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Summary
This deliverable is to be considered as a progress report on the initial version of the Dicode
decision making support services, which are designed and implemented in the context of
WP4. Decision making support services developed in Dicode concern the building of
machine-interpretable knowledge in order to actively support various decision making tasks.
In this deliverable, the technical specifications of the decision making support services
related to Tasks 4.2, 4.3 and 4.5 of WP4 are presented. The intended audience of this
document are designers and developers of the Dicode project. The document informs them
on which decision making support services have been developed and how they can be used,
thus providing a first framework for discussing how to proceed with the full development of
the envisioned services. The initial versions of the services are presented using a formalized
and project-wide adopted service description template.
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1 Introduction
1.1

Context

This deliverable presents the initial version of the decision making support services that have
been designed and developed in the context of WP4 (“Data-Intensive Collaboration &
Decision Support Services”) of the Dicode project. More specifically, it reports on the
progress of work being carried out, by describing the related initial version of services that
have been developed, in Tasks 4.2, 4.3 and 4.5.
This is the first of a series of deliverables reporting on the progress of work with respect to
the decision making support services in the context of WP4. While the focus of this
deliverable (D4.2.1) is on the initial version of collaboration support services, deliverable
D4.2.2 (due in month 24) will report on their enhanced version. The final version of the
decision making support services will be reported in deliverable D4.2.3 (due in month 33).

1.2

Objectives

The purpose of this document is to present the initial version of the developed services
related to decision making support in the context of Tasks 4.2, 4.3 and 4.5, as they originated
from the functional specifications outlined in deliverable D2.2 in order to frame and start the
implementation related discussion on how to realize the vision of the Dicode project.
The developed services are presented from a technical perspective, broken down to the level
of individual operations, in order to show their role and use and facilitate their assessment
with respect to the derived functional specifications. The operations presented are those
which are available to clients to be invoked and executed without going into detail about
how exactly these can be invoked or executed. In particular, the presented operations can be
executed by various technologies such as REST (Fielding, 2000) or Web Services (W3C - Web
Services Architecture, 2004), but such issues are not the focus of their description. The
description of services takes an operation-oriented approach listing the available operations
and detailing their aim and purpose.
The initial version of the services are presented using a service description template, which
has been derived and used in the context of deliverable D3.1.1 (“The Dicode Data Mining
Framework”), called the Abstract Service Description. The Abstract Service Description
template provides a technical specification of services by providing an overview of the
supported interfaces and the relevant operations. For each operation, a description along
with major input and output information is presented.

2 Dicode Decision Making Support Services
The aim of the decision making support services is to turn information and knowledge
machine interpretable in order to allow active participation of the system in collaborative
activities, hence aiding the overall decision making process. In the context of Dicode, three
different strategies are used to generate knowledge for the decision making process:
• Automatically generating knowledge about the preferences of a single user, which
can for example be used to recommend documents he might be interested in.
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• Automatically generating knowledge about the interaction of a whole group of
users, e.g. by structuring a written discussion and identify related discussions.
• Allowing users to manually add knowledge to the system, which will allow to fully
capture and describe all knowledge that is relevant in a decision making process.
Towards these overall goals, a number of relevant services will be developed that can fully
address the relevant requirements of Dicode as outlined in deliverable D2.2.
This documents reports on the initial version of the services that have been developed in the
context of the following tasks:
• Task 4.2 - Recommendation mechanism, which is concerned with the design and
development of recommender mechanisms to support the user in the analysis of large
and heterogeneous data;
• Task 4.3 - Semantic-driven collaboration monitoring mechanism, which will derive a
semantic-driven model of collaborative processes in a community;
• Task 4.5 - Decision making support services, which is concerned with the formalization
of collaborative decision making issues to intelligently support stakeholders in such
activities.
In the following, we present the service description of the initial version of the services being
developed in the abovementioned tasks of WP4. For each service, a short description related
to its aim and purpose is given, followed by the abstract service description template of its
initial version.

2.1

Recommendation mechanism

Recommendation mechanism is the focus of Task 4.2. In general, recommender systems
attempt to recommend information items that are likely to be of interest to the user.
“Typically, a recommender system compares a user profile1 to some reference characteristics,
and seeks to predict the 'rating' or 'preference' that a user would give to an item they had not
yet considered”(Bell et al., 2007). Many algorithms have been used in recommender systems.
These are often based on distance measures. The distance indicates the similarity of
information items. Then, those items are recommended that are “closest” to match the user
profile. Typically, fixed distance functions are used such as Euclidian distance2 or cosine
distance3.
The key idea of similarity learning is to replace fixed distance functions by learning a
function that produces a non-negative real number for any pair of examples. The intended
semantic is that the higher this number the more similar the two examples are. The training
data that the function learns from consist of example pairs labelled as similar or dissimilar
(see Deliverable D3.1.1, Section 3.2.10). We also refer to Deliverable D3.2.1 regarding
experiments and a prototypical evaluation for the recommendation mechanism.
2.1.1

Recommender Service

The Dicode Recommender Service (DRS) will be based on models generated by similarity
learning. These models depend on the type of information items considered in Dicode.
1

http://en.wikipedia.org/wiki/User_profile
http://en.wikipedia.org/wiki/Euclidean_distance
3
http://en.wikipedia.org/wiki/Cosine_similarity
2
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Information items to be considered at present comprise user profiles, documents, and data
sets. For every type, one or more specific models will be generated using the Dicode
Similarity Learning Service (see Deliverable D3.2.1).
User interaction will be used as feedback to improve the similarity models in that the Dicode
system will observe the choices made by the user with regard to the “similar items” offered,
extending the list of similar items as input for similarity learning (see Deliverable D3.2.1).
DRS is generic, in that it will be parameterised by the type of information items, the
similarity model, and output options.
The abstract service description of the initial version of DRS is presented below.

Name
Standards

Description

Recommender Service
• OGC 05-008c1 Web Services Common Specification V1.0.

The Recommender Service allows querying the Dicode system for
information items that are similar to those provided as input. The search is
based on similarity models learned by using the Dicode Similarity
Learning Service.
The Recommender Service provides its functionality through the following
interfaces:
• ServiceCapabilities: Informs about the common and
capabilities.
• Recommendation: provides query and feedback operations.

specific

Interface
getCapabilities

ServiceCapabilities
Informs the requestor about the common and specific capabilities.
Examples of specific capabilities are the supported information item types,
similarity models related to the type, and output options. The
getCapabilities operation of the Service Capabilities Interface is backward
compatible with the concepts and definitions of the getCapabilities
operation as defined in OGC 05-008c1 Web Services Common Specification
V1.0.

Interface
query

Recommendation
Defines a query. Parameters include the type of information items, the
similarity model, and the information item(s) for which similar items to be
recommended. An optional integer parameter restricts the number of
recommended items. The default is that all similar items are listed.

feedback

Provides a list of information item pairs considered to be similar by the
user.
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Example usage

A user may want to find similar data sets, for instance of clinical trials, or
want to find users with a similar profile as the own profile.

Comments

• Since (at present) detailed specification of information types are not
available yet, similarity models for the video lecture completion for
recommender systems (http://tunedit.org/challenge/VLNetChallenge)
have been generated as a proof-of-concept.
• Computation times depend more or less linearly on the number of
attributes and on the size of the data collection.
• Improvement of results depends on improvement of similarity learning.

Conformance
classes

Not available.

Implementation Not available.
rules
Implementation A prototypical version of the algorithm has been implemented. The
status
algorithm is not yet provided as a service. For a snapshot of output data
see Deliverable D3.2.1.

UML model

2.2

Not available.

Semantic-driven collaboration monitoring mechanism

The Community Modelling and User Profiling services comprise a set of services that
address the challenges of the semantic-driven collaboration monitoring mechanism task
(Task 4.3) of WP4.
Subsequently, an abstract, coarse description of the Community Modelling and User
Profiling Services is provided in textual format according to Dicode Service Description
Template. The description presents the basic functionality (in terms of interfaces and
operations) of each of the services whose prototypical version has been implemented. These
“abstract service descriptions” are meant as a high level introduction to the Community
Modelling and User Profiling Services and will be complemented by formal abstract
specifications and/or implementation specifications when the services become operational.
The abstract service description for each of the services is complemented by an appendix
section that describes the experiments that have been carried out in order to demonstrate the
prototypical version of the service. Each complementing appendix section includes detailed
descriptions of the inputs, outputs, and methodology of operations that have been
implemented for the current prototypical version of the service. Links to download the input
and output files for each service are provided in the appendix section for that service as well.
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Cluster Discussion Threads

In Section 7.6 of deliverable D2.2 - The Dicode Approach, the community modelling and user
profiling services have been introduced to support Dicode recommendation services. These
recommendation services will be able to use the output of the community modelling and
user profiling services to recommend items (e.g. data set, a set of discussions, a topic of
interests) to the user within Dicode communities. The “Cluster Discussion Threads” service
is aimed to support discussion recommendations by taking the community discussions that
exist in the Discussion-forum view of the Dicode collaboration space (See Section 7.4 of
deliverable D2.2) as input and group them into distinct clusters based on their textual
content. The service also produces the centroid of each cluster, which is a vector of the
average term weights that exist in each cluster. The output of the service (assignment of
discussions to clusters and cluster centroids) represents the foundation for a content-based
recommendation service that compares the user characteristics with cluster characteristics
based on the cluster centroids and then recommends to the user the discussions that belong
to the cluster whose characteristics are the closest to the user characteristics.
The following abstract description of the service is given:

Name

Cluster Discussion Threads

Standards
Description

The Cluster Discussion Threads service takes a collection of discussion
threads and clusters the threads into groups, where each group contains
a subset of the original threads. The discussion threads that belong to a
particular group are relatively similar in content. The Cluster Discussion
Threads service provides its functionality through the ThreadsClusterer
interface. The purpose of this interface is to receive a collection of
discussion threads as input, perform text pre-processing on the received
threads, build and train a clustering model, generate clusters of
discussion threads, assign each of the discussion threads to one of the
generated clusters, and retrieve the centroid vector for each generated
cluster.

Interface
readDiscussions

ThreadsClusterer
The readDiscussions operation reads the dataset from a storage resource.
In the prototypical version of the service, the storage resource is an Excel
sheet containing the required attributes of the dataset. In subsequent
versions, the storage resource will be table / view in a relational
database server.

dataToDocuments

The dataToDocuments operation transforms each discussion thread
within the discussions dataset to a document. This step is necessary to
treat each title as a separate instance (observation)

processDocuments

The processDocuments operation performs text pre-processing on the
threads in the collection. The processDocuments operations include the
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following text pre-processing operators: tokenize documents, transform
tokens to lower cases, filter stop words, and filter tokens by character
length (See Section A.3.1 of Appendix A for more details about these
operators). The output is a pre-processed version of the discussion
threads
trainModel

The trainModel operation receives the pre-processed version of the
discussion threads and uses them to build and train a number of
discussion threads clustering models. The output is a number of trained
clustering models, each model having a unique number of clusters of
discussion threads.

validateModel

The validateModel operation validates the clustering models generated
by the trainModel operation by calculating cluster validity measurements
and selects the model having the best measurements as input to the
clusterThreads operation. In the prototypical version of the service, this
operation is represented by the ‘cluster distance performance’ and the
‘item distribution performance’ operators (See Section A.3.3 of
Appendix A for more details about the operators).

clusterThreads

The clusterThreads operation assigns each discussion thread in the
discussion threads collection to one of the clusters generated by the
clustering model. The output is a list of discussion threads and clusters.
Each row in the list consists of a discussion thread ID and a cluster ID.

getCentroids

The getCentroids operation computes the weights of the terms in the
cluster centroid vector for each of the derived clusters. The output is a
list of the terms and term weights in the centroid vector of each cluster.

Example usage

When the users of the collaborative workspace log to the discussion
forum view, they may want to view the discussion threads that their
content meets their interests or needs. Invoking the Cluster Discussion
Threads service groups the existing discussion threads into clusters
(groups) based on their content. A recommendation service can then
compute a similarity score between the user preferences vector and the
centroid vector of each discussion threads group and then recommend
to the user to read and participate in the discussion threads that belong
to the group whose centroid has the highest similarity score with the
user preferences.

Comments

The user does not interact with the Cluster Discussion Threads service
directly. This is a support service (internal mechanism) where the
purpose of this service is to group similar discussion threads found in a
discussion forum together into distinct groups. The discussion forums
that belong to a particular cluster are relatively similar in content.
Current restrictions: There are no available discussion threads in the
Dicode Discussion Forum view by the Use Case users (Use Case 1 and
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2). Therefore, the current prototypical version of the service is
demonstrated using discussions collected from an online technical
discussion forum. See Appendix A for the detailed demonstration of the
service.
Future Extensions and Enhancements:
Future versions of the service will be applied on the discussion threads
made by the users of Use Case 1 and 2 within the discussion forum view
of the Dicode multi-view workspace.
Future versions will also apply different clustering models based on
different clustering algorithms (e.g. K-means, Hierarchical clustering
(Abonyi and Feil, 2007) ). The different models will be compared and the
model that derives the best clusters (based on cluster validity evaluation
techniques) will be selected for the final implementation. Feature
extraction preprocessing will be performed before generating the
clusters using Latent Semantic Analysis (LSA) (Landauer and Dumais,
1997) to improve the clustering efficiency and the centroids of the
generated clusters.

Conformance
classes

Not available.

Implementation
rules
Implementation
status

Not available.

UML model

Not available.

Prototypical version implemented.

Due to the current unavailability of discussions by Dicode communities in the Discussionforum view of the Dicode collaboration space, the prototypical version of the service has
been demonstrated using discussions collected from an online technical discussion forum. In
Appendix A, a detailed demonstration of the service can be found.
2.2.2

Identify Discussion Forum Topics

In Section 7.6 of deliverable D2.2 - The Dicode Approach, the community modelling and user
profiling services have been introduced to support Dicode Collaboration and Decision
Making Support services. These services will be able to use the output of the community
modelling and user profiling services to improve the sense-making and decision making of
the user within Dicode communities.
The ‘Identify Discussion Forum Topics’ service is aimed to enable the user with a Dicode
community to make more sense of the discussions that exist in the Discussion-forum view of
the Dicode collaboration space by taking a cluster of discussions generated by the “Cluster
Discussion Threads” service (described in Section 2.2.1) as an input and produces a list of
identified topics with their weights, which the discussions in that cluster are about. The
output of the service (topics and topic weights) is expected to help the users of the discussion
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forum to make more sense of the existing discussions. By showing the users a “topic cloud”
that depicts the identified topics in different font sizes that are proportional to the computed
topic weights, the user is expected to identify the main theme of the discussion in that
cluster. Therefore, the user will be able to focus his reading and participation in the
discussions that belong to the cluster that he identified, based on the identified topics, as the
most suitable for his interest.
The following abstract description of the service is given:

Name

Identify Discussion Forum Topics

Standards
Description

The Identify Discussion Forum Topics service takes a cluster of
discussion threads as input from the Cluster Discussion Threads service
and identifies the most prominent terms (topics) in the discussion
threads that belong to that cluster. The identified topics can be used by
the users to identify the main theme the discussion threads in that
cluster are about. The Identify Discussion Forum Topics service
provides its functionality through the TopicsIdentifier interface. The
purpose of this interface is to receive a collection of discussion threads
that belong to a particular cluster, perform text pre-processing on the
received threads, and identify the topics of these threads.

Interface
readDiscussions

TopicsIdentifier
The readDiscussions operation reads the dataset from a storage resource.
In the prototypical version of the service, the storage resource is an XML
file that contains the textual content of the discussion threads and the
cluster ID that each discussion thread is assigned to (See Section B.1 of
Appendix B for more details about the input dataset). In subsequent
versions, the storage resource will be table / view in a relational
database server.

preprocessThreads

The preprocessThreads operation receives a collection of discussion
threads belonging to a particular cluster and performs text preprocessing on the threads in that collection. The preprocessThreads
operations include the following text pre-processing Lucene 4 filters:
StandardFilter, LowerCaseFilter, and StopFilter (See Section B.3 of
Appendix B for more details about these filters). The output is a preprocessed version of the discussion threads

identifyTopics

The identifyTopics operation receives the pre-processed version of the
discussion threads and identifies the most prominent topics of these
discussion threads that belong to a particular cluster. The current
version of this operation uses a term frequency – based algorithm to
identify the topics (See Section B.2 of Appendix B for a description of the

4

http://lucene.apache.org/java/docs/index.html
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algorithm). The output is a list of topics and topic weights. Each row in
the list consists of a topic that belongs to a cluster and the weight of this
topic within that cluster of discussion threads.

Example usage

When the users of the collaborative workspace log to the discussion
forum view and focus on the discussion threads that belong to a
particular cluster (i.e. the cluster of discussions that is closest in content
to their preferences), they may want to summarize these discussion
threads or identify the main theme that these discussion threads are
about. Invoking the Identify Discussion Forum Topics service identifies
the main topics these discussion threads have. A visualization service
can take the identified topics and their frequencies and show to the
users a “topic cloud” that depicts the identified topics in different font
sizes proportional to the frequency of occurrence of these topics. The
user will be able to identify how important each identified topic is to the
discussion threads based on the font size of that topic, and therefore be
able to summarize these discussions and identify the main theme of the
discussions. The user may also be able to interact with the identified
topics through another visualization service that links each identified
topic with a page that shows a list of the discussion threads that contain
discussions mainly related to that particular topic. The user can click on
the topic link to browse the discussions related to that topic.

Comments

The user does not interact with this service directly. This is a support
service (internal mechanism) where the purpose of this service is to
identify the most prominent terms (topics) in the discussion threads that
belong to a particular cluster of discussion threads.
Current restrictions: There are no available discussion threads in the
Dicode Discussion Forum view by the Use Case users (Use Case 1 and
2). Therefore, the prototypical version of the service is demonstrated
using discussions collected from an online technical discussion forum.
See Appendix B for the detailed demonstration of the service.
Future Extensions and Enhancements:
Future versions of the service will be applied on the discussion threads
made by the users of Use Case 1 and 2 within the discussion forum view
of the Dicode collaboration space.
Future versions of the service will implement more advanced models to
topic identification and topic modeling (e.g. models based on the Latent
Dirichlet Allocation (LDA) algorithm (Blei et al., 2003) ) than the
frequency of occurrence model. The different models will be compared
and the model that derives the best topics (based on human evaluation)
will be selected for the final implementation.
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Conformance
classes

Not available.

Implementation
rules
Implementation
status

Not available.

UML model

Not available.

Prototypical version implemented.

Due to the current unavailability of discussions by Dicode communities in the Discussionforum view of the Dicode collaboration space, the prototypical version of the service has
been demonstrated using discussions collected from an online technical discussion forum. In
Appendix B, a detailed demonstration of the service can be found.

2.3

Decision making support services

Dicode’s decision making support services is the focus of Task 4.5; they aim towards the
formalization of the collaboration to intelligently support stakeholders in decision making
activities by enabling the use and exploitation of reasoning mechanisms.
Based on the functional specifications outlined in deliverable D2.2, an initial set of operations
supporting collaboration within Dicode have been designed and developed. In particular,
the decision making support services implement the formal-view of collaboration
workspaces that has been outlined in deliverable D2.2.
2.3.1

Decision making support

Decision making support services aim at providing the necessary operations to implement
the formal-view of collaboration workspaces, as outlined in deliverable D2.2. The formal
view of a collaboration workspace permits only a limited set of discourse moves for a limited
set of message types whose semantics is fixed and system defined. In addition, the formal
view of a collaboration workspace can be associated with reasoning algorithms that are able
to calculate which proposed solution is currently prevailing or which position has been
defeated.
The formal view of collaboration workspaces is the third option in which collaboration
workspaces can be operated. The other two are the forum and mind-map view, whose initial
version has been reported in deliverable D4.1.1. While the forum and mind-map views of
collaboration workspaces aim at supporting collaboration towards sense-making, the formal
view aims at supporting collaboration towards decision making.
Since all three abovementioned views constitute an integral part of the collaboration
workspace concept, where in addition the transformation between views is possible, the
decision making support operations have been implemented within the Collaboration
Service, which has been partially presented in deliverable D4.1.1. A different interface
(addressing the needs of decision making support) provides the relevant operations when
the workspace is operated in formal view. This interface is presented below.
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Name

Collaboration Service

Standards

REST (Fielding, 2000)

Description

In addition to what is described in deliverable D4.1.1, the
Collaboration Service provides operations that permit users to
conduct formal argumentative discourses. Such formal
argumentative discourse is provided by the formal view of
collaboration workspaces. The service provides operations to
allow users to configure the formal view and use them to engage
into collaborative activities towards decision making.
The Collaboration Service provides functionality for supporting
the formal view of collaboration workspaces through the
following interface:
• FormalCollaboration Interface: The purpose of the
FormalCollaboration interface is to provide all operations
related to the configuration and use of the formal view of
workspaces.
The FormalCollaboration interface does not provide operations for
creating and managing collaboration workspaces spaces, as such
tasks are handled through the Workspace interface that has been
described in deliverable D4.1.1.

Interface
postIssue

FormalCollaboration
Allows the creation of issues, which correspond to decisions and
goals to be made, open to dispute. The operation takes as input the
ID of the workspace where the issue is discussed along with a
textual description of the decision to be reached. Upon successful
completion, the textual description of the issue appears on the
argumentation tree as the root of the collaboration.

postAlternative

Allows the creation of alternatives, which constitute potential
solutions, choices or course of actions for the issue being
discussed. The operation takes as input the ID of the issue to
which the alternative is considered a solution, the title of the
alternative that will appear on the workspace, and optional inputs
such as comment, URL and attachments that aim at providing
more details about the alternative being posted. Upon successful
completion of the operation, the alternative appears as a child
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element of the issue which is specified.
postPosition

Allows the posting of a position which is either in favor or against
an alternative or other position. The operation takes as input the
ID of the alternative or position to which the position responds,
the title of the position, an indication whether it supports or is
against the alternative and optionally a comment, URL and
attachment aiming at providing greater detail of the position being
posted. Upon successful completion, the position appears as a
child element to the alternative to which it responds.

addPreference

Allows setting up a preference relation, which are used to weight
reasons for and against of a certain alternative, in a specific
workspace. A preference relation is a tuple of the form [position,
preference_relation, position], where the preference relation can be
“more (less) important than” or “of equal importance to”. The
operation takes as input the two IDs of the positions, along with
the preference relation (which can be one of the set {more
important than, less important than, of equal importance to}).
Upon successful completion, a new preference is created and used
by the workspace’s reasoning mechanism.

setReasoningEngine

Enables associating a reasoning algorithm with a particular
workspace. Within Dicode, a finite set of reasoning algorithms will
be developed each of which is identified by a unique name. The
operation takes as input the ID of the workspace and the name of
the reasoning algorithm. Upon successful completion, the
specified algorithm is associated with the workspace and activated
only when the workspace is operated in the formal view.

Example usage

A web application will provide the necessary user interface
through which the previously mentioned operations can be
executed by end users. In general, all Dicode use cases that require
support for collaboration towards decision-making will be able to
use the above operations. In particular, users of the Dicode use
cases can use the operations provided by the workspace interface
(presented in deliverable D4.1.1) to create and configure new
workspaces where the collaboration will take place. Depending on
their needs, they may deploy the workspace either in forum or
mind-map view, where they are able to upload and process the
available collaboration items via the respective interfaces. If
decision making capabilities are required, users may transform a
workspace into formal view, through which they may deploy the
above operations.

Comments

The initial version of the service reported provides a proof-ofconcept implementation of all the presented operations, which
nevertheless have bugs and malfunctions. Such issues will be
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addressed in future versions of the services, along with a more
thorough evaluation of their usefulness.
Conformance classes

Not available.

Implementation rules
Implementation status

Not available.
Prototypical version implemented.

UML model

Not available.

The source code of the initial version of the collaboration service, implementing the above
operations, can be found at the following Subversion repository:
https://anivas.cti.gr/websvn/listing.php?repname=ftel&path=/dicode/trunk/src/dll/
In Appendix C, an example of how the above operations can be used to cover the decision
making support needs of the Dicode use cases is presented.

3 Development Process
The initial version of the previously described services have been developed using the
guidelines outlined in deliverable D5.1.1 - Standards and guidelines for development. In
particular, the Java Guidelines coding convention has been used to format the authored
code. In addition, design patterns have been deployed to solve common software design
problems.
To manage code changes, the involved project partners have installed on their site the
Subversion code repository, which hosts the code of the initial version of the services they
develop.

4 Future Work
This deliverable presents the initial version of the decision making support services that have
been designed and developed in the context of Tasks 4.2, 4.3 and 4.5, representing a first
implementation of the functional specifications outlined in deliverable D2.2. Future work
will concentrate on improving and enriching the above services in order to fully address the
needs of the Dicode project. Specifically, with respect to the implementation of the decision
making support services, future work will focus on a number of issues which include:
• Correcting bugs and malfunctions of the initial version of the implemented services.
• Assessing the initial version of the developed services against the functional
specifications. The purpose of this action is to see how the initial version of the services
must be changed in order to properly support the Dicode use cases. This includes
identifying which operations must change their functionality as well as which
operations must be added in order to fully address the needs of the use cases.
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This section describes the experiments that have been carried out to demonstrate the
prototypical version of the “Cluster Discussion Threads” service, which is part of the
Semantic-driven collaboration monitoring mechanism.
Recommendation Support
We aimed to demonstrate the “Cluster Discussion Threads” service by running an
experimental study on a set of discussion threads collected from an online technical
discussion forum, WebProWorld 5. The objective is to group similar discussions into distinct
clusters. The output of the service is a list of the discussion threads and the clusters that each
discussion thread belongs to. The output also produces the cluster centroid vector for each
generated cluster, which is a vector that contains the average weights of the terms that exist
within the discussions of that cluster. These service outputs (assignment of discussions to
clusters, and cluster centroids) can be the foundation for a content-based discussion
recommendation service. The discussion recommendation service can compute the similarity
score between the user preferences vector and the centroid vector of each cluster. The cluster
that its centroid has the highest similarity score with the user preferences vector will be
recommended to the user so he may better participate in the discussions of the forum.
Outline
Two pilot experiments have been performed on discussions for demonstration. In the first
experiment, the titles of the discussion threads have been used for clustering, whereas in the
second experiment, both the titles and the first posts have been clustered. The objective is to
check whether including the posts in addition to the titles produce better cluster distribution
of discussions. We firstly describe the dataset used as input to the experiments. Secondly, we
describe the details of each of the experiments, including data pre-processing, building the
clustering model, evaluating the generated clustering models to select the best model for the
further steps, and producing the cluster centroids. Finally, we list the URLs of the input and
output files that are generated by each service experiment. These URLs link to the output
files that can be downloaded from the Dicode Project website.

A.1 Data Set: Online Technical Discussions in WebProWorld
WebProWorld is a large collection of technical discussion forums where each forum has
threads that focus on particular IT-related categories. For instance, WebProWorld contains
sub-forums that enable registered participants to seek advices and share information about
“computer assistance”, “search engines”, “webmaster, IT and security”, and “e-Commerce”.
WebProWorld provides these sub-forums as a service to its members, to provide a friendly
environment, where members can help one another and exchange ideas, tips, news, and
information. For example, in the sub-forum "Computer Assistance", users may post
questions, answer questions, involve in discussions, seek advices, or share advices about the
different problems that IT users face in a daily basis, including hardware, networking,
operating systems, web servers, programming, security and others. The thread shown in
Figure A.1 for instance was initiated by a user who has a problem with the signal reception
5

http://www.webproworld.com/webmaster-forum/forum.php
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in her house and thus, seeks advice from fellow participants on what the problem might be
and how to deal with it.

Figure A.1 An example discussion thread in the “Computer Assistance” sub-forum in WebProWorld

A.1.1 Data Collection
We randomly retrieved a collection of 200 discussion threads from four sub-forums in
WebProWorld. These sub-forums are namely: SEO (Search Engine Optimization) forum, IT
forum, Computer Assistance forum, and e-Commerce forum. We randomly collected 50
discussion threads from each sub-forum.
A.1.2 Data Attributes
The data attributes for our experiments are:
• Forum ID (1 = SEO, 2 = IT, 3 = Computer Assistance, 4 = e-Commerce forum)
• Discussion thread ID (1 to 200)
• Title of the discussion thread: usually a brief statement that is written by the creator of
the thread and represents the main theme of what the thread is going to be about. (e.g.
“Hard Disk Problem”)
• The creation date of the discussion thread
• The author name of the discussion thread
• The body of the thread, which includes the textual content of the first post written by
the creator of the discussion thread
Note: For our experiments, only the first post that is written by the thread creator has been
collected in the body because the RSS feeds provided by the forum do not store the reply
posts created by the other participants. In the future, we aim to evaluate the service on a
complete discussion threads that include the reply posts as well as the titles and original
posts. For that, we will consider discussion threads from other technical forums that provide
complete RSS feeds, such as the Microsoft Developer Network forums 6 as well as the
discussion forums of the Dicode workspace when the communities of use case 1 and 2 start
using the Dicode multi-view collaborative workspace.
6

http://social.msdn.microsoft.com/forums/en-US/categories/
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Figure A.2 depicts the data attributes for an example discussion thread parsed from an RSS
feed collected from the “Computer Assistance” sub-forum. The figure shows (from top to
bottom) the thread ID, the title, the thread creation date, the forum ID, the post ID, the
username of the post author, and the body content of the post.

Figure A.2 Data Attributes of an Example Computer Assistance Discussion thread

A.2 Implementation Tools
We have used the following tools for our experiments:
• The Java SE Programming Language for parsing the RSS files that contain the
discussion threads and storing them into a database
• MS Access database to store the retrieved and parsed content
• The RapidMiner 7 data mining platform to perform clustering of the collected
discussion titles and threads
• MS Excel to store the output of the experiments

A.3 Experiment #1: Clustering Discussion Thread Titles
In the first experiment, we demonstrate the service by grouping the discussion threads into
clusters based on the titles of the collected discussion threads. The titles of the discussion
threads are retrieved from the database and input as a data source for a clustering model.
The service builds and trains a clustering model and assigns each title instance to a particular
cluster ID. The output of the service is a list of title IDs and cluster IDs, where each row
refers to a particular discussion thread title and the cluster that it belongs to. The service also
derives the cluster centroid vectors of all the generated clusters. The output is a list of the top
n terms and their weights within the centroid vector of each cluster, retrieved in a
descending order by their weight (from the term having the maximum weight to the term
having the minimum weight).

7

http://rapid-i.com/content/view/181/190/lang,en/
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A.3.1 Data Pre-Processing
We designed a RapidMiner process for data pre-processing, model building, and model
evaluation. The following data acquisition and text pre-processing operators have been
applied as a data pre-processing phase into the process:
• Read Excel: This operator is used to read the dataset from Excel spread sheet files. For
demo purposes, we imported the input titles of the discussion forums from the
database into Excel spread sheet files.
• Data to Documents: This operator transforms each discussion thread title within the
data set to a document. This step is necessary to treat each title as a separate instance
(observation).
• Process Documents: This is the operator that contains the text pre-processing pipeline.
It takes the following parameters:
o Term vector creation weighting scheme. TF/IDF has been chosen as the
scheme for weighting each term in the thread title. TF/IDF (Term Frequency /
Inverse Document Frequency) is the number of times the term appears in the
document multiplied by a function of the inverse of the number of documents
in which the term appears.
o Terms prune method. This parameter specifies if too frequent or too
infrequent terms should be ignored for word list building and how the
frequencies are specified. The “Absolute” value has been chosen to ignore
terms that appear in less than two titles and more than 199 titles.
• The pipeline of the Process Documents operator includes the following sub-operators
depicted by figure A.3:

Figure A.3 The Text Pre-processing Pipeline to preprocess discussion title

o Tokenize. This operator splits the text of a document into a sequence of tokens
based on non-letter characters between the terms.
o Transform terms to lower cases.
o Filter stop words. Removing insignificant terms such as prepositions and
pronouns.
o Filter tokens by character length. Terms are considered if they have a
minimum of two characters.
The resulted output of running the text pre-processing step is a term vector representation
for each thread title, as well as a term list showing the frequency of total occurrence for each
of the remaining terms (after pruning) and the number of titles the term appeared in. Figure
A.4 depicts a snapshot of the term vector representation output, whereas figure A.5 depicts a
snapshot of the term frequency of occurrence output.
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Figure A.4 Term Vector Representations of the Thread Titles

Figure A.5 Term List showing Frequency of Term Occurrences

A.3.2 Building the Clustering Models
The k-Means algorithm has been used to build and train a number of clustering models and
generate the clusters of the thread titles for each model. The Euclidean distance measure has
been used to determine the title similarity. To determine the best number of clusters, five
models have been built, each with a particular number of clusters, ranging from two to six.
Figure A.6 depicts the final pipeline for the clustering process.

Figure A.6The operator pipeline for the clustering process
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A.3.3 Cluster Evaluation
Two RapidMiner operators have been used to evaluate the trained models in order to select
the best one for implementation:
• The 'cluster distance performance' operator: used to validate the performance of each
clustering model having k clusters based on cluster centroids. The average within
cluster distance is calculated by calculating the average of the distances between the
cluster centroid vector and all vectors of the titles within the cluster. The model that
has the smallest overall centroid-instances distance average is selected. The overall
average can also be normalized by dividing the average within each cluster by the
number of instances in that cluster and then sum all the resulted averages. The 'cluster
distance performance' operator also calculates the Davies–Bouldin index (Davies and
Bouldin, 1979) within each generated model. Small values of Davies–Bouldin indices
correspond to clusters that are compact, and whose centroids are far away from each
other. Consequently, the number of clusters that minimizes Davies–Bouldin index is
taken as the optimal number of clusters.
• The 'Item Distribution Performance' operator: evaluates k-means cluster models based
on how well the discussion thread titles are distributed over the clusters. This operator
calculates its performance in the sum of squares case very simply. The number of titles
in each cluster is divided by the total number of titles in all clusters. This is squared
and the values for each cluster are summed. For a situation where one cluster
dominates and the others clusters are very small in comparison, this value will tend to
1. For the opposite situation, where the clusters have equal numbers of titles, the value
tends to 1/N where N is the number of clusters.
Table A.1 lists the generated clustering models and their average centroid-instances distance,
normalized average centroid-instances distance, the Davies–Bouldin index, the normalized
Davies–Bouldin index, the item distribution rate, and the offset of the distribution rate to
normal distribution.

Table A.1Cluster Validity Measures for the created clustering models

In table A.1, the best value for each measurement is depicted in yellow. Although the model
with six clusters (model #5) gave the smallest average centroid-instance distance value, the
distances for all the models are close to each other and become identical when they are
normalized. The Davies–Bouldin index and its normalized value both indicate that the intercluster distance between the titles is highest when the number of clusters is two. However,
the distribution rate for that model shows that there is a large, dominating cluster and a very
small cluster, which do not reflect the actual dataset distribution since they have been
retrieved from four categories equally (50 threads from each category). The title distributions
across the clusters for the fourth model having five clusters show the best (smallest) offset
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value to normal distribution. Hence, it is chosen for cluster profiling and topics
identification.
A.3.4 Item / Cluster Distribution
For selected model ID 4 (k=5), the title distribution is as follows: (Total no of titles: 200)
• Cluster 0: 20 titles
• Cluster 1: 20 titles
• Cluster 2: 12 titles
• Cluster 3: 119 titles
• Cluster 4: 29 titles
A.3.5 Cluster Centroids
In addition to assigning each discussion title to a cluster, the service also produces the cluster
centroid vector for each cluster. The cluster centroid vector is the average of all the points in
the cluster for each term. The elements having the highest n values in each cluster's centroid
are the terms that are mostly occurring within the thread titles of each cluster. Figure A.7
depicts up to 20 identified topics having the highest values in each cluster centroid vector.
The identified centroid terms provide a good representation for the clusters. For example,
the list of terms for cluster #0 centroid contains terms that are highly relevant to the eCommerce theme, such as “ecommerce”, “shopping”, “cart”, “account”, and “payment”. If
there is a user X whose user preferences vector includes these terms with relatively higher
weights than the other terms in his preferences, the similarity score between the centroid
vector of cluster #0 and the user preferences vector of user X will be relatively high in
comparison with the similarity scores between his user preferences vector and the centroid
vectors of the other clusters. Therefore, user X will be recommended the discussions that
belong to cluster #0.

Figure A.7 Up to 20 identified topics in each title cluster

A.3.6 Input / Output Files.
• The input file is an Excel worksheet (AppendixA_A.3_Input.xls) that contains a list of
the discussion thread titles. Each row contains the title ID and the title content for each
of retrieved discussion threads.
The file can be downloaded using the following
project.eu/sites/default/files/AppendixA_A.3_Input.xls
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• The output file is an Excel file (AppendixA_A.3_output.xls) that contains two
worksheets:
o Cluster Assignment: This worksheet contains a list of title IDs and Cluster IDs,
where each row represents a thread title and the cluster it is assigned to by the
service.
o Cluster Centroids: This worksheet contains a list of up to 20 terms for each
derived title cluster. The terms are listed in descending order based on their
weights on the cluster centroid, from the topic having the highest value to the
topic having the lowest value.
The file can be downloaded using the following URL:
http://www.dicode-project.eu/sites/default/files/AppendixA_A.3_output.xls

A.4 Experiment #2: Clustering Discussion Threads (Titles and First Posts)
In the second experiment, we demonstrate the service by grouping the discussion threads
into clusters based on both the titles and the first posts that are written by the thread creator.
The titles and posts represent the discussion thread for every collected discussion and are
retrieved from the database and input as a data source for a clustering model. The objective
is to see whether the clustering model can produce better thread / cluster distribution when
using the discussion posts with the titles than when only using the discussion titles in the
clustering process. Similar to experiment #1, the service builds and trains a clustering model
and assigns each thread instance to a particular cluster ID. The output of the service is a list
of thread IDs and cluster IDs, where each row refers to a particular discussion thread and the
cluster that it belongs to. The service also derives the cluster centroid vectors of all the
generated clusters.. The output is a list of the top n terms and their weights within the
centroid vector of each cluster, retrieved in a descending order by their weight (from the
term having the maximum weight to the term having the minimum weight).
A.4.1 Data Pre-Processing
We used the same RapidMiner process for data pre-processing. However, in the pipeline of
the Process Documents operator, we added the ‘Generate n-Grams’ operator in order to
detect multi token terms (n-Gram terms) within the posts of the discussion threads. A term
n-Gram is defined as a series of consecutive tokens of length n. The term n-Grams generated
by this operator consist of all series of consecutive tokens of length n. We chose n = 2 to
detect terms that consist of binary tokens (bigrams) that frequently occur in the discussions.
The resulted output of running the data pre-processing operators is a vector representation
of each discussion thread, consisting of both single terms and two-gram terms, with the
frequency of the total occurrence for each of the remaining terms, after pruning the outlier
terms, and the number of discussions each term appeared in. Figure A.8 depicts a snapshot
of the output for the term total frequency of occurrence.
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Figure A.8 Term Vector Representations of the Thread Discussions (Titles and Posts), with bigram Terms
detected

In the figure, some bigram terms that occur frequently in the discussions can be depicted,
such as “security essentials”, “search results”, and “search engines”.
A.4.2 Building the Clustering Model
We used the k-Means algorithm and the Euclidean distance measure to determine the
similarity of the discussions and generate the clusters of discussions. We applied the same
approach to determine the model with the best number of clusters, training five models, each
with a particular number of clusters, ranging from two to six.
A.4.3 Cluster Evaluation
The 'cluster distance performance' and the ‘Item Distribution Performance’ operators have
been used as in experiment #1 to compute the average within cluster distances, the Davies–
Bouldin index, and the item distribution offset values for each of the generated clustering
models.
Table A.2 lists the generated clustering models and their average centroid-instances distance,
normalized average centroid-instances distance, the Davies–Bouldin index, the normalized
Davies–Bouldin index, the item distribution rate, and the offset of the distribution rate to
normal distribution.

Table A.2 Cluster Validity Measures for the created clustering models
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A.4.4 Evaluation Analysis
In table A.2, the best value for each measurement is depicted in yellow. The fifth model with
6 clusters has the minimum average centroid-instances distance and Davies–Bouldin index.
However, it does have not the best Distribution Rate difference from the normal distribution.
The fourth model with five clusters, on the other hand, has very close average centroidinstances distance and Davies–Bouldin index to the fifth model and a better distribution rate
closer to the normal distribution for a 5 cluster model. Therefore, the fourth model (k=5) is
selected for cluster profiling and topic identification.
A.4.5 Item / Cluster Distribution
For selected model ID 4 (k=5), the title distribution is as follows: (Total no of titles: 200)
• Cluster 0: 36discussions
• Cluster 1: 40 discussions
• Cluster 2: 36 discussions
• Cluster 3: 62 discussions
• Cluster 4: 26 discussions
A.4.6 Cluster Centroids
Similar to experiment #1, the service also produces the cluster centroid vector for each
generated cluster. Figure A.9 depicts up to 20 identified terms having the highest values in
each cluster centroid vector.

Figure A.9 The 20 most prominent identified topics in each discussion cluster

A.4.7 Improvement
There has been a significant improvement in the distribution of discussions across the
clusters in all the generated models compared with the title models generated by experiment
#1. This is clearly shown in table A.2 by the smaller “offset to normal distribution” values
compared to the same measurement in table A.1. The discussions in experiment #2 are
almost equally distributed across the generated clusters with no dominating cluster. This
aligns with the fact that discussions have been collected in equal sizes from different
discussion categories as described in section A.1.1. Including the posts in addition to the
titles clearly improved the clustering process.
A.4.7 Input / Output Files.
• The input file is an Excel worksheet (AppendixA_A.4_Input.xls) that contains a list of
the discussion titles and posts. Each row contains the title ID, the title content, and the
first post for each of retrieved discussion threads.

D4.2.1 (version 5): Page 29 of 39

FP7-ICT-2009-5

257184 - Dicode

The file can be downloaded using the following
project.eu/sites/default/files/AppendixA_A.4_Input.xls

URL:

http://www.dicode-

• The output file is an Excel file (AppendixA_A.4_output.xls) that contains two
worksheets:
o Cluster Assignment: This worksheet contains a list of thread IDs and Cluster
IDs, where each row represents a discussion thread and the cluster it is
assigned to by the service.
o Cluster Centroids: This worksheet contains a list of up to 20 identified terms
for each derived thread cluster. The terms are listed in descending order
based on their weights on the cluster centroid, from the topic having the
highest value to the topic having the lowest value.
The file can be downloaded using the following URL:
http://www.dicode-project.eu/sites/default/files/AppendixA_A.4_output.xls
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Appendix B: Identify Discussion Forum Topics Service –
Demonstrator
This section describes the experiments that have been carried out to demonstrate the
prototypical version of the “Identify Discussion Forum Topics” service, which is part of the
Semantic-driven collaboration monitoring mechanism.
Sensemaking Support
Sensemaking refers to the iterative process of building up a representation of an information
space that is useful for achieving the user’s goal (Russell et al., 1993). A number of related
models have emerged, including the one by (Pirolli and Card, 2005). They propose a model
of sensemaking that consists of a series of interconnected loops. The foraging loop in this
model involves tasks such as searching and filtering information, gradually leading to the
identification and organization of relevant knowledge. The “Identify Discussion Forum
Topics” service takes a cluster of discussions generated by the “Cluster Discussion Threads”
service as an input and produces a list of identified topics with their weights, which the
discussions in that cluster are about. The output of the service (topics and topic weights) is
expected to help the users of the discussion forum to make more sense of the existing
discussions. By showing the users a “topic cloud” that depicts the identified topics in
different font sizes proportional to the computed topic weights, the user is expected to
identify the main theme of the discussion in that cluster. Helping the users in identifying the
right cluster of discussions is considered to be supporting the foraging loop of the
sensemaking process.
Outline
Two pilot experiments have been performed on the discussions for demonstration. In the
first experiment, clusters of discussion titles have been used as input to identify the topics of
discussion in each cluster. In the second experiment, the clusters of discussion titles and first
posts have been used to identify the discussion topics. The objective is to examine the
identified topics for the two experiments to see the applicability of the service. In this
demonstrator, we firstly describe the data sets used, and secondly describe the Hadoop
MapReduce model that we used for the experiments. Thirdly, we describe Apache Lucene
filters used to pre-process our input data. Fourthly, we describe the experiments giving
snapshots and analysis of the identified topics in each experiment. Finally, we list the URLs
of the output files containing the discussion topics identified by each service experiment.
These URLs link to the files that can be downloaded from the Dicode Project website.

B.1 Data Set: Clusters of Online Technical Discussions in WebProWorld
As described in Appendix A, two experiments have been conducted on an online technical
discussion forum, WebProWorld, to demonstrate the “Cluster Discussion Threads” service.
The two experiments generated two outputs. The first output is clusters of the forum
discussions based on the titles of the discussion threads, whereas the second output is
clusters of the same discussions based on both the titles and first posts of the thread creators.
For the purpose of demonstrating the “Identify Discussion Forum Topics” service, we use
the cluster assignments derived from the “Cluster Discussion Threads” service on the same
discussions. Figure B.1 depicts a snapshot of the dataset used.
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In this figure, each row in the dataset represents a discussion thread, consisting of the thread
ID, title, first post content, the cluster ID based on the thread title (the Title_Cluster column),
and the cluster ID based on the thread title and first post (the Thread_Cluster column). The
dataset has been retrieved from the database, transformed into an input XML file. In the first
experiment, the service takes the discussion titles and titles’ clusters as input and generates
the topics for the discussions based on the clusters of titles. In the second experiment, the
service takes the discussion titles, discussion posts, and threads’ clusters as input and
generates the topics based on the clusters of the whole discussions.

Figure B.1 Input Dataset for the “Identify Discussion Forum Topics” Service

B.2 Using Apache Hadoop MapReduce for Topic Identification in Discussion
Threads
Apache Hadoop MapReduce8 is a programming model and software framework for writing
applications that rapidly process vast amounts of data in parallel on large clusters of
compute nodes. It is a subproject of the Apache Hadoop9 project, which develops opensource software for reliable, scalable, and distributed large-scale computing. We designed a
MapReduce model for the “Identify Discussion Forum Topics” service. For the purpose of
demonstrating the prototypical version of the service, we run the MapReduce job in a
Hadoop cluster in pseudo-distributed mode, performing the job of identifying topics from
each discussion cluster on a single-node cluster. Under the MapReduce model of the service,
the topic identification job has been split into a mapping and reducing phases. Table B.1
illustrates the inputs and outputs for the two MapReduce phases.

Input
Output
Mapping Phase
<CX, DTY>
list(<T1, ω>)
Reducing Phase <T1A, list(ωA)> list(<T2, W>)
Table B.1 Inputs and Outputs of the Job Identification Mapping and Reducing Phases

Where:
8
9

http://hadoop.apache.org/mapreduce/
http://hadoop.apache.org/
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• CX : the Xth cluster, where X∈ {0, 1, … , n}, and n is the total number of clusters.
• DTY : the Yth discussion thread that belongs to cluster CX, where Y∈ {1, 2, … , m}, and m
is the total number of discussion threads in cluster CX.
• list(<T1, ω>) : a list of initial topics (T1) and initial topic weights (ω), where each row in
the list consists of a term in the discussion, representing a topic, and its initial weight
(1.0).
• T1A : The Ath unique topic in the topic list (T1), where A ∈ {1, 2, … , z}, and z is the total
number of unique topics in the topic list (T1).
• list(ωA) : list of all the initial weights that exist for the topic T1A
• list(<T2, W>): list of the identified unique topics (T2) and final topic weights (W), where
each row in the list consists of an identified unique topic and its final weight.
The final weight W for the Ath identified unique topic (T2A) in the final topic list (T2) is
determined by the equation:

where ωi is the ith initial weight of the topic T2A, and k is the total number of weights for this
topic.
The output of the service is the list (<T2, W>) for each cluster CX of discussion threads.

B.3 Combining Apache Lucene with Hadoop for Filtering Topics
Apache Lucene 10 is a high-performance, full-featured text search engine library written
entirely in Java. Lucene’s class library contains a number of Java classes for text tokenization,
filtration, and analysis, which can be used to perform data cleansing, pre-processing and
transformation. In the mapping phase of the “Identify Discussion Forum Topics” service, a
number of Lucene filtering classes have been used in order to reduce the high dimensionality
of the dataset and filter out the terms that do not make a significant contribution to topic
identification in discussions. These include the following:
• Standard Filter: Works in conjunction with Lucene Standard Tokenizer class, which
removes punctuation and splits words at non-character symbols.
• Lower Case Filter: Normalizes the term text to lowercase.
• Stop Filter: Removes words that appear in a provided stop word list from the token
stream.

B.4 Experiment #1: Identified Topics in Thread Titles
Figure B.2 depicts the top 10 prominent topics identified in each of four clusters of discussion
thread titles generated by the first experiment of the “Cluster Discussion Threads” service
described in Appendix A.

10

http://lucene.apache.org/java/docs/index.html
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Cluster 0

Cluster 1

Cluster 2

Cluster 3

Figure B.2 Top 10 Identified Topics in Four Clusters of Discussion Thread Titles

Analysis
Taking a closer look at the top 10 most prominent identified topics in each cluster, it can be
sensed that there is a main theme of discussions for every discussion group. Cluster 0 is
mainly about e-Commerce discussion. This can be concluded from the topics that are highly
related to the e-Commerce domain, such as “account”, “shopping”, “management”, “cart”
and “ecommerce”. Cluster 1 contains discussions about Internet security (“access”,
“security”, “awareness”, “chrome”, “internet”, “website”). Cluster 2 discussions particularly
address MS Outlook problems (“recovery”, “outlook”, “pst”, “repair”, “advice”). Cluster 3
discusses are suitable to those who seek advices related to computers, software and
operating systems in general (“system”, “pc”, “windows”, “software”, “help”, “best”). By
looking at a topic cloud visualization for each cluster that shows the identified topics with
sizes proportional to their weights in the cluster, a user X who is interested in discussions
about e-Commerce can efficiently identify the group of discussions mostly relevant to his
information needs (here, cluster 0) and focus on the discussions in that cluster. Similarly, a
user Y who seeks advice on an MS Outlook problem can identify cluster 2 as his discussion
group of interest when looking at the topic cloud of that cluster.

B.5 Experiment #2: Identified Topics in Thread Titles and Posts
Similarly, figure B.3 depicts the top 20 prominent topics identified four clusters of discussion
threads (titles and first posts) generated by the second experiment in Appendix A.
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Cluster 0

Cluster 1

Cluster 2

Cluster 3

Figure B.3Top 20 Identified Topics in Four Clusters of Discussion Threads (Title and First Posts)

Analysis
It can be sensed that some clusters contain common terms. For instance, the term “google”
exists as an important term in clusters 0, 1, and 3. On the other hand, both clusters 0 and 1
contain general terms that do not provide clear topic distinction between them. Therefore,
the current algorithm of the service provides better topic representation for the clusters when
using discussion titles to identify the topics of the discussion clusters than when using the
whole discussion content (titles and posts). The future implementation of the service will add
more advanced algorithms for topic modelling, such as Latent Dirichlet Allocation (LDA)
(Blei et al., 2003), and combine these algorithms with the current algorithm for enhanced
topic identification from the entire discussions.

B.6 Output Files
The output files for the two experiments are the following Excel files:
• AppendixB_B.4_output.xls: The Excel file containing the output of experiment #1
described in section B.4. This file contains five worksheets: cluster 0 topics, cluster 1
topics, cluster 2 topics, cluster 3 topics, and cluster 4 topics. Each worksheet contains
a list of the identified topics for the cluster named by the worksheet, in addition to a
bar chart depicting the top 10 most prominent topics for that cluster.
• AppendixB_B.5_output.xls: The Excel file containing the output of experiment #2
described in section B.5. This file contains five worksheets: cluster 0 topics, cluster 1
topics, cluster 2 topics, cluster 3 topics, and cluster 4 topics. Each worksheet contains
a list of the identified topics for the cluster named by the worksheet, in addition to a
bar chart depicting the top 20 most prominent topics for that cluster.
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The files can be downloaded using the following URLs:
• AppendixB_B.4_output.xls:
http://www.dicode-project.eu/sites/default/files/AppendixB_B.4_output.xls
• AppendixB_B.5_output.xls:
http://www.dicode-project.eu/sites/default/files/AppendixB_B.5_output.xls
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Decision Making

Support

Operations

-

This appendix presents an example of how the service and the related operations described
in Section 2.3 are used to achieve the decision making support required in Dicode. In
particular, we present and discuss their use in the context of a scenario belonging to Dicode’s
use case 1, which is relevant to Clinico-genomic research. First, we present a motivational
scenario outlining a typical collaboration example, when researchers engage in joint clinicgenomic research work with the aim towards reaching a decision. Although this scenario has
also been presented in deliverable D4.1.1, we include its description here as well to aid the
reading of this section. Based on this scenario, we then present how the decision making
aspects of the scenario are conceived in terms of the decision making support services and
operations presented in this deliverable.

C.1 Motivating Scenario
Consider two researchers, Jim and Alice, aiming to investigate which genes or groups of
genes are associated with breast cancer disease. Initially, they create a new collaboration
session (logbook), where they exchange ideas related to which data sources to use, based on
their own data analysis experience and literature knowledge. They search relevant literature
via PubMed (http://www.ncbi.nlm.nih.gov/pubmed) using the appropriate search services.
Jim has conducted an initial analysis with some in-house gene-expression datasets; however,
his findings were not very encouraging, which was attributed to the small sample size (i.e.
number of patients) available. He informs Alice about it and suggests potential solutions.
The discussion proceeds and finally, in order to overcome the limited sample size problem,
they decide to augment their samples with publicly available gene-expression data derived
from the GEO (http://www.ncbi.nlm.nih.gov/geo/) and SMD (http://smd.stanford.edu/)
databases.
After deciding what data to use, they keep collaborating in order to discuss how the data
will be processed. Both suggest solutions, comment on them, and finally decide to use the
normalized data for each platform and the UniGene annotation database
(http://www.ncbi.nlm.nih.gov/unigene) to uniformly map all genes. Jim knows that there
are particular confounding effects in such kind of analysis and for that reason suggests a
specific strategy that would account for these effects. Particularly, they decide to first analyze
the integrated dataset using the well-known Significant Analysis of Microarrays (SAM)
methodology (Tusher et al., 2001). This analysis will serve as a baseline to any further
analysis they attempt. Jim is also offering to provide all the necessary R scripts
(http://www.r-project.org/) for this initial statistical analysis. In addition, they decide to
employ model-based data integration methodologies (Huttenhower et al., 2006) (Shabalin et
al. 2008) that have been recently published and claim to perform better than simple data
integration techniques (Mrowka et al., 2003).
Some of the models are readily available; however, others need to be coded. Jim offers to
write the relevant scripts. Alice, being an experienced programmer, offers to hard code them
using parallel programming and various servers available at her department. Parallel and
cloud computing will ensure fast results, since they have both agreed that they should apply
the selected methodologies to numerous datasets. Their goal is to identify novel or already
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reported groups of genes associated with breast cancer disease. In addition, they are
interested in comparing the findings of the chosen methodologies to those of the simple
analysis conducted by Jim. They decided to quantify and check the statistical and biological
significance of their results via the DAVID tool (http://david.abcc.ncifcrf.gov/) and the
KEGG database (http://www.genome.jp/kegg/pathway.html).
Both researchers can execute the available services and retrieve the results of the invoked
tool (e.g. a scatter plot or heatmap plot). Once the results are available, they engage into
interpreting the results in terms of the initial research question. Jim and Alice may need to
further elaborate the items considered so far, in order to advance their collaboration towards
reaching a final decision. In this case, they need to engage into the task of carefully assessing
all available resources in a way that also justifies and proves the final decision.

C.2 Addressing the scenario with the decision making support services
In deliverable D4.1.1 it is shown how in the above scenario the two researchers use the forum
and mind-map views of the workspace aiming at supporting sense-making tasks. During
these views, Jim and Alice may upload and structure all items on the workspace to assess
and increase their utilization.
When aiming towards reaching a final decision, Jim and Alice may exploit additional
functionalities of the workspace, which aim at actively assisting them during such decision
making process. Such functionalities can be provided by the formal view of a Dicode
workspace, which enables the semantic annotation of knowledge items, the formal
exploitation of collaboration items patterns, and the deployment of appropriate formal
argumentation and reasoning mechanisms.

Figure C.1: A formal view of the collaboration workspace

To enable the formal view of a workspace, Jim and Alice, who are working with the mindmap view of the workspace, may call the tansformWorkspace operation which transforms the
current mind-map into the workspace’s formal view (Figure C.1). By switching from mind

D4.2.1 (version 5): Page 38 of 39

FP7-ICT-2009-5

257184 - Dicode

map into formal view, existing item types are transformed, filtered out, or kept “as-is” based
on a specific set of rues. These rules take also into consideration the item’s visual cues.
While a mind map view aids the exploitation of information by Jim and Alice, a formal view
aims mainly at the exploitation of information by the machine. This view provides a fixed set
of discourse element and relationship types, with predetermined, system interpretable
semantics. In particular, issues correspond to problems to be solved, decisions to be made, or
goals to be achieved. For each issue, both users may propose alternatives (i.e. solutions to the
problem under consideration) that correspond to potential choices. Positions are asserted in
order to support the selection of a specific course of action (alternative), or avert the users’
interest from it by expressing some objection. A position may also refer to another
(previously asserted) position, thus arguing in favour or against it. Jim and Alice may use the
postIssue, postAlternative and postPosition operations to continue their collaboration and share
on the workspace items of the respective type.
The formal view of workspaces also integrates a reasoning mechanism that determines the
status of each discourse entry, the ultimate aim being to keep Jim and Alice aware of the
discourse outcome. Both researchers can adjust and configure the reasoning mechanism by
calling the setReasoningEngine operation to associate the proper (suitable for their needs)
reasoning algorithm with the workspace, and the addPreference operation to setup preference
relations which are taken into consideration by the reasoning algorithm.
Jim and Alice can continue their collaboration in this formal view; each time an element is
added to the discussion, this triggers the underlying reasoning mechanism, which informs
the team about the most prominent (current) solution. Using the formal view, Jim and Alice
receive active support from the system to reach a decision concerning the most appropriate
resources for their research.
A more comprehensive presentation of the above scenario in the context of the proposed
decision making support service can be found in the following publications:
• Karacapilidis, N., Tzagarakis, M., Christodoulou, S., Tsiliki, G. (2011a). Facilitating
Scientific Collaboration in Data-Intensive Biomedical Settings. In: Proceedings of the
10th International Workshop on Biomedical Engineering, Kos Island, Greece, October
5-7 (to appear).
• Ammari, A., Dimitrova, V., Lau, L., Tzagarakis, M., Karacapilidis, N. (2011).
Augmented Collaborative Spaces for Collective Sense Making: The Dicode Approach.
In: A. Paramythis, L. Lau, S. Demetriadis, M. Tzagarakis, & S. Kleanthous (Eds.),
Proceedings of the International Workshop on Adaptive Support for Team
Collaboration 2011 (ASTC 2011), Girona, Spain, July 15, CEUR Workshop Proceedings,
Vol. 743, pp. 3-13.
• Karacapilidis, N., Tzagarakis, M., Christodoulou, S., Tsiliki, G. (2011b). Facilitating and
Augmenting Collaboration in the Biomedical Domain. International Journal of Systems
Biology and Biomedical Technologies (IJSBBT) (submitted).
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