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ABSTRACT

This paper presents the design and development of We-
Share, a social annotation application that allows educators
to search, create and enrich descriptions of Information and
Communication Technologies (ICT) tools from the Web of
Data. As many others social applications, We-Share allows
educators to publish information about the ICT tools they
use in their classrooms. Further, We-Share also enables edu-
cators to relate tool descriptions to the educational contexts
where the tools were employed, thus gathering educational-
specific knowledge about the use of ICT tools. A distinctive
feature of We-Share is that it relies on SEEK-AT-WD, a
Linked-Data-based infrastructure that keeps updated a col-
lection of thousands of descriptions of educational ICT tools
on the Web by periodically gathering data from third par-
ties. Hence, We-Share can make use of the data gathered
by SEEK-AT-WD to create an initial collection of tool de-
scriptions that can overcome the cold-start problem that
other registries suffer. Further, as SEEK-AT-WD updates
the tool descriptions it publishes, this same data will be
updated on We-Share. Finally, as the data published on
We-Share will be available as Linked Open Data its po-
tential impact is higher and it contributes to the develop-
ment of an educational Web of Data. All in all, We-Share
combines the affordances of social annotation applications,
which can gather domain-specific knowledge about educa-
tional ICT tools, with the affordances of Linked-Data-based
applications, which promote the sharing of data with third
parties.
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1. INTRODUCTION

Educational registries of ICT tools are commonly employed
to support educators when discovering and selecting tools for
their classrooms. A common problem these registries face
is how to gather and update descriptions of ICT tools that
are useful and understandable by educators. Some of these
registries, such as Ontoolsearch [19], follow a traditional ap-
proach, where the registry administrator is in charge of pub-
lishing and updating all the data contained in the registries.
Others, such as the ROLE Widget Store' or Cool Tools For
Schools?, follow a social approach involving their commu-
nities of users in their data sustainment. It is well known
that these social registries have data sustainability advan-
tages with respect to the traditional ones since more people
can contribute to their data sustainment. Nonetheless, three
important drawbacks can be found in these social registries.
First, the cold-start problem [10] is present: it is hard to
reach a critical mass of data that motivates users to con-
tribute to the registry sustainment. Second, the information
provided typically focuses on the functional characteristics
of the tools, including very little information about their ed-
ucational use, which is a key issue to help teachers decide
whether they can apply these tools in their particular con-
texts [5]. Third, these registries are isolated data silos that
need to create and keep updated all the data they manage,
thus increasing the overall effort of sustaining educational
ICT tool datasets.

In order to overcome these problems, we proposed the SEEK-

http://www.role-widgetstore.eu
Zhttp://cooltoolsforschools.wikispaces.com
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Figure 1: Typical scenario of We-Share as a social annotation application that collects tool data and publishes

it on the Web.

AT-WD infrastructure [15]. This infrastructure automati-
cally collects -and periodically updates- educational descrip-
tions of ICT tools from several cross-domain datasets of
the Web of Data. All the data collected by SEEK-AT-WD
is publicly available and can be used, even by third par-
ties, to developed educational applications. By September
2013 more than 7000 different educational descriptions of
ICT tools were gathered by SEEK-AT-WD from the Web of
Data. These descriptions include the functional and admin-
istrative characteristics of the ICT tools, but they do not
provide information about their educational use, since no-
body has published it on the Web of Data yet [14]. Instead,
SEEK-AT-WD was designed to facilitate the development
of educational applications on top of this infrastructure, for
instance to allow educators to publish information about the
use of ICT tools [15].

The present paper presents the design and development of
We-Share, a social-semantic application that allows the com-
munity of educators to obtain, create and enrich descrip-
tions of ICT tools from the Web of Data [7]. As visualized
in Figure 1, We-Share would take advantage of the SEEK-
AT-WD infrastructure to inform educators about ICT tools.
More importantly, We-Share could be used by this same
community of educators to publish information about ICT
tools on SEEK-AT-WD out of their experience using them
in their classrooms. This way, the tool descriptions that
We-Share would gather from the Web of Data could be en-
riched with educational-specific information that would also
be published as Linked Open Data on the Web, thus in-
creasing its potential impact and contributing to the devel-
opment of an educational Web of Data. Hence, We-Share
should facilitate educators the interaction with Linked Data
from non-educative sources and should provide a mean to
publish on the Web of Data the information created by the
educators.

In the rest of this paper we first briefly describe SEEK-AT-
WD in section 2. Then, we present the design of We-Share
in section 3, which includes both its architecture and its
interface, while some implementation details are given in
section 4. Finally, the main conclusions are drawn in section
5.

2. PUBLISHING AND RETRIEVING TOOL
DESCRIPTIONS FROM SEEK-AT-WD

SEEK-AT-WD is a social-semantic infrastructure that sus-
tains an educational ICT tool dataset on the Web of Data.

It offers updated information about educational ICT tools
through a SPARQL endpoint [21] that can be accessed at
http://seek.rkbexplorer.com/sparql/. In order to up-
date its tool descriptions, SEEK-AT-WD counts with a set
of crawlers that retrieve the information already published
on the Web of Data by cross-domain datasets, such as DBpe-
dia® [1] or Factforge®. Then, these crawlers submit the ICT
tool descriptions retrieved to SEEK-AT-WD using its data
publication interface. In addition, this same interface can
be used by other annotation applications of educational ICT
tools to submit information to SEEK-AT-WD. Specifically,
these annotation applications are expected to enrich the tool
descriptions contained in SEEK-AT-WD with educational-
specific information, which cannot be currently found on the
Web of Data [14]. SEEK-AT-WD publishes all the data it
manages as Linked Open Data on the Web through a web
interface and a SPARQL endpoint that can be accessed at
http://seek.rkbexplorer.com.

SEEK-AT-WD structures its information according to the
SEEK Ontology [15], so the applications that publish data
on SEEK-AT-WD are expected to align the data submitted
to this ontology. The expected users of the SEEK Ontology
are educators, that is, people who give lessons in educa-
tional institutions. The domain of the SEEK Ontology are
educational ICT tools, which includes those tools specifically
developed for educational purposes (e.g. Group Scribbles®)
and those that are commonly employed in education even
if they were not initially developed for educational purposes
[3] (e.g. Google Drive®). The SEEK Ontology encompasses
a set of ontologies for describing tools, educational contexts
and reviews, such as Ontoolcole [18] and the Review Vocab-
ulary [8]. The reviews published using the SEEK Ontology
are composed by a text and a numerical rating, and they are
also related to the description of the educational context [5]
where the tool has been employed. These educational con-
texts include the information related to the educational use
of the tools, such as the teaching technique employed, the
learning goals or the name of the course. This way, the
SEEK Ontology describes not only the ICT tools employed
in education and the educators’ opinions about them, but
also what they have been used for.

Currently there is an educational ICT tool search system,

3http://dbpedia.org/About
‘http://factforge.net/
Shttp://groupscribbles.sri.com
Shttps://drive.google.com



called U-Seek” [20], that uses SEEK-AT-WD data and offers
it to the educators for the discovery and selection of tools.
U-Seek offers an end-user interface based on graphs that hin-
ders the complexity of creating SPARQL queries and allows
educators to create them manipulating a graphical interface.
U-Seek submits the queries created to SEEK-AT-WD and
the results obtained are presented to the educators in a sim-
ple and visual way.

3. WE-SHARE DEVELOPMENT

3.1 We-Share software requirements

We-Share is a social-web annotation application that allows
educators to publish information about ICT tools on SEEK-
AT-WD. For example, an educator may use We-Share to
publish an ICT tool description (e.g. MediaWiki) that has
not been published on SEEK-AT-WD. This same educator
may also publish an educational context defining that a de-
bate was carried out in a face-to-face learning situation and,
after that, she may review MediaWiki relating her review
to the educational context she has already published. This
way, the description of MediaWiki is linked to the educator’s
review and to the educational context. Three days latter an-
other educator may visualize the description of MediaWiki
and she may edit it in order to enrich this description. She
may also review MediaWiki, relating this review to another
educational context.

As seen in this example scenario, We-Share should allow
to publish and edit educational ICT tools, educational re-
views and educational contexts, as well as the submission of
all the data published to SEEK-AT-WD. Hence, We-Share
should structure its information according to the SEEK On-
tology and should provide a mean to submit the information
to SEEK-AT-WD. Moreover, as We-Share is expected to be
used by educators it should hide the complexity of manag-
ing semantic information, which is the main challenge when
designing its interface. As recommended for social annota-
tion applications [11], We-Share should also allow educators
to retrieve and visualize the data published on SEEK-AT-
WD in a single environment. Specifically, it would be conve-
nient for We-Share to allow educators to query and browse
SEEK-AT-WD knowledge base, which are the two main in-
teraction models where users access to information [2, chap.
10]. Finally, for the sake of data reliability, the information
in We-Share should be related to the user who publishes it.
So We-Share needs to manage user accounts, allowing
educators to create and edit their user accounts as well as
to log in and log out of the system.

3.2 We-Share software architecture

The logical architecture of We-Share is shown in Figure 2.
It can be seen that its elements are arranged in a three-tier
model, as it is usually the case when designing distributed
applications [12]. According to this model, the upper tier,
called “presentation tier”, includes the elements that con-
form the user interface. We-Share presentation tier contains
the interfaces that allow educators to publish and retrieve
information. The intermediate tier, called “business logic”,
collects the elements that implement the processes needed
for the system to provide its required functionality; in We-
Share, its business logic provides the functionality to obtain

"http://www.gsic.uva.es/seek/useek/
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Figure 2: Logical architecture of We-Share.

and publish information on SEEK-AT-WD, as well as to
manage user accounts. The last tier, called “data tier”, in-
cludes the needed information for these processes to work
properly; We-Share data tier is composed by the dataset of
SEEK-AT-WD and the registry of We-Share users.

Figure 2 also shows that the logical architecture of We-Share
defines an element in the presentation tier, and another one
in the business logic tier, to support each of the four main
functions of We-Share previously defined. It can also be
seen that all the information about ICT tools is stored in
SEEK-AT-WD, so the Query Manager and the Browse Man-
ager access it to obtain information and provide it to the
users. Similarly, the Data storing Module directly inserts
the tool information published on We-Share to SEEK-AT-
WD. Nonetheless, the information related to We-Share users
is stored in a separate dataset since their privacy should be
guaranteed.

3.3 We-Share user interface design

The interface of We-Share should allow educators to interact
with SEEK-AT-WD data, hiding the complexity of publish-
ing and retrieving semantic information. As Figure 2 de-
picts, four different interfaces are defined: a Query Inter-
face, aBrowse Interface, aData Publication Interface
and a User Management Interface.

With the aim of reducing the design and development ef-
fort of We-Share, U-Seek was integrated in it to provide
its query functionality. Hence, the Query Interface (and
also the Query Manager) is directly taken from U-Seek. As
previously said, U-Seek defines an interface that allows ed-
ucators to create semantic and keyword-based queries. It
uses a graph abstraction that allows educators to browse
the categories of tool types, educational tasks and artifacts
defined by the SEEK Ontology. Educators can browse these
categories in order to discover the concepts defined by SEEK
Ontology and to select those concepts with which they want
to filter results. Once they select all the concepts, they press
the search button and We-Share submits a formal query to
SEEK-AT-WD including all the concepts selected by the
educator.

Figure 3 represents the search interface of We-Share, show-
ing the graph of tool types. In the bottom left of the in-
terface there are some concepts selected by the educator to
filter the results obtained from SEEK-AT-WD. In this case



the query asks for “tools that allows a group of students
to write and has already been used to support a debate in
a blended scenario”. The results retrieved from SEEK-AT-
WD are shown on the bottom right area, where three results
are obtained. When clicking on any of these results, more
information about such tool is given.

The Browse Interface represents the information contained
in SEEK-AT-WD in a user-friendly way and allows to browse
the knowledge base. This interface allow users to retrieve the
Concise Bounded Description [16] of each entity published
by SEEK-AT-WD (either tool descriptions or educational
contexts). Further, it allows users to access collections of
entities, such as the list of tools that belong to a specific
tool type or the ones that support a specific educational
tasks. Figure 4 represents part of the description of Medi-
aWiki, as represented by We-Share Browse Interface. As
seen, the information related to MediaWiki includes a tex-
tual description of the tool, its functional and its technical
characteristics. A tool description also includes all the re-
views related to such tool. Figure 5 shows part of the reviews
related to MediaWiki. It can be seen that a summary of the
reviews is firstly represented while more details can be found
for each of the reviews. A similar interface is provided for
educational contexts, where the characteristics of the con-
texts, as well as the list of ICT tools employed in them, are
represented. Thus, educators can also find out combinations
of ICT tools that are employed in a particular context.

The Data Publication Interface is based on forms, which
are commonly employed in social applications to facilitate
end-users the submission of information to their knowledge
base. Specifically, three different forms can be found in We-
Share, which allow to publish educational ICT tools, educa-
tional contexts and educational reviews. Each form includes
a set of boxes where the educator can include the different
parameters of the entity she is describing. Once published,
We-Share creates RDF triples out of the information sub-
mitted according to the SEEK Ontology (these triples are
also sent to SEEK-AT-WD). Thus, the educators can pub-
lish complex descriptions of ICT tools, educational reviews
and educational contexts manipulating simple forms. Fig-
ure 6 shows part of the interface of the form that allows
end-users to publish educational contexts.

Finally, the User Management Interface includes a very
simple interface to log in and log out of the system (see the
bottom left side in Figures 3 and 4). In addition, another
simple interface allows educators to create new accounts that
should be confirmed by We-Share administrator.

4. WE-SHARE IMPLEMENTATION

When developing social applications that publish data on
the Web, it is common to use a Content Management Sys-
tem (CMS) [9] that implements part of the functionality and
that can be adapted to satisfy the needs of specific applica-
tions in order to reduce their development effort. Another
possibility could be to employ Semantic MediaWiki as a de-
velopment framework, but it has disadvantages with respect
to CMSs to develop educational applications [4]. Among
the different CMSs available, Drupal 7 was chosen for the
development of We-Share since it is the only one that na-
tively supports the publication of information on the Web

of Data so far (using the RDFa standard [22]). Drupal is
distributed as open source and it counts with a very large
community that uses it to build web applications and shares
the code developed to extend Drupal functionality (these
extensions are called “modules” in Drupal terminology). In
fact, Drupal has already been used to build Linked-Data-
based educational applications, such as the ROLE Widget
Store or the one published on [4].

Drupal architecture [17] follows a three-tier architecture, as
We-Share does. It natively includes user and data manage-
ment facilities that can be easily adapted to We-Share needs.
However, Drupal does not give support to publish Linked
Data on external datasets, as We-Share requires (note in
Figure 2 that We-Share element Data storing module di-
rectly inserts information in SEEK-AT-WD) and its sup-
port for the visualization of external data is limited®. These
drawbacks hinder the federation of We-Share user registry
to SEEK-AT-WD data, which is necessary for security rea-
sons (e.g. to guarantee that each educator is only allowed
to manage the data she has already published).

A possible solution for this problem is to make federated
queries [6] over SEEK-AT-WD and We-Share user registries.
However, this kind of federation is a problem by itself that
is far from being solved and would have a significant impact
on We-Share performance. Another possible solution is to
duplicate the data contained in SEEK-AT-WD and store it
in We-Share local dataset. This way, We-Share can indepen-
dently obtain data from SEEK-AT-WD or from its internal
database. This solution simplifies the data federation but
moves the problem to the synchronization of both datasets.
In order to guarantee their synchronization, each time an
educator publishes, updates or removes a tool description,
an educational context or an educational review, the data
should be included both in We-Share and in SEEK-AT-WD
datasets. Moreover, each time SEEK-AT-WD updates its
ICT tool dataset with information from external sources of
the Web of Data, We-Share dataset should also be updated.

For the synchronization of SEEK-AT-WD and We-Share in-
ternal datasets a new module was needed, which was de-
signed as an independent process. Using Drupal Rules Mod-
ule®, this process is launched and it submits to SEEK-AT-
WD the data modified on We-Share (being it a tool, an
educational review or an educational context). This process
was coded using Java language and Jena API'°. Tt also uses
Apache Any23 service'® to extract the RDF data published
by We-Share and upload it to SEEK-AT-WD.

Nonetheless, the rest of the code required to implement We-
Share could be adapted, or directly taken, from Drupal 7 dis-
tribution or from some Drupal modules. Specifically, Drupal
7 distribution provided all the functionality needed by We-
Share to manage its user accounts and to store data locally.
The interface of We-Share was developed using the Dru-

8see http://drupal .org/project/sparql_views
Shttp://drupal.org/project/rules
Ohttp://jena.apache.org
Yhttp://any23.org/
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DESCRIPTION

MediaWiki is a free web-based wiki software application. Developed by the Wikimedia Foundation and others, it is used to run all of the
Foundations projects, including Wikipedia, Wiktionary and Wikinews. Numerous other wikis around the world also use it to power their websites.
It is written in the PHP programming language and uses a backend database. The first version of the software was deployed to serve the needs

of the free content Wikipedia encyclopedia in 2002. It has been deployed since then by many companies as a content management system for

intemnal knowledge management. Notably, Novell uses it to operate several of its high-traffic websites. Thousands of websites use MediaWiki.

Browse

List tool types
List educational contexts
Site activity

Some educators have also assigned students to use MediaWiki for collabarative group projects. The software is optimized to correctly and
efficiently handle projects of all sizes, including the largest wikis, which can have terabytes of content and hundreds of thousands of hits per
second. Because Wikipedia is one of the world's largest websites, achieving scalability through multiple layers of caching and database replication
has also been a major concern for developers. Wikipedia and other Wikimedia projects continue to define a large part of the requirement set for

MediaWiki. The software is highly customizable, with more than 700 configuration settings and more than 1,800 extensions available for
enabling various features to be added or changed. More than 600 automated and semi-automated bots and other tools have been developed

Get some help to assist in editing MediaWiki sites.

Video tutorials
Information about SEEK

Tool type:
User |091n Construction tool

Username *
Password *

L

Create new account

Wiki server

Group tool
Asynchronous tool

Asynchronous text editor

Request new password Information management tool

CHARACTERISTICS

Operating System:
Cross platform
License:

Open source
Developer:

Tim Starling

More information:

n

Figure 4: The Browsing Interface showing a fragment of the description of MediaWiki in We-Share.
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Figure 5: The Browsing Interface showing some reviews related to MediaWiki in We-Share.
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Context Name *
AQ SP1e

Some words that help you to remember this educational context. Please, do not use spaces or special characters in this field: they will be ignored. This field can not be
modified in the future.

n

Any textual description

This context refers to the first part of the subject Computers Architecture of the university of Valladolid (Telecommunication Engineering). It is a fourth year course and
there are typically between 40 and 60 people in the classroom. Students work in pair or in groups of three or four people and they should develop a project that is L4
(somehow) realistic and covers all the subject's content

You can freely add any information relevant to understand the context.

Area of knowledge

Engineering manufacturing and construction El

Select the area of knowledge. Choose an option of the ones defined by UNESCO.

Course Name

Computers Architecture

Name of the academic course where the context happens.

LEARNING GOALS:

+ Collaboration

4 Critical thinking -

Figure 6: Fragment of the Publication Interface of educational contexts in We-Share.



pal Module Views'? and EVA (Entity Views Attachment)'?,
which allow to define the information that should be pre-
sented in each of We-Share pages. Further, Drupal RDF
support'? was exploited to publish information as Linked
Data using the RDFa standard. With this aim, the data
structure of We-Share was related to the SEEK Ontology,
and thus We-Share pages publish RDF information about
every entity they describe.

Current version of We-Share can be accessed at http://
seek.cloud.gsic.tel.uva.es/weshare/

5. CONCLUSIONS AND FUTURE WORK

We-Share is a social-annotation application that allows edu-
cators both to publish and obtain descriptions of ICT tools
from the Web of Data. It combines two complementary
approaches to collect information and it exploits the advan-
tages of both of them. On the one hand, its semantic ap-
proach enables We-Share to make use of thousands of tool
descriptions that are available on SEEK-AT-WD; thus, it
can overcome the cold-start problem that other registries of
educational ICT tools suffer. On the other hand, its social
approach enables We-Share to collect domain-specific infor-
mation about the use of ICT tools in the classroom, thus
allowing to find tools by their educational purpose.

We-Share was developed as a Drupal-based application. The
use of a CMS like Drupal significantly reduces its design and
implementation effort, since many functionalities could be
directly reused (e.g. the user management) and others could
be easily adapted (e.g. the publication of tool descriptions in
RDFa format). In fact, the only code that needed to be im-
plemented for We-Share was SEEK Publisher, the element
that inserts the data created by We-Share into SEEK-AT-
WD.

Our future research work focuses on the evaluation of We-
Share with educators. Specifically, it would be interesting
to assess whether the social information published on We-
Share by the educators can be coherently combined with
the tool descriptions obtained from the Web of Data and
whether the collection of social information increases the
utility of We-Share. Another line of future research work
would be to further exploit the code generated by Drupal
community in order to evolve We-Share: it could be possible
to use already existing Drupal modules to evolve We-Share
into a social recommender system [13] of educational ICT
tools. Drupal modules give extensive support to develop
this kind of applications even if the work already done does
not exploits them yet.
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