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Semantic annotation has gained momentum with the emergence of the current user-generated content
paradigm on the Web. The ever-growing quantity of collaborative data sources has resulted in the
requirement for efficient approaches to create, integrate and retrieve information more efficiently in an
environment where the users ask for accurate information. The main research challenge of the current
work is using manual semantic annotation in a highly accurate closed domain, a conceptual domain
with a minimal set of concepts where the benefits of adding semantics, search efficiency, optimization
and the cost estimations are viable. This paper presents a semantic annotation approach for highly
accurate closed domain based on multi-ontology annotation (domain and application ontologies).
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INTRODUCTION

The shift from Web 1.0 to Web 2.0 produced a change in
how information is delivered and produced. In such
scenario, the advantages of “Web 2.0” have increased
the interest of companies as a way to obtain benefits
from this environment in terms of communication with
their customers (Ferreira, 2010). But, the amount of
information available carries out problems of information
overload. Not in vain, our social connectivity might have
even increase in importance in the last years simply by
the virtue of the information overload we are facing (Mika,
2005). Semantic web is seen as one of the solutions to
this problem, and expectations are high for the Semantic
Web, because information overload currently reduces the
Web's usability (Euzenat, 2002).

Naeve (2005) states that the Semantic Web has
initiated a paradigm shift from “knowledge push” to
“knowledge pull”, as a result of its advanced capacities
for automatic information integration. Similarly, Fensel
and Musen (2001) consider the Semantic Web as “a
brain for humankind” and some authors have even
extended this definition to a “human semantic web”
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(Naeve, 2005; Vossen et al., 2007). However, in order to
adequately exploit the capacities of the Semantic Web, it
is necessary to carry out semantic annotation of its
contents. Semantic annotation is considered a promising
technology to add and manage the knowledge associated
with a set of resources. Particularly, annotating specific
domains with accuracy from an automatic or semi-
automatic viewpoint has raised a challenge for the
current state of the art of semantic technologies. With the
advent of the new user-generated paradigm
encompassed by the Web 2.0 phenomenon, information
sources spread across the Web at an exponential rate
and organizations have begun to make their business
functionalities explicitly available to users.

In spite of this, these information domains are highly
complex due to their distributed, easily extendible and
chaotic nature, introducing a challenge in the community
to accurately define such domains. This paper introduces
the notion of highly accurate closed domains (HACD) as
a set of domains with a minimal semantic model of
concepts, that is, a domain which can be very accurately
defined by a set of concepts and hence can be very
easily annotated manually. The present focus is on
HACD, since they encompass the domains the
researchers are currently working on, such as software



development projects or particular software engineering
methodologies, such as the European Software Agency
(ESA).

This paper proposes SEAN, a global framework for
multi-ontology semantic annotation. This framework is
based on the manual semantic annotation of documents
associated with entities, here entitled projects. The
products of the projects have in common the fact that
they can be annotated semantically. Finally, SEAN is not
using specific properties of HACD, but simply using a
minimal set of concepts that describe properly a concrete
domain.

STATE OF THE ART

Semantic technologies have been pointed out as the
future of Web (Benjamins et al., 2008) and a new way to
support knowledge (Vossen et al.,, 2007; Fensel and
Musen, 2001) in a wide range of domains (Lytras and
Garcia, 2008). Semantic technologies, based on
ontologies (Fensel, 2002), provide a common framework
that enables for data integration, sharing and reuse from
multiple sources. Durguin and Sherif (2008) portrays the
Semantic Web as the future web where computer
software agents can carry out sophisticated tasks for
users.

This approach facilitates the integration of data coming
from a broader non-relational domain of data, which
additionally might be distributed and outside enterprise
boundaries and control (Garcia, 2010). Taking this into
account, according to Alani et al. (2008), Semantic Web
applications are beginning to be pragmatic. Technology
journalist, Markoff (2006) begun to call this new web
applications as Web 3.0 and this tendency was latter
followed by others (Lassila and Hendler, 2007; Hendler,
2008; Wang, 2008; Hendler, 2009). Web 3.0 can bring a
new breed of spectacular applications compared to Web
2.0 with the same magnitude that separates Web 2.0
from Web 1.0 (Cardoso, 2007).

Semantic technologies have emerged as a new and
highly promising context for knowledge and data
engineering (Vossen et al., 2007). The term "Semantic
Web" was coined by Berners-Lee et al. (2001), to
describe the evolution from a document-based web
towards a new paradigm that includes data and
information for computers to manipulate. The essential
difference between the classic Web and the Semantic
Web is that structured data is exposed in a structured
way (Gruber, 2008). The Semantic Web provides an
alternative solution to represent the comprehensive
meaning of integrated information and promises to lead
to efficient data management by establishing a common
understanding by means of ontologies (Shadbolt et al.,
20086).

Certainly, ontologies (Fensel, 2002) are the
technological cornerstones of the Semantic Web. The
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Semantic Web enables automated information access
based on machine-processable semantics of data. Being
machine-processable means that semantic search
services can be make information available for providing
precise and exhaustive information retrieval (Guha,
2003). Ontologies provide information systems with a
semantically rich knowledge base for the interpretation of
unstructured content (Mikroyannidis and Theodoulidis,
2010).

The term “ontology” can be defined as “a formal and
explicit specification of a shared conceptualisation”
(Studer et al.,, 1998). Ontologies provide a common
vocabulary for a domain and define, with different levels
of formality, the meaning of the terms and the relations
between them. Knowledge in ontologies is mainly
formalized using five kinds of components: classes,
relations, functions, axioms and instances (Gruber,
1993). Classes in the ontology are usually organized into
taxonomies. Sometimes the definition of ontologies has
been diluted, in the sense that taxonomies are
considered to be full ontologies (Studer et al., 1998).

The theory which supports the use of ontologies is a
formal theory within which not only definitions but also a
supporting framework of axioms is included (Smith,
2003). Ontologies were developed in the field of artificial
intelligence to facilitate knowledge sharing and reuse
(Fensel et al., 2001). Languages such as Resource
Description Framework (RDF) and Ontology Web
Language (OWL) have been developed; these languages
allow for the description of web resources, and for the
representation of knowledge that will enable applications
to use resources more intelligently (Horrocks, 2008).
These languages, and the tools developed to support
them, have rapidly become de facto standards for
ontology development and deployment; they are
increasingly used, not only in research laboratories, but in
large scale IT projects (Horrocks, 2008).

The Semantic Web consists of several hierarchical
layers, where the ontology layer, in form of the OWL Web
Ontology Language (recommended by the WS3C), is
currently the highest layer of sufficient maturity
(Lukasiewicz and Straccia, 2008).

Ding (2010) asseverates that Semantic Web is fast
moving in a multidisciplinary way. Taking full advantage
of ontologies, the Semantic Web provides a
complementary vision as a knowledge management
environment (Warren, 2006) that, in many cases has
expanded and replaced previous knowledge and
information management archetypes (Davies et al.,
2007). The goals of the Semantic Web initiative include
the integration of data from different sources in a
machine-processable format in order to make them
accessible to computer programs and facilitating the use
of data in ways that have not been thought of when the
data was entered or recorded (Battré, 2008). It is agreed
that semantic enrichment of resources would lead to
better search results (Scheir et al., 2008). Due to the
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impact of semantic technologies, there are many service
areas in which these semantic technologies are being
adopted: Software engineering (Garcia-Crespo et al.,
2009; Martinho et al,, 2010), customer relationship
management (Garcia-Crespo et al., 2010a, b),
consultancy (Colomo-Palacios et al., 2010), learning
environments (Fernandez-Breis et al., 2009), biomedical
data access (Garcia-Sanchez et al., 2008), human
resources management (Soto-Acosta et al., 2010) to cite
the most recent efforts.

In order to reach the concept described by the
semantic web, it is necessary for resources to be
associated with metadata. One mechanism for
associating such metadata is annotation. In particular, we
may wish to annotate resources with semantic metadata
that provides some indication of the content of a resource
(Bechhofer et al., 2002). Semantic web annotations go
beyond familiar textual annotations about the content of
the documents; they formally identify concepts and
relations between concepts in documents and the
annotations are intended primarily for use by machines
(Uren et al., 2006). Unlike an annotation in the normal
sense, a semantic annotation must be explicit, formal,
and unambiguous: Explicit makes a semantic annotation
publicly accessible, formal makes a semantic annotation
publicly agreeable and unambiguous makes a semantic
annotation publicly identifiable (Ding et al., 2006).

Semantic web annotation contributes two types of
additional benefits when compared to plain metadata
annotation: Enhanced information retrieval and improved
interoperability (Uren et al., 2006). In spite of the
advantages of semantic annotation, according to
Benjamins et al. (2008), a potential barrier to the uptake
of semantic web technology is the effort required to mark
up web information with semantic annotations. The same
authors indicate that the efforts to obtain semantic
annotation seem to be slowly breaking the chicken-and-
egg problem that tainted the overall semantic web effort.

In this scenario, the current focus of semantic web
research is recasting the Web by providing methods to
add semantics to data, manually or automatically, thereby
moving the Web toward easier machine processing
(Benjamins et al., 2008). Annotation tools may fall into
several types: manual, semi-automatic or automatic.
Early semantic annotation systems, for example, Annotea
(Kahan and Koivunen, 2001), SHOE (Heflin and Hendler,
2001), COHSE (Bechhofer and Goble, 2001), Melita
(Ciravegna et al, 2002) and OntoMat-Annotizer
(Handschuh et al.,, 2001), mainly rely on manually
submitted semantic descriptions. The necessity to create
faster and more accurate recommendation mechanisms
has motivated more recent progress on semi-automatic
annotation mechanisms, such as MnM (Vargas-Vera et
al., 2002), SCORE (Sheth et al., 2002), OWLIR (Shah et
al., 2002) and CREAM (Handschuh and Staab, 2003) or
including initiatives in automated mechanisms such as
SemTag and Seeker (Dill et al., 2003), Armadillo

(Chapman et al., 2004), PANKOW (Cimiano et al., 2005)
or KIM (Kiryakov et al., 2004), later taken over by SEKT
project, and more recently, efforts like APOLDA (Wartena
et al., 2007). Liu and Li (2009) provide a brief summary of
annotation technology based on ongologies and propose
a Chinese semantic annotation method. Recent efforts
related to semantic annotation are shown in Kim et al
(2010) and Scheiber et al. (2008).

Currently, the problems generated by the inefficiency
and slow speed of manual annotation exist alongside the
imperfections characteristic of automatic annotation
systems, as shown in recent research on automatic
annotations based on semantic web services (Argtello-
Casteleiro et al., 2007; Tamma, 2010) or the Wordnet
ontology (Yang and Lin, 2010).

However, the reality is that in annotation environments
with reduced vocabularies, whose objective is not to
annotate entire pages but concrete elements, the
subjectivity of the annotator is limited. Thus performance
increases, but at the cost of not using automatic and
semiautomatic approaches.

Undoubtedly, in the efforts to ensure that the semantic
web can exploit more accurate information retrieval
mechanisms, the annotation of information is not the only
interesting field of research for information processing.
Another trend is to use multiple ontologies to satisfy a
user search query (Mena et al., 2000). The work of
Bhogal et al. (2007) contains one of the most important
initiatives in the incorporation of ontologies of specific
domains for the improvement of queries. The importance
of the use of multiple ontologies is given, because in
many practical cases, it is impossible to describe the
meanings of web resources without using multiple
ontologies (Wang et al., 2004). From a merely technical
viewpoint, and uniting annotation and information
retrieval in the same field of study, relevant research
works have been published whose aim is to tackle the
problem of the requirement for annotation of contents
using more than one ontology. These efforts (Wang et al.,
2004) present the creation of a Bridge as a technical
solution, defined as a specific ontology, which can be
created and maintained conveniently, and is effective in
the multi-ontologies based semantic annotation. Other
works propose the integration of ontologies as a technical
solution for multi-ontology annotation (Dong and Li,
2006). Some recent efforts also include the annotation
with multiple ontolgies in observational datasets as
Bowers et al. (2010) or complex biomedical applications
as Gennari et al. (2010).

SEAN

Here, the SEAN framework is presented by describing its
conceptual model, followed by a discussion of the
different annotation methods, as well asoutlining the
architecture and, finally, giving relevant information



regarding its implementation.

Highly accurate closed domains (HACD)

The SEAN conceptual model is based on the notion of
highly accurate closed domains (HACD). HACD are well-
described conceptually specific domains where a few set
of concepts are expressive enough to encompass the
universe of discourse. A concept is then one of the
building blocks of an ontology, particularly those
gathering most of the semantics of the ontology. These
domains are conceptualizations with a very limited set of
fundamental concepts with its relations.

Once the HACD is defined, the set of specific concepts
must fulfill a number of ontological constraints, such as
having a particular set of relationships, axioms and well-
established ontological foundations. However, this is not
critical in this case, since one of the most remarkable
challenges in recent Information Engineering research is
precisely attaining significant benefit from reduced shared
information domains by adding semantics as machine-
readable annotation. This exploits the benefits of, for
example, faceted search versus pure syntactic keyword
search. This is the case for the domains which are
described subsequently which follow. With this add-on,
the annotation of content-specific information becomes
possible and the content becomes not only machine-
readable, but also machine-processable.

Annotation method

The objective of annotation using SEAN is to describe
both the elements which have been entitled projects, as
well as the products (documents, code...) associated with
each of these, for example, in the case of a software
development project. The search for an element can be
realized both by persons related to the projects, as well
as by any of the projects which implement SEAN
(Colomo-Palacios et al., 2008; Gomez-Berbis et al.,
2008; Garcia-Crespo et al., 2011). This is a necessity for
the sharing of information implies that the annotations
should be directed towards the activities of people. Based
on this premise, cognitive annotation (Caussanel et al.,
2002; Azoau et al., 2004; Lortal et al., 2005) is the most
suitable option for annotating both projects and/or
products. Any element produced during the project, for
example, a requirement, a diagram, source code or
documentation, is considered a product.

The objective of the annotation is to provide advanced
searches and facilitate the retrieval of information. In an
environment oriented to multiple projects, SEAN performs
annotation at two levels:

1. On the first level, the annotation refers to the general
characteristics of the project. This annotation aids the
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localization of projects based on these characteristics.
Examples of these characteristics could be the type of
project (research, development...), the size, or the topics
related to the subject of the project. By extending this
ontology, new characteristics and products could be
included.

2. On the second level, within each project is a set of
products in generated, titled products. These products
should also be annotated to allow the recuperation of
information within each of the projects.

With regard to the annotation of products, techniques for
automatic annotation based on natural language can be
useful in text documents. Dealing with an application in
which the elements to annotate are generic, and given
that these elements which are text based can be
generated by a heterogeneous group of people, a
method is proposed for manual annotation based on
ontologies. Both projects as well as products, which
constitute the platform for annotation, can be from a wide
spectrum of functional domains. Additionally, the users of
the system can be from distinct countries and cultures.
Due to this circumstance, it is essential that the
annotation is based on a common vocabulary. SEAN
implements this common vocabulary as two groups of
ontologies. On the one hand, an application ontology
which describes the different products that can be
associated with a project, as well as their, while on the
other hand, a domain ontology which will relate the
products with the terms of the domain to which the
project belongs. The domain ontology provides the
common concepts which can be used to describe each of
the elements generated. The steps to follow for the
annotation of the products are given in the following
(Figure 1):

1. Creation of a project. Having created a project, its
principal characteristics are defined and are annotated
based on the application ontology.

2. Definition of products and related products. The
products of the projects and the relations between them
are defined using the application ontology. After having
created a new product, its characteristics and its related
products are defined.

3. Definition of the key words of the domain. Each
product has an associated set of key words which relate
it with the domain to which the project belongs. The user
will select the concepts for each product, based on the
domain ontology.

The annotation of the products related to the project is
carried out in two phases. Firstly, the moment at which
the product is created within the management system,
the general characteristics are assigned according to the
definition provided by the application ontology. Secondly,
once the product is created, additional data is selected
based on the domain ontology to which the product
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Figure 1. SEAN annotation process.
corresponds. on the domain ontology.

As previously indicated in the ‘State of the art’, the slow
speed of manual annotation coexists with semiautomatic
annotation by using Natural Language Processing (NLP)
techniques. Concretely, manual annotation can constitute
a bottleneck within the process of the management of
information. To avoid this problem, SEAN, that uses
manual annotation, proposes two types of actions. Firstly,
the limitation of the elements to annotate by means of the
use of application ontologies, which clearly determine the
number and class of products to annotate, as well as the
relations among them. And secondly, with the aim of
speeding up the process, the annotation of products as a
unigue and indivisible element is proposed, instead of
annotating their content. For example, to annotate a
product (a document) about the description of the
architecture of a software application, instead of
annotating each of the relevant paragraphs of the
document, the semantic annotation will refer to the
document as a unique entity, alluding to the unique
characteristics which relate the document and its content
to the project to which it belongs (by means of the
application ontology) and to its domain, by means of the
domain ontology. The combination of the application
ontology with the domain ontology restricts the number of
elements to annotate, as well as the number of
annotations to perform, with which sufficient speed is
achieved to use manual annotation. With the proposed
annotation method, four main advantages are achieved:

1. The number of products and concepts are restricted by
well-defined ontologies allowing manual annotation.

2. A project is characterized by a set of attributes based
on the application ontology, and a set of keywords based

3. Each product related to a project is defined by the
application ontology. As previously mentioned, a product
could be any element produced during the project, for
example, a requirement, a diagram, source code or
documentation. The product could be related to other
products of the project.

4. Each product has a set of keywords related with the
domain of the project.

Architecture

Here, the SEAN architecture, a three layer software
architecture, which partitions the functionality of the
system into Graphical User Interface (GUI), Business
Logic and Persistence and Storage Systems level is
presented. Each level has a different functionality to deal
with the various challenges SEAN faces when annotating
HACDs by means of semantic technologies. The final
architectural approach is a tailor-made value-added
technological solution, which addresses  the
aforementioned challenges and provides a basis for the
implementation which will be shown subsequently. The
SEAN architecture is composed of a number of
components, depicted in Figure 2.

The different components, without specifically focusing
on the software layer where they belong is detailed in
‘USE CASE’. This is not necessary since the three
functionalities are well defined and have a commonly
shared and used pattern:

1. Annotation GUI: This component interacts with the
user, providing a set of graphical elements to annotate
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Figure 2. SEAN architecture.

the resources by means of semantic annotations based
on Application Ontologies and Domain Ontologies.
Annotation GUI has been enhanced with the possibilities
offered by the AJAX technology in Java environments.
The ontologies are represented in a tree view in order to
clearly identify the concepts and their relationships and
improve the usability of the system.

2. Retrieval GUI: This constituent offers semantic
annotation retrieval functionality for the user, grounded
on both the reasoning engine and the query engine. In
the former, retrieval is envisaged as location of a subset
of concepts by means of description logics subsumption.
In the latter, the retrieval is provided by SPARQL
definitions to find, manage and query RDF triples
following a particular criterion. This GUI is also based on
the AJAX technology.

3. Reasoning engine: This component derives facts from
a knowledge base, reasoning about the information with
the ultimate purpose of formulating new conclusions. In
the SEAN framework, it consists of an OWL description
logics based reasoner, such as the Renamed ABox and
Concept Expression Reasoner (RACER). It uses

subsumption to find sets and subsets of annotations
based on logical constraints.

4. Query engine: The query engine component uses the
SPARQL RDF query language to make queries into the
storage systems of the back end layer. The semantics of
the query are defined not by a precise rendering of a
formal syntax, but by an interpretation of the most
suitable results of the query. SEAN stores mostly RDF
triples or OWL DL ontologies, which also present RDF
syntax. The JENA framework has been employed in
addition to the RACER reasoned in order to implement
and optimize the retrieval of information.

5. Semantic annotation, application ontologies and
domain ontologies repositories: These three components
are semantic data store systems that enable ontology
persistence, querying performed by the business logic
layer components and offer a higher abstraction layer to
enable fast storage and retrieval of large amounts of
OWL DL ontologies, together with their RDF syntax. This
maintains a small footprint and a lightweight architecture
approach. An example of such a system could be the
OpenRDF Sesame RDF Storage system or the Yet
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Another RDF Storage System (YARS), which deal with
data and legacy integration. Jena framework has been
used due to it been employed in the other layers o the
architecture.

The SEAN architecture is a self-contained, loosely
coupled open architecture which allows the use of a wide
range of software technologies for its implementation.
However, the “use case” focuses on describing a
particular implementation, that is, the ESACAKE (Gémez
et al., 2008) application which follows the SEAN
architectural paradigm and includes current state of the
art semantic technologies.

USE CASE

Here, the use of SEAN with a real world case study
scenario which demonstrates the contributions of the
system is illustrated. Two distinct projects will be
considered. Firstly, a software development project being
realized in Galway, Ireland. The objective of the project is
to construct a mobile financial advisor. This project
employs the platform Social Global Repository (SGR)
(Colomo-Palacios et al., 2008). This tool enables project
members in Galway to adopt a framework that supports
European Space Agency (ESA) methodology, and that
additionally that allows the querying and sharing of
software artifacts (requirements, modules...) among SGR
users, both internal and external to the company. In the
second place, another company, located in New Orleans,
is developing a financial system, for which it uses ProLink
(Gémez-Berbis et al, 2008) as support for the
management of information in the project.

Thus, the members of Project 1 use the application
ontology corresponding to the ESA methodology and a
financial domain ontology (Garcia-Manotas et al.’s (2010)
ontology) for the annotation of the concepts of the
domain. On the other hand, the members of Project 2 use
DOAP '(Description Of A Project) for the annotation of
the characteristics of the project, and the previously
mentioned financial ontology to annotate the concepts
dealt within this ontology which are relevant to the
financial system.

Obviously, both the DOAP ontology and the financial
ontology are used for querying, since this allows finding a
number of hidden added-value relationships among the
project, for example, addressing how many people are
required for the project, which domain it belongs to,
location and a set of Dublin core-like information.

Both applications, Prolink and SGR have used the
services provided by SEAN for the annotation and
storage of information, which resides in the persistence
layer. The ontologies used have been previously
uploaded in the persistence layer, with the objective that
both projects can be annotated using the application and

! http://trac.usefulinc.com/doap

domain ontologies.

Once the information has been stored, the retrieval
capacities of SEAN can be put into practice. In particular,
using the query engine component of the Business Logic
layer, any concept belonging to either of the ontologies
can be consulted from any application which incorporates
SEAN. It results as evident that, using two distinct
application ontologies, the results may be disparate from
the information point of view, but undoubtedly the
annotation of the domain ontology may demonstrate valid
and interesting results. For example, consider that the
development Project boss in Galway wants to know
details of financial application projects. Using the query
engine, he introduces a financial concept, for example
“fixed term deposits”, and the retrieval GUI returns
information relating to the project in New Orleans. Taking
into account the type of information available in Prolink, It
is clear that the result from the point of view of
information concerns DOAP data and is not related to
ESA. Without doubt, the combined use of the domain and
application ontologies enables distinct users to benefit
from multi-ontology based queries and obtain useful data
(the URL for downloading the software).

EVALUATION
Research design

With the objective of obtaining feedback concerning the work
realized, an evaluation was carried out by means of the application
of a questionnaire. The questionnaire was applied after the subjects
had utilized the ESACAKE (Gémez et al., 2008) tool, under two
different architectures. In the first of these, the users applied
ESACAKE in its original form and design without using the new
SEAN platform and using a manual annotation tool such as those
developed at the SWAN project, where semantic annotation is done
from a manual, not even semi-automatic perspective, and secondly,
they used a modified version of the ESACAKE tool to apply the
SEAN platform. The questionnaire had a double objective. In the
first place, it was determined if the new SEAN platform improved
the annotation, retrieval and sharing capacities of the data present
when compared with ESACAKE, while in the second place, the
user was requested to provide information about the extension
capacities of SEAN when compared with other known platforms.
The questionnaire was composed of three sections. In the first
place, the subject was required to provide identification data: Age
and gender. Secondly, the users were asked about the different
perceptions they had about the use of SEAN in relation with
ESACAKE. Thirdly, the subject was asked about the capacities of
SEAN in relation to the extension of its use in the context of other
applications. With the objective that the task would be standard for
the entire set of subjects, a case was designed which the subjects
could carry out without difficulty, given their knowledge of
ESACAKE. In relation to the first of the objectives, the task
consisted of the insertion of two software requirements, their
semantic annotation, and a semantic search using the platform.
Regarding the second objective, in relation to extensibility, the
users were instructed to perform a search related to the
requirement previously introduced, but input to another tool in which
SEAN was implemented, SGR (Colomo-Palacios et al., 2008).
Once the search was carried out, the subjects were asked to
compare the capacities of integration between platforms, in this
case between ESACAKE and SGR, through the sharing of
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Figure 3. Comparison between ESACAKE and SEAN.

ontologies was realized by SGR.

Thus, after the completion of the task, the questionnaire was
administered to the subjects, who completed it individually.
Subsequent to filling out the identification elements of the
questionnaire, it was required that the user responded to two blocks
of three questions relative to usability, semantic annotation and
retrieval capacities of ESA-CAKE without SEAN, and, on the other
hand, of ESACAKE with SEAN incorporated. The responses to
these questions were coded using a Likert scale ranging from 1 to 4
points, with the following values. 1: Limited, 2: Regular, 3: Good,
and 4: Very Good.

Lastly, the user was asked about the advantages of the
combination of SEAN with more than one platform, and concretely,
the aim was for the user to provide his opinion about the cross-
searches which SEAN allows and the sharing of information
between different platforms. The responses to the questions were
closed in the same format as before, and coded using the same
scale previously described.

In this sense, the choice of an even scale is guaranteed, as well
as providing the required correspondence with the scale adopted in
the curricular initiative, to avoid what has been termed “central
tendency error”. This error, which is defined as the reluctance on
the part of respondents to give extreme responses (Yu et al., 2003)
is limited by obliging the subject to select from a range of values
which do not contain a central value.

"The objectives from the point of view of the statistical method
was to establish if significant differences exist between using and
not using SEAN, and on the other hand, elucidate whether
according to the subjects, the extensibility which SEAN provides is
considered important.

Sample

The sample was composed of students in the final year of the
Computer Science degree of the University Carlos lll. These
students use the ESACAKE tool to carry out the drawing up of user
requirements in the course “Software Engineering IlI”. The sample
was composed of 17 women (32%) and 35 men (68%), with an
average age of 25.6. Although this population might not completely
reflect future users, most studies in the literature have used

B ESACAKE results
B SEAN results

Retrieval

academics to provide queries and judge relevance (Morrison,
2008).

RESULTS

The results of the surveys, which were realized using
printed copies, were subsequently coded. On the one
hand, Figure 3 depicts the results relative to the
questionnaire relative to the comparison between
ESACAKE and SEAN. On the other hand Figure 4 shows
the results relative to the evaluation of the extensions of
SEAN. In Tables 1 and 2, the average and standard
deviation of the responses offered by the students are
shown in relation to the questionnaire applied, and the
two groups of questions formulated, respectively.
Fundamentally, a cross search (Table 2) is a more
complex search which is performed over several search
subsets. Information sharing (Table 2) is a parameter that
measures to which extent information is accessible for
the others.

One of the objectives of the study is to determine
whether differences in use exist depending on using
SEAN or not. In order to perform such an analysis, the
statistical method Student's t-test (comparison of two
means) was used to carry out one-way between-groups
analysis of variance. The level of statistical significance
was set at 0.05. The results of the test indicate that the
annotation element presents significant differences
between both populations, indicated by the statistical
value (t (52) = -4.88, p < 0.05). This circumstance implies
that, from a statistical point of view, there is a difference
between the annotations of both architectures, and
considering the average, the annotation is improved in
SEAN. Additionally, the usability of the integrated SEAN
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Figure 4. Evaluation of SEAN extensions.

Table 1. Non SEAN Vs. SEAN statistical results.

B SEAN extensions

Information sharing

ESACAKE SEAN
Average Std. deviation Average Std. deviation
Usability 2.91 0.49 3.19 0.55
Annotation 2.40 0.57 2.98 0.66
Retrieval 2.70 0.51 2.72 0.60

Table 2. SEAN extension statistical results.

Average Std. deviation
Cross search 3.42 0.57
Information sharing 3.66 0.52

platform presents significant differences between both
populations (t (52) = -2.77, p < 0.05). This circumstance
may be a result of the fact that the integration of SEAN in
the platform produces improvement in the use of the
application for the user.

DISCUSSION

Considering the results demonstrated, two conclusions
can be drawn. In the first place, the platform presents
improved usability, annotation and retrieval
characteristics, evidenced by the versions of the tools
which do not yet incorporate SEAN. In the second place,
with regard to the information provided by the users, the
integration capacities which SEAN provides are very
high.

In relation to the first group of conclusions, the opinions
of the users have a limited agreement. This pattern may

be due to the fact that the GUI of the annotation tools in
ESACAKE has been only recently designed, and even
though in the SEAN version they are improved, the level
of improvement is still only moderate. In all of the aspects
analyzed, the use of SEAN improves previous features
on average, but undoubtedly presents some major
standard deviations, from which it can be determined that
due to the dispersion of opinions, there is less cohesion
of agreement. In relation to the statistical differences
between the usability, annotation and retrieval criteria,
the Students’ t-test reveals that both annotation and
usability preset significantly improved characteristics in
SEAN.

With respect to the second group of conclusions, the
value of SEAN as an agglutinator of semantic information
and a platform which allows shared access to information
between platforms has been confirmed. In particular and
especially consulting the scores, which present an
average of 3.66 points and an adjusted standard



deviation of 0.52, the users consider the capacities for
the sharing of information very interesting.

In summary, this results show how the implementation
of SEAN has statistically improved the previous
ESACAKE implementation in the tested areas. We have
also found that new features provided by SEAN have
been accepted by the users of the case of study. These
results also show that more improvements could be
made in future research and work, for example in the
GUL.

Conclusions

This paper introduces SEAN, a novel framework for
semantic annotation of HACD. The framework is not
focused on finding perfect solutions for very complex
wide open domains, since the complexity grows
dramatically, and previous state of the art approaches
show the tremendous difficulty of annotating such
domains. Instead of this, the current approach is
committed to contributing an efficient solution by means
of manual semantic annotation for well-defined, consen-
sus shared, accurate closed domains. The ESACAKE
application was implemented and tested as a proof-of-
concept implementation for software development project
requirements based on the ESA standard. The current
approach was studied, compared and evaluated in
relation to similar systems. Three aspects demonstrate
the advantages of SEAN: The potential for well-defined
domains semantic annotation, consensus sharing and
minimal semantic complexity applied to a given domain.
Although, the annotation method still requires improve-
ment and it could be complemented by NLP based semi-
automatic annotation, the researchers believe that the
work on the implementation, test and evaluation of SEAN
justifies further development of annotation of concrete
domains. Fundamentally, the main contribution of this
work is also that SEAN can be used in a different set of
platforms. SEAN was designed with a clear user focus
and the only possibility to learn and feedback from
annotation is extending to the widest user base, what
implies trying to abstract from the software limitations of a
particular platform, by means of a Web-based user
interface and also with a significant set of domain
ontologies for a multi-domain strategy.

Regarding future work, this paper has focused on
finding the best, possibly approximate, solution for
manual semantic annotation in particular domains.
However, the strengths of the present approach could be
harnessed using NLP based techniques for automatic or
semi-automatic annotation that, probably without taking
the human out of the loop, would efficiently improve the
scalability and performance of the system. Another issue
to be addressed in the future is the application of the
SEAN architecture in other domains, for example for
enabling the knowledge sharing in other areas like
development of new product of services in small and
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medium enterprises (Ebrahim et al., 2010).
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