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Abstract

In this paper we propose a framework for modeling, representing populating and enriching information from online
collaborative sessions within Web forums. The main piece of the framework is an ontology called Collaborative
Session Conceptual Schema (CS?) that allows for specifying collaborative sessions. The paper describes the
information this ontology needs to know, the alignment of the ontology with the ontologies of relevant
specifications, how the ontology can be automatically populated from the data existent in forums, and how to model
such data about what is happening during the collaboration by using a dialogue-based model. This model is based
on primitive exchange moves found in any forum posts, which are then categorized at different description levels
with the aim to effectively collect and classify the type and intention of the forum posts. An experiment has been
conducted to assess the validity and usefulness of the presented approach. The research reported in this paper is
currently undertaken within a FP7 European project called ALICE.

Keywords: Collaborative Learning, Ontologies, Collaborative Session Conceptual Schema, Collaborative Session
Markup Language, Virtualized Collaboration, Knowledge Modeling and Representation.

1. Introduction

There has been a great effort in the Semantic Web
community in order to provide specifications, standards
and ontologies to facilitate semantic processes in the
web.! In the particular field of e-Learning, quite a few
ontologies™® and related standards® concerning the
representation of the on-line collaborative learning
processes have been defined so far. Representative
approaches” propose to use the actions performed in the
collaborative learning system to build a high-level
representation of the process of collection and analysis
of the interaction data. As Ref. 2 states, with a well-
defined ontology structure, collaborative learning can
accumulate the knowledge representation of learning
objects and their use, including participant background,
instruction designs, learning activities and outcomes,
etc.

In addition, the use of new virtual learning
environments, such  as Personal Learning
Environments,® provides a new paradigm of learning,
where all the information generated during the learning
process is digitally stored. In that context, specifications

that allow for representing such information
unambiguously are really important, as well as
automatic algorithms that use such information in order
to produce powerful and useful services that greatly
improve the learning process and experience.

In order to support the specification of the
collaborative activities that occur during the learning
experience we can use some of the current
specifications and standards that exist in the field of e-
Learning, such as Learning Object Metadata (LOM)',
Dublin Core", Friend Of A Friend (FOAF)" and
Semantically-Interlinked Online Communities (SIOC)".

The aim os this work is to leverage these standards as
much as possible with the purpose of modeling and
representing information of collaborative learning
activities in the context of online forums. We then
collect and classify the interaction occurring and
registered in the context of online forums according to
the classes and relationships of our ontology. This fact

" http://itsc.ieee.org/wgl2/

" http://dublincore.org/

" http://www.foaf-project.org/
" http://sioc-project.org/
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can significantly improve the way a collaborative
system used for learning and instruction can collect all
the necessary information produced from the user-user
and user-system interaction in an efficient manner.® The
ultimate aim of this approach is to provide an efficient
and robust computational methodology that enables the
effective collection and classification of data as part of
the research undertaken in a FP7 European project
called ALICE".

The paper is structured as follows: Second section

overviews domain  ontologies, standards and
specifications relevant in the context of on-line
collaborative learning. Third section presents a

framework for representing the information related to
collaborative learning activities that have been
conducted within online forums. The framework
includes an ontology that has been aligned with the most
relevant specifications of the domain and a layer that
allows for populating such ontology from Web forums
in an automatic way. Fourth section shows how the
information generated in collaborative learning forums
can be captured and classified at several description
levels. Later, the experiment conducted to validate the
approach is presented and the validation is addressed in
sections 5 and 6. Finally, last section concludes the
paper by summarizing the main ideas and outlining
ongoing and future work.

2. Domain Ontologies, Specifications and
Standards in the context of Collaborative
Learning

Nowadays we can find thousands of different domain
ontologies. Finding the right ontology has become a
challenge and several search engines, such as swoogle,®
have appeared in order to facilitate the ontology search.

Representative approaches in the field of e-Learning
include Ref. 2 that use a combination of a general
domain ontology describing the common semantics
needed for the implementation of a collaborative
environment with several domain ontologies that are
used to provide a framework for end-user tools. Ref. 4
proposes to use the actions performed in the
collaborative learning system so as to build a high-level
representation of the process of collection and analysis
of the interaction data. In Ref 9 a theory-oriented
interaction analysis approach based on theories of

Y ALICE project web site: http://www.aliceproject.eu

collaborative learning is provided. However, the social
processes happening behind real collaborative learning
practices are very complex and subjective, and thus they
fall far from a holistic view proposed by standards and
ontologies.”® As Ref. 2 states, with a well-defined
ontology structure, collaborative learning can
accumulate the knowledge representation of learning
objects, including participant background, group
information, instruction designs, learning activities,
learning outcomes, etc.

A further innovation presented in this paper is the
incorporation of a machine-learning approach® to
automatically analyze the interactions taken into
account by users within collaboration. The idea is to
learn the relationship between a set of contributions
types and the perceived intention of their authors and
improve the ontology information with such
information. As far as we know, the automatic
evaluation of online discussion contributions has been
little investigated. Quite a few research studies'®***
show a first step towards this direction by combining
several quantitative analysis about threaded discussions.

In order to specify the collaborative activities that
occur during the learning experience, we use some of
the current specifications and standards. Some of the
most relevant standards are described in the next sub
sections.

2.1. Semantically-Interlinked Online Communities

The SIOC™ initiative (Semantically-Interlinked Online
Communities) aims to enable the integration of online
community information. Online community sites
(weblogs, message boards, wikis, etc.) contain a
valuable source of information and are candidates to be
searched when we need some information. However,
online community sites are like islands without bridges
connecting them. SIOC is an attempt to link these online
community sites, by using Semantic Web technologies
to describe the information that communities have about
their structure and contents, and to find related
information and new connections between content items
and other community objects.

SIOC provides a Semantic Web ontology for
representing rich data from the Social Web in RDF: the
SIOC Core Ontology. It is the foundation for
Semantically-Interlinked Online Communities and can
be used to express information contained within
community sites in a simple and extensible way. The
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SIOC ontology is published as a W3C Member
Submission"'.

SIOC is commonly used in conjunction with the
FOAF vocabulary for expressing personal profile and
social networking information. SIOC enables semantic
applications to be built on top of the existing Social
Web.

2.2. Friend Of A Friend

FOAF™ stands for Friend Of A Friend and is an
specification that describes a language devoted to
represent the linking information of people and
information using the Web, regardless of where the
information is or the format the data is structured with.
FOAF is a recommendation of W3C in constant
evolution since its creation (mid-2000). It has a stable
core of classes and properties that will not be changed,
while new terms may be added at any time.

FOAF descriptions are published as linked
documents in the web, by using RDF/ XML or RDFa
syntax. In its descriptions, there are only various kinds
of things, which are called classes; and links, which are
called properties. FOAF allows for describing people,
groups and documents. Main FOAF terms are grouped
in the following categories:

e Core: describes characteristics of people and
social groups that are independent from time
and technology.

e Social Web: describes internet accounts, address
books and information related to social web
activities.

e Linked Data Utilities: FOAF is part of the
Linked Data community"" and, therefore, needs
to establish a simple factual data via a

networked of linked RDF.

2.3. Simple Knowledge Organization System

The purpose of SKOS is to support the use of
knowledge organization systems within the context of
the Semantic Web. It is currently a W3C
recommendation and its specification'” is stable and
written in RDF. Due to the tight integration of SKOS
with other W3C specifications, such as FOAF and
SIOC, the use of SKOS is advisable when reusing W3C
specifications.

V' http://www.w3.0rg/Submission/sioc-spec/
Y http://linkeddata.org/
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2.4. Other Relevant Specifications and proposals

There are other specifications and ontological
frameworks that could be used for representing
information about collaboration in e-Learning, but they
are too specific to be taken into account or are still too
preliminary.

Perhaps the more relevant discarded ontological
frameworks are MOAT, *® which stands for Meaning Of
A Tag, and is a framework that allows for giving
semantic to tags, and mlO! Ontology network *°, which
defines a network of ontologies for representing
knowledge related with the user context. The use of
MOAT would be useful to define and disambiguate the
semantics of the tags used within forums by users. In
addition, mlO! defines a set of ontologies to specifying
the following information of users: where they are, what
they like, what kind of services they can produce or
consume, social information about them and what
devices the user use to connect to Internet.

Other ontologies that could be taken into account in
the specification of collaborative sessions are the ones
describing communities of practice.??*# However,
these ontologies are more focused in the user than in the
interactions the user makes. Therefore, they have
resulted to be less useful than the actual W3C
specifications that deal with online communities and
user representation.

3. A Framework for Representing Information
about Collaborative Learning Sessions

This section presents an ontology created with the
purpose of representing information from collaborative
sessions, how this ontology has been integrated with
relevant specifications such as SIOC and how the
ontology can be automatically populated from web
forums. The created ontology is named Collaborative
Session Conceptual Schema (CS?) and aims at
representing the collaborative sessions that several
actors have enjoyed in their learning experiences within
forums.

SIOC and other specifications define some concepts
that are relevant in the ontology domain. In order to
improve the generalization of our approach and provide
operability with the most prominent standards and
specifications we should align the RDF version of our
ontology to the RDF wversions of such
standards/specifications. With that objective in mind,
CS? can be stored or imported from files in CSML
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format (Collaborative Session Markup Language),
which is in turn based on the RDF representation for the
CS? ontology but aligned with SIOC ontology.

The objective of this research is to create an ontology
that can be populated from either forums or the
specification of forums written in some of the aligned
formats, such as SIOC. In order to do so, we
implemented some facilities that help the process of
converting the information of particular kind of forums
to CSML format. Figure 1 shows the CS? ontology in
the context of the framework used to facilitate its
population from forums and other specifications.

[ WTchat/ Other forumet)

OF ) UoC Forum |
forum /
DF converter | |IWT converter co:‘:sf"" cox"" Conversion

[ A_;_I 7 layer
cs’

sioc
alignment

CSML >

FOAF

Fig. 1. Framework for representing information related to
Collaborative Learning Sessions from forums.

Next section describes the created ontology.
Thereafter, the RDF representation of CS? is presented,
giving information about its alignments with SIOC,
FOAF and SKOS concepts and relationships. Finally the
layer used to automatically populate the ontology is
described.

3.1. CS? Ontology: the conceptual model

Despite an obvious alterative was to use SIOC directly,
extending it with the classes, relationships and
constraints that are necessary to fully represent
collaborative sessions, SIOC specification was found to
be quite more complex than what is needed for
representing collaborative sessions from web forums.
Hence, the decision was to create a more compact
ontology, the above mentioned CS? by reusing the
definitions of SIOC ontology relevant to our domain
when possible.

The decision of creating a new ontology, rather than
using SIOC directly, came after a thorough deliberation
in which the following aspects were taken into account:
e Simplification, a more concise ontology will

facilitate its understanding, its use and will allow to
deal with its knowledge more efficiently.

e Extensibility, having an ontology closer to the
learning context will facilitate its extension with
information related to different learning aspects,
such as the learning objects used by users, or the
learning paths and school curriculum the users
follow.

e Reusability, In order to maintain compatibility with
SIOC, the CS? data model can be
imported/exported  from/into  SIOC.  Then,
collaborative sessions from our framework can be
accessed using SIOC, and SIOC data can be
accessed by our system using the CS? ontology.
Therefore, the fact that we are using an internal
different model becomes transparent to SIOC users.

e Compatibility, having an own ontology is a way of
controlling that the ontology will be valid in the

future, even when related specifications are
changed. Then if SIOC evolves and, as a
consequence, some of its classes become

deprecated (as already happened with the User
class), only the rules that define the alignment of
the ontology with SIOC must be updated. But the
CS® ontology and the processes that use its
information will not need any update.

X Replies

[ CollaborativeSession [ & posts | Post
Class —————=> Class
=+ C520bject

[ Categories | Category
Class

+ CS20hject + CS20bject

= Site S Crestor

Site & A Usericeounts | UserAccount
Class Class Enum
~ CS200ject + Cs20bject

Fig. 2. Excerpt of the CS? Ontology.

As aforesaid, CS? represents information about
collaborative sessions. A collaborative session in e-
Learning settings can be seen as a set of activities
performed by several users playing several roles to
achieve a common result. We are especially interested
in the collaborative sessions that occur in a virtual
environment, such as chats or forums. As we can see in
Figure 2, the main entity of the CS? ontology is
CollaborativeSession, which occurs within a site. A list
of users, represented by the class UserAccount, can
collaborate in the session with different roles. Each
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piece of communication within a session is represented
by a post, which is created by one of the collaborators
and may be categorized. The posts are related between
them in a threaded structure through the replies relation.

3.2. Aligning CS? to other relevant specifications

As aforesaid, CS® should be aligned with SIOC
specification so as to contain some of the elements
defined on this and other related specifications, such as
FOAF or Dublin Core. As a RDF version of the CS?
ontology, we decided to define a specific and purpose-
delimited language for representing collaborative
sessions and aligning these sessions with the classes and
properties from SIOC that are useful to the
representation of collaborative sessions, called
Collaborative Session Markup Language (CSML). In
order to maintain compatibility with SIOC, the CS?
conceptual model can be imported (and exported) from
(and into) CSML.

Table 1 presents the SIOC classes that have been
found relevant to represent collaborative sessions and
therefore have been aligned to CSML.

Table 1. Classes of SIOC Core Ontology
relevant to Collaborative Sessions.

Class
Community

Description

Community is a high-level concept that
defines an online community and what it
consists of.

An area in which content
contained.

A discussion area on which Posts or
entries are made.

An Item is something which can exist
within a Container.

An article or message that can be posted to
a Forum.

A Role is a function of a UserAccount
within the scope of a particular Forum,
Site, etc.

A Space is a place where data resides, e.g.
on a website, desktop, file share, etc.

A Site can be the location of either an
online community or a set of communities,
with  UserAccounts and  Usergroups
creating Items in a set of Containers. It
can be thought of as a web-accessible data
Space.

A container for a series of threaded
discussion Posts or Items.

A user account in an online community
site.

A set of UserAccounts whose owners have
a common purpose or interest.

Can be used for access control purposes.

Container Items are

Forum

Item

Post

Role

Space

Site

Thread

User Account

Usergroup

Representing Collaborative Learning Information

As can be seen in table 1, SIOC Core ontology
includes classes relevant to our purpose of modeling
data coming from collaborative learning sessions (e.g.
discussion forums), such as Forum, Item, Post, Thread,
and so on. In addition, SIOC types ontology defines
classes that represent different kinds of Containers,
Forums, Items and Posts. Some examples of these
classes are: Address Book, Image Gallery, Wiki, Chat
Channel and Message Board. For the sake of simplicity,
we will work at the level of forums and posts at this
stage, but will consider using their subclasses in further
versions. The SIOC types ontology also includes two
classes used to define post topics: Category and Tag.
Category is defined as a subclass of a SKOS Concept.

For simplicity, literal topics will be used in CSML,
but having the possibility to extend the language in the
future with these two classes. On the other hand, User
class from SIOC specification is not used as it is
deprecated: UserAccount is used instead.

SIOC specification contemplates using some
elements from other ontologies, such as FOAF or
SKOS. Moreover, some of the SIOC elements are
defined as subclasses or sub properties of ontologies
like FOAF or Dublin Core. Again, for the sake of
simplicity, CSML properties will adjust to the subset of
SIOC properties defined in table 2. Therefore, we need
to include in CSML concepts from other ontologies that
will take into account these new mechanisms, such as
the class Person from FOAF that can help describe
elements of UserAccount type with properties such as
firstName and lastName, and also some elements from
Dublin Core Terms that must be considered to include

hasModerator

UserAccount ’;
000 |

congaingr relatefiTo
ixtBylDate
-addressedTo

-content

inerof

hasReply

Fig. 3. Excerpt of the SIOC ontology aligned with CSML.
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(e.g. date, title, description or subject). We can see in
figure 3 the main classes and properties of SIOC Core
Ontology aligned with CSML. Note that, in order to
improve readability, we have omitted inverse
relationships in figure 3. Therefore, it should be
assumed that there is an inverse relationship for each of
the relationships drawn on the figure.

Table 2. Properties of SIOC aligned to CSML.
Inverse properties have been omitted due to
space constraints.

Property Description
Specifies that an Item is about a particular
about resource.
avatar An image or depiction used to represent an
UserAccount.

An Item that the Container contains.
The content of an Item in plain text

container of

content

format.
A resource created by an user identified as
creator of
UserAccount.
. An electronic mail address of a
email
UserAccount.
function of The Role a UserAccount has.

has container
has creator
has function

The Container to which an Item belongs.
The UserAccount that made a Resource.
A Role that a UserAccount has.

has host The Site that hosts a Forum.
A UserAccount that is a member of a
has member Usergroup.
A UserAccount that is a moderator of a
has moderator Forum.
has owner A UserAccount that owns a resource.
has parent A Container or Forum that a Container or
P Forum is a child of.
has reply Points to an Item or Post that is a reply or
response to an Item or Post.
has scope A resource that a Role applies to.
has space A data Space which a resource is a part of.

A UserAccount that is subscribed to a
Container.

Points to a Usergroup that has certain
access to a Space.

A Forum that is hosted on a Site.

An identifier of a SIOC concept instance.
id Must be unique for instances of each type
of SIOC concept within the same site.

The name of a SIOC concept instance, e.g.

has subscriber

has usergroup

host of

name a username for a UserAccount, group
name for a Usergroup, etc.
Next Item or Post in a given Container

next by date sorted by date.

- The number of times an Item, Thread,

num views UserAccount profile, etc. has been viewed.
Related Posts for a Post, perhaps

related to determined implicitly from topics or
references.

topic A topic of interest, linking to the

appropriate URI, or of a SKOS category.

—":,r Available Collabaorative Sessions
Converter | -

—

() Read Collaborative Session

Fig. 4. Converter Interface.

3.3. Populating the CS? Ontology from forums

We now proceed with filling the ontology instances
with the appropriate data collected and classified during
the collaboration. As it is fully explained in Section 4,
this data will be afterwards transformed into useful
knowledge about what is happening during the
collaboration by means of analysis techniques.

To this end, we base the data collection and
classification into our ontology on the interaction
occurred and registered in the context of online forums.
The focus is on student interaction among peers driven
by posts in online forums, which is the cornerstone of
this approach. Participants need indeed to interact with
each other to plan an activity, distribute tasks, explain,
clarify, give information and opinions, elicit
information, evaluate and contribute to the resolution of
problematic issues, and so on.

The proposed Architecture defines a layer of
converter components (see figure conversion layer of
figure 1), each of which converts collaborative session
data from different web forums into instances of CS?
representing the same knowledge. Each converter will
map the data from the corresponding data source into
CS? entities, which at the end would be stored into a
CSML. As we can see in figure 4, converters are
defined as black boxes with a common interface that
provides basically two interaction points:

e Available Collaborative Sessions, which returns

a list of available collaborative sessions on the
data source to convert. It does not return all data
from collaborative sessions, only descriptive
information.

e Read Collaborative Session, which, given a
collaborative session identifier, returns all the
information of the corresponding collaborative
session in the CS? ontology.

The conversion process done by each specific
converter component can be viewed as a mapping
between two data models (original data source schema
and CS?) following a set of predefined mapping rules.
These rules will vary depending on the converter being
developed.
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In order to exemplify the conversion process, table 3
presents an excerpt of the rules that allow populating
CS? from a specific forum of a e-learning system called
Intelligent Web Teacher (IWT)®. These rules have been
defined as a mapping between CS? and the data model
of the IWT forum.

Table 3. Proposed mapping rules from IWT
Forums into main CS? elements for a given
Collaborative session identified by idF.

IWT source elements CS? entity / property
Table with condition
fields
Board that contains forum Site
with id = idF
BoardID Id
Name Name
Forum with Forumld = idF CollaborativeSession
Forumid Id
Name Name
Description Description
Topics within forum idF Category
TopiclD Id
Topic Name

Messages within Topics
selected (navigating

Post (reconstructing the same
tree hierarchy as in the

messages in preorder) source)
MessagelD Id
Message Content
Posted/Edited Created

Users assigned to Forum idF  UserAccount
UserID Id
Name Name
Avatar/Av.Image Avatar
Email Email

For a given forum with identifier idF, chosen after
the call of the service available collaborative sessions,
the conversion rules of table 3 are executed for selecting
the data from IWT database to be converted. First, the
Board containing the forum with the identifier idF is
converted to a Site concept of CS? Then, the forum with
code idF is converted as a CollaborativeSession, and a
site relationship is created with the selected Site.
Thereafter, the topics of the forum are converted to
Categories and related to the CollaborativeSession
created. In order to maintain the threaded structure of
IWT forums, the messages of each topic are selected
and converted to Post concepts using a preorder
selection algorithm. Finally, the users who are assigned
to the selected Forum are converted to UserAccount and
related to CollaborativeSessions. Also, the authors of
the selected messages are selected and related to the
authored Posts. Finally, the Group of the users that are
assigned to the selected Forum, are selected as the Role
of the user.

Representing Collaborative Learning Information

As shown in table 3, the conversion process is not
deterministic. Some elements can be converted in
different ways (in the example the creation date of a
post can be extracted either from the attribute posted or
edited), the semantics of the forum and the ontology
may be slightly different (the roles of users may mean
different things in different kind of forums). Also, data
from forums may not be enough accurate (in the case of
the example, IWT forums does not allow to identify
what role a user has used to create a post; that is
problematic if we take into account that users may have
multiple roles). The problems that can appear when
creating a new converter depend on the internal
representation and the functionalities of each forum and
can only be foreseen after a deep study of the data
model of the forum to translate. Up to now, the
responsible for the mapping process and resolving the
conflicts that appear has been the designer of the
converter. However, as more converters are created and
more information is gathered about the potential
problems and solutions some systematization is
expected.

Although all converters will have a common
structure or share the same tasks (read data from data
source, and create instances of CS? entities), the
implementation of each one is dependent from the type
of data source being used. So far, converters for the
Web forums depicted in figure 1 have been
implemented for reference and validation purposes. It is
planned to build converters for other forums.

4. Modeling Collaborative Interaction Data at
different Description Levels

This section presents a methodological approach for
modeling interaction data from collaborative learning
activity that can be used in Web forums (see Ref. 23 for
a complete description of the approach). The aim is to
improve the available information represented by the
ontological approach presented in the previous section.
The model proposed here is based on the integration
of several models and methods: the Negotiation
Linguistic Exchange Model;** a model of Discourse
Contributions;® and the types of learning actions
underlying a participant turn.?® The structure of a long
interaction is constructed cooperatively by using the
exchange as the basic unit for communicating
knowledge. Following Ref. 24, three general exchange
structure categories are considered (see also table 3):
give-information exchange, elicit-information exchange
and set-up--an-issue exchange, which consist of
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different types of moves?’ and describe a generic
discourse goal.

More specifically, the goal of the actor who initiates
the give-information exchange is to inform his/her
partners about a certain situation with the aim to change
the partners’ mental states. Informing includes moves
that explain, give an opinion, describe or remind a
situation in different ways. The actor goal of the elicit-
information exchange is to elicit the partners’ state of
mind (knowledge, beliefs, attitude, desire or abilities) of
a situation, in which the actor is not aware or certain
about. The actor goal of the set-up-an-issue exchange is
to raise an issue (a problem or question) to be resolved
by the participants by the corresponding provide-
solution and consent solution exchanges, which cause to
explore their state of mind (knowledge, beliefs, etc.).

Based on the work of Ref. 26, 28 and 29 partners are
involved in a process of realizing a number of learning
actions which lead to the completion of the exchange
goal. Each move type captures and controls the
evolution of the learning action performed by a
participant by setting the expectations of the type of
learning actions which has to be realized next by the
other participants so that the goal set by the initial move
can be accomplished.

Completion of an exchange expresses the mutual
beliefs of all participants about the accomplishment of
its discourse goal. Moreover, it implies the achievement
of a certain degree of knowledge building and
distribution among the different participants. This
degree can be deduced and measured by exploring the
principal interaction indicators proposed by this model.
For each participant the model measures: the total
number of moves created, his/her participation behavior
(proactive, reactive, supportive, or passive), the
effectiveness and impact that each move has in the
discourse and in the achievement of the current
discourse goal, as well as the evaluation of the move
content and significance by his/her peers and the tutor.

Consequently, interaction analysis takes into account
both the way the interaction is structured and the types
of contributions or posts, which are represented by the
ontological approach presented in the previous section
and particularized in table 4. The analysis results yield
very useful conclusions on aspects such as individual
and group working, dynamics, performance and success,
which allows the tutor to obtain a global account of the
progress of the individual and group work and thus to

identify possible conflicts and monitor the whole
learning process much better.

Table 4. List of moves (turns) and cards to
classify a discussion contribution.

Exchange moves Categories
Greeting
support
Encouragement
Motivation

REQUEST-Information

REQUEST -Elaboration
REQUEST -Clarification
REQUEST -Justification

elicit-information

REQUEST-Opinion

REQUEST-lllustration

INFORM-Extend

INFORM-Lead

INFORM-Suggest

INFORM-Elaboration

INFORM-
Explain/Clarification

INFORM-Justify
INFORM-State

give-information

INFORM-Agree

INFORM-Disagree

set-up-an-issue PROBLEM-Statement

provide-solution PROBLEM-Solution

PROBLEM-Extend
solution

consent-solution
PROBLEM-Assent
solution

To manage and provide adequate information and
knowledge from collaborative learning tasks in a
computational manner, we propose three separate,
necessary steps of the process to manage information
and knowledge from collaborative learning activity:
collection of information, analysis and presentation. The
entire process fails if any one of these steps is omitted.®
Based on the linguistic model described so far, the first
step of this process is to structure and classify the source
information available in Web forums (e.g., users, posts,
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exchange types, etc.). All this information is then
modeled and represented in our CS? ontology and it can
be, in the second step, analyzed in order to extract
knowledge about the collaborative learning and the
participants. Finally, in the last step, this knowledge is
eventually presented to participants either in real time
(to guide directly students during the learning activity)
or after the task is over (in order to understand the
collaborative process).

Next, we describe the first step of this process and
how the source information is structured and classified
before being represented by our ontological
representation. The last two steps of the process are
assumed by the specific methodology and software
supporting the collaborative learning and hence they are
out of scope of this paper (see Ref. 23 for a full
description).

4.1. Collection of information

To satisfy course evaluation requirements, discourse
contributions need to be evaluated as effectively as
possible in terms of quality and usefulness. Evaluation
of hundreds of contributions and the relations among
them in a multi-member discussion can be a tedious task
for tutors and should be adequately supported.
Moreover, self and peer evaluation should be also
encouraged and facilitated by intuitive means.

To this end, in this section, we first provide an
intuitive procedure to manually qualify the exchange
type of interactions. This manual procedure is then
replaced with a machine-learning approach to
automatically classify posts (see Ref. 30). Similarly,
peer manual evaluation could be also replaced with an
automatic rating system.

4.1.1. Manual procedures

A set of certain thematic annotation cards based on the
general exchange types identified previously can be
considered for qualifying each exchange move in the
discussion processes, namely give-information, elicit-
information  and  raise-an-issue.  Consequently,
participants are urged to qualify their contributions by
using these annotation cards before sending a new or
reply post (see figure 5 for a software representation).

In order to avoid unnecessary choice, each context of
the discussion process determines a precise and short
list of just those categories that are possible in a certain
point of the discussion process (e.g., in replying any

Representing Collaborative Learning Information

kind of request, just the cards involving the provision of
information are provided to classify the reply). This
makes the choice of the appropriate tag shorter and
easier. Finally, the participant is required to commit
certain actions to indicate s/he has read a certain post,
such as send a reply and assent the contribution. The
aim is both to provide reliable indicators on the number
of posts read and to promote the discussion’s dynamics
by increasing the users’ interaction with the system (see
Ref. 23 for a complete description and validation of the

CONTRIBUTIONS in DISCUSSION THREAD #2 on SUBJECT: Efectivitat

| Show contributions ][ New dialog ][ Branch / Keep dialog ” Usefulness H Show threads

THREAD: Efectivitat

REPLY TO:

Recipient: GOPI - AULA 1 - THREAD #2

Choose Category. v
Message: |INFORM-ExplainClarify
(HTML enabled) | iNFORM-Suggest
INFORM-Lead
INFORM-Assert
INFORM-Agree
INFORM-Disagree
PROBLEM-Statement

Category:

Makes reference to contribution # 17 written by Marc Salas on 04-
jun-2008 19:59:27 and categorized as PETICIO-Opinio

Fig. 5. A list of tags to manually qualify a contribution.
approach).

4.1.2. Automatic post classification

A further innovation for the reliable collection of data is
to automate the manual post tagging (see figure 5) so as
to both minimize error-prone of manual post tagging
and release students of unnecessary choice. To this end,
different kind of classification algorithms, such as the
presented in Ref. 31, can be used so as to learn the
relation between a set of types of interaction and the
perceived intention of the authors of these interactions.

We explore the possibility of automatically
categorize the posts on the 6 different exchange moves
described above (see table 4). Although the design of
optimal classifiers is out of the scope of this paper, the
proposed methodology would take benefit from a first
categorization approach (see Ref. 32 for a complete
description of the approach).

Following the similar work of Ref. 14, for each post,
a feature vector is constructed using the following
methodology: (i) first, a list with the total words present
in all the posts is generated; (ii) from this list, we
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removed the words that appear only once, in order to
mitigate the effects of orthographic errors; (iii) using the
resulting words, the frequency count of each word on
each text is computed, obtaining a dimensional feature
vector for each post.

The resulting data lies in a high dimensional
subspace, hindering the posterior estimation of the
classifiers parameters. In order to mitigate this
drawback, a previous dimensionality reduction step is
applied by using the Principal Component Analysis
algorithm® to extract the first n components, which
account for the most of the data variance.

Using the final n-dimensional feature vectors, a
state-of-the-art SVM classification algorithm is applied
to the obtained posts. Briefly, the SVM algorithm™
learns a binary classifier (two possible classes, a
positive one and a negative one) from the training data.
This classifier consists of a separating hyperplane that
maximizes the classification margin. Thus, a new post x
is classified in positive or negative class, according the
following decision rule type

f(x) =sgn(iwiK(x,xi)+woj 1)

i=1

Where (Xy, ..., Xy) are the training samples, (Wi, ..., Wy)
are the parameters of the classifier, and K denotes a
Kernel function (or the dot product in the linear case).
In our problem of posts classification, the amount of
data available is usually large and sparse, being the most
part of the frequency counts 0. In this scenario, we
opted for a non-linear version of the SVM classifier,
based on the application of Radial Basis Function
kernels (RBF-SVM), ¥

K(x,y) =exp| - @

O being a parameter that will determine the influence
area that has the SVM over the data space. The
extension of the SVM algorithm to multi-class problems
(more than 2 classes) can be carried out by the one-
versus-all strategy.®

In order to validate the automatic classification
procedure, the following protocol was followed: the
total amount of data was randomly split in a training

(90% of the data) and a testing set (the remaining 10%).
The amount of data from the different classes was
balanced in the partitions. We used the training set to
learn the RBF-SVM classifier, using a portion of this set
to find the optimal sigma and C parameters.

The testing protocol was repeated 20 times, and the
average accuracy obtained is 61.29% for the 6-class
problem (£2.08% confidence interval at 95%). This
preliminary result constitutes a promising initial attempt
to automatic classification of posts from their content.
Nevertheless, we plan as future work to improve this

part of the methodology by exploring other
classification strategies and data normalization
techniques.

5. Experimentation

This section presents an experimental approach to
evaluate the ontological framework presented
previously in terms of completeness and usefulness by
addressing the requirements of a newly created
Virtualized Collaborative Session (VCS) system that
enables the virtualization of collaborative sessions®’.
The realization of this system is first reported from the
requirements that conducted the development of a VCS
prototype where our CS? ontology is embedded and
populated with data that models and represents
information coming from live collaborative sessions of
different Web-based forums. The specification of the
CS? data in CSML format inputs the VCS system in
order to proceed with the virtualization process. An
experiment in a real context of learning is then reported
for validation purposes by showing a real collaborative
activity supported by the VCS system.

The purpose of this experiment is to demonstrate that
our ontological framework allows for representing the
relevant information about collaboration sessions
underlying the content of live discussions in any Web-
based forum as well as provide all the necessary
information for creating virtual collaborative sessions.
The usefulness of the presented framework can be
addressed by this experiment since it provides an
integrated way of accessing collaboration data without
taking into account from where they come (different
forums) or in what format they are (forums of different
kind). Therefore, without CS?% or an equivalent
framework, the VCS could not be created.
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5.1. Realization of the VCS system

We provide next the main guidelines for the realization
of a VCS system (see figure 6 and also Ref. 37 for a
complete description of the system). The main feature of
a VCS system is to be compatible with different kinds
of chats, forums and collaborative sessions in general.
For the sake of our experiments, we used two very
different Web forums: the Discussion Forum (DF)* and
the Intelligent Web Teacher (IWT).*® As an input of the
VCS system, we used an XML file containing the
collaborative session data in the CSML common format
(see Section 3). The CSML specifies the information
found in collaborative sessions from both Web forums.

= rum
Ty - T T —
Other Conversion
comverters
T layer

DF converter ]

IWT converter J ' UOC converter

Fig. 6. Architecture of the VCS system, which is compatible
with multiple forums by using specific converters.

The process of conversion between the two sources
of collaborative session data and CSML was done by
developing specific converters (see figure 6), which
were different for each kind of source (i.e., the data
models of both IWT and DF forums). Then, the VCS
system processed data in CSML format and created a
complex learning object named Storyboard Learning
Object (SLO),* containing information about scenes,
characters, and other artifacts used during the later
visualization of this learning object. This information
could be edited and played in a multimedia fashion in
order to enable moderators and learners to observe the
virtualized collaborative session in an interactive way.

Overall, the VCS transformed live discussion
sessions into animated storyboards consumed by
learners, sessions evolved (“animate”) over time, and
the ultimate end-user interactions were handled. As a
result, the VCS provided an attractive learning resource
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so that learners became more motivated and engaged in
the collaborative activities (see figure 7 and Ref. 37 for
a full description).

CONTRIBUTIONS in DISCUSSION THREAD #1 on SUBJECT: VCS Prototype - Discussion Test

e e T

Fig. 7. Samples of sequence of storyboard scenes from the
VCS prototype with a discussion evolving over time after the
virtualization of two different live collaborative sessions
performed in the IWT and DF forums.

5.2. Experience in a real learning context

The real context of this experience is the virtual learning
environment of the Open University of Catalonia
(UOC)". Given the added value of asynchronous
discussion groups, the UOC have incorporated on-line
discussions as one of the pillars of its pedagogical
model. To this end, great efforts are being made to

Vil The Open University of Catalonia (UOC) is located in Barcelona,
Spain. Since 1995, UOC offers full on-line distance tertiary education
via Internet to currently 60,000 students. http://www.uoc.edu
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develop adequate on-line tools to support the essential
aspects of the discussion process, which include
students’ monitoring and evaluation as well as
engagement in the collaboration.

In order to evaluate the prototype of the VCS and
analyze its effects in the discussion process, the sample
of the experiment consisted of 81 graduated students
enrolled in the course Organization Management and
Computer Science Projects from the Computer Science
degree at the UOC were involved in this experience.
Students were equally distributed into two classrooms
and participated in the experience at the same time.
Students from each classroom were required to use
standard text-based discussion forums to support the
same discussion with the same rules during the same
time. In addition, in one of the classrooms (experimental
group) the standard forum was equipped with the
multimedia-based VCS tool. In the other classroom
(control group) the VCS was not available.

The in-class collaborative assignment in both groups
lasted three weeks in the Fall term and consisted of
discussing the same issue: ‘Factors that lead a
Computer Science project to failure”. 1In this
assignment, each student was required to post one
contribution at least on the issue in hand. During the
discussion, any student could contribute as many times
as needed in the discussion forum by posting new
contribution, replying to others as well as start extra
discussion threads to provide new argumentations with
regards to the issue addressed. In addition, in one
classroom, participants could follow the discussion also
by the VCS. The aim was to evaluate the effects of the
VCS system in the participation by comparing the
activity levels of the discussion between the two groups.

5.3. Data elaboration and interpretation of the results

The data from this experience was collected by means
of the web-based forums supporting the discussions in
each classroom. Moreover, specific data from the
interaction with the VCS system was also collected
considering the following validation criteria (see Ref. 37
for a full description):

e Evaluate the level of fulfillment of the VCS tool
features.

e Evaluate the level of participation of students with
the inclusion of the VCS in the discussion.

All quantitative data collected was stored in databases

and log files considering the following quantitative
metrics:

Number of VCS created with the VCS tool.
Number of students using the VCS.

e Number of messages submitted by students when
the VCS is used.

e Number of messages submitted by students when
no VCS is used.
Number of views when the VCS is used.
Number of views when no VCS is used.

e Number of words written by students when the
VCS is used.

e  Number of words written by students when no VCS
is used.

Table 5. Results on activity levels of the
discussion in both control and experimental

groups.
Metrics Standard Standard
. Forum Forum + VCS
Statistics .
(control) (experimental)
Number of students 40 41
Total of posts 119 151
Mean posts/student M=2.9 M=3.6
Total words 33942 27091
Mean words/post M=285 M=179
Total views 2149 1889
Mean views/student M=18.0 M=12.5

Analyzing the results of table 5, it seems that by using
the VCS the participation quantity is fostered since the
number of posts is higher. On the other hand, the
number of views (i.e., readings) of text posts are lower
in the forum that the VCS has, pointing out that some of
the students have seen in the storyboard as an
alternative to text posts, which is confirmed by the data
collected from the activity logs of the VCS.

Finally, participation quality is shown in terms of the
number of words per post. The lower mean statistics of
words per post in the experimental group may mean that
the users of the VCS were more effective and dynamic
when communicating their ideas by either new posts or
reply posts. As a result, the contributions became more
structured and specific whereas the control group
promoted larger monolithic one-sided points of view.

6. Validation

The validity of the CS? ontology has been tested on
three levels, namely correctness, completeness and
usefulness. First, the correctness of the ontology has
been verified using the reasoners available within
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Protégé™ over CSML, thus allowing for determining
that the ontology is well written on a formal level,
which means that it contains no contradictions and
therefore it can be instantiated.

Second, the ontology completeness has been
validated naively by the experiment presented in the
previous section, showing how the ontology has been
used to represent information of several real forums of
virtual environments related to computer science
subjects. As we have demonstrated with this
experiment, the current CS? specification allows for
representing  the  relevant  information  about
collaboration sessions underlying the content of IWT
and DF Forums. Hence, since the ontology has been
able to deal with the relevant information of the forums
we can state that it allows for representing the
information of the domain we are interested in.
Nevertheless, the completeness of the ontology cannot
be validated formally as it is an ontology for open
environments.*

Finally, the usefulness of the ontology has been
proved by a naive validation of participation in a
collaborative learning activity supported by the VCS.
The ontology information has been necessary for the
VCS system since it has provided information of
collaborative sessions without taking into account from
where the information comes and what format it
originally followed. The results show higher level of
activity in the forum tool equipped with the VCS in
comparison to the standard forum tool without the VCS.

7. Conclusions and ongoing work

This paper shows the current research work undertaken
within a FP7 European project ALICE devoted to
provide on-line collaborative learning with authentic
interactivity, challenging tools and user empowerment
with the ultimate aim to influence learner motivation
and engagement during the collaborative activities. To
this end, a new ontology called CS? based on SIOC and
FOAF ontologies was created for modeling information
from online collaborative sessions within Web forums.
CSML was created as the representation of CS? written
in RDF and was aligned to the elements from SIOC,
FOAF, SKOS and Dublin Core that are relevant for
representing collaborative learning sessions.

™ «The Protegé Ontology Editor and Knowledge Acquisition System"”
retrieved from http://protege.stanford.edu
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A methodology based on a dialogue model was
proposed to modeling and representing the source of the
collaborative interaction data in our ontology. The data
collected and represented in our ontology is to be
afterwards transformed later on into useful knowledge
about what is happening during the collaboration. This
later process is out of scope in the research presented in
this paper.

The presented ontology was validated at several
levels, mostly through an experiment that validates the
completeness and usefulness of the CS? ontology in
which the ontology was used as an input for the VCS
system, which allows for converting the collaborative
communications in web forums to storyboard learning
objects.

The results achieved confirm that the proposed
framework was useful in the creation of the VCS
system, but presents some limitations that can limit its
usefulness in other contexts, such as the consistency and
completeness of the data it contains and the usability of
the framework. Data consistency problems come from
the conversion process provided that the responsible for
the conversion process may populate the ontology
inconsistently, dirtying and compromising its data. In
order to alleviate this potential problem, several
mechanisms may be proposed to guarantee that the
convertors populate the ontology consistently, such as to
identify a responsible that supervises all conversions
and create extra integrity constraints to enforce the
quality of the imported data. The current framework
only stores basic information about collaboration from
web forums. The framework can be extended to take
into account new types of information, such as opinion
and sentiment information, location information or
background information, and from other sources, such
as chats, tweets, etc.

Currently, we keep exploiting our CS? ontology and
CSML language within the ALICE project so as to
model and represent in common format collaborative
learning data coming from different data sources in
different academic subjects and programs. The aim is to
leverage the benefits of collaborative learning in on-line
settings of different nature and where collaboration is
difficult to achieve. The ultimate aim is to provide
advanced collaborative learning resources with
authentic interactivity, user empowerment and
challenge, thus positively influencing learner motivation
and engagement into the learning process.*’
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Furthermore, further work is to expand the ontology
to represent collaboration information from other
sources, such as chats, blogs and wikis as well as
consider some relevant information found in the schema
of certain forums that should be included in future
versions of CS?, such as post ratings and scaffolds.

Finally, we plan to extend the CS? ontology in order
to be able to add emotional information about the mood
of the user for each post. The aim is to use opinion
mining and sentiment analysis*’ in order to find out how
the student feels when participating in a forum. This
information can be taken into account during the
learning process to improve learning and motivate
students, for example, by proposing easy exercises to
students who feel discouraged in order to boost their
self-confidence. In that direction, we plan to study
whether previous works on discovery and classification
of learning disabilities* can be reused to find out
whether a tendency of negative feelings is the result of a
learning disability and to propose the best actions to
perform according to the mood or limitations of each
student. Thereafter, we plan to fully integrate the
ontology within a virtual campus and apply the
presented methodology in order to automatically infer
the collaboration information generated during the
virtual learning processes. Then, a set of services that
use the collaboration information will be created in
order to improve the learning experience of learners.
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