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games genre while focusing on its various applications. Furthermore, we present the most widely used game
engines used in the game development industry and extend the Unity game machine advantages. Lastly, we
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development.

Key-Words: - serious games, serious digital game middleware architectures, gamification, digital games, Unity
Engine, Unreal Engine, game engines, game development, cloud gaming, virtual reality digital games

Received: May 19, 2022. Revised: January 9, 2023. Accepted: February 11, 2023. Published: March 22, 2023.

1 Introduction effects of games, [3] not only emphasizing violent
Digital games can bring our dreams to life and this games, [4]. According to the current literature, it has
distinctive feature separates them from other forms been shown that digital games can have a positive
of interactive entertainment. Specifically, their impact on both mood and behavior of players, [5],
notable difference from other sources of (61, [7]- _
information/education/entertainment, such as books Furthermore, "serious games" (SG) are a genre
and films, is that their potential is tightly connected that focuses on story-telling experience “outside the
to the imagination of the individual. This happens as context of entertainment, where the narration
they do not allow the viewer to engage and interact progresses as a sequence of patterns impressive in
thus feeling he is an active member of an online quality ... and is part of a thoughtful progress”, [8]
virtual community, [1], [2]. i.e., appll_catlons that aim to "ggmlfy" learning
In recent years, digital games have become an processes in a modern learning environment, [9]. In
integral part of our everyday life and due to the partlcu_lar, this is achieved by creating an application
increase of smartphones and smart devices, the new that simulates a -usually learning- process or
generation is spending more and more time on so- through _t_he construction of wrtuz_al worlds and
called "gaming". For this reason, it is necessary to communities alike. These games aim to promote
further study and thoroughly understand the interactive and experiential learning so that players,
characteristics of the digital games that young in their efforts to win the game, gain a rudimentary
people like to create games with similar qualities. knowledge of various concepts and experiences.
The aim of researchers should be to understand the These games can significantly help in the
behavior, opinions, and political beliefs of the development of CI’I'[ICE_-1| thinking and the ability to
younger generations and focus on the psychological solve problems rapidly as, through feedback
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(usually through a point or life collection system),
they reward or not each player's choices and thus
educate them on correct decisions. Therefore, in the
context of exploring a virtual world, the player is
educated, learns, chooses, and decides what is a
correct decision in a realistic (real-life) manner.

In addition, there are 2 categories of players
based on their gameplay style, the "core" and the
"casual”, [10]. More specifically, the first type of
player refers to people who usually spend more
hours playing a game and enjoy beating each
quest/level. This category enjoys the increased
difficulty in a game and can overcome multiple
obstacles and challenges in each game to move to
the next level. In contrast, the second type prefers
easier games and enjoys the overall experience of
the game with medium to low-difficulty gameplay.

Our study focuses on providing a
comprehensive look at the current state of serious
games in digital gaming, with insights into their
applications, game engines, and advancements, as
well as future directions for the industry. In the next
sections, firstly we provide a literature review of
digital gaming. Then, we define the different genres
of games and compare digital games with serious
games providing real-life examples of released
games. Secondly, we present the most widely used
game engines used. Thirdly, we focus on the
advantages of the Unity engine and its middleware
architecture, arguably one of the most commonly
used engines for game development worldwide. In
addition, we compare Unity with Unreal, i.e., the
two most widely used game engines. Lastly, we
conclude our study and suggest future research steps
based on our publication.

2 Related Work

Worldwide, the creation and adoption of educational
computer games have been rapidly and steadily
increasing. In particular, the introduction of the use
of electronic devices in everyday life and the
increase in their capabilities, combined with their
decreasing price over the years (Moore's Law), [11]
has provided a large part of the population with
accessibility to digital consoles able to play complex
and highly demanding (in computer resources)
games. Specifically, in our everyday life, a cheap
electronic device (tablet or mobile) can support a
multitude of different types and categories of games,
offering the owner the possibility to enhance their
game experience with low-cost devices.

In particular, digital games are a highly
successful and popular means of engaging the
interest of young people - a particularly difficult
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task to achieve through traditional practices - and
are often used as a means of studying how they
interact with society, [12]. More specifically, they
can contribute to shaping young people's behavior
and assist in learning about the principles and
functioning of societies. As mentioned in [13],
digital games can encourage young people to take
on new roles as well as social identities (profiles) by
providing strong incentives to receive and
understand new information and knowledge in
general. It is worth mentioning that the gamer’s age
is particularly susceptible to receiving new
communicative stimuli as well as learning from new
experiences, [14]. Finally, these options may result
in changing their respective behavior, their way of
thinking, their opinions, and in some cases even
their political beliefs.

Moreover, one of the key issues that must be
taken under consideration when designing a game is
the characteristics of the audience (age, gender,
culture) and the main types of players it will
address. In addition, concerning the technical
characteristics of a game, it is particularly important
to consider the technological tools that will be used,
such as the development platform (Windows, Xbox,
Mac, PlayStation), the game engine, the navigation
experience in the game, the elements (graphics,
sound), the way and the number of options that the
player can enter and the overall interaction with the
game. In this respect, it is highlighted that serious
games are a means of education for both minors and
adults depending on the design and subject matter of
each game.

2.1 Categories of Digital Games

Different genres of games exist based on both their

content and the way each player interacts with the

game, but typically digital games can be categorized

into one of the following [15]:

1. Strategy games: involve the careful planning
and efficient resource management of small
virtual worlds/online communities. Specifically,
this type usually aims at mature (age) audiences
and is usually referred to as “thinking games”.

2. Real Role-playing Games: this category has
similar characteristics to "Strategy games". The
notable difference in this category is that the
user can use multiple characters with different
skills, emphasizing the development of a
character (player avatar/player profile) through
a reward system. Specifically, the player aims to
upgrade  their  character  through  the
accumulation of points and promotion to
different "classes".
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3. Massively Multi Role Playing Games: they
consist of multiple virtual worlds and involve
the parallel interaction of multiple users. These
game worlds are highly interesting for
researchers who aim to study user behavior.
Specifically, due to the emergence of Web 2.0,
[16] and the subsequent social networking
phenomenon, the creation of a Multi-User
Virtual Environment (MUVE) has become
particularly simple as it depends solely on 3
distinct processes: hosting server,
software/interfaces for user communication with
the game and wuser identification. Upon
identification and successful login, the user is
part of the digital world and can communicate
and exchange information with other members
of the small virtual worlds/online communities.

4. Simulation games: they aim to simulate a
specific activity realistically, taking into account
not only the laws of physics but also the real-life
constraints and operating rules of everyday life
(i.e., the real world).

5. Government Simulation Games: while this
category of games has identical characteristics
to both "Simulation Games" and "Strategy
Games", due to their unique features, i.e.,
discouraging the player from making arbitrary
decisions and removing overall elements of free
action and navigation, they are considered a
separate game genre.

2.2 Digital Games and Serious Digital Games

Digital games are categorized into various

categories depending on their purpose of creation,

[17]:

1. Commercial games designed to entertain and
amuse the user

2. Serious games designed for learning purposes.

Similarly, they are divided into the

following categories, depending on their design
focus, [18]:

1. Design is driven by a specific didactic approach,

2. Design without an educational purpose but with
the possibility for users to learn.

3. Design based on a specific learning theory but
without a specific teaching approach.

The third category can be used for educational
purposes without the intervention of a teacher.
Indicatively, some examples of digital games, [19]
are "Sims Pets" which involves the development of
problem-solving skills, "Age of Empires 11" for the
development of social skills and "Harry Potter and
the Goblet of Fire" for the development of writing
skills.
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According to [20], [21], SGs are defined as
digital games aiming to be used as learning models
rather than as a means of user entertainment. In
particular, SGs have been widely used in various
fields of human activity to train users. In this study,
the focus is on SGs, i.e. games that were developed
and used exclusively for educational purposes. In
particular, an SG in the field of education is defined
as an application in which: “the player competes
cognitively with a computer system according to
certain predefined rules. These games aim to use the
user's entertainment as a means of learning concepts
related to government or business, education, health,
public policy, and strategic communication
objectives”, [22]. Therefore, the purpose of SGs is
to motivate players in the light of an educational
environment to transmit ideas, and values, and often
to motivate them to a specific action or to think
about a specific concept/idea, [23]. In this way, the
players' behavior is changed as they think about
their actions and their possible impact on real-life
situations in everyday life i.e., the real world, [24].
SGs have been widely used in the last decade, [25]
in the field of education as they offer the following,
[26]:

1. Enhancing the instructor-trainee interaction

2. Increase the instructor's concentration, [27]

3. Improve critical thinking and logical

thinking.

2.3 Serious Digital Games Applications

SGs help students to apply factual knowledge, learn
on demand, adapt to new situations, and, gain new
experiences and knowledge, [28]. SGs assist in
making the learning process more effective and
efficient as they maintain high levels of interest
among participants and promote the active
participation of users in problem-solving. As a
result, SGs are a particularly important training tool
as they follow the so-called situated learning model,
[29], [30], [31]. Over the years, SGs continuously
incorporate new features and are enriched with new
game and graphical methods.

Finally, some indicative applications of SGs
include corporate training, [32], entrepreneurship,
[33], foreign, [34] and programming, [35], [36]
language learning, cultural heritage, [37], ecological
awareness, [38], [39], military service, [40], [41],
pharmacology [42], health, [43], [44], [45] and
health care, [46], circular economy, [47], stress
management, [48], engineering risk management
[49], cyber security, [50] and law enforcement, [51],
[52], [53].
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3 Game for Game

Development

Many different game engines exist that are used
depending on the needs of the project. In this
section, we will present the most widely used game
engines and focus on Unity.

Engines

3.1 Defining: Game Engines as Middleware
Software Solutions
There are 2 ways to develop a game, [54], [55]:

a. the traditional way of development where
the developer develops the game from
scratch using a programming language or

b. the modern approach which is based on
software packages, i.e., a framework of
software development tools that deal with
predefined game functions.

More specifically, in the last decade, many
application packages, also known as frameworks,
have emerged which have provided the software
engineer (developer) with useful tools and methods
to assist at all stages of the game development, [56],
[57]. These tools, in addition to assisting in the
design and implementation process, provided a way
of modeling and standardizing many continuous
integration and continuous operation processes. As a
result, the application frameworks contributed in the
long run to reduce the necessary time for
development, maintenance, and deployment time of
the applications, [58], [59], [60].

These middleware approaches, in the field of
digital game development and design, are the so-
called game engines that provide the necessary tools
to create a game regarding its basic functions such
as:

e the player's movement,

e the sound,

e the development

interfaces, etc.

and code execution

In particular, these middleware provide a bundle
for all the necessary software packages as well as all
the predefined rules and methods regarding the
following:

e networking of player computers,

e operation of the graphics of an application,

e or, more generally, various functions such

as the development platform of the digital
game (windows/Linux).

More specifically, these software properties,
although they are purely related to the early stages
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of game development, i.e., the so-called backbone-
core of the application, they are of paramount
importance for the development of digital games
with continuous integration and continuous delivery
of the information flow within the schedule, [61].
With the use of machines, developers focus their
development efforts and time purely on the
application itself and do not have to "reinvent the
wheel" i.e., deal with questions such as what
communication protocol the application will work,
what are the possible login/verification options for
the user, what will be the resolution of the game
depending on the execution surface (screen), etc.

In addition, a particularly interesting feature of
game engines as middleware entities is the “"game
editor", i.e., the graphical tool that allows the
creation of a game usually through a drag-and-drop
menu with multiple elements and different options.
Unfortunately, this feature has several limitations
but, in the early stages of a game's development, it
allows developers to easily and quickly create initial
functional prototypes. Finally, this is particularly
important as it allows non-technical members of the
game development team, such as graphic designers
and other specialists, to start contributing to the
game development project from the early stages of
the project. In this way, non-technical members'
working hours are not wasted waiting for long
periods, i.e., until the developers have completed the
programming and the necessary testing-testing of
the prototype versions of the programming code for
the execution of the game.

3.2 Defining: Game Engines Frameworks
Specifically, there are several digital game
development engines, of which the most widely
used are the following:

1. OpenSimulator, [62] an open-source
software engine with capabilities of running
on  multiple  platforms, multi-user
interfacing, and running in 3D virtual world
environments. In particular, this engine can
be used to create virtual environments in
which users can access a server through the
use of clients of different interface
protocols. In particular, it has a very useful
optional installation (Hypergrid) that allows
users to visit other active OpenSimulator
installations on the Internet. This is
accomplished through the software license
installed on a personal computer, which
creates a kind of distributed network of
computers (Metaverse type). OpenSimulator
is written in C# and runs both on Windows
via the .NET framework and on Unix
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software  machines via the Mono
framework. The source code is made
available for free through a Berkeley
Software Distribution (BSD) license. In
particular, this code may be used as-is or
incorporated into existing commercial
products without any restriction on use or
future requirement, thus enhancing the
integration ~ of  OpenSimulator  into
commercial applications and products.
Unreal Engine, [63] one of the best-known
game engines developed by Epic Games
and first used in the late 1990s in the "first-
person” game Unreal. Subsequently, this
engine was further developed and focused
on games that mainly involved shooters or
"first-person” mode games. Its ease of use
as well as the multitude of tools it provided
quickly allowed it to be used in "Massively
Multi-Role Games" as well as "Real Role-
Playing Games". The Unreal engine is
written in the C++ programming language,
it is open source, and due to the language
chosen for its development, it is
characterized by high speed and a high
degree of portability. This means that it
provides the possibility of migration to
different environments and platforms
without the occurrence of compatibility
problems. This engine operates under a
subscription service (monthly payment) and
supports several elements such as fully
dynamic lighting modes, instant game
updates  without interrupting  game
execution, full-screen game viewing during
software development, interactive
visualization tools for code flow, and
sophisticated bug detection and debugging
methods.

CryEngine, [64], [65] a game engine
technology developed by Crytek. It was
originally developed as part of Ubisoft's Far
Cry game which was released in 2004 and
was a game landmark in terms of the
realism of graphics as well as the detail of
objects in small virtual worlds/online
communities. The latest version of
CryEngine supports multiple elements such
as natural lighting manipulation,
dynamic/painted shadows, dynamic global
illumination of game world objects in real-
time, automated grid generation for
navigation and user exploration via artificial
intelligence systems, automated motion
blur, depth of field switching and
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stereoscopic 3D support for all platforms.
CryEngine engine technology has been used
in recent years to create games on various
software platforms, including Windows,
Linux, OS X, Xbox, Play Station, Wii, iOS,
and Android as it is particularly popular in
3D game development.

4. Unity, [66] composes a game engine
capable of running on multiple platforms
and was developed by Unity Technologies
in 2005. In particular, it is characterized by
a multitude of features such as Mecanim, an
animation system for representing any
character or object, real-time shading and
lighting options for all development
platforms, system updates with particle
collision control to avoid bugs, and dynamic
disable-enable links between objects and
obstacles. Additionally, it is worth pointing
out that while the Unity game engine is not
as powerful as CryEngine or Unreal, it
stands out due to its efficiency as well as its
multitude of settings for publishing digital
games across multiple platforms, [67], [68].
In particular, the aforementioned elements
are worth noting as by using Unity,
developers select and focus their efforts on
developing code on a specific platform
without  spending hours  configuring
implementations to make the application
run on other platforms. This capability
makes software development cycles less
time-consuming and rapidly agile thus
ultimately increasing development
efficiency throughout the project lifecycle.
In addition, as of 2018, the engine has been
extended to be able to support 27 platforms
including i0S,  Android,  Windows,
BlackBerry 10, OS X, Linux, Internet
browsers, Flash, PlayStation 3, PlayStation
Vita, Xbox 360, Windows Phone 8 and Wii
U. Finally, Unity can be used to create 3D
and 2D games as well as simulations for the
majority of commercial products and
platforms available on the market, [69].

Finally, it is emphasized that there is a
particularly large number of available digital game
development engines that are extensively used in the
industry such as Game Maker, [70], [71] or the
more recent Godot, [72], [73] but, in the context of
this technical report we chose to briefly mention the
most widely used in the industry.
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3.3 Defining: Unity Game Engine

Unity is used worldwide in both industrial
productions and academic research projects. One of
the main reasons for its choice is that it provides a
full version freely without any limitation or fee, as
long as the annual earnings of the game project do
not sum up to more than 100,000 US dollars, [74].
This amount is difficult to reach as during the early
prototype versions of the games, developers may
harness the full power of the engine but, it is
difficult to scale their application that rapidly and
have annual earnings of that amount. At the same
time, unlike its competitor (Unreal), although it
requires more computational resources for the same
processes, it provides the possibility of easier export
of the final exported file to a multitude of different
computer systems without requiring multiple
simultaneous developments on different platforms,
[75], [76], [77].

When installing the Unity engine to a
workstation, a developer will be forced to work with
the following software components:

1. Unity Editor: the tool used for developing
game programming objects, connecting
game graphics/audio, and overall, the basic
functionality and processes of our game.

2. Unity Hub: an application that provides the
ability to manage Unity Projects, and install
and monitor all the necessary elements of
our game. As an example, it is worth
mentioning  that  this  management
application provides a multitude of settings
such as the configuration of the Unity
version, support for different exported files
(builds) on different platforms, the version
of Visual Studio, and the IDE for
development and debugging.

Furthermore, Unity handles its game aspect as a
separate object or game component, [78].
Analytically, all object properties, i.e., the behaviors
in a virtual world of a digital game, are determined
by automated programs (scripts) that assign
properties to objects such as movement and rotation.
Specifically, in the Unity engine these programs
have been developed using the C# language, which
is a general-purpose object-oriented language
created and maintained by Microsoft, [79]. More
specifically, in the Unity engine, the properties of
the architectural design principles of the middleware
used consider the individual attributes of game
objects to be stored as follows, [80]:

e Project: refers to the specific folder all the

elements related to the digital game as well
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as its components are stored (libraries, files,
etc.)

e Assets: refers to the actual files and sub-
folders of a software project such as image
files, audio files, programs, etc.

e Objects: are entities with which the player
interacts. Each object in a game may
contain information regarding its behavior
such as lighting options, programs to be
executed, etc.

e Components: i.e., the properties of an object
that can be accordingly modified to give the
necessary structure and function to the
digital game. These are the cornerstone
pieces that are used in a game and combine
all the above options to determine the final
behavior of the game.

Finally, it is worth mentioning that the Unity
engine supports event-driven development. In
particular, this software method is based on the
operating principle that after the game is started,
programs can run when a certain event (defined by
the developer) occurs and add new functions and
features. More specifically, the above element is
particularly important as it makes the digital game
being developed less demanding in terms of
computational resources. It also adds interactive
elements to the player as well as more immediacy
and interactivity since his choices determine the
final actions of the game. As a result, the game is
not a monolithic application with predefined actions
but a dynamic application that adapts to every
playing style and players’ personal decisions, [81].

Lastly, it is worth noting that Unity’s Projects
are usually structured via convention over
configuration and the do not repeat your
architectural approaches. This means that the
structure of actual development files is usually as
follows (separation of concerns):

e Assets: storage space for the components
used during the game process that relate to
all the functions of the core quests
performed by the user.

e Prefabs: where the predefined game objects
are stored. These objects are used multiple
times during the gameplay and are
replicated in multiple parts of our game
(e.g., graphics for the missions, player
interaction effects, etc.).

e Scenes: the actual scenes of our game, i.e.,
the various menus and levels of our game.
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e Scripts: the programming codes, i.e., the so-
called C# programs (scripts .cs) of our
game.

e All other folders are not used for more than
1 object, so they are stored individually.

3.4 Defining: Unity vs Unreal Game Engine
Regarding the game engines that exist, we studied
several of the aforementioned game engines, [82],
[83], [84], [85], [85], [86] and concluded that the
best choices in terms of performance, features, and
software cost were Unity and Unreal, [87], [88]. In
particular, after studying the software architecture as
well as the capabilities of each solution, the Unity
engine was chosen for the following reasons:

e |t provides a free development license for
gross annual developer/company revenues
of less than 100,000 US dollars (USD), [74]

o It offers easy migration and porting of the
application to different platforms

e It has been developed in a programming
language supported by the well-known
software company Microsoft therefore the
engine has excellent documentation and is
regularly updated.

e The use of C# (while Unreal in C++)
provides the possibility of easier extension
of the game, especially in case of making it
available to the public via cloud
infrastructure as, by using C# one can
support both the back-end and the front-end
of the application. More specifically,
through C# developers can create an
infrastructure in .NET, [89] using Azure
SQL Server (back-end), [90] that will host
the Unity digital game (application) and
provide a feedback menu (communication
screen) with the player on a website using
Asp.Net or other well-known frameworks
such as Blazor (front-end), [91]. That is, the
Microsoft  software and  application
ecosystem can cover all aspects of the
development, deployment, and upgrading of
this application.

In addition, for the selection of the Unity
engine, emphasis is placed on the following
features, [92], [93]:

o Free license for the development of digital
games which is only slightly inferior in
terms of features to the professional-
commercial distribution of the engine

e  Support for the development of any type of
game from two to three dimensions in all
available game categories
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e Existence of an extensive software
ecosystem through the provision of several
features for setting lighting, graphics,
sound, etc.

e Provide editing tools for scenarios, images,
and audio and optimize the performance of
two-dimensional models

e Providing a standardized asset pipeline, i.e.,
game properties such as application code
and audiovisual effects can be compressed
and reused across different platforms and
environment versions. This is important as

it allows easier development and
maintenance of legacy versions
(dependency tracking)

e Participation in a highly active online
community of developers, [94].

e Machine support for LTS releases and more
general software updates regularly, which
are usually accompanied by major fixes to
software security vulnerabilities

e Encourage the adoption of modern agile
software development approaches through
the iterative development model

e Ability to create a game on any platform:
Mac, Windows, WebGL, Android, etc.
Special mention should be made of the
support of the WebGL platform, a software
interface (API) in JavaScript that allows the
execution of a multitude of games through
simple web browsers, [95]. Furthermore, it
is stressed that although the -actual- size of
digital game files increases significantly
when they are converted (built) to this
platform, the possibility of fully integrating
games into web browsers, at a time when
mobile devices have dominated the market,
is probably the future of many digital games

e Support the development of new forms of
digital games using innovative technologies
such as virtual reality (e.g., using special
glasses)

4 Conclusion

Our study provided a comprehensive overview of
what is a digital game, its different genres, and the
importance of serious games in digital gaming.
Furthermore, while focusing on serious games, we
presented the most popular game engines and
provided their key features as new technological
advancements in the industry. Moreover, we have
made a detailed comparison of the two most widely
used game engines, Unreal and Unity, and

Volume 11, 2023



WSEAS TRANSACTIONS on COMPUTER RESEARCH
DOI: 10.37394/232018.2023.11.2

highlighted the pros and cons of each approach
while also discussing the advantages of the Unity
engine and its middleware architecture. Lastly,
throughout this article, we have presented real-life
examples of released games and methods to
illustrate the different genres of games and compare
digital games and serious games alike.

Overall, our review emphasizes the potential of
serious games to educate and entertain users, as well
as future directions for the industry. This study can
be a valuable resource for game developers,
educators, and researchers interested in serious
games and their potential applications.

5 Future Research

We suggest that future research should focus on
exploring the effectiveness of serious games in
various fields and the impact of emerging
technologies, such as virtual reality and cloud
gaming. According to the current literature,
increasing use of Virtual Reality technology in
existing infrastructures has been observed. We
believe that due to the extensive software support
and the large number and active participation of the
Unity community, this engine will most likely
support -without backward compatibility issues- the
transition of existing games to cloud-based
infrastructures. Cloud infrastructures are important
as they will shift the game workload from a local
computer to a remote server thus providing the
opportunity to game to a bigger audience. This is
extremely important as it will enable SGs to reach
people with limited access to funding that can only
use low-power and low-cost computers to educate.
As a result, this feature will enhance the main goal
of serious games, namely, the gamification of the
learning experience, and will pave the way for
focusing on new technologies in SGs such as Virtual
Reality, [96], [97], [98].

References:

[1] Rollings A, Adams E. Andrew Rollings,
Ernest A. on game design. New Riders; 2003
https://dl.acm.org/doi/10.5555/1213088
Adams E, Dormans J. Game mechanics:
advanced game design. New Riders; 2012
https://dl.acm.org/doi/abs/10.5555/2385822
Passmore HA, Holder MD. Gaming for good:
Video games and enhancing prosocial
behavior. Journal of Communications
Research. 2014  Apr  1;6(2):199-224.
https://www.researchgate.net/publication/262
379760 _Gaming_for_good_Video_games_an

(2]

3]

E-ISSN: 2415-1521

17

[4]

[5]

[6]

[7]

[8]

9]

[10]

[11]

[12]

Alexandros Gazis, Eleftheria Katsiri

d_enhancing_prosocial_behaviour [Accessed
on 21/02/2023]

Anderson CA, Shibuya A, lhori N, Swing EL,
Bushman BJ, Sakamoto A, Rothstein HR,
Saleem M. Violent video game effects on
aggression, empathy, and prosocial behavior
in eastern and western countries: a meta-
analytic review. Psychological bulletin. 2010
Mar;136(2):151.
https://doi.org/10.1037/a0018251

Pine R, Fleming T, McCallum S, Sutcliffe K.
The effects of casual videogames on anxiety,
depression, stress, and low mood: a systematic
review. Games for health journal. 2020 Aug
1;9(4):255-64.
https://doi.org/10.1089/g4h.2019.0132
Gaggioli A, Riva G, Peters D, Calvo RA.
Positive technology, computing, and design:
shaping a future in which technology
promotes psychological well-being. Emotions
and affect in human factors and human-
computer interaction. 2017 Jan 1:477-502.
https://doi.org/10.1016/B978-0-12-801851-
4.00018-5

Gaggioli A, Villani D, Serino S, Banos R,
Botella C. Positive technology: Designing e-
experiences for positive change. Frontiers in
psychology. 2019 Jul 9;10:1571.

Lugmayr A., Suhonen J., Hlavacs H.,
Montero, C., Suutinen E.; Sedano C. (2016).
Serious storytelling - a first definition and
review. Multimedia Tools and Applications.
76 (14): 15707-15733. doi:10.1007/s11042-
016-3865-5. S2CID 207219982.

Hung P-H, Hwang G-J, Lee Y-H, Su I-H. A
cognitive component analysis approach for
developing game-based  spatial  tools.
Computers and Education. 2012;59 (2):762-
773. https://doi.org/10.3389/fpsyg.2019.01571
Holm, Suvi K. (2019). ACM Press Extended
Abstracts of the 2019 CHI Conference on
Human Factors in Computing Systems - CHI
EA '19 - Player Types of Gamers. 2019
May:1-6.
https://doi.org/10.1145/3290607.3299084
Moore GE. Cramming more components onto
integrated circuits, reprinted from electronics.
IEEE solid-state circuits society newsletter
11(3):33-35. 1965 April 19;38(8):114.
http://www-
ece.rice.edu/~dhj/History/moorespaper.pdf
[Accessed on 21/02/2023]

Chittaro L, Buttussi F. Assessing knowledge
retention of an immersive serious game vs. a
traditional education method in aviation

Volume 11, 2023



[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

WSEAS TRANSACTIONS on COMPUTER RESEARCH

DOI: 10.37394/232018.2023.11.2

safety. IEEE transactions on visualization and
computer graphics. 2015 Jan 19;21(4):529-
538.
https://doi.org/10.1109/TVCG.2015.2391853
Gee JP. What video games have to teach us
about learning and literacy. Computers in
Entertainment (CIE). 2003 Oct 1;1(1):20.
https://doi.org/10.1145/950566.950595
Saleme P, Pang B, Dietrich T, Parkinson J.
Prosocial digital games for youth: A
systematic review of interventions. Computers
in Human Behavior Reports. 2020 Aug
1;2:100039.
https://doi.org/10.1016/j.chbr.2020.100039
Connolly TM, Boyle EA, MacArthur E,
Hainey T, Boyle JM. A systematic literature
review of empirical evidence on computer
games and serious games. Computers and
Education. 2012;59(2):661-686.
https://doi.org/10.1016/j.compedu.2012.03.00
4
Sadeghi L. Web 2.0. In The practice of
government public relations 2017 Sep 25,
125-140). Routledge.
zwww.doi.org/10.4324/9781315085524-8
Arnab, S., Berta, R., Earp, J., De Freitas, S.,
Popescu, M., Romero, M., ..., Usart, M.
(2012). Framing the adoption of serious
games in formal education. Electronic Journal
of e-learning, 10(2), ppl159-171.
https://academic-
publishing.org/index.php/ejel/article/view/162
3
Daoudi, I. (2022). Learning analytics for
enhancing the usability of serious games in
formal education: A systematic literature
review and research agenda. Education and
Information  Technologies, 27(8), 11237-
11266. https://doi.org/10.1007/s10639-022-
11087-4
Gonzalez C, Blanco-lzquierdo F. Designing
social videogames for educational uses.
Computers and Education. 2012;58(1):250-
262.
https://doi.org/10.1016/j.compedu.2011.08.01
4
Mansour S, El-Said M. The impact of multi-
players serious games on the social interaction
among online students versus face-to-face
students. World Scientific and Engineering
Academy and Society (WSEAS) International
Conference. Proceedings. Mathematics and
Computers in Science and Engineering.
2008;6(7).
https://www.researchgate.net/publication/228

E-ISSN: 2415-1521

18

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

Alexandros Gazis, Eleftheria Katsiri

787263 _The_Impact_of_Multi-
Players_Serious_Games_on_the_Social_Inter
action_among_Online_Students_versus_Face-
to-Face_Students [Accessed on 21/02/2023]
20. Mansour S, El-Said M. The relationship
between educational serious games, gender,
and students' social interaction. WSEAS
Transactions on Computers. 2008 Jun
1;7(6):640-649.
https://dl.acm.org/doi/abs/10.5555/1458369.1
458375

Zyda M. From visual simulation to virtual
reality to games. Computer. 2005 Sep
19;38(9):25-32.
http://citeseerx.ist.psu.edu/viewdoc/download
?doi=10.1.1.331.6688&rep=repl&type=pdf
[Accessed on 21/02/2023]

De Gloria A., Bellotti F, Berta R. Serious
games for education and training, Int. J.
Serious  Games. Feb. 2014;1(1):1-95.
http://journal.seriousgamessociety.org/index.p
hp/1JSG/article/view/11 [Accessed on
21/02/2023]

Frasca G. Play the message: Play game and
videogame rhetoric. 2007.
https://docplayer.net/12779385-Gonzalo-
frasca-play-the-message-play-game-and-
videogame-rhetoric-ph-d-dissertation-it-
university-of-copenhagen-denmark.html
[Accessed on 21/02/2023]

Cheng, M. T., Chen, J. H., Chu, S. J., Chen, S.
Y. (2015). The use of serious games in
science education: a review of selected
empirical research from 2002 to 2013.
Journal of computers in education, 2, 353-
375. https://doi.org/10.1007/s40692-015-
0039-9

De Freitas S, Liarokapis F. Serious games: a
new paradigm for education?. Serious games
and edutainment applications. 2011:19-23.
Springer, London.
https://doi.org/10.1007/978-1-4471-2161-9 2
Zhonggen Y. A meta-analysis of use of
serious games in education over a decade. Int.
J. Comput. Games Technol. Feb. 2019:1-8.
https://doi.org/10.1155/2019/4797032
Prensky M. Digital game-based learning.
Computers in Entertainment (CIE). 2003 Oct
1;1(1):21.
https://doi.org/10.1145/950566.950596

Plass JL, Homer BD, Kinzer CK. Foundations
of game-based learning.  Educational
Psychologist. 2015 Oct 2;50(4):258-283.
www.doi.org/10.1080/00461520.2015.112253
3

Volume 11, 2023



[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

WSEAS TRANSACTIONS on COMPUTER RESEARCH
DOI: 10.37394/232018.2023.11.2

Hung PH, Hwang GJ, Lee YH, Su IH. A
cognitive component analysis approach for
developing game-based spatial learning tools.
Computers &  Education. 2012  Sep
1;59(2):762-773.
https://doi.org/10.1016/j.compedu.2012.03.01
8

McLellan H. Situated learning perspectives.
Educational Technology. 1996. ISBN:
087778289X 9780877782896

Strecker S, Rosenthal K. Process modelling as
serious game: design of a Role-Playing Game
for a corporate training. In 2016 IEEE 18"
Conference on Business Informatics (CBI).
2016 Aug 1;1:228-237.
https://doi.org/10.1109/CBI.2016.33

Buzady, Z., Almeida, F. (2019, July).
FLIGBY—A serious game tool to enhance
motivation and competencies in
entrepreneurship. In Informatics (Vol. 6, No.
3, p. 27). MDPI.
https://doi.org/10.3390/informatics6030027
Johnson WL, Wu S. Assessing aptitude for
learning with a serious game for foreign
language  and  culture. International
Conference on Intelligent Tutoring Systems.
23 June 2008:520-529.
https://doi.org/10.1007/978-3-540-69132-
755

Yassine A, Chenouni D, Berrada M, Tahiri A.
A Serious Game for Learning C Programming
Language Concepts Using Solo Taxonomy.
International Journal of Emerging
Technologies in Learning. 2017 Mar 1;12(3).
https://doi.org/10.3991/ijet.v12i03.6476
Muratet M, Torguet P, Jessel JP, Viallet F.
Towards a serious game to help students learn
computer programming. International Journal
of Computer Games Technology. Jan 1 2009;
2009;470590:1-12.
https://doi.org/10.1155/2009/470590

Bellotti F, Berta R, De Gloria A, D'ursi A,
Fiore V. A serious game model for cultural
heritage. Journal on Computing and Cultural
Heritage (JOCCH). 2013 Jan 9;5(4):1-27.
https://doi.org/10.1145/2399180.2399185
Orland B, Ram N, Lang D, Houser K, Kling
N, Coccia M. Saving energy in an office
environment: A serious game intervention.
Energy and Buildings. 2014 May 1;74:43-52.
https://doi.org/10.1016/j.enbuild.2014.01.036
Cayabyab, M. J. M., Santiago, M. R. T.,
Dumlao, S. M. G., Reyes, R. S. (2015).
Development of an Android based Game
Interfaced with QR Codes for a Gamified

E-ISSN: 2415-1521

19

[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]

Alexandros Gazis, Eleftheria Katsiri

Power  Management  System.  Wseas
Transactions On Information Science And
Applications.

http://www.wseas.org/multimedia/journals/inf
ormation/2016/a305809-093.pdf

DeFalco JA, Rowe JP, Paquette L,
Georgoulas-Sherry V, Brawner K, Mott BW,
Baker RS, Lester JC. Detecting and
addressing frustration in a serious game for
military training. International Journal of
Artificial Intelligence in Education. 2018
Jun;28(2):152-193.
https://doi.org/10.1007/s40593-017-0152-1
Lim CW, Jung HW. A study on the military
Serious Game. Advanced Science and
Technology Letters. 2013 Dec;39:73-77.
https://www.researchgate.net/publication/301
451916_A _study_on_the military_Serious_G
ame

Lancaster RJ. Serious game simulation as a
teaching strategy in pharmacology. Clinical
Simulation in  Nursing. 2014  Mar
1;10(3):e129-137.
https://doi.org/10.1016/j.ecns.2013.10.005
Boletsis C, McCallum S. Smartkuber: a
serious game for cognitive health screening of
elderly players. Games for health journal.
2016 Aug 1;5(4):241-51.
https://doi.org/10.1089/g4h.2015.0107

Burns JM, Webb M, Durkin LA, Hickie IB.
Reach Out Central: a serious game designed
to engage young men to improve mental
health and wellbeing. Medical Journal of

Australia. Jun 2010;192:527-30.
https://doi.org/10.5694/j.1326-
5377.2010.th03689.x

Clochesy JM, Buchner M, HICKMAN JR RL,
Pinto MD, Znamenak K. Creating a serious
game for health. Journal of health and human
services administration. 2015 Oct 1:162-73.
http://www.jstor.org/stable/24463889
[Accessed on 21/02/2023]

Suppan L, Abbas M, Catho G, Stuby L,
Regard S, Harbarth S, Achab S, Suppan M.
Impact of a serious game on the intention to
change infection prevention and control
practices in nursing homes during the
COVID-19 pandemic: Protocol for a web-
based randomized controlled trial. JMIR
research protocols. 2020 Dec
15;9(12):e25595.
https://doi.org/10.2196/25595

Whalen KA, Berlin C, Ekberg J, Barletta I,
Hammersberg P. All they do is win’: Lessons
learned from use of a serious game for

Volume 11, 2023



[48]

[49]

[50]

[51]

[52]

[53]

[54]

[55]

[56]

WSEAS TRANSACTIONS on COMPUTER RESEARCH
DOI: 10.37394/232018.2023.11.2

Circular Economy education. Resources,
Conservation and Recycling. 2018 Aug
1;135:335-345.
https://doi.org/10.1016/j.resconrec.2017.06.02
1

Al Osman H, Dong H, ElI Saddik A.
Ubiquitous biofeedback serious game for
stress management. IEEE Access. 2016 Mar
31;4:1274-1286.
https://doi.org/10.1109/ACCESS.2016.25489
80

Taillandier, F., Adam, C. (2018). Games
ready to use: A serious game for teaching
natural risk management. Simulation &
Gaming, 49(4), 441-470.
https://doi.org/10.1177/1046878118770217
Hart S, Margheri A, Paci F, Sassone V.
Riskio: A serious game for cyber security
awareness and education. Computers &
Security. Aug 2020;95:101827.
https://doi.org/10.1016/j.cose.2020.101827
Gounaridou A, Siamtanidou E, Dimoulas C.
A Serious Game for Mediated Education on
Traffic Behavior and Safety Awareness.
Education Sciences. 2021 Mar;11(3):127.
https://doi.org/10.3390/educsci11030127
Lorenzini C, Brondi R, Carrozzino M, Nistico
M, Evangelista C, Tecchia F. LawVille: A
Collaborative Serious Game for Citizenship
Education. 6™ International Conference on
Games and Virtual Worlds for Serious
Applications (VS-GAMES) 2014 Sep 9:1-2.
https://doi.org/10.1109/VS-
Games.2014.7012163

Zhou Q. The princess in the castle:
Challenging serious game play for integrated
policy analysis and planning. 2014. ISBN:
9789079787647
https://repository.tudelft.nl/islandora/object/uu
id:29ae9dce-0320-49d6-b5de-
281hb7aed1b3f?collection=research [Accessed
on 21/02/2023]

Hussain, A., Shakeel, H., Hussain, F., Uddin,
N., Ghouri, T. L. (2020). Unity Game
Development Engine: A Technical Survey.
Univ. Sindh J. Inf. Commun. Technol, 4, 73-
81.

Rabin, S. (2005). Introduction To Game
Development (Game Development). Charles
River Media, Inc.

Ali, Z., Mahmood, A., Khatoon, S., Alhakami,
W., Ullah, S. S., Igbal, J., Hussain, S. (2023).
A Generic Internet of Things (loT)
Middleware for Smart City Applications.
Sustainability, 15(1), 743.Lim, T., Louchart,

E-ISSN: 2415-1521

20

[57]

[58]

[59]

[60]

[61]

[62]

[63]

[64]

[65]

[66]

[67]

Alexandros Gazis, Eleftheria Katsiri

S., Suttie, N., Ritchie, J. M., Aylett, R. S.,
Stanescu, I. A., ..., Moreno-Ger, P. (2013).
Strategies for effective digital games
development and implementation. In Cases on
digital game-based learning: Methods,
models, and strategies (pp. 168-198). IGI
Global.

https://doi.org/10.3390/su15010743

Cowan, B., Kapralos, B. (2014, July). A
survey of frameworks and game engines for
serious game development. In 2014 IEEE
14th International Conference on Advanced
Learning Technologies (pp. 662-664). IEEE.
Wu, B., Wang, A. I. (2011, November). Game
development frameworks for SE education. In
2011 IEEE International Games Innovation
Conference (IGIC) (pp. 97-100). IEEE.
Aleem, S., Capretz, L. F., Ahmed, F. (2016).
Game development software engineering
process life cycle: a systematic review.
Journal of Software Engineering Research
and Development, 4(1), 1-30.

Dickson, P. E. (2015, June). Using unity to
teach game development: When you've never
written a game. In Proceedings of the 2015
ACM  Conference on Innovation and
Technology in Computer Science Education
(pp. 75-80).

Choi, K. J., Park, J. (2022). Decentralization
of Information Production. Available at SSRN
3730355.
https://dx.doi.org/10.2139/ssrn.3730355
Fishwick, P. A. (2009, December). An
introduction to OpenSimulator and virtual
environment agent-based M&S applications.
In Proceedings of the 2009 Winter Simulation
Conference (WSC) (pp. 177-183). IEEE.
Sanders, A. (2016). An introduction to Unreal
engine 4. AK  PeterssCRC  Press.
https://doi.org/10.1201/9781315382555
Tracy, S., Reindell, P. (2012). CryENGINE 3
Game Development: Beginner's Guide. Packt
Publishing Ltd.

Mittring, M. (2007). Finding next gen:
Cryengine 2. In ACM SIGGRAPH 2007
courses (pp. 97-121).
https://doi.org/10.1145/1281500.1281671
Haas, J. K. (2014). A history of the unity
game engine. Diss. Worcester Polytechnic
Institute, 483(2014), 484.
https://core.ac.uk/download/pdf/212986458.p
df

Dickson PE, Block JE, Echevarria GN,
Keenan KC. An experience-based comparison
of unity and unreal for a stand-alone 3D game

Volume 11, 2023



[68]

[69]

[70]

[71]

[72]

[73]

[74]

[75]

[76]

[77]

WSEAS TRANSACTIONS on COMPUTER RESEARCH
DOI: 10.37394/232018.2023.11.2

development course. In Proceedings of the
2017 ACM Conference on Innovation and
Technology in Computer Science Education.
June 2017:70-75.
https://doi.org/10.1145/3059009.3059013
Zukowski H. Comparison of 3D games’
efficiency with use of CRYENGINE and
Unity game engines. Journal of Computer
Sciences Institute. 2019 Dec 30;13:345-348.
https://doi.org/10.35784/jcsi.1330

De Byl P. Holistic game development with
unity: An all-in-one guide to implementing
game mechanics, art, design  and
programming. CRC Press; 2019 Apr 30.
https://doi.org/10.1201/9781351053693
Teguh Martono, K. (2015). Pengembangan
Game Dengan Menggunakan Game Engine
Game Maker. Jurnal Sistem Komputer, 5(1),
23-30.

Cossu, S. M. (2019). Game Development
With Game Maker Studio 2. London: Apress
Media LLC. https://doi.org/10.1007/978-1-
4842-5010-5

Dhule, M., Dhule, M. (2022). Getting started
with Godot. Beginning Game Development
with Godot: Learn to Create and Publish Your
First 2D  Platform  Game, 17-33.
https://doi.org/10.1007/978-1-4842-7455-2_2
Thorn, A., Thorn, A. (2020). Introducing
godot: Why migrate?. Moving from Unity to
Godot: An In-Depth Handbook to Godot for
Unity Users, 1-14.
https://doi.org/10.1007/978-1-4842-7455-2_2
Unity Software Additional Terms.
https://unity3d.com/legal/terms-of-
service/software. [Accessed on 21/02/2023]
Dickson, P. E., Block, J. E., Echevarria, G. N.,
Keenan, K. C. (2017, June). An experience-
based comparison of unity and unreal for a
stand-alone 3D game development course. In
Proceedings of the 2017 ACM Conference on
Innovation and Technology in Computer
Science Education (pp. 70-75).
https://dl.acm.org/doi/abs/10.1145/3059009.3
059013

Lee, H., Ryoo, S., Seo, S. (2019). A
comparative study on the structure and
implementation of unity and unreal engine 4.
Journal of the Korea Computer Graphics
Society, 25(4), 17-24.
https://doi.org/10.15701/kcgs.2019.25.4.17
Halpern, J., Halpern, J. (2019). Introduction to
unity. Developing 2D Games with Unity:
Independent Game Programming with C#, 13-

E-ISSN: 2415-1521

21

[78]

[79]

[80]

[81]

[82]

[83]

[84]

[85]

[86]

[87]

[88]

Alexandros Gazis, Eleftheria Katsiri

30. https://doi.org/10.1007/978-1-4842-3772-
42

Hocking, J. (2022). Unity in action:
multiplatform game development in C. Simon
and Schuster.

Halpern J. Introduction to wunity. In
Developing 2D Games with Unity 2019:13-
30. Apress, Berkeley, CA.
https://doi.org/10.1007/978-1-4842-3772-4 2
Linowes, J. (2015). Unity virtual reality
projects. Packt Publishing Ltd.

Mishra P, Shrawankar U. Comparison
between Famous Game Engines and Eminent
Games. International Journal of Interactive
Multimedia & Artificial Intelligence. Sep 1,
2016; 4(1):69-77.
http://dx.doi.org/10.9781/ijimai.2016.4113
Andersson C, Mellander T. A 2D Game
Rewind-System Using Godot Game Engine,
Performance Comparison and Analysis. 2021.
https://www.diva-
portal.org/smash/record.jsf?pid=diva2%3A15
71915&dswid=6937 [Accessed on
21/02/2023]

Herrig B. Get your head in the game: Digital
game-based learning with Game Maker. In
Cases on digital game-based learning:
Methods, models, and strategies 2013:228-
239. www.doi.org/10.4018/978-1-4666-2848-
9.ch012

Pachoulakis I, Pontikakis G. Combining
features of the Unreal and Unity Game
Engines to hone development skills. arXiv
preprint arXiv:1511.03640. 2015 Nov 11.
https://arxiv.org/abs/1511.03640v1 [Accessed
on 21/02/2023]

Lee H, Ryoo S, Seo S. A Comparative Study
on the Structure and Implementation of Unity
and Unreal Engine 4. Journal of The Korea
Computer Graphics Society. 2019;25(4):17-
24.
https://doi.org/10.15701/kcgs.2019.25.4.17
Wiesing M, Fink GR, Weidner R. Accuracy
and precision of stimulus timing and reaction
times with Unreal Engine and SteamVR. PloS
one. 2020 Apr 8;15(4):e0231152.
https://doi.org/10.1371/journal.pone.0231152
Al Lawati HA. The Path of UNITY or the
Path of UNREAL? A Comparative Study on
Suitability for Game Development. Journal of
Student Research. 20109.
https://doi.org/10.47611/jsr.vi.976

Pavkov S, Frankovi¢ I, Hoi¢-Bozi¢ N.
Comparison of game engines for serious
games. In 40" IEEE International Convention

Volume 11, 2023



[89]

[90]

[91]

[92]

[93]

[94]

[95]

[96]

[97]

[98]

WSEAS TRANSACTIONS on COMPUTER RESEARCH
DOI: 10.37394/232018.2023.11.2

on Information and  Communication
Technology, Electronics and Microelectronics
(MIPRO) 2017 May 22:728-733.
https://doi.org/10.23919/MIPRO.2017.797351
8

NET | Free. Cross-platform. Open Source —

Microsoft. https://dotnet.microsoft.com.
[Accessed on 21/02/2023]

Explore Azure SQL database services -
Microsoft Azure.
https://azure.microsoft.com/en-
us/products/azure-sql/. [Accessed on
21/02/2023]

Blazor | Build client web apps with C# | .NET
- Microsoft.

https://dotnet.microsoft.com/apps/aspnet/web-
apps/blazor. [Accessed on 21/02/2023]
Buyuksalih, 1., Bayburt, S., Buyuksalih, G.,
Baskaraca, A., Karim, H., Rahman, A. (2017).
3d modelling and visualization based on the
unity game engine-advantages and challenges.
http://doi.org/10.5194/isprs-annals-iv-4-w4-
161-2017

Hussain, A., Shakeel, H., Hussain, F., Uddin,
N., Ghouri, T. L. (2020). Unity Game
Development Engine: A Technical Survey.
Univ. Sindh J. Inf. Commun. Technol, 4, 73-
81.

GitHub for Unity. https://github.com/github-
for-unity. [Accessed on 21/02/2023]

Angel E, Shreiner D. Interactive computer
graphics with  WebGL. Addison-Wesley
Professional; 2014 Mar 10.
https://dl.acm.org/doi/abs/10.5555/2655481
Villagrasa, S., Fonseca, D., Duran, J. (2014,
October). Teaching case: applying
gamification techniques and virtual reality for
learning building engineering 3D arts. In
Proceedings of the second international
conference on technological ecosystems for
enhancing multiculturality (pp. 171-177).
https://dl.acm.org/doi/abs/10.1145/2669711.2
669896

Nicola, S., Virag, I., Stoicu-Tivadar, L. (2017,
January). VR Medical Gamification for
Training and Education. In eHealth (pp. 97-
103).  https://doi.org/10.3233/978-1-61499-
759-7-97

Villagrasa, S., Fonseca, D., Redondo, E.,
Duran, J. (2014). Teaching case of
gamification and visual technologies for
education. Journal of Cases on Information
Technology (JCIT), 16(4), 38-57.
https://doi.org/10.4018/jcit.2014100104

E-ISSN: 2415-1521

22

Alexandros Gazis, Eleftheria Katsiri

Contribution of Individual Authors to the
Creation of a Scientific Article (Ghostwriting
Policy)

- Alexandros Gazis, was responsible for
conceptualization, investigation, methodology,
software, validation, visualization, writing the
original draft, review-editing resources, carrying out

simulations and writing the original draft.

- Eleftheria  Katsiri, contributed to the
conceptualization, formal  analysis, funding
acquisition, investigation, methodology, project

administration, resources, supervision, validation,
visualization, review, and editing of the original
draft.

Sources of Funding for Research Presented in a
Scientific Article or Scientific Article Itself
No funding was received for conducting this study.

Conflict of Interest
The authors have no conflicts of interest to declare
that are relevant to the content of this article.

Creative Commons Attribution License 4.0

(Attribution 4.0 International, CC BY 4.0)

This article is published under the terms of the

Creative Commons Attribution License 4.0

https://creativecommons.org/licenses/by/4.0/deed.en
us

Volume 11, 2023


https://creativecommons.org/licenses/by/4.0/deed.en_US
https://creativecommons.org/licenses/by/4.0/deed.en_US



