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ABSTRACT

Introduction: The development of virtualization tools, which rapidly unfolded in the
1990s, continues to demonstrate a dynamic trajectory. Modern solutions in this area have
significantly evolved and diversified. The relevance of the stated issues in the era of Covid-19
has received an even deeper interpretation.

Purpose: This review analyzes articles on virtualization published during the pandemic
years with the aim of identifying virtualization development trends.

Materials and Methods: We conducted a keyword search in the Scopus database. The
focus was on articles published in English from December 2019 to December 2022. The
authors followed an expanded PRISMA-ScR protocol. The search identified 164 articles, of
which 131, based on their title and abstract, were marked as relevant.

Results: The selected articles were classified by year of publication, type of publication,
country of publication, area of virtualization, mention of Covid-19, and type of virtualization.
The articles included in our review indicate that virtualization had already been integrated
into all spheres of life before Covid-19. However, the pandemic caused a surge, which
accelerated its implementation in various areas, ranging from education and medicine to
smart cities and computer technologies.

Conclusion: The presented review of the subject area allowed us to identify sectors of
public life that significantly influenced virtualization during the Covid19 years, as well as the
most actively developing forms of virtualization, in particular, those that allow segregating
computational processes and resources. It was recorded that modern solutions in the
field of virtualization have significantly diversified compared to previous years and can be
classified into separate categories.
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AHHOTAL A

BBepgeHue: Pa3BuTe MHCTPYMEHTOB BUPTyanmsauuu, CTpemuTeslbHO pa3BepHyBLUeecs
B 1990-x rogax, NpoAo/KaeT AeMOHCTPUPOBATh ANHAMUYHYIO TpaekToputo. CoBpeMeHHble
peLueHns B 3TON 061acTV 3HAUMTENbHO 3BOOLMOHNPOBANU U AnBepcnPULMPOBaNCh.
AKTYyanbHOCTb 3asBIeHHO NpobaemMaTmku B arnoxy Covid-19 nonyymna ewwé 6onee rnyoumH-
Hoe npouTeHue.

Lenb: [aHHbIi 0630p aHaNM3MpyeT CTaTbW Ha TeMy BUPTyanamnsauuuv, onybankoBaHHbIe
B roZibl MaHAEMUM C Le/Ibto BbISIBIEHWS TPEHAOB Pa3BUTUS BUPTYanm3auumn.

MaTepuansl n meToabl: Mbl NpoBev MNOUCK MO KIKYEBbLIM CJIOBaM B 6ase AaHHbIX Scopus.
B LleHTpe BHMMaHUs 6bIn CTaTby, ONy6IMKOBaHHbIE Ha aHTINACKOM A3blke C Aekabpsa 2019
roga no gekabpb 2022 roga. ABTOpbI cnefoBanu paclimpeHHomy npoTtokony PRISMA-ScR.
Mownck nossonunn BeIABNTL 164 cTatbmn, N3 KOTOpbIX 131 Ha OCHOBE NX Ha3BaHWA 1 aHHOTa-
LK 661N MapKMPOBaHbI Kak pefieBaHTHbIe.

PesynbTaTtbl: OTO6paHHbIE CTaTby BbIAV KNAacCUGULMPOBaHbI MO rody ny6ankaumn, Tuny
ny6ankauum, cTpaHe nyéavkaumm, chepe BUpTyanusaumm, ynoMmmHaHumio Covid-19 n tuny
BMpTyanusaummn. CTaTby, BKAOUYEHHble B Hall 0630p, yKasblBaloT, UTO BUPTyanM3aums
yXe 6bln1a MHTerprpoBaHa Bo Bce cdepbl xm3HM go Covid-19. OgHako naHAeMus Bbi3Bana
BCMJ/IECK, KOTOPbIV YCKOPWA e BHEAPEHVE B Pa3iNyHbIX 061acTsX, HauMHas oT o6pasosa-
HUS Y MeAULIVIHBI 40 YMHbIX FOPOAOB 1 KOMMbIOTEPHbLIX TEXHOMOM .

3aksntoveHune: lNpejacTaBneHHbI 0630p MpeAMETHOro Mnons MOo3BOAWUA BbISBUTb CEKTO-
pbl O6LLECTBEHHOM XM3HW, KOTOPble 3HAYUTENbHO NOBAVAAN Ha BUPTYanmM3auuo B rojpl
Covid19, a TaKk Xe Hambosee akTVUBHO pa3BMBaloLLMecs GopMbl BUPTyanm3aummy, B 4acT-
HOCTW, Te, KOTOpble MO3BOMAIOT CerpervpoBaTth BblYUCAUTENbHbIE MPOLLECChl U pecypchbl.
3aduKCMpoBaHO, YTO COBPEMEHHbIE peLleHns B chepe BUPTYanmsaLmm 3HaYnTeNbHO An-
BepcnPULIMPOBANNCE B CPaBHEHWN C NPeablAYLLMN FOAaMN U MOTYT BbITb Knaccnduumpo-
BaHbl B OTZe/IbHbIEe KaTeropumn.

KNHOYEBBIE C/TOBA
umdpoBas MeAMLNHA; VHTEPHET Belleld; 06MauyHble BblUYMCIEHUS; BUPTYanbHbIA MUP;
6onblUVie AaHHbIE
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INTRODUCTION

A multitude of diverse software and hardware technology
services bolster the speed and convenience of information
handling. This article delves into a promising and potent
technology, rapidly gaining ground in the world of comput-
ing — virtualization. The history of virtualization tool devel-
opment took a leap forward and shows no signs of stopping
(Palacin, 2021; Radchenko, 20219; Almurizi, 2022). Contem-
porary solutions in this sector have become considerably
more diverse than in the past. The information technology
market offers an array of products designed for both specif-
ic, narrow tasks and multifunctional platforms (Sharma et
al., 2020; Seidel et al., 2021; Xu et al., 2022; Woo et al., 2020).

During COVID-19, technologies that have been maturing over
the past three decades demonstrated their genuine utility to
society (Mejia-Dorantes et al., 2022; Lopez-Fernandez et al.,
2021; Gupta et al., 2022; Ansin, 2022; Cano-Hila et al., 2021).
Amid the pandemic, the world acclimated to virtualization
(zhao et al., 2022; Yee et al., 2022; Diez-Pascual et al., 2022).
Digital technologies have further entrenched themselves
into various facets of our lives, transforming healthcare sys-
tems, public administration, security, and the labor market
(Checcucci et al., 2021; Bhargava et al., 2020; Afari et al., 2019;
Aroles et al., 2021). In-person meetings with medical profes-
sionals and administrators became hazardous, while remote
meetings gradually turned into a norm.

Data visualization, the graphical representation of data and
information, has become an essential part of many profes-
sional sectors. Its influence on professional development is
substantial, as it enhances understanding, decision-mak-
ing, and communication (Aldwairi et al., 2022; Correia et
al., 2022; Coto et al., 2022; Czemiel-Grzybowska, 2022). The
growing trend of data visualization significantly influences
professional development. By improving decision-making
capabilities, enhancing communication, increasing employ-
ability, and offering cross-disciplinary relevance, data visu-
alization serves as a critical skill in the modern professional
landscape (Ebekozien et al., 2021; Falavigna et al., 2021). It's
clear that to stay competitive in the current and future job
market, professionals must embrace data visualization.

(1) Improved Decision-Making: Visualization tools allow pro-
fessionals to understand complex data and derive actiona-
ble insights. This skill is crucial in many sectors, including
finance, marketing, healthcare, and more, where data-driv-
en decision-making is integral. Data visualization skills can
enhance a professional’s ability to analyze trends, predict
outcomes, and make informed decisions, thus contributing
to their career progression. Research works in this fields can
be found at Chien, 2020; Qiu et al., 2022.

(2) Enhanced Communication. Data visualization is a useful
communication tool. It can convey ideas and insights more

effectively than text-based data. Professionals who can cre-
ate effective data visualizations can communicate more ef-
fectively with peers, managers, and stakeholders. This can
lead to increased influence within their roles and open up
leadership opportunities (Atzori et al., 2019; Westmattel-
mann et al., 2021).

(3) Increased Employability. There's a growing demand
for data visualization skills across various industries. As
businesses become more data-driven, professionals who
can visualize data are becoming increasingly valuable.
This trend is likely to continue as data continues to play
a more integral role in business decisions (Almurisi et al.,
2022; Atzori et al., 2019; Bibri et al., 2019; Zhou et al., 2022).
Professionals with robust data visualization skills may find
greater job opportunities and career advancement.

(4) Cross-Disciplinary Relevance. Data visualization isn't
confined to one industry. Whether in healthcare, where it's
used to track disease spread or in finance, where it helps
analyze market trends, its relevance is widespread. This
cross-disciplinary applicability allows professionals with
data visualization skills to transition between sectors more
smoothly, promoting career growth and versatility (Ullah et
al., 2022; TTC VL Workgroup, 2021; Abed et al., 2022).

Societal virtualization is also becoming more and more
significant fenomenon even being. relatively recent. The
nature of virtual reality and virtualization mechanisms is
currently under exploration in the scientific community.
The major research area is electronic virtual reality, and
researchers have recently pinpointed a new vector of so-
cietal transformation - its “virtualization”, referring to the
transition of primary activities to the virtual space of the
internet (Correia et al., 2022; . Modern virtualization pro-
cesses are so rapid that they pose challenges to predic-
tion. The consequence of informatization are irreversible,
multifaceted changes impacting all aspects of the global
community’s life. Hence, we deem it crucial to review the
virtualization technologies that have surfaced in recent
years and influence every sphere of life and professional
trajectories of every individual.

The purpose of this scoping review is to identify trends in
the development of virtualization that have been triggered
by COVID-19. Its objective is to track the changes that have
transpired in information technologies in recent years and
analyze the current state of virtualization technologies. The
research question is, “What impact have the technological
trends of recent years had on professional development. It
can be hypothesized that Covid-19 has had a monumental
impact on the processes of computerization and, conse-
quently, on all spheres of human lives.
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MATERIALS AND METHODS
Transparency Statement and Protocol

We conducted a literature search in the Scopus database
to conduct a scoping review in accordance with the recom-
mendations of PRISMA-ScR. The authors affirm that this
manuscript is an honest, accurate, and transparent account
of the study being reported; that no important aspects of
the study have been omitted; and that discrepancies from
the study as planned have been explained. We briefly re-
state our study methods here.

Search Strategy
Search Sources

To write this review, the relevant literature was searched in
the Scopus database. The search was conducted during the
global COVID-19 outbreak: from December 2019 to Decem-
ber 2022. Only papers that most fully correspond to the top-
ic of the review were taken into account.

Search Terms

The search conditions were determined based on the avail-
able literature and by contacting experts in the relevant
fields. The keywords used: virtualization development trends,
computerization development trends, information technology,
Covid-19. We have filtered the list in descending order to in-
clude the most frequently cited sources in the article. We
conducted a study of the found articles to select potential-
ly relevant literature. The exact search strings used in the
search for this study are available in Table 1.

Table 1
Search Strategy in Scopus database

Database Search strategy Hits

TITLE-ABS-KEY («virtualization» OR 164
«computerization» OR «information
technology») AND («development

trends») AND («Covid-19») AND

(LIMIT-TO (PUBYEAR, 2022) OR

LIMIT-TO (PUBYEAR, 2021) OR

LIMIT-TO (PUBYEAR, 2020) OR

LIMIT-TO (PUBYEAR, 2019)

Scopus

Search Eligibility Criteria

In this scoping review, the search was focused on topics that
reveal the current state of virtualization. Studies published
in English from December 2019 to December 2022 were
reviewed. We have included articles that are in the public
domain. We did not consider those articles that did not cor-

respond to the topic of the review. Only the peer-reviewed ar-
ticles were included. Preprints and comments were excluded.
No restrictions were imposed on the country of publication.

Study Selection

We looked through the titles of the articles and made initial
notes for their inclusion and exclusion. Then we analysed
the abstracts of the selected papers. The papers selected by
title and abstracts were included in the list for the full-text
reading stage. At the stage of full-text reading, we excluded
articles that are less relevant to the topic of our review.

Data Extraction

We have prepared a form for data extraction (Table 2). The
form was tested before extracting the data according to it.
For any problems that arise, we turned to researchers in
this field.

Table 2
Data extraction form

Concept Definition
Study Characteristics
ID Unique ID assigned to each study
Author The first author of the study
Year The year in which the study was

published

Country of Affiliation of the first author of the
publication study

Publication type  Journal or conference or book chapter

Name of the conference where the
study was published

Conference name

Journal name Name of the journal where the study

was published

Virtualization method

Tasks addressed
in the study

What are the areas of application of
virtualization technologies in different
fields (e.g., medicine, education,
business, etc.)?

The branches/areas of that were
used (e.g., segmentation, data
augmentation, noise removal, etc.).

Purpose of using
virtualization

Type of the
technology

What was the type of technology that
was used (e.g. contactless payments,
robotic delivery, telemedicine, etc.)?

Key changes in
virtualization

Did the authors report fundamental
changes to the architecture of the
virtualization?
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Data Synthesis

The data from the reviewed studies has been summarized
using a narrative approach. We classified the included stud-
ies in terms of their applications, such as education, medi-
cine, computer technologies, etc. We also divided the data
by country, year and Covid-19 impact. All diagrams for an
illustrative example were created on RAWGraphs website.

RESULTS
Search Results
164 articles were extracted from Scopus (Figure 1). From

the initial retrieval of 164 studies, we excluded 18 due to
duplication. We meticulously evaluated the remaining 146

Figure 1
Block diagram in accordance with PRISMA-ScR

studies based on the established inclusion and exclusion
criteria. Consequently, 14 studies were deemed non-com-
pliant and subsequently excluded. This left us with a to-
tal of 131 studies included in this review. Additionally, we
conducted a review of the references listed in these arti-
cles, however, this did not yield any further articles to be
included.

Publication Years

Based on the yearly distribution of the publications, we
found that 5 studies were published in 2019, 14 studies in
2020, 36 studies in 2021, and a significant increase to 76
studies in 2022 (as depicted in Figure 2). It is noteworthy
that the majority of these studies were written following the
major waves of COVID-19.

Identification of studies via databases and registers

Yy
=
2 Records removed before
S 164 studies obtained by | screening:
E searching 1 data set "| 18 duplicate removed
)
=
-~
pd
()
11 excludes after screening of
146 unique titles and abstracts | fitles and abstract
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Figure 2
Year of publication of studies

Publication types

The majority of the studies included in this review were pub-
lished in journals, accounting for 129 articles. Meanwhile, 2
of the studies were categorized under the publication type
“conference” (as shown in Figure 3).

Demographics of the Included Studies

Research on the trends in virtualization development has
been conducted globally, with contributions from 45 coun-
tries. The greatest number of studies were published in Chi-
na (19), followed by Spain (12), the USA (9), Germany (9), In-

Figure 3
Publication type

dia (9), and Russia (7). Table 3 provides a detailed summary
of the demographic data from the included studies. Addition-
ally, Figure 4 presents a visualization of the geographical dis-
tribution of these studies by country. The Covid-19 pandem-
ic has impacted numerous countries worldwide, and many
have sought to mitigate the risks of transmission through the
implementation of virtualization technologies. By enabling
remote work, online learning, telemedicine, and various oth-
er digital services, virtualization has played a crucial role in
promoting social distancing and reducing physical contact,
thereby helping to curb the spread of the virus.

Table 3
Demographics of the included studies

Countries Number Countries Number
of studies of studies

Spain 12 Peru 1
China 19 Morocco 1
Germany 9 Jordan 2
Norway 3 Brazil 2
United 4 Latvia 1
Kingdom

Russia 7 Nigeria 1
Indonesia 1 Japan 1
Finland 1 Malaysia 1
Barcelona 1 Saudi Arabia 4
Serbia 1 Belgium 2
India 9 Luxembourg 1
Taiwan 1 Kazakhstan 1
USA 9 Romania 3
Ukraine 1 Brunei 1

Darussalam
Australia 1 Democratic 1
Republic of Congo

South Africa 1 Poland 3
Vietnam 1 Greece 1
Italy 4 Slovenia 1
South Korea 4 Denmark 1
Iran 4 Turkey 1
UAE 1 Hungary 1
Mexico 2 Netherlands 1
Canada 3
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Figure 4
Demographics of the included studies
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Areas of Development of Virtualization

Virtualization is swiftly proliferating across various facets of
our lives. A total of 32 studies were found to be dedicated
to the application of virtualization in the realm of education
(Affouneh et al., 2021; Alamo et al., 2021; Anton-Sancho et
al., 2022; Chamorro-Atalaya et al., 2021; Liu, 2021; Broks,
2020; Diez-Pascual, 2022; Ghadrdoost et al., 2021; Hertling
et al., 2022; Pereira et al., 2021; Babieva et al., 2022; Her-
trampf et al., 2022), etc. Another 27 studies investigated
the development of virtualization in the context of machine
learning (Atul, et al., 2019; Mirzaee et al., 2022. In the field of
cloud computing, 17 studies scrutinized the trends in virtu-
alization (Al-Yarimi et al., 2022; Hanussek et al., 2021; Fur-
thermore, nine studies focused on the application of virtual-
ization in data centers (Arellano-Uson et al., 2021; Ben-Zvi et
al., 2022; Bermejo et al, 2022; Compastié et al., 2020; Fati et
al., 2020, etc.), while eight studies each examined the Inter-
net of Things and virtual laboratories respectively (Almurisi
et al, 2022; Atzori et al., 2019; Jiao, 2022), etc.
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Additionally, seven studies delved into the essence of the
development of mobile communication technologies (Azari
et al., 2022; Chie et al., 2020; , seven studies scrutinized the
application of virtualization in medicine (Fouladi et al., 2021;
Greenough et al.,, 2022; Grgndahl et al., 2022; , and seven
studies were devoted to the development of e-learning
(Kamouna et al., 2022). Lastly, three studies each focused
on the virtualization of smart cities (Bibri, 2019; Bibri, 2022;
Kuzior et al., 2022) , flexible work, and teleworkers respec-
tively (Checcucci et al., 2021).

Table 4 and Figure 5 succinctly represent these prevailing
trends in the development of virtualization, clearly demon-
strating the diverse applications and growing relevance of
this technology across numerous domains.

The virtualization of operating systems has seen substan-
tial advancements in the past three to four years, both from
a technological and marketing perspective (Hadasik et al.,
2022). Technologically, the ease of use of virtualization
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Table 4

Application of virtualization development trends in various areas

Application area Numbfar

of studies
Education 32
Machine learning 27
Cloud computing 17
Data centers 9
Internet of things 8
Virtual laboratories 8
Mobile communication systems 7
Medicine 7
E-learning 7
Smart city 3
Flexible work 3
Teleworker 3

Figure 5

Application of virtualization development trends in various areas

products has greatly improved, alongside enhancements in
their reliability and functionality. From a marketing stand-
point, there has been a proliferation of novel and intriguing
applications for virtual machines.

These developments underscore the ongoing evolution
and growing impact of virtualization technologies. They of-
fer not only practical solutions for managing computer re-
sources more effectively but also open up new possibilities
for innovation across various fields (Jiang et al., 2022; Khaki-
mov et al., 2022; Li et al., 2022). As these trends continue, we
can expect to see even more creative and efficient uses for
virtual machines in the future, further solidifying the role of
virtualization in modern computing.

COVID-19 Mentioning

Upon analyzing the articles selected for our review, we
quantified the frequency of mentions related to the topic of
coronavirus infection. Our investigation revealed that out of
the articles we studied, the topic of COVID-19 is addressed
in 56 of them, as depicted in Figure 6. This observation un-
derscores the significant influence that the pandemic has
exerted on the process of virtualization. The prevalent ref-
erence to COVID-19 in the context of these studies reaffirms

7] Number of studies

Application area

- Cloud computing

[ osta centers

- E-leaming

- Education

B Flexible work

- Internet of things

- Machine learning

- Medicine

I robile communication
- Smart city

Teleworker
| Virtual Isboratories

Application area
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Figure 6
COVID-19 mentioning

the contention that global events, such as a pandemic, can
act as major catalysts for advancements and shifts in tech-
nological paradigms, specifically in the realm of virtualiza-
tion in this instance.

Current Types of Virtualization

Virtualization serves as an umbrella term that encapsulates
the abstraction of resources across numerous facets of com-
puting. Through the course of our research, we were able to

Figure 7
Types of virtualization

Table 5
Types of virtualization

Types Number of studies
Paravirtualization 22
Infrastructure virtualization 30
Server Virtualization 14
OS-level virtualization 20
Resource virtualization 12
Application Virtualization 33

distinguish and categorize the most prevalent types of vir-
tualization, as depicted in Table 5 and illustrated in Figure 7.
These types broadly encompass virtualization of servers,
networks, storage, data, desktops, and applications (Li et
al., 2022; Liu., 2021; Nazarov et al., 2020; Park et al., 2021;
Pons, et al., 2022; Qazi, 2020; Radchenko et al., 2019; Rosio-
ru et al., 2022; Saravanakumar et al., 2022). The diversity in
types of virtualization underscores the broad applicability
and immense potential of this technology in transforming
various aspects of computing and information technology.
These classifications serve as a baseline for understanding

Application Vir
33

. Infrastructure virtualization
30

. Paravirtualization
22
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Server Virtualization
o

@ Resource virtualization
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how different domains leverage virtualization and will aid in
the ongoing discourse surrounding the evolution of virtu-
alization, particularly in the wake of transformative events
such as the COVID-19 pandemic.

Various forms of platform virtualization include but are not

limited to:

(1) Full Virtualization: Involves the complete simulation
of actual hardware to allow an unmodified guest OS
for a different CPU to be run in isolation.

(2) Para-virtualization: The guest OS is aware of the vir-
tualization and cooperates with the hypervisor to
achieve efficient system calls, rather than simulating
hardware.

(3) OS-level virtualization: Involves multiple instances of
the same OS running on a host, each instance being
a container running a separate group of applications.

(4) Hardware-assisted Virtualization: Virtualization sup-
port is built into the hardware, typically the CPU, to
assist performance of the virtual machine monitor.

However, it's crucial to note that terminologies in the
realm of virtualization are yet to be universally standard-
ized. Consequently, the classification of platform virtual-
ization types may vary across different sources, reflecting
the evolving and dynamic nature of this field. Figure 7 pre-
sents the most frequently mentioned types of visualization
in the analyzed sources.

DISCUSSION

In this study, we conducted a scoping review of trends in the
development of virtualization. We found that the majority
of studies were published in 2022 (n=76), followed by 2021
(n=36), with a minority of studies published in 2019 and 2020
(n=5 and n=14, respectively). This data suggests an escalat-
ing interest in virtualization, with its technologies continu-
ally expanding. China leads in the number of publications
(n=19), followed closely by Spain (n=12), jointly accounting
for more than 20% of the total publications.

Almost 25% of the studies focus on the development of vir-
tualization in education (n=32). This trend seems natural
given that educational institutions often manifest the ex-
tensive advantages of employing virtual computing (Wolf et
al., 2022; Xu et al., 2022; Yee et al., 2022). Slightly over 20%
of the studies target virtualization in the field of machine
learning (n=27). To avert incompatibility issues with dispa-
rate software components, researchers and developers are
paying significant attention to stringent version control of
all software components and system settings.

Almost 15% of the studies center around virtualization in
the field of cloud computing (n=17), likely attributable to
cloud providers’ cost-effective measures to decrease hard-

ware costs and conserve energy (Xie, 2022; Shi et al., 2022).
Nearly 7% of studies are devoted to data center virtualiza-
tion (n=9). Virtual data centers, collections of cloud resourc-
es that eliminate the need for in-house data center mainte-
nance, have proven essential in light of the surge in remote
work and the increased demand for digital services.

Concerning the classification of virtualization techniques,
application virtualization emerged as the most popular,
accounting for 26% of the total studies (n=33). Application
virtualization provides a localized working environment
for applications using local resources. The next most pop-
ular virtualization types were infrastructure virtualization
at 23% (n=30) and paravirtualization at 17% (n=22). These
approaches involve abstracting computing resources from
physical equipment and preparing guest operating systems
for execution in a virtualized environment through minor
kernel modification.

The COVID-19 pandemic has indeed accelerated many

trends in technology, including those in virtualization (Woo

et al., 2020; Xu et al., 2022; Zhou et al., 2022; Ullah et al.,

2022; Stanimirovic et al., 2022). Here are several key trends

that have been triggered or accelerated by the pandemic:

(1) Remote Work and Virtual Desktop Infrastructure
(VDI): With the advent of COVID-19, many business-
es had to shift to a remote work environment. This
sudden shift caused an increased need for secure, re-
mote access to applications and data. Virtual Desktop
Infrastructure (VDI) and Desktop as a Service (DaaS)
have become increasingly relevant and critical. These
technologies create a user’s “desktop” environment
on a virtual machine that can be accessed from an-
ywhere, ensuring productivity regardless of physical
location.

(2) Increased Demand for Cloud Services: With the need
for scalable and flexible IT solutions during the pan-
demic, there’s been a massive increase in the de-
mand for cloud services. Organizations are moving
more of their infrastructure to the cloud, often using
a mix of on-premises, private cloud, and public cloud
services. Virtualization is a key enabler for these mul-
ti-cloud strategies.

(3) Network Function Virtualization (NFV) and Soft-
ware-Defined Networking (SDN): With the increase
in remote work, the strain on networks has been
immense. Organizations have increasingly turned to
NFV and SDN to enhance network agility and man-
ageability. These technologies allow network manag-
ers to deploy, control, and adjust network resources
using automated processes.

(4)  Virtual Events and Conferences: Due to travel restric-
tions and social distancing measures, physical events
and meetings have largely been replaced by virtual
ones. Tools for virtual meetings, webinars, and con-
ferences have seen a tremendous increase in usage.
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This shift may continue to influence how business
communications and collaborations are conducted
in the future.

(5)  Virtualization in Education and Training: Virtualiza-
tion has made remote learning a reality for millions
of students around the world. In addition, virtual
labs, digital simulations, and remote access to edu-
cational resources have transformed how practical
skills are taught and learned.

(6)  Telemedicine: The healthcare sector has experienced
a drastic shift towards telemedicine due to the pan-
demic. Virtualization has been crucial in this transi-
tion, allowing secure and efficient remote consulta-
tions, monitoring, and access to medical records.

CONCLUSION

COVID-19 has not only accelerated the adoption of virtual-
ization but also expanded its applications across different
sectors. The trends that have emerged during the pandemic
are likely to continue, shaping the post-pandemic world in
many ways. In our review, we have analysed studies writ-
ten over the years of Covid-19, because we believe that the
pandemic has had a strong impact on the trends of virtual-
ization development. Unlike reviews that covered a specific
virtualization application area, this review was not focused
on a specific area, covering various areas. In addition, we
have identified the current types of virtualization.

This review was not intended to provide exhaustive descrip-
tions of each type of virtualization or their extensive applica-
tions. Thus, we included only the types of virtualization and
the sectors impacted by it, omitting detailed descriptions of

each specific type and their application areas. Definitions of
certain virtualization development areas may overlap. For in-
stance, E-learning could be viewed as a subset of Education.
Consequently, categorizing e-learning research under educa-
tion would augment the number of studies in the education
category. However, we believe that the classification pre-
sented in this review more accurately reflects the essence of
our research. Due to practical constraints, our review solely
consists of studies published in English, potentially excluding
relevant studies published in other languages.
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