP requestis used for obtaining all the LOs that can be created from
informal knowledgestoredin the repository.

De nitions:

server the sener on which IKHarv esteris hosted

type if not set,the Web Servicedeliversallist of LOs of all types;if set(BlogPRost,

MediaWikj JeromeDl), only resourcesof that type are returned
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Table5.1: REST  getLO list

URL http://[server]/ikh/soa/[type]

Metho d GET

Returns All available LOs or LOs of the speci ed type.
Content type | text/xml

Examples:
http://notitio.us/ikh/soa
http://notitio.us/ikh/soa/BlogPost

Get the manifest of the Learning Ob ject

This HTTP requestis usedfor retrieving from the informal knowledge repository

the manifest of the speci ¢ LO in a an XML form, compatible with LOM standard.

Table5.2: REST getLOM

URL http://[server]/ikh/soa/$URI$manifest
Metho d GET

Returns LO manifestcompatible with LOM standard
Content type | text/xml

De nitions:

server the sener on which IKHarv esteris hosted

URI the URI of the resource

Examples:
http://notitio.us/ikh/soa/$http://dobrzanski.net/2007/03/15/pandora/$manifest

Get the content of the Learning Object

This HTTP requestis usedfor obtaining the cortent of the specic LO in aan XML
form. The content is collectedon the y it is not storedin the repository.

De nitions:
server the sener on which IKHarv esteris hosted
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Table5.3: REST getLO conent

URL http://[server]/ikh/soa/$URI$content
Metho d GET
Returns LO conent

Content type | text/xml

URI the URI of the resource

Examples:
http://notitio.us/ikh/soa/$http://dobrzanski.net/2007/03/15/pandora/$content
Add Learning Object

This HTTP requestis usedfor adding and updating an informal LO to the repos-
itory. All crucial metadata, exceptfrom the actual cortent, for the given resource

are saved astriples describingit.

Table5.4: REST add LO

URL http://[server]/ikh/soa/$URI$
Metho d PUT
Returns

Content type

De nitions:
server the sener on which IKHarv esteris hosted
URI the URI of the resource

Examples:

http://notitio.us/ikh/soa/$http://dobrzanski.net/2007/03/15/pandora/$

Remove Learning Ob ject

This HTTP requestis usedfor removing an informal LO from the repository. It is

should be invoked if the resourceis no longer available in the Internet.
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The resourceis not physically removed from the repository. Instead, a triple
informing about the removal is addedto the repository. This is forced becauseof

the syndironizing problems,when more than one LMS useslKHarv ester.

Table5.5: REST remove LO

URL http://[server]/ikh/soa/$URI$
Metho d DELETE
Returns

Content type

De nitions:
server the sener on which IKHarv esteris hosted
URI the URI of the resource

Examples:

http://notitio.us/ikh/soa/$http://dobrzanski.net/2007/03/15/pandora/$

5.5.2 Invoking the data tier features

IKHarv ester operateson data that are stored in the Sesamerepository in a form
of RDF triples. The connectionto the storage and realization of the queriesare
handledin the SesameDB#&ceclass the only classin the Didask on DB module

that hasbeenpreparedfor that reason.

Retrieving the connection to the data storage

The SesameDBé#&ce class has been implemerted according to the singleton pat-
tern which allows only one instance of a class. Thus, there is a private construc-
tor that can be usedonly from within the getinstance(..) method, which is in-
voked by the logic tier of the application. It is worth noticing that the Didask on
DB module can be usedby any application. For that reason,there is the cate
(SESAME_DB_FACE_CACHE of instantiated objects of that class.

To learn how the connectionto the data storageis created and managed,see
List. 5.1.
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Listing 5.1: Retrieving the connectionto the data storage

|/ aa

a cache of instances of dbfaces

af

private static Map<String, Soft Reference<SesameDBFace>>
SSAME_DB_FACE_CACHE = new HashMap<String,

Soft Reference<SesameDBFace> > ();

private SesameDBFace() {}

private SesameDBFace(LocalRepository repositoryl) {
try {
repository = repositoryl;
graph = repository .getGraph();
valueFactory = graph.getValueFactory ();
} catch (AccessDeniedException e) {

throw new RuntimeException(e);

[ oo
o Returns SesameDbFace object associated with repository with given id
o]
o @author Jaroslaw Dobrzanski <jaroslaw@dobrzanski.net>

o @param repositoryld

a @return
a/

public static SesameDBFace getlnstance(String repositoryld) {
return getlnstance(repositoryld, null, null);

}

[ oo

o Returns SesameDbFace object associated with repository with given id
o and for user with given login and password

o]

o @author Jaroslaw Dobrzanski <jaroslaw@dobrzanski.net>

o @param repositoryld

o @param login
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o @aram password
o @return
a/
public static SesameDBFace getlnstance(String repositoryld,
String login, String password) {
SesameDBFace dbFace = null;
synchronized (SESAME DB _FACE CACHE) {
Soft Reference<SesameDBFace> ref =
FSAME DB FACE CACHE. get (repositoryld);
if (ref == null || ref.get() == null) {
LocalService service = getService(login, password);
try {
LocalRepository repository =
(LocalRepository) service.getRepository(repositoryld);
dbFace = SesameDBFace. getlnstance(repository);
} catch (UnknownRepositoryException e) {
try {
LocalRepository repository =
service.createRepository(repositoryld, false);
dbFace = SesameDBFace. getlnstance(repository);
} catch (ConfigurationException el) {
throw new
RuntimeException(" Failed to create sesame repository (" +
repositoryld +")", el);
}
} catch (ConfigurationException e) {
throw new RuntimeException(" Failed to get the repository ("+
repositoryld +")", e);
}
SFSAME_DB_FACE_CACHE. put (repositoryld ,
new Soft Reference<SesameDBFace>(dbFace));
} else {
dbFace = ref.get ();
}
if (dbFace == null) {
throw new RuntimeException(" Failed to get the repository (" +

repositoryld +")");
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}

return dbFace;

[/ oo

o Returns service that allows operations on the rpository

o @author Jaroslaw Dobrzanski <jaroslaw@dobrzanski.net>
a @param login
o @param password
a @return
af
private static LocalService getService(String login, String password) {
LocalService service = SesameServer.getLocalService();
if (login != null &% password !'= null) {
try {
service.login(login, password);
return service;
} catch (AccessDeniedException e) {
throw new RuntimeException (

String.format (ERR_ACCESS DENIED, login), e);

}

return service;

Querying the data storage

All queriesto the data storage are handled by the SesameDBé#&ce classfrom the
Didask on DB module. Primarily, IKHarv esterqueriesthe storageto retrieve data.
For that reason,it usesthe perfamGraphQuery(Stringuery Object... args) method

which takestwo argumerns (seeList. 5.2):
2 query a SERQL query itself

2 args none,oneor more argumerts that are usedin the query
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Listing 5.2: Querying the data storage

|/ aa
o Performs a SERQL query and returns a graph containing its result.
o]
o @author Jaroslaw Dobrzanski <jaroslaw@dobrzanski.net>
o @param query
o @param args
a @return
a/
public Graph performGraphQuery(String query, Object... args) {
try {
return repository .performGraphQuery(QuerylLanguage.SERQL,
String.format (query, args));
} catch (Exception e) {
e.printStackTrace();

return null;

To make the code of IKHarv ester cleanerand separatefeaturesrelated to the
storageissues, have preparedthe RDFQueryclassthat cortains all the queriesused

by the system(seelList. 5.3).

Listing 5.3: RDF SERQL queriesde nition

public class RDFQuery {

private RDFQuery() {}

[/ oo

o construct o from {subject} predicate {object}
a/

public static final String SELECT_ALL =
"construct o from {subject} predicate {object}";

/| aa

g construct o from {<%s>} <%s> {<%s>}

o/

public static final String SELECT_ALL FOR_ALL =

"construct = from {<%s>} <%s> {<%s>}";
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/| oo

o construct o from {<%s>} b {c}

a/

public static final String SELECT_ ALL FOR_ SUBJECT =
"construct o from {<%s>} b {c}";

[/ oo

o construct o from {a} <%s> {c}

af

public static final String SELECT_ALL_FOR_PREDICATE =
"construct = from {a} <%s> {c}";

/| oo

a construct o from {<%s>} <%s> {c}

o]

public static final String SELECT OBJECT FOR_SUBJECT AND_PREDICATE
"construct o from {<%s>} <%s> {c}";

/| oo

o construct o from {a} <%s> {<%s>}

a/

public static final String SELECT SUBJECT FOR_PREDICATE AND_OBJECT
"construct & from {a} <%s> {<%s>}";

/| aa

g construct o from {%s} b {c}

a/

public static final String SELECT_ALL FOR BLANKNODESUBJECT =
"construct © from { :%s} b {c}";

/| oo

a construct & from {<%s>} <%s> {c}

a/

public static final String

SFLECT_OBJECT _FOR_BLANKNODESJUBJECT _AND_PREDICATE =
"construct @ from {_:%s} <%s> {c}";

/| aa

o construct o from {<%s>} b {c} where c like "%so"
o/

public static final String
SELECT_ALL_FOR_SUBJECT_AND_PREDICATE_LIKE =

"construct o from {<%s>} b {c} where c like \"%so\"";
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5.5.3 Extending IKHarv ester

One of the requiremerts for the IKHarv ester system demandsallowing to extend
IKHarv ester to support new types of online resources(see Sec. 4.3.4). Writing
new featuresshould be facilitated. Therefore, | have decidedthat new classedor
harvesting metadata should extend the DataHavesterImplclassand onesfor pro-
viding metadata from the informal knowledge repository should extend the Dat-
aProviderImpktlass. Both classesmplemert respectively the DataHavesterand the
DataProviderinterfaces.

Sincethe idea for both harvesting and providing featuresis the same,in the
following listings (seeList. 5.4 and List. 5.5) | presert the medanism only for

providing classes.

Listing 5.4: DataProvider interface

public interface DataProvider {

[/ oo

o Returns a LOJBean manifest containing

o]

metadata relevant for course composition

o]

@author Jaroslaw Dobrzanski <jaroslaw@dobrzanski.net>
o @param uri

a @return

o @hrows IOException

a/

public LOManifest getLOManifest ();

/| aa
o Returns the content of a specific LOJBean.
a
a @author Jaroslaw Dobrzanski <jaroslaw@dobrzanski.net>
o @param resourceType The type of the resource
o @param content This parameters returns the content
a @eturn Information about whether

o the operation succeeded or failed
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o @hrows IOException
o]
public HarvestingResults getLOContent (String resourceType,

StringBuffer content) throws IOException;

The DataProviderImptlassimplemerts the methods from the DataProvidelinter-
face: getLOManifest()and getLOContent(Stringresourceype, StringBu er content).
Basing on the type of the resource,the former method createsan instance of the
speci ¢ subclassof DataProviderimpby using Java Re ection. Finally, features of
the subclassare invoked.

The nameof the subclasshasa su x which is equalto the name of the resource

type, while the su x is always DataProvider, for instance BlogPostDataProvider.

Listing 5.5: DataProvider interface

public class DataProviderImpl implements DataProvider {

/| oo

a URI of the resource

a/

protected String uri = null;

/| oo

o Gives access to a repository

a/

protected SesameDBFace dbFace = null;
protected static Logger logger =

Logger . getLogger (DataProviderlmpl . class);

[ oo

o Constructor using resources uri

o @param uri

a/

public DataProviderImpl(String uril) {
uri = uril;

dbFace = SesameDBFace. getinstance(Constant .REPOSTORY_ID);
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/= (nonj Javadoc)
o @see org.corrib.ikharvester.provider.
o DataProvider# getLOManifest (java.lang. String)
a/
public LOManifest getLOManifest () {
LOManifest manifest = null;
/1 get the reource type
Statementlterator iter =
dbFace. getGraphStatements(
RDFQuery . SELECT_ALL_FOR_SUBJECT AND_PREDICATE_LIKE,
uri, NS.NOTITIOUS. resourceType);
if (iter == null || !'iter.hasNext()) {
return null;
}
[/ there is maximum one entry
String resType = iter .next().getObject ().toString().
substring (NS.NOTITIOUS. resourceType.length ());
if (1Util.isStringSet (resType)) {
return null;
}

try {
Class providerClass = Class.forName(
DataProviderImpl. class.getPackage() .

getName() + + resType + "DataProvider");
Class constrArgsTypes[] = { String.class };

Constructor ct = providerClass.getConstructor (constrArgsTypes);

Object args[] = { uri };

DataProvider provider = (DataProvider) ct.newlnstance(args);

manifest = provider.getLOManifest ();
} catch (SecurityException e) {

logger . error (" SecurityException", e);
} catch (IlllegalArgumentException e) {

logger . error (" IllegalArgumentException"”, e);
} catch (ClassNotFoundException e) ({

logger . error (" ClassNotFoundException", e);
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} catch (NoSuchMethodException e) {
logger . error (" NoSuchMethodException", e);
} catch (InstantiationException e) {
logger . error (" InstantiationException", e);
} catch (IllegalAccessException e) {
logger . error (" IllegalAccessException", e);
} catch (InvocationTargetException e) {
logger . error (" InvocationTargetException", e);

}

return manifest ;

/= (nonj Javadoc)

o @see org.corrib.ikharvester.provider.DataProvider#getLOContent (

o String resourceType, StringBuffer content)

o/

public HarvestingResults getLOContent (String resourceType,
StringBuffer content) throws I0Exception {
DataHarvester harvester = new DataHarvesterimpl(uri, resourceType);

return harvester . harvestContent (content);

/| oo

o Returns a list containg all LOs that can be collected
o from the informal knowledge repository.

o]

o @author Jaroslaw Dobrzanski <jaroslaw@dobrzanski.net>
o @return

af

public static List<LOJBean> getLOList () {
List<LOJBean> objects = new ArrayList<LOJBean> ();
objects.addAll(getLOList (Constant .RESOURCE TYPE BLOG));
objects.addAll(getLOList (Constant .RESOURCE TYPE DL));
objects.addAll(getLOList (Constant .RESOURCE_TYPE_WIKI));
Collections. sort (objects);

return objects;
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/| oo
o Returns a list containg all LOs of a specified type
o]
o @aram type
o @author Jaroslaw Dobrzanski <jaroslaw@dobrzanski.net>
o @return
a/
public static List<LOJBean> getLOList(String type) {
SesameDBFace dbFace = SesameDBFace. getlnstance(
Constant .REPOSTORY_ID);
List<LOJBean> los = new ArrayList<LOJBean> ();

Statementliterator iter = dbFace.getGraphStatements(
RDFQuery .SELECT_SUBJECT _FOR_PREDICATE_AND_OBJECT,
RDF.TYPE, NS.NOTITIOUS. resourceTypet+type);

if (iter == null) {
return los;

}

while (iter.hasNext()) {

String uri = iter.next().getSubject ().toString();

[/ check if removed, this information must also be provided

boolean removed = false;

Statementlterator it = dbFace.getGraphStatements(
RDFQuery . SELECT _OBJECT _FOR_SUBJECT_AND_PREDICATE,
uri, NSBlog.removed);

if (it == null) {
continue;

}

if (it.hasNext()) {
removed = true;

}

los.add(new LOJBean(uri, removed));

it.close();

}

iter.close();

Collections.sort (los);

return los;
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5.5.4 Adding data to the informal knowledge repository

IKHarv ester allows adding resourcesto the informal knowledge repository either
with a client application or by putting their URL in the form on the main page of
the system. The latter method might be bothersomesinceewvery time a user must
go to the above menioned web pageand return to the nal one after the adding.

To readh out usersneeds,| have createdan add-onfor Firefox, one of the most
popular web browser. In general,an add-on adds somefunctionality for a piece of
software. The onel have created works with the implemertation of IKHarv ester
deployed on the notitio.us'® project (seeSec.6.1.2); it adds a button with post
to notitio.us link on web pagesof one of a type supported by IKHarv ester (see
Fig. 5.3).

Figure 5.3: IKHarvester  support for web browsers

Pnhttp://notitio.us/
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Any time a user visits sud page,he/she can click the above mertioned button.
He/sheis redirectedto oneof IKHarv esterweb pages,wherethe initial pagecanbe
taggedand saved to the informal knowledgerepository. All the information in that
repository is shared.

IKHarv ester add-on for Firefox can be downloadedfrom http://notitio.us/

ikh/browser.jsp
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Chapter 6

Conclusions

Nowadays, there is a lot of informal knowledgeavailable on the Internet; it can be
found in blogs,fora, digital libraries, wikis, etc. The amourt of sud data is growing
rapidly; more and more tools for managingit is developed.

In this thesis, | have included the results of my researt in the eld of the Se-
mantic Web and eLearning. | have presened thosetwo approadesand de ned the
model of Sacial Semartic Information Sources.l have proposeda way of capturing
informal learning from a few typesof SSISand delivering it to eLearning2.0 frame-
works. Then, | have designedthe architecture of such system (IKHarv ester) and
deweloped it. Finally, I have successfullydeployed IKHarv esterin the real environ-

mert.

6.1 Achievements

6.1.1 Publications

This thesis is dedicatedto the issueof collecting informal knowledge from Sccial
Semaittic Information Sources.The ideaof how to capture data from onlineresources
is quite innovative and there is a lot of e ort put into researt in that eld.

The Semattic Infrastructure (Seminf) lab, the core part of the Corrib Cluster!

in the Digital Enterprise Researb Institute 2, whosemenber | am, is alsointerested

http://corrib.org/
2http://deri.org
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in this area. During last morths, we have createda few publication.

The following list preserts two of those articles:

2 S.R. Kruk, A. Gzella,J. Dobrza«ski,B. McDaniel, T. Woronieki. E-Learning
on the Sccial Semartic Information Sources. Proceedingsof the SecondEu-
ropean Conferenceon Tednology Enhanced Learning, 2007, Crete, Greece,

Septenber 17-20,2007

2 J. Dobrza«ski, S. R. Kruk, T. Nagle, E. Curry, A. Gzella. IKHarvester In-
formal eLearningwith Semanic Web Harvesting. 6th International Semaric

Web Conference 2007,Busan, Korea, Novenber 11-15,2007 (Submitted)

2 J. Dobrza«ski. Employing Sccial Semaric Information Sourcedor e-Learning.

Faculty of EngineeringResearb Day 2007,Galway, Ireland, April 16,2007

2 J. Jankowski, F. Czgja, J. Dobrza«ski. Adapting informal sourcesof knowledge
to e-Learning. 5th Annual Conferenceon Teading and Learning: Learning

Tednologies,Galway, Ireland, June 7-8, 2007

2 J. G. Breslin, S. Grzonkowski, A. Gzella,S.R. Kruk, T. Woroniedi, andJ. Do-
brza«ski. Sharing Information AcrossCommunity Portals with FOAFRealm.

International Journal of Web BasedCommunities (Submitted)

6.1.2 |IKHarv ester

Although current versionof IKHarv esteris a prototype, it works well and collectsa

lot of relevant data from SSIS.

Bene ts

To recap, there are few solutions for capturing managing semaric annota-
tions (metadata) for online resourcesuseful in learning process: PingtheSeman-
ticWeb.com,Piggy Bank, and Zotero (seeSec.4.1.1). Although their goalis similar,
they achieve it in di erent ways. Table 6.1 explicitly shows the di erence between

the above mentioned solutions, indicating the level of support for eadt of the feature.
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Table 6.1: Comparisonof tools for collecting informal data

Ping the Se- _
Feature IKHarv ester . Piggy Bank Zotero
manticW eb
) ) buttons:  FF,
Integration  with buttons: FF, | FF an add-on | FF an add-on
Opera, IE; . .
bro wsers Opera, IE itself itself
add-on for FF
full (also ad-
Supp ort for
) ) ditional infor-
Semantic  Medi- ) ) full full none
o mation besides
aWikis
from RDF)
Supp ort for
o ) some none weak none
Wikip edia
Supp ort for
full some full weak
JeromeDL
Tagging yes no yes yes
no, but works
Is remote service || yes yes with Semartic | no
Bank
Accessible  with
) yes yes no no
Web Services
partially
Allo ws data ] )
. yes yes sharing with | no
sharing .
Semariic Bank
no depen- . no depen-
Supp ort for new N yes writ-
yes writing | dency on the | dency on the
document types ing new screen
new blades authors of the authors of the

(extensibilit )

tool

scrapers

tool
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Integration with web browsersis crucial for sud systems.The moreweb browser
the system supports, the better; sud a tool should not demand using a speci c
browser. SincePiggy Bank and Zotero are Firefox add-on, they are perfectly inte-
gratedonly in this browser. IKHarv esterand PingtheSemarticWeb.comalsosupport
Internet Explorer and Operaby providing special buttons for capturing data. More-
over, somefeaturesof IKHarv ester can be invoked by using a special add-onsfor
Firefox (seeSec.5.5.4).

All comparedtools, exceptfrom Zotero, are able to collect su cient amourt of
metadata for online resourcesavailable on web pages,by reading RDF documerts
that those pageslink to. By su cient, we mean more information than the URL
or the title of the resource. For instance, there should be someinformation about
the author of the resourceor related resources.|IKHarv ester distinguishesitself as
it collects metadata also from non-sematic web pages,like Wikip edia which is a
treasury of informal knowledge.

To make much more use of metadata for learning purposes,it should be shared
and made available for all. For that reason,it is necessaryto accesst with Web
Servicesasit improvesits accessibiliy and reusability. Also, tagging helpsmanaging
collectedinformation and facilitates searting and browsing. Again, IKHarv ester
acquits itself well. All shareddata can be retrieved, saved, and tagged by calling
REST Web Services.

Beyond that, IKHarv ester has a considerableelLearning badkground. It treats
onlineresourcesslearning material (informal Learning Objects), and usescaptured
data asits description. Moreover, IKHarv esterdeliversthesemetadatain a form in
accordancewith LOM standard. This rich information is usedby eLearningLMSs,

to perform accuratereasoningand provide well tailored courses.

Success stories

There canbe found a lot of projectsit canbe usedin. At the momert it is employed

by two of SemInf group projects: Didaskon, and notitio.us
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Didask on

IKHarv ester has been designedas a SOA layer for Didaskon®, a system designed
accordingto eLearning 2.0 assumptions. Didaskon delivers a framework for com-
posing on-demandcurriculum from existing learning objects provided by eLearning
services(formal knowledge). Besides,it derives from SSIS- sourcesof informal
knowledge[53].

Basingon somepreconditions,Didaskon createsa learning path which best ts a
speci ¢ learner. To adchieve that, the systemusesinitial information (preconditions)
like a studert's needs,skills, learning history etc., anticipated resulting skills and
knowledge(goals), and technical details of the clients platform.

Initially , IKHarv ester was supposedto work with Didakon*, an eLearning 2.0
framework (seeSec.3.3.2). Howewer, during the dewelopmen, | have found another

application IKHarv ester could be employed by.

notitio.us

notitio.us® is a servicefor collaborative knowledgeaggregationand sharing; it em-
ploys IKHarv esterfor retrieving RDF information about Web resourcesrookmarked
by the users. Therefore, it is capableof indexing rich metadata, comingfrom various
typesof resourcesin cortrary to bookmarking servicessud asdel.icio.us,notitio.us
keepsrich, semartically interconnectedmetadata sharedby the usersusing Sccial
Semarnic Collaborative Filtering [28].

The resourcesnot only can be shared with bookmarking interface (SSCF),
but also, basedon the rich metadata, they can be seartied and browsed using
TagsTreeMaps®, a tags browserbasedon treemapsrenderingalgorithm, and Multi-
BeeBrownse, a collaborative browsing component; this componerts improve user
browsing experience,utilizing metadata delivered by IKHarv ester.

One of modulesdeliveredby IKHarv esterallows to exposeaggregatedmetadata

in LOM standard, which turns notitio.us into a valuable sourceof learning objects

Shttp://didask on.corrib.org/

“http://didask on.corrib.org/

Shttp://notitio.us/

6TagsTreeMaps: http://sf.net/pro  jects/tagstreemaps/
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Figure 6.1: IKHarv esterin the notitio.us service

basedon informal knowledge,deliveredby IKHarv ester (seeFig. 6.1).
To learn more about IKHarv ester and notitio.us, pleasevisit its home page:
http://notitio.us/ikh/

6.2 Future work

As stated before, current version can operate of three resourcegypes: wikis based
on MediaWiki engine,blogsthat support SIOC, and JeromeDL.

The systemwas designedin a mannerthat allows extendingit sothat it works
with other sourcesof informal knowledge(seeFig. 4.6). In future, it should support
moretypesof online resourcesamongothers: Bricks (another digital library), blogs

hostedon Blogger, and other typesof wiki engines.

"http://www.blogger.com/
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App endix A

Installation guide

A.1 Apache Tomcat

IKHarv ester usesApache Tomcat (version5.5.23or newer), the servlet container.
The webcortainer canbe downloadedfrom its homepage: http://tomcat.apache.
org/ . Apache Tomcat should be installed accordingto the instructions available on
the above mertioned web page.

Let usassume,TOMCAT DI the Tomcat installation directory; this namewill

be usedfurther in this chapter.

A.2 Sesame

SesameRDF storage,plays the role of the informal knowledgerepository. IKHar-
vester uses Sesameversion 1.2.6 which available at: http://www.openrdf.org/
download.jsp .

Again, one should follow instructions from the tool's home page. In short,
Sesamewnebapp must be put into TOMCAT _DIR/webappsind all jars moved from
TOMCAT_DIR/webapps/sesame/WEB-INF/litd TOMCAT_DIR/common/lib/

Having installed Sesamejt should be con gured. For that reason,put the fol-
lowing code (seeList. A.1) in TOMCAT _DIR/webapps/sesame/WEB-INF/system.conf
le, insidethe <repositorylist>  section.

In the listing, STORAGE_FILENAdEe path to the le whereRDF data will be
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stored.

Listing A.1: Informal knowledgerepository con guration

<repository id="joinedj repository">

<acl worldReadable="true" worldWriteable="true" />

<title>ikj repository</title>

<sailstack>
<sail class="org.openrdf.sesame. sailimpl.sync.SyncRdfRepository" />
<sail class="org.openrdf.sesame. sailimpl.memory.RdfSchemaRepository">

<param name="file" value="STORAGE_ FILENAME" />

</sail>

</ sailstack>

</repository>

A.3 IKHarv ester

IKHarv estercan be run in two ways, either by de ning the listenerin Apache Tom-

cat, or by creating war and deploying it to TOMCAT _DIR/webappditectory.

A.3.1 Downloading the source code

IKHarv ester source code is available at Sourceforge.net, as a part of Didaskon
project.
The direct link to the sourcecode: https://didaskon.svn.sourceforge.net/

svnroot/didaskon/IKHarvester

A.3.2 Con guration

After  downloading the  application, put all jar les  from
IKHARVESTER_DIR/dist/ TOMCAT_DIR/common/litd TOMCAT_DIR/common/lib/
directory. Also, commons-fileupload-1.1.jar le (copied from Sesamel.2.6
distribution) must be deleted, becausealong with IKHarvester les you have

downloadednewer versionof that le.

Lhttp://sourceforge.net/
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Running the application

There are two ways of running IKHarvester. You can do it either by de ning a

listener in Apache Tomcat or by creating and deploying Web ARchive le.

Conguring the listener

This is more corveniert way of running IKHarv ester. After addition con guration
of Apache Tomcat, the web cortainer seechangesto the source les ewvery time they
are compiled. Consequetly, there is no needto redeplg/ing war le and restarting
the cortainer.

Put the code from List. A.2 in le TOMCAT_DIR/conf/server.xm| at the
end of <Host name="localhost" ... section and restart Apache Tomcat.
IKHARVESTER_D#Rhe path to IKHarv esterdirectory (with source les), whereas
path="/ikh" de nes the URL IKHarvesteris available at. In this exampleit is
http://localhost:8080/ikh

Listing A.2: Host cortext con guration

<Context path="/ikh" docBase="IKHARVESTER DIR/ WebContent"

debug="0" reloadable="true"/>

Deploying WAR

This is a more burdensomeway of running IKHarv ester.

After changes to the system source les, one musts run ant script
IKHARVESTER_DIR/build.xml It compiles Java classes,createsa Web ARchive
le, ikharvester.war , and deploys it to TOMCAT_DIR/webappdifectory.

The onerousnes®f this approad liesin the fact that every time the deweloper
makes a change, he must create new ikharvester.war le, deploy it, and restart

the web cortainer. That is why, | suggestusing the former approad.
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App endix B

Output examples

B.1 LOM example

IKHarv ester provides descriptionsof Learning Objects (LOs) storedin the informal
knowledgerepository (seeTab. 4.2.2for details for that functional requiremen) in
a form suggestedby LOM standard (seeSec.2.1.2).

In the List. B.1 thereis preserted the descriptionof a LO createdout of informa-
tion harvestedfrom a blog post available at: http://dobrzanski.net/2007/04/

23/ajax- activity- indicator/

Listing B.1: Learning Object Metadata

<?xml version="1.0" encoding="UTF; 8" 2>
<lom>
<general>
<identifier>
<catalog>URI</catalog>
<entry>
http:// dobrzanski.net/ 2007/ 04/ 23/ ajaxj activityj indicator/
</entry>
</identifier>
<title>
<langstring xml:lang="en">
AJAX activity indicator
</langstring>

</title>
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<language>en</language>
<description>
<langstring xml:lang="en">
Users are familiar with indications of work performed
in background since first versions of MS Windo
</langstring>
</ description>
<k eyword>
<langstring xml:lang="en">
http:// dobrzanski.net/ category/ ajax/
</langstring>
<langstring xml:lang="en">
http:// dobrzanski.net/ category/ javascript/
</langstring>
<langstring xml:lang="en">
http:// dobrzanski.net/ category/ web20/
</langstring>
</ keyword>
<structure>
<source>LOMv1.0</ source>
<value>atomic</value>
</structure>
<aggregationlevel >
<source>LOMv1.0</ source>
<value>1i</value>
</ aggregationlevel >

</ general>

<lifecycle>
<version>
<langstring xml:lang="en">
2007 04j 23T22:43:15Z
</langstring>
</version>
<contribute>
<role>
<source>LOMv1.0</ source>

<value>author</value>
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</role>
<entity>http:// dobrzanski.net/ author/admin/</entity>
<date>
<datetime>2007; 04j 23T22:43:15Z</datetime>
<description>
<langstring xml:lang="en">Creation date</langstring>
</ description>
</date>
</contribute>
<status>
<source>LOMv1.0</ source>
<value>revised </value>
</status>

</lifecycle>

<metametadata>
<identifier>
<catalog>URI</catalog>
<entry>
http:// dobrzanski.net/ 2007/ 04/ 23/ ajaxj activityj indicator/
</entry>
</identifier>
<contribute>
<role>
<source>LOMv1.0</ source>
<value>author</value>
</role>
<entity>http:// dobrzanski.net/ author/admin/</entity>
<date>
<datetime>2007; 04j 23T22:43:15Z</datetime>
<description>
<langstring xml:lang="en">Creation date</langstring>
</description>
</date>
</contribute>
<metadataschema>LOMv1.0</ metadataschema>
<language>en</language>

</ metamet adat a>
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<technical >
<format>text/ html</format>
<location>
http:// dobrzanski.net/ 2007/ 04/ 23/ ajaxj activityj indicator/
</location>
<requirement>
<orcomposite>
<type>
<source>LOMv1.0</ source>
<value>operating system</value>
</type>
<name>
<source>LOMv1.0</ source>
<value>multij os</value>
</name>
</ orcomposite>

</requirement>

<requirement>
<orcomposite>
<type>
<source>LOMv1.0</ source>
<value>browser</value>
</type>
<nhame>
<source>LOMv1.0</ source>
<value>any</value>
</name>
</orcomposite>
</requirement>

</technical >

<educational >
<learningresourcetype>
<source>Didaskon</source>
<value>BlogPost </value>

</learningresourcetype>
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<description>
<langstring xml:lang="en">
Users are familiar with indications of work performed in
background since first versions of MS Windo
</langstring>
</ description>
<language>en</language>
<interactivitytype>
<source>LOMv1.0</ source>
<value>expositive</value>
</interactivitytype>
<interactivitylevel >
<source>LOMv1.0</ source>
<value>low</value>
</interactivitylevel >
<semanticdensity>
<source>LOMv1.0</ source>
<value>medium</value>
</semanticdensity>
<intendedenduserrole>
<source>LOMv1.0</ source>
<value>learner </value>
</intendedenduserrole>
<context>
<source>LOMv1.0</ source>
<value>training</value>
</context>
<context>
<source>LOMv1.0</ source>
<value>school </value>
</context>
<context>
<source>LOMv1.0</ source>
<value>higher education</value>
</ context>
<context>
<source>LOMv1.0</ source>

<value>other</value>
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</context>

<difficulty>
<source>LOMv1.0</ source>
<value>medium</value>

</difficulty>

</educational>

<rights>
<cost>
<source>LOMv1.0</ source>
<value>no</value>
</ cost>

</rights>

<relation>
<kind>
<source>LOMv1.0</ source>
<value>references</value>
</kind>
<resource>
<identifier>
<catalog>URI</catalog>
<entry>
http:// dobrzanski.net/ 2007/ 04/ 22/ usingj putj andj deletej methodsj inj ajaxj requestaj wif
</entry>
</identifier>
<description>
<langstring xml:lang="en">references</langstring>
</description>
</resource>

</relation>

<relation>
<kind>
<source>LOMv1.0</ source>
<value>references</value>
</kind>

<resource>
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<identifier>
<catalog>URI</ catalog>
<entry>http://wwv. napyfab.com/ ajaxj indicators/</entry>
</identifier>
<description>
<langstring xml:lang="en">references</langstring>
</description>
</resource>

</relation>

<relation>
<kind>
<source>LOMv1.0</ source>
<value>references</value>
</kind>
<resource>
<identifier>
<catalog>URI</ catalog>
<entry>http:// ajaxload.info/</entry>
</identifier>
<description>
<langstring xml:lang="en">references</langstring>
</description>
</resource>
</relation>

</lom>
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B.2 LO content example

Apart from the descriptionof a Learning Objcectin LOM (seeList. B.1, IKHarv ester
can also provide the cortent of sud LO. The cortent is supposedto be usedin the
coursecreatedby an eLearningframework.

In the List. B.2, thereis preserted the cortent of a LO createdout of information
harvested from a blog post available at: http://dobrzanski.net/2007/04/23/

ajax- activity- indicator/

Listing B.2: The corntent of a Learning Object

<?xml version="1.0" encoding="UTF; 8" ?>

<LO uri="http:// dobrzanski.net/ 2007/ 04/ 23/ ajaxj activityj indicator/">
<content > <![CDATA[< h1>AJAX activity indicator </hl><div><p>

Users are familiar with indications of work performed
in background since first versions of MS Windows.
Besides being fancy, they are also informative.</p>
<p>AJAX, a Web 2.0 technique, aim at exchanging only
small amounts of data with a server; this should be
performed behind the scenes. If so, why not expose
the moments when user interaction brings about reqest
and response from a server? Remeber my previous
<a href="http:// dobrzanski.net/ 2007/ 04/ 22/
usingj putj andj deletej methodsj inj ajaxj requestaj
withj prototypejs/">post</a> about using prototype.js
for making AJAX request? | use prototype also for indicating
background actions on web pages that support AJAX.</p>
<p>You&# 8217;d never guess how easy it is to such
indicator.</p><p>First , you must register an action
which accurs in case of an AJAXj related event.
The best way to do that is add the following code
in the <code>head</code> section of the HTML code
(remember to include prototype.js library before it!):</p>
<pre><code>&#60;script type="text/javascript"&# 62;&# 60;
1&# 91;CDATA&# 91;Ajax . Responders. register ({
onCreate: function(){ Element.show('spinner ')},

onComplete: function(){ Element.hide('spinner')}});
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&# 93;&# 93;> &# 60;/ script &# 62;</ code></pre><p>Then,
further in the code inside <code>body</code> section,
add this:</p><pre><code>&#60;img alt="spinner"
id="spinner" src="gfx/spinner.gif" style="display:none;"
[ &# 62;</ code></pre><p>Actually , it&#8217;s all.
Whenever you click an object which sends an AJAX
request to the server, the indicator defined by
<code>img</code> appears and is visible until
the response is obtained.</p><p>Wonder, how to create
an indicator animation? Either download one from
<a href="http://ww. napyfab.com/ ajaxj indicators/"> here</a>
or generate one <a href="http:// ajaxload.info/">there</a>
</p></div>]]>
</content>
</LO>
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B.3 List of LOs example

IKHarv estercan deliver to a LMS a list of informal LOs it stores(seeTab. 4.2.2for
details on this functional requirement).

List. B.3 is an examplesud list.

Listing B.3: List of Learning Objects

<?xml version="1.0" encoding="UTF; 8" ?>

<LOList>
<lo uri="http:// en.wikipedia.org/ wiki/ Friend_of_a_Friend" />
<lo uri="http://en.wikipedia.org/ wiki/House" />
<lo uri="http:// en.wikipedia.org/ wiki/ Subversion_ (software)" />
<lo uri="http://en.wikipedia.org/ wiki/ Opera" />
<lo uri="http:// scrubs.wikia.com/ wiki/ Main_Page" />
<lo uri="http://en.wikipedia.org/ wiki/ Microsoft" />
<lo uri="http://en.wikipedia.org/ wiki/RDF/A" removed="true"/>
<lo uri="http:// dobrzanski.net/ 2007/ 04/ 10/ latex tables/" />
<lo uri="http:// library.deri.ie/ resource/ cal9910" />
<lo uri="http:// en.wikipedia.org/ wiki/ Roman_ Catholic_Church" />
<lo uri="http://en.wikipedia.org/ wiki/HCard" />
<lo uri="http:// library .deri.ie/ resource/8bf07156" />
<lo uri="http:// library .deri.ie/ resource/wYcshSU1" removed="true"/>
<lo uri="http://en.wikipedia.org/ wiki/HTML" />
<lo uri="http:// en.wikipedia.org/ wiki/ Machine" />
<lo uri="http:// en.wikipedia.org/ wiki/ Banff_ National _Park" />
<lo uri="http:// wiki.corrib.org/ index.php/ S3B/MBB/ SOA" />
<lo uri="http://en.wikipedia.org/ wiki/ hcard" removed="true"/>
<lo uri="http:// microformats.org/ wiki/ hatom" removed="true"/>
<lo uri="http://en.wikipedia.org/ wiki/ Boeing" />
<lo uri="http:// dobrzanski.net/ 2007/ 04/ 03/ facultyi researchj day/" />
<lo uri="http:// library.deri.ie/ resource/ DiisD2Rs" />
<lo uri="http:// en.wikipedia.org/ wiki/ Firefox" />

</LOList>
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