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Abstract. The representation, management, and exploitation of researcher
profiles is an important task that every research institution must achieve. In this
paper, we investigate on the use of ontologies as the main solution approach to
support the representation of researcher profiles in a given academic
environment. We describe the ontology model design, the automatic ontology
population processes, and the discovery and enrichment processes of interesting
semantic relations between researcher profiles. The functional competency of
the enriched ontology is evaluated utilizing a set of inference rules and queries.
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1 Introduction

Currently, higher education institutions and research institutes have highly specialized
human resources who count with high degrees of postgraduate studies. The capacity,
expertise and talent accumulated by academic and research staff is one of the most
important assets available to institutions. Representing, quantifying and knowing how
to better manage these highly specialized human resources is a very important issue;
however, it is not an easy task to perform, since it requires the acquisition,
representation and intelligent treatment of large volumes of data. A good management
of highly specialized human resources can be carried out through the administration
of researcher profiles to enable: finding similar profiles to establish new
collaborations, looking for specific profiles that allow to integrate a work team with
specialists, discovering groups or classes of researchers that address similar topics,
discovering groups of researchers that address different problems but that use similar
approaches, among other possible applications.

A researcher profile consists of the relevant information regarding previous
academic work experience in different research institutions, education and level of
studies considering undergraduate, graduate, and specialization studies; an important
aspect of a researcher profile is the scientific published articles, chapters, and books,
as they represent the researcher topics of interest, and the researcher most active
collaborations.
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In this paper, we present an ontology solution approach for the acquisition,
representation and management of researcher profiles. This ontology solution is
evaluated using a set of competency questions through which the functional
competency of the proposed solution is evaluated satisfactorily.

This paper reports a contribution in the area of ontology learning. Maedche and
Staab [1] define ontology learning as the process of automatic or semi-automatic
construction, enrichment and adaptation of ontologies. Accordingly, the main tasks
involved in ontology learning are ontology enrichment, inconsistency resolution and
ontology population.

a) Ontology enrichment is the task of extending an existing ontology with
additional concepts and semantic relations in the ontology.

b) Inconsistency resolution is the task of resolving inconsistencies that appear in
an ontology aiming at producing and maintaining a consistent ontology.

c) Ontology population, is the task of adding new instances of concepts to the
ontology.

The methodological process followed for the construction and evaluation of the
proposed solution consist of four phases: ontology design, ontology population,
ontology enrichment, and ontology evaluation.

The rest of this paper is organized as follows. Section 2 presents the related work,
which is briefly described to compare them with the approach presented in this paper.
Section 3 describes the specification of ontology requirements. Section 4 describes
the ontology design methods. Section 5 presents the automatic ontology population of
each ontology. Section 6 describes the ontology research profile enrichment. Section
7 presents an evaluation based on competency questions. Finally, Section 8 shows the
conclusions and future work.

2 Related Work

In this section, we first present the definition of ontology, and describe the related
works that address the representation and management of researcher or academic
profiles. We analyze their applications and concept coverage.

Over the last decades, different ontology definitions have been presented and
discussed. According to Gruber [2] an ontology is an “explicit specification of a
conceptualization”, an ontology is used to formally define the important concepts of a
terminology and the semantic relationships that may exist between concepts. It is
frequent that the set of formally defined concepts belong to a specific area of
knowledge, and the set of rules and axioms defined are congruent with the particular
area of knowledge. In [3] Sowa stated that an ontology represents a catalog of
categories to classify entity types that exist in a given domain. In [4] Camara
explained that an ontology can be conceived as an instrument for knowledge
representation in a particular topic area, through which knowledge recovery and
information retrieval can be executed. Ontologies were selected as the formal
representational mechanism as they facilitate reusability, knowledge sharing, and
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execution of formal reasoning tasks such as satisfiability of concepts, consistency
checking, classification and inference.

Concerning researcher profile, Yao, Tang and Li [5] address the problem of
researcher profiling by annotating a collection of researcher web pages, and defined a
series of difficulties found using this approach. Authors identify tokens in the Web
page heuristically, assign tags to each token (Position, Affiliation, Email, Address,
Phone, Fax), using the tags, they perform the profiling extraction. In Liu et al [6]
authors address the problem of finding experts with required expertise. They describe
two ontologies: an expert ontology, which defines concepts such as: Person,
Publication, Project, and Research Interests; and a domain ontology which stores the
key concepts (research areas), the attributes of the concepts and the relations between
concepts (for example, broader, narrower and part-of). In [7] authors address the
problem of automatic extraction of topics of expertise of a person based on the
documents accessed by the person through information extraction techniques. They
define a user profile using a set of topics with weights determining his level of interest.
In [8] authors present a multi-agent paradigm supported by a semantic web
architecture to address the challenges of researcher profiling and association. Authors
describe an ontological model to represent information such as researcher profiles,
conference papers, research centers, etc.

In [9] authors describe ArnetMiner, to address the following questions:

a) How to automatically extract researcher profiles from the Web?

b) How to integrate the extracted information (e.g., researchers’ profiles and
publications) from different sources?

c) How to model different types of information in a unified approach?

d) How to provide powerful search services based on the constructed network?

In ArnetMiner the schema of a researcher profile was proposed consisting in two
main entities: Researcher and Publication. Based on the work reported in [9] in this
project we address the same questions and present a solution approach based on the
use of ontologies and reasoning tasks.

In [10] authors describe a skill classification ontology model containing skills of
research in the area of computer and information science. Their main contributions
are:

a) A process to build the skill classification ontology.

b) A methodology to determine expertise of the researcher using the skill

classification ontology.

c) A method to retrieve the relevant researchers who may have competency

matched to the desired expertise.

Motivated by these related works, we propose an ontology-based solution approach
for the acquisition, representation and management of researcher profiles.

3 Specification of Ontology Requirements

The main objective of the ontology model presented in this paper is to facilitate
researcher profile processing and reasoning. Considering that every research
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institution requires the efficient management and dissemination of information
relative to the professors and research activities, etc. The ultimate goal of this project
is the smart and provisioning of services to researcher communities in which
researchers search for specialized publications (such as publications, coauthors,
conferences) and are also interested in establishing collaborations with other
researchers. Considering this motivation, the following requirements were defined in
order to guide the ontology design, construction and evaluation.

3.1 Scope of the Ontology

In order to specify the scope of the ontology, we reviewed the concepts of research
profile. Yao, Tang and Li [5] described profiling as the process of obtaining the
values associated with the different properties that constitute the person model.
Authors define the schema of a researcher profile containing: name, affiliation,
position, phone, address, email, research interests, and postgraduate studies. From this
definition we consider that the entities (or objects) that constitute a researcher profile
are: Person (for example professors, students, staff, etc.), and Publication (to extract
research interests).

From this initial analysis, we have defined the concept coverage requirements of
the ontology and defined the main objective of the ontology, which is to facilitate
researcher profile representation and processing in the academic environment.

3.2 Concept coverage

The ontology model should include the following concepts:

a) Data for the identification of persons and researchers such as name,
economical number, staff card, etc.

b) Person profile information to represent the user data that is possible to gather
from public networks, public Web pages, or public data bases available such
as DBLP.

c) Data to represent publications such as: thesis, chapters, journals, etc.

3.3 Competency of the Ontology

Gruninger and Fox [11] proposed six characteristics to evaluate a Business Model.
These characteristics were proposed to answer the question of “How can one
determine which model is correct for a given task?” To give a guideline on the
operation of these characteristics, the authors define the concept of competence of the
model as follows: given an appropriately instantiated model and a demonstrator of
theorems, the competence of a model is the set of questions that the model can answer.
Based on this definition, we may state that

The competence of an ontology model is the set of questions that the ontology can
answer.
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Evaluation of the competency of an ontology system is crucial to verify that a
representational model is complete with respect to a given set of competency
questions. During the phase of requirements specification, a team of experts and
programmers defined the following set of competency questions for this model:

1. To know how many scientific works does a given researcher has published

2. Tofind groups of authorship collaborations

3. To know the researcher’s publications from a specialized topic with high
degree studies

4. To answer about statistical data of publications

To know the scientific productivity of a given department

6. To know the number of female researchers from a given department with
published scientific works.

o

4 Ontology Design

Ontology design is the process of selecting and applying methods, techniques and
principles with the objective of producing an ontology model. In this section, the
design considerations that were taken into account are described.

A good quality ontology design depends mainly on the selection and incorporation
of design principles. Uschold and Griininger [12] presented their initial ideas and
detailed a set of ontology design criteria. For the design and construction of the
researcher profile ontology the following design principles were taken in
consideration:

i.  Clarity principle states that an ontology should effectively communicate the
intended distinctions. Ambiguity should be minimized, distinctions should be
motivated, and examples should be given to understand definitions that lack
necessary and sufficient conditions.

ii. Coherence design principle specifies that an ontology should be internally
consistent. Coherence should also apply to the parts of the definitions that are
not axiomatic.

iii. Extensibility principle states that an ontology should be designed anticipating
possible uses of the shared vocabulary.

Additionally, an initial set of competency questions were used for term elicitation
and for final competency evaluation.

4.1 Person Ontology

Person ontology was designed to represent all possible academics, which hold a
permanent or temporal position as professor or researcher at the university, such as:
academic visitor, full time professor, external sabbaticals, etc. This ontology also
represents postgraduate students, and research oriented undergraduate students,
among others. Figure 1 shows the main class hierarchy of the Person ontology. An
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important characteristic of this ontology is that it uses a unique identifier for every
type of person.

S owl:Thing
F’e‘rson
[ Employee l l Visitor ] [ Student
Adminisn'alive Academic Regul;rsmdent

AssistantStuden *® Professor
t

Fig. 1. Person ontology class hierarchy.

The concept Person is defined as an equivalence through the hasName and
hasGender data properties, indicating that every person individual is obligated to have
name and gender to be classified as type of Person class. The concept Employee is
defined as a sub class of a Person that hasEconomicNumber data property. Whereas
the concept Student is defined as a sub class of Person that hasStudentld. An
important concept is a Professor which is an Academic, is an Employee and is a
Person that hasCategory, hasDepartment, and hasEmail; and inherits the data
property of an Academic hasProject. The class hierarchy of the Person ontology
shows the sub-classification of the class Student into RegularStudent and
AssistantStudent. This classification addresses the particular need to represent the
two types of students that exist in the university where an individual of the
AssistantStudent class is considered to be an Academic, an Employee and a Student.

proper

= owltopOataProperty
= hasCategory
== hasEcommmic Msmibaer
b s E mail
== hasGender
= hasName
= hasPosition
= hasProject
= hasStudent D
== hasvisitFurpose
= providesCounseling

Fig. 2. Data type properties defined for the Person ontology.

The full list of data type properties defined for the Person ontology are shown in
Figure 2.

4.2 Publication Ontology

Scientific published articles, chapters, and books are the most important sources of
information in order to integrate a researcher profile. Scientific publications contain
the author’s topics of interest, conferences and journals of preference, the years of
publications and periodicity; also the researcher most active collaborations. In order
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to build a researcher profile, the design and construction of a publication ontology
considered as input the information extracted from the DBLP computer science
bibliography on-line reference, extracting the most relevant bibliographic information
on major computer science publications.

The Publication ontology defines the same attributes utilized in DBLP. Figure 3,
shows those data type attributes.

Data property hierarchy:

¥ = owl:topDataProperty
== hasAuthor
== hasEE
= haskey
== hasPages
== hasTitle
= hasurl
== hasvolume
== hasYear

Fig. 3. Data properties of the Publication ontology.

4.3 Researcher Profile Ontology

Researcher Profile ontology was designed to incorporate conceptualizations from
Person and Publication ontologies. From Person ontology imports Professor
personal data, such as full name, and economical number; from the Publication
ontology imports publications organized by year, type of publication, among others.
Additionally, incorporates Department and Academic Title concepts. All these
conceptualizations are used to complete the definition of a Researcher Profile,
considering the associated publications, the affiliated department, the academic title
obtained, and the rest of personal data. Figure 4 shows the main concepts that
integrate the Researcher Profile Ontology.

[* Publication ]
'
owl:Thing - Profile
7AcademicTitle
*'® Person

Fig. 4. Researcher Profile ontology class hierarchy.

5 Ontology Population

Ontology population is the process of adding (instantiating) new individuals in the
ontology concepts (classes). Automated ontology population is desirable due to the
large amount of data that must be extracted and instantiated in the Person and
Publication ontologies.
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5.1 Person Ontology Population

For Person ontology population, the data source comes from a set of excel files that
the management staff of the university uses for different purposes. These excel files
contain the information of all academic staff who are affiliated with the university,
such as: professor’s full name, gender, department, email, economical number,
academic projects, and alias.

Fig. 5. Person ontology population.

For the automated population of the Person ontology, two Java modules were
developed: a module to parse and extract the information from the source files; and
another module to interact with the ontologies using the Java OWL Application
Programming Interface (OWL API) to load and manipulate ontologies, creating new
individuals, instantiating object properties and data properties with individuals, and
register them in the ontology. Figure 5 shows the values of data type attributes
registered for professor “REYES ORTIZ JOSE ALEJANDRO”, and the recognized
alias names. Alias names are important in order to facilitate the semantic association
of the researcher individual with all his publications.

5.2 Publication Ontology Population

For Publication ontology population, the data was extracted from the DBLP (Digital
Bibliography & Library Project) [13], a compressed XML file, which contains more
than a million of Computer Science publications. The XML file from the DBLP
contains publication title, author names, publication year, volume, EE (a unique
publication identifier), URL, and pages (see Figure 6). However, it does not provide
the abstract and keywords of publications.

doi.org/10.3233/11F5-160487
journals/jifs/jifs3d. htnl#Reyes-0rtizB18</ur

Fig. 6. DBLP XML file extract.
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A Java module was built to interact with the ontologies using the OWL API to load
and manipulate ontologies, creating new individuals, instantiating object properties
and data properties. Figure 7 shows the instantiation of new Publication individuals
correlated with the identification of the author that published.

<4 ResearchProfile (http://www.semanticweb.org/icruz/ontologies/2018; hProfile] : [C:\Usersticruz\workspace\PublicationOntology\Ontologiss\Ontelogial lenaCon145Instancia
File Edit View Reasoner Tools Refactor Window Help
< © ResearchProfile (http://www.semanticweb.org/icruz/ontelogies2012/ResearchProfile)

Active Ontology x| Entities x| Classes x | Object Properties x Data Properties x| Individuals by class x| DL Query x SWRLTab x | OntoGraf x SOWRLTab x

Annotations | Usage

PYSBIINE notations: hitps://doi.org/10.1007/978-3-319-47955-2.4

S Employee a|  Annotations
Academic Property assertions: https://doi.org/10,1007/978-3-319-47955-2 4
AssistantStudent
Professor Objeet property assertions
Administrative mmisPublishedBy 35691
Student
~ @ Visitor
@ Profile Data property assertions
B Publication 2 = hasAuthor "Maricela Bravo”~~xsd:string

Instances: https://doi.org/10.1007/978-3-319-47955-2 4 mmhasYear "2016"~"xsd:string

& | m=hasVolume “null”~~xsd:string

muhasKey "conf/iberamia/BravoRAS16"~"~xsd:string

®= hasUrl “db/conf/iberamia/iberamia2016.htm|#BravoRAS16™~~xsd:string
mmhasPages "37-48"~*xsd:string

m hasAuthor "Leonardo Sanchez"~~xsd:string

For: @ Publication

@ https://doi.org/10.1007/978-3-319-13650-9_4 -
& https://doi.org/10.1007/978-3-319-27060-9_20
@ https://doi.org/10.1007/978-3-319-31153-1_7
@ https://doi.org/10.1007/978-3-319-39393-3_23 == hasEE “https://doi.org/10.1007/978-3-319-47955-2_4"~~xsd:string
4 https://doi.org/10.1007/978-3-319-44003-3_13 " hasAuthor "José A. Reyes-Ortiz"~xsd:string

https:/ /doi.org/10.1007 /978-3-319-47955-2_4 m hasAuthor "Roberto Alcantara-Ramirez"~~xsd:string

@ https://doi.org/10.1007/978-3-319-55702-1_40
@ https://doi.org/10.1007/978-3-319-59063-9_46
& https://doi.org/10.1007/978-3-319-62428-0_29
4 https:/ /doi.org/10.1007/978-3-319-62428-0_31

mm hasTitle “Semantic Enrichment of Web Service Operations."~~xsd:string

Negative object property assertions

@ https://doi.org/10.1007/978-3-540-24694-7_72
# hitps://doi.org/10.1007/978-3-540-30463-0_34 Negative data property assertions

Fig. 7. Publication ontology population.

6 Ontology Enrichment

Ontology enrichment is the automatic process of analyzing the population data values
and discovering new interesting semantic relations between individuals. Of particular
interest in this enrichment process is the automatic discovery of collaboration
relations between authors of publications. For this, the following object properties and
inference rules were defined.

collaborateWith is an object property with domain Person and range Person. This
object property was defined to establish semantic relationships between authors of
publications.

Figure 8 shows the SWRL rule that was executed to find collaborations between
authors of publications is:

Publication (?pub) ~ isPublishedBy (?pub, ?prof) *
isPublishedBy (?pub, ?prof2) ~ differentFrom(?prof, ?prof2) *
-> collaborateWith (?prof, ?prof2)
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4 R (http://w 12/ 2018/ : [CAUsers\icruz’ ‘\PublicationOntology\On!
File Edit View Reasoner Tools Refactor Window Help

< © ResearchProfile (hit ) ole Profite
«| Classes « Object Properties = | Data Properties = byclass x DLQuery = SWRLTab = | Omt

AT | Annotations — Usage
Asserted ¥
¥ @ Person S| | Mmook
¥ @ Academic
@ AssistantStudent
@ Administrative | ®= hasPublish https://doi.org/10.1007/s00607-012-0205-0
@ AssistantStudent |
-

@ Employee
@ pProfessor
@ RegularStudent >

== hasPublish https://doi.org/10.1007/510462-011-9309-8
P H £9/10.1108/K-06-2016-0130

= ha blish_https://doi.ox
= collaborateWith 35009
== collaborateWith 9055

& X == hasPublish https://doi.org/10.1007/500607-014-0436-3
= 3

For: @ Professor ::l:':’;lymw.mlml.orq/rcslzo13_68/Memod%2ool%lnnuslm

@ 23066 al == hasPublish_https://doi.org/10.1007/510462-016-9524-4

& 22417

: ;: ;g: ™= hasPublish htlps://doi.org/10.1007/s00500-013-1177-5

@i == hasPublish_https: .0rg/10.1007/510462-016-9462-1

@ 24935 == collaboratewith 35693

26246

: 2637 i

== hasAlias “Eric Alfredo RincOn Garcla™~~xsd:string

: ;9955 | == hasEconomicNumber "20081"~~xsd:string

e e | ==hasName "RINCON GARCIA ERIC ALFREDO"~~xsd:string

@ 30352 = hasAcademicTitle “DOCTORADO"~~xsd:string

® 30717 ==hasAlias "RINCON GARCIA ERIC ALFREDO"~~xsd:string

& 30761 "= hasEmail “rigaeral@correo.azc.uam.mx”~~xsd:string

® 3155 w=hasProject "CLASES™~~xsd:string

® 31914 - == hasGender "MASCULINO"~~xsd:string

Fig. 8. Discovery of authorship collaborations.

7 Ontology Evaluation

Ontology Evaluation [14] concerns the correct building of the ontology, ensuring that
its definitions correctly implement the ontology requirements and competency
questions. For evaluation the competence of the ontology was considered, that is, if it
is able to respond to a set of competency questions; and the verification of
requirements compliance. The following competency questions were coded in
SWRL language and their results were correct.

7.1 Researcher Publications

To know how many scientific works does a given researcher has published, the
following rule was defined and executed. Figure 9 shows the result of this
competency question.

Professor (?profl) » hasPublish(?profl, ?pub)
hasEconomicNumber (?profl, ?e) ~ swrlb:equal(?e, "14233") ->

sgqwrl:count (?pub)
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7
33

" > squrlcount(fpub)

oﬂ . hasPuinsh:‘ ‘ I ubl " hasEconomicNumber?roﬂ :‘el 2 ;wrlb:eua\? "142

pri

6 [P

SONRL Queres | OWL2RL §5

count(?pub)
"3 M Pyslint

Fig. 9. Discovery of authorship collaborations.

7.2 Collaboration between Researchers

To find groups of authorship collaborations, the following semantic Web rule is
defined. The result is shown in Figure 10.

Professor (?pl) » collaborateWith(?pl, ?p2) *
hasEconomicNumber (?pl, ?e) ~ swrlb:equal(?e, "14233") ->

sqwrl:select (?pl, °?p2)

Te "2

-
7g) " swrib:equal

| SOWRL Queries OWL2RL S8 %5 |

pl p
03 En

Fig. 10. Discovery of authorship collaborations.

7.3 Qualified and Specialized Researchers

In order to know the researcher’s publications from a specialized topic with high
degree studies, the following semantic Web rule was utilized. Figure 11 shows the
result of the execution.

Professor (?profl) » hasDepartment (?profl, ?dep) ” swrlb:contains (?dep,
"ELECTRONICA") ~ hasAcademicTitle (?profl, ?at) » swrlb:equal (?at,
"DOCTORADO") ~ hasPublish(?profl, ?pub) -> sqgwrl:count (?pub)

s, ‘ELECTRONICA)  hashcademicTefpof, ) * svrlbequallat '

|SOWRL Queies OWL2RL S8 %5 Si8

count(7pub)
“"Mysint

Fig. 11. Highly specialized researchers.
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7.4 Publications by Year

The ontology is capable of answering statistical data of publications, for instance:
How many publications were there in the year 2017? Figure 12 shows the result of
this rule:

Publication (?pub) *
hasYear (?pub, ?y) *
swrlb:equal (?y, "2017") -> sqgwrl:count (?pub)

?pub) * hasYear(?pub, ?y) * swilb:equal(Ty, "2017") -> sqwrl:count(?

| SOWRL Queries OWL2RL S8 S5 S18 S19 |

1" Aysdint
Fig. 12. Publications by year.

7.5 Publications by Department

In order to know the scientific productivity of a given department, the following
semantic Web rule is used. Figure 13 shows the result.

Professor (?profl) » hasDepartment (?profl, ?dep) * swrlb:contains (?dep,
"SISTEMAS") ”~ hasPublish (?profl, ?pub) -> sqgwrl:count (?pub)

Professor(fprof1) * hasDepartment(?prof1, Adep) * swrb:contains(?dep, "SISTEMAS') * hasPublish (prof!, pub) -> sqwrkcount{Zpub)

|SUWRL Queries OWLZRL 56

count(?pub)
123" Mysetint

Fig. 13. Publications by department.

7.6 Publications by Gender

To know the number of female researchers from a given department that have
published scientific works, the following semantic Web rule was used. Figure 14
shows the results.

Professor (?prof) *
hasGender (?prof, ?gen) *

swrlb:equal (?gen, "FEMENINO") ~ hasDepartment (?prof, ?dep) *
swrlb:equal (?dep, "SISTEMAS") ~ hasPublish (?prof, ?pub)

-> sqgwrl:count (?prof)
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en) * sy, TEVNN) hsDepatmentanf e e, SSTEMAS) * sl ) > squrkcoundf) |

I'mfusart?n “haeut:‘ of, 79

SOWRL Queries OWLZRL % 510

count(fprof)
"W ysdint

Fig. 14. Publications by gender.

8 Conclusions

In the work reported in this paper, an automated ontology population was used to
build researcher profiles. For the population of the Person ontology, a collection of
373 professors was used, two departments were instantiated in the Department class,
50 professor individuals are from the Systems Department and 60 from Electronics.
100% of them were correctly inserted in the Person ontology, specifically in the
Professor class.

For experimentation purposes two ontologies were generated: one was used for
professors of the electronics department and another for professors of the systems
department. The systems ontology had a total of 50 researchers in total. Once the
universe of professors was divided, the publishing ontology was populated using as a
data source the DBLP file, which contains approximately one million articles and
more than 56 million lines. The result of the population of the Publication ontology
with professors of the systems department resulted in a total of 135 publications that
coincided between the aliases of the professors and the authors indicated within the
<author> label of the DBLP. At the same time 116 collaboration relationships were
found among the professors of the systems department.

The ontology of professors of the electronics department, with a total of 58
professors, was subjected to the same test as the ontology of professors of the systems
department and 22 publications were found from the same sample of the DBLP, that
is, all the aliases were compared of the researchers of the electronics department
against the authors of the million articles of the DBLP. In this ontology 4
collaborative relationships were found, that is, in two publications two or more
professors from the same department participated.

As future work, other sources can be considered to continue enriching the
ontologies with more semantic relationships, such as ArnetMiner [9], which contains
abstracts and keywords of publications in order to enable the semantic relationship
between publications, researchers and topics of interest. In this way, the ontology
would comply with the characteristic of being scalable and make the profile of each
researcher a more complete.
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