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Abstract—Nowadays, efficient utilization of knowledge
became a key to the success of an organization. The need to
identify experts within or outside an organization has been
for a long time inspiration for various initiatives undertaken
by academia and industry. The eXtraSpec system developed
in Poland is an example of such initiatives. In order to realize
its tasks, the eXtraSpec system needs not only to be able to
acquire and extract information from various sources, but
also requires an appropriate information representation
supporting reasoning over person characteristics. The
considered mechanism should allow for precise identification
of required data, but simultaneously, be efficient and
scalable. The main goal of this paper is to present the
reasoning scenario we applied within the eXtraSpec project
and discuss the underlying motivation, which led to the
development of pre-reasoning mechanism. The system
architecture and developed ontology together with
implementation details are also discussed.
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I. INTRODUCTION

Efficient utilization of knowledge is a key to the
success of an organization. Knowing the skills and
expertise of employees as well as a proper recruitment are
of major importance. More and more often organizations
take advantage of data available on the Internet to locate
experts they require. As the data available is very dispersed
and of distributed nature, a need appears to support the
human resources management process using IT-based
solutions, e.g., information extraction and retrieval
systems.

Within an information retrieval (IR) process a single
query is executed on a set of resources to identify the
relevant data [1]. In general, a typical retrieval system
encompasses three components: a module responsible for
collecting data and creating its representation in the form of
an index; an interface allowing formulating queries
consisting of a set of keywords and finally, a mechanism
matching a query to the created indexes.

These components affect the quality of the retrieval
process i.e., values of the precision and recall metrics.

The traditional expert retrieval systems face well
known IR problems caused by application of different
keywords and various levels of abstraction by users while
formulating queries or by using different words and
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phrases while creating a description of a phenomenon,
based on which indexes are created. Thus, to ensure that in
a response to a query an expert retrieval system returns
documents, which do not contain words included in the
query, but are still relevant, very often semantics is applied.

There are many research and commercial initiatives
aiming at development of expert retrieval systems
supported by semantics. They are to provide interested
parties with detailed information on people’s experience
and skills. One of such initiatives is the on-going Polish
project eXtraSpec [23]. Its main goal is to combine
company’s internal electronic documents and information
sources available on the Internet to provide an effective
way of searching experts with competencies in the given
field. The system is to support three main scenarios:
finding experts with desired characteristic, defining teams
of experts and verifying data on a person in question. In
order to support these scenarios, the eXtraSpec system
needs not only to be able to acquire and extract information
from various sources, but also requires an appropriate
information representation supporting reasoning over
person’s characteristics. In addition, the mechanism should
allow on the one hand for precise identification of required
data and, on the other hand, be efficient and scalable.

The main goal of this paper is to present the reasoning
approach we followed within the eXtraSpec project and
discuss the underlying motivation, which led to the
development of a semantic-based mechanism to retrieve
experts in its current state. In addition, the ontology
developed to describe expert characteristics is presented.

In order to fulfill the mentioned goals, the paper is
structured as follows. First, the related work in the area of
expert finding systems is discussed. Next, the ontology
developed for the needs of the eXtraSpec project to support
retrieval of experts is presented. Then, the short description
of the considered scenarios regarding the application of the
reasoning infrastructure follows. Finally, the system
architecture as well as implementation details are given.
The paper concludes with final remarks.

II. ReLatep Work

The need to find expertise within an organization has
been for a long time inspiration for initiatives aiming at
development of a class of search engines called expert
finders [2]. There are several aspects connected with expert
finding, for instance, following McDonald and Ackerman
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[3] those may be: expertise identification aiming at
answering a question: ‘who is an expert on a given topic’
and expertise selection aiming at answering a question
‘what does X know’? Within our research, we focus on the
first aspect i.e., identifying a relevant person given a
concrete need.

First systems focusing on expertise identification relied
on a database like structure containing a description of
experts’ skills (e.g., [4]). However, such systems faced
many problems, e.g., how to ensure precise results given a
generic description of expertise and fine-grained and
specific queries [5] or how to guarantee the accuracy and
validity of stored information given the static nature of a
database. To address these problems other systems were
proposed focusing on automated discovery of up-to-date
information from specific sources such as e.g., email
communication [6]. In addition, instead of focusing only on
specific document types, systems that index and mine
published intranet documents were proposed [7]. An
example may be the Spree project [8] aiming at providing
automatic expert finding facility, able to answer a given
question. The system automatically builds qualification
profiles from documents and uses communities and social
software in order to provide efficient searching capabilities.
In addition, currently the Web itself offers many other
possibilities to find information on experts, as there are a
number of contact management portals or social portals
where users can look for experts, potential employees or
publish their curricula in order to be found by future
employers (some examples may be [24] [25], [26]).

When it comes to the algorithms applied to assess
whether a given person is suitable to a given task, at first,
standard IR techniques to locate an expert on a given topic
were applied [9][10]. Usually, expertise of a person was
represented in a form of a term vector and a query result
was represented as a list of relevant persons. If matching a
query to a document relies on a simple mechanism
checking whether a document contains the given keywords,
then the well-known IR problems occur: (1) low precision
of returned results (there is a word, but not in this context);
(2) low value of recall (relevant documents described with
another set of keywords are not identified); (3) a large
number of documents returned by the system (especially in
response to a general query) the processing of which is
impossible (e.g., due to the time limit). Therefore, few
years ago, the Enterprise Track at the Text Retrieval
Conference (TREC) was started in order to study the
expert-finding topic. It resulted in further advancements of
the expert finding techniques and application of numerous
methods such as probabilistic techniques or language
analysis techniques to improve the quality of finding
systems (e.g., [11] [12] [13] [14]).

As the Semantic Web technology is getting more and
more popular, it is not surprising that it has been used to
enrich descriptions within expert finding systems. The
introduction of semantics into search systems may take two
forms: the use of semantics in order to analyze indexed
documents or queries (query expansion), or operating on
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semantically described resources (e.g., RDF files) with use
of reasoners.

Within the expert finding systems, both approaches
have been applied and a number of ontologies to represent
competencies and skills was developed. For instance, a
Single European Employment Market-Place project [15]
aiming at providing interoperable architecture for e-
Employment services. used an ontology in order to create a
semantic description of job offers and CV. The ontology is
called “Reference Ontology” and it consists of thirteen sub-
ontologies: Competence, Compensation, Driving License,
Economic Activity, Education, Geography, Job Offer, Job
Seeker, Labour Regulatory, Language, Occupation, Skill
and Time. It was built based on the commonly used
standards, e.g., ISO 4217 [27], ISCO-88 (COM][28]),
ONET [29], DAML ontology [30].

In turn, in [16], authors describe requirements and a
process of ontology creation for the needs of HR
management. They developed an ontology used by a meta-
search engine searching jobs in job portals [17] and by a
university competence management system [18]. The
ontology was created in the OWL formalism. It consists of
sub-ontologies for competencies, occupations and learning
objects. Another example is an ExpertFinder [19]
framework enabling application of existing vocabularies in
semantically supported systems. It provides terms and best
practices for describing web pages, persons, institutions,
events, areas of expertise or educational aspects. It uses
such vocabularies as: FOAF [31], SIOC [32], vCard [33] or
Dublin Core [34].

In addition, numerous ontologies, taxonomies and
classifications have been created in the HR management
area, e.g., the Standard Occupational Classification (SOC)
[35] of the US Federal statistical agencies or taxonomy of
skills in the KOWIEN project [20].

The system discussed in this paper relates to the
semantic-based expert finding. However, our setup is a bit
different. The eXtraSpec system acquires information from
outside and assumes that one can build an expert profile
based on the gathered information. The system gathers
information on a large set of experts. More experts imply
bigger topic coverage and increased probability of a
question being answered. However, it also causes problems
connected with the heterogeneity of information as well as
precision and recall of the system. The application of
semantics may help to normalize the gathered data and
ensure appropriate level of precision and recall; however, it
generates problems with scalability and efficiency of the
designed mechanisms. In addition, the ontology itself
developed for the needs of the eXtraSpec system differs
from other projects: (1) it is not limited to hierarchical
relations; (2) it has been developed for the Polish language
and relate to Polish standards; (3) it has been built in
accordance to the Simple Knowledge Organization System
(SKOS) [36] standard.
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III. OntoLoGIES IN THE ExTrRASPEC PROJECT

One of the most important functionalities of the
eXtraSpec system is the identification of persons having
the desired expertise. As already discussed, in order to
ensure the quality of returned results, the decision to apply
Semantic Web technologies to retrieve and describe
profiles was taken. The eXtraSpec system acquires
automatically data from dedicated sources, both company
external and internal ones. The extracted content is saved
as an extracted profile (PE), which is an XML file
compliant with the defined structure of an expert profile
(Figure 2) based on the European Curriculum Vitae
Standard [37]. Vocabulary in the extracted content is then
processed and normalized using the developed ontology.
The result of the normalization process is a normalized
profile (PN). Every normalized profile provides
information on one person, but one person may be
described by a number of normalized profiles (e.g.,
information on a given person at different points in time or
information acquired from different sources). Thus,
normalized profiles are analysed and then aggregated, in
order to create an aggregated profile (PA) of a person.
Finally, the reasoning mechanism is fed with the created
aggregated profiles and answers user queries on experts.

The above-mentioned steps impose requirements on the
ontology. It should enable semantic annotation of all
elements of profiles as well as support the normalization
and discovery process. The basic element of the eXtraSpec
system is an already mentioned profile of an expert. Each
expert is described with series of information, e.g., first and
last name, history of education, career history, hobby,
skills, obtained certificates. To make the reasoning
possible, the following attributes from the profile of an
expert should be linked to ontology instances:

*  Educational organization — name of organization
awarding the particular level of education or
educational title;

¢ Certifying organization — name of an organization
that issued particular certificate;

e Client, employer and role — those three attributes
are used to describe history of an employment. A
single step in the employment history is described
as a business relation. Each relation consists of
three basic elements: client — employer and a role
(i.e., profession) that an expert played in this
relation;

*  Scope of education — the domain of education (for
example: IT, construction, transportation);

e Topic of education — for a higher education
description, it will be a name of the specialization,
for trainings or courses etc. — their topic;

¢ Result of education — the obtained title;

e Skill — an ability to do an activity or job well,
especially because someone has practiced it;

¢ Name of a certificate;

e Degree of a skill.

Copyright (c) IARIA, 2011.  ISBN: 978-1-61208-121-2

Performed analysis of the requirements imposed on the
ontology for the needs of reasoning, concluded with the
definition of a set of relations that should be defined:

e subConceptOf — to represent hierarchical relations
between concepts,

e isPartOf — for representation of composition of
elements, for example: ability of using MSWord is
a part of ability of using MSOffice (however,
knowing MSWord does not imply that a person
knows the entire MSOffice suit),

*  isRequired — connection between two concepts, for
example: to have a role — doctor, one must have
graduated from some medical school.

e implies — from one fact, or set of facts, another fact
can be concluded. For example, if one has skills A
and B, then he also has skill C.

As the result of the conducted analysis of different
formalisms and data models, the decision was taken to use
the OWL language as the underlying formalisms and the
SKOS model as a data model. The criteria that influenced
our choice were as follows: (1) relatively easy translation
into other formalisms; (2) simplicity of representation; (3)
expressiveness of used ontology language; (4) efficiency of
the  reasoning  mechanism. Many  knowledge
representations, such as thesauri, taxonomies and
classifications share some structure elements and are used
in similar applications. SKOS gathers most of those
similarities and explicitly enables data and technology
exchange between different applications. The SKOS data
model enables low cost migration that will allow making a
connection between existing SKOS and the semantic
Internet. Ontologies developed in accordance to the SKOS
model can be expressed in any known ontology language.
Because of the strong software support and a wide usage of
OWL, we decided to use that formalism within our work.

As a result of the conducted work, the data structure
was designed having one SKOS ontology with eight
concept schemas for each area of interest: Organizations
(for organizational organizations, certifying organizations,
Employer and Client), SkillName, SkillDegree, Certificate,
Role, EducationScope, EducationTopic and
EducationResult. While building the ontology for the needs
of the eXtraSpec system, a wide range of taxonomies and
classifications has been analyzed in order to indentify best
practices and effective solutions. As the eXtraSpec system
is a solution designed for the Polish market, so is the
developed ontology. For instance, during the development
of Concept Schemas for Organizations information
provided by the Polish Ministry of Science and Higher
Education [38] was used while for Role organization the
official Polish Classification of Occupations [39] published
by the Polish Ministry of Labor and Social Policy was
utilised.

IV. CONSIDERED SEARCHING SCENARIOS

One of the most important functionalities of the
eXtraSpec system is the identification of persons having
the desired expertise. The application of Semantic Web
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technologies in order to ensure the quality of returned
results implies application of a reasoning mechanism to
answer user queries. In addition, the strict requirement
towards the performance and scalability of the developed
system was formulated. Therefore, a design decision
needed to be taken on how to apply semantics and at the
same time ensure the required quality of the system during
the discovery process.

Given the above criteria (precision and recall on the one
hand, and efficiency and scalability on the other), three
possible scenarios were considered. The first scenario
involves using the fully-fledged semantics by expressing
all expert profiles as instances of an ontology, formulating
queries using the defined ontology, and then, executing a
query using the reasoning mechanism. This approach
involves the need to load all ontologies into the reasoning
engine and representing all individual profiles as ontology
instances. Performed experiments showed that querying the
reasoning infrastructure, even while using only a small set
of gathered profiles, is resource (large memory
consumption) and time consuming task (up to a few
minutes). Therefore, although having a high precision and
recall, it has poor performance and scalability.

The second scenario relies on query expansion using
ontology, i.e., adding keywords to the query by using an
ontology to narrow or broaden the meaning of the original
query. It allows to get answers faster than the previous
scenario, however, it could not take into account additional
relations expressed in the ontology, and therefore, did not
always allow for increased precision. In addition, each user
query needs to be normalized and then expanded using
ontology, therefore, application of a reasoner was
necessary. The experiments showed that it affected the
values of system performance and scalability.

The third scenario called pre-reasoning involves two
independent processes: creation of enriched profiles
(indexes), to which additional information reasoned from
the ontology is added and saved within the repository as
syntactic data; formulating query with the help of the
appropriate GUI using the defined ontology serving as a
controlled vocabulary. Then, the query is executed directly
on a set of profiles using the traditional mechanisms of IR.
There is no need to use the reasoning engine while
executing a query. This approach allows circumventing the
drawbacks associated with the first approach, shifting the
burden of an operation on the stage of indexing using
ontologies.

Summarizing, our experiments proved that applying
fully-fledged semantics is a precise but neither efficient nor
scalable solution. Query expansion provides increased
precision of the results (in comparison to traditional IR
mechanisms) and has better scalability and efficiency than
the fully-fledged semantics, however, does not allow to
take full advantage of the developed ontologies and
existing relations between concepts. Only application of
the third considered scenario allows taking advantage of
the mature IR mechanisms while increasing the accuracy
and completeness of the returned results by: introducing a
preliminary stage called pre-reasoning in order to create
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enriched indexes and the minimum use of the reasoning
engine during the search.

The short overview of the constituents of the proposed
mechanism follows.

V. SEMANTIC-ENABLED RETRIEVAL OF EXPERTS

The eXtraSpec system consists of a number of modules
specialized for different tasks. Its architecture is described
in [22], here we focus on the REA component
(REAsoning) presented in Figure 1. It consists of indexing
mechanism (indexer), searching mechanism (searcher),
composition mechanism (composer) and a reasoning
engine with set of ontologies loaded.

Aggregated
Profiles Repository

l

REA Indexes
Indexer —
Ontol 1
S »
N T /} .
Composer H Searcher F

Skills: X
Education: Y
Role: Z
Experience: P

Expert 1234

Expert 27483748

/s
L

S AW
Figure 1. REA overview

The selected scenario requires the support of two
independent processes. First, creating profiles’ indexes
optimized for search, i.e., structured so as to enable a fast
search based on criteria preset by a user, and enriched with
additional information using an ontology (pre-reasoning).

The second process that needs to be supported is
defining the query matching mechanism on the enriched
indexes - this process is initiated by a user formulating
queries using a graphical interface.

To perform the IR side of the mechanism, the open-source
java library Lucene [40], supported by the Apache
Software Foundation, was selected. Fields in the Lucene
documents cannot be grouped together nor stored as
hierarchical structures. However, within an aggregated
profile (PA), which is a base profile for searching, some
hierarchies and groups might be found. Since explicit
mapping from PA to the Lucene document is not possible,
during the indexing process profiles are divided into a
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number of separate documents as shown in Figure 2.
Concurrently with the indexing process, pre-reasoning
takes place, in order to complete profile with implied facts.
Documents contain fields generated directly from PA
(marked with +) as well as the additional fields (marked
with #). In the simplest case, the reasoning engine returns a
list of all superconcepts for the given element to the
indexing module. The hierarchy of superconcepts is
preserved. Superconcepts are indexed as additional values
for the given document field: these values are saved as next
array elements and it is assumed that the higher array index
number, the smaller weight the concept has. The assigned
weight affects the ranking procedure. If returned
superconcepts do not correspond with PA elements
conceptually, additional fields are added to the document
being indexed. For example, PA element ,,address” might
be divided into data that are more detailed, i.e., zip code,
city, street, etc. Based on the zip code it is possible to
specify county and province and search for experts using
the spatial criteria. Since PA does not contain such
elements, we add fields to the personal data document
during the indexing process. In turn, documents that
contain information about education history have been
expanded by field ,,catOfEduOrganization”. Hierarchy of
superconcepts for each education organization is acquired
from ontology and indexed. This enables, e.g., searching
people who graduated from a desired type of educational
organization, e.g., any technical university. In the
document that contains data about skills, the field
»SkillName” was expanded in order to contain all
superconcepts from the ontology for a given skill. The
same expansion was made in the document about history of
employment, were the field ,,role” was expanded using the
hierarchy of superconcepts for occupied positions.

Education Mention Certificate

#prold #prold
+eduStartDate 4publicationID
+eduEndDate 7
+eduOrganization
+sCope

+topic

+result

+eduld

#catOfEduOrganization

#prold
+certificateName
+obtained
+certifyingOrganization
+certld

Personal data

+firsthame
+Llasthame
+address
+email +brStartDate
+phone +brEndDate

>_|_ +fax +employer
+birthDate #role

+prold +description
#powiat +client

Business Relation

#prold

. N

Membership

#prold
+menStartDate
+menEndDate

+organization #woiewodztwo +project
4menId ] +busRelld
Skill Publication
Hobby
#prold #prold
#prold #skillName

+publicationName
+skillDegree +uri
+skillld +pubTd

+description
+hobbyId

Figure 2. Data model overview

Lucene provides a very flexible but simple query
structure. Therefore, in the eXtraSpec system it had to be
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extended in order to correspond to the PA structure and
searching scenarios. In order to execute more sophisticated
queries encompassing several criteria from various
documents, a QueryObject structure needed to be defined.
It stores information on fields’ names, required values as
well as logical operator that should be fulfilled.

The performed tests have shown that the system fulfils
the defined requirements. Application of semantics in the
form of a pre-reasoning phase allowed to achieve precise
results, simultaneously allowing to take advantage of the
matured IR mechanisms guaranteeing scalability and good
performance of the system.

VI. ConcLusioNs AND Future WoRrks

The main goal of the eXtraSpec project is to develop a
system supporting analysis of company documents and
selected Internet sources for the needs of searching for
experts from a given field or with specific competencies.
The provided system focuses on processing texts written in
the Polish language. The obtained information is stored in
the system in the form of experts’ profiles and may be
consolidated when needed. The system aims to offer a user
friendly interface to perform queries that allow to find
persons with specific characteristics. Realisation of this
goal requires interconnection between developed interface
and underlying ontologies. Within this paper, we have
discussed the concept and considered scenarios regarding
the implementation of the reasoning mechanism for the
needs of the eXtraSpec system. We argue that by
introducing the pre-reasoning phase, the application of
semantics may be used to achieve precise results when
searching for experts and at the same time, ensure the
proper performance and scalability.

The set of developed ontologies discussed within this
paper was designed specially for the Polish language,
however, the main structure and model as well as defined
relations may be reused also for other languages. As
mentioned, the ontology in question is still under
development, however, in the current state of affairs the
reasoning about competencies in order to complete
person’s profile with additional data on education, work
experience is successfully performed by the REA
component described within this paper. Our future work
focuses on the implementation of the second scenario
supported by the eXtraSpec system i.e., composition of
teams of experts using the developed ontology.
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