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Abstract: Advances in computers and communications have significantly changed almost every
aspect of our daily activity. In this maze of change, governments around the world cannot remain
indifferent. Public administration is evolving and taking on a new form through e-government.
A large number of organizations have set up websites, establishing an online interface with the
citizens and businesses with which it interacts. However, most organizations, especially the decen-
tralized agencies of the ministries and local authorities, do not offer their information electronically
despite the fact that they provide many information services that are not integrated with other
e-government services. Besides, these services are mainly focused on serving citizens and businesses
and less on providing services to employees. In this paper, we describe the process of developing
an ontology to support the administrative procedures of decentralized government organizations.
Finally, we describe the development of an e-government portal that provides employees services
that are processed online, using the above ontology for modeling and data management.

Keywords: administration ontology; e-government; OWL; public administration

1. Introduction

The progress made in the field of computers and among them in the field of networks
and the internet has significantly affected all areas of our daily lives. Our daily activities
have the potential to be simplified and performed more efficiently. This progress has
affected not only the operations of the private sector but also the operations of the public
sector by introducing the concept of e-government. In this context, governments are
trying to formulate a central digital policy, by delineating the axes and determining the
directions for its development. Their goal is to increase and improve the services provided
electronically, with minimal physical interaction, thus reducing administrative burdens.
Special emphasis has been also placed on facilitating access to electronic services through
more user-friendly interfaces and one-stop government points.

The establishment of e-government requires the transformation of public administra-
tion through the simplification and digitization of administrative procedures. The most
effective operational planning presupposes the understanding and modeling of the correct
needs of the procedures. This will lead to the necessary redesign of the procedures in order
to optimize the provided electronic services.

This transformation is not a simple process. The public sector has a huge range of
functions and services offered to citizens and businesses. The structure and operation of
the public sector make reforms time-consuming and complex. Reforming usually requires
changes in the legislation and a series of circulars that will regulate the individual issues that
arise. Besides, the rapid introduction of computers in society in recent decades has created
the need for the immediate introduction of computers in public administration. This re-
sulted in the development of systems oriented to the needs of each organization before
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the central government had time to adequately formulate and implement a central digital
policy. Many of the developed systems attempted to digitalize existing processes without
having undergone the necessary administrative transformations. Therefore, these sys-
tems face difficulties in cooperating, showing a high degree of heterogeneity. Besides,
these systems face difficulties in adapting to the newly reformed framework set by the
central government.

By careful examination of the way e-government has developed in recent years, we can
verify that the key priority is the provision of services to citizens (government to citizen) and
businesses (government to business). However, another area of e-government that has not
been explored extensively is the provision of electronic services to employees (government
to employee). The low priority given to this area is normal, as the administrative burden
of handling services to civil servants is generally lower. On the other hand, there are
cases of public organizations with a large number of employees and a large geographical
spread. In this case, the number of employees makes the administrative burden for their
management considerable.

At a theoretical level, the need for online governmental services has been widely
recognized. There have been many initiatives in recent years around the world and several
projects have been developed to promote e-government. However, as [1] and later [2]
point out, there is a gap between theory and practice. Despite the plethora of work and
suggestions on the use of ontologies in e-government, the percentage of works that have
suggestions for practical applications is low. On a practical level, many organizations have
set up websites establishing an electronic interface with the citizens and businesses with
which they transact. Most agencies, especially the decentralized ministry agencies and
the local government agencies, provide mainly information services (stage 1 services) and
printed applications in electronic form (stage 2 services). In these cases, citizen service
begins and ends nonelectronically. Few organizations provide services that are started
electronically and completed manually (stage 3 services) and even fewer provide services
that are completed entirely electronically (stage 4 services). In addition, few agencies have
been involved in offering integrated services to their employees.

Knowledge management is of particular importance for the development of a system.
Traditional knowledge representation systems have a centralized structure and impose strict
rules for data representation. This results in reduced flexibility and soon leads to management
problems. Besides, it limits the information we can retrieve and its scalability [3].

Knowledge management in e-government applications must take into account its
online nature. A key element is the need for user interaction. This interaction replaces the
physical transaction of the citizen with the state and offers integrated services to the citizen.
Developments in the field of the World Wide Web promote the interaction of users through
the Social Web (Web 2.0). However, the amount and structure of data generated with Web
2.0 are not properly structured to facilitate data interconnection and reasoning [4,5].

The Semantic Web (Web 3.0) adds logic to the web and provides a solution to these
problems. The Semantic Web is an extension of the Web that organizes data in a formal,
structured form and sets inference rules [3]. Ontologies depict a shared, agreed, and de-
tailed model (or set of concepts) of a domain. Another advantage of using a domain
ontology is the definition of semantic models of the data combined with the associated
domain knowledge [6]. In general, knowledge management becomes more efficient when
using the linked data technology stack. It is important that the data is machine-readable
and ensures interconnection with other data sets [7] Formal ontologies help the data to be
represented at a higher conceptual level, regardless of the task they are called to perform [8].
The combination of Social and Semantic Web is essential for the effective implementation
of e-government.

Remarkable is also the research in the field of ontologies in e-government. The majority
of these proposals use a top-down approach and are mainly concerned with defining
horizontal ontologies.
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Besides, there are few e-government applications based on ontologies. Finally, it is
noteworthy that despite the research carried out, there is difficulty in defining backbone
ontologies by governments.

In this paper, we present on the one hand the development of an ontology to support
administrative work and on the other hand, a good practice for the process of developing
an e-government portal that will provide comprehensive services to employees. The por-
tal is based on the proposed ontology, both for the modeling and for data management.
We followed a bottom-up approach, starting with the analysis of the requirements of the
organizations and continuing with the design and implementation. The decentralized Pri-
mary and Secondary Education Agencies under the Ministry of Education of Greece were
selected as the scope of application. These organizations have a common administrative
framework and are called to serve the needs of more than 200,000 permanent and contract
teachers in Greece.

Within this work, we propose a model for the development of e-government, through
the development of individual specialized vertical ontologies developed with a bottom-
up approach and the interconnection between them. The contribution of this work lies
in exploring the development of ontologies for government to employee. Within our
work, we highlight the effectiveness of ontologies in developing web applications for
e-government. We also focus on the usefulness of vertical ontologies in the provision
of integrated electronic services for both modeling and mainly for data management,
by presenting a good practice model for e-government.

The rest of the paper is structured as follows. In Section 2 we present relevant work in
the field of e-government. In Section 3 we present our methodology. Section 4 describes
the Domain of the Ontology and Section 5 presents the Web Portal constructed on and the
lifecycle of a user’s request. Finally, Section 6 concludes this paper and presents directions
for future work.

2. Related Work

In the last few decades, there has been an increase in semantic web ontologies that try
to model the services offered by the public sector. In [9] we see a study about knowledge
management, which can be used for designing and developing e-government services.
They suggest the use of knowledge units which, through a domain map, are related to
the transaction service components that will be implemented. In the context of the Smart-
Gov project, they created a general-purpose ontology that aims to provide a conceptual
framework at the cognitive level and not a special-purpose ontology.

Another project that recognizes the need for proper knowledge management and
deals with the conceptual level is the OntoGov project [10,11]. This project tries to address
the problems that arise in the provision of services to public bodies due to the frequent
changes that take place in the legislation. For this purpose, they defined a cluster of
ontologies for modeling e-government services. The overall goal of the OntoGov project
is to develop, test, and validate a semantically enriched platform that will facilitate the
consistent restructuring of e-government services.

The ICTE-PAN project dealt with the support and structure of the highest-level func-
tions of the government, such as the planning, implementation, and evaluation of public
policies for major and complex social problems. In this work [12] distinguished the need
to interconnect heterogeneous systems with different backgrounds, interests, and val-
ues. He developed a horizontal ontology which, however, can be combined with vertical
ontologies in the management of specialized topics.

The Governance Enterprise Architecture (GEA) [13] is a top-level enterprise architec-
ture that aims at the overall description of a governmental model. They suggest five levels
for process and object models, the GEA mega-process model, the GEA interaction model,
the GEA public policy formulation object model, the GEA service provision object model,
and the latest development of the GEA object model for the overall governance system. Ac-
cording to the proposed model, the interaction between the administration and the citizens
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is divided into two main parts. The first one, the planning part, consists of the necessary
actions needed to provide citizens with the necessary information to identify and use the
available services. The second consists of the necessary actions to provide the citizen with
the product of the service. Their research continued with the implementation of the model
using OWL [14]. In this context, they developed an application that attempts to provide
the user with access to related functions, based on his profile. They also explored the
conceptual mappings between GEA entities and Web Service Modeling Ontology (WSMO)
service model components [15].

GEA was the basis for other works in the development of ontologies, particularly in
the area of service detection by citizens. The OntoAL ontology [16] attempts to adequately
describe the state structure of Albania, making the necessary modifications to adapt to
local conditions. This ontology aims to translate public services into daily activities so that
the citizen can easily find services even if they have not been modeled.

The authors in [17] used a model proposed in GEA and constructed a semantic model
to support the identification of the services by the citizens. They proposed a model-driven
architecture methodology and they built a framework for the needs of a municipality.
Its purpose was to assist users in the search for services and to provide them with relevant
access to it, making them independent of domain experts.

There are also many more top-level ontologies for e-government. Indicatively, we men-
tion some of them. The authors in [18] proposed an e-government framework in OWL
that uses ontologies for the State of Kuwait. The ontologies are designed for assisting
interoperability and interconnecting information from different government organizations.
They integrated information from the domains of health care, education, and civil infor-
mation, taking into account the common information from all these domains. IndiGov-O
is another top-level ontology that conceptualizes the structure of government in India.
The authors in [19] introduce a four-level hierarchy to represent the ministries and their
departments that will form the basis for future extension of e-government.

Apart from top-level ontologies, there is interesting research for the development
of vertical ontologies in specific sectors of public administration. In the field of legal
ontologies, [20] introduced an e-government ontology model for the real-estate transaction
domain, in Spain. This model is a part of the e-Government Ontology (EGO) model that
was developed within the Reimdoc Project. The aim of the project was the modeling of legal
documents and information to enable their retrieval during the processing of transactions
with citizens. This issue has also been investigated in other works [21,22]. The eGRRC
framework that was proposed by [23] can be used for modeling legislation but mainly
focuses on regulatory requirements compliance and their interrelationships.

Another area that has attracted the interest of researchers is financial e-government
ontologies. In [24], the authors presented an ontology for the budgetary and financial
system of Santa Fe province in Argentina. They combined ontology development method-
ologies and software engineering techniques to highlight the advantages of ontology-based
applications. Another financial ontology, focusing on public procurement, is the Public
Procurement Ontology (PPROC) [25]. The PPROC ontology covers all the stages of procure-
ment processes and contracts. The Zaragoza’s City Council and the Provincial Government
of Huesca have adopted it. PPROC ontology complies with transparency laws providing
open data for public procurement.

Other researchers have also pointed out the inadequacy of ontologies in open gov-
ernment and open data. In [26], the authors developed a transparency ontology with
OWL and Protégé. They started their research driven by the deduction that there is dif-
ficulty in selecting the data that will be used to create an effective ontology. Therefore,
they focused their research on which data is more understandable to citizens, in order to
select an optimal set for the ontology. An innovative work was developed at Rensselaer
Polytechnic Institute in the field of linked open government data [27]. The result of this
work was the Tetherless World Constellation (TWC) of Linked Open Government Data
(LOGD) portal, a Semantic Web-Based platform for sharing open data. The approach for
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the LOGD portal was adopted in the UK and USA for their open data portals. In the UK
(https://data.gov.uk) (accessed on 24 March 2021) there was a top-down implementation,
while in the USA (https://www.data.gov) (accessed on 24 March 2021) they preferred a
bottom-up method.

In [22], another vertical ontology is proposed that aims to support integrated services
of a public organization. The ontology consists of the structure of public administration in
Greece and the documents that are used. The documents are divided into the documents
that are produced by the administrative procedures and the documents that concern the
legal framework that is applied. They presented the application of the relevant ontology in
the administration procedures of the local authorities of Greece.

Ontologies, beyond their effectiveness in imaging and modeling systems for develop-
ing applications that implement services, may be particularly useful for the interconnection
of heterogeneous systems. There is a lot of relevant work on this subject. Indicatively we
mention some of them. The authors in [28] presented a semantic-based architecture of a
one-stop government portal, which on the one hand supports the user in searching for
services on interconnected systems and on the other hand ensures the processing of the
requested service. EG-BOnt was another approach by [29] for modeling and collaboration
on the government to business field. The authors in [30] proposed an e-government inter-
operability framework in Uganda. They designed a National Enterprise Architecture that
is based on a set of related ontologies.

The contribution of the above works is particularly useful and necessary for the
mapping of how ontologies can be utilized in e-government. These papers use more a
top-down approach and focus on top-level and horizontal ontologies. Most of them try to
give general directions for the development and use of ontologies in public administration.
Despite the relevant research, governments around the world face difficulties in defining a
central governmental ontology that will support the development of electronic services.
Besides, there are not many vertical ontologies, especially in the field of government
to employee.

The experience gained from the above work is the basis for the next step in this area.
Our proposal is based on the development of vertical ontologies that will result from a
bottom-up approach. Each organization or group of organizations with a common working
framework must design the ontology that will support its administrative procedures.
Beyond that, the emphasis should be placed on the interconnection of these ontologies to
achieve the desired degree of interoperability.

The heterogeneity that results from this process should not be considered as a deterrent.
Given the general difficulty of defining and applying common standards, heterogeneity is
part of the system and is already a phenomenon that is being addressed. Heterogeneity is
a more general problem that does not occur only in our case. Additionally, the modeling
offered by the use of ontologies helps us to overcome the issues of heterogeneity more
easily. Several papers suggest solutions to this issue through the use of ontologies [28–30].

For our application, we used ontologies. Ontologies offer efficient modeling of struc-
tures, data, and services. This, in addition to the advantages it offers us for design and im-
plementation, facilitates the interconnection of heterogeneous systems. Moreover, the rea-
soning capability enables us to infer information more easily from our data.

The solution we propose can also be considered in conjunction with other research
papers that explore the potential for exporting data from relational databases into ontolo-
gies [6,31–34]. In this way, it is possible to utilize the huge volume of data that already exists
in relational databases, to facilitate the transition of information systems using relational
databases to semantic ontology systems.

The purpose of our work is to create an ontology to support administrative work
and an ontology-based e-government portal that offers integrated services of stages 1–4
to employees. In this context, the ontology manages the modeling and management of
knowledge, which is used in the services of all four stages. The Web Portal, for its part,
undertakes the implementation of the services, offering the necessary interfaces to the

https://data.gov.uk
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clients (employees) for the submission of requests to the administration and the receipt of
the results. It also provides the necessary interfaces for the administration to access the
SPARQL endpoint for data management and request processing.

For the construction of the ontology, we chose the OWL language, because of its
stronger semantics and logic relation expressiveness. For the implementation of the ontol-
ogy we used Protégé 5.5.0 [35] and we verified the ontology with the Pellet reasoner [36].
In addition, we checked the ontology for inconsistencies and pitfalls with the OntOlogy
Pitfall Scanner (OOPS) [37]. The portal was built with open source tools. The web interface
was powered by WordPress and we used PHP custom templates that were handling the
user requests and the SPARQL queries. We also set up a SPARQL Endpoint with Apache
Jena for data management.

3. Methodology

There are several approaches for designing and implementing e-government on-
tologies. In general, the methodologies are divided into two categories: top-down and
bottom-up [38,39]. In the first category, top-down methodologies attempt to cover the
entire range of a domain by describing the concepts and relationships between them.
These methodologies first model high-level concepts and subsequently they fine-grain
them and go deeper into lower levels. According to [39], this approach has the advantage
that the ontologies that are created can easily be reused and can be used as a basis for creat-
ing new ontologies. These ontologies also contain a semantically rich vocabulary of terms
and relationships and offer better control of the level of detail. The top-down development
of an ontology has the disadvantage that it requires a lot of time and effort. Designing an
ontology with this methodology requires very good knowledge of the domain to produce
adequate modeling. Moreover, the ontologies that are built with this methodology are
more general and face difficulties in managing changes.

On the other hand, in bottom-up methodologies, the modeling of concepts starts from
the lower levels. In this approach, the concepts are easier to identify and the ontology is
built faster. This methodology more easily identifies the biases and inconsistencies caused
by humans. Moreover, the ontologies are modified more easily and respond more quickly
to changes that take place [39]. Their disadvantages [39] include the fact that they have
a high degree of detail, which creates problems in identifying common correlations and
increases the risk of inconsistencies [40]. This approach does not use a common model
and shape to represent the concepts. In addition, each ontology uses a different model for
its development [29].

To develop our ontology we chose to use a bottom-up approach. Our ontology aims
to serve the needs of a specific group of organizations. Despite the research that has taken
place in recent years, the state has not adopted top-level ontologies that could stand as the
backbone for our effort. Our goal was to create a vertical ontology that is flexible and can
be easily extended to adapt to frequent changes.

Initially, we performed a detailed mapping of the structure and function of the organi-
zations. In order to record the procedures that are performed, interviews were conducted
with domain experts (i.e., heads and employees of administrative departments). During
the design, we started from the specific tasks we want to implement, taking into account
the possibilities of extending the ontology. As [41] proposed, we developed our ontology
incrementally. In the first steps, we integrated certain concepts and relationships and
continued with defining new ones, or creating instances as needed.

More specifically, we followed the following steps:

1. Mapping status. In this step we depicted the structure of the decentralized agencies
and identified the processes that take place in these organizations.

2. Selecting procedures for implementation. We ranked the processes of the previous
step using as criteria the number of individuals involved and the repetition period of
each process, to select those that cause the greatest administrative burden. For each
of the selected procedures, we followed steps 3 to 8.
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3. Analyzing procedures by identifying the events (triggers) that initiate the procedures,
the individuals and organizations involved in the procedures and the additional data
that need to be retrieved from the organizations’ files. We also analyzed the data
processing that takes place and the outputs of the process.

4. Ontology Design. We modeled the entities and separated them into “Organizations”,
“People”, “Documents”, and “Data” participating in the processes.

5. Ontology Building. We implemented the ontology with the Protégé tool.
6. Ontology Population. To verify the functionality of the ontology we created a set

of individuals.
7. Procedure integration in the Portal. We developed the user interfaces for each pro-

cedure and we added the necessary code to communicate with the SPARQL Server.
8. Testing the Web Portal. During the testing of the functions in the Web Portal,

we checked the correctness of the design and implementation of the Ontology and
proceeded to corrections where necessary, returning to Step four.

9. Ontology Evaluation. Evaluation of the ontology and checking for inconsistencies
and pitfalls.

Focusing on the procedures implemented we have to note that are mainly divided into
“procedures involving human intervention” (e.g., granting leave) and “fully automated
procedures” (e.g., issuance of a certificate).

The triggers that initiate the procedures are mainly the will of the employees that are
expressed by submitting an application. The application is an incoming document that
contains the details of the applicant, identifies the requested service, and the necessary
parameters required to process the application. Some other procedures are initiated ex
officio by an organization as they fall under its statutory obligations, such as hiring or
firing contract teachers.

The data needed to complete a process consist of the data that are kept in the agency’s
files for employees (e.g., for the teachers, the schools they have served).

Process outputs are documents that validate an act or certify a situation. To create
these documents, we have to collect the necessary data concerning the employee. After this,
we have to connect them with the details of the organization that issues the document,
the supervisor who certifies them, and the employee who compiles the document. The ad-
ministration’s decision is also recorded in case it is required (e.g., the approval or rejection
of an application of leave).

4. The ADM Ontology

Following the previous analysis, we proceeded to the design of the ontology. The ADM
Ontology contains 71 classes, 41 object properties and 53 data properties.

4.1. Classes

The entities that we represent are classified into the following classes:

• Organization
• People
• Document
• Data

4.1.1. Organization

The Organization class (Figure 1) is used to represent Organizations and their structure.
It is divided into three main subclasses: Administration, School, and Other Organization,
which are disjoint. The Administration subclass contains the Administrative Organizations
and their hierarchical structure is reflected with the relevant object properties (supervises,
isSupervisedBy) that show which organization supervises which. The Ministry supervises
the Regional Directorates and they supervise the Directorates. Each organization is super-
vised by only one organization of the higher level, while it can supervise several lower
level organizations.
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Figure 1. The Organization class hierarchy as shown in Protégé.

The School class is used to classify school units. All subclasses of the class School are
disjoint to each other. Depending on the type of school unit (primary or secondary), it is
supervised by a Directorate of the respective level. Each school unit is supervised by only
one Directorate. Finally, the class Other Organization is used to represent organizations
that do not belong to the Body of the Ministry of Education, but it is necessary to record
them as they have issued acts in the past that affect the official status of our employees.

An organization is run by a director (hasHead property) and has at its disposal the
employees who serve in it (hasEmployee property). An organization also receives in-
coming documents from people and organizations (hasReceived property) and issues
documents (hasIssued property) that communicates to people and organizations. Civil Ser-
vants also offer service to an organization (hasReceivedService), which is recorded for its
personal records.

The Organization class has 15 subclasses, uses 12 object properties 7 data properties
and inheritance depth 3.

4.1.2. People

The class people (Figure 2) is divided into 2 main subclasses, Citizen and Civil Ser-
vant. The Civil Servant class contains the subclasses Director, Administrative Employee,
and Teacher. The class Administrative Employee refers to civil servants who belong to
Administrative Organizations, while the class Teacher refers to civil servants who belong
to a school. The above two classes are disjoint, while the members of the class Director
can be either Administrative Employees or Teachers. The class Director contains the civil
servants, that are head of an organization and have the authority to sign the issued docu-
ments. To state that a civil servant is director of an organization we use the “isHeadOf”
object property.

An instance of the class People can receive Outgoing Documents from an Organization
and can sign a document. The sign procedure is depicted with the “hasSigned” object
property. The action of signing a document is general. It can depict many physical actions
of a person depending on his role. A citizen or a civil servant signs an application that
submits to organization. A civil servant signs an outgoing document that he processes and
a director signs an outgoing document issued by his organization.

Since our ontology is oriented towards government to employee support, civil ser-
vants play different roles depending on the occasion. When a civil servant acts as a client
of services can request a leave or a certification. When administration issues a decision or a
certificate has to take into account information stored in the personal records of the civil
servant. With the relevant object properties we correlate a civil servant with an Organiza-
tion (isEmployeeOf property), with changes in his official status (isEffectedBy property),
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with his working experience in other organizations (hasPreviousService property), and with
leaves granted so far (hasRequestedLeave property).
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When a civil servant acts as a representative of the administration composes outgoing
documents (hasComposed property), represents an organization (isEmployeeOf property)
or signs an issued document (hasSigned property) if he is a director.

The class Citizen is added for future extension of the ontology and is divided into
Parent and Student. Since the vast majority of students attending primary and secondary
schools are minors, until adulthood their transactions with public organizations are carried
out through their parents.

The People class has 12 subclasses, uses 16 object properties 7 data properties and
inheritance depth 3. The subclass Civil Servant has 3 more data properties.

4.1.3. Document

Documents, as shown in Figure 3, are divided into two major categories which are
represented by the respective classes: Incoming Documents, and Outgoing Documents.
There are many types of Incoming Documents but, at this stage, we only use one type,
the applications. The Outgoing Documents we use are certificates and decisions. A docu-
ment is signed by a person (isSignedBy property). An incoming document is submitted to
an organization (isForwardedTo property), while an outgoing document is communicated
to some Organizations or People (isForwardedTo property).

For each type of application, there is the relevant type of outgoing document. Each in-
coming document is correlated with the outgoing document that processes it, with the
“isProcessedBy” property. When an application is submitted an instance of the application
is created to the relevant class, according to the type of the application. In cases where a
decision of the administration is required regarding the approval of the application or not,
an additional instance is created for the object of the application. For example, an application
for leave creates an instance in the leave class. This instance is connected to the application
with the “isRequestingFor” property and to the decision with the “isRefferedIn” property.

When an application is processed, an outgoing document is issued by the organization
(isIssuedBy property). The document is composed by a civil servant (isComposedBy
property), is signed by the director (isSignedBy property) and forwarded to the recipient
(person or organization) (isForwardedTo property).
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We have also created the subclass of the transmission document for future use, as it is
a basic type of document used in public administration.

The Document class has 20 subclasses, uses 16 object properties 3 data properties,
and inheritance depth 4. The subclass Application has 1 more data property.

4.1.4. Data

In the Data class (Figure 4), we model the data we manage that are necessary for the
processing and the production of outgoing documents. The data of each class is used to
handle more than one process and this modeling can be used in future system extensions.
The data is connected to the outgoing document with the “isRefferedIn” property.

The “Changes in Civil Servant’s status” class contains the data that is kept in the personal
records of the employees. These data are useful for the issuing of almost all documents for
Civil Servants. The changes are linked to the civil servant with the “hasEffectOn” property.

The “Previous Service” class contains information related to the services of the staff
before and after the appointment. Each service is connected to a civil servant with the
“wasOfferedBy” property and to an organization with the “wasProvidedIn” property.

Finally, the “Leave” class classifies the types of leaves. For each type of leave there is a
separate subclass. The leave instance connects to its application with the “isRequestedWith”
property and with the civil servant with the “isRequestedFrom” property.

The Data class has 20 subclasses, uses 12 object properties, and inheritance depth 3.
The subclasses of class Data have 18 data properties.
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4.2. Object Properties

The object properties depict the hierarchy of organizations, the relationship between
people and documents, people with data, people with organizations, organizations with
data, organizations with documents, and documents with data. In Table 1 these relation-
ships are presented.

Table 1. Object Properties.

Range
People Organization Document Data

D
om

ai
n

People isHeadOf
isEmployeeOf

hasSigned
hasComposed
hasReceived

hasRequestedLeave
hasPreviousService

isEffectedBy

Organization hasHead
hasEmployee

supervises
isSupervisedBy

hasIssued
hasReceived hasReceivedService

Document
isForwardedTo
isComposedBy

isSignedBy

isForwardedTo
isIssuedBy

hasProccessed
isProccessedBy

hasReffered
isRequestingFor

Data
hasEffectOn

isRequestedFrom
wasOfferedBy

wasProvidedIn isRefferedIn
isRequestedWith
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4.3. Data Properties

In Table 2 we can see the data properties of the individuals that belong to the classes
mentioned in Section 4.1. The Application class is a subclass of the Document class, so its
individuals inherit the parent class as well. Respectively, the Civil Servant class is a
subclass of the People class and its instances inherit, respectively, from the parent class.
The Changes class is designed to include all types of status changes. The Data Properties
“hasChangeDate”, “hasDecisionAuthority”, “hasDecisionDate” and “hasDecisionRefNum”
are common to all types of changes. The rest properties depend on the type of the change.

Table 2. Data Properties.

Class Data Properties

Organization hasOrgId, hasTitle, hasAddress, hasTel, hasFax,
hasEmail, hasWebSite

Document hasDate, hasRefNum, hasTheme
Application hasAppStatus

People
hasSurname, hasFirstName, hasFatherName,

hasMotherName, hasIdentityCardNum,
hasTaxIDNum, hasBirthDate

Civil Servant hasRegistryNumber, hasEducationLevel,
hasSpeciality

Previous Service
hasServiceTitle, hasServiceStartDate,

hasServiceEndDate, hasServiceTotalTime,
hasServiceHeadPosition

Leave hasLeaveStartDate, hasLeaveEndDate,
hasLeaveNumOfDays, hasLeaveStatus

Changes hasChangeDate, hasDecisionRefNum,
hasDecisionDate, hasDecisionAuthority

Discharge, Appointment, Pension hasGovGazzeteNum
Grade hasPenaltyType

Disciplinary penalty hasPenaltyType
Moral Rewards hasRewardType

Salary Scale hasSalaryScale

4.4. Validation and Evaluation of the Ontology

For the validation of the ontology, we first used the Pellet reasoner. Pellet is a complete
OWL-DL reasoner. It is open source and it accessible through various interfaces. In our
case, we used the Pellet plugin of Protégé. As its developers [36] state “It offers a panoply
of features including conjunctive query answering, rule support, e-connection reason-
ing, and axiom pinpointing, among others”. Using Pellet, we checked the ontology for
inconsistencies and errors that may have occurred during the design and implementation.

We also checked the ontology for inconsistencies and pitfalls with OOPS (OntOlogy
Pitfall Scanner) [37]. OOPS is a tool for detecting pitfalls in ontologies. It checks an ontology
and predicts potential problems that may arise, based on a list of bad practices “pitfalls”.
OOPS tries to identify features that often represent a problem or that could lead to ontology
errors. For our case OOPS detected minor problems which were corrected and as a result
no problems are currently reported by the tool.

Finally, we evaluated the ontology through its real-world usage in the web portal,
and we found it adequate and complete, completely covering the cases for which it has been
developed. A survey was conducted in which 42 people used the Web Portal and then com-
pleted a questionnaire in which they recorded their experience of using it. The participants
in the research were civil servants, administrative employees, and teachers, who serve
in decentralized organizations of the Ministry of Education. As the ontology is oriented
towards the development of functions in the field of government to employee, the par-
ticipants had the advantage that they could participate in a dual role. More specifically,
they were invited to use the Web Portal both as users who wish to submit their requests,
and also as representatives of the administration that needs to process the requests that
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have been submitted to the organization. For this purpose, they were granted credentials
for their connection to different roles.

In the overall rating of the Web Portal, 81% of the users stated that they were very
satisfied, and 16.7% said that they were satisfied, while 2.4% stated that their experience
was neutral. There were no negative answers. In terms of ease of use, 76.2% of the users
stated that they were very satisfied, and the remaining 23.8% said that they were satisfied.
The processing speed was quite satisfactory, with 95.2% of the users stating that they were
very satisfied, 2.4% that they were satisfied, and the remaining 2.4% stating that their
experience was neutral. Finally, it was very important that all users easily understood
the functions of the Web Portal, completed all their requests, and did not encounter any
technical difficulties.

In Section 5, we provide an example scenario which shows how the ontology is used
in real practice.

5. The Web Portal

The purpose of the portal is to provide stage 1 to 4 services to citizens and employees.
The Web Portal manages the user interface and the communication with the SPARQL
Endpoint. Users may log in and submit applications to the administration. They can also
access their personal data through the personal repository. At the same time, we developed
the relevant interfaces (Organization’s Dashboard) for data management on the part of the
administration. The e-government’s stages of services in the web portal are the following:

• Stage 1 (Information). The web portal contains basic citizen information services.
In general, providing information at this stage of services is not very complex. What is
interesting is the data retrieval that is performed with SPARQL queries to the Apache
Jena Endpoint. From the options menu, users can select the type of information that
can be displayed.

• Stage 2 (Interaction). An additional feature offered through the second stage services
is the one-way interaction. Users have the opportunity to interact with the portal by
downloading documents and information which they can store on their computer
and use for their physical transaction with the organizations. For the services of this
stage, there is no communication with the SPARQL Endpoint and all management is
accomplished through the website.

• Stage 3 (Two-way Interaction). The Web Portal supports two-way interaction services
by offering to user’s registration functions. Users can register by providing basic
personal information and after the administration’s approval, they have access to
more online services. After their successful registration, they can submit applications
to the administration. For submitting applications communication is necessary with
the SPARQL Endpoint for retrieval of the necessary parameters.

• Stage 4 (Transaction). Stage 4 services are provided through the user’s personal
repository. The personal repository contains the employee or teacher’s electronic
file. The user has access to all the data kept by the administration in the file of the
organization. He also has access to his request history and can check the status of his
applications. Besides, he can download the certificates and decisions for which he has
applied onto his computer.

5.1. Web Portal Functions

Some of the functions provided by the Web Portal are available to users without
logging in, while others require a login. In Figure 5, we can see the options provided by
the main menu to users.
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5.2. Life Cycle of a Request

Here, we will briefly describe the life cycle of a request, from the moment the user starts
the application process, until the receipt of the requested document. The procedure we
will describe is the issuance of a Certificate of Employee’s Status Changes. This procedure
belongs to the “Application and automatic issuance of a document” functions. For the
presentation, we split the procedure into two parts—the application submission and the
preview of the certificate. As the task is fully automated, we do not separate the application
from the issuance of the certificate. In Figure 6 we can see the classes, the object properties,
and the data properties that we have to use in order to produce the Certificate of Employee’s
Status Changes.

5.2.1. Submission of the Application

To submit the application, the Web Portal communicates with the SPARQL Endpoint
in two phases. In the first phase, we enter as soon as the user selects an application from the
main menu, so it appears his intention to apply. At this stage the application has not been
submitted yet and the necessary information for its completion is provided. In Figure 7 we
see the relevant query.

We enter the second phase when the user clicks on the submit button. After that,
the request of Figure 8 is submitted to the SPARQL Endpoint. For issuing the certificate,
no action of the administration is required as the process is fully automated. Therefore,
with this request the details of the application (lines 7–17) and the details of the certificate
(lines 19–34) are inserted.

5.2.2. Preview of the Certificate

The issued (outgoing) documents are not static documents stored in the server storage.
Every time a user requests to preview them, the Web Portal creates them dynamically by
collecting data with queries submitted to the SPARQL Endpoint.

Once the user requests the preview of a certificate, a series of SPARQL queries are
executed which collect the necessary data for constructing the document. If the queries
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are executed successfully, the Web Portal compiles the document and displays it to the
user. These queries will provide us with information about the employee, the organization,
and the document. The basis for all the queries is the registry number of the employee,
except the queries for the documents that are based on the reference number. In Figures 9
and 10 we see two of these queries. The first one requests information about the employee
and the second one information about the employee’s status changes.
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6. Conclusions

In recent decades, progress in the field of information technology and communica-
tions has given a huge boost to the evolution of society, giving it an additional digital
dimension. In this cycle of change, governments are called upon to meet the needs of
society and to transfer their activities to the digital world through e-government. In this
context, many government organizations have established online presence points offering
online services to citizens, businesses, and other government bodies. However, the ser-
vices they offer extend mainly to stages 1 and 2 and less to stages 3 and 4. Additionally,
few organizations have been involved in providing online services to their employees.

Various solutions have been adopted for the development of online services. A very
useful and effective tool for the development of such services are the ontologies. Ontologies
offer better modeling of the structure of the entities, services, and data involved in the
processes. They are also more effective in tackling heterogeneity problems. Moreover,
the use of ontologies has the advantage of inference ability through reasoning.

At the same time, governments around the world, recognizing the need for e-government,
have supported several initiatives and research projects in this area. These efforts have
helped to lay out general frameworks. However, this task is quite complex and encounters
many difficulties, as the scope of the public sector is huge. As a result, governments find it
difficult to adopt the horizontal ontologies that will be the backbone for the development
of vertical ontologies.

The solution we propose to address the above issues is based on the development of
vertical ontologies to serve the specific needs of each organization. The approach that we
propose for the development of e-government systems certainly raises issues of heterogene-
ity. However, given the difficulty in implementing strict frameworks for e-government,
this is a more general problem that does not occur only in our case. In addition, the mod-
eling offered by the use of ontologies helps us to overcome the issues of heterogeneity
more easily.

In order to investigate the effectiveness of using ontologies to offer stages 1–4 services
to employees, we developed an ontology and a Web Portal that support the administrative
procedures of an organization. The ontology was designed from scratch, using a bottom-up
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approach, and was customized for the special needs of the organization. The Web Portal
undertook to provide the services of stages 1–4, providing the necessary interfaces to the
users and processing the necessary communication with the SPARQL Endpoint.

From the developer’s point of view, the process of developing the services using
the ontology was flexible and functional. Accessing the SPARQL Endpoint was a simple
process that did not require complex queries. The evaluation of the users, after the use of
the Web Portal, was positive. The users used all four stages of the services and successfully
completed their requests without encountering any technical problems. Implementing ser-
vices using ontologies was not something that was perceived by the users. The cooperation
of the Web Portal with the SPARQL Endpoint was effective in meeting the needs of the
users both for the employees and for the administration.

Our approach provides an adequate solution for the implementation of integrated
e-government services, which can be effectively applied from government to employee
and to the rest of the sectors of e-government.

Future Work

Our work is an initial approach to the development of vertical ontologies, which is
open to a variety of extensions. Several issues can be explored at a later stage. First of all,
there are plenty of administrative tasks that can be incorporated. Additionally, an issue that
needs to be explored is the interconnection with other systems. The utilization of the third-
party certification and specifically through the API of the General Secretariat of Information
Systems will increase interoperability capabilities. Another issue on which there is already
relevant research and which will expand the capabilities of the ontology is the incorporation
of document templates. In addition, necessary features that need to be developed are the
handling of the information provided in the context of information services as well as the
handling of supporting incoming and outgoing documents. Moreover, our ontology can
be extended to other areas of e-government, offering services to citizens and businesses,
and further used for tasks of integrating data available already [42–44].
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