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Abstract: The paper presents a useful ontology for managing activities within a
recruitment company, using Protégé 3.5. A well-designed recruitment ontology must
contain clearly defined terms and relationships. The ontology classes are:
Candidate, Job, Company, Department, Interview, Education_level,
Experience_level, Skills, Foreign-languages, Recruitment_team, Evaluation, Offer,
Status_job. Within the classes, two-dimensional many-to-many relationships and
one-to-many bidirectional relationships were established. The article presents
theoretical notions of the concept of "ontology" and the recruitment activity.
Additionally, scientific articles that focus on different ontologies in the recruitment
process are presented. The static modeling of this application is represented by the
construction of the class diagram. After adding the instances, the ontology can be
queried to provide answers to the following questions: the names of candidates
applying for a specific position, the names of candidates who match certain jobs, the
names of candidates scheduled for a particular interview, the names of candidates
who have received the offer, which positions are accepted or which positions are
declined. The purpose of the application is that after the corresponding data for the
positions and candidates has been entered, the appropriate candidates to be
scheduled for interviews are determined through queries. Also, through the queries,
a list of the names of the candidates accepted after the interviews is displayed.
These candidates receive the job offer which they can accept or decline. Thus, at
the end of the recruitment process, each job receives the status of either 'vacancy'
or 'not available'.
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1. Introduction

Regardless of education level, every adult is a job candidate. Job supply and
demand intersect in the labor market, and recruitment plays a crucial role in the
placement of labor in any field. A prospering economy needs an efficient recruitment
process that ensures the right match between the skills of candidates and the
requirements of employers.

Ontology in recruitment appears as an innovative tool that facilitates the
understanding and organization of knowledge related to the personnel selection
process.

A properly established recruitment ontology must contain clearly defined terms
and relationships. In this way, the ontology allows access to information on
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candidates, competences, job requirements. Ontologies can facilitate both faster
and more
accurate assessments of applicants, as well as the creation of automated selection
systems. In this context, this article explores how Protégé can be integrated into the
recruitment process to optimize knowledge management and support better-
informed decision-making.

This article aims to enhance the role of ontologies in recruitment, exploring how
they can improve decision-making and selection efficiency, contributing to the
identification of the most suitable candidates.

2. What is ontology?

The term "ontology" has been approached from several points of view. Initially,
the term was explained in antiquity by Aristotle, as the science of "being qua being,"
the study of attributes that belong to things because of their very nature (Guarino,
2009). Thus, we can say that ontology is a branch of philosophy that studies
existence.

In Computer Science, “we refer to an ontology as a special kind of information
object or computational artifact”. (Guarino, 2009).

Gruber originally defined the notion of an ontology as an “explicit specification of
a conceptualization” (Gruber, 1993). In his articles, Gruber referred to the notion of
"conceptualization”, quoting the authors Genesereth and Nilsson (1987): a body of
formally represented knowledge is based on a conceptualization: the objects,
concepts, and other entities that are assumed to exist in some area of interest and
the relationships that hold among them. A conceptualization is an abstract, simplified
view of the world that we wish to represent for some purpose. Every knowledge base,
knowledge-based system, or knowledge-level agent is committed to some
conceptualization, explicitly or implicitly.”

Ontology is an explicit specification of a conceptualization, which facilitates the

exchange of knowledge in a field (Bajenaru, et all, 2015).
In Information Science, an ontology is a structured framework for representing
knowledge within a domain. More simply, it connects objects and concepts through
defined relationships, creating a model that enables better data organization,
interoperability, and intelligent automation (https://factorfirm.com/posts/ontology-
101-what-it-is-why-it-matters-and-how-to-use-it/)

Enterprise Knowledge defines an ontology as “a defined model that organizes
structured and unstructured information through entities, their properties, and the way
they relate to one another.” (Hilger, J., 2017).

Ontology gives a specific and common understanding based on the different
concept of a domain (Uba, et all, 2019).

Ontologies are used to facilitate the understanding, organization and processing
of information in a logical, coherently structured way.

Basically, the ontology provides vocabulary to describe data with semantics that
computers can understand (Hoag M., 2019). To create an ontology, a thorough
analysis of the domain is necessary. Ontology is a very popular research topic mainly
due to what it promises: a way of capturing a shared and common understanding of
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a domain that can be understood and used as well by humans as programs (Tricot,
et all, 2016).

Within an organization, ontology contributes to: manage content more
effectively, improve findability and discoverability of information, increase the reuse
of unknown information, improve search engine optimization (Patil, et all, 2021).
Ontologies can be created for any domain: financial field (Tanasescu, 2016),
medicine, education.

A classification of ontologies from the point of view of conceptual coverage
(Galatescu, 2001) is presented as follows:

» superior ontologies for covering general concepts, applicable in many fields’
domain ontologies, designed to be useful in a single domain

» application ontologies, designed for a single application within a domain.

In another article (Andone, 2006) these types of ontologies are explained as follows:
v’ subject-independent ontologies are called top-level ontologies and define
concepts that are valid for all domains.

v' domain ontologies define the relevant objects in a specific field of application.
examples of ontologies in the field are those related to airline planning (Valente,
1999), those related to calendar planning (Smith and Becker, 1997), and those for
medicine (Gangemi, 1998).

2.1. Protégé

Protege is one of the most popular tools for creating and managing ontologies.
Protégé is an open-source editor that enables the development and visualization of
ontologies, including in OWL and RDF formats. It is very flexible software and
supports integration with various databases and technologies.

Languages for ontologists began to be created in the early 1990s, normally as
an evolution of existing languages of knowledge representation. Among the most
relevant languages are: Resource Description Framework (RDF), Ontology Web
Language (OWL) and Extensible Markup Language (XML). OWL is a semantic Web
language designed for the representation of semantically enriched knowledge. The
structural units of the OWL are: classes (describe the concepts), data type properties
(describe various attributes of the classes), object properties (represent the
relationships between classes), Individuals (instances of classes, representing
objects within the field of interest) (Bajenaru L., 2015).

OWL (Ontology Web Language) is being considered as the standard language
for representing ontology for semantic web. For ontology editing, Stanford University
has introduced the open source Protégé tool, which defines ontological concepts
such as classes, properties, semantic categories, and different restrictions (Hoag M.,

2019)

An ontology includes the following components (Tandsescu, Bodea, & Patrascu,
2008):

- categories, fundamental concepts or classes (include objects of the same
type);

- the properties of the concepts that describe their different
characteristics and attributes (slots, roles);
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- defined restrictions on slots (facets or defined restrictions on roles). The steps
in creating an ontology are: domain analysis, defining concepts, hierarchy of
concepts, defining relationships, ontology check.

3. Recruitment process

Recruitment is the process of searching, attracting, and hiring qualified
applicants for employment in an organization (Devi M. B. R, 2014).

The recruitment process involves finding as many qualified candidates as
possible, so that the hiring company can select the right person for the job. The
purpose of a recruitment team is to find the ideal candidates for vacant positions.
Unsuitable hiring decisions affect the operations of the department in which a person
has been employed. The recruitment and selection process are a critical component
of an organization's human resources management, determining the quality of new
employees and influencing overall organizational performance.

The recruitment process begins with the publication of the announcement. The
advancement of information technology has a major impact on the recruitment
process. Internet has become the main medium to select and recruit candidates
(Bizer C., et all, 2005).

During the last 15 years, the massification of computers and the Internet have
had an impact on the way humans search for jobs and employees (Rafter R., et all,
2000). In the digital era, there are various recruitment channels: websites, social
media, specialized platforms. Thus, a person interested applies for a vacant
position.

On the other hand, recruitment firms use these recruitment channels to “target”
potential candidates. The selection process follows, a stage in which recruiters
choose candidates based on the job requirements. These requirements must be
clearly stated by the hiring company. After the CV selection process, recruiters
schedule candidates for an interview.

The feedback received from the evaluation processes is used to make the final
hiring decision. The candidate who passes the interview stage will be offered the
position (Singh A., et all, 2010).

The expectations of job seekers are classified into financial criteria (attractive
salary), professional criteria (sense of achievement, opportunity for advancement),
and personal criteria (friendly team, pleasant working atmosphere).

4. Related works

Over time, there has been research regarding the improvement of performance
in the recruitment process. Thus, a decision support system was presented (Singh
A, et al., 2010) that assists recruiters in the quicker selection of candidates. These
systems can enhance information about job offers and/or resumes.

One paper (Karaa W. B. et all, 2011) showed how to build and implement an
ontology that regroups basic information in the resume. The ontology was designed
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for both recruiters and applicants. It was named Ereco and was built using the
Protege 2000 software.

The proposed ontology (Celik D, et al., 2013) was summarized as the extraction

of information from the CV. The overall objective of the proposed ORP system is
based on concept matching task and ontological rules for English and Turkish
résumés which provide for semantic analysis of data and parse related information
such as experiences, features, business and education information from a résumé.
The system contains its own Ontology Knowledge Base (OKB).
Another specialized article focused on using ontology mapping in screening
candidates’ problem to recommend the best mapped candidate resumes suitable for
the job requirement using similarity measurement. The authors (Senthil K. et all,
2013) called the ontology EXPERT.

The system E-Gen (Kessler, 2012) was created in order to automating the
recruitment process. E-Gen is a Natural Language Processing (NLP) and
Information Retrieval (IR) system composed of three main modules:

v’ the first one extracts the information from a corpus of e-mails of job offers from
Aktor’s database.

v the second module analyses the candidate’s answers (i.e. splitting e-mails into
cover letter (CL) and curriculum vitae).

v' the third module analyses and computes a relevant ranking of the
candidate’s answers.

Other authors (Faliagka, et all, 2013) have implemented an integrated company-
oriented e-recruitment system that automates the process of evaluating and pre-
selecting candidates by offering scores to candidates that reflect how well their
profile fits.

Another researcher (Cabrera Diego et all, 2015) developed a Résumé Detector
based on a Support Vector Machine (SVM).

Another ontology (Gang Zhao, Robert Meersman, 2005) was created in order to
improving the recruitment process. The authors explained the balance between
scalability and logical consistency. They said that the design scalability is concerned
with the size (number of vertices and arcs) and complication of ontology models
(complexity of logical relationship among the vertices, arcs and axioms). The formal
requirement of logical roundness and validity of the model has a big impact on the
size-complication relation. Scalability refers to the model's ability to grow without
becoming too unwieldy or inconsistent. At a certain point, the ontology may reach a
saturation point where further additions or modifications become difficult.

5. Application design with UML

The first step in designing an information system is to establish a model that
highlights the important aspects of the software. The UML class diagram is a
conceptual model used for designing the logical model of the information system.

The crucial advantage of designing system by utilizing UML lies in its ability
to describe, and reflect the real world of information systems better. (Hoag M., 2019)
Numerous visualization methods for ontologies have been proposed and many
software tools implementing them have been developed, ranging from newly
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designed approaches to approaches reusing the Unified Modeling Language (UML)
by leveraging on the similarities between Knowledge Engineering and Software
Engineering. (Dudas M., et all, 2018)

UML is a graphical notation used for many years in software design across
various fields. UML is supported by widely-adopted CASE tools. These UML CASE
tools are more accessible to software practitioners than current ontology tools from
the research community such as Ontolingua and Protege, which require expertise
in knowledge representation. Real world industrial agent-based systems need to
interact with legacy enterprise systems, which often have existing UML models
(Kogut, 2002).

There are several options for creating UML diagrams: online tools, specialized
software. In this paper, the class diagram was created with Draw.io.

The class diagram is made up of 13 classes of objects (Figure 1). Within the classes,
the following association relationships are established:

v two-dimensional many-to-many relationships (a candidate applies for one or more
jobs, and a job can also have one or more candidates; a candidate has one or more
job requirements, and a job requirement can also be met by several candidates).

v' one-to-many bidirectional relationships (a candidate receives an offer, but an
offer is presented to one or more candidates; a recruitment team selects one or more
candidates, but a candidate is selected only by one recruitment team; a recruitment
team conducts several interviews, but an interview is handled by only one
recruitment team; a department belongs to a company, but a company has multiple
departments; a candidate receives an evaluation, but an evaluation is given to
several candidates; a job belongs to a department, but a department has multiple
jobs; a job receives a status, but a status is given to multiple jobs).

level | Skills

competencies, symbol

| Foreign_ [ | jon_level |
educaton, symool experience, symbol

languages, symbol J

x x

has e -
5 job_offer Status_of_job
Evaluation 1 LN

| Sallary, integer Status, symbol

Status, symbol eceiyes—
F»—T-,- Bonuses, symbol
[ el require
s_presented
————————————tequre—+—
1. 1.
11 2 1 LR ]

5 P—
Candidate
lect ™3 Name, string le——nas—1 4

Job
Location, string

11
Phone_nr, integer 1 - apply Name, sting belongs to

E-mai, string Type, symbol

s Age, Integer [

T
sz 7] veiprlgs T
has
is_scheduled_for |z

has_interview | Department
Name, string

_Recruitment_team

Manager, string

Recruiter, string

1

manage is_held_by 1.0

Interview 1.1
} is_part_of_the_company

Day, integer

Month, integer

. 05
Year, integer 1.+ has
1

Type, symbol
ipe- N Company

Name, string

Evaluation, symbol

Location, string

Figure 1 — The Class Diagram
Source: made by author
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6. Proposed ontology

The ontology domain is represented by recruitment process. The ontology is
composed of the classes: Candidate, Job, Company, Department, Interview
(Date_of_inteview and Evaluation subclases), Education_level, Experience_level,
Skills, Foreign-languages, Recruitment_team, Offer, Status_job (Figure 2).

THING
> SYSTEM-CLASS
Candidate
Company
Departrment
Education_level

Experience_level
Foreign-Languages
¥ O Interview

Date_of_interview
Evaluation

Job

Job_Offer

Recruitrment_Tearm

Skills

Status_of job

Figure 2 — The ontology for recruitment process
Source: made by author

The following relationships are established between these classes: a company
has multiple departments, a department has multiple jobs, a candidate applies for
multiple jobs, a job has multiple requirements (Education_level, Experience_level,
Skills, Foreign languages), a candidate possesses certain qualities (Education_level,
Experience_level, Skills, Foreign languages), a candidate is selected for an
interview, a candidate is evaluated, a candidate receives an offer, an offer has a
status.

The Candidate Class (Figure 3) has the following slots: name, e-mail, age, phone
number, competencies, experience level, education, lanuguages. The instant slots
that make the links with the other classes are:

v' candidate_has_interview — connects with the interview class
v' candidate_is_selected by — connects with class recruitment_team
v' for_company — connects with the company class
v' for_job - connects with the job class
v/ evaluation_after-interview — connects with evaluation class
Name | Cardinality | Type | Other Facets
[ Age reguired single Integer
M candidste_has_interview reguired single Instance of Interview inverse-siot=interview _jz_for_candidate
M candidste_is_selected by required muftiale Instance of Recrutment_Tesm inverse-siot=select_s_candidste
M Candidate_name required single String
W competencies recuired mutiale Symbal allowed-values={J4% 2 ME-OFFICE,CS5 PHP}
| E-miil recuired single String
B Eciucation recuired mutiale Symbal allowed-values={hight_school University_degres Master_degree}
W ealuation_after _interview recuired single Instance of Evalustion
W experience_level required single Symbal allowed-values={entry _level mid_level senior_level}
[ for_company required single Instance of Compary
B for_job single Instance of Job inverse-slot=candidates _for_job
[ |znguages reguired muttipls Symbal allowedd-values={Englizh ftalian,French German}
(I Phone_number required single Integer

Figure 3 — The Candidate Class
Source: made by author
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The Company Class (Figure 4) has the slots Company_location,
Company_name, company_has_department (links to the Department class),
Company_has_job (instance of the Job class). The Job class has the slots
candidate_for_job and job_belongs_to that link to the Candidate and Company
classes.

MName Cardinality Type Other Facets
M candidates_for_job multiple Instance of Candidste inverse-slot=for_joh
[ competencies recuired muttiple Symbol allovwed-values={Ja% 4 M5-OFFICE,CS5 PHP}
[ experience_level recuired singe Symbol allovwed-values={entry _level mid_level senior_level}
(W job_belongs_to recuired single Instance of Company inverse-slot=company_has_jok
[ job_location reguired single String
[ job_name required single String
[ job_type required single Symbol allowed-values={part-time, full-time remote
[ |anguages recuired muttiple Symbol allovwed-values={Englizh talian French,German}

Figure 4 — The Company Class
Source: made by author

The Interview Class contains the concrete class Date_of _interview which holds
the slots day, month, year, hour, location, interview_type, evaluation. Instance-type
slots are Interview_for_job, interview_is_for_candidate, interview_team. The
Job_offer class includes the slots salary, bonus, feedback, and the instance slot
for_candidate. The purpose of the application is that after the relevant data for the
positions and candidates are entered, the suitable candidates are established to be
scheduled for the interview, through queries.

After entering the necessary data, a query was created (Figure 5) through which
the names of the candidates suitable for the position in terms of experience level
are displaied (other requirements can be added). For the Data Analyst job, the
desired experience level is mid-level, and the candidate who applied for this job and
has the required experience was displayed in the query results.

("% Classes | ™ Shls | = Forms | ® Instances | & Queries |
Query

va

L) A e W # Data analyst (Job)
Jab = eperience_level ‘B v”m»d,level || | # MRCESCU-Data snalyst (Candicate)
# ANTON-Data analyst (Candidele)
L) An N A WA
Candidate = for_joh 4 Data analyst
L] Aew

Candicate W experience_level ‘is ‘| ‘ mid_level "

Figure 5 — The query for match the candidates to jobs in terms of experience level
Source: made by author

In this way, the recruitment team can schedule the respective candidates for the
interview (Figure 6) by filling in the slot’s year, month, day, and hour.
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INSTANCE EDITOR

For Instance: # 14-4-2025 (instance of Date_of_interview, internal name is recrutare_Class20008) \
a fonth Yea
| 14| | 4| | 2025
Interview Location Interview Type Hour
|niﬁce '| |behaviur '| | B|
Interview Team AXS S
Interview For Job A "' L 4 matei
# Data analyst
Interview Is For Candidate A "E Ly
# MRCESCU-Data analyst

Figure 6 — An instance for scheduled candidate
Source: made by author

After the interview, the recruitment team provides an assessment of the
candidate: accepted or rejected (Figure 7), in the Evaluation Class.
This form contains the name of the candidate and the position for which the

candidate was interviewed.

Interview Iz For Candidate

# MRCESCU-Data analyst

Interview For Job A ":' F L2
# Data analyst

Type

accepted =

Pw ¥ ¥

Figure 7 — An instance of Evaluation Class
Source: made by author
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Thus, at the end of the recruitment process, the form for each selected candidate
(Figure 8) will include all the information: the candidate's details, the position for
which the candidate was selected, the date of the interview, and the obtained status.

Candidate
<olay Slot: |8 Cancidete_nams- M8 or_jobs - elected Widget Type] Sel
PR A& A w8
Fow ¥
Aw ¥ F

Figure 8- The form for each selected candidate
Source: made by author

The admitted candidates will subsequently receive the offer, for which they will
give a status: accepted or declined. After the submission of the offers, the query
regarding the candidates' feedback displays which positions were accepted or
rejected. In example (Figure 9), the author wanted to highlight the name of
candidates who accepted the job offer. From Candidate Class the slot “for_job” was
used. From Job_offer Class, the slot “feedback” with condition “is accepted_offer”
were used

The result of this query showed the names of candidates and the names of jobs.

Classes | ™ Sits | = Forms | # Instances | & Querics |
Query {.

- [ Ad N strng # ANTON-economistiaccepted_offer [Job_Offer)
Candidiate - for_job ‘wmms -H | # MIRCESCU-Data analystiaccepted_offer (Job Offer)

N g Ad

Job_Otter . feedback ‘;s 'Hacceptediuﬂer '|

Figure 9— The query containing the candidates' feedback
Source: made by author

The final step that the recruitment team goes through, after the position has been

accepted or not by a candidate, is to determine the job status (figure 10): not
available or vacancy. This information is needed in Status of job class.
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not_available =

# Data analyst
g Select Instance

: Direct Instances ~

Jak (5 & Data analyst

# econamist

# tehnician

Figure 10— An instance of Status_Job Class
Source: made by author

7. In conclusion

This ontology is intended to enhance the management of activities in a
recruitment company. Ontology is organized in classes: Candidate, Job, Company,
Department, Interview (Date_of_inteview and Evaluation subclases),
Education_level, Experience_level, Skills, Foreign-languages, Recruitment_team,
Offer, Status_job. The purpose of the application is the possibility of automatic
selection of candidates for the interview. In this way, the recruitment team can
schedule candidates who possess the requirements for the position (experience,
education, skills). After the evaluation process, the accepted candidates will receive
the offer, for which they will give a status: accepted or declined.

After the submission of the offers, the query regarding the candidates' feedback
displays which positions were accepted or rejected. The filled and vacant positions
appear in the job management system.
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