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Abstract:
The University of Technology and Applied Sciences [UTAS] has 13 colleges under its umbrella. There
are thousands of students who study in these colleges and numerous courses which are offered every
semester. The post foundation students register online in a single UTAS server for the subjects which
are offered for the semester. The students’ login onto the single UTAS server based on the cohort in
which they have enrolled during a specific period during the first week which creates heavy workload
on the servers. The registration process during the first week of every semester is the most crucial
period for the network administrators, as the workload increases, the server sometimes crashes which
leads to the delay in the registration process of the students and increases the pressure on the
administrators to fix the server. Due to Covid-19 pandemic the exams have become online, and the
same load problem occurs during the online examination. This paper is an attempt to propose a novel
architecture for UTAS server workload balance based on Content Delivery Network [CDN] and
attempts to link B-Trees as the data structures for the workload balance of UTAS servers. The
advantage of using CDN is that the placement of surrogate servers decreases the UTAS server load and
the latency of the registration process, it also increases the content availability during excessive usage
during the registration week.

Keywords: University of Technology and Applied Sciences [UTAS], UTAS server, Content Delivery
Network [CDN], Surrogate Server, Latency, Content Availability, Load Balance, Students’ Registration.
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Introduction
The pandemic has shown new ways to deal with sustainable development in the field of education, as
most of the educational institutions are using the online platform to do what was done in a traditional
educational pedagogy. The traditional classroom teaching has been done with and the new trend of
online teaching and learning has been introduced along with the assessment methods falling in line
with the online mode. The students in UTAS have been introduced to the method of online assessment
since the beginning of the pandemic. This novel paper is an attempt to analyze the workload capability
of the UTAS servers and tries to introduce a new methodology without putting a lot of workload on
the UTAS servers. This paper is also an attempt to balance the workload of the servers in responding
to the users by bringing the concept of content delivery network in the system. The literature review
section deals with the analysis of multiple papers which have been already published for the workload
balance for the web servers. This section also focusses on the surrogate server capability in CDN and
the latency rate for the servers. The content availability for the users is the core aspect which has
gained a lot of attention in the recent years. The data structure of B-Trees is studied in this chapter as
they are capable of handling huge volumes of data in the databases stored in the UTAS servers. The
methodology section discusses the current scenario of UTAS servers and the proposed model which is
recommended to reduce the workload on the main UTAS server and the introduction of surrogate
servers to provide the resources needed for the users based on their location in the country. The
conclusion section discusses how the new technique of introducing multiple servers will reduce the
server workload during the registration process and the online assessment process and also discusses
the future possibilities of the current study of this paper.

Literature review
During this pandemic the teaching process in educational institutions have undergone drastic changes
in the past year. The workload on the servers for providing the content has been the focus of the
research studies. The CDN [1][2][3][4] is s set of servers that help in delivering the content to the users
based on the location of the user’s requests. The fast and reliable services offered by the CDN server
which are closest to the user’s location based on the users’ internet service provider [2] is studied by
the researchers. According to Krishna Kant and Youjip Won [1], the different factors which is related
to the server capacity planning is studied. During the last few decades many studies have been done
2
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in the field of CDNs. According to Peng [5] the researchers analyzed the concept of developing and
implementing CDN servers which help to deliver the content. The paper by Vakali et al., [4] helped the
authors to understand the architecture and the role of service providers. The papers [6][7] has helped
the researchers to understand the infrastructure of the Akamai CDN architecture. The work by V.
Almeida and D. Menasc´e [8] on server workload capacity has been used to understand the different
parameters need for studying the server utilization for educational institutions. The paper [9] was
studied to understand the latency rate for CDN servers. The Content Availability aspect of CDN was
understood by the work done by Almashor et al., [10]. The paper by Munira et al [11] on server load
balance for CDN has been utilized to understand the different aspects involved in load balancing of the
CDN servers. According to Comer [12], B-tree is a generalization of a binary search tree in that a node
can have more than two children. Unlike self-balancing binary search trees, the B-tree is optimized for
systems that read and write large blocks of data. B-Trees can be used to put multiple values or variable
in a tree node. The values or variables are stored in the leaves of the tree.

Methodology
A. Current Scenario:
The UTAS server is located at a central location and the student’s login into the server using their
credentials for the process of registering for courses. The students’ also use the servers for online
examinations during the pandemic time. The trend of using the server for online examinations is very
recent unlike the traditional exam process of pen-paper test before the begin of the pandemic. The
server is usually overloaded at the time of course registration before the start of the Spring or Fall
semester. In UTAS the exams are scheduled and conducted at the same time for all the colleges and
departments. On a specific exam slot many exams will be conducted for all the departments. The day
of online examination, the course teachers upload the question papers on the server and on the day
of the examinations, the student login into the server and access the question paper and do their
online exams. The students’ answer the question and the answers are stored in the server. The number
of exams on a particular (semester) depends on the courses offered in the college campus during that
semester. The workload on the server is very heavy during this period too.
The main factors of how the workload is calculated for the server is based on the following important
parameters that are the number of users, the request per second received by the server. The server
3
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workload can be defined as the amount of processing done in a fixed period of time. The server
workload also considers the number of active users in an hour and the number of active connections
in a particular period of time.
The course registration process for the UTAS servers follows the simple procedure of the student
logging into the student information system [SIS] portal on the server and based on the cohort for
which he is registered the server populates the courses which are offered in that semester to the
student. The SIS server then is ready to accept the user’s transaction and saves the data in the
database. Once the data is saved the server then populates the timetable for the student on the client
system. The workload on the server becomes an issue when the number of students who want to
register for the courses increases as the window dates for the registration process is limited to one or
two days for a particular cohort. This limitation of the registration process puts a lot of workload on
the UTAS server and this leads to the server being incapable of servicing the request of the users who
want to register for the courses that they need for the next semester.
During the online examination process, the teachers use the servers extensively as the final exam
question papers are loaded into the blackboard server. This also creates a lot of workload for the server
as there is many transactions from the different users to the same database. When the authors studied
the system, it was found that the workload is quite heavy on the server during two phases: one during
the registration week and second during the online exam assessment week. The following section
provides the proposed model to solve the above-mentioned issues for the server workload balancing.
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Fig.1. Current scenario in UTAS Servers
B. Proposed Scenario:
The proposed model for the UTAS is based on the CDN concept. The CDN network is a collection of
servers which are distributed strategically in different parts of the country which helps in faster
delivery of content needed for the user. CDN also helps to quickly load the pages from the locationbased servers instead of loading it from the main server. The advantage of using CDN is that it improves
the loading time of the content from a closer server to the user’s location, the issue of the failure of
the main server due to many users’ request is resolved as the CDN are capable of handling more traffic
which is a better option. The strategically located servers reduce the distance between the users and
the server, so instead of loading the content from the original server, the surrogate servers let the
users access the content from a nearby located server considerably reducing the latency which means
there is a possibility of faster response to the users request.
The redundancy factor of the CDN helps the administrators to maintain the same database in multiple
servers hence reducing the workload on the original server. As there are multiple servers in the
network, the load balancing issue with reference to having a single server is resolved as the other
servers are capable of handling the request sent by the clients. In case of the original server is having
a failure, the surrogates can help in making sure that no users losses the content access. The presence
of surrogate server also improves the reliability factor for the UTAS. CDN offers multiple benefits like
reduced response time, content up-time and content access.
This paper also attempts to link the B-Tree data structures to create the index of the surrogate server’s
location. The B-Tree data structure stores the location in a sorted order. The data is stored in such a
way the node has two links to access the less numbered key on the left and the greater numbered key
on the right side of the node. The data is stored in an ascending fashion to help the search process to
find the closest server location. When the request arrives from one of the users from a location, the
surrogate server array is searched based on the following conditions if the location is to the left of the
array or to the right of the array. Depending on the search result the original server redirects the
request from the user to the closest surrogate server identified from the stored array. The user
requests the main server for registering the courses.
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The server identifies the location of the user and sends the instruction to the surrogate server to
respond for the particular user based on the location of the user’s request. The block diagram of the
CDN network for the UTAS is shown in Fig 2.

Fig.2. Proposed model for UTAS Servers
The surrogate server starts to provide the service to the user’s request. The data transfer between the
user and the surrogate is communicated to the main server to maintain the database consistency. The
main server then appends the other location-based servers for maintaining the database redundancy.
The term redundancy may seem like an undesirable concept in CDN but has many benefits for the
organization. It is introduced intentionally to make sure that the content is available for use during the
entire registration and online exam process. It supports the system by giving a backup method for data
storage and also helps in disaster recovery mechanism. Data redundancy also helps in faster response
time and faster update time for the user’s data. One more added advantage of redundancy is that the
checking for data consistency is much easy and simpler. It allows the system administrator to take one
copy of the database and cross verify it with the other server database.

Conclusion
This research paper attempted to study the drawbacks of the existing single server environment in
UTAS, and the problems associated with it. This paper also focusses on the alternative method for the
problems faced during the registration process and the online exam assessment. This paper will be
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placed to UTAS administration for further studying the impact of having multiple servers in the country
to facilitate the ease of the registration and exam assessment process. In the future, this novel paper
can be developed as a pilot project for submission to The Research Council of Oman [TRC] which might
help many educational institutions to negotiate with the ever-increasing demand for faster content
access.
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Abstract:
It is becoming increasingly difficult to imagine our life without the Internet. Despite the importance
and benefits of the Internet, Internet connections are vulnerable to many threats; the number of
phishing sites, spoofing of social networking sites, and other attacks have increased annually. As well
as due to the COVID-19 pandemic., the majority of people are depending on the internet for doing
their works, education, business, etc. The COVID-19 pandemic has created new challenges for security
specialists. Cybercrimes increase and the investigations for the crimes become a challenge for the
investigators. It is very necessary to figure out the impact of COVID-19 on cybersecurity and the
difficulties of the investigation and improve it, as cybercrimes can cause any damage or loss of sensitive
information.

Keywords: Cybersecurity, investigation, COVID-19, Cyber threats.
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Introduction
In these years, especially after the pandemic of COVID-19, there has been growing concern about
cybersecurity and computer crime investigation. The restrictions imposed by Omani government in
response to COCID 19 pandemic have encouraged some staff to work from home and students to study
from homes. As a result of this, the use of internet has become more important in both working and
personal lives [1]. The importance of cybersecurity has risen recently. McKinsey believes that service
providers and cybersecurity technology are shifting priorities to support current needs [3]. In one
analysis, Al- Shaer (2006) argues that, because of the size and number of network users, attacks have
dramatically increased; as a consequence, the challenges in investigating computer crime have raised
[1].

Cybersecurity means the practice of securing electronic systems, data, network, computers, mobile
devices, and servers from the attackers who’s a target to do malicious attacks. It's also known as
electronic information security or information technology security [4].

Aims and objectives
The topic of this research paper was selected for the following purposes: as the number of cybercrimes
is rising due to COVID-19, a considerable number of challenges faces to investigate the crimes and to
design an effective tool to parse these crimes. Although International Telecommunication Union (ITU)
index indicates that the Sultanate of Oman is the second among Arab countries in the field of
cybersecurity and 16th globally, the number of blackmail cases is constantly increasing. The Sultanate
is ranked among the top ten countries in the world in the Cybersecurity Index [4]. The main goal of this
paper is to explore, analyze and understand the challenges of cybercrimes investigation in Oman due
to COVID-19. Some challenges are facing the investigation of computer crimes in Oman including the
growth of IT users in Oman, lack of awareness and regulations relating to computer crimes, and the
awareness between the people about security.

Literature review
A. Threat Environment
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A considerable amount of literature has been published on cybercrimes investigation. The newness of
technology means that safety is also new, so the continuously growing demand for using the internet
in every aspect of life means that those electronic machines will be under a growing threat. Computers,
mobile devices, and any electronic machines are prone to many types of threats at any time. Hackers
and attackers are motivated to compromise these machines. Also, attackers have lots of methods and
tools at their disposal to accomplish their purposes. The threat will be more serious if the goal is to
attack critical information, for example, military or financial data.

B. Threat Environment in Oman
Recently, literature has emerged that offers lots of surveys, reports, and statistics relating to
information security in the Sultanate of Oman. Oman is exposed to some threats every year especially
during the period of the COVID-19 pandemic. In 2020, Oman Observer newspaper published a paper
in which it discussed the number of cyber-attacks in Oman due to the pandemic of COVID-19, In the
third quarter of 2020, Oman witnessed about 610 e-mail spam attacks and 29 malicious URL [7]. The
government of Oman and the Information Technology Authority play important roles in tracking these
threats. The goal of the Information Technology Authority is to convert the Sultanate of Oman into a
possible knowledge society by activating the role of information technology to enhance government
and business services (Ministry of Technology and communication, Annual Report 2019). The figure
below illustrates the types of IT security incidents that Oman is exposed to.

Fig. 1. Types of IT security incidents that Oman is exposed to

C. Information Security and Cybercrimes in Oman
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Surveys such as that conducted by Information Technology Authority have shown that information
security is vital. Oman National Center (OCERT) has discovered about 332 security incidents, 646
spyware and viruses were detected and analyzed in 2019[4].
The rate of cyber-attack cases was more in 2020. According to an annual mid-year roundup report by
Trend Micro Incorporated, the leader in cloud security, Oman has witnessed about 3,108 URL hosted,
187,102 malware detections, 1,764,518 email threats, and 644,303 URL victims in 2020. The report
furthermore reveals COVID-19 related threats as the single largest type of threat in the first half of the
year 2020[10]. These statistics between 2019 and 2020, it is obvious that Oman has more cyberattacks
in 2020 as compared to 2019 due to the increasing number of people who are using the internet in
2020 because of COVID-19.

Methodology
Some challenges need to be addressed to improve the level of investigation for any cybercrime that
faces the Sultanate of Oman. For this paper, quantitative research is implemented, online
questionnaire about internet usage and security during the period of COVID-19 was distributed for
about 60 persons from Omam. As the result of the questionnaire

the following challenges for

cybersecurity and cybercrime investigation in Oman are extracted: Growth on the importance of the
internet during COVID-19 outbreaks, increase the number of hours of using the internet during the
pandemic, lack of awareness and training about network security and Oman cybercrime laws and
regulations.

Results and Discussions
A. Growth in on the importance of the internet during COVID-19 outbreaks
Internet service entered Oman in 1997, from that year the number of subscribers for internet services
increased. During 2012, the penetration rate of the fixed internet subscribers increased by 7.6%,
bringing the total number of fixed internet subscribers close to 120,000[10]. Because of the COVID-19
and works, education, etc are now depending on online, thus there is a huge need for the internet
means the increase of the cybercrimes. As Oman Observer Newspaper (2020) points out: ‘Oman’s total
fixed Internet subscriptions rose 6.9 % to touch 506,091 at the end of November 2020 compared to
the same period of 2019. ‘As the result of the questionnaire, what can be seen in the below figure is
11
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the high percentage of the respondents are considering that the internet is essential for them during
the pandemic.

Fig. 2. Percentage of the respondents who have considered the internet has been essential for the, during the pandemic

B. Increase the number of hours of usage the internet during the pandemic
According to the following data that are taken from the questionnaire, it indicates that there is an
increase in the average hours that people spend on the internet during this pandemic. figure 3 shows
that about 66.7.00% 0f the respondents are using the internet for more than 4 hours per day. Less
than 10% of respondents are using the internet for less than an hour.

Fig. 3. Average hours the respondents spend on the internet every day during the pandemic.

C. Lack of awareness about Oman's cybercrime laws and regulations
More than 50% of those surveyed do not have awareness relating to Oman's cybercrime laws and
regulations. There is an importance for the awareness relating to laws of cybercrimes due to the
noticeable increase in cyber threats posed by hackers who use information technology and Internet
tools to commit cybercrimes.[8].
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Fig. 4. Percentage of the respondents who have read and understood Oman's cybercrime laws and regulations.

D. Lack of awareness and training programs about cybersecurity
Of the 60 participants who completed the questionnaire, just 21(35%) indicated that they attended
training programs about cybersecurity.

Fig. 5. Percentage of the respondents who received cybersecurity awareness training.

Conclusion
The present research aimed to examine the impact of covid-19 on cybersecurity and the challenges of
cybercrime investigations in Oman. This study has shown that there is an increase in cyber threats due
to these reasons: the importance of the internet with increasing the average hours of using it due to
the COVID-19 pandemic, lack of awareness relating to cybersecurity laws in Oman, and the lack of
awareness programs. This research will serve as a base for future studies and more investigation about
the topic of cybersecurity. Although the current study is based on a small sample of respondents, the
findings suggest that besides the challenges the study has to focus on the skills and knowledge that
any cyber threat investigator has to acquire, such as time management, critical thinking,
concentration, and collecting and documenting evidence. A limitation of this study is that this research
has thrown up many questions in need of further investigation.
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Abstract:
IT infrastructure management includes activities such as hardware maintenance, software upgrades and
the administration of networks and servers to ensure continuity of business operations. In educational
institutions, technology managers see to it that the existing IT infrastructure can sufficiently support
seamless class activities and other tasks that require the use of computers and network services. The fast
evolution of technology in education has been making the technology support teams occupied with their
jobs but the major challenge came when the Covid-19 pandemic reached its peak during the previous
academic year. At the height of the pandemic, government-imposed lockdowns forced educational
institutions around the world to make a sudden shift from on-campus to online mode of teaching.
Consequently, technology teams had to keep up with the newer challenge of supporting both onsite and
remote users who simultaneously access the IT resources. This paper investigates the strategies adopted
by the technology managers to support remote work/classes in the previous academic year and how they
addressed the technical issues encountered by both onsite and remote users. Finally, owing to the lessons
learned throughout this study, several recommendations are proposed ranging from restructuring the
current IT infrastructure to implementing Industrial Revolution Technology (IR4) solutions to improve
sustainability.

Keywords: IT Infrastructure, Industrial Revolution 4, On-demand computing, Content Delivery
Network, Edge Server computing.
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Introduction
The work of IT infrastructure managers and support teams have been in constant running with the time.
It involves keeping a check on both the positive developments (technology updates) and the negatives
(threat landscapes) in the IT industry. This balancing work between good and bad updates have become
like a normal job for technology managers and their IT support teams until when the novel coronavirus
pandemic changed the way people work and live.

The Severe Acute Respiratory Syndrome Coronavirus 2 (SARS-CoV-2), more popularly known as
Covid-19, reached its peak in community transmission during the first quarter of 2020. It caused
government leaders all over the world to implement different lockdowns and movement ban strategies
to curb the spread of the deadly virus. Businesses, government offices and even educational institutions
quickly shifted to online mode with very less time to prepare.

As of April 30, 2020, the World Health Organization (WHO) recorded 3,090,445 confirmed cases as
reported by national authorities all over the world [1]. Like all the other countries worldwide, the
Sultanate of Oman was also affected by the pandemic. The sultanate recorded its first Covid-19 case in
February 24, 2020 [2]. A month later, the government decided the immediate suspension of all classes,
leaving to the ministries in charge the decision on how to proceed with the then ongoing semester 2 of
academic year (AY) 2019-2020. The decision also put a challenge to the university leaders, the unit
heads and the teaching staff who needed to immediately come up with a plan on how to carry out remote
teaching. On the other hand, students were perturbed due to the uncertainties brought about by these
changes in the way they attend classes and examinations. Nevertheless, the biggest challenges were for
the technology managers and their technological support team who had to ensure this sudden shift to
working modes would be adequately supported by their IT infrastructure.

The present study used the empirical research strategy to investigate how the University of Technology
and Applied Sciences (UTAS)-Ibri’s IT infrastructure supported the sudden shift to online classes at the
height of the pandemic. The focused-group questionnaire and interview methods were used to learn of
the challenges that the technological support teams faced during the transition period to online classes
and to know the measures they took to tackle those challenges. The case study method was used to
analyze the data gathered.
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Finally, from what was learned in this study, the authors included some proposals that could improve
the sustainability of HEI infrastructures using some Industrial Revolution 4 (IR4) technologies. The
proposed sustainable infrastructure responds to the requirements of the Oman Vision 2040 framework.
It can also provide flexibility and readiness in situations like this pandemic.

Background of the Study
A. The IT Infrastructure of UTAS – Ibri Prior to the Pandemic
One of Oman’s biggest chains of educational institution is the University of Technology and Applied
Sciences with branches in all the regions of the sultanate. In every branch, technology centers are
responsible for ensuring that the IT resources are supporting all work and activities that require the use
of technology. In UTAS-Ibri, the Educational Technology Center (ETC) is in charge of providing the
technological resource requirements for teaching and learning. The technological center has the
following teams who manage the university’s technological resources- the Hardware/Software
Technical Support Team (TST) and Infrastructure Management Support (IMST). For over a decade
now since UTAS-Ibri started operations (formerly as Ibri College of Technology – Ibri CT), its IT
infrastructure has been stable and properly maintained by the technology center. However, due to the
abrupt shift of the university to online teaching since the pandemic begun, adjustments are apparent to
ensure the same stability of the infrastructure can be maintained.

Fig.1. The Old IT Infrastructure of UTAS-Ibri during the Transition Period to Online Classes
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The university continued to implement online classes and assessments in the new AY 2020-2021.
Gaining from the experiences from the previous academic year, the technological support teams
incessantly worked to help improve the online teaching/learning experiences of both the staff and the
students. Their goals are to preempt possible errors/issues that may disturb the online
classes/assessments and to make the online teaching less difficult than it was when it first started in the
previous AY.

To achieve these goals, the technological support teams worked hand in hand with the teaching staff to
gain a deeper perspective of the actual things happening in online classes and assessments. They also
provided technical support to students via remote connections and in-person.

The present study has the following main objectives:
•

To explore the IT infrastructure of UTAS-Ibri before the Covid-19 pandemic and the strategies
used by ETC to make their existing technological infrastructure to adequately support the new
mode of classes in the university.

•

To propose a sustainable infrastructure for HEIs to address the requirements of the Oman Vision
2040 framework and provide flexibility and readiness in situations like this pandemic.

B. Sustainable Development: Oman Vision 2040
One of the highlights of the Oman Vision 2040 framework is to build world-class infrastructure and
livable cities [3]. Ratified under the Royal Directives of the late HM Sultan Qaboos Bin Said, the Oman
Vision 2040 framework specifies the path that the sultanate will take in the coming decades. As the new
ruler, HM Sultan Haitham Bin Tariq, continues the legacy of his predecessor, all the private and public
Higher Education Institutions (HEIs) in Oman work towards achieving this goal. UTAS-Ibri has been
actively participating in national events to support sustainable environments. In this study, the
researchers ought to discover whether HEIs like UTAS-Ibri can improve its IT infrastructure to provide
a sustainable environment for all its stakeholders.
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C. Approaching the Industrial Revolution 4.0
The fourth industrial revolution (IR4,) like its precursor - the IR3, has the potential to improve the quality
of life of people, businesses and even governments. It is founded on four design principles namely,
interoperability, information transparency, technical assistance, and decentralized decision-making [4].
The IR4 trend has been on the right timing now that organizations are more receptive of technologies as
like cloud computing, on-demand/edge computing, internet of things (IOT) and cyber-physical systems
(CPS), also known as industrial IOT [5]. Industries and businesses have started bringing the IR4
solutions to their workplace to improve the operations and the business in general.

In this paper, the researchers included a proposal of using IR4 solutions to provide a sustainable
infrastructure for HEIs’ like UTAS-Ibri.

Literature review
A. IT Infrastructure Management
IT infrastructure management involves activities such as hardware maintenance, software upgrades and
the administration of networks and servers to ensure continuity of business operations. It aims to support
the goals of the organization by providing services and resources for a better working experience and to
increase work efficiency. As Puzkas and Rajnai (2005) stated, “IT systems are not developed exclusively
for their own sole purposes, but they are based on the strategy of the organization created in line with
the main goals of the business venture/organization” [6]. In HEIs, IT infrastructure must meet both needs
for teaching (staff) and for learning (students).

Consequently, an unmanaged IT infrastructure can disrupt business operations and make resources and
services unavailable to its users. Without proper management, IT resources can be subjected to different
types of threats, ranging from natural, physical or even cyber-threats. Kilani (2020) said that “(As it is
known,) having internet means to have open doors to the world; those open doors do not only bring us
information, developments, and enhancements; it also brings us risks, dangers, and pitfalls that can erupt
and cause much damage” [7]. Gone were the days when cybersecurity was more a subject matter for
classroom discussions than a real-life scenario. Now that HEIs conduct classes, assessments, and all
other academic activities online, cybersecurity has become one of the critical areas of information
infrastructure [6].
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B. IR4 Technologies: Content-Delivery Network, Edge Computing and On-demand
Computing
Large organizations, including HEIs that work on distributed environments have a cluster of servers that
are necessary for holding data and transferring it to the users through a computer network. Different
servers serve different purposes, but they all work together as a whole to provide what is necessary to
carry out work in an organization. In the advent of online classes caused by the Covid-19 pandemic,
computer servers are pushed to its maximum operations. If not properly managed or upgraded, servers
may not work as efficiently as they usually do when users are only accessing them internally. Many
companies have started subscribing to cloud services though at different scopes; Some companies have
full subscription such that they have the full capabilities of managing their own servers that are hosted
in the cloud environment, while some companies have limited subscriptions, where the resource
management are done by the cloud service providers. The advantage of having the full control over your
online resources is that you can decide how to allocate resources, such as internet bandwidth to each
server.

Content Deliver Networks (CDNs) help reduce internet bandwidth consumption and the associated
delays when accessing contents from external networks [8]. However, concurrent requests to the same
CDN can still cause a significant delay in retrieving the requested information. One solution to improve
the speed of responses of CDNs to concurrent requests is for organizations to create their own private
CDNs. This will allow the frequently visited content hosts to be cached to local servers, creating a point
of presence in the local network. This private CDNs are typical implementation of Edge Servers, where
information and resources are placed on locally managed servers for improved user experience [9]. One
of the advantages of Edge computing is the speed at which the requested data can reach the user
requesting it. Another important upside of Edge computing is its security since the data resources no
longer have to be accessed via the internet. Both CDNs and Edge computing are IR4 technologies.

On-Demand computing technology is another IR4 solution that can be extremely useful now that most
companies and educational institutions have changed to online mode. On-demand computing is in fact
a technology model where a company can purchase cloud services as and when needed, typically during
a fixed term project [10]. Though it is designed for cloud subscriptions, this technology can also be
adopted in a company’s local network environment. To implement local –network on-demand
technology, data has to be placed on a server/servers and will be maintained by the local administrators,
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giving them the decision on how to allocate computer resources such as storage and internet bandwidth
based on the demands of usage.

Methodology
This qualitative research explores and describes people’s experience while performing their duties at
work. The empirical case study research strategy was used to acquire sufficient and valuable information
needed for the study. The research strategy is useful to describe events or situations based on
observations and experiences of the people involved.

A. Participants
A select group 8 respondents from ETC – five out of the 11 TST/IMST group and three randomly
selected ETC staff answered the focused-group questionnaire. The participants were handpicked with
the help of their Head of Sections (HoS) and with the consent of the head of ETC. The participants were
selected based on their familiarity to the research topic. Two system administrators were interviewed as
well. The respondents to the focused-group questionnaires were categorized according to the ETC teams
where they belong, as shown in table 1.

Table 1. Profile of the Respondents Grouped by Teams
ETC
Support Number of Respondents
Team
TST

3

IMST

3

Other ETC Staff

2

B. Data Gathering
A focused-group questionnaire was used to gather individual viewpoints of the participants that were
helpful in understanding the overall experience of ETC technological support teams during the transition
period from on-campus to online classes. A focused-group questionnaire contains open-ended questions
that can be extremely helpful to get into the mindset of the target participants [11]. It was used in place
of a focus group discussion because of the practical difficulty of gathering all participants in one
schedule due to the nature of their job. The questionnaire was emailed to the participants who were
identified as directly involved in the subject under study. The technological teams provided technical
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support to several new issues reported by lecturers’ during online classes and examinations from
semester 2, AY 2019-2020 to present. The areas of technical support requested during the period in
question were summarized in table 2; many technical issues were new to the team because these were
not the typical issues that they have attended to prior to the implementation of online classes and
examinations.

Table 2. Types of Technical Support Provided by the Technological Teams to Lecturers (On-Campus)
Technical
Support Lecturers - Technical Issues from Semester 2 AY 2019- 2020
Areas
•

to present
Internet

•

Connection

Difficulty in obtaining WIFI connections for personal
devices such as laptops and mobile phones used for
teaching.

•

MS Teams

•

Delay in starting online classes due to frequent MS
Teams application updates.

•

Unfamiliarity of the lecturers to using MS Teams, its
features and settings.

•

Moodle

•

Some applications required by the teaching staff have
embedding incompatibility issues with Moodle.

•

Unfamiliarity of lecturers to other Moodle features such
as setting the exam security and restrictions.

•

Unexpected disconnection from the Moodle Server
during classes and exams.

•

Hardware

•

Computers in some labs and classrooms do not meet the
requirements of the applications for online teaching.

•

Some personal audio devices used by the lecturers are not
compatible with lab computers.

•

Interactive pens that would not work because the device
driver needs to be updated.

•

Software

•

Busted projector lamps due to overuse.

•

Some specialized software require high-specification
computers.
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Technical

Support Lecturers - Technical Issues from Semester 2 AY 2019- 2020

Areas

to present

•

User Accounts

•

No issues

•

Security

•

No issues

Similarly, the technological support teams also attended to new technical issues reported by students
during online classes and examinations.

Table 3. Types of Technical Support Provided by the Technological Teams to Students (Online)
Technical
Support Students - Technical Issues from Semester 2 AY 2019- 2020
Areas
•

to present
Internet

•

Connection

Many students use mobile data, which is not capable of
supporting many online applications running at the same
time.

•

Many students are in areas where there is poor internet
connection.

•

Teams

•

Many students’ laptops are not compatible with the new
versions of MS Teams.

•

Moodle

•

Moodle pages would not load or took time to open due to
low internet bandwidth for many students.

•

Hardware

•

Many students’ laptops do not meet the hardware
requirements for their courses.

•

Software

•

Some students’ laptop has incompatibility issues with the
software used in their courses.

•

User Accounts

•

Forgotten username and/or passwords

•

Security

•

No Issues

An unstructured interview was also conducted with the system administrators who handle the Active
Directory/Azure and software servers to seek answers to how they managed the resources during the
university’s transition period to online classes.
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C. Measuring the Instruments
Qualitative findings were combined and analyzed to draw a generalization of the responses collected
from the participants to help with the data analysis.

Results and Discussion
In this section, the results are interpreted and discussed based on the nature of work of the respondents
and the technical issues that they personally attended to in relation to their work after the abrupt shift of
classes to online mode brought about by the Covid-19 pandemic.

A. Profile of the Respondents
The data presented in table 1 shows that the respondents have first-hand experiences in managing or
supporting the users of the IT infrastructure and resources of UTAS-Ibri.

B. The Technical Issues Supported by the Technological Teams to Staff and Students during
the Transition of UTAS-Ibri to Online Classes due to the Covid-19 Pandemic
The data presented in table 2 show the respondents’ perspective on the technical issues encountered oncampus as reported by the lecturers since the start of online teaching. The technical issues can be further
classified into 3 main groups, namely, the issues related to the use of online teaching tools (difficulty in
connecting personal teaching devices to the university WiFi, frequent MS Teams updates, sudden
Moodle server disconnections and the use of interactive boards), the compatibility issues between lowend computers and high-requirement software, and non-technical issues relating to the unfamiliarity of
the lecturers in using the online teaching applications. The first and second groups of technical issues
are indicators of whether or not the current infrastructure and IT resources can support the new mode of
teaching. The third group, the non-technical issues, are not related to IT infrastructure or resources. After
classifying the technical issues into the 3 main groups, the researchers realized that the technical issues
encountered since semester 2 of the AY 2019-2020 are due to the sudden shift to online teaching, leaving
ETC and its technological teams less time to assess and/or re-structure the IT infrastructure of UTASIbri at that time, shown in figure 1, in preparation for online teaching.
Likewise, based on the respondents’ perspectives, the students’ technical issues presented in table 3
were mainly because of two reasons - slow internet and low-end laptops that made it difficult for students
to keep up with the applications and learning software used during online classes and examinations. The
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ETC, however, still provided remote technical assistance to students who asked for technical support
even though they are not related to the university’s IT infrastructure and resources.

Lastly, based on the data from tables 2 and 3, all the respondents believe that there were no security
issues during the online classes and examinations. Contrary to the respondents’ opinion, the interview
with the system administrators revealed some security concerns too. According to the interviewees, they
have been spending more time than they used to in monitoring servers and users’ activities since the
start of the implementation of online classes. One scenario shared during the interview, for instance,
was that when one lecturer sent bulk email to external email addresses, his email account was blocked
by the firewall because the activity was unusual to the server. The administrators came to know about
this when the lecturer complained that he was unable to use his email account anymore. Such activities
as sending of external communications and frequent access of online resources from the internal network
opens more chances for harmful files and attacks to threaten the IT resources of the university. These
would not have been happening had it not been for the shift to online mode of teaching in the university.
After fixing that one particular issue, the system administrators started spending more time in monitoring
the servers and the network services as a whole.

C. Solutions to the Issues: How ETC Managed the IT Infrastructure and Resources due to
the Sudden Shift of the University to Online Classes
ETC’s technological teams managed the technical issues reported during the whole semester2, i.e., the
transition period to online classes, by providing immediate solutions as the issues were reported. The
teams conducted standup meetings to learn about the technical issues encountered during the period and
how they solved those issues. During the summer break, the technical issues were analyzed, and
solutions were identified. The issue with slow WIFI connections for lecturers who use their personal
laptops and mobile phones was addressed after the university, upon the technological department’s
recommendation, upgraded its internet connection. In addition to that, ETC shifted its wireless
technology from Meru™ to Cisco Ice™. Similarly, the problem with slow PCs that cannot run highspecification software was managed by re-distributing the PCs from two specialized labs to all the other
labs and classrooms that are frequently used for online teaching. ETC’s major move was the timely
upgrade and re-structuring of the IT infrastructure of UTAS-Ibri. This upgrade, however, was not
because of the issues encountered during online classes, but rather, a result of a long-term plan of the
university. Consequently, and due to the timing of its implementation, the improved infrastructure has
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helped mitigate most of the technical issues faced during the shift to online classes. The IT infrastructure
was improved significantly by the addition of the Data Center where all the servers are physically
managed now – Active Directory/Domain Controller (AD/DC), Firewall, File Storage, Moodle, Web,
VDI and Application servers. The main advantage of the Data Center is the centralized management
and monitoring. Shown in the below figure is the improved IT infrastructure of UTAS-Ibri.

Fig.2. The New IT Infrastructure of UTAS-Ibri
Furthermore, the lecturer’s unfamiliarity to online teaching technologies are not infrastructure-related
issues and there is no technical way to solve it; Rather, it must be solved by raising awareness through
technical trainings.
For the students’ technical issues, their poor internet connectivity cannot be possibly addressed by ETC.
However, ETC provided solution to the hardware/software compatibility issues through a lightweight
remote desktop interface that allows students to use university PCs via secure remote connections using
their laptops.
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Finally, for security concerns, ETC is currently working on forming a separate security team to manage
and monitor online and offline usage of the university resources as a precautionary measure to any
possible threats to the IT resources.

Conclusion
Infrastructure management is a unique and a dynamic discipline; it changes so quickly that technology
managers are at a constant lookout for trends and issues locally and internationally.
This study detected the practices in IT infrastructure management and resources in UTAS-Ibri.

A.

Strategies Used to Support Online Classes during the Transition Period to Online Classes

The first objective of this study was to investigate the IT infrastructure of UTAS-Ibri and to strategies
used by ETC’s technological teams to support the computing needs for online teaching. To this end,
data shows that the technological teams have gradually but fully managed to support online classes and
examinations through the upgrade of internet connection, change of WIFI technology, re-distribution of
high-specification computers, and the addition of the Data Center. The changes in the university’s IT
infrastructure and its management has so far proved to be a viable solution because according to them,
the technical support requests have become very less compared to the previous AY when the university
transitioned from on-campus to online classes. According to the technology managers, the technical
support teams are more relaxed now as compared to the previous academic year.

B.

The Proposed Future Improvement to the IT Infrastructure for Sustainability

The current IT infrastructure of UTAS-Ibri may have been capable of supporting all computer-related
activities in the university; However, there is still a question whether this is a sustainable solution for
any future changes in the university’s computing needs.

For the second objective, the study proposes the following IR4 solutions to contribute to the
sustainability and flexibility of the IT infrastructure in HEI’s like the UTAS-Ibri; these solutions can
potentially prepare HEIs for future situations that may call for changes in the teaching/learning modes.
•

To implement Edge Computing technology, where the frequently used teaching resources that
are currently managed in the cloud servers can be cached or made available within the enterprise
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servers. This IR4 technology can be implemented via private Content Delivery Network (CDNs)
that caches frequently visited/used internet contents on locally managed servers on the Data
Center. This offers high-availability by moving the resources to a closer proximity to the usersi.e., the servers in the Data Center. This can take off the burden from the cloud-based servers,
thus, reducing data traffic that causes lagging on the users’ side. For instance, the Edge
Computing solutions can solve the slow loading of Moodle pages during peak hours.
•

To implement On-Demand computing, where you can scale up or down the computing resources
depending on the demands of the users at a certain period of time. This is ideal for efficient
bandwidth utilization allowing the technology managers to re-allocate the bandwidth to
resources that are on high demand. On-demand computing allows technology managers to
manage their resources for better performance.

Both the proposed IR4 solutions mentioned above are highly implementable in the current IT
infrastructure of UTAS-Ibri because they have the Data Center. Both solutions can potentially increase
the speed of access to the teaching/learning resources and will reduce the need to frequently access
externally managed resources, thus, reducing the risks to their IT resources. Finally, both Edge
computing and On-demand computing are seen to improve the sustainability of IT infrastructure of the
university.
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Abstract:
Wireless networks are playing a vital role in our life as majority of users now are connecting via wireless
network without begin connected through wired cable. As Nowadays all organizations are trying to
make their staff to work using mobile, Laptops, anywhere anytime within the organization and join the
wireless network with username and password. No one can argue that the need for wireless quickly
takes place in each organization to provide easy access anywhere and at any time. Wireless is essential
for a wide range of technologies in each device. In fact, development of the wireless security network
is quite important, but it has serious problems on other sides with many cyber-attacks. Since user
information is sending through the wireless to the server over the internet. No debut that the attacker
can easily join and listen to the communication. The obvious solution is the encryption of the
communication over the wireless network. Where the firewall interference in securing the wireless
network and how firewall can secure the traffic which coming in the wireless. One of the greatest
challenges using WIFI is the security. There for, this research is to conduct an investigation of wireless
security in Smart University by conducting interviews with a head of System security and
administration department to provide real data about Smart University wireless security. A Clear
description of IT Infrastructure of Smart University will be given with all hardware devices and software
applications. This paper attempts to show that Wi-Fi security tools and Major Threats that occurred at
Smart University. Then, Good Polices and rules will be discussed that smart university has been applied
in order to control from cybercrimes. Moreover, deep comparison will be made with other real-world
systems in order to obtain scientific evidence to show any weak points in Wi-Fi security at a smart
university. For universities to pay attention for better future uses, the best solutions and
recommendations will be given. Finally, some practical facts will be provided to reinforce the results
of the analysis.

Keywords: WIFI Security; WIFI Major Threats; WIFI Policies and Practices; WIFI Solutions and
Recommendation.
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Introduction
No one can argue that the need for wireless quickly takes place in each organization to provide easy
access anywhere and at any time. Wireless is essential for a wide range of technologies in each device.
In fact, development of the wireless security network is quite important, but it has serious problems
on other sides. From three years back, Smart University has successfully deployed a Wi-Fi link to allow
Wi-Fi Students and staff to use it anywhere locally on campus. In addition, the connection for wireless
network is locally at physical layer of OSI Layer1. The connection is made through the wireless router,
which provides access to the wireless network for the devices. The communication depends on the
802.11 Wi-Fi standard. In Fact, the University students and staff are accessing to the Wi-Fi network by
searching about the Wi-Fi network name that is appearing in the list broadcast name using service set
identifier. The main idea is each device that is willing to join to the wireless network should have the
wireless network card. And each Wireless-NIC is having the MAC address which is set by the
manufactory. Since user information is sending through the wireless to the server over the internet.
No debut that the attacker can easily join and listen to the communication. The obvious solution is the
encryption of the communication over the wireless network. Indeed, the university facing a set of
challenges. And this it will require strong authentication and suitable firewall to be adapted to filter
the packet in wireless security. In addition, Strong Authentication should be implemented to secure
the user from any thefts.

Background of the Study
A. Description of University Management System
According to (Kostadinov and Atanasova, 2019) stated that there is no doubt that the primary concern
of wireless is the security which increasing daily. Surly, we need to make sure that our network is highly
protected against the cybercrime. Internet of Thing and Machine to Machine are excellent real-world
example that are growing very fast and implementing using the Wi-Fi connection.

Recently, researchers have shown an increased interest in wireless security. According to (Harsha et
al., 2019) stated that all devices aim to be wireless and mobile in today's world or most of them are
wireless already. Production of a smarter pattern devices which offer users all their required services
with less interaction form user. Because of this, all manufacturers produce products of their own with
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wireless features to feel the satisfactory from the users. Investigating Wireless Security is a continuing
concern within most modern technology like Internet of things which are connecting different devices
by wireless connections.

This Research focus on Wireless security to conduct an investigation of security management issues in
Smart University. In fact, smart University Infrastructure has a very strong network which include all
hardware and software Resources and Technologies to support and monitor the IT Services. Branches
of University are the head quarter in Muscat and two branches in Sohar and Salalah. The connection
between them through OMREN _Oman Research and Education Network. It connects Oman's research
and academic authorities and offers electronic applications and packages. OMREN's objectives are to
create a high-quality high-speed electronic network to enable researchers to easily communicate and
participate in global research networks. The topology of a star includes a central location in Muscat
with fiber optic cable connection.

Fig. 1: Smart University Wireless
● Major Components:
The university has a topology Infrastructure wireless Mode in 802.11 standard with number of
Hardware and Software devices as the Follow:
● Data Center:
Restricted Physical Place where most of IT devices are grouped together for the purpose of sharing
data and monitor the Network from any cyber threats or damage.
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● Types of Servers in smart University:
●

4 Web servers (Apache): 1 TB Disk space, 16 CPU cores, 64 RAM.

● Application servers: (Software developed locally by the university) 1 TB Disk space, 16 CPU
cores, 64 RAM.
● Backup Servers: 1 TB Disk space, 16 CPU cores, 64 RAM,
● 2 Proxy servers:1 TB Disk space, 16 CPU cores, 64 RAM,
● Users: 3000 users but not concurrent.
● Lab: 4 Open Labs free Access, 6 Open Offices, 1500 Pcs, 150 Laptops,
Hardware Devices:
● Wireless NIC:
It is a Wireless Network Interfaces Controller and it also known as wireless Network Interface card that
provide the connection to wireless network.
● Access point:
It is a hardware device that allows devices like smartphone, laptops to connect to Wi-Fi system.

● Routers:
TP Link 4 _ Router Multi WAN VPN. And it supports WAN and LAN. In addition, it supports IPsec VPN.
It supports Stateful Firewall. The main function of the firewall is the packet filter. The firewall located
near to the router because it checks incoming traffic, and it will make sure that farm traffic will not
reach to the whole network wired and wireless network. Actually, the firewall will have ports and the
protocols. This will make easy to block the port that is not safe to access to the network. Many of
firewall perform the stateful inspection and used that to filter the packet. E.g., firewall can monitor
TCP. And it could be TCP traffic include Denial of Services attack.
● Switches:
6 Switches Network devices which connect different devices and it operate at data link layer and it
takes the packet from the physical layer which the devices send it and send it to the network layer.
● Software Tools:
Adobe applications, Net Beans, Visual studio 2019, Cisco Packet tracer…,
● Physical Security:

33
University of Technology and Applied Sciences-Sur
P O Box 484, Sur, Sultanate of Oman

Journal of Applied Sciences, Technology and Innovation (JASTi)
Volume 1; Issue: 1
Published on: 20/01/2022
https://sur.cas.edu.om/Pages/JASTi.aspx

Wireless CCTV Camera in order to protect the university and valuable information, Biometric device
to control the attendance of staff.
Types of Network:
● LAN: Speed 100 Mbps to 1 Gbps.
● WAN: Speed 64 Mbps to 10 Gbps.
● Wireless Local Area Network: Wireless Technology 802.11 Frequency: 2.4 GH or 5GHZ.

Fig. 2: Wireless Signals and Wireless Names
Types of Services offered by the University:
● University Portal, Online study course, Online Course Payment, electronic library, online exams,
E-mail, Web server, Access to Personal Files,
● Cloud Services from Oman Data Park: SaaS all access from web site to Software tools like Adobe
application, NetBeans, Visual studio 2019, Cisco Packet tracer…,
● Finance Management System and Student Management System.
● E-mail with help of SMTP, File Transfer is done with FTP, Web Surfing with help of HTTP/HTTPs,
Virtual Terminal using Telnet which all operate in Application Layer.
● Video and audio Streaming with help of the encryption SSL which operate at Presentation
Layer.
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● NetBIOS: it is a tool that allows the different computer to talk together in order server start the
authentication and authorization of the user before the session is started which is operate at
Session Layer.
Security Tool in wireless Security:
1. Proxy Firewall to control all the packets inbound and outbound of the network.
2. Anti-virus Software to protect from any virus or attacks like phishing attack and it help to
protect from identity theft.
3. Nessus Vulnerability Scanner in order to scan IT environment from any vulnerabilities and find
the best solution to avoid and chance that allows hackers to intercept the network and get
access to the data of the system and users information. Also, it provides Online Web
Application scanner, Network scan and advanced scan to check the open ports.

4. Email security using Proton e-mail that allows to use restriction rules with strong authentication
configuration and e- mail encryption.
5. Strong and unique Password Phrase and two-way authentication.
6. MAC Filtering database to save the MAC address in the network.
7. Service Set Identifier-SSID is the wireless that shows the broadcast name for the wireless
network.
8. Open system Authentication: it is a default authentication protocol for the wireless 802.11.and
it is process of the authentication that get the devices access to the wireless network.
9. Shared Key Authentication: a process of gaining access to the wireless network and it can be
exchange encrypt or unencrypt data.
10. WPA+ TKIP: Wi-Fi Protected Access is wireless security protocol and it used to solve the issue
that were in WEP. TIKP is actually temporal key integrity protocol for encryption purpose. It
uses IV Initialization Vector which is very large and encrypted hash. Each packet gets 128 bits a
unique encryption key. TKIP brought] a number of vulnerabilities to WPA encryption. One was
that the mixed key which combine the secret key with Initialization Vector. Second thing was
adding the sequence counter that result in facing difficulties to prevent the Replay attacks.
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Table 1: Protocols and OSI Layers.
OSI Layers
Protocol
Application layer HTTP, SMTP, FTP
Transport Layer UDP, TCP
Network Layer
ICMP, IP
Data link Layer
CSMA/CA for network transmission 802.11
Physical Layer
Coding, Transmission
Vender and version:
● Cisco WAP125 Wireless AC Dual Band Desktop Access Point.
● RAM: 256 MB.
● Flash Memory: 128 MB.
● Remote Management Protocol: SNMP v3, HTTP, HTTPS.
● Frequency Band: 2.4 GHz and 5GHz.
● It supports DHCP, VLAN, and Load balancing to distribute workload equally.
● It supports Access control List to control the users and devices.
● It supports quality of services and RADIUS.
● It released in 2017.
● It supports WPA for home and Enterprise.

Major Incidents Reported/ Network Threats/Attack:
Physical layer Attack:
● Parking Lot Attack: the signal Range of the wireless router will reach to outside the building of
the university and if that Wi-Fi router is kept open. So, it will be easy for attacker to access to
Wi-Fi and get the data of the university.
● Jamming Attack: this is special type of DOS which will prevent another device from using the
Wi-Fi channel.
● Unauthorized connections: sometimes user uses unsecure device and get access to wireless
network with that device which may led to the hug risk maybe of the anti- virus software, or
from the firewall, or from the Patch of the OS.
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Data Link Layer Attack:
● Spoofing Attack: attacker try to launch MAC spoofing or ARP spoofing to steal data.
● MAN, in the middle Attack: when hackers try to intercept the session like between students
and teacher and modify or change any data.
● Network injection: when attacker send SQL code to change the router setting and
configurations
Network Attack:
● IP Spoofing: when attacker modify the packet source to another IP address.
● Wireless sniffing which is intercepting the information on the network between the user device
laptop and wireless router.
● Rogue Router: it is illegal router where the attacker can use this router to attract the users by
setup the free Wi-Fi internet connection and once the user joins and access this network the
attacker directly sniffs the wireless traffic and also, sometimes they ask the user to create
account so they will get credential information of the user.

● Attacking WEP: attacker try to use some tools to monitor and steal the information. For
example, IWCONFIG, AIRMON, and MACCHANGRGE.

Transport Layer:
● UDP flooding: If the web server for the university site ”www.smartnu.com” then when user
want to send any http request to the server and the attacker is intercept and run a malicious
script to the server, he will start sending UDP flooding response to the user. (Bijalwan et al.,
2015).

Application layer:
● Every day there is potential to be hacked and information get compromised especially when
daily accessing to the data and e –mail. And that will be very hard time which it is mean the
weak security. Access to unsecure URL. User Untrusted Laptop to access to the course
payment. And the hacker get access and installed the key logger. And He recorded all the key
entered for the account number and the password.
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Process, Good Policy and Practices for avoiding internal and external Risk:
● Shift from the password to pass phrases for the wireless Router. And it should be unique. It
will be difficult for attacker to hack and change the admin setting of the wireless Router.
● Change SSID Broadcast which display the name of the wireless name and it is a Set Services
Identifier. Network administrator will disable the SSID so, it will be difficult for the attacker to
see the wireless network name.
● Filter MAC Address which is security tool that network administrator uses the MAC address of
the computer in router setting. And it will be more secure to set the setting of each devices the
unique MAC Address and it will be easy to add or remove MAC address.
● Turn off Wireless Router if it will not be used for extended period of time. So, attacker cannot
attack that wireless router as it is turned off. In addition, it will be saved for electricity and
money. And it is better to update the router software from the manufactory site.
● Stick to secure URL using the HTTPS to provide the user safe access to the sites.
● Use A virtual Private network to encrypt the connection especially when the university needs
to access remotely to any network device.
● Put Firewall Router between wireless Router and other devices in order to filter the traffic of
wireless network.
● Disable the features and tools that are not used.
● Time to time scan the network to check if there are any vulnerabilities so, it will be easy to fix
it and secure the network. Compare the result between current scan and the previous scan.
● Turn off Remote Management and in case of any trusted user will to work remotely make sure
about this session because some people the open unnecessary and it obviously create an
exposure whereby a hacker can get access and break it to get the password.

Results and Discussion
A.

Analysis and comparison of smart University security problems with external real-world
problems.

As the smart university having Wireless Local Area Network to provide wireless connection for the
students as well as the teachers. The University is using Cisco WAP125 Wireless AC Dual Band Desktop
Access Point. And this access point is supporting WPA, TKIP for the encryption. The WPA is better than
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WEP and it was the second generation which come to solve the problems of WEP. WPA user Temporal
key integrity protocol with RC4 Algorithm with initial vector. (Khasawneh et al., 2014)

The wireless network of this university has very weak points especially with encryption as the
university is using WPA and TKIP. So, it is very low security level that it will have a lot of vulnerabilities
and it will be easily get sniffed by the attackers. As a new wireless security protocol has developed
WPA2 and it use Advanced Encryption Standard and Counter Mode with cipher block chaining massage
that replaced TKIP.

It uses 128 bits Block size and requires some additional resources. WPA2 is having more security and
it provide data confidentiality with AES and it will provide the authentication that helps the
administrator to know exactly who the sender is who send the information. More ever, it provides
access control that helps network administrator to control the users who can access to the Wi-Fi
network. For that I strongly recommend the university to change the wireless router security setting
or update or get new devices which support the WPA2- Enterprise or 802.1x and this is usually provide
database authentication using the username and password that usually use the Remote
Authentication Dial in user services or Terminal access controller Access Control System. Thus, it will
make the job easier for the network administrator to add or remove users from the wireless network.
And it will be easy to enable or disable an account.

In Fact, WEP2 uses a separate authentication server that store all the user’s names and their password.
So, for example when the user is entering to wireless network with user name and password so the
information is sending to through the internet to the firewall and then the firewall send the
information to the authentication server and confirm the username and the password if it is correct
and if it is correct it will send credential approval and then the user can connect to the services that
are available in the network. Also, RADIUS is one of common Authentication, Authorization and
accounting. This allows to have a centralize authentication server in one device. If the devices are not
support the RADIUS then it may support TACACS Protocol which is designed to control the dial up lines
to ARPNET. And now the latest version is TACACS + which provide more authentication by requesting
and responding codes.
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A result of an investigation of smart university found that wireless security is having some weak points
as it shows after analyzing the wireless network. First, from Microsoft Store, I have downloaded a
software called Wi-Fi analyzer that helps to monitor the wireless network and identify any possible
vulnerabilities that attacker can get a chance to hack the wireless network. So, after downloading this
Wi-Fi Analyzer, I try to connect to the smart university wireless network after taking the permission
from that university. Analysis and finding were as the following:

Fig. 3: Smart University Wi-Fi connection.

Fig. 4: This wireless network details that shows the SSID and channel number and the 802.11 g
protocol standard
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Fig. 5: security encryption using WPA- TKIP.

Fig. 6: Non overlapping channel WIFI signals 1, 6 and 11
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Fig. 7: Signal strength dBM- per milliwatts and it shows name and security of each router.
B.

Recommendations of Security Practices to prevent unauthorized access of network
Resources.
● As it is there is no 100 percentage of security. So, the university should be ready in any time
to be hacked. I strongly recommended to use operation security to make sure that trust
website is visited by the users. In addition, operation security is a trustworthy user link, thus
ensuring that services and records are authentic.
● It is good option to use password manger and make sure it is encrypted in the database.
Bitwarden database so the password will be very strong and cannot hacked easily.

● We recommended Smart University to enable windows firewall for each device to control
the inbound and out bound traffic and to control which software user can get access. In
addition, it is better to For Linux to use Gufw Firewall. As well as for mobile application use
third party application. For examples, for android net guard and OS lockdown. Another
important thing is when the user wants to use

Wi-Fi use tor or VPN like Proton VPN,

mullvad VPN.
● For better improvement the physical security of the university I recommended to use
TP_LINK Kasa Cam outdoor. Because it has strong security feature with two ways audio.
● We recommended to use TP-link archer ax6000 next-gen wi-fi 6 routers. It has 64 Bit and
1.8 GHz Quad core CPU. The RAM is 1 GB and the Flash size is 128 MB. The main important
thing is support WPA 3 for encryption with 1024 QAM. Also, it supports 802.11 ax or it called
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Wi-Fi 6. In fact, TP link archer ax600 has especial characteristics that most of organization
are shifting quickly to replace the old wireless router to provide more security especially
when the wireless network needs to expand more and the need for having wireless almost
become very necessary in modern device. So, my recommendation to have this type of
wireless router. In addition, it supports 802.11 ax Wi-Fi standard which released nowadays.
It has high efficiency functions that support gaming, video streaming and smart devices.
Also, compatible with 802.11 a/b/g/n/ac Wi-Fi standard. More ever, it has very power
speed which reach till the 6000 Mbps with very large coverage space. Also, it supports some
protocols like Dynamic Host Configuration Protocol for server and client. This protocol will
distribute the IP address automatically from configured IP address Pool. Also, this wireless
router supports universal plug and play which help to automatically connect, manage and
configure the devices on wireless network. Also, it is compatible with all operating system
like windows, Linux and Mac. More than that it has some additional features regarding to
the strong security. In Fact, this wireless router is using the different security Protocol. It
uses 64 bits and 128 bits for Wired Equivalent Privacy Protocol. And it uses WPA, WPA-PSK,
WPA 2 and WPA2-PSK. For more Reasons, the WEP protocol was developed in 1999. And it
is very old, and it has some vulnerabilities. And then, Wi-Fi Protected Access protocol was
developed to solve WEP issues. WPA was better than WEP which provide TKIP that helps to
change the keys dynamically in the session to ensure data integrity. TKIP stand for Temporal
Key Integrity Protocol. But even though WPA is more secure than WEP, it has some
vulnerabilities like man in the middle. Thus, WPA 2 was developed to replaces WPA
problems. WPA 2 use Advanced Encryption Standard which use a symmetric key for
encryption to prevent from cyber-attacks like brute force attack. In fact, AES used in
sensitive data communication like government data. Nowadays, the best option to choose
is next gen WPA3 which is introduced in 2018. And now is available in most of device in the
market. WAP3 provide cutting edge security protocol that allows to easily connect and join
to the Wi-Fi network with more security and protection especially from password guessing
attacks. More ever, another way of accessing to wireless network is Wi-Fi protected Setup
which designed for the users to join easily to the network using two methods. First way by
Push button which is recommended more and most of new devices is having this button.
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Like if the wireless router and printer is having this button. First, the network administrator
is pressing the PUSH Button of the Wireless router then he is pressing push button on the
printer side so directly it will get connected. Another way is by pin WPS, so by that pin it
will get access to the wireless connection.
● We strongly recommended smart university to have IPsec or SSL in order to secure the
communication by creating encrypting channel between sender and the receiver. And we
recommended to use Access Control List to block unauthorized users and devices that
access to the wireless network.
● The Last recommendation but not least is scanning the university network regularly to
check if there any vulnerabilities using some security applications. For example, Nessus
Scanner, WIFI Analyzer, Fing Network Tool and WIFI master. Surly, will help to reduce the
threats and attacks and easily can detect any vulnerability in case it happens.

Conclusion
To Sum up these points, one of the greatest challenges using WIFI is the security. The study was
conducted in the form of an investigation, with data being gathered via interviews about real world
Practical at Smart University. Moreover, clear details description with analysis has been given. In
addition, major threats and attacks was discussed with best policies and practices that smart university
has achieved in order to overcome. However, deep comparison with other real-world system was
made in order to get scientific results to show some weak points in Wi-Fi security at the smart
university. Thus, best solutions and Recommendation to university to pay attention for better Future
uses in their Wi-Fi security. Ultimately, some practical evidence given to enhance the Result and
analysis.
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Abstract:
No One could argue about the role of digital forensic in securing institutes rights in tracing criminals
and protecting organization cyber infrastructure. Indeed, it helps to have different techniques and
methods to proof digital evidence and to present it to the court. While the incident Response refers to
the set of processes that are handling after the crime has been identified inside the organization. Effective
digital incident response will enhance confidentiality, integrity, availability, and non-repudiation.
Therefore, incident response aims to quickly restore the affected system. Network crimes are in growth,
and it is costing the organization huge amount millions of millions annually every year and to respond
to this lose digital forensic is the corner stone to resolve this challenge. Network forensic is a digital
forensic subdomain which deals with the capturing of network traffic and the analysis and reporting of
intrusion for the purpose of collecting specific evidence or for detection of intrusion. In particular,
network forensic focuses on volatile and dynamic information. All packets which are sent through the
network are saved in the database. In fact, there are some network configuration tools which are
capturing and recording the network traffic and it enables them to define specific rules. Basically, there
are network forensics steps that include identification, preservation, examination, and presentation of
the evidence. Then Incident Response Report.

In this paper we aim to describe smart bank network resources which is handling digital Services for
their customers. Specifically, paper present a detailed incident response procedure as a cases study
reflecting smart bank digital forensic procedures for an incident targeting smart bank network. Detailed
analysis will be explained with a clear technical step before, during and after the incident. Some
supportive digital forensic tools will be used in order to handle and proof the digital evidence. Finally,
Evidence Report will be presented for the court to take the right action against who did this crime. And
Some Recommended security mechanisms will be given for future use.

Keywords: Network Forensic; Router Forensic; incident Response; Policies and Practices; Solutions
and Recommendation.
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Introduction
No one can deny that the network crimes are increasing, and it is costing the organization a huge amount
millions of millions in every year. Digital Forensic is the art of examination and analysis of digital
evidence in a proper manner to present evidence to a court. Network Forensic is a digital forensic
subdomain which deals with the capturing of network traffic and the analysis and reporting of intrusion
for the purpose of collecting specific evidence or for detection of intrusion. In particular, Network
Forensic focuses on volatile and dynamic information. All packets which are sent through the network
are saved in the database. In fact, there are some Network configuration tools which are capturing and
recording the network traffic and it enables them to define specific rules. Basically, there are network
forensics steps that include identification, preservation, examination, and presentation of the evidence.
Then Incident Response Report.

Background of the Study
A. Clear description about the Smart Banking system
Smart Bank is one of financial banking system located in Muscat, capital of Oman. In fact, Smart
Mobile Banking Application System is a highly powerful platform which offers online services to
the customers. Using Digital World, now all customers are able to access all bank facilities through
the internet using the Bank credit card. Indeed, it makes all bank transactions easier. To begin, Smart
Bank is requesting all users to download the Mobile application in their cell phones and registering
by creating a new account with a username and password and details of the account bank number.
All of these will help both the bank and customers as well to have automatic access to bank services
like online payment, money transferring and loan payments. More ever, the customer can check the
account details, see account balance, and order electronic checks. With 99% availability, Smart
Mobile Banking System services are available 24 hours a day, 7 days a week, and 365 days a year.
To provide the best degree of security within the bank, it combines card registration, PIN
authentication and fingerprint verification. The top IT management should have a suitable security
mechanism to handle any threat or risk that may happen inside the bank network. The key functions
that this Smart Mobile Banking System performs are:
•
•
•
•
•

To provide the user with a payment system and requested loans online.
To allow users to pay bills and transfers from third parties.
To allow users to display the balance of the account.
To allow users to order e-check.
Users of the Smart Mobile Banking System and their privileges to access:
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Table 1: Users of smart Bank System
Level of Administration

Management Level

Normal Level

Bank Manager

IT Data Analyst

IT Help Desk

Financial DEPT Manager

IT Engineering Specialist

Bank Customer Services

Chief information officer

IT Auditor

Bank Accountant

Security Manager

Bank Analyst

Bank Network Engineer

Senior Manager

IT Web Administrator

Bank Software Engineer

Quality Assurance Manager

IT Server Administrator

Programmer

Testing Manager

IT Network Administrator Bank Software Tester

Project Manager

IT System Administrator

Developer

ERPS Manager

IT Security Administrator

Bank Loan Officer

Information Security Officer Database administrator

●
●
●
●

Bank Data entry Operator

The Bank's Customers:
Individual customers.
Business customers.
Business to Business customers.

B. The volume of data used within this Banking system
The Smart Mobile Banking System is a financial online environment that uses a vast amount of
information from many users. In Terabyte, a massive data measure due to the huge number of records
from thousands of users.

C. The storage type of Smart Mobile Banking System
First of all, the storage type of Smart Mobile Bank is locally inside the bank. The Storage Area Network
used by Smart Banking is a better choice for handling massive network storage. As it uses several
terabytes of data for a very high-speed file transfer. In fact, SAN can provide a high performance that is
used to save the disk array and provides scalability if additional devices need to be extended or
workloads increased by the network. In order to recover the data, SAN also provides redundancy, and
it will recover from server down situations. Smart Bank use of the Storage Area Network. The use of
properties would be one terabyte approximately. Access to web servers, e-mail servers and access to
applications servers will be used. Different machines, such as routers, switches, servers, notebooks,
firewalls and nodes, are used. The firewall setup will be located in the Muscat Data Center branch to
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monitor all Complete Network. Secondly, Smart Mobile Bank is using some Services from cloud like
Platform as a Services from Oman Data Park to allow their developers access from web site to Software
tools like Adobe application, Net Beans, Visual studio 2019 and Finance Tools.

D. The network connectivity for Smart Banking System
The connectivity of the Bank is Wide Area Network which covers all three branches of the bank. Muscat
branch will be the head quartered with a data center and the two branches will be located in Sohar and
the other in Salalah. Basically, there are two modes of access for users. First way is direct access with
the username and the password. And second way is through remote access control using SSH secure
shell and this is strictly used only by the network administrator to get a secure access to the server while
performing the specific configuration or any other activity.

E. Medium of communication between smart banking systems
The medium connectivity in a smart banking system is using two methods. First of all, wired
communication between three branches using the fiber cable connection. Second method is using the
wired connectivity between the devices inside the campus. In addition to that, there is wireless
connectivity for the users who are willing to use their laptops, cell phones and Tabs to access the Smart
Banking System.

F. Types of Services offered by the bank
•
•

•
•

Bank web site, Mobile bank application, Access to E-mail, Access to Bank Files
Cloud Computing Services from Oman Data Park Company: PaaS- Platform as a services to
allow their Developers and Software Programmers to create, execute and run their programs
from website to Software tools like Adobe application, NetBeans, Visual studio 2019.
To allow to access Finance Management System for the smart Bank.
To Provide Video Conferencing and audio Streaming using Data encryption Secure Socket
Layer.

G. IT infrastructure of Smart Bank
•
•
•
•
•

Smart Bank is located in a suitable location in Muscat where most available customers are
there. Also, it has two branches one is Sohar and another in Salalah.
Two web Server- 1 TB Disk space, 16 CPU cores, 64 RAM.
Two applications servers developed locally by the Smart Bank developer.
Backup server for recovering data.
A Stateful Firewall.
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•
•
•

Intrusion prevention System.
3 Core Routers and 1 wireless Router
30 laptop and 100 PCs.

H. Types of Networks
•
•
•

LAN: Speed 100 Mbps to 1 Gbps.
WAN: Speed 64 Mbps to 10 Gbps.
Wireless Local Area Network: Wireless Technology 802.11 Frequency: 2.4 GH or 5GHZ.

I. Process of Incident Response Procedures in smart Bank
1. List of Resources in the smart Bank from Where we could take the evidence:
2. (IT Help Desk, IDS monitoring live Activities, System Administrator, Firewall
Administration, IT Manager, IT Department and Security Office).
3. Members of IT Department: They have to communicate directly with IT Department.
4. Non-Members of IT: they have to call the IT Department.
5. Security office: they have to maintain log information, Name of the caller with specific
date and time and contact information. What was the complaint? Equipment involved and
the location of it.
6. IT Department: They provide affected Device Details, what is the bank impact?
7. Discussion of the Incident Response Group: they will verify the incident if it is true or not.
They will check if the incident still progresses in that device. What the urgent response to
that incident?
8. Classification of the incidents according to which type of data like confidential, Medium,
less important. Also, threats can be classified according to the safety t to the people. In
addition, it can be classified according to the services and Functions of that device.
9. Keep more attention to the procedures that are set by the IR Team.
10. Check the Logs from the system, Firewall or IDS.
11. Interview if there are any witnesses for that incident.
12. Recommendation for future purpose in case the same incident happens again.
13. Modification of the system if the top management has approved.
14. Reinstall the Operating System for that device to start a new configuration and to change
the password.
15. Documentation.
16. Presentation the evidence to the court to take that person who did the incident to the jail to
take the deserved penalty.
17. Evaluate the destruction and estimate the total cost.
18. Review the Incidents Response and keep updated.
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J. How the incident happened and what is the found evidence?
Smart Bank has massive network Infrastructure which started from the internet cable in every single
office. There are three branches with three core Routers which are connected together using fiber cable
line from Omantel services provider. The effective connection status is monitored by a firewall and this
information is used to decide which network packets are allowed via the firewall. Stateful firewall
monitors packets of communication over time and tests packets that are incoming and outgoing. We
have different servers like Email Server, application server and Web Server. In Data Center Muscat,
we configure wireless routers with Dynamic Host configuration Protocol.

In addition to that, we have different types of cyber security tools. First of all, we have biometric
authentication with the password for the users while they attend physically inside the bank to finish their
money transactions. Second, Biometric system to monitor employee attendance in order to protect the
bank and sensitive data. Third, Wireless CCTV Camera to control visitors as well as employees inside
the bank. Fourth thing, we use the Stateful Firewall to control all the network's inbound and outbound
packets. More ever, we use anti-virus software to protect against any viruses or attacks, such as phishing
attacks, and to protect against identity theft. In order to scan the IT environment against any
vulnerabilities, we used Nessus Vulnerability Scanner to find the best solution to avoid any chance that
allows hackers to intercept the network and access to system data and user information. In addition, to
check open ports, it provides with Dashboard scanner interface with two types of the Scan, Network
Scan and Advanced Scan. We have used email protection using Proton e-mail, which enables good
authentication setup and e-mail encryption. Also, we MAC Filtering database for protecting the wireless
network. Last Security tool but not least is the Intrusion prevention System for live monitoring bank
network and prevention action against any threats.

In Fact, all these networks serve the bank, and it helps the bank to move towards very quickly for a
better future. As it is relying on all online facilities. With this technology and facilities, we are expecting
more cybercrimes will happen and for sure we do believe that we need to follow the incident response
procedures in case of any incident happen. We need to have proper processes that should follow inside
the bank.

As I am a digital Forensic at Smart Bank, I should have the readiness to respond to any attack. In fact,
last week on Wednesday 13 January 2021 by 10:00 a.m., I have received a call that from IT Security
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office telling me that staff complain about one router in the head quarter is not function properly. And
by the time in same week, I have received another call from another staff telling me that staff are losing
the connectivity to the application server in same branch.

So, what is the process to deal with this case? For First action, I have to look at the management Console
of the firewall in the bank to check the configuration is configured well and I found detection is very
high. Also, there are some alerts that something is abnormal. Second action, I have to check that
particular Router and I found the performance is high. Third, I have to check the anti-virus and there are
any alerts of any attack. Also, I have to open net stat to check the connectivity inbound/outbound
network traffic. I reviewed all network logs from Router, Application Server, and Firewall. T have used
Tcpdump, NetFlow, Nescuss, Crisco Packet Tracer and Network Forensics Analysis are tools used for
examining network traffic.

After all actions, as I am investigator, now it is clear to me that indeed it is a serious problem which is
not an attack. But it is intensely, and intentional act done by one staff member who was canceled last
week from his job in the bank, and we have assumed that he is that person who created this dangerous
problem. He was in touch with Bank Manger with a lot of problem. But I must take the accurate evidence
to make sure that he is creating this problem.

K. Goals of this investigation
•

•
•
•
•

To gain proven methods and techniques in order to recover data and Router and Sever in
case of any malicious activities and to present Digital evidence report to court or law
enforcement.
To verify if there are any suspicious activities that are happened. Why did that happen, for
what purpose and by whom it was created.
To verify whether a security flaw in smart Bank Network.
To define the effect if the network is breached.
To decide what necessary incident is Response are needed.

Methodology
Process of Investigation
First, identification of the incidents.
Second, collection all data from the following devices:
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1. Router component (RAM, NVRAM, ROM, IOS, Flash memory and POST).The names is Cisco
1941 Integrated Services Router 1 with 10/100/1000 two Ethernet ports and Two enhanced HighSpeed WAN Interface Card slots.
2. Application Server hosting Finance Bank software.
3. Firewall.
Third, Examination using Digital Forensic Tool.
Fourth, Analysis the Result.
Fifth, DF Report.
Six, Presentation to the Law enforcement or court.

Results and Discussion
A.

Investigating Core Router in the Network.

According to (Cusack and Lutui, 2014) stated that the router is a network device to send the packet from
one router to another over the network. Router used for investigating any network incident because it
has valuable information stored in the router which can be taken as evidence. All information like the
Routing table, Block traffic and passwords are saved in the router. There are two types of ports LAN
and WAN. So, it is easy for an attacker to obtain this information by hacking the router. Therefore, the
response action that I have made is collecting the volatile data from the RAM before shutting down the
router or restarting the router. I have collected Non-volatile data from HDD. In fact, the system state
stored in RAM is very important like current routing table, listening services and current passwords with
user’s login. Second action, I looked at the connectivity of the router to check if there is any cable that
is not connected properly. So, I have established the connection to the router by using the console port.
Another way or action is to remotely access via the encrypted protocol SSH – Secure Shell to be more
secure and if the attacker is still there this connection will be hidden and secure so, he will not know
that there is an investigation has been conducted on this specific router. The Router is having five modes
Setup mode, User Mode, Privilege mode then Global Configuration mode and interface mode. Each
mode is entered by specific commands. I entered the router hyper terminal, and I selected the command
line interface to check different Router’s mode. First, I enable the interface configuration mode of the
operating system. Then, I typed enable to enter the router. After that, I entered the configure terminal to
enter the enable mode. I have the privilege of access as a network digital investigator to enter the modes
of the router using the admin password in order to enter the data that is stored on that router. Then, I
have to save the router configuration directly before reloading or shutting down the router using this
command “copy running-config startup-config”. So, all the information which is stored in the RAM
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(Volatile) and NVRAM (Non-Volatile) are saved. Also, I viewed the ARP cache to take evidence for IP
and MAC spoofing.Next action is to find the proof Based on the initial Investigation I have observed
the following incidents:
1-

Direct compromise using direct access to the router and guessing to the admin password.

2-

Routing Table Manipulation by modifying the routing table RIP using IP show route.

3-

Theft of the Information about the Bank network and users’ records.

4-

Zero-day attack DDoS on the Finance bank software patch that is running in the application
server. According to (Bilge and Dumitras, 2013) stated that Zero-day attacks are a software
vulnerability that is unknown to all parties involved in patching, such as the developer
responsible for project maintenance. Zero-day attack on finance applications and this attack
affected the developers and the employees who are dealing with this software.

After that, I must prove these incidents. First, Handling Routing table incidents. Actually, the router is
using different routing protocols like Routing information protocol, Border gateway protocol, and open
shortest path first and interior Gateway protocol. So, I need to handle all this manipulation on the routing
table. Routing table updates the information by providing the best path between the network and the
neighbor router. All these routing protocols have different security. For example, the RIP is not having
any authentication. So, the router will accept the routing table RIP without any authentication. And other
Routing protocols require a password that is set by the network administrator. The attack involving the
routing table compromised the function of the router rather than the router itself. So, all manipulation
will be taken care of by the administrator using a different routing protocol. In order to determine the
current routing table using the following command: Show IP route. This Show IP route command to
check if there is any unfamiliar static route appears in the routing table that means it is directly
compromised without any attack. So, the person who did this manipulation in the routing table is having
direct access to the router. Second thing, I tried to use some response action by recovering from the
routing table manipulation which is temporary recovery, and it is very easy by removing the unwanted
static Route and rebooting the router. For preventing this manipulation in future is very difficult. The
Best option is to use an Access Control List that helps to limit router table updates.

Using Router as response tools as the following incident response:
1.

Access Control List.

2.

Monitoring with other Routers.
54

University of Technology and Applied Sciences-Sur
P O Box 484, Sur, Sultanate of Oman

Journal of Applied Sciences, Technology and Innovation (JASTi)
Volume 1; Issue: 1
Published on: 20/01/2022
https://sur.cas.edu.om/Pages/JASTi.aspx

3.

Responding to DDoS attack.

Router can be used as a response tool especially during the recovery time. First of all, we have to use an
Access control list or the mechanism that restricts the network traffic passing through the router. Packets
can be restricted based on the set of attributes like protocols, IP sources, TCP or UDP source or
destination port, TCP flag, ICMP message time and time of the day. So, we can consider all attributes
while limiting the packet with Access Control list using the packet filter to decide to set security policies
for the packet and to decide which packet permit or deny. ACL monitors the flow of packets for a single
IP address or group of IP address or for protocols like TCP, UDP, ICMP, etc. Second Response,
Monitoring with other routers. So, during the incident. It is often used by ACL to monitor the network
traffic and the router can be used for this task. And it can proof powerful in many cases to monitor
network traffic. Third Response to zero day -DDoS attack, so distributed denial of service attacks is a
multi-protocol attack ICMP/ UDP and TCP. According to (Sun et al., 2018) describe those packets are
part of the attack involving ICMP or UDP can be prevented quickly by blocking ICMP and UDP. So, it
is basically using Router in Response incident to restrict the packet from the router. In addition, we must
use Firewall that uses a multi-tiered technique for zero-day attack defense. We have to keep all software
and OS updates.

B.

Case study Timeline

Smart Bank Manger
and Mohammed
was on Conflict and
disputes for a long of
three months

Mohammed Received
E-Mail with Letter that
his is canceled from
Job on 13/01/2021
8:00 a.m

Mohammed work on
Network Department,
with his anger and
sadness he open the
core router on
9:30. a.m

By his knowlege on
network and his
privilege access he
want to destrory the
bank network before
he leave his job.

He modify Routing
Table using RIP
protocol
on 9: 35.

He scan the bank
network using
Nessus to search
about any
vulnerabilites.
9:40 a.m

He hack fincane
software with zero
day DDoS Attack
on 9:50 a.m

Incident occurs
Router get
Crashed on
13/01/2021
10:00 a.m

Fig. 1: Core Router Timeline Investigation.
C.

Finding the evidence

Volatile Evidence form the Router which proven that incident is done by direct Access only and it is not
by the attack using the following commands in user mode in Command line interface:(Gregg, 2017).
•
•
•
•
•

Show clock detail.
Show running-config.
Show startup-config.
Show ip route.
Show ip arp.
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•
•
•
•

Show users.
Show logging.
Show ip cache flow.
Show ip interface.

There are some Result Founds on the router:
1.
2.
3.
D.

Routing Table Poisoning attack.
Theft of the Information about the Bank network.
Zero-day attack DDoS on application Server.

Future Network configuration for Smart Bank Network

Objectives
•
•
•
•

To configure the smart bank network against any threats that is caused by one employee from
Network Department.
To reconfigure Routers & Firewall.
To configure some encryption methods like AAA authentication, SSH, RSA Algorithm.
To configure Virtual Private network between R1 and R3.

Fig. 2: Smart Bank Network.
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Fig. 3: AAA Local authentication on R1 is configured with the admin username and secret password.

Fig. 4: To set up SSH on R1. And the SMS.com domain name setup. And the 1024 module bits of
RSA key creation. And version 2 is only allowed.

Fig. 5: Testing remote access and attempting to ping from PC-C whether R1 (209.165.200.233) can be
accessed with SSH.

57
University of Technology and Applied Sciences-Sur
P O Box 484, Sur, Sultanate of Oman

Journal of Applied Sciences, Technology and Innovation (JASTi)
Volume 1; Issue: 1
Published on: 20/01/2022
https://sur.cas.edu.om/Pages/JASTi.aspx

Fig. 6: For example, if the user fails to log in twice within a time of 40 seconds, block logins
automatically for one minute. Secure R1 from login attacks. And report any unsuccessful attempts to
login.

Fig. 7: We try to search against login attacks and try to ping to R1 from the PC-C and try to guess
some password. It immediately closes the connection.

Fig. 8: We try to test connection by pinging from PC-C to R1 (172.20.1.1).
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Fig. 8: VPN verification and using the Show IPsec Crypto SA command to check the number of the
packet is greater than 0, indicating that the IPsec VPN Tunnel is running.

Fig. 9: Configuring Access List 110 allows IP 172.30.3.0 to be refused by Access List 110.

Fig. 10: Configuring IPS in R3 and building an IPS configuration location file directory.
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Fig.11: We try to ping from PC-C to R1 (172.20.1.1).

Fig.12: Testing IPS to verify that packets are encrypted when sent and received on the network.

Fig.13: Configuring basic Firewall ASA security such as AAA authentication with VLAN and SSH.
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Fig.14: Firewall testing of whether or not it functions. Ping to R1 from PC-B 172.20.1.1.1.

Fig.15: From PC-B to Sohar router and Salalah router, verifying firewall and pinging and it works
successfully.

Fig.16: Firewall verification and pinging from PC-C to PC-B and it works effectively because the
firewall makes IP address 192.168.10.3 and reaming is all blocked.
Security Mechanisms:
1. SSH is used to verify that, using confidentiality and integrity, the information transmitted via the
Smart Bank Network is protected and reliable.
2. Local Authentication for AAA is Authentication, Authorization and Accounting. Only authorized
users can access it with their password.
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3. RSA algorithm: This facilitates public key encryption and is used to secure confidential digital data,
such as electronic transactions, money transfers and others.
4. VPN-Virtual Private Network: The advantage of using this mechanism is that the packet is sent
from pc-c to R1 via the network, which ensures that all three branches would not be able to read
PC-C packets due to the VPN security protocol. The information is all hidden. This guarantees data
confidentiality, integrity and authentication.
5. Stateful ASA firewall monitoring settings: The firewall helps track all incoming and out coming
traffic and determines whether to allow or permit according to a set of well-defined rules. It prevents
sensitive data of the bank from being breached without knowing. Also, it records live users
activities. In addition, it Prevents Modification in any sensitive data like financial information that
are secrets and will have a negative impact of the bank. Firewall prevents modification of these
data so that they remain safe.
Case Study Investigation Report:

Conclusion
In summarizing the case, the is serious need to specify certain procedures for a purpose of assuring
efficiency of digital forensic policy within institute and it is highly needed in each Organization
reflecting the complexity of systems and connectivity of most of the current institutes. Specialized
digital forensic procedures will simplify DF work and will help investigators to detect, and response and
recover from any cybercrime. Smart Bank incident investigation has been conducted reflecting a real
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case study and simulate as a digital forensic investigator at the bank. A serious problem was created by
one employee from the network department. He was canceled from his job, and he wanted to harm the
bank before he leaves. After, all process of investigation, during the investigation it has been notice that
is truly is the employee who created this problem. The result of the investigation was direct compromise
in core router in the smart bank network. The suspected employee takes the advantages of his privilege
as he is working in network, and he manipulate routing table and steal some bank information. Also, he
hacked one finance software of unpatched with zero-day attack. Some incident responses are given to
this crime. Finally, Recommended Security mechanisms are given to overcome this issue and to protect
the smart bank network from any similar cybercrime and at the same strengthening institutional digital
forensic specialized procedure for a purpose of assuring effective digital forensics policy.
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Abstract:
Nowadays all organization are relying on the digital world. No one can deny cybercrimes are
dramatically increasing in each organization. As cybercrimes that are increasing daily in every minute
like fraud, rape, murder, thefts, kidnapping and more. Cybercrimes also affected large organizations
with very confidential information, and it cost a huge money. Therefore, the needs of digital forensics
have become very necessary to prevent these crimes. Digital forensics is a process of recovering and
investigating the evidence found in digital devices since the crime occurred. Digital forensics
investigates the crime cases in order to collect proper information from different resources like
phones, computers, notepads, tabs, servers, printers, chats, mails or from any devices which are
storing real data and access daily through the internet. In fact, the investigator will collect the evidence
from web history, log, Registry, deleted files, hidden files, or it can be from stored account passwords
or retrieved data. Digital forensics involves collection, evaluating and analyzing then providing as
evidence to the civil crime. The main goal of the digital forensic in any organization is to carry out a
well-defined model investigation through clear structures. In deeded, digital forensic will help to
reduce or prevent any cyber threats in the organization. In order to ensure the data integrity of the
valuable information in case of the data breach by the cybercrimes. It is providing opportunity to
browse and search through a huge volume of data quickly. Cybercriminals are professionally
monitored from everywhere in the world. This will help to present the evidence in court and will lead
the criminal being punished. All these factors will be benefits to the company by achieving the quality
of services and products to satisfying the valued customers with enhancing the cyber security of the
network. Thus, it will save organization money and time. So, organization will have strong competitive
and Reputation.
This research shows the importance of the digital forensic in each organization. A real-world case study
investigation will be demonstrated with a digital forensic model. Supportive commands and tools will
be given to handle all digital forensic process and techniques. Then, analysis of all evidence will be
given. Finally, Recommendation will be given to top management of the organization to provide well
defined incident Response and Digital Forensic Procedures to prevent such crime and to have strong
security inside the organization.
Keywords: Forensic, digital forensics, digital investigation.
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Introduction
Technology has become a vital role which is changing very rapidly. As cybercrimes that are increasing
daily in every minute like fraud, rape, murder, thefts, kidnapping and more. Cybercrimes also affected
large organizations with very confidential information, and it cost a huge money. Therefore, the needs
of digital forensics have become very necessary to prevent these crimes. Digital forensics is a process
of recovering and investigating the evidence found in digital devices since the crime occurred. Digital
forensics investigates the crime cases in order to collect proper information from different resources
like phones, computers, notepads, tabs, servers, printers, chats, mails or from any devices which are
storing real data and access daily through the internet. In fact, the investigator will collect the evidence
from web history, log, Registry, deleted files, hidden files, or it can be from stored account passwords
or retrieved data. Digital forensics involves collection, evaluating and analyzing then providing as
evidence to the civil crime.

Background and Review of Literature
A. Related Work
According to (Prasad and Rohokale, 2020) stated that cyber forensic is the examination process and
analyzing of the digital evidence which can provide an efficient proof to present in the court.

According to (Okereafor and Djehaiche, 2020) reviewed the major challenge that the organization are
facing while implementing the digital forensic procedure. The growth of IoT technology has been
increasing daily causing a massive data with a new thing called big data. Thus, these digital data are
created in every minute which are create cybercrimes. Strongly, the need of digital with well-defined
policies.

According to (Lubua and Malima, 2020) developed a framework to identify the steps of handling digital
forensic investigation in any organization to enhance the incident response to cybercrimes.

B. Importance of Establishing Digital Forensic
Technology has become a vital role which is changing very rapidly. As cybercrimes that are increasing
daily in every minute like fraud, rape, murder, thefts, kidnapping and more. Cybercrimes also affected
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large organizations with very confidential information, and it cost a huge money. Therefore, the needs
of digital forensics have become very necessary to prevent these crimes. Digital forensics is a process
of recovering and investigating the evidence found in digital devices since the crime occurred. Digital
forensics investigates the crime cases in order to collect proper information from different resources
like phones, computers, notepads, tabs, servers, printers, chats, mails or from any devices which are
storing real data and access daily through the internet. In fact, the investigator will collect the evidence
from web history, log, Registry, deleted files, hidden files, or it can be from stored account passwords
or retrieved data. Digital forensics involves collection, evaluating and analyzing then providing as
evidence to the civil crime.

C. Technical Description and Digital Forensic Objectives
Case Study: A small college which is located in Muscat handling Learning Management System.
Learning management system is a software application that provides digital services for teaching and
learning purposes. LMS is providing online classes, Exam, Grades, E- Library, online Registration and
online Payment. The college has noticed that there are some occurrences in their web server. In
addition, the IT department has received calls from numbers of staff and students complaining that
there is slowness in the LMS system. The college uses Windows operating systems for their servers
and the IT team monthly updates the patches and they notice that the patches are not the same. The
college has a small team of IT Engineering. But they do not think they have the ability to carry out a
major malicious investigation. The college has strong competition and great investment. The objectives
of this investigation are that the college is highly anxious to make sure that their network is not hacked
and there are no data breaches. And the college hired me as a digital forensic investigator with four
members of digital investigation team to investigate this case. LMS is stored in web server. All
Students, Staff and the administrator are accessing the data which is store in web server. The IT
administrators checked the Web Server and it tried to restart but it is not working. And then, they
checked the firewall. They found that suspicious IP addresses are coming from outside with huge
amounts of data through the firewall.
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D. Objectives of this investigation
1. To check whether there are any malicious activities relevant to when it occurred, why it
happened, for what reason and by whom it was created.
2. To test if there is a security weakness.
3. To define the impact if the network is violated.
4. To identify what the right Protocol and Procedures are needed.
E. Importance of Digital Evidence Handling
According to (Xiaoyu Du el,2017) stated that digital forensics still at the beginning stage. However, it
become very necessary demands for investigators. The methodology of collecting data is containing
four processes. First, collection of all data from all electronic sources. Second process preserve the
collected evidence. And the document and analyze each of them to find the root of the problem. And
then present to the court with solutions.

Methodology
A. Identification Phase:
We identify all data in order to investigate this case like how it is dangerous incident for the college
that the students and staff are not able to access to the LMS and When it happened and how much
time it takes to recover from it. What is loss of sensitive data and money. We identified all resources
of the network, electronic devices like servers, Firewall, PCs, storage device like had disk, DVD, CD,
memory cards and pen drive.

B. Collection Phase:
In a digital forensics’ investigation, there are two main kinds of evidence that we collected remotely
and locally either it is Volatile or non-volatile data. Volatile data is the information that happens when
the computer is turned on and will get erased directly when it is shut down. Example, Random Access
Memory and registry editor. And Non-volatile data is remaining either the computer on/ off like
documents, files will be saved in HD.

For volatile Data we used crypcat tool to capture all volatile evidence which are on the web server
machine. after collecting all volatile data, we looked for non-volatile using forensic image to save the
data from any modification or any change. the investigation PC should be located in Same target
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Windows Server. We captured non-volatile using FTK Image lite investigation tool which it is powerful
in saving an image of the dump data in only one file. And it encrypts the data using MD hash value.
This tool helps as in collection all data from resources like information about all the process that are
happening, all the opening files, all the network information, all passwords and the hidden files.

Anti-rootkit: we used this tool to scan for any hidden drivers, process, and hidden services. Like Root
Repeal. Finally, gathering data is really important. When the computer is opening is very opportunity
to have more supportive evidence and if there is attacker still there it is chance to take more
information about the running live activities, connections, and all stored data.

Widows Register Editor: For us as a digital forensic investigator, the register editor is very important
to check during searching about the evidence. It is actually like database observing and storing all
records, configuration, users, and activities. Indeed, we checked the register editor, and it is in a
structure tree model which is archiving all data starting from main folder and sub folder where the
components and values are stored.

Fig. 1: Windows Register Editor
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Fig. 2: To check computer
NamComputer\HKEY_LOCAL_MACHINE\SYSTEM\CurrentControlSet\Control\Compute
rName\ComputerName

Fig. 3: To check about system registry information like BOIS information by this command
Computer\HKEY_LOCAL_MACHINE\HARDWARE\DESCRIPTION\System\BIOS
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Fig. 4: To check time of last shutdown by this command
Computer\HKEY_LOCAL_MACHINE\SYSTEM\ControlSet001\Control\Windows

Fig. 5: To check all network cards by
Computer\HKEY_LOCAL_MACHINE\SOFTWARE\Microsoft\Windows NT\Current Version
C. CMD Commands
1. IPCONFIG: To see the IP address of the device.
2. IPCONFIG/ALL: Details of the device with MAC Address, DNS Address, Gateway, and more.
3. Ping destination IP address: to check the connectivity of between the device.
4. .Netstat -a to see the device that are connected to the network

70
University of Technology and Applied Sciences-Sur
P O Box 484, Sur, Sultanate of Oman

Journal of Applied Sciences, Technology and Innovation (JASTi)
Volume 1; Issue: 1
Published on: 20/01/2022
https://sur.cas.edu.om/Pages/JASTi.aspx

D. Firewall Logs List

Fig. 6: creating log file from windows Defender Rules

Fig. 7: From private profile then customize and we choose the size and location
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Fig. 8: Firewall Log

E. DF Analysis and Critical Skills
In the college we don’t have clear procedures or defined policy to establish the incident Response for
this incident. First, we checked the web server performance, CPU consumption is very high. And we
have checked the firewall to check the network traffic, and which opens are kept opened. After that,
it appears that there is denial of service attack- DOS. The major aim of DoS attack to stop the
functionally of the server by overloading the server with overwhelming the CPU and memory power.
It is very critical problem and it needs to be investigate. There is a suspicious there is attack because it
is abnormal. The traffic is coming from different devices. So, we have to check the more than one
parameter. We have to check firewall, server, anti-virus.

Did the web
server get
crashed by
technical
issue or by
some cyber
crime?

What the
attacker
used to
hack the
web
server?

Where did
he put it?

How he did
it?

When he
did it?

Fig. 9: Timeline Key Question to answer this case study
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F. Efficiency in utilizing Digital Forensic Tools and reporting
NetFlow Traffic Analyzer is a tool from SolarWinds Company for network analysis that gathers and
analyzes data for evaluating the amount and types of traffic passing through the network.

Fig. 10: Sentinel web Interface

Fig. 11: we typed the IP address for the web server
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Fig. 12: a spike in inbound traffic

Fig. 13: TCP communication
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Fig. 14: UDP communication

Fig. 15: incoming traffic from one of these IP address has increased significantly over 42%
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Fig. 16: top of the three hosts are sending very large data to web server
After issuing and identifying the problem that all staff and students are not able to access to the LMS
site for last three hours. We do some primary investigation and based on the network performance.
We expect that denial-of-service attack. We checked the affected web server 10.0.0.6 to see if there
are any unusual activities happening. We viewed the activities on the web server and monitor it to
check why it is very slow. We opened Sentinel web Interface. We checked real time views. Then, we
create Net Flow views and we created NetFlow view. We specified the IP address of the web server
that we want to monitor with tenant as default to check all flow data with time of last 6 hours. Based
on the graph we observed that indeed there is a spike in inbound traffic around the time the problem
was reported since the graph refresh automatically in real time views, we viewed snapshot to analyze
network traffic for that specific time. After that, we really noticed the coming bits have drastically
increased between 9:42 a.m and 10:00 a.m. Similarly, there is a huge incoming packets and incoming
flows as well. In fact, we monitored the traffic flowing out of this server immediately we checked top
ports that are sending data. They are all TCP communications. The largest from indication out of this
IP is TCP which is normal for a web server. Then, we looked over the incoming traffic and select the
top ports receiving data from this web server. Then, we find at the table no longer shows TCP but in
fact, shows that the top ports receiving data are UDP. We checked the host that sending data looking
at the percentage of outgoing traffic. We saw that the top of the three host stand out from the rest,
and we noticed that these hosts are sending very large data to web server. At that time, we understand
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that this does not seem to look like a regular denial of services attack. But it is probably a distributed
denial of services attack coming from these three IP addresses. Then, we compared the changes in
incoming data before and after the incident time. After that, we compared the network traffic in the
time range to maximize the comparison range before and after the incident event time. We noticed
that these three unusual IP addresses have been sending a large data after 9:56 and were not present
before despite the incoming traffic from one of these IP address has increased significantly over 42%.
In fact, these three IP addresses topped the list of IP addresses in sending the data to this web server.
We checked the ports that are sending we noticed that around 95% of the traffic sent to the web server
is coming from UDP port 2100 and this port was not present before incident in network traffic. With
all information we concluded that there is a distributed denial of services attack using UDP which
means there is a UDP flood attack on the server. We escalated the issue to network administrator and
top management. We suggested to add firewall rules to block traffic to and from the malicious IP
address and UDP port 2100. In sentinel, we ‘configured some rules to automatically detects this issue
if again will happen in future. We added a correlation rule to alert on any traffic to or from these
malicious IP address to ensure that the firewall rule is in place. We added a compromised web server
10.0.0.6 to the exploited machines dynamic list to monitor alive activities.

Results and Discussion
A.

Presentation Phase

As the analysis is showed that there is slowness in the LMS System and after the investigation it appears
that there is DOS attack on the web server. The root cause of this incident was done by floods of ping
request that why the students and staff claim there is slowness. The needs of Digital forensics are very
essential in our college especially this this as the cyber threats are increasing so we need at least 7 to
8 investigators to work to tighter and incase of any thing is happen so, the immediately, they can go
and do their job by collecting the evidence with proper time and without affecting the network
facilities and services. thus, enhance the security of the college.

B.

DF Incident Response Policy
•
•
•

The first precaution for DDoS attacks will be intrusion prevention and intrusion detection.
Set the rules for the firewall to prevent the Flooding attack.
Live Monitoring activities using any investigation tools.
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•
•
•
•
•
•
•
•
•
•
•

•

Segregation of duties between all the employees. So, each staff with his privilege.
Provide well define Access control & standard guidelines.
Perform Risk assessment to identify the risks in the network.
Create incident Response because it is my responsibility to take the deserve response in the
college in case the same incident it happens again.
Maintenance to protect and secure the network.
Awareness and educating staff & students to cybercrimes by educating the staff and customers
of what is happening and reporting to take proper procedures that should take.
Proper enforcement of incident response.
Align the incidence response procedures to help desk team to direct the people in case of the
incident event.
Document should be accurate with every procedure with specific timing.
Procedures is to define who is responsible about what with very details of explain every phase
and every responsible team.
Protocol is to define the protocol to manage for specific System in a good way to establish so,
when the incident happens, it will be easy to follow the well-defined protocol with scenarios.
It helps to make the organization in a professional level.
From time-to-time we have to review & update the IR.

Conclusion
According to (Karie, N.M. and Karume, S.M) shows that digital forensics are very major factor in each
organization to save money spent in solving cybercrimes and save valuable assets in the organization
from any data breach. Most of organization are suffering from lack of the knowledge and expert in
solving digital crimes. Nowadays all organizations hiring digital forensic investigators to solve their
crimes. The impact of digital forensic is associated with collecting large data, Preserve using hash
image, Analyze and discover the evidence, then, document and present to management. To take
proactive methods, each organization should have clear incident response and digital forensic
procedures.
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Abstract:
ICT technologies have risen to prominence as a critical determinant factor for success in various
domains, including Human Resource Management. Applying the ICT in the HRM results in the HRMS,
and the HRMS reduces humans' effort in managing the information related to HR. Various HRMS have
been developed and in usage, based on architecture paradigms such as monolithic. This paper aims to
suggest the Microservice paradigm as an alternative for the efficient development and deployment of
HRMS applications specific to the different modules of existing human resource functionalities at UTAS
-Sur.
Keywords: Human Resource Management System (HRMS); Monolithic architecture; Microservice
architecture; Employee.
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Introduction
Workforces of organizations make up the human resources, and the human resource management
system is a type of software application used to manage the human resources of an organization. It
combines, manages, and automates the Human Resource Management (HRM) processes using ICT
technologies. The HR management provides an optimal and appropriate solution for the organizations
to maintain their human workforce efficiently. HRMS improves the employee's performance in the
service to meet the employer's strategic goal. Moreover, the HRMS would be integrated with the
entire organizational planning process that involves training, compensation, and career development
[1]. As given in Figure 1, HRMS can have many modules such as Employee Information management [
collecting, persistency, analytics and accessing], payroll management, attendance management,
performance appraisal, learning management, onboarding, recruitment, and benefits management
[26].

Fig. 1: HRMS Modules [26]
Many HRMS applications based on many architecture paradigms are currently in use [27], and a list of
this software is given in the following Table 1.

BambooHR
Oracle HCM Cloud
OrangeHRM
TriNet

Table 1: Leading HRMS Software
ClearCompany
GoCo
Paycor
Workday HCM
Sage HRMS
Namely
Smart Office
Criterion HCM
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To develop HRM based application, many architecture paradigms [30] are used, and some have more
advantages than others depending on business requirements; however, some of the architecture
paradigms such as monolithic has many disadvantages [27, 28]. In this paper, we suggest a
Microservice-based architecture paradigm that is adaptable, agile, modular, resilient, and tolerant of
change for HRMS development in the UTAS-Sur.

Aims and Objectives
Paradigm
Suggestion
The flow of the
Data
Individual
Microservices
Decoupling of
Services
Comparing key
factors

Microservice-based architecture paradigm, which is modular, resilient,
agile and flexible to develop HRMS for UTAS-Sur.
Bridging the gap in HR, data flow among the departments and
adaptability of emerging technologies at the UTAS-Sur
Designing a microservice model architecture facilitates the application
with individual components as separate Microservices
To provide composition and decoupling of services for generating them
as a full-fledged application.
To compare the key factors of proposed microservice architecture with
the existing monolithic architecture.

Review of Literature
There are various challenges in promoting efficiency, rapid response, cost reductions, etc., in the
HRMS. Dai et al. has proposed a "6 + 1" structure of HRMS by combing specific cloud computing
characteristics, improving the service model in the platform of cloud services according to the pattern,
challenges, and features of the platform. This proposed method has provided a recent service module
to the HRM. The updated structure and service model is a significant factor for developers to focus on
the current services and novel architecture in HRM [7]. Wang et al. have proposed adopting cloud
computing technology with HRM in the Small and Medium Enterprises (SMEs). The enhanced
architecture of HRM in the SME system components and its relationship has been discussed. However,
the proposed HRM architecture improves the traditional HRM functions and develops the SME system
ability for dealing with ambiguity and modifying the creation of standardized HRM processes. As a
result, the proposed HRM architecture for SMEs systems will advance streamlined business processes
and modern management tools, resulting in HRM with SMEs system reliability and cost reduction. [8].
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Odun-Ayo et al. has proposed the OnibereOdunayoSecurity-4 (OOS-4) as a security model for Human
Resource Information System (HRIS) implemented in the cloud platform. This OOS-4 system is an
integrated model that recognizes many components of an HRM in a better cooperative manner with
a suitable concern for security. As a result, the application produces a scalable application in which
data stored on Google Cloud Platform's data store is encrypted and visible. [9]. Mohanthy et al. have
addressed the compliance in company policy and the industry or government regulations which play
an essential role of Internet of Things (IoT) in HR. Compliance and reporting practices are subjected to
checks and fines. As a result, when performed manually, this is a labour-intensive process that is prone
to error. As a result, Human Capital Management (HCM) systems have streamlined these timeconsuming activities and are relatively simple to report or audit from all angles. When it comes to cost,
IoT in HR can be significantly less expensive because it needs less maintenance once installed. [10].
Dobaj et al. have introduced a microservice architecture that is adequate in implementing the recent
Industrial IoT (IIoT) environment. The resultant architecture is a convergence of microservice
architecture, IoT with industrial automation systems, and the cloud environment. This is a flexible and
light-weighted design of microservice architecture with Continuous Integration (CI) and
containerization that is adequate to implement in the cloud, edge, and fog components. These
features help implement the service based on devices level for facilitating the transparent and
automated integration of heterogeneous devices on-demand [11].

Bigheti et al. has illustrated the benefits and functionalities of industrial Microservice Oriented
Architecture (MOA). " Industry 4.0 (I4.0) is a new concept of production that requires a joint use of
industrial automation and information technologies to obtain greater efficiency, quality and
productivity" [12]. This paper discusses the proposal of a microservice-oriented architecture (MOA)
for I4.0 applications. Also, industrial SOA applications and composition among them are reviewed [12].
Macías et al. have explained the context-aware, server-less, cloud-centric, and microservice-based
architecture to the application of the Internet of things and people (IoT-P) that develop the IoT
framework with three layers as reference. This literature mainly concentrates on the IoT application
paradigm, which many researchers ignore, and this architecture includes the existing research
combination that provides a better Separation of Concerns (SoC) degree while comparing to other
proposals.
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Nevertheless, it can be done by dividing the application layer into various sublayers or subsystems
which related to their responsibilities. Hence, the mapping of atomic components with server-less
microservices facilitates the design, improvement, and implementation of IoT-P applications [13].
Hasselbring et al. have introduced microservice architecture by assigning the authority to
responsibilities for specific business capacity from requirements for operations with an independent
team. The combination of authority with enhanced open source generates the team's empathy for
their microservices. Thus, the organizational pattern and architecture are vertically disintegrated,
allowing Otto to scale the development capabilities concerning novel requirements [14]. Yale et al.
has focused on splitting up a monolithic architecture into micro-service-based architecture. The microservices mean that they can be split into small services that can be combined based on the ECommerce page's need. Splitting up these services makes it easier to create, edit or test the codes as
per the requirement [15].

Sendiang et al. aimed to implement microservice architecture in the mobile learning (MLearning)
enhancement. The microservice architecture implementation has split the application into small and
individual entities independent of each other. The data is created using an Object-Oriented
methodology and the Unified Modelling Language method (UML). Similarly, the Rational Unified
Method (RUP) is a software development process that focuses primarily on the software architecture
used to create MLearning. [16]. The design of a microservice with an integrated framework has been
proposed by Kousiouris et al. for identifying annotated and consuming data feed on an online system
while performing post-process tasks such as supply chain tracking, products position analysis, and
estimation delay. When the methodology is tested using an organizational scenario package, an
intuitive system of workflow programming is used to program an acceptable application code. [17].

Zheng et al. has illustrated the enhanced analysis over the cloud environment by explaining the certain
microservice architecture application in the exact project development. Based on the analysis, it is
determined that microservice Architecture has a specific guiding factor in resolving the issues that
meet enterprise-level application [18]. Khazaei et al. have discussed and measured the microservice
architecture for provisioning efficiency. The microservice platform was built on top of the Amazon EC2
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cloud, which influenced the creation of an entire performance model for performing planning
capabilities and analyzing microservice platform scaling performance [19]. Yi et al. have presented the
platform's design of microservice architecture, and the platform implementation based on the
business requirements. This assists in solving business expansion and user needs, which cannot be
responded to immediately produced by the large application of conventional monolithic architecture
[20]. Wunck has illustrated that the SOA is likely to be the foundation for the future factory, and
aspects of individual architecture under consideration are accommodated within the SOA. Finally, the
microservice architecture is proposed to remedy various drawbacks of earlier SOA middleware
implementations [21].

Background
A.

Software architecture paradigms

In software creation, software architecture refers to the basic structures of a software system as well
as the discipline of designing those structures and systems. The software architecture framework is
the bedrock of the software development lifecycle, guiding software designers in their efforts to meet
both functional and non-functional requirements. There are several different software architecture
types [30], and the most appropriate ones are mentioned in Table 2.

Archit
ecture
Paradi
gms

Table 2: Software architecture paradigms
Client-Server
Monolithic
Service-Oriented
Data-Centric
Microservices Architecture
Event-Driven
Component-Based
Layered
Rest Based
Pipes and Filters
Plugins
Blackboard

A.1. Client-Server
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The system is classified into two categories: Client and Server. Predominantly most web applications
are based on this architecture style. The client is the requestor, and the Server is the provider of the
service.
A.2. Component-based architecture style
The design is decomposed into many logical components with methods, events, and properties
provided by well-defined communication interfaces in this architecture style.

A.3. Event-driven architecture
In an event-driven architecture, there are three components: event consumers, event producers, and
event facilitators. In this architecture, style events trigger communication among decoupled services,
and it is common in microservices. Consumers register for an event with the facilitator specific to a
producer, and when the actual event takes place, the consumer would be notified of the state of the
event.

A.4. Pipes and Filter Software architecture
In the Pipe and Filter architecture pattern, several components process a stream of data connected in
the processing pipeline through a pipe.

Initial data originates from one or more data sources, and these data sources are connected to a filter
through a pipe. This filtering process then redirects the output to another filter through a pipe, and
this pipeline processing continues until the data is received at a final destination, the data sink.

A.5. Blackboard
The blackboard style is a shared repository that is used to solve the problem by multiple information
sources. Each information source attempts to solve the problem and documents its solution, partial
solution, or suggestion on the blackboard. Simultaneously, all other sources of knowledge change or
expand the solution provided by previous sources of knowledge. As a result, the information sources
collaborate to solve the problem. The control shell is used to organize and monitor the information
sources' activities so that no mistakes are made that cause the project to deviate from its intended
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path. The control shell manages, controls, and coordinates all activities carried out during a problemsolving session.

A.6. Layered Architectural Style
The layered design divides the software's tasks into many loosely connected levels. The division of
concerns is used to layer a structure. Via well-defined interfaces, layers can interact with one another.
Layers may be stored on a single computer or spread over several computers since they are loosely
coupled. A software framework is typically divided into three layers: User interface functionalities are
included in the Presentation Layer. The user can communicate with the device via this layer. Business
Layer: This layer contains the system's business logic. Infrastructure Layer: Data services,
infrastructure, and other services are all part of this layer. It contains networking and other
infrastructure resources via the service interface, and external clients or applications may directly
access the business layer's services.

A.7. Cloud Computing Architecture
Cloud Architecture refers to the various components in terms of databases, software capabilities,
applications, etc., engineered to leverage cloud resources' power to solve business problems. Cloud
architecture defines the components as well as the relationships between them [31]. The entire cloud
architecture is designed to provide users with high bandwidth, allowing them to access data and
applications without interruption, an on-demand agile network with the ability to transfer rapidly and
easily between servers or even clouds, most importantly, a secure network.

A.8. Monolithic Architecture
Monolithic architecture is a software development pattern in which a single codebase, a single build
framework, a single executable binary, and multiple modules for business or technological features
are used to construct an application. A monolithic architecture is a software program's conventional
unified design model and often refers to anything too large and immovable. Generally, the usage of
single developing technology is done in a monolithic architecture. Nielsen has presented a single
logical executable that modifies all changes done in a section, whereas this system includes the design
and development of the recent HRMS version [22].
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A.8.1. Benefits of Monolithic Architecture
•

•
•

Simple to develop: The monolithic applications are simple to build, and most of the API's
and software development frameworks support the monolithic applications
development.
Simple to deploy: It can be deployed as a single WAR file, and all the modules are part
of this file.
Scalability: Application servers create multiples threads of a WAR instance for
concurrent access of clients.

A.8.2. Monolithic Architecture Drawbacks
Some of the drawbacks of the monolithic architecture [23][24] pattern given as follows:
A.8.2.1.

Complexity
Developers, particularly those new to the team, are intimidated by the broad
monolithic code base. It may be challenging to comprehend and change the
application. As a result, progress is usually slowed. Modularity often breaks
down over time since there are no rigid module boundaries. Furthermore, since
understanding how to execute a change correctly can be difficult, the code's
consistency degrades over time. It is all going downhill.

A.8.2.2.

Continuous enhancement is difficult
A wide monolithic application often hinders frequent deployments. To upgrade
a single feature, the entire application must be re-deployed. This will trigger
problems by interrupting background activities, regardless of whether they are
affected by the transition. It is also possible that components that have not been
modified will not start properly. As a result, it makes the regular updates less
appealing.

A.8.2.3.

Difficulties in application scaling
A monolithic architecture has only one dimension of scaling. On the one side, by
running more copies of the application, it can scale with an increasing
transaction rate. Some clouds can also dynamically change the number of
instances based on load. On the other hand, this architecture is incapable of
scaling as data volumes rise. Since each copy of the application instance will
access all of the data, caching will be less efficient, and memory usage and I/O
traffic will increase. Furthermore, various application components have
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different resource requirements; one may be CPU-intensive, while another may
be memory-intensive. We cannot scale each part in a monolithic architecture.
A.8.2.4.

The obstacle in scaling development
Scaling production is often hampered by a monolithic application. If the
application has grown to a certain level, it is good to split the engineering team
into teams specializing in particular functional areas. A monolithic application
has the disadvantage of preventing teams from cooperating individually. The
teams' production and re-deployment activities must be coordinated. However,
in the monolithic style, it is not easy for the team members to make changes
and update the production environment.

A.8.2.5.

Dependent on a single technology stack
A monolithic architecture binds you to the technology stack (and, in some cases,
a specific version of that technology) you selected at the outset of production.
It can be challenging to implement a newer technology for a monolithic program
incrementally. Additionally, if the application uses a platform architecture that
becomes outdated, incrementally migrating the application to a newer and
improved framework can be difficult. Switching to a newer platform system
would likely necessitate rewriting the entire program, a risky proposition.

B.

Overview of the existing HRMS system in UTAS -Sur

In the UTAS – Sur various HRM process exists and has to be managed with an efficient HRMS system.
In our observation following HRM, processes are managed by software applications in UTAS – SUR:
Employee salary records management, Employee leave records management, Employee research
records management. However, these applications are based on monolithic and client-server patterns.
Also, they are deployed as independent modules on independent machines as a separate deployment.
These modules do not interface with each other, and each module exists as a tightly coupled module
and thereby contains all the disadvantages of the monolithic system. The existing HRMS system does
not support UTAS's following essential functional requirements -Sur: Employee personal & family
records management; Employee academic qualifications records management; Staff portfolio
management; Staff appraisal management.
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C.

Microservice architecture

There are various limitations discovered in the existing monolithic architecture of the UTAS – Sur,
HRMS. However, it is essential to choose exemplary architecture for any application development.
Therefore, this research has reviewed the microservice architecture for the HRMS development for
further functional requirements and enhanced the existing legacy modules. An architectural pattern
of microservice is a technique to develop a specific application as a set of small independent services
executed as an independent process and communicate using lightweight HTTP resource API & REST.
Moreover, these services are created over business capacities and individually implemented by
complete automation of deployment machinery. Hence, this modern architecture has enabled the
creation of massive, difficult, and scalable applications that comprise small, independent, and highly
partition processes that get communicated to each other by APIs. Thus, the independence of each one
permits it to be failure tolerant and improve its availability. This is a recent automation culture with
decentralized processes which acknowledge individual deployments, whereas the entire system is
modelled in the business domain [25]. The application based on microservice architecture has
distinguished significantly from an application of monolithic architecture.

Methodology
A. Proposed HRMS architecture using Microservice
The proposed Microservices-based HRMS for the UTAS-Sur is depicted in Figure 2, where the
Microservices-based architecture represents a series of small, autonomous, and self-contained
services designed to serve a single business functionality/capability, HRMS. The UTAS - Sur hosts a
cluster of Microservices in our proposed architecture, and each of these services hosts an
independent module that is loosely coupled with others. Some of the essential modules that can be
deployed in individual microservices are as follows:
•
•
•
•

Employee personal & family records management
Employee academic qualifications record management
Staff portfolio management
Staff appraisal management.
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Fig.2. Proposed HRMS architecture for UTAS -Sur.
These services are easy to manage, test, deploy independently and are structured around business
capabilities. External sources and microservices can consume services via APIs, which is often the case.
Microservices use the Representational State Transfer (REST) architecture style to interact. Between
the clients and the MicroService cluster, an API Gateway is introduced, which serves as a single-entry
point into the various microservices' services. Mobile, desktop/laptop clients can consume the services
provided by this architecture. Also, this application framework can facilitate the integration of IoT
technologies. The architecture does not depend on any single programming tools stack, and each
service can be designed using a separate software stack.

Results and Discussion
There are various benefits involved in the adoption of microservice architecture, which is listed below:
A.

Improved Productivity

It is easier to construct and manage an application if it is broken down into smaller autonomous
fragments. Depending on each provider's needs, it can be designed, deployed, and operated
separately, and it can use a variety of programming languages, technologies, and software
environments. Since each modular feature of an application has a smaller codebase, it is easier to
release, scale, deploy, and evaluate various services, and related tasks can be divided among
development teams and worked on simultaneously.
B.

Better resiliency

The process of finding and addressing the root cause of performance problems is made easier with
microservice-based architecture. Since individual modules have better fault isolation, larger
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applications are unaffected by a single failure. As a result, developers can roll back an update or make
adjustments to a module without re-deploying the entire program, reducing the possibility of
downtime.

C.

Increased scalability

DevOps teams can select the best technology stack for each module without fear of incompatibility
since each service can be written in a different language or technology. Individual services can be
scaled individually, and new modules can be introduced without the need for system downtime or redeployment. Services may also be distributed through many servers, reducing the output effect of
more resource-intensive components.

D.

Continuous integration/continuous delivery (CI/CD)

Both the DevOps methodology and the agile approach emphasize continuous integration and
execution as core principles. Microservices architecture enables cross-functional teams to
independently design, evaluate, troubleshoot, deploy, and upgrade services, resulting in faster
deployment and troubleshooting turnaround times. The opportunity to share workflow burdens and
simplify manual processes shortens the production process's overall lifecycle. Table 3 compares the
monolithic and microservice architecture pattern and would justify the prosed microservice
architecture paradigm for the UTAS-Sur, HRMS.

Table 3: Difference between Monolithic and microservice architecture
Sl.No

Key factor

1

General pattern

2

Scaling

3

Implementation

Monolithic Architecture
This architecture pattern is
designed as a single extensive
system that is basically with
one-code base
It is not relatively easy to scale
based on demands
Integrated Development
Environment (IDE) is slow due
to a large codebase, which
increases the build timing.
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Sl.No

Key factor

4

Database

This architecture consists of a
shared database

Framework
coupling

The complexity of this
architecture is very high to
change of framework or
technology because of tight
coupling of architecture, and
each domain depends on the
other

5

Monolithic Architecture

Microservice Architecture
This architecture has each
module and project with its
database
There is no complexity in
changing the framework or
technology because each
module and project is small and
independent

Conclusion
We reviewed the UTAS-Sur HRMS architecture and suggested a Microservices-based architecture as a
future improvement option. The research was carried out through a literature review and a focus
group with the HR Department at UTAS, Sur. The monolithic pattern was the main feature of the
current architecture that was checked. The main drawbacks highlighted were that it did not meet
architecturally important criteria such as continuous development, integration and various other
disadvantages. Microservices can be a great solution if a monolithic has gotten too big or complicated,
but they can also be a good starting point, as our research has illustrated the numerous advantages of
Microservice architecture with solid literature evidence. Microservices are often thought of as a
replacement for a monolithic gone wrong, but a poorly designed Microservice architecture will suffer
from the same flaws as a monolithic. Designing a Microservices architecture can only be done by
experienced hands, and not just because it is the latest, hottest trend. As a result, when opposed to
tightly coupled monolithic architecture, Microservice architecture may reap various benefits, as
aforementioned. As a result, distributed architecture models such as Microservice should be
prioritized for potential enhancements of the HRMS, UTAS-Sur. We intend to introduce a Microservicebased HRMS in the future and compare the working prototype to the current architecture in terms of
performance and security. We would also like to look at the interoperability problems that arise when
IoT devices are combined with the main HRMS module.
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Abstract:
The Director General of World Health Organization stated that only Epidemic is not fought by us but
Infodemic must be fought by us. Following his statement, we have to apply sapience to extricate the real
fact from the information we received. Especially during this pandemic period, distinguishing the real
messages and the spam messages is a challenging task. Because this period not only triggered our
physical health issues by the spread of virus but also challenged our mental health issues by the spam
messages spread through various social network. Myriad information we received might be fake and
could cause heap miseries. Machine learning is an approach which could be able to analyze huge volume
of data and identify patterns that might not be ostensible to human. It doesn’t need any human
intervention. Here prediction is done by forming clusters, statistical models and classifiers. Machine
learning models simulates the function of a brain for decision making. But it could be attained only
through proper training. Various algorithms must be utilized for creating this model. In this paper, a
machine approach is employed to detect spam messages and ham messages related to COVID-19, which
are received through short message service, WhatsApp, etc. To bring off this task, first statistical model
is created using the appropriate and adequate training dataset. The training dataset contains sufficient
number of spam messages and ham messages related to COVID-19. Different statistical algorithms are
used, and different models are created using those algorithms for predicting spam and ham messages.
The performance metrics of each model is also analyzed. The accuracy score of all created models is
displayed for the review of its performance. Each word in the message is treated as a token and the token
wise spam, ham frequency is displayed. This frequency table could be further utilized for facilitating
the token-based prediction regarding spam and ham messages. In addition to this, the spam ratio of each
token is calculated and displayed in a table. In this pandemic period, starting from the beginning until
now numerous spam messages related to COVID-19 and its vaccine are spreading through social
network. After procuring proper training using the COVID-19 related dataset, these models aid a vital
role in predicting spam and ham messages for the same. Thus, the pandemic illuminates us with a vital
knowledge that we should analyze the messages before believing.
Keywords: Prediction, COVID-19 Spam Messages, COVID-19 Ham Messages, Machine learning
algorithms, Accuracy score.
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Introduction
The social media communications are having the prime benefit that it can reach huge audience, it also
has numerous advantages like it can directly reach the audience, reaching person to person without any
economical squander, freedom to discuss and promote our views, etc. But this media should be utilized
properly, and it must be used for promoting only the useful and reliable information. During this
pandemic situation, the major mental threat faced by all is because of the spam messages, we received
through various mass media.

Machine learning is a technique in which the system learns from its experiences and continues to
improve its knowledge and decision-making abilities. It is an Artificial Intelligence (AI) program in
which the machine learns skills. It does not need our guidance to make decisions; it continues to learn
on its own. Machine Learning is in control of reducing workload and time. We let the algorithm do the
work for us by automating everything. Automation is now practiced in almost every industry. The
explanation for this is that it is extremely dependable. It also aids our ability to think more creatively.
We are now developing more complex tools as a result of machine learning. These tools are capable of
handling a wide range of Machine Learning models and algorithms.

In this paper a machine learning model is created to predict the spam and ham messages related to the
spread of Corona virus, cause of Corona virus, cause of sanitizers, usage of face masks, victims of
COVID-19, vaccines of COVID-19, etc. To implement this model, different machine learning
algorithms are utilized. The performance of each algorithm is analyzed with regard to the performance
and accuracy.

Review of Literature
Machine learning is the blooming research field. Handful research and research publications are
available in this area. Some of the research publications were given in this paper.

Swati Khodake et al. [1] assessed few of the Machine learning classification techniques, which is having
a high performance. They used the classification techniques for identifying and analyzing spam
comments. The factual investigation of employing these techniques comes about shows that, with 99.9%
of certainty level of the Logistic regression algorithm, Naive Bayes algorithm, Random Forest
algorithm, Linear SVM algorithm, Gaussian SVM algorithm are factually comparable in maximum rate.
97
University of Technology and Applied Sciences-Sur
P O Box 484, Sur, Sultanate of Oman

Journal of Applied Sciences, Technology and Innovation (JASTi)
Volume 1; Issue: 1
Published on: 20/01/2022
https://sur.cas.edu.om/Pages/JASTi.aspx

In their study, the researchers Naveed Hussain et al. [2] carry out a comprehensive survey of existing
studies on spam review location utilizing the Systematic Literature Review approach. They analyzed 76
existing studies. The analysts assessed the ponders based on how highlights are extricated from survey
datasets and distinctive strategies and procedures that are utilized to illuminate the audit spam location
issue. In addition, they analyzed diverse measurements that are utilized for the assessment of the survey
spam detection strategies. Their literature survey also recognized two major feature extraction methods
and two distinctive approaches for spam detection. They also analyzed performance metrics of the
algorithms.

E. G. Dada and S. B. Joseph [3] used Random Forest technique for the filtration of spam Emails. The
reason given by them is to create a spam mail filter with way better expectation exactness and less
numbers of features. From the Enron open dataset comprising of 5180 emails of both ham, spam and
typical emails, a set of unmistakable spam mail highlights were extricated and connected by the Random
Forest algorithm with a resultant classification precision of 99.92%, exceptionally very low false
positive rate (0.01) and exceptionally high true positive rate of 0.999. They conducted all tests on WEKA
information mining and machine learning reenactment environment.

Vinodhini et al. [4] gave Machine learning framework for detecting spam messages. They described
techniques using algorithms like KNN, SVM and Random Forest. They combined these algorithms with
NLP techniques. They also applied the algorithms for detecting the spammers. They also dealt with two
attribute sets that contains content of the spam and behavior of the user.

Hanif Bhuiyan et al. [5] published a survey of various Email spam filtering techniques of Machine
learning approach. They used Additive Regression of Bayes algorithm, KNN algorithm, Naive Bayes
algorithm and SVM. They also demonstrated a comparison of classification of various spam filtering
system for email. Finally, they conclude their survey by providing the accuracy of all those algorithms.

Shadi Khawandi, Firas Abdallah and Anis Ismail [6] presented a survey paper on various Image spam
detection techniques. They introduced a number of the obtainable solutions for endeavor spam and
image primarily based spam, where the light is shed on the method and technique want to battle spam
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and also the completely different options every answer contains. They dealt with the tools, which are
used for Image spam detection.

Tarek M Mahmoud et al. [7] proposed a three phase Email spam filtering algorithm. In the first level
they applied Naive Bayes algorithm for spam filtering. Then in the second phase, they applied Clonal
Selection technique for further spam filtering. Then finally they utilized Negative selection algorithms
to improve the performance. By applying these three-phase filtering process, they noticed a high
accuracy rate.

In his research paper, Samadhan Nagre [8] detected mobile spam SMS using blacklist of numbers and
whitelist of numbers. He applied his technique in wireless communication. He applied Naive Bayes
algorithm, SVM, Decision tree and Logistic regression to eight different datasets of spam and ham
messages and presented accuracy metrics for each algorithm for each dataset.

Michael Crawford et al. [9] described a survey for classifying and detecting spams. They mainly focused
on supervised machine learning approach. They applied some techniques from Big Data analytics in
detecting spams. They applied ensemble learning techniques and used data samples to handle class
imbalanced data. They also used ensemble techniques for noise reduction in those data.

Kunjali Pawar and Madhuri Patil [10] revealed a framework that in turn categorize the emails as spam
and ham. This categorization is carried out by using the text samples. They presented a framework for
the assessment of the classifier security in an antagonistic situation, that combines and builds on the
arms race and security by plan, Enemy demonstrating and Information conveyance under attack. They
also Support Vector Machine, Logistic Regression and MLIR for security evaluation.

Nikhil Kumar, Sanket Sonowal and Nishant [11] predicted spam and ham emails using Random Forest
Classifier, Bagging technique and Adaboost Classifiers. They discussed about the steps of
preprocessing. They dealt with stop words. They explained that spam detection will be proficient when
this filtration process could be carried out by using its content rather than the other standards like domain
name, etc. They explained that spam detection is proficient of filtering mails giving to the content of the
email and not according to the domain names or any other criteria. Therefore, at this it is an only limited
body of the email.
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Aaisha Makkar et al. [12] discussed about a technique for the security of the IoT devices by recognizing
spam utilizing ML. To attain this objective, Spam Discovery in IoT utilizing Machine Learning system
is proposed. In this system, five ML models are assessed utilizing different measurements with a huge
collection of inputs highlights sets. Each demonstrate computes a spam score by considering the refined
input highlights. This score portrays the believe value of IoT gadget beneath different parameters.
REFIT Smart Home Dataset is utilized for the approval of proposed strategy. Their results demonstrate
the adequacy of the proposed method in comparison to the other existing methods.

Methodology
The prime advantage of Machine learning is its automation attribute and swiftness in decision making.
It is using various probabilistic algorithms for feature extraction and decision making. The Classification
and regression algorithms in Machine learning are used in the prediction. This methodology is using
supervised learning algorithms for decision making.

The methodology is using five different algorithms to predict the COVID-19 spam and ham messages.
The performance of those five algorithms is also analyzed here. The five different algorithms are Naive
Bayes classification algorithm, Support Vector Machine algorithm, Random Forest algorithm, KNearest Neighbors algorithm and Logistic regression algorithm.

This methodology is using the dataset of five thousand spam and ham messages. These five thousand
messages contain three thousand five hundred and twenty-one spam messages and one thousand four
hundred and seventy nine ham messages. The type of the message (spam or ham) is considered as
categorical attribute and the complete message is assigned as non-categorical data. Thus, the method
starts with dividing the dataset into categorical attributes and non-categorical attributes then the method
divides the entire dataset into training dataset and testing dataset. Before dividing the training and testing
dataset, it preprocesses the data then it converts the collection of text data into a vector count.
Preprocessing is nothing but converting the tokens as vectors. The subsequent process of vectorization
is nothing but the representation of these vectors into sparse matrix. Now the next step is fitting the
training dataset to the statistical model. In Machine learning, there is a fit function that is used to train
a model using data examples. This Fit function changes weights based on data values in order to improve
the accuracy of the Machine learning model. After fitting the model, this model could be used for
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prediction. In this methodology, five different models are created using five different algorithms. The
accuracy score of the five models is also given.

The next step after fitting the model is converting the tokens in the testing data into vector count, then
after vectorization representing the testing data into sparse matrix. The testing dataset is used to analyze
the performance of each model with the help of its accuracy score. Here prediction is done with the help
of testing dataset. After prediction, the metrics of each algorithm is analyzed for its performance. The
following five different algorithms are used in this methodology for the process of prediction and
analysis.

A. Naive Bayes Algorithm
The Naive Bayes algorithm is the most popular algorithm used in creating various types of Machine
learning models. This algorithm is widely used in spam filtering. This is a machine learning algorithm,
which also known as probabilistic algorithm. Bayes Theorem is used as a fundamental building block
for the development of this algorithm. The algorithm is widely used to segregate the data by classifying
it into different types. The name is derived from the works of Rev. Thomas Bayes. The term naive refers
to the assumption that the features that make up the model are unrelated to one another. That is, changing
the value of one feature has no direct effect on the value of the other features used in the algorithm. This
Naive Bayes algorithm is predicting spam and ham messages based on set of input and output pair so
that this is coming under the category of supervised machine learning algorithm. A high-dimensional
training dataset could be included in this algorithm. It's a probabilistic classifier, which means it makes
predictions based on an object's likelihood.

The Bayes theorem is defined as:
𝑝(𝑐|𝑥) =

𝑝(𝑥|𝑐) 𝑝(𝑐)
𝑝(𝑥)

In this
𝑝(𝑐|𝑥) is the posterior probability of class
𝑝(𝑥|𝑐) is the likelihood of the probability of predictor
𝑝(𝑐) is the prior probability of class
𝑝(𝑥) is the prior probability of predictor
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As an example, for a single Spam message, the probability is computed as:
𝑝(𝑠𝑝𝑎𝑚|𝐶𝑂𝑉𝐼𝐷19 𝑠𝑝𝑟𝑒𝑎𝑑 𝑡ℎ𝑟𝑜𝑢𝑔ℎ 𝑎𝑛𝑖𝑚𝑎𝑙𝑠)
=

𝑝(𝐶𝑂𝑉𝐼𝐷19 𝑠𝑝𝑟𝑒𝑎𝑑 𝑡ℎ𝑟𝑜𝑢𝑔ℎ 𝑎𝑛𝑖𝑚𝑎𝑙𝑠|𝑠𝑝𝑎𝑚) 𝑝(𝑠𝑝𝑎𝑚)
𝑝(𝐶𝑂𝑉𝐼𝐷19 𝑠𝑝𝑟𝑒𝑎𝑑 𝑡ℎ𝑟𝑜𝑢𝑔ℎ 𝑎𝑛𝑖𝑚𝑎𝑙𝑠)

This is given for one spam message. Like this the spam probability and ham probability is computed for
each and every token available in the messages and thus the spam and ham detection is implemented.

There are three sorts of Naive Bayes algorithmic model are existing in the probabilistic area. The three
different models of the same are categorized as Gaussian Naive Bayes algorithm, the first type. The
Gaussian demonstrate expect that highlights are dispersed ordinarily. In the event that indicators take
nonstop values instead of discrete values, the demonstrate expect that these values are inferred from a
Gaussian dispersion. The second type is the Multinomial Naive Bayes algorithm. When the information
is multinomial conveyed, the Multinomial Nave Bayes classifier is utilized. It is basically utilized to
solve document classification issues, which suggests choosing which bunch a report has a place to, such
as Sports, Entertainment, Education, etc. The predictors in the classifier are based on the frequency of
terms. The third type is the Bernoulli Naive Bayes algorithm. The Bernoulli classifier capacities in a
comparative way to the Multinomial classifier, but that the indicator factors are isolated Booleans
factors. For example, determining whether or not a specific word appears in a text. This model is
additionally well-known for tasks involving document classification. In this methodology, the
Multinomial Naive Bayes classifier is used because the dataset is distributed in a multinomial manner,
and it must be classified as spam and ham messages.

B. Support Vector Machine
The Support Vector Machine is a machine learning algorithm, which is denoted as supervised machine
learning algorithm. This algorithm could be used to solve classification type of machine learning
algorithms and regression type of machine learning algorithms. The SVM algorithm starts its execution
by finding a hyperplane in an N dimensional space. This hyperplane is used to distinguish the data
segments and hence the data could be classified. Thus, this methodology applies the Support Vector
Machine algorithm, which use a hyperplane to distinguish spam and ham messages. Actually, the
hyperplane classifies tokens under the two categories spam and ham. This non-linear dataset is classified
into two categories for the prediction of spam and ham messages.
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C. Random Forest Algorithm
This algorithm is also used in supervised machine learning approach, and this could also be used to
solve classification and regression type of machine learning problems. This will select random samples
from the given dataset. Then the algorithm construct decision tree for each random sample. Using this
decision tree, the algorithm gets a prediction result. In addition to this, this algorithm also performs a
voting for the results, which are predicted using the decision tree. As the result of voting, the prediction
result with more numbers of votes will be used for final prediction. Assume that:
The Non-categorical data assigned as 𝑋 = 𝑥1 , 𝑥2 , 𝑥3 , … . , 𝑥𝑛 and
The Categorical data assigned as 𝑌 = 𝑦1 , 𝑦2 , 𝑦3 , … . , 𝑦𝑛 . These data are repeating B
times. So
For sb = 1, 2, 3, …. B
𝑋𝑠𝑏 and 𝑌𝑠𝑏 are treated as samples
Then after training, predictions for the samples 𝑥 ′ could be made by voting from all the trees will be
written as:
𝐵

1
𝑓=
∑ 𝑓𝑠𝑏 (𝑥 ′ )
𝐵
𝑠𝑏=1

Thus, the Random Forest algorithm is applied for the input dataset of spam and ham messages and the
prediction is done. Here the random samples are created for decisions trees, which are formed by the
spam and ham messages. The accuracy metrics shows the performance of the Random Forest algorithm
to this specific application.

D. K-Nearest Neighbors Algorithm
This is one of a powerful machine learning algorithm. This algorithm is also used in supervised machine
learning approach. This could be more frequently used in classification problems. This algorithm
analyses the similarities between the existing case and the new case. Then it allocates the new case into
a classification of the old case, to which the new case is more similar to the old one. This algorithm is
also widely used in classification problems and hence it is used in the prediction of spam and ham
messages. The specialization of this algorithm is, it does not make any assumption with regard to
existing data or new data. That is the reason it is known as non-parametric algorithm. K-Nearest
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Neighbors (KNN) algorithm, at the training phase fair stores the dataset and when it gets new
information, at that point it classifies that information into a category that's much comparable to the
existing information. These clustered datasets formed K number of neighbors. Then the Euclidean
distance of these neighbors were calculated. The K nearest neighbors are selected with respect to the
Euclidean distance which are calculated in the previous step. The data points in each category were
counted among these K neighbors. Now the new data is assigned to the category, which is having the
maximum number of neighbors. Thus, the created model is ready for predicting spam and ham
messages. After the model is created, it is analyzed for its performance.

E. Logistic Regression Algorithm
This algorithm is a statistical algorithm, which is used in Machine learning. This algorithm is also used
in supervised machine learning approach. This is also used in classification problems. This algorithm is
used in the process of assigning observations to a discrete set of classes. Since it is using Logistic
function, it gets the name as logistic regression. The equation of the logistic regression algorithm is
defined as:

𝑒 𝑝0 +𝑝0 𝑥
𝑦=
1 + 𝑒 𝑝0 +𝑝1 𝑥
Here y is the predicted output, p0 is the bias or intercept term and p1 is the coefficient for the single
input. As this method is more suitable for binary classification problems, the same is utilized for
predicting spam and ham messages.

Results and Discussion
The five algorithms are applied, and five different Machine learning model is created. The algorithms
are implemented using Python. The accuracy score of each model is given in a table as below:

Table 1. Accuracy Score of the Algorithms
Machine Learning Model Created by

Accuracy score

Naive Bayes Algorithm
SVM Algorithm
Random Forest Algorithm
K-Nearest Neighbors algorithm
Logistic Regression algorithm

0.988921316796954
0.967534137353276
0.962576821564558
0.984731252376416
0.947652358715465
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The following table gives a random sample of ten different tokens available in the COVID-19 spam and
ham messages.

Table 2. Random Sample of Tokens and its Ham, Spam Frequency
Token

Ham

Spam

sanitizer
swab
anti-microbial
vaccine
N95
food
lung
milk
skin
resistance

333.0
6.0
13.0
3.0
58.0
7.0
23.0
2.0
2.0
3.0

20.0
2.0
5.0
2.0
12.0
7.0
6.0
8.0
10.0
3.0

Ham Frequency Spam Frequency
0.091685
0.001652
0.003579
0.000826
0.015969
0.001927
0.006333
0.000551
0.000551
0.000826

0.036496
0.003650
0.009124
0.003650
0.021898
0.012774
0.010949
0.014599
0.018248
0.005474

Conclusion
The performance of the five algorithms is displayed in the table. The spam and ham messages used in
this paper were collected from different social medias and the messages received through short Message
Service (SMS). The accuracy score of the different models is used to analyze the performance of each
algorithm in predicting spam and ham messages related to COVID-19. This accuracy score depicts that
the Naive Bayes is producing the high accuracy for this particular dataset. All the other algorithms are
also giving the high level of accuracy. This paper explores the creation and performance of different
filtering models through Machine learning technique. All the Machine learning models created in this
could also be used in any spam, ham prediction. Since it is using tokenized prediction, still it is having
some lacuna. The new spam messages could not be predicted correctly in all cases. The execution time
in creating a Machine learning model is considerably higher than the normal program execution time.
But once the model is created, the prediction will consume minimum time.
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Abstract:
In this study, we present a new survey of graph theoretical techniques in biology, using the variation of
dominance, which we call vertex domination. To determine the vertex dominant number 𝛾𝑣 for several
classes of fuzzy graphs, especially complete fuzzy graphs and complete bipartite fuzzy graphs. Bounds
were obtained for the vertex dominant number of a fuzzy graph. The fuzzification ideas of the
domination in the crisp graph using the membership values of nodes, α-strong and arcs. The relationship
between the M-strong arcs and the α-strong is obtained. In a fuzzy graph, the monotone decreasing
property and the monotone increasing properties are introduced. A modeling tool in biological networks
allows the utilization of a graphical identification of a secondary RNA (Ribonucleic Acid) design to be
used in highly numerically, these graphical manipulations to identify the numbers. Those graphical
changes are variations of the dominant number of a graph. The results of the research carried out to
show that the dominant number variants can be used to correctly distinguish between trees that represent
native structures to represent RNA. For the fuzzification of this problem, the location types (in terms
of benefits) and the type of connection to the locations can be assigned by different values. It is therefore
based on the values of the locations and the ratio of the total values of the adjacent α-strong connections
and the total values of the adjacent connections. The relationship between several types of functions in
fuzzy graphs is studied with their respective vertex domination number.

Keywords: Fuzzification, Feed Forward Loops, Orthologs, BLAST, Significance Profile Vector.
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Introduction
Graph theory is one of the branches of modern mathematics that has experienced the most impressive
growth in recent years. The origin of Graph traced back to Euler's work on the Konigsberg Bridge
Problem (1735), which later led to the concept of the Euler graph. In application point of side Graph
theory plays an important role. Graph theory is closely related to many branches of mathematics, such
as group theory, matrix theory, numerical analysis, probability, topology and combinatorics, because of
its graphical representation and its intuitive and aesthetic appeal. One of the most interesting issues of
graph theory is domination theory. The initial ideas of the dominating sets can be found in the classical
problems of covering the chess board with the minimum number of chess pieces. Nowadays domination
theory is the one of the most important fields of research in graph theory and combinatorics. The
domination concept in graphs, with its many variations, is now well studied in graph theory.

Within biological and medical fields, potential applications of network analysis include identifying drug
targets, determining the role of proteins or genes of unknown function, designing, effective control
strategies for infectious diseases, and identifying abnormal patterns of neuron degeneration includes
short detection in particular brain areas. The development of high thought techniques in molecular
biology has led to unprecedented amounts of data being available on cellular networks in various simple
organisms. There are three classes of bio-molecular networks have received much attention up to date:
metabolic networks of biochemical reactions, Protein interaction networks that involve physical
interactions between the proteins of an organism’s and transcriptional regulatory networks describing
regulatory interactions between different genes.

Many bio-molecular networks appear to be limited in nature, leading researchers to investigate this
aspect of the structure of real contact networks and the possible biological mechanisms behind its
emergence. In addition, some small sub-graphs are known as designs. Very high frequency in biological
networks is said to be the basic building blocks of these networks and can be used to classify them.
Within this framework, individual nodes are first grouped into network designs. These are finally
grouped into large volumes of functionally related nodes, and the blocks are combined to form the entire
network.
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Preliminary
Let G = (V, E) be a graph with vertex set V, edge set E and no isolated vertex. A dominating set D in a
graph G is a set of vertices of G, such that each vertex not in D is adjacent to a vertex of D, while a total
dominating set (TDS) of G is a set S of vertices in G such that every vertex is adjacent to a vertex in S.
The total domination number of G, denoted by 𝛾𝑡 (𝐺), is the minimum cardinality of a total domination
set. A total domination set of G of cardinality 𝛾𝑡 (𝐺) is called a 𝛾𝑡 (𝐺)-set.
A fuzzy graph is denoted by 𝐺 = (𝑉, 𝜎, 𝜇), such that μ({x, y}) ≤ σ(x)^σ(y) for all 𝑥, 𝑦 ∈ 𝑉, where V
is a vertex set, σ is a fuzzy subset of V and 𝜇 is a fuzzy relation on V. We call σ fuzzy vertex set of G
and 𝜇 the fuzzy edge set of G, respectively. We consider fuzzy graph G with no loops and assume that
V is finite and nonempty, 𝜇 is reflexive means μ({x, x}) = σ(x) for all 𝑥 ∈ 𝑉 and symmetric means
μ({x, y}) = μ({y, x}) for all 𝑥, 𝑦 ∈ 𝑉. In any fuzzy graph, the underlying crisp graph is denoted by G∗ =
(𝑉, 𝐸), where V and E are domain of σ and 𝜇, respectively.
The fuzzy graph 𝐻 = (𝜏, 𝑣) is called a partial fuzzy sub graph of 𝐺 = (𝜎, 𝜇) , if 𝑣 ⊆ 𝜇 and 𝜏 ⊆ 𝜎.
similarly, the fuzzy graph 𝐻 = (𝜏, 𝑣) is called a fuzzy sub graph of 𝐺 = (𝑉, 𝜎, 𝜇) induced by P if
𝑃 ⊆ 𝑉, 𝜏(𝑥) = 𝜎(𝑥) for all 𝑥 ∈ 𝑃 and 𝑣({𝑥, 𝑦}) = 𝜇({𝑥, 𝑦}) ∈ 𝑉 for all 𝑥, 𝑦 ∈ 𝑃, we sometimes call
H a fuzzy sub graph of G.
A fuzzy graph is denoted by 𝐺 = (𝑉, 𝜎, 𝜇), is connected for every 𝑥, 𝑦 ∈ 𝑉, 𝐶𝑂𝑁𝑁𝐺 (𝑥, 𝑦) > 0. an arc
𝑢𝑣 of a fuzzy graph is called an M-strong arc if 𝜇(𝑢𝑣) = 𝜎(𝑢)^𝜎(𝑣). A fuzzy graph is said to be
complete if 𝜇(𝑢𝑣) = 𝜎(𝑥)^𝜎(𝑦), for all 𝑥, 𝑦 ∈ 𝑉.

Functional structure in biological networks
A. Identification of Network Designs
The concept of network design and the basic plan for design detection were described with a given
directed network G, the designs in G of size k are identified as follows:
(a) For each possible sub-graph S of size k of G count, the number of occurrences Ns, of SЄG.
(b) Randomly generate a large number of networks in each random network:
(i) Each node has similar in-degree and out-degree as in the real network G.
(ii) Each sub-graph of k-1 occurs with the same frequency as in the real network G.
(c) A sub-graph, S is said to be a design of G, if the following three conditions satisfy:
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(i) The probability of S in a random network is more often, than Ns times are less than
some suggested value of P (let P = 0.01).
(ii) There are at least four distinct events of S in the network G.
(iii) The real number of occurrences of S in G is significantly larger than the average
number of occurrences of S in randomly generated networks, which is denoted by
(𝑁𝑠𝑟𝑎𝑛𝑑 ), formally, 𝑁𝑠 − (𝑁𝑠𝑟𝑎𝑛𝑑 ) > 0.1 (𝑁𝑠𝑟𝑎𝑛𝑑 ) .
This approach of identifying designs can be easily adapted to detect designs in nonlinear networks, such
as protein interaction networks. However, identifying designs within the large complex networks is
computationally intensive. To the best knowledge of author’s, the standard methods are only possible
for designs with less than 7 or 8 nodes.

The systematic methods of defining network measures or scalars, which are associated with sub-graphs
that can be, introduce network operations. However, the precise relationship between scalars and subgraphs are not straight forward. By using the above-described scheme, small designs have been
identified in many real biological networks. The transcriptional regulatory networks have a three-node
design and a four-node design. These are called feed-forward design and two or bi-fan design which is
shown in Figure1.

Fig. 1: Feed-forward and bi-fan designs of transcriptional networks.
The feed-forward and bi-fan designs of the transcriptional network of this network have an additional
four-node design known as two-parallel design. Other common designs are three-chain, three-and fournode feedback loops and bi parallel are the generic designs in real networks, which is shown in Figure
2.
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Fig. 2: Generic designs in real networks.
There is also a yeast transcriptional network investigated and the designs were identified to specific
related information processing tasks using feed-forward loop and two or bi-fan designs have been found
in transcriptional regulatory networks and neural networks, both of which involve some form of
information processing. Complex networks can be classified into distinct functional families based on
their conventional designs. For example, information processing is fundamental to both neural and
transcriptional networks, it is reasonable to say that feed-forward loops and bi-fans often occur in such
networks because they are relevant to information processing tasks. On the other hand, there is no
overlap between the patterns found in transcriptional networks and the functionally unrelated food-web
networks.

The design detection approach relies on a null model with a fixed degree distribution, but with roughly
placed edges. Basically, a design is a sub-graph that is more represented in a real network compared to
a group of networks with identical distribution. The large number of designs for this null model and the
observations has the notion that designs of a transcriptional network are biologically important. Some
of the networks used for the present study as shown in Figure 3, 4 are the examples of interactions
represented by directed edges between nodes and all possible type of three node connected sub-graphs.

Fig. 3: (i). Networks X represents Y from the scale of biomolecules through cells to organisms, (ii).
Transcription factor protein X binds regulatory DNA regions of a gene to regulate the production rate
of protein Y, (iii). Neuron X is synoptically connected to neuron Y, (iv). x feeds on Y.
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Fig. 4: All 13 types of three-node connected sub-graphs.
In this study, a null network model is proposed, which takes into account both the degree distribution
and the hierarchical structure of the network yielding the average clustering coefficient of nodes degrees
k through the shape of the C(k) function. Those designs found in real networks occur naturally in
complex networks with degrees of distribution and hierarchy properties, such as biological networks.
This often highlights the difficulty of making biological decisions based on topological considerations.
To properly assess the biological significance of designs, a combination of theoretical and experimental
work is needed to focus on the potential biological functions of the designs. Some work along these
lines will be described here, note that the basic approach to design detection described here is not
applicable to weighted networks. An alternative approach for defining and identifying designs that can
be used for weighted networks is described and the important advantage of such an approach is that it
can take into account the degree of trust in network data by properly weighing the margins in the
network. Finally, the transcriptional network has been discussed in more detail and several additional
formats have been identified: Single Input Modules (SIMs); dense overlapping regulations and negative
self-regulatory units.

B. Dynamical properties of designs
Several recent studies have addressed this issue and focused on the kinetic properties of biologically
relevant designs. Here, we will focus on the role of the feed forward loop in transcriptional regulatory
networks in Figure 1, which has received much attention in the literature up to date. Transcriptional
networks can be broadly divided into two classes, depending on the nature of the individual interactions
in the Feed Forward Loops (FFL) loop. The FFLs in Figure 1 have three basic interactions, each of
which can be either negative, call it as suppressive or positive, call it as activation. If the overall identity
of the indirect path from x to z is the identity of the direct order of x, then the loop will be synchronous.
Otherwise, it is irrelevant. Note that the FFL format has 8 different identity configuration designs, 4
coherent and 4 incompatibles. In, all interactions the positive activation coherent FFL analyzed
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numerically. The work of this paper combines designs with potential biological functions and
recommends experiments on designs in actual systems.

C. Thoughts on evolutionary conservation in design
The biological significance of the designs is considered from a slightly different perspective, where
the designs are evolutionarily conserved within the yeast protein interaction network. Specifically, 678
proteins were identified in the yeast network, each consisting of orthologs (i.e., genes with a common
ancestor) in five high organisms, and the percentage of fully conserved designs was determined for
each 2, 3, 4 and 5 node design.

If all the proteins consisting of orthologs, then a sub graph is completely conserved, and genes in each
higher organism have a common orthologs. For the yeast network, the large numbers of nodes and the
denser interconnected designs have a higher security rate. For example, a fully enclosed five-node
design has the highest rate of protection for all designs between 2 and 5 nodes.

The significance profile (SP) is proposed as a means of classifying networks. For each possible subgraph of a network, G, the number of occurrences of S in a real network is calculated and the average
number of occurrences of S in a network of random networks with the same degree profile as G. The Zscore for each such sub-graph is calculated
𝑍𝑠 =

𝑁𝑠 − (𝑁𝑠𝑟𝑎𝑛𝑑 )
𝑠𝑡𝑑(𝑁𝑠𝑟𝑎𝑛𝑑 )

Where𝑁𝑠 , (𝑁𝑠𝑟𝑎𝑛𝑑 ) and 𝑠𝑡𝑑(𝑁𝑠𝑟𝑎𝑛𝑑 ) denote the number of occurrences of S in G and the mean and
standard deviation of the number of occurrences of S in the random networks respectively. The Z-scores
for the sub-graphs of a fixed size is then normalized to give the significance profile vector.
𝑆𝑃𝑠 =

𝑍𝑠
(∑𝑠 𝑍𝑠2 )

1⁄
2

Significant profiles for sub-graphs of levels three and four are calculated for many real biological
networks. Although this method is proposed as a means of identifying different classes of complex
networks, it should be noted that some networks with identical SP vectors for three-node sub-graphs
have distinct four-node SPs. This means that high-order SPs are required if this technique is to be used
effectively to classify networks. It is not clear at this time how to determine the maximum sub-graph
size required to correctly distinguish network classes using this technique.
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D. Graph theoretical approaches to identifying functional modules
There are many network clustering algorithms designed for biological networks. For example, the
problem of how to cluster proteins in large databases into families based on sequence similarity was
considered. The first step of this procedure is to assign sequence similarity scores to each pair of proteins
using a method similar to BLAST-algorithm. BLAST means Basic Local Alignment Search Tool is an
algorithm and program for comparing primary biological sequence information, such as the amino-acid
sequences of proteins or the nucleotides of DNA and/or RNA sequences. A weighted graph is then
constructed, whose nodes are proteins and the weight of an edge between two nodes in the similarity
score calculated. The weights for this graph were defined and normalized using the adjacent matrix M
edge-weights. With respect to conventional matrix production can be taking the power with respect to
conventional matrix production.

The key idea behind this method is that the families of the related nodes are densely interconnected, so
there must be more "long" paths between pairs of the same family and the different nodes belonging to
different families. This mechanism was used to identify functionally related families in the protein
interaction of network. In fact, the algorithm was used in the line-graph of L (G), where the nodes of
L(G) are the edges of G and the two nodes in L(G) are connected if the corresponding edges G are
incident on a common node in G. The three separate protein functional classifications were used to
validate the modules identified with this method in the common node, and the synchronization of
functional allocation within these modules was significantly greater than that obtained for random
networks, obtained by switching protein identifiers between modules. This, together with further
analysis, indicates that the identified modules represent families that function in the network.

The main idea behind this mechanism is that genes belonging to one functional block must interact with
genes in another set in a similar fashion. Using this method, genes with identical functional annotation
can be grouped into a single block, even in the absence of direct interaction between them. Finally, we
note that it is a technique for identifying quasi-cliques in protein interaction networks and the yeast
interaction network based on the eigenvectors of the matrix adjacent.

Further approaches for

determining functional modules within biological networks have been described in the technique relies
on the searching for Highly Connected Sub-graphs (HCS), where a HCS of a graph G is a sub-graph of
S, for which at least half of the nodes of S must be cut off.

114
University of Technology and Applied Sciences-Sur
P O Box 484, Sur, Sultanate of Oman

Journal of Applied Sciences, Technology and Innovation (JASTi)
Volume 1; Issue: 1
Published on: 20/01/2022
https://sur.cas.edu.om/Pages/JASTi.aspx

We can define an RNA design as, given a folding algorithm F and a target RNA secondary structure 𝜔,
then RNA Design problem is to find an RNA sequence ∅ ∈ 𝑁 |𝜔| = {𝐴, 𝐺, 𝐶, 𝑈}|𝜔| that satisfies 𝜔 =
𝐹(∅). RNA secondary structures are often represented using the dot-bracket notation, where dots stand
for unbound sites and nucleotides connected by a hydrogen bond are marked by opening and closing
brackets.

Most basic structural form of RNA is a sequence of the four nucleotides Adenine (A), Guanine (G),
Cytosine (C) and Uracile (U). This nucleotide sequence is called the RNA sequence, or primary
structure. While the RNA sequence serves as the blueprint, the functional structure of the RNA
molecule is determined by the folding translating the RNA sequence into its 3D tertiary structure. The
intrinsic thermodynamic properties of the sequence dictate the resulting fold. The hydrogen bonds
formed between two corresponding nucleotides constitute one of the driving forces in the
thermodynamics model and influence the tertiary structure heavily. The structure that encompasses
these hydrogen bonds is commonly referred to the secondary structure of RNA. Many algorithms for
RNA tertiary structure design directly work on RNA secondary structures.

Fig. 5. Illustration of the RNA Design problem using a folding algorithm F and dot-bracket notation

In Figure 5. (a) Represents the desired RNA secondary structure represented in the dot-bracket notation,
(b) represent the design of an RNA sequence and (c) the folds in the desired secondary structure.

Conclusion
In many real biological and technological networks, some smaller sub-graphs occur more frequently
than expected for randomly wired networks with a single distribution. Such sub-graphs are called
formats, and test functions imply that networks with similar functions have similar designs. Researchers
consider this to be the characteristic of a network in some sense. However, the precise biological
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significance of the designs is not yet fully understood, and it is suggested that the abundance of some
designs may be the result of the degree distribution and hierarchical structure of real networks. On the
other hand, several recent studies on the kinetic properties of simple designs have provided some insight
into their biological significance. Specifically, the dynamics of FFL (Feed Forwarded Loop) design and
auto regularity design in transcriptional networks have been studied and linked to biological function.
The modular architecture of biological networks has also received considerable attention, and several
automated mechanisms have been proposed to identify functionally homogeneous modules. This line of
research and work on direct methods for predicting gene and protein function is motivated by the need
to determine the function of a large number of undisclosed genes and proteins.
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Abstract:
The pandemic has changed every aspect of human activities in a short span of time. It has been proved
that the changes are happening when there is a challenge. When compared to the previous pandemic
situations, the humankind is able to adapt and back to the normal life fast with the help of the cuttingedge technologies. The development in the technologies in all the fields helped the people to perform
their accomplishments using the electronic medium. The education field was already equipped with
many contemporary technologies along with the traditional teaching and learning even before the
pandemic. The extensions of Internet facilities, usage of smart devices and the maturity of people around
the world have enabled the education to continue in a smoother way through online mode. Hence when
the pandemic made all the businesses to shut down abruptly, the impact on the educational field is
negligible. Within a week time the stakeholders of the educational institutions were able to bounce back
and perform their tasks as usual. In this paper we have compared the technologies used before and after
the pandemic used in the University of Technology and Applied Sciences – Salalah (UTASS) (Formerly
called as College of Applied Sciences – Salalah). To do the further research we have taken UTASS as
a case. We have shown the improvement in the attendance of the students in the online mode of teaching
and learning. The results of the students have also been compared and presented with tabular data. The
hurdles of the students and the teachers are also mentioned after a detailed interview conducted with
them.

Keywords: Covid-19; E-learning, MOOCS, Online classes, LMS.
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Introduction
The world has become the global village for us due to the domination of the technology (RD.Balaji,
2017). We can witness this by seeing the letter ‘E’ in front of every device, business, and activity terms,
which is being achieved because of the affordable cost of electronic equipment’s. Now days every
possible activity of human can be done with less cost due to ‘E’-lectronics technology. The
contemporary technologies have eradicated the geographical constraints, physical constraints, political
constraints etc. Countries are measuring their success based on the adaptation of the technology in their
country. The technology has its own domination in almost all the fields.

In the education field, the contribution of the growing technology is amazing, which has made lot of
changes in the traditional teaching and brought a paradigm shift in this field. The traditional learning
involves teachers’ knowledge and interaction, practical sessions, hard copy books and of course the
physical presence in the classroom through which the learners are impacted in the direct mode of
communication. The roles of students, teachers and administrators have changed considerably. The
electronic devices, though they were not meant for education, replacing most of the traditional teaching
and learning tools. The traditional teaching, i.e., the face-to-face teaching is also moving towards
electronic learning environment. Massive Open Online Course (MOOC) is playing a major role in
educating people as a part of contemporary learning methodology.

The Distance Learning has been encouraged through many online course providers like Coursera,
NPTEL and Udemy, to learn a specific course or courses for the sake of personal growth. Initially most
of the people believed that these online courses might not complete the expectation of them in the course
they opted for. But soon, the course contents have become easily learnable, video based, product and
project based. The learners also started getting sufficient knowledge to their expectation. This
circumstance made many organizations to insist their employees to take online courses related to their
product which really enhanced the quality of the employees without spending much more working time.
But the under and post graduations of the employees are still preferred to be full time learning from any
educational institution.

The supportive learning through online along with traditional learning was the scenario till the month
of March 2020. A sudden change in the lives of the people from the end of 2019 has transformed the
education system of the learners all over the world. Yes, the outbreak of Covid-19 disease. UNESCO
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has announced that on an average 1.38 billion (80%) of active learners around the world were affected
by the Covid-19 Pandemic from the month of March 2020 when the educational institutions were closed
(Niall McCarthy, 2020). It has become inevitable to close the institutions because there is at least one
student of different level from each family throughout the world, through which the disease might spread
rapidly. Education through colleges and schools with traditional teaching and learning makes the
countries to be powerful and smart enough to face all the challenges arise.

In this paper, we have discussed the contemporary learning methodologies in the following section: the
initiatives taken for online teaching in the Sultanate and a case study from UTASS. Through the analysis
we have found that though the future may depend on online sessions, the traditional way of learning will
always be opted equally by the people around the world. We have to go far to automate all the activities
and take the online teaching to the next level.

Background
A.

Learning management technologies

Education is the process of transferring the learned knowledge by a society to their next generation.
Education is one of the activities that persist forever from the Stone Age human community. Even
though few changes have happened in the teaching medium and communication type, the knowledge
transfer is continuing everywhere for the growth of the future. In the ancient-cultured society, people
had given utmost importance for the education. Education became an art and respected as a noble
profession. The teaching method which has been followed from ancient days is called Teachers Centered
Learning (TCL) or Traditional Learning (TL). This method is also called the face-to-face learning. The
physical presence of the teacher and student is must in this method (M.Sarrab, 2015, T. Geprgiev, et.al,
2004, N.cavus and D. Ibrahim, 2009). The responsibilities of the teachers are providing materials,
teaching in different levels, making them understand the content and finally testing the students’
understanding or demonstrating the knowledge of their students. The complete control of the teaching
and learning environment would be with the teacher. The students are passive receivers than active
participants. The main advantage is that the teacher can motivate the students to learn certain topics or
skills even though the student is not interested in learning those stuffs (M.Sarra, et. Al., 2014, J.Novak,
2010, M.Sarrab, L. Elgamel and H.Aldabbas, 2012). Besides the advantages, there are some
disadvantages which limit the people who are interested in learning. One of the limitations is the
presence of the learner is must at a particular time in a particular place. Accessibility to the learning
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materials is limited in this mode of learning (M.Sarrab, L. Elgamel and H.Aldabbas, 2012). Learning is
more dependent on the sentiment of the student and teacher.

After the popularity of the Internet, Electronic learning opened the new opportunities for a big
community to learn through Internet. Hence E-learning is also called as Online Learning and the courses
are called as online courses. E-learning became the new dimension of distance learning (A.T.Korucu
and A. Alkan, 2011). This allowed a student to learn irrespective of the geographical location and time,
provided the availability of the internet connection. Through the E-learning, the communications with
the teacher and accessibility of the learning materials have become more flexible and easier. The
learning involved a student as active participant rather a passive recipient. Students started learning with
peer-to-peer interactions also. But this was the scenario till late 1990’s. From 2000 onwards the Elearning started taking a new form due to introduction of more hand held devices like laptops, notebooks,
mobile phones, smart phones, wireless technology, GPRS technology and Bluetooth (M.Hashemi, et.
Al., 2011, C.Son, et.al., 2004, F.Ozdamli and N.Cavus, 2011). place where they can access the computer
devices. This scenario was broken by the handheld devices. The new form of E-learning is called the
M-learning or Mobile Learning (Figure 1). M-learning has made the art of learning to be anywhereanytime.

The recent surveys clearly show that the mobile phones are becoming inevitable part of the human
society and in turn can be an important part of learning (S.J.Geddes, 2016, M.Sarrab, et.al., 2015). India
and China are the largest mobile using countries. Nowadays the cellular phones have become 4G & 5G
smart phones. The worldwide statistics shows that 73% of the world population is using smart phones.
Recent smart phones support almost all types of text, audio and video types which help to transfer the
data between any smart device like IP camera, PDA, and minicomputers. Hence this is called as
characterized technology. When E-learning was acting as a supplementary tool for the traditional
education, M-learning has changed the entire educational model (D.Keegan, 2004, JSAT, 2010,
J.Attewell, 2005).
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Fig. 1: Shift from Traditional Learning to Online learning
A.1. E & M learning benefits
•
•
•
•
•
•
•

Learning Flexibility (D.Klein and M. Ware, 2003)(S.Hameed, et. Al., 2008)(J.R.Marc,
2002)
Effective Knowledge and Competence (J.Smedley, 2010)
Easy Communication and Discussions ((S.Codone, 2016)
Cost-Effective (T.Amer, 2007)
Tailored Contents
Bridge the Gap
Self-pacing (T.A.Ursan and C.C.Weggen, 2000)

A.2. Massive Open Online Courses (MOOC’s)
The topmost universities in the world have started offering courses through Internet for people around
the globe at free of cost or with minimum charges from 2012. This initiative is called the Massive Open
Online Courses (MOOC) with non-profitable motive (McAuley, et.al., 2010). “From a pragmatic
perspective, MOOCs provide access to large numbers of people who might otherwise be excluded for
reasons ranging from time to geographic location, to formal prerequisites, to financial hardship” (Carr.N,
2012). MOOC courses are open to all, which include registration to the course, free software,
curriculum, assessment and they encourage communication regarding the course (Rodriguez, 2012).
Some of the famous MOOC providers include the Open University, Coursera, Udacity, Edx, and
Educart. Astonishingly, in the first MOOC course, around 1.5 million people registered from 180
countries. Any new innovation would have its own pros and cons. Apart from the negligible limitations
of MOOC, it is having plenty of benefits which are discussed below.

122
University of Technology and Applied Sciences-Sur
P O Box 484, Sur, Sultanate of Oman

Journal of Applied Sciences, Technology and Innovation (JASTi)
Volume 1; Issue: 1
Published on: 20/01/2022
https://sur.cas.edu.om/Pages/JASTi.aspx

A.2.1. Benefits of MOOCS
•
•
•
•
•

Free of Cost
Relevance
Technical Feasibility
Language Barrier
Recognition (RD.Balaji, et.al., 2015)

A.3. Free Open-Source Software (FOSS)
Software companies were having monopoly in the industry and the situation was affecting many nonprofitable organizations. Later, a group of people who cared about the social benefit, developed software
related to their profession or for general purpose and released the software with its source code online.
They put no restriction to download the software and customize it according to the user’s need. This
software is distributed at free of cost.

FOSS has been put forth by the experts in the field with high standards. Development speed of the FOSS
is comparatively incredible due to huge number of contributors around the world from different
geographical locations compared to companies licensed software. Most of the FOSS are released with
the assurance of best quality, reliability, accuracy, accountability, collaborative, extendibility and with
great communication. Statistics show that the customers are highly satisfied with the functionality and
security of the FOSS than the product from software companies.

A.4. Quick Response CODE (QR CODE)
The main drawback of mobile learning is spending lot of time in selecting links to go to the desired page. This
makes the learning experience miserable. QR code is one of the technologies to access the material with just one
click (JIT). QR code is similar to bar code, but this can store huge data compared to bar code. Toyota Company
has developed this technology for storing more details about the car (QR Code, 2012, Wikipedia, 2012). QR code
supports variety of data types to be stored like text, URL and location details (Maemo.org, 2010). Free QR
generator software is available in the market. The advantages and the usability of the QR codes have made many
companies to adopt them for different purposes. Few GPS locations are given in QR code format, so that when a
traveler scans the code, it would show the exact location of the place in his phone by linking the QR code with
the map.
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A.5. E-books & LMS
ICT stores the book contents as word file, PDF file or HTML file for the easy access of the people through
Internet. These books are called online books or e-books. “An electronic book (variously: e-book, eBook, e-Book,
ebook, digital book, or even e-edition) is a book-length publication in digital form, consisting of text, images, or
both, readable on computers and other electronic devices” (Gardiner, et.al., 2010). The word format and PDF
format of e-books are having restriction of keeping only text and images. They will not allow the user to make a
mark or write a note etc. These kinds of limitations as well as the hardware usage limitations like people start
feeling tired and exhausted of reading e-books for some time due to the light radiation from the device,
discouraged the people to prefer e-books. Still people are forced to keep different gadgets for reading books and
referring video lectures.

After the introduction of e-book reading devices, the trend is changing. The new E-book creating software allow
people to have video and audio files in the e-book. This helps the people to adopt e-books easily. These types of
e-books are called hybrid e-books. Few FOSS e-books creating software are also available in the market.
Advantages of using E-books are listed below.

A.5.1. Benefits of E-Books
•
•
•
•
•

Economic Benefits
Last long
Flexibility
Functionality
Green World (RD.Balaji, et. al., 2015)

A.6. Mobile APPS
We have discussed the benefits of e-books in the previous section. But still e-books with multimedia content are
comparatively slow and static. Recent survey shows that 120% of students are having smart phones in few Oman
colleges (few students are using more than one smart phone). Hence it would be feasible to find some solution to
give all the learning materials through the phone (GooglePlay, 2015).

Mobile apps are becoming more popular during recent years. These apps can have text, video, audio and
communication facilities. Creating apps needs programming experts and it is time consuming task. Hence many
colleges are not preparing apps for their courses. Still, we may get few apps related to our course in google play
or from similar tools (Dan Gualtieri, 2014). The only disadvantage is that it may not exactly be suitable for our
course. These apps can be used as supporting tools. But creating mobile app for our courses will make students
to get everything related to the particular course in one application. Advantages of mobile apps are list here.
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A.6.1. Benefits of Mobile Apps
•
•
•
•
•
•

It supports many data types as content.
It may be used for long time once created for a course. Modification and maintenance of apps will be
easier.
It can be accessed Just In Time (JIT). Since all the options are kept in the first page, it will be easier for
the students to visit any page or switch between the pages.
The font size is adjustable in apps compared to e-books.
Economically it will benefit both students and institutions by reducing the usage of lot of other resources.
Since it can be accessed offline, people do not need to have internet connection.
It would be more flexible for integrating the study materials, reference materials, assessments and
communication tools in one place (RD.Balaji, et.al., 2015)(Z.I.Dafalla, et.al., 2015).

There are still many other tools available and being used by the people around the world, which are customized
for the user needs. The covid-19 pandemic has enabled the production of different online learning tools and
methodologies to be available surplus for the people. The following section discusses the history of the pandemic
outbreaks around the world.

B.

Online teaching in Oman after pandemic

The Corona virus started infecting people in Oman from the month of March 2020. The Government
has taken preventive measures even in the initial stage of the corona effect in the Sultanate. The
lockdown has announced throughout the country as a first preventive action. This helped to reduce the
congregation at private and public places. The school students were not much affected by this decision
except those were in board exams. In UTAS there was a week suspension of all the academic activities
for the higher officials to make a decision on how to proceed further with the SP20 semester. Since all
the colleges have completed 6-7 weeks of studies and in most of the courses the mid exams were
completed. That means more than 50% of the course work exams were over in all the courses. The great
advantage that UTAS was having is that all colleges were using the e-learning (Blackboard) at a
considerable level. Every college dean was insisting on using the blackboard for the course delivery at
all levels and departments during the previous years. That helped a lot for the teachers and students to
adapt the online teaching immediately. Few components of the course work exams were conducted
through blackboard. Few other teachers were using Google classroom since the ministry was having tie
up with Google and having provided the email service for the UTAS through google. When the
Government starts the measures to protect people’s life, the other usual practices and general lifestyle
may not be considered. But the technology we have is making all of us to think beyond the box. Making
the graduate students sit at home is not beneficial to their future. E-learning is one of the technologies
which is already adopted by many countries and their institutions starting from play schools. The E125
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learning includes online add-on courses, online assignments, online study material, online exams and
many more. Though the technology is well known and has got vibrant applications, it has not been fully
adopted in any of the countries for teaching and learning, to be apt, before the Corona virus affected the
world. The DG office has announced the reopen of classes for all the students in UTAS immediately
after a week closure of the colleges. It is evident from the figure 2 that in most parts of the world the
governments have closed the educational institutions for the spring semester. But in Oman the classes
were resumed by the month of March 2020 itself.

Fig. 2: The school closures by September 2020 (Courtesy: Wikipedia)

Even though this was the case for most of the college in Oman, the Ministry of higher education made
the decision and bounce back for the effect of the COVID-19 and started functioning normally. The key
people in the colleges have got the permission from the ROP and allowed to come to colleges with all
the precautions. The risk management committee of all the colleges have met and prepared a procedure
to be adapted during the pandemic by the stakeholders. The government has announced the free laptop
for the college students. The companies like Omantel and Ooredoo announced the free internet for all
the citizens during the first few weeks of the pandemic. All these things made the life easy for the
students. The universities started announcing online exams for all the students in the month of April
with the detailed policies and procedures. The rules were relaxed for the forced withdraw and the
attendance. The online classes were conducted through synchronous and asynchronous mode for the
benefit of the students who were not in a position to get the internet access. The exams mode was also
changed to open book exams, assignments etc. The online classes and exams, which seemed to be a part
of the traditional education system, have become completely the E-learning system around the world
after the pandemic emerged. The google meet and zoom were the mail two apps used by the UTAS
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academic staff members to communicate with the students and taking classes. Later they have used the
same apps for monitoring the students during the online exam. The same quality education was able to
provide to all the students without incurring the additional cost, as well as without any technical
hindrance. Further to that, the conferences have become video-based conferences and seminars became
webinars. All the event organizers and webinar hosts are issuing E- certificates for their participants.
Thus, the mobile phones and laptops are becoming mandatory for a student of any age. Thus, the online
teaching and learning methodologies in Oman higher educational Institutions has ensured the continuous
learning process, support from the students, appreciations from the parents and encouraged faculty
development as well. Once the add-on courses were only encouraged and followed online, after the
Covid-19 outbreak, the whole teaching methodology has changed towards online teaching and learning.
The modern communication technologies have enabled the stability of learning and teaching without a
break. The research methodology section discusses the online teaching in detail.

Research Methodology
This section discusses the online teaching methodologies in general and being followed in UTAS during
the Pandemic lock down started. This section also discussed how the data was collected to measure the
usage and its impact of the online teaching in UTAS. The data collection methodologies and the sample
size are also elaborated in this section. With the collective experience of teaching in colleges and schools
by many of the teachers and professors, the traditional board based (face to face) teaching is always
welcome by most of the students. Nowadays it has been made mandatory to take classes using projector
with live videos and power point presentations either using white board or using smart board which is
called to be smart teaching. Beyond doubt, it has been found that there exist many differences in both
types of classes. While handling theory-based topics, it is good to use smart teaching methodology as
we can avoid writing more on the board and students can see the concepts and definitions clearly. But
while teaching problematic topics, the board-based teaching is very effective, as the students understand
better by seeing the step-by-step progress of the problems written on the board. Though the same steps
are shown in the PPTs, most of the students have not understood the concepts clearly and ask the teachers
to explain once again that topic on the board. When these students are asked to carry out some
assignments and learning from the college portal or some E-learning portals, the progress is very low
and the concepts understood are not clear. The answer scripts of the students after conducting normal
classes and E-learning sessions are the proofs of such a conclusion. This clearly shows that students
from Oman have not completely accepted E-Learning before the pandemic. E-learning is still a part of
127
University of Technology and Applied Sciences-Sur
P O Box 484, Sur, Sultanate of Oman

Journal of Applied Sciences, Technology and Innovation (JASTi)
Volume 1; Issue: 1
Published on: 20/01/2022
https://sur.cas.edu.om/Pages/JASTi.aspx

the curriculum, not in full-fledged teaching and learning methodologies. The recent pandemic has
stopped the graduate students, teachers and professors meeting in the institutions. The situation has made
the professors to set in motion the E-learning and teaching, with no other alternative to complete the
portions and for conducting the exams. The very first week of the quarantine or lockdown started, the
instruction given to the professors in UTAS was to start the classes with Zoom or google meet for
conducting lectures and lab with the lecture materials to be posted in the Blackboard. There were few
teaching fraternities were using the Google classroom (mostly English department staff members) which
is a free web service, developed by Google for educational institution, that aims to simplify creating,
distributing and grading assignments in a paperless way. The primary purpose of Google Classroom is
to streamline the process of sharing files between teachers and students (Wikipedia, 2020). Later the
Ministry made a tie up with the Microsoft and added the MS teams’ link in the Blackboard itself for the
convenience of the teachers and the students of UTAS. Creating the study material was not an issue for
most of the teachers since the normal materials used before the pandemic was also in a PPT format and
was shared with the students. Thus, as a whole, the teaching staff members and students were not at all
stressed and almost ready for the online teaching, Corona virus is the circuitous reason. The major hurdle
was the internet connections at home to proceed with online classes. When the companies like Omantel
and Ooredoo announces the free local calls and the free data for the citizens and residence, the problem
was solved. The laptops were provided to all the academicians in UTAS and most of the students were
having smartphone at least. Very minimum percentage (around 5%) of students were having few
difficulties in attending the online classes. The ministry was considering their situation and relaxed the
attendance criteria for SP20 but fixed 30% absence percentage during FL20. Almost 905 of the students
were attending the classes online. More statistics are discussed in the results and analysis section. Still
few students were unable to join due to their Internet speed and few other issues. But as the days moved
the usage of Google meet, blackboard and Google classrooms increased with assignments, discussions
and posting the test materials too. Blackboard was very helpful to know about the subject updates,
student status, to ask any details about a group of students and clarifying doubts. The students were
mostly using the email for communicating with the teacher even though they were having options like
forum in the Blackboard. The teachers were asked to give some online tasks to the students and keep
some deadline to complete them. These groups have become fully active with the doubts of students in
particular topics and assignments, which have made most of the teachers to be engaged with the doubt
clearing tasks. The office hours were given online also the meetings with the advisers also conducted
through google meet during the activity hours. This is obviously not from all the students, few students
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with sequence of queries. The reports of each class have been taken for each assignment and the
percentage of completed or attempted students were around 80% in the first few weeks and gradually
increased to 98% in the further weeks with extras support and time. Zoom is a web-based video
conferencing tool with a local, desktop client and a mobile app that allows users to meet online, with or
without video also used by few teachers to conduct the online classes. But very soon almost all the
teachers started using either Google meet or Microsoft team since these two applications are officially
recommended by the ministry of higher education. The teachers can choose to record sessions,
collaborate on projects, and share or annotate on one another’s screens, all with one easy-to-use platform
(Sitelicense, 2020). There are similar conferencing applications which provide free meeting sessions for
the users (Figure 3). The instructions were given to the students and teaching staffs how to proceed with
the meeting apps. The teachers were recording their classes and uploaded in the Blackboard for the
benefit the students who were facing technical glitches while attending the online classes. The Heads of
the department were asked to produce report of the online teaching, number of files uploaded, types of
files used for online teaching, number of meetings conducted etc., this was an additional burden on the
teachers’ shoulders but did it by providing the complete details since this will help the ministry to study
the progress made with the online teaching during the pandemic.

Fig. 3: Different Conferencing Apps
Once the lockdown extended further, the teachers and students are accustomed to the online classes and
Internet based activities. Despite the security issues of conferencing Apps around the world for teaching,
UTAS pursued with the same. A set of students became regular attendees of the online classes, whereas
the other set of students kept facing problems in attending the classes mostly due to network issues. The
professors were also instructed to take online courses, webinars and other faculty development
programs. The assessment tests were conducted for the students, where the question paper was posted
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in the Blackboard or through emails, each student wrote the test and converted to PDF using Cam
scanner App and uploaded it in the Blackboard or emailed to the concern teachers. The correction of the
students’ papers was not hard-hitting as expected, the results also were awesome, and the pass
percentage was above 90% in all the classes. Finally, due to the uncertainty of the pandemic lock down
conditions around the world, the online teaching and learning continued in UTAS during FL20 and SP21
semesters also. Most of the statistics were taken from the registration department of UTAS-Salalah. The
research team has communicated to around 50 teachers and 250 students through email and conference
meeting apps to get more details towards the psychology of teachers and students towards online
teaching. More than 95% of the students are happy with online teaching and wants to continue with it.
Similarly, teachers are also comfortable with the online teaching provided few of the administrative
processes to be automated. The hurdles faced and felt like to be eradicated by the teachers and students
are given in section 6 of this paper. The next section discusses the analysis and results of this research.

Results and Discussion
The pandemic outbreak has made the E and M-learning to be the complete modes of teaching and
learning all around the world. It would be beneficial for the teaching and learning community to get
comments, responses and critics from both of them during such changed learning approaches. The
feedbacks of a set of 150 students from different classes and from a set of 50 staff members of different
departments have been collected. The challenges section has the details of the hurdles faced by the
students and the academicians in online teaching. The positive outcomes are evidence in the semester
report produced by the registration department. The research team has taken very few considerable
improvements shown in the semester report. The following tables 1, 2 and 3 are showing the comparison
between the FL19 semester which was completely handled with traditional teaching methodology and
FL20 in which everything was completely online. The details are collected from the registration
department of the UTAS-S. The research team ignored SP20 semester details since it was handled with
both online and traditional teaching methodologies. Hence the data may not be the representation of
either the online teaching or the traditional teaching.
Table 1: Number of students under probation at the end of the semester
Semester
Number of Students
Percentage of
Under Probation by the
the Underend of the semester
probation
students
FL19
201
24.36
FL20
61
9.56
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The table 1 shows that the number of students under probation is drastically dropped during Fl20
semester compared to FL19 semester. It is evident that the students were getting more time for learning
and more ever the materials were available for them anytime and anywhere. The research team posted
a question that the materials were available for the students in Blackboard and how it is benefitted the
students during FL20 compared to FL19. The students were confirming that the video materials which
was posted by the teachers were very much helpful compared to the PPT’s. Online advising and office
hours also helped the students to get in touch with the teachers easily and learn more effectively.

Table 2: Number of Students Postponed and FW
Semester
Number of students Number of students
postponed the
have got FW during
semester
the semester
(percentage)
(percentage)
FL19
34 (4.12)
73 (8.85)
FL20
13 (1.18)
33 (3.01)
The table 2 shows that the number of students who have postponed the semester and the number of
students who have got the forced withdraw in the courses are considerably reduced. Again, students
informed that attending classes online is very comfortable when the internet connection is good. Only
due to the network issues few students have missed the classes. Otherwise, the general attendance was
high during the classes. This was confirmed by the teachers also. The students were postponing the
semester and getting FW mostly due to not in a position to come to college. This was eradicated by the
online classes. Except very few critical cases remaining students were able to attend the classes online
and get benefit out of the pandemic. The teachers were also confirmed the attendance was better
compared to the face-to-face teaching. But teachers need to put lot of extra work to make the class
presentable. But the class materials were more useful and can be shared with the larger groups.

Table 3: Failures and Cheating cases
Semester
Failures
Cheating cases
(Percentage)
(Percentage)
FL19
145 (17.58)
3 (0.36)
FL20
50 (4.56)
1 (0.09)
The students were able to take the exams in a comfortable time, since most of the exams were open
book exams. Similarly, the course work exams are also having assignment as a major component which
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gives more time for the students to work with it. Hence, students were able to answer and pass the
courses easily. The open book exams were comparatively easy for the students since they can refer to
the materials and answer the questions. The more memorization is not required in these types of exams.
The table 3 shows that the students showed better performance in FL20 semester.

The next section lists the challenges faced by the students and staff members which is the summary of
the interview conducted with them.

A.

Challenges in online teaching

The previous section showed that the students’ performance is better compared to the semester where
everything was done in the traditional way. The teachers also felt that the teaching done through online
mode was more effective and the materials are available for the students anywhere-anytime. The
scenario has made the students learn things within their own pace but in the specified time frame. At the
same time, it doesn’t mean that the online teaching is a silver-bullet, and everything is green. As of the
proverb “everything on far is greener”, the online mode looks great even after the adaption for a
complete semester. But the personal interview with the teachers and students shows that the statistics
shown, and their actual opinion are totally contradicting each other. The drawbacks or the hurdles faced
by the students and the teachers are listed below:
A.1. Students
1.

The technical issues appear during the class and the exams create a lot of frustration and
the students are afraid of the consequences.
2. Most of the issues like submitting the grievance form, were not able to be recorded, for
example, when there is a power shutdown at home, students don’t know how to create
evidence for this.
3. Though we were sitting for 1.30 hours during the normal class, it is difficult to sit at home
in front of a computer for more than 30 minutes.
4. Many health issues are arising like eye irritation, headache etc., by attending online
classes.
5. Feel like taking more time to get answer from the concern people after submitting some
application forms or posted a question
6. It is very difficult to communicate with the people in English
7. The correspondence between people is not clear, sometimes confusing (what we
understand is different from what they have communicated)
8. Due to time delay in communication most of the time the students feel that the answer
they get is void or they forget what they have asked and why.
9. It is possible to forget many things or feel stressed during the online exam, particularly
when we face some difficulties in accessing or submitting the exams.
10. Generally, most of the students feel that the things are not happening on time.
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A.2. Academics
1.

24X 7 the queries are coming to the inbox (in WhatsApp also) and expecting reply
immediately.
2. Most of the excuses from the students are not having any evidence and mostly happening
during the exams.
3. Except teaching and exam many other processes are in semi manual mode. For example,
students submit the grievance through email and the teacher has to fill the form and
submit to the concerned people.
4. Registration and add & drop are still done manually, and this causes a lot of disturbance
for the teacher to prepare for the semester.
5. Mostly this semi manual registration process creates a lot of additional work for the
teachers to do like filling forms, taking it to the registration, finding clashes in the
timetable. etc., In addition to that the students want the results immediately.
6. Many learning management tools are to be checked like Blackboard, Google classroom,
Microsoft teams etc., for online teaching and this creates many confusions in handling
classes and exams.
7. Even after many reminders and email, there is a delay in the assignment submission and
completing the exams on time.
8. Since the video is not on, most of the time the teachers are not sure whether a student is
present in a class or not. If they want to check, the process also takes a lot of time and
eventually it disturbs the class.
9. Online marking and giving comments are really hectic and needs more additional efforts
from the teachers’ side.
10. The invigilation process is improved a lot with camera and other instructions from the
university, still controlling the mal practices is difficult and sometimes feel that it is out
of the teachers’ hand.
11. The IT teachers are facing problems in handling the lab sessions and need additional
software for online screen sharing. Most of the time the issues were not solved since the
hardware used by the students are different and the settings cannot be checked online.
12. The teachers urge the technical team to make an automated system for all the semi
manual processes.
Conclusion
An ancient axiom in India insists that “the compulsion will bring the changes” and another proverb is
“Success is something that comes when a person bounces back immediately after a failure”. During this
pandemic COVID-19 lockdown, almost all the working forces were pushed to halt throughout the world.
Many businesses are still struggling to come back to normal even after a year of the pandemic. The
educational sector is the one among few other domains which could bounce back in a week time and
could adapt new methodologies and came to normal functioning. The world should thank the
educationalists who were using the contemporary technologies in a subsidiary level in the traditional
face to face teaching and learning methodology. This made all the stakeholders of the educational
institutions to adapt to the technologies and perform their day-to-day task even from the day one of the
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world shutdown. This paper has exhibited that the online teaching is well received by the students and
utilized by the teachers. But there are few areas still the technology is not utilized completely, and this
puts a lot of burden on academics especially. Many tasks are brought to the academicians to do it
manually. The educational institutions should explore new ways of performing the various processes
within the institutions like registration, add and drop of courses, exam marking and moderation etc. The
students and teachers will be relieved from additional burden when all the processes in an institution are
done by an online system and by completely removing the manual or semi manual processes. This paper
showed that there are a lot of improvements in the educational process, but the administration is lacking
in adopting the technology. The important concern of the academics is plagiarism and a way to perform
the online exams using various methodologies and make sure to eradicate the plagiarism. But definitely
the pandemic has brought lot of changes in the educational sector and the inclination would continue as
a new education paradigm.
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Abstract:
The global outbreak of the COVID-19 pandemic has started showing multifaceted impact from the
beginning of 2020 with many countries implementing lockdown of their borders and society. With the
start of imposed lockdown, education and research have been adversely affected globally. This paper
aims to identify the challenges faced during the first wave of the COVID-19 crisis in early 2020 and the
ongoing contagion situation and its impact on higher education (HE) and research. This study will use
qualitative research methodology using secondary data and Interpretative phenomenological
investigation for bringing out the objectives of this research. The finding of the study shows influential
factors that significantly affect teaching, learning, and research. The major factors that influence HE
include the use of technology and infrastructure limitation, adoption of pedagogy and assessment,
outreach planning and inexperience, financial and non-financial restriction (social and personal), etc.
While other factors like human resource, physical boundaries and collaboration influence the research
domain. This study will be supportive to the regional and domestic regulatory authorities, HE
institutions to develop policies and design strategies to overcome the challenges to deal with the
ongoing and future crisis and achieve sustainable development in academic and research. This study
will be a bridge to overcome the gap of knowledge and literature during the pandemic time.

Keywords: Sustainability, Higher Education, Online learning, COVID-19, Academic, Research.
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Introduction
By the beginning of the New Year 2020, the technological and business hub Wuhan, a small city in
China started experiencing a tough time with the widespread epidemic of an entirely distinctive
coronavirus that appeared to kill many in China and started showing its multi-faceted characteristics
around the world. COVID-19 novel coronavirus (Shereen et al. 2020) is considered as one of the fast
human-to-human spreading viruses with a high transmission rate. As a result, the outbreak has
changed functional and usual conditions all over the globe within a month and a new normal with the
sequence of lockdown and controlled movement affecting the businesses and individuals.
Consequently, the World Health Organization (WHO) has declared the Covid-19 spread as pandemic
and issues standards and guidelines for controlling the spread. The beginning of lockdown in many
countries around the world had affected businesses (Shahzad et al. 2020a, b), and simultaneously faceto-face education was restricted and the E-learning (Azzi-Huck and Shmis 2020) model of teaching and
learning in the higher education sector was adopted. With the closure of schools and HE institutions
due to the high impact of the pandemic, technological inclusions were loudly heard. Technology has
changed the perception and the traditional form of HE (Di Vaio et al. 2020a) starting from the
pandemic. Currently, E-learning is benefiting billions of students across the world to get a basic
knowledge, academic and professional skills (Chopra et al. 2019). Apparently, pervasive effects of the
Covid-19 pandemic (Holmes et al., 2020), primarily have a direct and indirect impact on public health
with spillover effects on social, economic, and traditional life (Kummitha, 2020; Ng & Peggy, 2020).

Although the young students and teaching fraternity were not directly coming on the specific health
risk groups of coronavirus infection but still due to the closure, restrictions, and self-imposed
quarantine of society and shutting of cities and transport (Owusu-Fordjour et.al. 2020) has directly
affected the academic with serious consequences that need to be measured. Covid-19 has adversely
affected not only the academics but also had a multifaceted impact on the economy, industry and
individual to great extent. According to the World Bank, global growth could shrink by almost 8% in
2020 showing looming global recessions since 1990 with a fast and steep decline in growth having a
great impact on all the sectors. The pandemic has not only impacted the industry but also the HE
sectors with more than 63 million teachers in 165 countries and 1.3 billion learners were affected
(UNESCO, 2020). Research activities and collaboration was deeply jeopardized with many academics
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and students were infected and others stuck in lockdown. The prolonged closure of HE institutions
(HEIs) has major implications on teaching, learning, research, assessments and future job prospects of
all involved. Girls’ education and women entrepreneurship (Mathew, 2010, 2019) are being affected
before the pandemic and now it has widened the gap. The disruption in assessments has delayed the
progression of students resulting in psychological and economic problems. Enforcement of social
distancing also played a major role in deepening the psychological problems among the students and
teachers. Lately, the Ministries and HE institutions have adopted technological and advisory support
with new innovative educational methodologies for effective capitalization and continue their teaching
and learning during the lockdown. According to a survey by International University Association, 24%
of the teaching classes have been canceled and 43% in Africa, the Americas 22 % and Asia & Pacific
36% were suspended teaching and looking for a solution. It has been documented that the pandemic
had a big and direct impact on higher education students’ practices regarding academic, research work
affecting overall performance (Cao et.al., 2020; Owusu-Fordjour et.al. 2020, Gonzalez et.al., 2020),
social life (Cao et.al., 2020; De Vos, 2020), financial situation (Brooks, 2020, Elmer et.al., 2020) and
health (Perz, et.al., 2020), etc. The academic clusters both teachers and students were also affected
by the loss of job, health, worries, fear, loss of financial condition, psychological stress and shattering
future education and career plan. Many countries have taken urgent and effective action for quelling
the impact of Covid-19 on the HE but still, the sector is affected by the consequences of the pandemic.

Several researchers have published and presented studies on various aspects of the Covid-19
pandemic and its consequences on health, economy, industry and society. Very few studies have
focused on the impact of the pandemic on HE sectors and its consequences on the development and
sustainability of the teaching, learning and research activities of teachers and students enrolled during
the year. The major impact that these studies faced is the closure of HE institutions with a low level of
activities, restricted student data and measuring the impact instantly while the ongoing pandemic.
Additionally, the effect of the loss of academic and research can be measured when the student
graduates and looking for career options which are difficult to estimate now. Few studies related to
the Covid-19 pandemic from China (Cao et.al., 2020), India (Kapasia et.al., 2020); Saudi Arabia (Khan,
2020) Germany (Händel et.al., 2020), Spain (Odriozola-González et.al., 2020) Switzerland (Elmer et.al.
2020), Ghana (Owusu-Fordjour et.al., 2020); USA [Duong et.al., 2020; Calhoun et.al., 2020); Iran
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(Taghrir et.al., 2020), Mexico (Carrillo, 2020); Turkey (Aker and Mıdık, 2020) were focused on medical
issues or health issues and few other focusing on the education aspect with very low inputs. Very few
studies have been done in the Middle East especially in GCC countries and the existing literature is not
comprehensive qualitatively and quantitative to conceptualize the overall picture of how students
from around the world especially in Middle East countries have experienced the unexpected and
unprecedented crisis of the Covid-19 pandemic. Additionally, estimating the actual impact from the
present situation directly from the students and teachers and studies that can shed light on the present
and future consequences they may face in HE progression has not been conducted yet. Even though
the world is facing the second wave of the pandemic, the research related to HE has not enough to
picture the impact of the first wave on two major stakeholders i.e., teachers and students.

The goal of this paper is to bring forward the impact of Covid-19 on the HE sectors in the global
scenario, especially the Gulf perspective of students and their related challenges during the ongoing
pandemic. This paper will be extended to other countries for the deeper insight targeting the student's
experience and during the pandemic, including teaching, learning and research, as well as their
adoption to the new normal and situational factors like financial and support from the various
institution (Aristovnik et al. 2020). The purpose of the study was to shed light on the experience of
students and teachers of the pandemic effect during the first wave of the Covid -19 pandemic and
design recommendations for policymakers and academic institutions that can support reducing and
overcome the impact of Covid-19 on HE. To understand and have greater insight on the varied aspects
of the Covid-19 pandemic in the HE, the following research question has been adopted:
RQ1: What is the students’ perception about numerous aspects, its consequences and state of mind
during the Covid-19 pandemic?
RQ2: What are significant factors that influence the students to undertake online HE during Covid-19
pandemic?
RQ3: How effective is the measure taken during Covid-19 pandemic by the HE institution to ease the
students to continue their HE?
Review of literature
From the beginning of the Covid-19, the HE institutions have significantly affected (Mukherjee, 2020)
facing great challenges to continue in a normal process with the system in jeopardy. The main
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challenge faced by the HE institution is to continue face-to-face learning and taking advantage of
synchronous learning. Many HE institutions have adopted technology for online teaching, learning and
research, but many countries have found that the technological infrastructure availability was not
enough to deliver state of quality education and ensure sound delivery of classes and undertake
assessment ensuring the highest standard as of face-to-face delivery (Mishra, 2020). The challenge
thus had to be accepted by the HE institution that technology-based platform and teaching is different
from traditional teaching and learning and imposed asynchronous or synchronous teaching and
learning need reconsideration. According to a survey report, technology-based online classes during
the Covid-19 lockdown have been an awful experience for students and teachers (Punit and Qz.com,
2020).

Many developing economies had significant issues of reliable internet connectivity across the country
restricting the students to access the lecture throughout the day. It is also estimated that the pandemic
has changed the overall situation among teachers and students to face social and economic challenges
as exerted in the global landscape (Cuaton, 2020). At this point in time, the only possible way to
conduct teaching and learning is by digital platforms. In view of that, HEIs have adopted various
concrete measures and maximizes the use of digital technology (Awogbenle, 2020; Labar, 2020; Behari
& Ganas, 2020) for HE purposes. The risk of exposure to the digital platform includes tremendous time
engagement and set up of necessary infrastructure and usage of the digital technologies (Tamrat &
Dmatew, 2020).

With the shift from the traditional instruction method to the online teaching during the Covid-19
pandemic, the shift from conventional pedagogy in higher education can be observed in online
mechanism (Joshi et.al., 2020) which need more exertion requiring the students to adapt to the
pedagogy and system within a short span of time. Undertaking assessments online further escalated
their problem creating confusion and unreliability of the online system to assess the students’
performance. With the sea change in the HE with the adoption of synchronous online teaching and
learning, various researchers have identified and marked the challenge such as lack of accessibility,
affordability, flexibility, learning pedagogy and educational policy (Murgatrotd, 2020). These broadly
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identified challenges with e-learning have been recognized by the various reputed universities and few
highlighted researches related to the impact of Covid-19 on the HE in the recent past.

Additionally, due to the completed online digital process of teaching and learning, the parents are not
able to provide essential guidance to their children at home. Lack of parental guidance, especially for
young learners is another challenge, that affected the performance of the student in HE. Parental
involvement in online learning (Garbe, 2020), unavailability of time due to work, low computer literacy
and excessive pressure due to Covid-19 environments such as job loss, financial and social issue, health
and safety, etc. have restricted parents to provide sufficient support to their children undergoing HE
is creating a negative impact on the learners. Previous research also demonstrates significant
contributions of parent's support to the success and performance of learners in a virtual learning
environment (Makrooni, 2019). Meanwhile, it has been seen that parents take the new or unfamiliar
roles as their children participate in online education (Liu et al., 2010) and lack understanding of their
role to support children's online learning (Boulton, 2008). Parents also face additional burdens (Selwyn
et al., 201) such as insufficient economic resources (Hohlfeld et al., 2010); lack of internet access
(Hollingworth et al., 2011); lack of interest in using technology (Beckman et al., 2019), etc.

During the Covid-19 pandemic, the motivation among the learners has significantly impacted academic
performance (Tan, 2020). The innately motivated learners are relatively unaffected while the other
vulnerable learner group has minimum interaction with the supervisors and fellow classmates making
learning difficult. Students with weak learning skills face difficulty and need continuous guidance and
motivation that have a direct impact on academic performance. Even the students having high learning
skills face constraint and demotivation due to other factors like unavailability of infrastructure,
parental support, social and economic background, etc. which affect their performance. Rahardjo et.al.
(2020) show that the current situation of the Covid-19 pandemic has a significant influence on the
motivation and learning achievement of students.

Lack of support, inexperience in the online system and online assessment have likely affected the level
of academic performance of the students and possible dropout from the courses or semester (Sintema,
2020). As per the record of the American Council on Education, enrollment drop by 15% in the fall of
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2020 and w.r.t the working students suffered a 37% drop in weekly hours. According to European
commission migration networks, the impact of Covid-19 on international students in EU and OECD
member states report shows a steep fall in international students in Q2 showing a drop from 11568
applications during 2019 to 2268 in 2020.

It is observed that uncertainty and confusion among the teachers, students and parents w.r.t.
assessments, lab activities, practical application, internship, training, and learning on an online
platform were not easy to convince. The approach for online learning and teaching was the only way
out during the pandemic and online examination assessing different components and outcomes need
extra efforts and planning which was very short. This dynamic situation during pandemic has
encouraged a lot of trial-and-error method creating uncertainty among the parents about the
performance of their ward. Other factors such as postponement or cancellation of the entire
examination assessment might be a grim possibility (United Nations, 2020). Studies by Bhamani et.al.
(2020); Wang, Zhang, Zhao, Zhang, & Jiang, (2020) also revealed various challenges and uncertainty
among the parents and students during home online learning.

Plagiarism (Radu et.al, 2020) and other related intellectual property issues in academics have taken a
front position during the Covid -19 pandemic. Due to shortage of time, larger students’ group and lack
of technical infrastructure have led to inappropriate measures to check plagiarism and necessary
action that is yet to be put in place in many HEIs. Plagiarism has affected the internal and external
assessment having a direct impact on the quality of academic outcome and educational system during
the ongoing pandemic situation.

Positive long-term labor market consequences for the affected cohort (Maurin & McNally, 2008) is also
confirmed as another challenge. According to the ILO report, the impact of the Covid-19 pandemic on
jobs and incomes in G20 economies Covid-19 will affect the labor market. A study by Cajner, (2020)
discussed labor issues in the US during the start of the pandemic. Additionally, under these prevailing
situations of the pandemic, HEIs are placing emphasis on implication to develop the right kind of labor
market skills (Abdulrahim & Mabrouk, 2020) and improving digital competencies (Romero-Tena et.al.,
2020) expecting shortage due to pandemic recession.
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Additionally, the pandemic has a great impact on economic, social and psychological repercussions
(Pokhrel and Chhetri, 2021) affecting student life in HE. Other studies have also shown that pandemic
has an impact on the students due to increased and unstructured time without any supervision making
them exposed potentially harmful and violent content. This uncontrolled pattern of spending a huge
amount of time online has a greater risk of cyber-bullying. Moreover, Sprang and Silman (2013),
explained that children who were quarantined during Covid-19 diseases are more likely to suffer from
acute stress disorder and grief. These varied factors had adverse psychological factors which turn to
have a detrimental effect on learning (Kuban and Steele 2011).

Methodology
In order to achieve the objectives of the study, the impact of the COVID-19 pandemic on a diverse
range of aspects of HE and its consequence on sustainable development, this research adopt
Interpretative phenomenological analysis (IPA) as a psychological research methodology that has been
extensively used in varies field of study (Callary et al., 2015, Aluthgama-Baduge, 2017) and is very
useful for the qualitative research to discover and comprehend the involvement and experience of the
individual or group. IPA method provides deep contextual insight about the particular phenomenon
exploring human experience (Alase, 2017; Smith, 2011) and perception of the individual or group while
describing certain happening w.r.t available concepts. IPA method is used in this study as it aims to
explore the experience during the Covid-19 pandemic and understanding the impact that is still
ongoing. IPA is also useful to explore the thought and seeking to utilize the participant view and
inclination towards self-reflection (Chapman & Smith, 2002). A semi-structured interview (Smith,
1996) was planned and implemented to collect data for the research due to the very reason that the
method takes into account the personal view and best way to collect information. The researcher's
role is to facilitate and direct the interview to capture the data required. The semi-structured interview
allows the participant to enter into a dialogue confidently helping the investigator to generate data
required for the research. Other researchers have used the IPA method in many other disciplines (Peart
et al., 2020; Saini and Chaudhary, 2019) with different environmental settings providing concrete
results.
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The study was conducted among the students enrolled in diverse courses within different universities.
Few teachers were also interviewed to verify the intensity and issues related to the impact of the
Covid-19 pandemic on teaching and learning. The study population was randomly selected from 18 to
25 years ranging from certificate to bachelor’s degree program. Samples were randomly selected from
different levels of the program and balance of male and female within the said age group who were
undergone online teaching for at least 1 semester during the last year 2020. Utmost care and
randomization were done while selecting the participants and semi-structured questions were
prepared as they have to justify the objectives of the study.

Semi-structured in-depth interviews were conducted to collect data from the student participants to
assess the impact of Covid-19 on HE and its consequences on various aspects of teaching and learning.
Predetermined open-ended questions were prepared and check for reliability with multiple
corrections and modifications. Digital and telephonic interviews were conducted due to Covid-19
lockdown and protocols existing during the study. Due to the scattered nature of participants and
requests from many participants not to record the interview, the researchers decided not to record
any interview instead during the interview the co-researchers will take the necessary data. Various
questions related to Covid-19 impact on teaching, learning, research, internship, assessment, online
media usage, administrative support system, technical support, health and safety, social and financial
issues, sustainability and other related areas were framed and asked to get a clear, in-depth and
holistic picture and its influence on HE.

Data analysis
Data analysis for this study was based on the recommended steps of Smith and Osborn (2003) and
Cassidy et al., (2011) for analyzing the interview data forming and discovering identical themes and
subthemes in groups and providing well-defined arguments linking themes into the study model. Due
to the qualitative study, Ryan and Bernard's (2000) techniques were used to identifying the themes
from the data to maintain reliability, transparency, and accuracy of the analysis process. This technique
was useful to assess and categorize the different types of challenges in online teaching, learning, and
research. The internal consistency was recoded to more than 90% that validate the process. Several
rounds of cross-examination and in-depth discussion for finalization of themes. Various experts and
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professors were also consulted for the confirmation of themes and few consultations were also
conducted by various related officials to authenticate the outcomes.

Findings and results
The finding of the analysis exposes major themes that are important to discuss and bring forth the
impact of Covid-19 on HE. The themes were grouped under different categories i.e. teaching-learning
and research; assessments; environment (home and institutional); communication and technical
barriers; personal problems. The themes were discussed below:

Teaching-learning and research – included group interaction, inaccessibility to lab facility,
inaccessibility to critical resources for learning, use of conventional pedagogy, inaccessibility to
research facility, timely support from the institution, difficulty in understanding few courses without
actually doing or seeing, low response rate during online section compared to the classroom setting,
tremendous time engagement and set up of necessary infrastructure, need of continuous guidance
that have a direct impact on the academic performance, the need of high learning skills for online
programs, low level of academic performance, uncertainty and confusion for e-learning, plagiarism
and other related intellectual property issues.

Assessments – include connectivity problem during the assessments, submission of assessments,
required sophisticated programs for assessments, online system to assess the students’ performance,
a span of time for online assessments, minimum interaction with fellow classmates during group
assessments reduce overall development and performance

Environment (home and institutional) – include lack of basic facility at home, lack of support from the
institution, distraction from family, short of concrete measures to maximizes the use of digital
technology, lack of parental guidance, unavailability of time due to home responsibility, excessive
pressure due to Covid-19 environment, health and safety issues.

Communication and technical barriers - internet problem, technical problem, disturbances and noises
during the process.
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Personal problems – include an understanding of terms and theories, lack of computer skills, lack of
motivation, lack of interest, students having family or siblings to look after (short of time); lack of family
support, lack of social support, challenges with e-learning, face an economic challenge, acute stress
psychological feelings.

Discussion and interpretation
It has been observed that various internal and external factors influence the teaching, learning and
research activities that have a significant impact on the performance of the students during the Covid19 online mode of education. Few factors positively influence such as developing a habit to manage
work independently, active technology use, etc. while few had a negative impact. The major factors
that influence the HE is categorized into different themes. The themes of the finding can be interpreted
w.r.t the overall impact of the Covid-19 on the HE is providing the challenges and significant factors
influencing the teaching and learning process. Firstly, teaching, learning and research are considered
as the main theme focusing on the core objective of the study. Teaching, learning and research had a
high impact imposing several challenges due to Covid-19 pandemic lockdown and protocols. The
complete closure around the world had delayed the whole higher education system affecting the
students deeply. Later adopting the e-learning mode for continuing the education process had limited
the interaction hampering the overall development. With this fast transaction to e-learning, students
were denied basic necessities for learning and had inaccessibility to lab facility and inaccessibility to
critical resources for learning which accepted by the majority of students was during the data
collection. Use of conventional pedagogy and need for continuous guidance that have a direct impact
on the academic performance has been highlighted, a lot of assignments and assessment were other
major issues among the students. The students also emphasized the requirement of high learning skills
for online programs affecting the level of academic performance making many students to reducing in
CGPA from the normal semester. It is highlighted that few courses are very difficult to understanding
without actually doing or seeing it required corrective measures. The majority of students have fear
about the practical courses that have almost no class which will restrict them to acquire particular skills
and knowledge desired by the industry reducing their employability after graduation. Plagiarism and
other related intellectual property issues were also prominent while discussing the issues with the
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students. Most of the students agree that the issue of plagiarism has been increased in the last
semester. Other issues like time engagement and lack of necessary timely support have also created
uncertainty and confusion for e-learning during the beginning of the pandemic. It has also been
observed and insisted by the large number of participants that the normal face-to-face classroom
setting cannot be replaced with the online method except during the pandemic period.

The second theme was assessments which were deeply discussed and emphasized by the students as
well as teachers. Students face different challenges like connectivity problems during the assessments,
submission of assessments, required sophisticated programs for assessment which lead them to
confusion and fear. The short span of time for online assessments and criteria used for the online
systems has affected the students’ performance. Various types of questions were available during the
normal assessments focusing on higher-order skills and analysis but now during the pandemic, either
multiple-choice questions or similar types were mostly in the exam which focuses on the theoretical
issues rather than analytical and application. This change has also affected the students’ performance
during the last semesters from the beginning of the pandemic. Various other challenges like the
reduction of overall development and performance were also raised during the discussion. Personality
development, group learning, language skills, group discussions, etc. were a major part of the normal
classroom which diminished during the online teaching affecting the overall performance.

The third theme is on the environment (home and institutional) that has a major role in the students’
life and achievement. During online teaching in pandemics, lack of basic facility at home and prompt
support from the institution has affected the learning process among the majority of students. Many
girl students raised strong voices about the distraction from family as they are married and have
children at home. Moreover, most of them have parents, grandparents, or siblings to look after which
caused major interference in academics. While many boys expressed that if they are at home parents
or brothers will engage them in various activities like agriculture, business, or family support activities
which affect their academic performance. Many students also elaborated on the involvement of family
members in their academics while they attend classes. Lack of parental guidance for academics and
unavailability of time due to home responsibility has tremendously affected the overall performance
of the students. The students also revealed that they are undergoing excessive pressure due to the
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Covid-19 environment, health and safety issues on a daily basis which has psychological effects
influencing their academic performance.

The fourth theme was communication and technical issues which were prominent among all levels of
students raising the challenges of slow and disrupted internet during the class times. Many students
are from far villages having slow connectivity and high speed during the daytime which create
disturbances throughout the pandemic period. Other challenges are related to a technical problem
that is not in their hand and needs to visit the specialist in the city or town since the HE institution is
closed. The technical issue due to software and hardware need time and need money for a permanent
solution which may not be readily available and may cause several visits to the technical specialist.

The last and fifth themes are related to personal issues that need attention and sometimes support to
address the problems. Students at a lower level of the program have difficulty in understanding terms
and theories due to language problems and technical complexities which makes them slow learners
affecting their academic performance. Lack of computer skills has restricted the individual to work
independently and efficiently which was highlighted during the interview. Lack of motivation, and
interest during and other than the lectures affected students significantly. Laziness, intention to sleep
and play video games etc. seems dominating while taking the class and otherwise due to inability to
move outside

Many students are concern about the lack of family and social support especially online learning has
significantly affected the students. Other challenges with e-learning, economic and financial challenge
also affected the individuals. Acute stress, psychological feelings, and health issues among the students
or their family during the pandemic has greatly impacted the academic and other activities.

Conclusion
The covid-19 pandemic has ushered and compelled the HE education system to adopt technological
means of implementing teaching, learning and research in day-to-day life. Moving from a conventional
mode of teaching to a bigger role of technology in academics has imparted a huge impact on the HE
system. The paper clearly analyses the impact of Covid-19 on the HE system and its role in sustainable
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growth. To imbibe technology-driven teaching and learning during the pandemic needs support and
guidance in all aspects of HE. While undergoing HE in online teaching and learning encountered many
problems. The HE institution needs to meet the basic amenities that are used for effective teaching
and research. While students need to manage home environment free from all hindrance affecting the
studies. This study presents concrete facts that online teaching and assessment in home environment
settings without appropriate support and facilities have an unpropitious negative impact on both
teachers and students. Moreover, girl students having a commitment to daily household work and
family interference in existing home settings adversely impact the quality of learning and performance.
Therefore, a proper arrangement is required which help the students from external distractions in
order to achieve higher performance in online education.

The second dominant factor that was evolved during the analysis was the role of the HE institution for
effective delivery and assessments. Availability of different platforms, open sources and supported
technologies were used during the Covid-19 pandemic which was ineffective to assist all types of
courses and levels of students in the same class. Additionally, the lack of training for the teachers and
students also affected the beginning phase finding it difficult to conduct online classes and
assessments. Lack of technical assistance, connectivity, disruptions, and support remains an obstacle
for effective teaching and learning. The importance of classroom learning has been explained in many
types of research and is undeniable. But the upcoming Covid-19 pandemic has forced the HE institution
to look into various other modes and means in due course of time. Psychological issues related to
individual health and safety have become one of the major concerns affecting the overall academic
process. Similar findings were reported in the study conducted in other countries during the pandemic
period.

Practical implications
The findings of the study are helpful to the policymakers, regulatory authorities, universities, and
employers of HEIs to plan strategically enabling them to adopt online teaching and assessment in a
systematic process in the near future. Various factors and challenges during the Covid -19 will act as a
roadmap to design the future education strategy reducing the impact of the pandemic on higher
education. The study proves insight into challenges that had a greater impact on the HE that can be
152
University of Technology and Applied Sciences-Sur
P O Box 484, Sur, Sultanate of Oman

Journal of Applied Sciences, Technology and Innovation (JASTi)
Volume 1; Issue: 1
Published on: 20/01/2022
https://sur.cas.edu.om/Pages/JASTi.aspx

removed by systematic planning. Once the system starts working by adopting the new normal of Covid19, various corrective measures can be taken for further improvement.
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Abstract:
Recently, learners’ readiness for online learning has become an essential concern for many stakeholders
involved in education. Prior to 2020 this concern had not been a priority for many educational
institutions in the Sultanate of Oman. However, due to the Covid-19 pandemic, learners have been
forced to shift from an in-person classroom learning environment to an online learning mode in all
subjects including English language courses. This study investigates the EFL learners’ readiness for
online learning. An Online Learning Readiness Scale (OLRS) by Hung et al., (2010) was employed to
investigate the factors affecting EFL students’ readiness for online learning at tertiary level. The factors
examined included internet self-efficacy, self- directed learning, learning control in an online context,
motivation for learning, and online communication self-efficacy. The adopted survey was disturbed to
266 EFL students at different UTAS colleges in Oman. This study is part of a wide-ranging investigation
to thoroughly explore the above-mentioned factors in quantitative and qualitative phases. For the current
stage of the study, SPSS (Statistical Package for Social Sciences) was used to analyze the data
quantitatively. This study has identified the key factors hindering the readiness of EFL learners for
online learning in general and at UTAS in particular. Furthermore, the results of this study are expected
to provide educators with possible solutions pertaining to learner needs and weaknesses regarding their
readiness for online learning.
Keywords: EFL learners, Learners’ readiness, online learning, internet self-efficacy, motivation,
online communication efficacy, self-directed learning.
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Introduction
This study tries to explore the English language learners’ readiness to distance learning. Understanding
the term ‘readiness’ will assist in clarifying the research purpose and objectives. As a matter of fact,
this term has been defined and used by many scholars across several disciplines. For example, Kalkan
[1] refers to one of the first definitions by Thorndike in 1935 where the term is connected to the readiness
of nervous system to learn. Later, this term developed to refer to the individual’s readiness in various
aspects besides the intellectual to incorporate social and technological sides of the person’s capabilities
and skills. In the educational field, for example, Hashim and Tasir [2] describe e-learning readiness the
institutions and organizations as their preparedness “towards various aspects of the technology of elearning, before the whole e-learning environment being applied for various purposes.” Moreover, in
Borotis and Poulymenakou [3], the e-learning readiness has been characterized as “the mental or
physical preparedness of an individual for some e-learning experience or action.” With these being
considered, particular readiness’ factors, whether being psychological, sociological, or technological,
have been overlooked as an essential factor in the online learning sitautions. In fact, before Covid-19,
distance learning had been adorned with lifelong learning principles and practices of accessibility
serving particular population groups such as “adult learners, working parents, stay-at-home parents,
veterans, and disabled individuals” Doe, Castillo; & Musyoka, [4]. As a result, the majority of the
educational institutions were not prepared for distance learning. However, the announcement of the
Covid-19 pandemic across the globe accelerated the move towards virtual learning forcing educational
institutions to engage in a paradigm shift as the global pandemic aggressively caused “chaotic changes
in the educational institutions worldwide” [1]. The protocol widely followed by the majority of
educational institutions has held the move towards an online mode of delivery of prescribed courses and
programs in an effort to mitigate health risks without considering the extent of their stakeholders’
narratives as well as their readiness towards e-learning.

The advent of a global pandemic has forced policymakers to attune their face-to-face learning models
and frameworks to be more agile and reflective by default, calling the majority of institutions, instructors
and learners to exploit online learning as it becomes a necessity to moving forward. Unfortunately, this
global pandemic had not been anticipated which has inhibited many educational institutions to fully
assess as well as assimilate their own readiness towards virtual learning via distant learning models. As
a result, retrospective studies like this would be essential to evaluate the learners’ weaknesses as well as
strengths as this can help as stated by Rohayani [5] to “implement effective and efficient E-learning
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projects” and programs in the future. The need for extensive and continuous assessment for highlighting
stakeholders’ readiness towards online education, including learners in an Omani context, is to be seen
as vital while mitigating uncertainty. This study can be the beginning for a more comprehensive research
on the topic to understand the learners’ online problems and needs.
1. The Research Question:
Considering the above-mentioned complications, the current study aims to provide an overview of
English language learners’ online readiness within the Omani tertiary education context as it targets to
unveil answers to its main question:
To what extent the students at UTAS are ready for online education with regard to skills related
computer & internet use, self-directed learning, learners’ control, motivation and online communication
skills?
Review of literature
Searching the literature, wide array of readiness models is developed and designed by various
researchers. For instance, Mosa, Mohd, Mahrin, & Ibrrahim [6] investigated technological aspects of elearning readiness amongst ten models in higher education. Interestingly, the aforementioned authors
had identified seventeen factors being the most prominent to comprise technology, learners, content,
resources, social and cultural, awareness, equipment, management, standards, institution, acceptance of
e-learning, pedagogy, and human resources. Similar to readiness models, surveys, as well as other
measurement tools, have also been designed by different researchers for comprehending one’s
willingness to adopt e-learning principles and practices as many dimensions in these models and
questionnaires share comparable conclusions. In the same vein, Rohayani [5] reviewed seven studies on
E-learning readiness amongst higher education institutions that included: Kaur, Zoraini & Abas, 2004;
Alaasadik, 2007; Eslaminejad, Masood & Ngah, 2010; Saekow and Samson, 2011; Mafenya, 2013;
Achieng, 2013 and Azimi, 2013. These studies were carried out in Malaysia, Egypt, Iran, The United
States, South Africa, Kenya, and India respectively. In doing so, findings yielded sixteen e-learning
readiness factors, conspicuous to “policy, knowledge, skill, experience, attitudes, motivation, habits,
technology, and financial...” aspects. These dimensions can important, but difficult to investigate within
a single study. Moreover, developing a usable and extensive instrument can be daunting task. Therefore,
Rohayani [5] advised researchers to select utilize the most valid and reliable instruments.

In another study, Searle & Michael [7] identified additional factors across several other analyses besides
Akaslan and Law [8] who also specified six dimensions which comprise technology, people, content,
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institution, acceptance, and training. Their efforts were coupled with Bernard, Brauer, Abrami, and
Surkes [9] whose findings consisted of beliefs encompassing distance education, confidence in
prerequisite skills, self-direction, and initiative, and finally, desire for interaction. Dray, Lowenthal,
Miszkiewicz, Ruiz-Primo, and Marczynski [10] would also elaborate further, comprising learner
characteristics, and technology capabilities as well as Hung, Chou, Chen, and Own [11] with its five
main dimensions: self-directed learning, motivation for learning, learner control, computer/Internet selfefficacy, and online communication self-efficacy. Additionally, Kerr, Rynearson, and Kerr [12]
included four factors: computer skills, independent learning, need for online learning, and academic
skills whereby Mattice and Dixon [13] preparedness measurement instrument covered student readiness,
student assess to/use of technology, and student interest in distance education. Moreover, Smith, Murphy
& Mahoney [14] generated findings underscoring instrument assessed readiness in terms of usefulness,
self-efficacy, willingness, challenges, comfort with e-learning, and self-management of learning;
whereas Smith [15] would only include two factors: students’ dispositions and preferences in online
learning.

Another instrument designed by So [16] comprised government and public support, technical
competency, e-learning materials, training opportunity, attitude towards e-learning, competency. In their
instrument, Watkins, Leigh, and Triner [17] featured technology access, online relationships,
motivation, online video/audio, internet discussions, and importance to success. Lastly but of similar
importance, Warner, Christie, and Choy [18] would disclose one of the influential studies on the topic
of online readiness factors encompassing: [a] learners’ preferences for online learning as opposed to
traditional classroom instruction; [b] student confidence in using electronic devices and internet and [c]
their ability to engage in independent learning [14]. Researchers as Hashim & Tasir [2] have assessed
online readiness instruments by their capability to measure users' ability in adapting to technological
challenges, engaging in collaborative learning and training as well as synchronous and asynchronous
self-paced learning and training. Given these points, Pillay, Irving & McCrindle [19] specified four core
factors to be measured that include “technical skills, learner self-efficacy, learning preference, and
learner attitude”. The factors are narrowed down by Gascoigne & Parnell [20] where they specify the
two primary factors that are most often targeted in many self-readiness questionnaires which include
“comfort with technology and self-management skills.”
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Considering the study conducted by Farid [21] which reviewed the methodological quality of ten online
readiness instruments of Bernard & al. (2004); Kerr & al. (2006); Mattice & Dixon (1999); Muse (2003);
Osborn (2001); Parnell & Carraher (2003); Pillay & al. (2007); Roblyer & al. (2008); Smith (2005)
Watkins & al. (2004), it was concluded that the published and unpublished tools lack standardization as
some of them had not been tested for validity and reliability. As a result, the researchers selected one of
the most reliable instruments designed by Hung et al. [11] as it had been considered to be the most
comprehensive in terms of exploring learners’ readiness covering five factors in one instrument. These
dimensions are self-directed learning, learner control, motivation, computer and internet self-efficacy
and online communications self-efficacy. The computer and internet self-efficacy factor would be
concerned with assessing learners’ abilities and skills to computers and the internet. The second and
third factors would be learners' control and motivation. These two factors measure learners' self-control
which is “the extent to which learners can choose what, where, when, and how to learn [22] as cited in
[22]. Moreover, these factors incorporate aspects of content, pace, themes and methods of learning.
Additionally, motivation would be seen as most important for online learning as it underscored both
intrinsic and extrinsic motivation. Likewise, the tools of computers and mobile phones are germane,
becoming intricate instruments amongst teachers and classmates alike. With this in mind, this instrument
was found to be covering all the aspects of learners’ readiness for online learning and hence was selected,
adopted, and employed to explore the English language learners’ readiness at UTAS.

Methodology
A. Introduction
The current study is part of broader research in which a mixed, qualitative and quantitative, method will
be employed. At this phase of the study, the quantitative method was used in the process of data
collection and data analysis. An 18-item questionnaire was distributed to the participants and SPSS
software was used to analyze the data.

B. Participants
The sample of this study consisted of 266 students from Salalah College of Applied Sciences, Nizwa
College of Applied Sciences, Sohar College of Applied Sciences, and Salalah College of Technology.
The majority of the students were from Salalah colleges. The female students formed 64.7% of the
population compared to 30.3 male students. Their age group is between 18 to 20 and 20 to 25. Their
English courses with participation percentage are illustrated in table [1] below.
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Table.1. Participants’ English Courses
Your of Study
Percentage
Foundation Year
42%
First Year

31.2

Second Year

26.3

C. The Instrument
The first phase of this study incorporated quantitative research design using the a five likert-scale
questionnaire developed by Hung et al., [11]. The questionnaire was administered in four colleges in
Oman. It was distributed to the participants via Google Forms and the link was sent to the students via
emails. A number of 266 students in the Foundation Program, Year One and Year Two students have
responded to the questionnaire mostly from Salalah Colleges. Along with the original text of each item
of the employed instrument, a translation was provided in the student’s mother tongue (Arabic language)
to avoid any misunderstanding or difficulties students might encounter and to save time. The
questionnaire is called Online Learning Readiness Scale (OLRS) and this scale consists of five
dimensions that include:
I.
II.

Computer /Internet Self-efficacy
Self- Directed learning

III.

Learning Control (in an online context)

IV.

Motivation for Learning (in an online context)

V.

Online Communication self-efficacy

In table [2] and table [3], the Cronbach's alpha for the five factors is considered very high as it exceeds
0.9 which indicates that the the instrument or the scales’ internal consistency and reliability is
remarkably high compared to the score of 0.7 which is considered an acceptable score in the scientific
research.
Table 2. Questionnaire Reliability
Reliability Statistics
Cronbach's Alpha
N of Items
.906

5
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CI_Mea
n
SD_Me
an
LC_Me
an
ML_Me
an
OC_Me
an

Table 3. Item-Total Statistics
Item-Total Statistics
Scale Mean
Scale
Corrected
if Item
Variance if
Item-Total
Deleted
Item
Correlation
Deleted
13.8387
12.282
.712

Cronbach's
Alpha if
Item
Deleted
.898

13.8239

12.570

.830

.874

13.8901

12.139

.804

.877

13.5762

12.966

.755

.888

13.9352

11.967

.745

.891

The Cronbach alpha test that was run for the 18 items under each category or dimension of the
questionnaire and its results ensured that all the items are required and there is no need to delete any of
them to improve the reliability of the questionnaire as table [4] demonstrates.

Table 4. Items Reliability
Reliability Statistics
Cronbach's Alpha
N of Items
.938
18

D. Data analysis
Responses were collected from the participants in the Academic Year 2020/ 2021, and for the analysis
of the data, SPSS was used, and a number of tests were employed for the statistical findings. Table [5]
demonstrates the 18 items used to assess the learner’s readiness in an online setting in terms of mean
and standard deviation.
In this table, motivation to online learning is the most factor affecting the students’ readiness positively
for online learning (Mean = 3.69). The second highest factor is self-directed learning with a (Mean =
3.44). In the third place comes Computer and Internet self-efficacy (Mean = 3.43). Learning Control in
an online context appears to be in the fourth place (Mean = 3.38) and the least factor is Online
Communication self-efficacy (Mean = 3.33). The highest mean in computer and internet dimension was
in question three on the use of search engines. In the second factor, the highest mean was in the second
165
University of Technology and Applied Sciences-Sur
P O Box 484, Sur, Sultanate of Oman

Journal of Applied Sciences, Technology and Innovation (JASTi)
Volume 1; Issue: 1
Published on: 20/01/2022
https://sur.cas.edu.om/Pages/JASTi.aspx

question on seeking help during problems. The repeating of materials on basis of needs, improving from
mistakes and using emails and discussions were characterised the highest abilities in the last three
factors: learner control, motivation and online communication.

Table 5. Descriptive Statistics (n=266)

●
●
●
●
●
●
●
●
●
●
●
●
●
●

Items
I feel confident in performing the basic functions of Microsoft office
programmes (MS Word, MS Excel, and MS Power point
I feel confident in my knowledge and skills of how to manage
software for online learning.
I feel confident in using the internet (Google, Yahoo) to find or gather
information for online learning
I carry out my own study plan
I seek assistance when facing learning problems
I manage time well
I set up my learning goals
I have high expectations for my learning performance
I can direct my own learning progress
I am not distracted by other online activities when learning online
(instant messages-Internet surfing)
I repeat the online instructional materials on the basis of my needs
I am open to new ideas
I have the motivation to learn
I improve from my mistakes
I like to share my ideas with others
I feel confident in using online tools (email, discussion) to effectively
communicate with others
I feel confident in expressing myself (emotions and humour) through
text
I feel confident in posting questions in online discussions

Mean
3.33

S.D
1.3

3.36

1.3

3.59

1.3

3.26
3.81
3.18
3.52
3.43
3.46
3.07

1.2
1.1
1.2
1.1
1.2
1.1
1.3

3.59
3.78
3.68
3.80
3.48
3.52

1.2
1.1
1.2
1.1
1.2
1.2

3.27

1.2

3.19

1.3

Results and Discussion
The findings of this phase of the study indicate that the students’ readiness is exhibited in the factors
motivation, self-directed learning and computer & internet self-efficacy with means 3.69, 3.44 and 3.43
respectively. They seem to face difficulties in terms of learning control within online context and online
communication effectiveness as the means are lower: 3.38 and 3.33. This ranking of the five factors in
Hung et al., [11] study by Taiwanese students can be compared to the current study. For example, the
Taiwanese study means were high computer and internet skills, followed by motivation, online
communication, self-directed learning and finally learner control. In both studies, learners’ control is
ranked the last by the students. Learners’ control refers to students’ ability to device their own learning
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in terms of sequence and priority of their teaching materials content and importance. The lack of this
skill among students should be observed by the experts and developers of teaching materials and styles
in online learning programmes to improve learners’ personal skills in that area as part of their designed
online courses. The online communication skills which were placed third in both studies are also of
great importance in the success of any course. Being able to use the various online communication tools
and platforms enables the students to communicate effectively with their teachers and their online
classmates.

Table 6. Descriptive Statistics for dimensions
Dimensions
Mean
Computer /Internet Self-efficacy
3.43
Self- Directed Learning
3.44
Learning Control (in an online context)
3.38
Motivation for Learning (in an online context)
3.69
Online communication Self-efficacy
3.33

Std. Dev
1.0
.93
1.02
.93
1.1

Rank
3
2
4
1
5

*1= ranked the first in terms of the closest to 5 (strongly agree) and so on, while 5= ranked the least

As it is clear in table [6], the learners’ interest and motivation to study online is confirmed to be very
high compared to the other factors. In fact, this is a good indicator that the virtual leaning is appealing
to the Omani students. Hung et al., [11] stated that motivation with its intrinsic and extrinsic constituents
“can significantly facilitate learners’ efforts to be compatible with the learners’ own desires and to
enhance their learning, retention, and retrieval”. Likewise, self-directed learning and computer and
internet skills seem to be of equal position for the Omani English language learners [Fig.1]. Self-directed
learning means that the “individual to know his/her needs and strengths and identifying appropriate
methods and strategies to meet his/her needs” Serttaş & Kasabalı [24]. This indicates that some of the
English language learners are aware of their own learning processes and plans, but they need further
support in this factor as well as computer and internet skills.
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Fig. 1 Readiness in the five factors

Learners' Readiness
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3.3
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Computer
/internet self
efficacy

Self- Directed
learning

Learning
Motivation for
E. Online
Control (in an learning (in an communication
online context) online context) self-efficacy

Conclusion
The results of this study revealed students’ readiness strengths and weaknesses in the different areas
explored through the questionnaire. It was found that motivation for online learning is relatively high.
The other factors as self-directed learning, computer and internet efficacy, learning control and online
communication skills need more training procedures and future plans to support students in these areas
and eventually in the virtual learning environment. As this study is quantitative, the results were more
exploratory in nature. Therefore, the second phase of data collection will be conducted incorporating
qualitative data through semi-structured interviews and focus group discussions to further investigate
the five factors thoroughly. It is expected that the final results of the two phases of the study will help
to determine and explain the English language learners' impediments as well as providing solutions in
the five areas to ensure successful online English language courses in higher education.
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Appendix: E-learning readiness questionnaire
A. Computer /Internet Self-efficacy
● I feel confident in performing the basic functions of Microsoft office programmes (MS Word,
MS Excel, and MS Power point
قدرت عىل استخدام برامج الكمبيوتر مثل مایكروسفت ورد وأكسل وباور بوینت
أشعر بالثقة يف
ي

● I feel confident in my knowledge and skills of how to manage software for online learning.
ومعرفت يف كیفیة استخدام برامج الكمبيوتر للدراسة عن بعد
ات
أشعر بالثقة يف مھار ي
ي

● I feel confident in using the internet (Google, Yahoo) to find or gather information for online
learning.
أستخدام لالنتنت مثل جوجل ویاھو للدراسة عن بعد
أشعر بالثقة يف
ي
B. Self- Directed learning
● I carry out my own study plan
بنفس
خطت الدراسية
أستطيع تنفيذ
ي
ي

● I seek assistance when facing learning problems
اطلب المساعدة عندما أواجه مشكلة دراسية أو أكادیمیة

● I manage time well
وقت بشكل جید
أستطيع تنظیم ي

● I set up my learning gaols
بنفس
أھداف التعلیمیة
أستطيع وضع
ي
ي

● I have high expectations for my learning performance
اس
لدي توقعات عالية
ي
ألدات الدر ي
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C. Learning Control (in an online context)
● I can direct my own learning progress
اس وتوجيهه
س يف التحصيل الدر ي
أستطيع االعتماد عىل نف ي

● I am not distracted by other online activities when learning online (instant messages-Internet
surfing)
تشغلت عن الدراسة عن بعد
لیس لدي أنشطة أخرى مثل الرسائل النصیة وتصفح األنتنت یمكن أن
ي

● I repeated the online instructional materials on the basis of my needs
حاجت لذلك
أعيد االستماع ومشاھدة المحاضات والمواد التعليمية بنا ًء عىل
ي
D. Motivation for learning (in an online context)
● I am open to new ideas
واع و منفتح عىل األفكار الجديدة
أنا ي

● I have motivation to learn
الذات للتعلم
لدي الحافز
ي

● I improve from my mistakes
أخطات
عندي القدرة عىل التطور والتعلم من
ي

● I like to share my ideas with others
أحب مشاركة أفكاري مع اآلخرين
E. Online communication self-efficacy
●

I feel confident in using online tools (email, discussion) to effectively communicate with
others

أشعر بالثقة يف استخدام األدوات االفتاضية بشكل فعال للتواصل مع اآلخرين
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● I feel confident in expressing myself (emotions and humour) through texts
نفس من حيث المشاعر وروح النكتة من خالل النصوص المختلفة
التعبت عن
أشعر بالثقة يف
ر
ي
●

I feel confident in posting questions in online discussions.

أشعر بالثقة يف طرح األسئلة يف المناقشات اإلفتاضية
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Abstract:
Due to the Covid-19 pandemic, universities and colleges have adopted an online teaching mode where English at
the General Foundation Program (GFP) is taught and assessed online. Addressing the new mode of teaching,
many researchers have been advocating and proposing online English teaching materials and methods. However,
it seems that teacher’s perceptions of the effectiveness of teaching English online have been largely ignored even
though they play a vital role in shaping and reshaping the teaching beliefs, professional attitudes, and practical
knowledge of teachers. Therefore, this research study aimed to investigate the GFP English language teachers’
perceptions of the effectiveness of teaching English to Omani students online in terms of lesson effectiveness at
three colleges. In addition, it targeted to explore the biggest challenges which GFP teachers have faced when
teaching English online. The final objective of the study was to propose some suggestions for improving the
quality of teaching English online based on teachers’ perceptions. To collect relevant data, a mixed-methods
questionnaire including Likert-scale statements and open-ended questions was administered and targeted the GFP
English language teachers at three Omani colleges (see Appendix A). The analysis of data and findings showed
that English language teachers perceived that teaching English to Omani students online does not promote lesson
effectiveness due to the lack of students’ participation.

Keywords: Teacher’s perceptions, teaching beliefs, practical knowledge, lesson effectiveness.
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Introduction
The process of teaching is fundamentally influenced by teacher’s personal beliefs, cognition and
practical; therefore, teachers create their own perceptions of what makes good teaching practices (Borg,
2003; Kumaravadivelu, 2001). One of the teaching practices that always concerns teachers is how to
improve the quality of lesson effectiveness. There are internal and external factors which impact
teachers’ decisions on how to deliver lessons more effectively (Richards, 2001). It is important for any
educational system to address those factors in the context of teachers’ perceptions when making
decisions related to the teaching process.

Due to the Covid-19 and the shift to online teaching mode, this new teaching experience is new to many
GFP English language teachers in Oman and necessitates a more responsive educational context where
teachers’ perceptions should be heard and addressed. Therefore, this research study exploring the
perceptions of GFP teachers on the effectiveness of teaching English to Omani students online was
deemed to be of importance in helping decision makers in academic Omani institutions to revisit and
make new policies in accordance with teachers’ perceptions to improve the quality of teaching English
online.

This research paper is divided into six chapters. Chapter 1 introduces the research study in brief, whereas
chapter 2 presents some literature review on teachers’ perceptions and lesson effectiveness. Chapter 3
outlines the research methodology implemented in the study. As for data analysis, the findings are
presented in Chapter 4. Chapter 5 interprets and discusses the findings and provides some suggestions
to improve the quality of teaching English online. The paper concludes the research study in Chapter 6.

Review of literature
A. Teachers’ beliefs and perceptions
A successful teaching environment comprises of professionally competent teachers, motivated learners,
good teaching materials and facilities equipped to provide positive teaching and learning experiences.
Yet, it is known that teachers are considered the most important component in any teaching programme
regardless of how advanced teaching materials are, how motivated learners are or how well-equipped
facilities are. The whole process of effective teaching and learning is usually enhanced when teachers
find their professional and personal knowledge addressed in educational curricula (Kumaravadivelu,
2001).
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Teachers, as a community of practice, share the culture of teaching values (Wenger, 1998) and work in
an environment where teaching/learning process is so dynamic and is always surrounded by uncertainty
regardless of whether it is a school or college (Clark, 1992). There is a common belief amongst teachers
that no lesson is the same even if they repeat it to the same students using the same teaching materials
due to the different variables surrounding the dynamics of teaching. Some of these variables are learners’
mood, exam pressure and equipment failure such as the data show. Therefore, they start to formulate a
set of personal beliefs, values, attitudes and experiences towards the best teaching practices, which
contribute to their practical knowledge (Ainscow, 1994). These personal biographies and teaching
experiences shape teachers’ beliefs, personal theories and practical knowledge “deeply held and are
resistant to change” (Ainscow, 1994, p. 225), as they “set boundaries or frames around what we see and
how we interpret experience” (Clark, 1992, p. 78). Furthermore, they work as a filter to accept or reject
new ideas and interpret new experiences (Phipps & Borg, 2009; Richards, 1998). What makes teachers’
beliefs deep-rooted and firmly established is the fact that most of teachers’ beliefs about teaching and
learning become implicit and tacit, but still control teachers’ behaviours and professional knowledge
(Hoban, 2002; Phipps & Borg, 2009). A form of teacher cognition of “what teachers know, believe and
think” is firmly established and becomes too difficult to change (Borg, 2003, p. 81). Alongside this
formation of beliefs and theories, Drummond and McLaughlin (1994) emphasise the element of the
emotional attitudes which contribute to the solidity of teachers’ beliefs. They argue that teachers cannot
put aside what they like and dislike as persons from their identity as teachers. They extend their argument
by stating that ignoring their emotional side “will not help us to enhance their professional powers: their
powers to think, to learn and to change” (p. 41).
Accordingly, teachers’ perceptions are fundamentally shaped and reshaped by their beliefs, values,
attitudes, experiences and practical knowledge (Hoban, 2002; Phipps & Borg, 2009). Teachers interact
and respond to any educational changes in congruence with what they think of as good teaching
practices. What is decided and approved by a group of decision makers on matters related to teaching
does not necessarily match and fulfil the expectations driven by teachers’ perceptions. Therefore,
curriculum designers, teacher educators or policy makers should not think that teachers will show no
response to those teaching-related decisions if they are against their beliefs and values. Dissatisfied
teachers who see their voices constantly unheard and addressed will see themselves in an environment
that is unsupportive and a barrier to promoting good teaching practices. Therefore, it is important for
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any educational reform, new curricular design or new teaching instruction to address teachers’ voices
(Kumaravadivelu, 2001).

B. Principles of lesson effectiveness
Teaching and learning are two inter-related processes that complete each other. Many of the recent
studies have focused on some main principles that play a key role in making these two processes more
successful and effective event.

The quality, readiness and ability of teachers play a significant role in this process. Having well-qualified
and experienced teachers has a great impact on the quality of teaching provided to the learners. Such
teachers are perceived to have the needed qualities that can help them ensure offering learners better
instructional experience.
In her report on the US public schools’ system, Darling-Hammond (2010) debates that improving the
quality and abilities of teachers play a central role in achieving learning goals. She states that:
“… improving teacher quality is one of the most direct and promising strategies for
improving public education outcomes [ … ], especially for groups of children who have
historically been taught by the least qualified teachers.”
(Darling-Hammond, 2010, p. 1)

Good lesson planning is another essential principle to the process of teaching and learning. A wellplanned lesson can help making the lesson more effective and successful. Planning a good lesson,
however, has to incorporate some fundamental criteria to make it a good one.

A starting point is having a set of clear learning objectives to build the lesson on. Without these
objectives, the lesson could be dull, and both the teacher and students would not be able to contribute
effectively to the lesson. It is important to identify “appropriate and clearly written objectives” (Farrell,
2002, p. 32). This helps teachers to select more relevant teaching materials and teaching methods and
also encourages students to perform better in the lesson (Farrell, 2002; Milkova, 2012; Reed, 2012).
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There are also many other important components that contribute to making the lesson successful and
more effective. These include, for example, necessary materials, background knowledge, etc. However,
these are beyond the scope of this study.

Classroom management is another fundamental principle that plays a central role in attaining an
effective lesson. Good classroom management skills are important for teachers to be able to control the
teaching situation and create a suitable environment for effective teaching to take place. In their research,
Shamina and Mumthas (2018) focus on this component and portrait its importance in a detailed manner.
They state that teachers “should be able to manage their classes in the way that students derive maximum
benefit from their schooling.” (p. 41).

Another important principle which probably did not receive enough attention in the past, and started
gaining more attention now due to its sensitivity is time management (Cemaloğlu & Filiz, 2010).
Drawing on the findings of their study done in Cyprus, Özreçberoğlu and Çağanağa (2018) conclude
that time management plays a very critical and sensitive role in enhancing students’ abilities and offer
them better chances to actually engage more efficiently and effectively in the teaching-learning process.
This component, unfortunately, used to be overlooked in the past, especially by novice teachers. Jensen
(2001) draws the attention to this issue and discusses how it could affect teachers’ performance if not
taken into consideration. In addition to that, even experienced teachers will encounter this challenge at
times.

The above discussion and demonstration of lesson effectiveness and the principles associated with
achieving it are just some examples. Arguably, there are other principles and components that
collaborate and integrate together into creating more effective teaching events as well. For instance, the
context itself, the learners’ immediate needs and the present incidents of any lesson, all play a significant
role in every individual lesson as a distinct instance in itself. Thus, it all lies, in the end, at the teacher’s
discretion to take the final decision and act accordingly.

Methodology
A mixed-methods questionnaire exploring teachers’ perceptions of the effectiveness of teaching English
online was designed on Google Forms and distributed to the GFP English language teachers at three
Omani colleges (see Appendix A). It consisted of five parts. The first part asked for some personal
178
University of Technology and Applied Sciences-Sur
P O Box 484, Sur, Sultanate of Oman

Journal of Applied Sciences, Technology and Innovation (JASTi)
Volume 1; Issue: 1
Published on: 20/01/2022
https://sur.cas.edu.om/Pages/JASTi.aspx

details such as gender and qualifications in order to ensure a diverse representation of participants. The
second part included nine Likert-scale statements to measure the participants’ opinions on online lesson
effectiveness. The 5-point Likert scale measurement started with totally disagree (1), disagree (2) and
ending with agree (4) and totally agree (5) where no opinion was given the central point (3). Part 4 was
an open-ended question designed to generate data about the challenges of the online teaching mode on
lesson effectiveness faced by teachers. The final part was another open-ended question that asked for
suggestions to improve the quality of teaching English online. The Likert-scale data were analysed
statistically in SPSS, whereas the data of the two open-ended questions were analysed thematically in
terms of lesson effectiveness in order to gain more insightful perspectives from the participants (Braun
& Clarke, 2006). This research framework of quantitative and qualitative data was designed to answer
the following research questions:
1. What are the GFP teachers’ perceptions of the effectiveness of teaching English to Omani
students online?
2. What are the biggest challenges of teaching English to Omani students online?
3. What are the most effective solutions to increase the effectiveness of teaching English to Omani
students online?
Results
A. Data collection and analysis
Three Omani colleges volunteered to participate in this research study. As can be seen in Table 1, a total
of 34 participants participated in this study, and this comprised almost 37% of the population of the
English language teachers at those colleges. The gender of the participants was reported as 58.8% males
and 41.2% females.

Table 1. Distribution of Genders
Valid

Male
Female
Total

Frequency
20
14
34

Percent
58.8
41.2
100.0

Valid Percent
58.8
41.2
100.0

Cumulative
Percent
58.8
100.0

As for qualifications shown in Table 2, the majority of participants (almost 59%) reported to have MA
degrees, whereas only 15% held PhD/EdD degrees. The remaining 26% of participants had BA degrees.
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Table 2. Distribution of Qualifications

Valid

BA
MA
PhD/EdD
Total

Frequency
9
20
5
34

Percent
26.5
58.8
14.7
100.0

Valid Percent
26.5
58.8
14.7
100.0

Cumulative
Percent
26.5
85.3
100.0

The 5-point Likert-scale data as shown in Table 3 were statistically analysed, and the mean of seven
items shows a score between 1.9 and 2.7 which indicates a state of Disagree. As for items 2, 3 and 7,
the mean of each is between 3.1 and 3.8, and this indicates a state of No Opinion. No mean was found
to reach 4 and above (a state of Agree). As for standard deviation, it was measured at around 1, and this
shows a narrow dispersion in the distribution of values from the mean.

Table 3. Item statistics
1. It is easy to effectively
teach English to Omani
students online.
2. I am usually able to
manage the time allocated to
my lesson more effectively.
3. I am usually able to
achieve my lesson
objectives.
4. Teaching English classes
online is more interesting
than classroom teaching.
5. My students are more
engaged in online classes.
6. I feel my students are
more motivated to participate
in class discussions.
7. Online teaching materials
are easier to use.
8. It is easier to attend to
students’ needs via online
communication.
9. I find teaching English
online more effective than
classroom teaching.

Mean
2.6471

Std. Deviation
1.12499

N
34

3.5000

.92932

34

3.8824

.97746

34

2.3529

1.09772

34

1.9412

.98292

34

2.3529

1.12499

34

3.1471

1.25848

34

2.5882

1.25813

34

2.0000

1.15470

34

The Cronbach’s alpha of the reliability statistics, as seen in Table 4, shows a coefficient of α .862. This
is a significantly good internal consistency of reliability of the variables measured in the Likert-scale.
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Table 4. Reliability Statistics

Cronbach's Alpha
.862

Cronbach's
Alpha Based on
Standardized
Items
.881

N of Items
9

The internal reliability between the Likert-scale items will remain significantly strong even if any item
is deleted with a Cronbach’s alpha between .821 and .865 as shown in Table 5.

Table 5. Item-total statistics if item deleted

1. It is easy to effectively
teach English to Omani
students online.
2. I am usually able to
manage the time allocated to
my lesson more effectively.
3. I am usually able to
achieve my lesson objectives.
4. Teaching English classes
online is more interesting
than classroom teaching.
5. My students are more
engaged in online classes.
6. I feel my students are more
motivated to participate in
class discussions.
7. Online teaching materials
are easier to use.
8. It is easier to attend to
students’ needs via online
communication.
9. I find teaching English
online more effective than
classroom teaching.

Scale Mean if Scale Variance
Item Deleted if Item Deleted
21.7647
38.428

Corrected
Item-Total
Correlation
.540

Squared
Multiple
Correlation
.605

Cronbach's
Alpha if
Item
Deleted
.853

20.9118

40.810

.467

.502

.858

20.5294

41.348

.391

.566

.865

22.0588

38.724

.534

.588

.853

22.4706

36.923

.781

.760

.832

22.0588

37.815

.588

.515

.848

21.2647

37.716

.512

.430

.857

21.8235

35.422

.682

.693

.838

22.4118

34.371

.851

.822

.821

As for the mean of inter-item correlations, it was analysed at .411, and this measures a significantly
positive relationship between the items as shown in Table 6.

Table 6. Summary of Item Statistics
Item Means
Item Variances
Inter-Item Correlations

Mean
2.712
1.225
.411

Minimum
1.941
.864
.033

Maximum
3.882
1.584
.801
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Having presented some general statistics, the following section describes in detail the data generated
from the Likert scale on teachers’ perceptions on the effectiveness of teaching English online.
B. Data analysis of teachers’ perceptions
The answers to question Part 2 question 3 (the Likert scale) are presented in Figure 1. The results show
that the English teachers’ perceptions of the effectiveness of online teaching do not seem to be positive.
More detail about lesson effectiveness in online teaching as perceived by the participants is provided
below.

B.1. Data analysis of lesson effectiveness
As shown in Figure 1, more than half of the participants disagreed and totally disagreed (combined)
with 6 out of 9 statements. A total of 62% of the participants showed a level of disagreement with
statement 1 that states, ‘It is easy to effectively teach English to Omani students online’. Also, 65% of
the participants totally showed disagreement with statement 4 ‘Teaching English classes online is more
interesting than classroom teaching’. Additionally, the fifth statement my students are more engaged in
online classes was rejected by 85% of the participants, and this represents the highest percentage. A
total of 62% of the participants disagreed with statement 6 which is ‘I feel my students are more
motivated to participate in class discussions’. As for statement 8 ‘It is easier to attend to students’ needs
via online communication’, more than half of the participants (56%) disagreed with the previous point.
Finally, a total of 76% of the participants did not agree with statement 9 ‘I find teaching English online
more effective than classroom teaching’, among which 41% of them expressed total disagreement.

On the other hand, more than half of the participants (56%) totally agreed and agreed with statement 2
which states that ‘I am usually able to manage the time allocated to my lessons more effectively’. The
majority reported that they totally agreed and agreed with the third statement ‘I am usually able to
achieve my lesson objectives’, and this represents a total of 83% of the participants. Nearly half of the
participants (47%) agreed that ‘Online teaching materials are easier to use’ (statement 7), whereas a
combined of 38% of the participants disagreed and totally disagreed to the same statement.
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Fig. 1. Teachers’ perceptions on online lesson effectiveness
C. Thematic analysis on biggest challenges of teaching English online
In order to generate relevant data to our research questions, we collected data from the participants
who responded to the research in terms of lesson effectiveness. The data was thoroughly scrutinized
and thematically classified to help the team of researchers grasp the full image of the target group
views. The following section reports the findings.

C.1. Biggest challenges to lesson effectiveness
Four themes were identified in the participants’ answers, which are student motivation, teacher-student
interaction, IT-related issues and classroom management. As can be seen in Table 7, the theme of student
motivation was strongly present in the findings of our research in the form of lack of students’
participation, low student’s engagement and lack of focus as reported by many participants. The theme
of teacher-student interaction was also reported by the participants. The absence of face-to-face
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interaction and the policy of allowing students to turn their cameras off caused another challenge to
improve the effectiveness of online lessons as reported by the participants. Another important theme
that caused a big challenge was IT-related. The disconnection of Internet at college and students’ lack
of IT literacy caused challenges. In relation to the theme of classroom management, the issue of big
class sizes was another challenge teachers faced. Because of the big classes, the increased amount of
teacher’s talk time became a challenge as reported by some participants.

Table 7. Challenges to Lesson Effectiveness
Themes
student motivation

teacher-student interaction
IT-related
classroom management

Biggest Challenges to Lesson Effectiveness
lack of class participation
low student’s engagement
lack of focus (students)
absence of face-to-face interaction
students’ cameras turned off
Internet disconnection
students’ lack of IT literacy
big class sizes
more teacher time talk

D. Analysis of suggestions to improve lesson effectiveness
The participants were asked to propose suggestions to improve lesson effectiveness in the mode of
teaching English online. Their responses of the open-ended questions were thematically analysed in
terms of lesson effectiveness. Responses which did not fit in this thematic analysis were excluded such
as providing teachers with better laptops and getting rid of Blackboard. The following section reports
the findings.

D.1. Analysis of suggestions to improve lesson effectiveness
Four of the most important themes were identified which are class participation, classroom management,
teacher professional development and technical support. As shown in Table 8, the suggestion of giving
marks for class participation was on the top of the list as reported by many participants. It was followed
by the suggestion of making students switch on their cameras during lessons and the implementation of
single-gender classes. Another important point for improving lesson effectiveness was a small class size.
It was suggested that class should be at a reasonable size not exceeding 25 students. In addition, a stricter
policy should be applied to online attendance. Some participants reported that teachers should be trained
on effective online teaching, while others emphasised the importance of teachers sharing their online
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teaching experiences and supporting materials. Few reported the importance of the college technical
support for improving the Internet connection in their colleges.

Table 8. Suggestions to improve lesson effectiveness
Themes
class participation

classroom management
teacher professional
development
IT

Suggestions to improve Lesson Effectiveness
Marks should be given for class participation.
Students must switch their cameras on during lessons.
Single-gender classes should be implemented.
Class size should be reasonable.
Strict policy should be taken on online attendance.
Teachers should be trained on effective online teaching.
Teachers share their online experiences and supporting materials.
Internet connection at college should be fixed or improved.

Discussion
This research study was designed and conducted to explore the GFP teachers’ perceptions of the
effectiveness of teaching English to Omani students online at three Omani colleges. The following
sections provide answers to the research questions.
A. What are the GFP teachers’ perceptions of the effectiveness of teaching English to Omani
students online?
There is evidence of an overall mean between 1.9 and 2.7 in seven Likert scale statements (disagree)
that indicates that the majority of the GFP teachers who participated perceived that online teaching of
English does not help achieve lesson effectiveness in their virtual classes. For instance, in response to
the two crucial Likert scale statement 1 ‘It is easy to effectively teach English to Omani students online’
and statement 9 ‘I find teaching English online more effective than classroom teaching’, 62% and 76%
of the teachers disagreed respectively. We can argue that teachers encounter many challenges that affect
negatively in lesson effectiveness, which is the main core of the whole process of teaching and learning.

A.1. What are the biggest challenges of teaching English to Omani students online?
The experience of teaching English to Omani students online is quietly challenging to many teachers.
One of the biggest issues is the lack of students’ participation during the online sessions. Teachers find
it difficult to keep students engaged and focused in class activities. All this causes a negative impact on
the effectiveness of delivering a good lesson. This is obviously linked to the absence of face-to-face
interaction due to the camera-off policy during online classes. Teachers lose eye contact with their
students and cannot establish a good rapport with students whom they cannot see and recognise.
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Therefore, some students in the absence of good rapport with their teachers take advantage of the
camera-off policy to remain silent and become reluctant and unenthusiastic to participate in online
classes. In other words, teachers feel that they do not have control on establishing good relationships
with their students, monitoring students’ behaviours and getting them involved in class discussion.

Another big issue that needs a lot of consideration is the technical problems teachers encounter. The
sudden Internet disconnection at their colleges always interrupts teachers’ interaction; and consequently,
affects the quality of lesson delivery. In addition, students’ lack of IT skills plays part in affecting lesson
effectiveness. For example, many students find it quite challenging to type on a computer laptop and a
short writing task on Google Docs takes a longer time than expected. Unfortunately, a big number of
students do not possess the adequate requirements needed for online teaching mode.

Classroom management is another big challenge some teachers face in online classes. It can be argued
that teaching big classes is really difficult, especially when the above-mentioned challenges are taken
into account. In face-to-face teaching mode, teachers are able to manage and get over the problem with
big classes. They may divide students into groups as a solution. In online teaching mode, however,
teachers find themselves helpless dealing with a large number of students on a computer screen. What
makes this issue even more challenging is the fact that students do not turn their cameras on; therefore,
teachers cannot apply some techniques of classroom management in online classes such as group work
because some students are simply not there. Due to the previous challenges, the issue of time
management cannot be denied. The online teaching mode force teachers to do much of the talking during
the sessions. The nature of the online mode simply leads to adding more burdens on teachers trying to
fill the gap that is created by the big classes (normally above 30 students) and students’ low level of
participation. The imbalance between teacher’s talk time (TTT) and student’s talk time (STT) becomes
another challenge that needs to be dealt with. Therefore, teachers are obliged to develop new techniques
and skills to overcome the challenge posed by big classes.

A.2. What are the most effective solutions to increase the effectiveness of teaching English
to Omani students online?
Taking into consideration the challenges of teaching English to Omani students online that affect the
quality of lesson effectiveness, a number of propositions can be implemented to resolve those issues and
enhance the quality of teaching English online.
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For class participation, we need to allocate marks for participating in online classes in order to encourage
students to be more active and more engaged in class activities. Many students are mark driven and
more responsive to tasks where marks are given. If learning English from the perspective of intrinsic
motivation cannot be activated, we should trigger the aspect of instrumental motivation in many students
(obtaining more marks to pass). Also, a policy of turning cameras on during online classes should be
made. It is vital to maintain face to face interaction as it plays an important role in establishing a good
rapport between teachers and students. If this policy might cause an issue with students and parents due
to some socio-political reasons, this conflict can be resolved by having single-gender classes where male
and female students are separated. A single-gender class will encourage students to turn on their cameras
as they actually do in single-gender mid and final exams, presentation sessions and speaking tests.
Students need to feel that they are observed, monitored and communicated by their teachers so that they
become actively engaged in class discussion.

A small online class of no more than 20 students can also be a solution for promoting lesson
effectiveness. Many teachers reported having classes with more than 35 students, and this has caused a
big challenge for them to have better classroom management and deliver good lessons. Due to the big
classes, taking online attendance becomes an issue. Many students tend to join online classes quite late
or leave before the end of classes (not always an issue of Internet connection) due to the policy of
attendance in some colleges. Therefore, a clearly strict online attendance policy should be adopted to
ensure that students will take online attendance seriously.

As the online teaching of English is a new experience to the GFP teachers, a teacher professional
development programme should be implemented where teachers get a proper training on how to deliver
effective lessons online. A series of disconnected workshops mainly focusing on how to use online
platforms such as Blackboard, Google Classroom, Google Meet, Microsoft Teams and/or Zoom are not
enough. Teachers need to test their personal beliefs, cognition and practical knowledge against the
context of online teaching of English. They should be aware of the challenges they are going to face
away from receiving a wrong idea that online teaching is easy and simple. Teachers are the ones who
deal with the changing variables and uncertainty that take place in online classes.
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A good Internet connection should be provided and maintained throughout the academic calendar at
colleges. It is truly a frustrating experience when teachers get logged off in the middle of their online
classes because of an Internet disconnection. An incident like this affects greatly on the effectiveness of
lesson delivery as it causes disruption in the flow of lessons. Besides, it affects classroom management
as some students might find it an opportunity to leave the online classes if their teachers take a longer
time to log in.

Conclusion
The mode of teaching English to Omani students online seems to be causing a lot of challenges to the
GFP teachers at Omani colleges. Teachers are experiencing a conflict in what they perceive of as good
teaching practices and the educational context they are working in, especially if the context adopts the
policy of allowing students to turn their cameras off during online classes. It can be argued that their
perceptions of the effectiveness of teaching English online relies largely to class participation where
there is face to face interaction with their students. This aspect of teacher-student interaction which
usually establishes a good rapport between teachers and students is missing in online teaching.
Consequently, this results in low class participation, task engagement and less lesson effectiveness. An
online teaching context similar to a classroom teaching context should be developed if we want to
improve the quality of teaching English to Omani students online. Due to the small scale of this study,
more research is recommended to investigate the effectiveness of teaching English to Omani students
online and how it can be improved.
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Appendix A: Questionnaire
Dear Participant,

We are investigating GFP teachers' perceptions of the effectiveness of teaching English online. Your
participation will help us make proposals to improve the experience of online teaching and learning.
Your responses will be kept confidential and only used for this research study. We will be grateful if
you spend a few minutes filling out the questionnaire.

Best Regards,

Dr Marwan Alyafaee, Mr Shakir Al Hassan and Mr Mohammed Baqawir
UTAS (CAS-Salalah)

PART 1
1) Gender: Male ___ Female ___

2) Highest Qualification:
A) BA __
B) MA __
C) PhD/EdD __

PART 2
3) Please rate your opinion on the following statements by ticking the appropriate boxes: 1 (Totally
disagree) up to 5 (Totally agree), whereas 3 refers to (No opinion).
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Statements

1

2

Totally
Disagree
disagree

1

It is easy to effectively teach
English to Omani students online.

2

I am usually able to manage the
time allocated to my lesson more
effectively.

3

I am usually able to achieve my
lesson objectives.

4

Teaching English classes online is
more interesting than classroom
teaching.

5

My students are more engaged in
online classes.

6

I feel my students are more
motivated to participate in class
discussions.

7

Online teaching materials are
easier to use.

8

It is easier to attend to students’
needs via online communication.

9

I find teaching English online more
effective than classroom teaching.
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PART 3

4) Please list the three biggest challenges of online teaching you have faced in terms of lesson
effectiveness.

A.__________________________________________________________________
B.__________________________________________________________________
C.__________________________________________________________________

5) Please offer three suggestions to improve the online teaching of English in terms of lesson
effectiveness.

A.__________________________________________________________________
B.__________________________________________________________________
C.__________________________________________________________________

Thank you
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Abstract:
With the world health organization announcing covid-19 as a global pandemic in March 2020, schools and
universities shifted to online classes which seemed to be the ideal way for students to continue their education.
However, the sudden shift was considered by some, as a pressurizing factor especially that it was a new concept
for both teachers and students. This study was planned to investigate the effect of online classes on students’
mental health. The objectives of our research were to compare between the opinions of college students and
school students regarding online education during the pandemic. Other objectives included assessing students’
beliefs regarding some statements related to online education and its effect. This study was conducted on both
school and university students, evaluating the effect of online classes and the lack of in-person interaction due to
covid-19 preventive measures. A total of 214 soft copies of the questionnaire were distributed randomly, via
Whatsapp, to students from different regions in the Sultanate of Oman. The study consisted of questions including
comparison of stress levels between online and in person classes. It also included questions about the impact
leading to depression and anxiety as well as questions on the impact of increased screen time on students and
whether it has caused headache and vision problems to students or not. The results showed that online classes had
different effects on students at different educational levels. College students were seen to be more affected by this
sudden shift than school students as 70% of college students have become less social compared to only 40% of
school students. Majority of the participants have reported suffering from headaches and vision problems due to
online classes and the increase of screen time. It was seen that 50% of the students who took the survey stated
that they have felt anxious and depressed during online classes.

Keywords: Online classes, mental health, pandemic, depression, anxiety.

193
University of Technology and Applied Sciences-Sur
P O Box 484, Sur, Sultanate of Oman

Journal of Applied Sciences, Technology and Innovation (JASTi)
Volume 1; Issue: 1
Published on: 20/01/2022
https://sur.cas.edu.om/Pages/JASTi.aspx

Introduction
The World Health Organization declared (COVID-19) as a global pandemic in March 2020 and with
this announcement life drastically changed for many people across the world. During the first few
months of the pandemic the world witnessed a large increase in the number of infected cases and deaths
in different regions around the world. At that time, information about its pathology was not clearly
understood and the spread of the disease was uncontrollable.

The pandemic had various outcomes on people's social and daily lives. The outbreak of the virus resulted
in disturbing the lives of millions of people around the world. This effect was not only seen on adults
but also children and young youth at different educational levels due to several reasons including
isolation, uncertainty of the current situation and fear of infection, all which contributed to the increase
in mental health issues during the pandemic, specifically during the lockdown period. In response to the
COVID-19 pandemic, schools and universities around the world shifted from in person education to
online classes through different educational platforms i.e., Zoom, Cisco webex and Google Classroom
etc. The rapid increase in the number of cases around the world caused a great sense of anxiety that was
reported in different countries around the world. These consequences are thought to have affected the
students’ mental health which would lead to unfavorable academic results. [1,2,3]

Although a large number of students in different academic levels are pursuing their educational
programmes virtually, there have only been few studies covering the topic and its psychological impact
on students' social and educational life. There are reports that 91% of school and college students were
negatively affected by the closure of educational institutions around the world.

The results from various studies show that children and adolescents may continue to suffer from
increased long term adverse outcomes as a result of the pandemic and the lack of in person interactions
compared to adults.[4]

Various studies have shown that individuals taking online classes during the lockdown have become
more sedentary and have reported a sudden increase in signs of anxiety and depression, all which have
affected their academic results. [5,6,7]
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The students from different educational institutions stated that the sudden increase in screen time and
the lack of proper educational environment at their houses was considered as a massive obstacle in their
educational programs, making it hard to focus in class. The lack of interaction between students had a
significant impact on some students’ academic performances as well. This is due to the fact that our
brains are incapable of processing information with virtual learning compared to face-to-face learning.
Body language, tone and pitch of the voice, facial expressions and eye contact are factors that contribute
to better understanding. Unfortunately, the lack of these cues in online education has had a major effect
on students and their academic performance during the pandemic. [7,8]
In this study, our aim was to identify the effect of online education on students’ social and mental health
and whether online education has had a positive impact on students’ daily activities. This research
focuses on student's feedback on online classes during the pandemic and the lockdown period. The
present study examined the association of online studying, in Omani schools, colleges and universities,
on the student's daily life and its relevant psychological outcomes (i.e., anxiety, depression and
loneliness).

Review of literature
Sahu P (2020) established a study on the impact of the closure of universities, due to COVID-19, on
education and mental health of students and academic staff. The study showed that the transition from
face-to-face teaching to online education has been very challenging for students in regard to
understanding and focusing during classes as well as lack of fully understanding the practical procedures
due to the lack of lab experiments related to scientific courses. The study also explained how challenging
it was for teachers as well to cope with the current situation from home.[2]

Singh S et al. (2020) carried out a meta-analysis study focusing on the mental health aspects of children
and adolescents during the COVID-19 pandemic. The study found that the pandemic had serious effects
on young children as well as adults’ mental health. It also showed that there is an urgent need for
providing support and developing healthy measurements for assessing and helping those who are more
vulnerable to the global crisis.[4]
Zurlo M et al. (2020) conducted a study to evaluate students’ stressors related to the coronavirus
pandemic. The study included 514 university students, all based in Italy and showed that the majority
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of the participants’ educational and social life was significantly affected by social isolation imposed
during this period. It stated that there were potential negative effects on students’ psychophysical health
conditions most of which were related to the lockdown and risk of infection.[5]

Huckins JF et al. (2020) conducted a study to investigate the impact of the current pandemic on college
students’ behavioral and mental health. The study included 217 undergraduate students all who were
already participating in longitudinal research, for the past 2 years, to evaluate their mental health. The
aim was to find whether there were changes in the student behavior or not. The study also investigated
the relation between these changes and COVID-19. Compared with prior academic terms, participants
showed a significant increase in the number of reports about feeling anxious and depressed most of the
time. This increase was reported to be in relation with the increased amount of COVID-19 related
news.[6]

Shah K et al. (2020) reported in a systematic review article on the impact of COVID-19 on the mental
health of children and adolescents. The study focused on the imposition of social isolation and its
consequences that resulted in enormous changes in everyone’s daily routine especially for children. The
study showed that around 68% of students were significantly affected by online education. The study
also showed that these sudden changes would have high potential of causing significant damage to the
mental well-being of children and young adults.[7]

Alsoufi A et al. (2020) carried out a cross sectional study to investigate the impact of the COVID-19
pandemic on medical education. The study included 3348 participants from different medical colleges
in Libya. Questions such as whether the pandemic had affected students' educational life. It also included
questions about the possibility of continuing with online classes. The majority of the participants believe
that it is hard for medical students to continue with e-learning compared to very few which had high
hopes for online education to be very beneficial during the current situation especially that it is the ideal
way to minimize in person contact. [8]

Kecojevic A et al. (2020) carried out research on the impact of the COVID-19 on mental health of
undergraduate students in New Jersey. A total of 162 undergraduate college students completed a crosssectional survey which included questions regarding the students’ knowledge about the newly emerged
virus and whether they have faced any behavioral changes. The study also included questions evaluating
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their mental health. The results showed that many students were suffering from anxiety and depression
during the lockdown.[9]

Vindegaard N et al. (2020) conducted a study on mental health consequences in relation with the
COVID-19 pandemic. The authors reviewed 43 research papers measuring psychiatric symptoms or
morbidities associated with COVID-19 among infected patients, non-infected people, health workers
and non-health care workers. It was seen that recovered COVID patients showed high levels of posttraumatic stress symptoms especially for patients with preexisting mental disorders. The study found
that health care providers showed a significant increase in depressive and anxiety symptoms.[10]

Methodology
A cross-sectional, web-based study was conducted among school and university students, all of whom
had taken online classes in the year 2020 during the COVID-19 pandemic crisis. The survey was
randomly distributed among the targeted group in February via social media specifically, whatsapp.
These soft copies were distributed in February 2021. Our target was to collect between 100 and 200
responses, and we collected 214 responses from school and college students in different regions in the
Sultanate of Oman. The survey was designed based on statements made by students from different
countries worldwide regarding online education and its impact on them.

Survey questions varied in type and included questions with yes/no answers Likert scale, multiple
choices as well as those with open-ended questions. It covered areas such as the current educational
level and age group, included questions about online classes being better than face to face classes and if
it had caused them to be less social. It also included questions about whether doing classes all by them
was more stressful. The survey also included questions about feeling depressed, anxious and lonely
throughout the period of online education.

Descriptive statistics were used in describing the data. Categorical variables were reported using
frequencies and percentages. Statistical analyses were carried out using Microsoft excel.

The following figure illustrate a sample of the questionnaire which was randomly distributed previously
in February 2021.

197
University of Technology and Applied Sciences-Sur
P O Box 484, Sur, Sultanate of Oman

Journal of Applied Sciences, Technology and Innovation (JASTi)
Volume 1; Issue: 1
Published on: 20/01/2022
https://sur.cas.edu.om/Pages/JASTi.aspx

Fig. 1. Sample questionnaire
Results and Discussion
The study sought to address the major effects associated with shifting from in person education to online
classes, as a precaution to prevent the spread of the COVID-19 among students, and its effect on
students' social and mental health.

A total of 214 questionnaires were collected during a period of one month (February 2021). The
responses collected included university and school students from different regions in Oman. It involved
165 college students and 49 school students, all which have had online classes during the year 2020
specifically after the world health organisation has declared COVID-19 as a pandemic affecting millions
of people around the world. The majority of the participants were females accounting for 73% (n=157).
The results showed that a significant number of students disagreed with the statement that online classes
are better than in person classes 57% (n=122), this could be explained by the fact that at this period
students had no choice in choosing online education over in person education. Pre-pandemic period
online education was viewed by several people as the future of education however this completely
conflicts with the current results.[11]
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However, the participants 65% (n=139) believe that online classes have affected their social life making
them less social compared to in person classes. Similar results were seen in studies conducted in Italy
and the United States of America. This is seen as a result of lack of in person communication which
resulted from the precautions taken to prevent the spread of the novel virus. [3,12] (Table-1).

On online education and its effect on students and their social life it was seen that students in both
academic levels found that doing the online class by themselves was more stressful and caused the
majority of them to feel alone during virtual class than if they were in an in-person class accounting for
46% and 58% agreeing, respectively. This is believed to be due to lack of interaction compared to
students’ life before the pandemic because students used to motivate each other in classrooms which are
missing in an online class.

The results showed that an increased screen time has caused a large number of students to have
headaches and vision problems 67% (n=144). This generally affects the student ability to focus in class
and therefore resulting in decreased academic performance as a result of decreased attention.
Excessive screen time is linked to delays in development of young children. This indicates that online
education is very harmful for young children.[13] Students (73%) stated that it is difficult to focus in an
online class more than in a face to face class. This matches the results reported in the USA where 73.5%
(n=119) stated that it is hard to focus in online classes. [9] (n=156). The results also showed that for
some students it was very hard to organize their day with online classes being on a regular basis.
However, there was a lack of agreement on whether online classes had a good impact on scheduling
their day for other activities to be done throughout the day. The lack of agreement is highly dependent
on students’ academic schedule as students with flexible classes will find it easier to include different
activities throughout their day unlike those with heavy schedules. (Table-2).

Students were asked about some feelings associated with doing online education and it was seen that a
significant number with an average 48% of students of both educational levels reported feeling anxious,
depressed and lonely regularly during online classes. Similar results were reported by students in
different countries where the increase of self-reported symptoms of anxiety and depression increased
drastically.[6] Anxiety and depression was reported more with school students than it was with college
students. The most perceived feeling associated with online classes was the feeling of stress and anxiety
50% (n=106). Similar results were reported from school students as the majority of them reported feeling
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more anxious and depressed during the virtual classes. They have also declared that their social life was
not affected by online classes. However, they developed less connection with their teachers.[14] These
results are caused by multiple factors including the drastic increase in screen timing which was found
to be associated with depression and anxiety resulting from the decreased ability to concentrate.[15]
(Table-3). Studies showed a high linkage between feeling lonely and suicidal thoughts which are in most
cases preventable by including group-based assignments and including weekly mental health checkup
surveys.

Table 1. General statements regarding online education.
In your perspective are online classes better than in person classes?
No

To some extent

Yes

Grand Total

College students

66 (56%)

33 (28%)

18 (15%)

117 (55%)

School students

16 (40%)

19 (47%)

5 (13%)

40 (19%)

82 (52%)

52 (33%)

23 (15%)

157 (73%)

College students

33 (69%)

12 (25%)

3 (6%)

48 (22%)

School students
Male Total

7 (78%)
40 (70%)

2 (22%)
14 (25%)

0(0%)
3 (5%)

9 (4%)
57 (27%)

Grand Total

122 (57%)

66 (31%)

26 (12%)

214 (100%)

Female
Female Total
Male

Do you believe that you have become less social during online classes?
No

To some extent

Yes

Grand Total

College students

24 (20%)

10 (9%)

83 (71%)

117 (55%)

School students

12 (30%)

8 (20%)

20 (50%)

40 (19%)

36 (22%)

18 (11%)

103 (67%)

157 (73%)

College students

11 (23%)

4 (8%)

33 (69%)

48 (22%)

School students

4 (45%)

2 (22%)

3 (33%)

9 (4%)

Male Total

15 (26%)

6 (11%)

36 (63%)

57 (27%)

Grand Total

51(24%)

24 (11%)

139 (65%)

214 (100%)

Female
Female Total
Male

Percentages are row percent except for the total column for which percentages are column
percent.
Table 2. Views using Likert scale on statements related to online education and its effect on students
and their social life.
Statement
Strongly agree or
Neutral
Disagree or Strongly
Grand
Agree
disagree
Total
Doing the online class by myself was more stressful than if I was in an in-person class.
College students

75 (46%)

45 (27%)

45 (27%)

165

School students

24 (49%)

15 (31%)

10 (20%)

49

Grand Total

99 (46%)

60 (28%)

55 (26%)

214
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Statement

Strongly agree or
Neutral
Disagree or Strongly
Agree
disagree
I felt alone from the lack of in-person classroom relationship.

Grand
Total

College students

102 (62%)

35 (21%)

28 (17%)

165

School students

22 (45%)

17 (35%)

10 (20%)

49

124 (58%)

52 (24%)

38 (18%)

214

Grand Total

Increased screen time has caused me headaches and vision problems.
College students
School students

152 (92%)
29 (59%)

32 (19%)
8 (16%)

18 (10%)
12 (24%)

165
49

Grand Total

144 (67%)

40 (19%)

30 (14%)

214

College students

121 (73%)

23 (14%)

21 (13%)

165

School students

35 (71%)

6 (12%)

8 (16%)

49

156 (73%)

29 (14%)

29 (14%)

214

It is difficult to focus on an online class.

Grand Total

It is hard to organise my day with online classes.
College students

92 (56%)

31 (19%)

42 (25%)

165

School students

20 (41%)

15 (31%)

14 (29%)

49

112 (52%)

46 (21%)

56 (26%)

214

Grand Total

Online classes were very beneficial as it was easier to schedule my day.
College students

41 (25%)

51 (31%)

73 (44%)

165

School students

14 (29%)

17 (35%)

18 (37%)

49

Grand Total

55 (26%)

68 (32%)

91 (43%)

214

Percentages are row percent.

Statement

Table 3. Statements on feelings associated with online classes
Always
Never
Often
Rarely
Sometimes

Grand Total

During the online classes, about how often, did you feel anxious.
College students

30 (17%)

6 (4%)

54 (33%)

21 (13%)

54 (33%)

165

School students

4 (8%)

0 (0%)

18 (37%)

8 (16%)

19 (39%)

49

34 (16%)

6 (3%)

72 (34%)

29 (14%)

73 (34%)

214

Grand Total

During the online classes, about how often, did you feel depressed.
College students

31 (19%)

15 (9%)

46 (28%)

19 (12%)

54 (33%)

165

School students

7 (14%)

5 (10%)

15 (31%)

7 (14%)

15 (31%)

49

38 (18%)

20 (9%)

61 (29%)

26 (12%)

69 (32%)

214

Grand Total

During the online classes, about how often, did you feel Lonely
College students

42 (26%)

22 (13%)

37 (22%)

27 (16%)

37 (22%)

165

School students

10 (20%)

5 (10%)

15 (31%)

13 (27%)

6 (12%)

49

Grand Total

52 (24%)

27 (13%)

52 (24%)

40 (19%)

43 (20%)

214

Percentages are row percent.
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Conclusion
College and school students had similar opinions in regard to online education and how it affected their
social and mental health in making them less social. The results showed that a large number of
participants had vision problems related to increased screen timing caused by online education. It was
also seen that the shift from in person education to online based education affected students drastically
causing the majority of students to feel anxious very often during classes. However, there was a lack of
agreement on whether it has caused students to be depressed and lonely. It is still unclear whether online
education’s benefits outweigh its disadvantages on students' social and mental life.
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Abstract:
The situation created by the novel coronavirus (COVID-19) had compelled the higher education institutions in
Oman and across the world to search for alternative methods of educating the students. The HEIs and the
stakeholders strived to envisage alternative ways of delivering the lecture sessions to the students to minimize the
impact caused by COVID 19. University of Technology and Applied Sciences-Sur too adopted alternative
methods such as online teaching tools to compensate the lack of face-to-face learning environment. The study
will try to explore the impact and effectiveness of these online learning tools used for Digital Media Major
courses, which otherwise requires a face-to-face, direct practical learning approach in conventional classroom
situation. Additionally, the study will try to investigate the challenges and issues faced by the students of digital
media courses while learning through online mode implemented during the period.

Keywords: COVID-19, Online Learning Mode, Media Education, Digital Media Courses, Practical
Courses, Oman.
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Introduction
Ever since the breakout of the COVID 19, almost all facets of the world are getting effected and still the
pandemic does not seem to come to an end. The virus is creating havoc in many parts of the world,
which impacts health, economy, and education the most. Most of the nations across the globe including
the Sultanate of Oman, were compelled to go into lockdown, where one of the most affected aspects
was education. The students across the world suffered an enormous loss of learning hours, which cannot
be compensated. UNESCO declared on 24 March 2020, that the pandemic has affected 1.37 billion
students and 60.2 million teachers in 138 countries [1]. Another UN report suggests that from around
165 nations, more than 1.5 billion students has been affected

by this lockdown of the campuses and schools. The situation raised by the COVID 19 breakout,
compelled the educational sector to come up with creative solutions to continue the education with
minimum negative impact on learning. The pandemic brought in profound changes in education sector
[2]. Higher educational Institutions and other stakeholders turned innovative to find solutions for this
problem and depended heavily on the internet to cope up with the situation. Various companies offered
their online platforms to operate the teaching modules. Many of the course designed were altered to suit
the need of the hour, while the students were unable to attend direct face-to-face learning. The crisis
situation compels the nations worldwide to shift towards digital and distance learning, which introduces
new challenges i.e., cost, the credibility of materials, and adherence to rules of the management and use
of student personal data [1][2].

A.

Impact of the pandemic on overall education scenario in Oman

In the Sultanate of Oman, the Supreme Committee decided to go for a suspension of classes for all
schools and academic institutions for a month starting 15 March 2020, where the students were restricted
from attending face-to-face classes due to the pandemic [3]. The Ministry of Education declared
alternative teaching methods for public schools such as on-air teaching and other e- learning platforms
to keep the education continue. In their response to the lockdown, both private and public schools
adopted to online education with the use of various platforms such as Schoology, google classroom,
Blackboard, Moodle and Seesaw, so that the students continue their learning from home. However, due
to the rapid spread of the pandemic, on 7 May 2020, the Supreme Committee as a safety measure decided
to end the academic year for all public and private schools in the Sultanate. The Committee also
authorized the Ministry of education to adopt suitable alternative assessment methods to promote the
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students to a higher level, from grades 1 to 12. A list of guidelines was issued by the ministry for all
private and public schools in the sultanate, which states that Students of Grades one to eleven in
government and private schools (with exception of international schools applying the international
qualification programs in grades 10 to 12) will be promoted to higher grades based on the results of
students’ performance before the lockdown [4], including a more measures of alternative assessment
and promotion.

University of Technology and Applied Sciences- Sur (UTAS-Sur) too was affected due to the on- site
class suspension because of the pandemic spread. In response to the lockdown and class suspension, the
University adopted alternative methods of teaching and learning with Emergency Remote Teaching
(ERT). The University which offers bachelor’s degrees in Mass Communication, Information
Technology and Applied Biotechnology started online teaching after 15 March 2020. Within the Mass
Communication Program, three specializations of Majors are offered from UTAS-Sur, including Public
Relations, Journalism and Digital Media. Many modifications were made to compensate for the possible
loss of learning due to online mode. The mass Communication program courses which require practical
hours and to be in the campus for on-site learning were also modified to provide the adequate learning
experience to the students learning from home. The university approved the use of online platforms and
Learning Management System (LMS) such as Blackboard and Google Classroom for continuous
education. The University started Blended Learning in the year 2007, with the use of Blackboard as an
LMS, and has been utilizing Blackboard for various assessments and evaluations.

Research objective
The study was envisaged to achieve the following objectives.
1. To explore the effectiveness of the Online mode in teaching Digital Media Courses in UTAS
Sur.
2. To identify the challenges and issues faced by the students while learning through the Online
Learning mode.
3. To measure the level of satisfaction of the students of Digital Media Courses in UTAS Sur.
Research questions
Due to the situation created by COVID 19, the direct classroom learning was hugely affected across the
globe including the Sultanate of Oman. The higher education sector was compelled to undergo
significant changes to keep the teaching process going. The digital media courses in UTAS Sur, which
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require face-to-face learning and practice in labs and studios, had to be modified for Emergency Remote
Teaching (ERT) since March 2020 after the suspension of in-person classes. This paper tries to explore
the following research questions.

RQ1. What is the impact and effectiveness of the applied online mode used for teaching Digital Media
Courses in UTAS Sur?
RQ2. What are the challenges and issues faced by the students while learning through the Online
Learning mode due to COVID 19?
RQ3. What is the level of satisfaction among the students of Digital Media Courses, while learning
these courses, which otherwise requires a practical approach in lab environment?

Methodology
The study was carried out through In-depth personal interviews and Focused Group Discussions (FGD)
with the Final year students of Digital Media Major in UTAS Sur. For the study, Qualitative research
methodology was adopted as it is considered appropriate for data collection in a natural setting rather
than a contrived situation [5]. In-depth personal interview was conducted with 8 final year Students
from Digital Media Major. They were interviewed to understand their views on the effectiveness and
challenges of ongoing Online mode of teaching for the Digital Media courses. The in-depth interviews
were conducted through Google Meet.

Additionally, 18 final year students from Digital Media major were divided into 2 groups for the FGD,
which was aimed at gaining their feedback on the effectiveness, issues and challenges of the current
online mode for practical oriented courses. The FGD was conducted through Google Meet. The duration
of the Interview and FGD varied, which was not less than an hour each. Because of the current scenario,
where personal meeting was not possible, two sessions of Google Meet was organized keeping in mind
the safety measures to avoid the physical proximity.

For both in-depth personal interviews and FGD, semi structured questions were formulated keeping in
mind the research questions, aiming at open-ended feedbacks from the participants resulting in
qualitative data. By avoiding close-ended, leading questions and feeding key words, the participants
were given an opportunity to express their minds in their own words in detail to gather maximum
information for the study.
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Results
To approach the research questions, a suitable methodology was adopted which included interviews and
Focus Group Discussions (FGD) with the students studying Digital Media courses in UTAS-Sur, ever
since the online education has started due to the coronavirus pandemic. After the completion of the data
Collection from Interviews and FGD, data analysis was conducted by transcribing the interviews and
FGD and categorizing them according to responses. During the analysis, the prominent responses were
grouped together as per relevance and keywords were highlighted. The data analysis provided us with
the following findings.

A. Access to the internet and adequate devices
By mid-March 2020, lockdown was imposed almost across the globe, to curb the rapid spread of the
novel coronavirus. The education systems all over the world adopted alternative methods of teaching.
Students of Oman also faced a similar situation where movement was restricted totally in the initial days
of lockdown, and even when it was relaxed, normal face-to-face education was not reinstated. The
students of Digital Media Courses in UTAS -Sur experienced a situation where all direct classes were
cancelled, and the education system went into an alternative mode. Due to the rapid spread of the novel
coronavirus in Oman, the in-person classroom teaching was suspended from 15 March 2020 onwards
for UTAS and an alternative Online strategy was adopted which continues till date.

Because of the pandemic, when the country went into online mode for education, it was sudden for most
of the students including UTAS-Sur. The digital media students we interviewed expressed that it was
the middle of the semester, when they suddenly received notifications about Online classes. As the
students we interviewed expressed, the students did not have proper access to the internet, which was a
prime requirement to continue online classes. In some cases, they added, the areas students reside do
not have good internet connectivity, especially in the mountain areas of the nation. According to the
reports, the government initiated several measures to cover the internet access to remote areas and
villages since April 2020. There was an initiative launched by the Telecommunication Regulatory
Authority (TRA) in consultation with the Shura council members to help cover all villages and remote
areas which were still not connected with the internet [6]. As a part of the same initiative by TRA to
provide communications and Internet services to around 598 remote villages in Oman, a contract was
signed between Space Communication Technologies Company (SCT) and Oman Broadband (OB) for
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the Universal Service Obligation, in September 2020 [7]. Ooredoo, a service provider in the country
announced in November 2020 that it connected the rural and remote communities with Satellite Home
Internet Plan [8]. But from the student’s feedback, it may be assumed that not all remote and rural areas
are covered for internet.

Salem Al Moqbali, a student of Digital Media major, expressed that he had to drive down to another
area from his home in the mountain area to get adequate access of the internet. Hence, he attended most
of his classes in his vehicle, which cannot be considered as an ideal environment for learning. The
situation has not much improved for him as yet. Al Shaima Al Jawhari, another final year student of
Digital Media major states that, due to inferior internet connectivity in her village in Al Suwaiq, she has
to travel to the capital city of Muscat every week, which is almost 110 kms away, to continue her online
classes, only to return home over the weekends.

Additionally, the students expressed that many of the students do not have access to laptops and had to
rely on mobile devices for their online classes. While it is believed that Android or Apple mobile devices
are sufficient to attend online lectures, they cannot be considered as a replacement of Laptops, which is
required to complete their assignments of Digital Media Courses. Al Shaima Al Jawhari, a final year
digital media student expressed that her personal laptop is not adequate enough to run the software
required for the digital media courses and secondly, this software is expensive to buy. Many other
participants also state that they do not possess high-configuration laptops to practice these software
programs. This situation may be connected to affordability.

Although there have been attempts by other service providers such as Omantel to provide internet
services to rural and remote areas, there exists some gaps, which is evident from the responses of the
students in the study. A few students expressed that there is slow and interrupted internet connection in
their residence areas, because of which they get disconnected from their Google meet or online classes,
which hampers their learning process. Other expressed that, due to a slow connection, the visuals and
audio is not clear, which again is a hurdle in learning their digital media courses. Hence, the digital
divide was apparent in some cases, where the lack or low quality of internet services started to hinder
the learning process of the students of UTAS-Sur, especially for the students of Digital Media Courses.
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B. Platforms used for Online Learning
The students of higher education institutions in Oman including UTAS-Sur, are not new to the online
learning platforms or learning management systems. UTAS-Sur is using LMS such as Blackboard as a
mode of Blended Learning since 2007. During that time, the University was known as College of
Applied sciences, and one of their objectives was “Leadership in Technical and Further Education”,
which focused on developing multimedia tools, which in turn will provide flexibility of time and space
to the students with a faster growth of distance and online learning. This opportunity of blended learning
was provided to both in-campus and distant education students. This is consistent with the study by
Kothaneth which states that online learning “is not a new concept” (para.6) for the higher education
institutions in Oman, and that “e-learning can help students ease Covid-19 risk” (para.1) [9]. For the
courses taught in the undergraduate bachelor courses in UTAS -Sur, the University adopted online
platforms for teaching during the COVID 19 crisis period. The students were supposed to attend their
lectures online, without face-to-face communication, as a measure to prevent the spread of the pandemic.
The students in their interview and FGD revealed that courses including the Digital Media courses, used
two online platforms for continuation of teaching and learning.

1.
2.

Blackboard
Google Classroom

The students have been using the Blackboard as a Learning Management System (LMS) which assists
the university in announcements, assignments, providing Course materials, Assignment submission
which involves an additional filtering for plagiarism etc. The respondents in Interview and FGD
expressed that Blackboard has been used during the COVID 19 effected period since March 2020, where
the students are receiving their study materials, instructions and in-semester evaluations in blackboard.
This is in line with the comments by Bacow who advocates that, the extraordinary preventive measures
adopted by most higher education institutions to reduce the spread of the pandemic will basically alter
the methods of conventional classes [10].

The students revealed that Google Classroom and Google Meet was used additionally to conduct the
lectures online. All the Digital Media courses which require practical sessions, were also conducted
using the Google Meet. The regulation of the telecommunication is strict in Oman, where the use of
VoIP services is restricted to a few applications. During the onset of the pandemic, the
Telecommunication Authority (TRA) in Oman allowed the use of three applications legally. Three
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popular virtual meeting apps Skype for Business, while Google Meet and Zoom were allowed for Video
conferencing or virtual meetings [11]. However, although the students are familiar with the LMS
platforms such as Blackboard, shifting towards a complete online mode was an unprecedented event for
them. The university not only shifted to Online study, but also tried to prepare an online learning
environment with the modifications to delivery with the aid of digital technology tools and various
websites. With the switch to online mode, other challenges appeared which is linked to rapid
digitalization of curriculum [12].

C. Lack of access to Lab and Studio Environment
Most of the digital media courses has a considerable part of practical learning, in a lab and studio
environment. In UTAS-Sur the students of Digital Media courses, practice and complete most of their
assignments in the computer labs in Learning and Resource Centre (LRC). Hence, during that semester
of 2020 Spring, they were continuing their semester work and assignments of digital media in the
Computer Labs where they need to use several software including Adobe Photoshop, Adobe Premiere
Pro, Adobe Flash, Adobe After Effects, Adobe Audition and Autodesk Maya. As they expressed most
of these Software require high specification computers, which majority of the students do not possess,
as they practice and work in the computer labs in LRC.
Bushra Al Amri, a final year student of Digital Media Major states, “Now because there is no access
and practice inside the Radio and Television studios, we are missing out on the practice of running of
an actual Production Control Room and TV studio operations, which is the objective and requirement
for a course like Studio Based Television Production, which is designed to provide the students with the
hands-on experience of a TV studio”. Al Yaqdhan Al Sheibi, another final year student adds that their
skillset seems to be incomplete for the job market after graduation, as they did not get a hands-on
practice with the high-end equipment and state-of-the-art television studio in campus. Additionally, the
students expressed that because of the pandemic situation, they have no access to borrow the cameras,
lights and other equipment from the LRC, which are required to complete their assignments. Now due
to the crisis situation, the students are allowed to use their personal cameras, mobile phone cameras and
other personal equipment for their production, which may not match the quality of the equipment
provided by UTAS Sur. However, the students expressed that the teachers of Digital media courses in
UTAS-Sur are striving to bridge the gap with the use of multimedia presentations and additional course
material including tutorials and workshops.
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D. Level of Satisfaction of Online Learning
The students were asked to give a rating of their Satisfaction Level of Online Learning for Digital Media
Courses during the personal in-depth interviews and Focus Group Discussions, on scale of 1 to10. 27%
of the respondents expressed a Satisfaction Level of 8-9, while 65% students expressed a Satisfaction
level of 6-7. The other 8% students voiced a satisfaction level of 4-5 out of 10. From the collected data
and combined it with the interviews and FGD, it may be stated that not a single student is 100% satisfied
with the Online Learning especially for the digital media courses in UTAS-Sur.

The reasons for these varied levels of satisfaction lies in many factors, such as limited accessibility to
clarify doubts instantly with the teacher, incomplete skill set development because of lack of direct
hands-on learning and practice of digital media equipment, restrictions to borrow camera and other
equipment from the campus, and also having no or limited access to high-end personal computers or
laptops required to practice and complete digital media assignments. This situation may be connected
to affordability as well. Atika Al Maashari, a student of final year Digital Media Major, expressed that
they could practice and learn directly from the experienced teachers, and in case of mistakes, the
feedback from the teachers were instant, which is not a possibility now. Ghaida Al Rami, another final
year student expressed that there is no face-to-face interaction now with the teachers, so instant feedback
is missing at this point. Here, the decreased possibility of instant feedback from the instructors,
compared to an in-person real time interaction between the students and teachers, turns out to be a factor
for deciding satisfaction level for learning digital media practical courses in online mode.

However, a considerable number of participants expressed that, the online learning, boosts their
confidence level gradually, as the assignments are modified to individual work, as opposed to a group
work before the pandemic. Now they feel more self-reliant and ready to face the challenges on their
own, without depending on their group members. Hawayza Al Gazi, a final year student stated that now
she needs to explore more on the internet to learn more about the software and other equipment, which
is enriching her skills and knowledge.
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Fig. 1. Satisfaction level of online learning by students of digital media courses of UTAS-sur
Discussion
One of the prime objectives of the study was to explore the impact of the COVID 19 pandemic on Media
Education in Oman, focusing on UTAS-Sur. The study was also aimed at investigating the online tools
and platforms as well as the effectiveness of those platforms in the learning process of digital Media
courses in UTAS -Sur. Additionally, it tried to explore the issues and challenges faced by the students
of digital media courses, which requires a practical approach, while being compelled to shift to online
learning due to the COVID 19 pandemic. The study deployed a methodology of interviews and focus
group discussions among the students studying digital media courses. While trying to investigate the
research questions, after the data collection and data analysis, the following observations were made,
targeting each Research question.

RQ1. What is the impact and effectiveness of the applied online mode used for teaching Digital Media
Courses in UTAS Sur?
A. Effectiveness of the online learning tools
In response to the class suspension, the University adopted alternative methods of teaching and learning
with Online Teaching as an Emergency Remote Teaching (ERT). In UTAS-Sur, although most of the
course content remained same as earlier, some modifications were made to assessments and assignments
to suit the Online learning mode. This is consistent with the comments by Blumenstyk, who claims that
global crisis like this pandemic would encourage colleges and universities to stop distinguishing
between the classroom and online programs [13]. Although distance and online education with the use
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of digital technology has been adopted as a response to the crisis situation and many advocates for their
effectiveness, the new online study methods are drawing criticism from various quarters. According to
a report on “Will the coronavirus make online education go viral?”, where an Australian vice-chancellor
comments, “face-to-face interaction will never be matched in quality by other modes of communication”
[14]. Wazzan also commented on the unprepared nature of the sudden shift to online mode stating that
the students are distracted, teachers are not sufficiently trained, and our technology infrastructure is not
fully ready to cooperate [15]. However, in the case of higher education in Oman including UTAS-Sur,
the students are already acquainted with the Learning Management Tools such as Blackboard.

While many of the students who participated in the FGD feels that Online education has its own
advantages, such as convenience to attending lectures from home, it has its cons too attached to it.
Although traveling is reduced and attending lecture is easier, the students feel detached from the real
study-circle created inside an in-person classroom. Al-Musawi and Akinyemi mentions that e-learning
aids the students in Oman to access learning resources instead of “making people travel to education…in
a population [that] is spread thinly over a wide geographic area” [16]. It definitely has its psychological
impacts on the students, who feels that the experience of learning together in a class as a group is
missing. Some of them also stated about an increased level of anxiety and stress. Rahman in an article
adds that the psychological impact of lockdown or quarantine exposed proof of a range of psychological
conditions, which ranges from post-traumatic stress symptoms to anger, confusion, depression, stress,
insomnia and emotional exhaustion [17]. According to Eder, living spaces and the family situations are
subsidiary stress factors which impact the education quality and subsequently frustrate both learners and
educators [18]. While this study does not deeply focus on the psychological implications of the
lockdown and quarantine, it may be noted that the stress and anxiety have an increased impact on their
online learning. This is consistent with a study conducted by Sultan Qaboos University Hospital in 2021,
which found that Anxiety, trouble sleeping, and depression are the top mental health problems faced by
locals and expatriates in Oman because of the COVID 19 crisis [19].

Our study found the following feedbacks from the students on the effectiveness of Online learning.
1. Online learning provides the convenience to attend classes from home, without the need to travel.
2. The study materials and assignments are well-organized in one place through the Online
platforms used such as Google classroom and Blackboard.
3. The experience of attending class in-person with other students resulting in inter-dependent
learning among students and group discussion inside a classroom is absent.
214
University of Technology and Applied Sciences-Sur
P O Box 484, Sur, Sultanate of Oman

Journal of Applied Sciences, Technology and Innovation (JASTi)
Volume 1; Issue: 1
Published on: 20/01/2022
https://sur.cas.edu.om/Pages/JASTi.aspx

4. Online learning lacks the efficacy to clarify doubts from the and get instant feedback from the
teachers which In-person classroom provides.
RQ2. What are the challenges and issues faced by the students while learning through the Online
Learning mode due to COVID 19?
A. Limited accessibility to internet and adequate devices
From the in-depth personal Interviews and FGD, it is evident that the accessibility to internet and
learning devices vary, depending on multiple factors. The students expressed the challenges they face
due to poor internet connectivity in remote and rural areas, including some mountain areas of the nation.
Although the government and TRA is striving and taking various measures such as wireless internet
connectivity using satellite, the problem still persists. Getting disconnected and receiving interrupted
audio and visual due to poor internet connectivity, is hampering their learning process. The situation
aggravates because of the nature of the courses is practical oriented, which is now being taught online
with the use of multimedia tools. The situation may be connected with the observation by Houlden and
Veletsianos, who doubts our preparedness to face the upcoming digital era [20]. In addition, not
everyone in the groups has access to high-end laptops, to continue their practice of the required software
to complete their assignments. In many courses, the university has allowed the use of Mobile phone
devices and Mobile Applications to complete their assignments. But the student feels the difference in
quality and experience while working on Mobile devices, in comparison to high-end laptops. Even the
students with personal laptop expressed that their laptops do not meet the required specifications of the
software they need to run for their respective course assignments, such as Adobe Premiere, Adobe After
Effects, Autodesk Maya etc., these software need high-configuration computers. Hence, it would be
unreasonable to assume an equal access of internet and learning devices such as laptops.

B. Lack of access to labs and studios
The final year students from digital media major from UTAS-Sur expressed their concern about their
lack of access to the computer labs in LRC and Radio and Television studios in campus. The digital
media courses are designed to develop both the theories and practical knowledge and skills in the field
of digital media and production. Various courses in this major aim to hone their technical skills through
practical use of the software in the computer labs and production equipment inside and outside the
studios. Courses such as Studio-based Television Production is designed to expose them to a real
television studio, where they can get a hands-on experience by working in the Production Control Room
and Studio, with Multi camera production and studio lighting. But because of the restrictions, it is not
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possible to get access inside the studio to learn these skills hands-on. Additionally, the students stated
that they have no access to the various other equipment from the university, such as cameras, tripods,
microphones and lights, which is a requirement for completing their assignments. Although the program
allows them to use their personal cameras and mobile phones because of the pandemic situation, they
feel that the university equipment cannot be compensated. Hence, they feel there is a gap in learning the
skills adequately due to lack of access to the computer labs and studios, compared to the pre-corona
days. It is vital for the students of practical courses to have an environment of interactivity with the
teacher during practice to hone their professional skills. Ramirez-Lopez and Muñoz observed that, in
this learning environment, teachers rely primarily on role modeling that improves the professional
identity of students [21].

C. Impact on learning outcomes due to online study
From the in-depth interviews and FGDs, it is revealed that the students feel there are differences in the
learning outcomes of the courses, compared to the normal classroom teaching in the pre- corona days.
All the courses taught in UTAS-Sur have clearly defined Learning Outcomes in the course outlines,
including the digital media courses. The learning outcomes of majority of the digital media courses
mention that the students will be able to demonstrate technical skills and manifest a clear understanding
of both theory and practice needed for Production and post- production. The students in in-depth
interviews and FGD expressed that because of lack of access

to in-person class, labs and studios, the learning is affected to certain extent. They stated that although
the teachers are trying to bridge the gap of direct classroom learning with innovative methods and
additional study materials, it is difficult to replace the lab and studio environment. Hence, it may be
assumed that all the Learning Outcomes may not be achieved through online learning of the digital
media courses in UTAS-Sur. This observation is consistent with Wang’s observation that the previous
live session on campus classes which was aligned with the learning and program outcomes of the
courses, has to be shifted with new methods to achieve the effective teaching outcomes, which may
affect the teaching outcomes and the quality in a way [22]. Although in UTAS-Sur, most of the course
content remained same as earlier, some modifications were made to assessments and assignments. These
modifications include individual assignments for most of the digital media practical courses, which were
Group assignments earlier and requires teamwork and team management. The students expressed that
the individual assignments for digital media courses involving filmmaking and production, turns out to
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be difficult to complete individually, as film production is traditionally a group task. However, UTASSur has reduced the duration of the digital media assignment projects, considering the modified
Individual assignments and the challenges attached to it.

RQ3. What is the level of satisfaction among the students of Digital Media Courses, while learning
these courses, which otherwise requires a practical approach in lab environment?
It was evident from the reactions that the students in digital media major feels the gap created because
of lack of access to labs, studios and equipment. When enquired about the level of satisfaction of online
learning of the digital media courses, the responses varied. Majority of the students expressed that
because of the lack of access to the labs and studios in the university, their learning has not been fully
complete. They feel that the pre-corona learning experience was much fulfilling, as they had the access
to the labs and equipment. Additionally, they expressed that because of the online learning, the feedback
and discussion with their teachers are not adequate enough, compared to normal learning days. Many
students expressed the decreasing interactivity and feedback from teachers, compared to an in-person
class inside lab or studio. This situation seems to be consistent with the observation by Littlefield that
states that Instant feedback and immediate response may not be possible under such an environment
[23]. Hence, from the study, the factors that effected their Level of Satisfaction are mentioned below.

A. Major factors impacting the levels of satisfaction
1. The challenges created due to lack of access to labs, studios and equipment in campus.
2. Decreasing possibility of instant feedback and discussion with their teachers in online
learning, compared to conventional teaching.
3. Many students feel that Online Study makes them independent, self-reliant and confident.
4. Many feel that Online Study compels them to explore more in the world of internet to gather
more information or knowledge.
Conclusion
The current study was envisaged to explore the impact of the COVID 19 pandemic on Media Education
in Oman, focusing on UTAS-Sur. The study was aimed at investigating the online tools and platforms
as well as the effectiveness of those platforms in the learning process of digital Media courses in UTAS
-Sur. Additionally, it tried to explore the issues and challenges faced by the students of digital media
courses, which has a practical part attached, during the shift to online learning mode due to the COVID
19 pandemic. While there is no doubt that it is quite difficult to replace in-person practical sessions in
computer labs and studios for digital media courses, the students expressed that the course instructors
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in UTAS-Sur are striving to bridge the gap with the use of multimedia presentations and additional
course material including tutorials and workshops. The use of technology and the internet is aiding to
continue education in the crisis situation and connecting with the students. As Persaud states, Educators
can interact with students beyond the confines of the classroom, too [24].

Similar to the rest of the world, higher education sector in the Sultanate of Oman went into Emergency
Remote Teaching (ERT) after the lockdown in March 2020 including UTAS0-Sur. Since then, there
have been two semesters completed and the third semester is ongoing with the complete online mode,
with the restrictions on direct face-to-face classroom teaching. It was observed that the students feel that
the online mode has its advantages such as attending classes from home without travelling, availability
of more well-organized and well-managed Learning Management Systems (LMS) such as Blackboard
and Google classroom. Nevertheless, the students expressed the challenges and issues they face while
learning on online mode. One observation is the network issues or lack of internet connectivity in remote
areas of the sultanate despite the continuous efforts by the government, that comes as a hinderance to
uninterrupted learning of digital media courses. Additionally, the lack of accessibility and affordability
of high- configuration personal computers/laptops are hampering the learning process and practice of
the software programs essential for some of the digital media courses in UTAS-Sur. Another observation
from the students’ feedback is the lack of access to computer labs in LRC and TV studio, which is a
hands-on practice zone for the students with the guidance of the teachers. They also expressed that the
level of interactivity and instant feedback on their work may have decreased in the online mode, which
effects the satisfaction level. The study has its limitations, which has the possibility to be expanded to a
larger sample size and location in the future, to explore the impact and challenges of Online mode while
learning Digital Media courses in the entire Middle- East zone.
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Abstract:
Leak in pipes is a major threat to any country as it involves huge loss in natural resources economy and production
cost. Water is the major transport in pipes so contamination and transport in time becomes essential. Water
scarcity in many countries due to climate change and over population. Most of the pipes are laid underneath the
ground hence leak get unnoticed most of the time. Therefore, Leak detection in buried pipes becomes vital. Our
project focus on smart leak detection based on the flow rate of water and intimation to the concerned authorities
in time to save the valuable natural resource in Oman.

Keywords: Leak detection, Raspberry pi, Flow sensors.
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Introduction
Water leakage in buried pipes is the major problem around the world leading to economy loss. Water
leakage in pipes is due to many factors like contamination of pipes, deterioration of pipes, penetration
of moisture into the tubes, climatic conditions, and soil quality. There are two major types of leakage
detection methods like hardware and software method. Hardware methods consist of visual device
negative pressure method acoustic and sampling device. Software method is based on mass volume
balance, pressure point analysis and dynamic model. Each method has its own advantage and
disadvantage. Like hardware method requires physical intervention with the pipes. Software method is
based on the analysis front the data collected. In hardware based visual device method temperature of
soil is measured however temperature of soil due to leakage or due to ambient temperature is unknown.
In acoustic method leak is found out by the noise generated due to leak. However, we need to install
many sensors along the pipeline. Even dogs are used in sniffing the gas leak from the pipe. These dogs
should be trained well in advance for such application. Ground penetration radar signal penetrated the
ground and reflected signal is analysed with the transmitted signal. So, cost involved in the hardware
device-based leak detection is usually high. Software method we need the pressure flow and temperature
values before and after the leak. Based on the values dynamic equations are required to analyse the leak.
In pressure point analysis the pressure across various points are measured if any change in pressure it
will detect the leak. Software are method involves large computational work compared to hardware
method of analysing the leak detection. In many cases both hardware and software method are used.
However, combining with hardware methods will help to find the leak more accurately.

In this project both hardware and software methods are used to analyse the leak detection. Flow sensors
are used in the project. The flow sensors pulse output is the source for the change in flow rate due to
leak occurring in pipes. The volume or bass balance focus on the flow rate change. Flow sensors used
here is YFS201 hall effect sensor is used. By counting the pulses of the hall effect sensor flow rate is
determined. For processing the algorithm raspberry pi is used. Raspberry pi is the minicomputer which
has Wi-Fi inbuilt. Raspberry pi can have multitasking capability to run various program at a time. All
the sensors are connected to the raspberry pi for processing. Liquid leakage is a very hassling matter in
industries that needs to be addressed immediately; otherwise, it will cause huge economic and raw
materials losses. A plethora of papers are published in leak detection and location since 1920. Many
papers in this area because some of the fluids transported in the pipes are hazardous.
Review of literature
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Papers are published in the two broad area continuous and non-continuous system. The non-continuous
systems are Inspection by helicopter, tracking dogs, and even smart pigging [1]. However, since our
proposal is on continuous system literature survey is narrowed down to continuous system only. As
discussed earlier the continuous systems is divided into external and internal type systems. External
systems are fiber optic cable, video monitoring, semi-permeable sensor hoses and acoustic systems.
Internal systems are pressure point analysis, Real Time Transient Model (RTTM), Statistical systems,
Mass balance method-based systems and Extended RTTM [1].

Pressure point analysis is basically finding the pressure drop or the pressure profile measured at
individual points. Detection time for liquid pipelines is short, and only spontaneously occurring leaks
can be detected. The frequency of false alarms is quite high. Next type of internal leak detection system
is by Antoine Lavoisier's conservation of mass principle. This principle is mass in a closed system
remains constant and will not change by the processes within the system. The problem with this kind of
leak detection is that it does not consider the dynamic changes in the contents of the pipe, often taken
as line pack [2]. The time needed to detect leaks for both liquids and gases is longer and The frequency
of false alarms is high. Statistical leak detection systems account a previously determined variable for
statistical test. Detection times are longer, and frequency of false alarms is low. Common statistical
variables are pressure change over time and the result of a mass balancing. Real Time Transient Model
or RTTM systems can compensate for dynamic changes [2].

E-RTTM systems proposed uses the same principle of RTTM systems. Creeping and Spontaneous leaks
are detected, and accuracy is high, as with RTTM-based systems. The frequency of false alarms is
minimized or reduced completely with the use of pattern recognition [3].

Python as software for Raspberry pi has comfortability in programming as it is C based programming.
Python collects the value from the sensor and based on condition written in the coding it detects whether
the flow occurs. Output is given to the concerned authorities about the leakage warning. This helps the
authorities to arrest the leak in time hence the natural resource is saved. It also ensures proper supply of
water to the domestic and industrial supply.
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Methodology
It is common that pipes laid underneath the soil will have leak due to various reasons. But the wastage
of liquid used in the pipe having leak is high and losses incurred will also be high. The similar problem
is faced in Majis industrial services hence there arises a need to find method for leak detection without
disturbing the pipe laid underneath the soil. The proposed raspberry pi will have the solution to the
above said problem.

The proposed system can find the leak and it consist of four objectives
· Data collection
· Installation of real time pipeline system for testing locally
· Development of code using raspberry pi
· Validation of results

Based on the above facts following objectives are formed.
· Preparing a plan for effective data collection
· Developing block diagram for piping and identifying the components required
· Purchasing the components required
· Installation of pipeline for testing
· Assembling and writing program to detect leak
· Validation of results

Hence methodology was framed which is divided into four subsystems
· Data collection: To collect necessary data for simulation.
· Pipeline system installation: Model of pipeline system
· Development of program code for leak detection
· Validation of results

Based on the above methodology the following schematic diagram (Figure 1) is prepared for the
implementation of the project. Four sensors are taken because sensors 1 and 2 will find leak, sensors 3
and 4 also will find leak along with the leak we can know the pressure loss due to bend in pipes. All the
four sensors are connected to raspberry pi for processing the leak detection algorithm.
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Fig. 1: Block diagram of leak detection in pipes using Raspberry pi
The raspberry pi detects the leak based on the flow sensors output and algorithm. The result is displayed
in the PC. Based on the information the email algorithm written inside the raspberry pi will send email
to the concerned authorities.

Fig. 2. Raspberry pi connected to flow sensor for testing
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Fig. 3. Project real time model
In figure 2 Raspberry pi is connected to flow sensors 1 and 2 for testing and collecting the data before
connecting to the real system, arbitrarily air is blown to the sensor so that raspberry pi can take values.
After testing the sensors and raspberry pi both are connected to the real system. Real system consists of
Tank motors pipes and one tap. Tap is used to provide the leak. When tap is open leak occurs so the
flow sensor 1 and flow sensor 2 flow rate will be different.

This difference in flow rate will be given to raspberry pi. The same way sensor 3 and sensor 4 flow data
will be different if the leak occurs due to opening of tap. All these 4-sensor data will be sent to raspberry
pi for further processing and intimation of alert to the concerned person via email.

We need to note that sensors 3 and 4 are not placed for measuring leak but also to identify the pressure
loss due to bending in the pipes. Sensor 1 and sensor 2 flow rate will be different from sensor 3 and 4
when no leak occurs.

Results and Discussion
Table.1 shows the data collected from the raspberry pi which is logged in the excel sheet for monitoring
data which will be useful for future analysis in the industry. Table gives the information of what time
the leak has occurred between which sensors the leak has occurred so that they can identify the location
of the leak. When the sensor 1 value greater than sensor 2 value then leak has occurred.
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Table 1. Sensor 1 and 2 Data Logging

Table 2: Email communicated when leak occurred

Our aim of the project is to intimate when the leak occurs. In the Table 2 we can see the mail
communicated to the concerned person that leak has occurred. So even if the leak goes unnoticed this
mail will help them to control the leak in time in turn controlling the economic losses.

Conclusion
Leak detection is identified in the pipes using flow sensors and with the coding in the raspberry pi. After
the leak detection the data are logged in the excel sheet for future reference. At the same time email is
sent to the concerned authorities for monitoring and action. This will help to arrest the leak in time and
to prevent the contamination of water and economy loss in the near future.
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Abstract:
Drought stress is one of the high priority challenges facing the Sultanate of Oman in the agriculture
sector. Resurrection plants are a unique variety of land species that can withstand the intensive
desiccation of their growth during prolonged drought stress and frequently restore normal
biochemical and physiological mechanisms after absorption of water within hours. The goal of
this research is to investigate the effects of resurrection plant metabolites extracts on vegetative
growth, fresh yield and seed yield of pea (Pisum sativum L.) genotypes under different levels of
drought stress. Resurrection plants were collected from various regions of Sur, South Alsharqia,
Oman. This study examined the variations of drought tolerance in three pea genotypes (Master B
cv., Jaguar cv. and Balmoral cv.) and their resilience under a drought investigation. Cultivars were
exposed to different levels of drought including 50% and 25% of soil moisture content with or
without the application of the resurrection plants extracts which were applied at 50, 100 and 150
ppm. Drought stress significantly affected stem length, no. branches/plant, fresh pod length, fresh
pod diameter, no. green pods/plant, no. fresh seeds/fresh pod, fresh pod weight/plant, fresh pod
yield, seed weight/plant, seed yield and 100-seeds weight. Resurrection plants metabolites extracts
induced drought tolerance in all examined genotypes. The tolerance increased with increasing the
concentrations of the resurrection plants metabolites from 50 to 150 ppm. By comparison, the
interactions between resurrection plant metabolites (150 ppm) and the maximum drought regime
(25%) resulted in the largest number of fresh pods/plant in Jaguar cv. and produced the highest
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fresh pod and the number of seeds/fresh pods in Master B cv. however, the highest values of the
tested yield parameters were obtained in Balmoral cv. Analyzing total yield under drought stress
without and with resurrection plant metabolites and drought-tolerance indices of variance, the
Fischer and Maurer Stress Index, Fernandez Tolerance Index, Rosielle and Hamblin Tolerance
Index, Baron Geometric Index and Modified Tolerance Index, showed that the examined 3 pea
genotypes had high significant differences (p<0.05), suggesting the existence of genetic diversity
to drought stress and the biological effect of the resurrection plant metabolites. From the results,
it could be concluded that the use of adequate amounts of metabolites from resurrection plants is
one of the factors which could improve pea plants productivity under drought stress. In addition,
further study of resurrection plants and abiotic stress mechanism in vegetable crops are required.

Keywords: Pea (Pisum sativum L.), growth and yield, resurrection plants metabolites, drought
stress, induced tolerance, drought-tolerance indices.
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Introduction
Climate change has a considerable impact on sustainable agriculture and farming system of crops
production with diverse and heterolytic consequences, which are critically reliant on geographical
areas [1]. Environmental variables that directly threaten agricultural productivity are the gradual
rise in mean of drought and the increasing frequency and severity of severe weather events [2].
The water deficit is a growth- and yield-reduction constrains for crops worldwide [3]. Water
scarcity is identified to also have a profound effect on the planting, pollination and seed filling of
most of the crops [4]. Drought has a significant effect on crop yield; however, it is shown that the
magnitude of stress depends on the plant's phenological status [5, 6].

Pea (Pisum sativum L.) is a major fresh seasonal vegetable or legume crop grown all over the
world belonging to the Fabaceae family (Leguminosae subfamily Papilionoideae) and ranks the
fourth largest legume crop in the world. Pea is a popular vegetable that is cultivated as a significant
demand for human food and animal feeding due to the high nutritional content of its seeds. Green
peas are the best protein-containing vegetable with a protein content of 6-7% on a fresh weight
basis [7]. Pea plants require cold and wet climate. Drought causes early flowering before the
development of enough vegetation growth to have a good harvest. The dry environment is not
conducive for this crop, particularly during the flowering cycle and the growth of the pods. The
cumulative mean environment criteria for flower initiation varied and this data may be used to
assess the most appropriate conditions for various cultivars. Several approaches are used to raise
yields, including early sowing and the use of early flowering and ripening seeds. While there is
another significant aspect deciding the cultivar is the preferred commodity [8, 9, 10].

Resurrection plants are a rare group of soil plants that can withstand air-dried desiccation of their
plant growth (up to 5% relative water content, RWC) and restore regular biochemical and
physiological behaviors after wetting [11, 12]. In total, more than 1300 species, along with some
300 angiosperms, comprise the resurrection plants [13]. They show great geographical and
ecosystem variability. In order to adapt to severe drought, resurrection plants have evolved specific
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mechanisms to protect themselves against desiccation-induced damage [11]. Resurrection species
were observed between the individual plants in the population of experimental area in the
greenhouse at University of Technology and Applied Science, Sur. Therefore, in view of the above
facts, an experiment was carried out with the following objectives: to examine the genetic diversity
of pea genotypes and to investigate the effects of resurrection plant metabolites extracts on
vegetative growth, fresh yield and seed yield of pea genotypes under different drought regimes.

Materials and methods
A. Plant materials
Three pea varieties, Master B, Jaguar and Balmoral were used in this investigation; the seeds of
these three genotypes were obtained from the Horticulture Department, Faculty of Agriculture,
Minia University, El-Minia, Egypt. Characteristics of genotypes are shown in Table 1.
Table 1. List of pea varieties used in the present study and their characteristics of leaf type,
flowering time, seed shape and seed surface
Genotype
Leaf
Flowering
Seed shape
Seed
type
time
surface
Master B
Jaguar
Balmoral

Normal
Normal
Normal

Medium
Early
Early

Irregularly compressed Wrinkled
Irregularly compressed Wrinkled
Irregularly compressed Wrinkled

B. Drought treatments
Two different drought regimes (50% and 25% soil moisture content) were examined compared to
control (no drought). Five plants per plot per cultivar were evaluated for each of the drought
regimes and the applied experimental design was complete block design in split-split plots
arrangements with three replications which contained 4 levels of resurrection plants aqueous
extract, 3 levels of water stress and 3 pea cultivars. All other agricultural practices such as
fertilization and control of pests and diseases were performed as recommended for the commercial
production.
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C. Resurrection plants metabolites extraction and treatments
Plant shoots and roots of three resurrection plants, Leptadenia pyrotechnica, Euphorbia larica
Boiss and Rhazya stricta were harvested from Sur, South Alsharqia, Oman wild regions (Fig.1)
then explicitly air-dried for three days. Dry samples were completely ground and screened. Forty
grams of dried shoots and roots powder of each resurrection plant were extracted by soaking in
one-liter distilled water at 25°C for 24 hours. The extract was purified and filtered through a
Whatman No. 1 filter paper; these stocks were mixed and used to prepare a dilution sequence (50,
100 and 150 ppm) and conserved in a refrigerator at 4°C for treatments. Seeds of pea genotypes
were cultivated in a greenhouse and 10 days after sown, plants were thinned to 3 seedlings. Plots
were randomly allocated to one of the resurrection plant treatments for a span of 10 days from 10
to 30 days old from sowing. Another collection of plots was irrigated as a monitoring procedure
without resurrection plants aqueous extract.

D. Vegetative growth, yield components and seeds traits
Data were obtained from five randomly selected plants from each application and the following
traits were measured; stem length (cm), no. branches/plant, fresh pod length (cm), fresh pod
diameter (cm), no. green pods/plant, no. fresh seeds/green pod, fresh pod weight/plant (g), fresh
pod yield (ton/fed.), seed weight/plant (g), seed yield (kg/fed.) and 100- seeds weight (g).

E. Stress Tolerance Indices (STIs)
The Fischer and Maurer Stress Index (SSI), Fernandez Tolerance Index (STI), Rosielle and
Hamblin Tolerance Index (TOL), Baron Geometric Index (GMP) and Modified Tolerance Index
(MSTI) were used to identify pea genotypes reactions towards drought stress under resurrection
plants aqueous extract treatments using the following formulas as described by [14, 15, 16]:
Stress Susceptibility Index (SSI):
Ysi
SSI = (1 − Ypi ) / SI
SI = 1-

Ys
Yp

Tolerance Index (TOL):
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TOL = Ypi – Ysi
Stress Tolerance Index (STI):
Ypi x Ysi
STI = (Yp)2
Modified Stress Tolerance Index (MSTI):
Ypi x Ysi
MSTI = K ( (Yp)2 )
K= Ysi2 ⁄Ys2
Geometric Mean Index (GMP):
GMP = √Ypi x Ysi
Mean Productivity (MP):
Ypi+Ysi
MP = 2
Where:
Ysi=Yield of pea genotype x resurrection plants aqueous extract under stress.
Ypi=Yield of pea genotype x resurrection plants aqueous extract under normal conditions.
Ys=Total yield mean of pea genotype x resurrection plants aqueous extract under stress.
Yp=Total yield mean of pea genotype x resurrection plants aqueous extract under normal
conditions.
STI indices were analyzed, and for ease of discussion, the best linear unbiased predictors (BLUPs)
seen in the Figures are referred to as means and standard errors in the discussion.

University of Technology and Applied Sciences-Sur
P O Box 484, Sur, Sultanate of Oman

234

Journal of Applied Sciences, Technology and Innovation (JASTi)
Volume 1; Issue: 1
Published on: 20/01/2022
https://sur.cas.edu.om/Pages/JASTi.aspx

Fig. 1. Resurrection plants were collected from different areas of Sur, South Alsharqia, Oman (A), three plants
were used in this study: Leptadenia pyrotechnica (B), Euphorbia larica Boiss (C) and Rhazya stricta (D).

F. Statistical analysis
The analysis of variance of the data was carried out on the mean values of the tested genotypes
according to the procedures described by [17]. The least significant differences (LSD) at 5% levels
was used for testing the significance of the differences among the mean values of the tested
genotypes for each character. The experimental design was Randomized Complete Block Design
in split-split plots arrangement, with three replicates. Genotypes i.e., Master B cv., Jaguar cv. and
Balmoral cv. were placed in main plots, drought levels i.e., control (no drought), 50%, and 25%
water moisture were arranged in sub-plots. While the aqueous extract of resurrection plants i.e.,
Zero (control), 50, 100, and 150 ppm were organized in sub-sub plots.
Results
A. Vegetative growth
Plants vegetative growth of the analyzed three pea cultivars was investigated in vivo under three
levels of drought stress. Drought was mediated by controlling soil moisture through drip irrigation
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system to be 50% and 25% soil moisture content compared to the control (no drought). Drought
treatments chosen for studies identified moderate and severe drought conditions. Drought stress
significantly affected the vegetative growth of the three peas varieties. The combined analysis of
the effects of drought stress on the stem length and number of branches of plant grown under
drought conditions are shown in Figure 2. At harvesting time, stem length and number of branches
decreased as the drought regimes increased. In general, the three studied pea cultivars showed
more stem length and number of branches at the control level (no drought) than any of the two
different drought regimes (50% and 25% soil moisture content). The reduction was generally
greater in 25% soil moisture content, the 2nd drought stress regime. Jaguar cv. had the maximum
stem length and no. of branches. Master B cv. gave the shortest stem length (39.22 and 30.14 cm)
when Balmoral cv. had the greatest decrease in no of branches (1.3 and 1.01) under the 1st and 2nd
drought regime, respectively compared to no drought treatment (Fig. 2A and B).

Generally, increasing the aqueous extract of Leptadenia pyrotechnica, Euphorbia larica Boiss and
Rhazya stricta concentrations increased the stem length and number of branches of tested varieties
from no drought treatment to sever drought level. The highest values were observed by 150 ppm.
Balmoral cv. had the highest stem length and Jaguar cv. showed the greatest number of branches
when grown with elevated drought regimes (Fig. 2 A and B).

B. Yield and yield components
Pea yield and yield components were highly more variable due to drought conditions than the
growth response (Fig. 3, 4 and 5). The fresh pod length and the fresh pod diameter were observed
under the two drought regimes and compared to the control (no drought) as shown in Figure 3 A
and B. With respect to those pod traits, the three cultivars tested showed sensitive reaction to
drought stress as the fresh pod length and diameter were significantly decreased. Under control
conditions (no drought) and 1st drought regime (50% soil moisture content), Master B cv. and
Jaguar cv., respectively gave higher fresh pod length followed Balmoral cv. however, under the
severe drought stress (25% soil moisture content) Jaguar cv. had the lowest pod length. On the
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other hand, Balmoral cv. had the maximum fresh pod diameter under no drought and drought stress
regimes. Aqueous extract of resurrection plants improved the response of the pod traits to drought
stress. The fresh pod length and diameter increased with increasing the extract concentration under
drought stress from 50 ppm to 150 ppm. Master B. plants gave the highest values of both traits
under drought regimes when treated with 150 ppm of aqueous extract of resurrection plants
compared to the plants exposed to stress with zero resurrection extract concentration (Fig. 3 A and
B).

Fig. 2. Stem length (A) and no. of branches/plant (B) of three pea genotypes as affected by aqueous extract of
resurrection plants under two drought regimes (50% and 25% soil moisture content) compared to the control (no
drought). Values are means ±SE, (n=5) and the experiment was repeated three times.
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Fig. 3. Fresh pod length (A) and fresh pod diameter (B) of three pea genotypes as affected by aqueous extract of
resurrection plants under two drought regimes (50% and 25% soil moisture content) compared to the control (no
drought). Values are means ±SE, (n=5) and the experiment was repeated three times.

Likewise, cultivars plants showed a decrease in the number of green pods/plant and number of
fresh seeds/fresh pod due to drought as shown in Figure 4. The number of green pods/plant
significantly declined in Master B cv. although plants of Jaguar cv., and Balmoral cv., respectively
yielded a large number of green pods/plant (Fig. 4 A). At the same time, Balmoral cv. had the
lowest number of fresh seeds/pod, compared to Master B and Jaguar cultivars under drought stress
(Fig. 4 B). Jaguar cv. plants showed the highest no. of green pods/plant under drought 1st regime
when treated with resurrection plant extract 100 ppm. It was notable that no. of fresh seeds/fresh
pod significantly increased when the tested cultivars exposed to severe drought stress but treated
with 150 ppm of aqueous extract of resurrection plants. Master B. plants gave the highest number
followed by Jaguar and Balmoral plants (Fig. 4 A and B).
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Fig. 4. Number of green pod/plant (A) and no. seeds/fresh pod (B) of three pea genotypes as affected by aqueous
extract of resurrection plants under two drought regimes (50% and 25% soil moisture content) compared to the
control (no drought). Values are means ±SE, (n=5) and the experiment was repeated three times.

Pea production declined as a result of drought stress in all studied three cultivars, and there were
significant variations in the fresh pod weight/plant and fresh pod yield at the higher drought regime
among the cultivars (Fig. 5). With the drought stress regimes (50% and 25% soil moisture content),
all cultivars formed pods and the weight was significantly different from the production under
normal conditions (no drought). When cultivars were subjected to the highest level of drought
stress (25% soil moisture content), the weight of pods greatly declined in the three cultivars,
however, Balmoral cv. gave higher weight of fresh pods than the other cultivars. Concerning the
effect of aqueous extracts of resurrection plants on fresh pod yield of the tested cultivars, data
recorded that all treatments caused increasing in pod fresh weight under drought stress. In parallel
statistical analysis of the combined data indicated that Balmoral cv. plants and closely followed
by Jaguar cv. plants had the highest fresh pod weight/plant and fresh pod yield when exposed to
the 2nd drought regime and 150 ppm of resurrection plants extract (Fig.5 A and B).
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C. Seeds yield traits
Data in Figure 6 showed that seeds weight/plant, seeds yield and 100-seed weight were
significantly affected by drought stress among pea cultivars. In general, the three studied pea
genotypes had more seeds weight/plant, seeds yield and 100-seed weight at the control level (no
drought) than any of the two different drought regimes (50% and 25% soil moisture content),
although cultivars differed significantly in 50% and 25% soil moisture content. The highest seeds
weight/plant and seeds yield were observed in Balmoral cv. followed by Jaguar and Master B
cultivars, respectively under normal conditions and drought stress regimes. On the other hand,
Jaguar cv. gave the highest 100-seed weight followed by Balmoral and Master B cultivars.
Treatments with resurrection plants extract significantly improved seeds traits under normal
conditions as well as under different drought regimes. Balmoral plants produced the highest seeds
traits under drought stress when the plants treated with 100 and 150 ppm resurrection plants extract
with significant differences (Fig. 6 A, B and C).

Fig. 5. Fresh pod weight/plant (A) and fresh pod yield (ton/fed.) (B) of three pea genotypes as affected by aqueous
extract of resurrection plants under two drought regimes (50% and 25% soil moisture content) compared to the
control (no drought). Values are means ±SE, (n=5) and the experiment was repeated three times.
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Fig. 6. Seeds weight/plant (A), seeds yield (kg/fed.) (B) and 100-seed weight (C) of three pea genotypes as affected
by aqueous extract of resurrection plants under two drought regimes (50% and 25% soil moisture content)
compared to the control (no drought). Values are means ±SE, (n=5) and the experiment was repeated three times.

D. Effect of resurrection plants extract on stress tolerance indices
Genetic differences in yield traits are of the greatest importance from the standpoint of water
deficit. Evaluating production under drought regimes (50% and 25% soil moisture content) (Ys),
yield under control (no drought) (Yp) with or without resurrection plants extracts treatments using
a wide range of stress tolerance indices is shown in Table 2. Drought stress-tolerance indices of
variance and mean comparisons showed that the 3 pea cultivars tested had high significant
differences (p<0.05), indicating the presence of genetic variation due to drought stress. The use of
resurrection plants extracts had a major suppression effect of the tolerance indices. Genotypes
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treated with resurrection plants extracts showed much more tolerance to drought stress. In
Balmoral cultivar, the highest yield was observed in drought stress and/or drought stress with
resurrection plants extracts treatments (YS), mean productivity (MP), geometrical mean
productivity (GMP), and stress tolerance index (STI), and the variations were significant. Balmoral
differed greatly from Jaguar cv. and Master B cv. in its maximal yield in non-stress conditions
(Yp). On the other hand, the least MP, GMP, and STI indices were recorded in Master B cv. which
also gave the highest Stress Susceptibility Index (SSI) and Stress Tolerance (TOL). Moreover, this
cultivar had the lowest yields in drought stress and non-stress conditions (Table 2).
Table (2): Tolerance indices of 3 genotypes of pea (Pisum sativum L.) under drought stress
conditions without or with of aqueous extracts of Leptadenia pyrotechnica, Euphorbia
larica Boiss and Rhazya stricta resurrection plants
Pea cultivars
SSI*
TOL
STI
Drought regimes without resurrection plants treatments
Master B
0.615
1.500
2.294
Jaguar
0.491
1.768
6.585
Balmoral
0.444
1.878
9.970
Drought regimes with resurrection plants treatments
Master B
0.244
2.788
7.877
Jaguar
0.177
2.773
15.731
Balmoral
0.183
3.950
21.943
L.S.D (0.05)
0.0074
0.152
0.349

MSTI

GMP

MP

2.027
22.052
55.291

1.514
2.566
3.157

2.910
4.513
5.411

82.097
300.637
589.535
6.558

2.807
3.966
4.684
0.254

4.054
5.784
6.825
0.601

*Stress Susceptibility Index (SSI), Stress Tolerance (TOL), Stress Tolerance Index (STI), Modified Stress Tolerance
Index (MSTI), Geometric Mean Productivity (GMP), Mean Productivity (MP).

Discussion
The complexity of water scarcity, diminishing agricultural land, soil salinity, hyper-arid climate
and future effects of global warming in the Gulf Cooperation Council (GCC) countries i.e. The
sultanate of Oman is constraining local economic agricultural production to meet the food
requirements of existing and ongoing population expansion. This has raised serious questions
about food security which has emerged as a priority to be achieved in the sultanate of Oman
according to Oman vision 2040. Therefore, the main objective of the current research is to use
agricultural approaches that can cause stress tolerance in crops. The genetic diversity was studied
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in three pea genotypes under drought stress with and without resurrection plants extracts.
Resurrection plants are naturally occurring wild species in Sur areas.
In this research, drought stress significantly affected the vegetative growth, yield and seed
characteristic of the three peas varieties. Environmental factors affect the pea crop significantly
during seed development. Meanwhile, environment is known to affect the establishment of the pea
crop, the growth and development of seeds, as well as during seed development, both within and
above the crop canopy [8]. Pea requires cold and wet climate. High temperature and/or drought
cause decrease in potential crop yield [9, 10].
Aqueous extract of resurrection plants improved the response of the studied traits to drought stress.
Parts of this response could be explained by unique metabolites, including a diverse array of
sugars, phenolic compounds, and polyols, some of which accumulate to high concentrations within
the plant cell of resurrection plants. In addition to drought stress, these metabolites particular
secondary metabolites were proposed to contribute to the protection against other abiotic stresses
and to an increased oxidative stress tolerance [11, 12, 13]. Further research is needed to understand
the mechanism of tolerance in these wild species, so that it can make effective use of the natural
resources to induce stress tolerance in vegetable crops.

Conclusion
It can be concluded that vegetative growth, yield and seed traits of pea cultivars; Master B, Jaguar
and Balmoral were suppressed and significantly affected by the treatment of aqueous extracts of
Leptadenia pyrotechnica, Euphorbia larica Boiss and Rhazya stricta resurrection plants under
normal conditions and drought stress regimes. Generally, drought stress significantly affected the
growth and yield of pea genotypes. Increasing the aqueous extract of resurrection plants
concentrations increased the vegetative growth, yield and seed traits from no drought treatment to
sever drought level. Statistical analysis revealed substantial variations between control and drought
regimes at various concentrations of resurrection extract, and the highest values were observed at
150 ppm. The application of resurrection plant extracts had a significant suppression effect of the
tolerance indices. Genotypes treated with resurrection plant extracts showed a much higher
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tolerance to drought stress. In addition, further studies of resurrection plants and mechanisms for
abiotic stress in vegetable crops are required. These conclusions will address the vision of Oman
2040 to stimulate investment, especially in the agricultural sector, in order to achieve local food
security. The adoption of the agronomic method is related to the perception of increasing the
productivity of vegetable crops, prolonging production seasons and enhancing quality in a safe
and clean manner and rationalizing the use of natural resources.
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Abstract:
Sweet potato is a dicotyledonous plant belonging to the family of Convolvulaceae. It is an
important root tuber crop which is cultivated in a number of regions. Sweet potatoes are the seventh
most important crop in the world. The main objective of this study is to determine the most efficient
genotype of sweet potato, as well as the form or combination of plant growth regulators that
provide a balance between vegetative and root growth in seedlings. These seedlings could be used
to produce sweet potato in early planting. Tissue culture is a competitive concern of biotechnology,
capable of growing the quality and quantity of vegetable-propagated sweet potatoes. The
experiment was performed In Vitro to study the reaction of three sweet potato genotypes: Abis,
American and Menofia-6 to various forms of growth regulators, IAA at 0.5 mg L−1, GA3 at 1 mg
L−1 and Kinetin at 0.1 mg L−1 either solely or in combination. The stem nodes of the previous
genotypes were tissue cultured on MS medium complemented by seven treatments of growth
regulators. MS medium without growth regulators was used as a control treatment. The findings
revealed that Abis cv. was superior in many traits, showing the maximum plant height (23.92 cm)
and roots fresh weight (314.0) on MS without growth regulators. It also showed the highest number
of roots (4.200) and shoots fresh weight (1174.0) while using IAA + GA3 however, the highest
number of leaves (15.63) was obtained with Kinetin alone. Abis cv. also recorded the highest
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content of chlorophyll B (2.775) with IAA and the highest content of carotenoids (0.6710) when
using IAA + GA3 and Kinetin. On the other hand, Menofia-6 cv showed the highest shoot dry
weight (17.20) and root dry weight (13.30) when using GA3 + Kinetin. In addition, the highest
chlorophyll A content (2.049) was shown with IAA + Kinetin and the highest root length (16.37)
with MS supplemented with IAA. Also, the American cv. had the highest shoot length (7.650)
under the same treatment. By comparison, the American cv. generated the lowest values for most
traits such as plant length (8.633), shoot length (2.350), root length (6.390), number of leaves
(4.833), shoot fresh weight (70.67), root fresh weight (64.00) and root dry weight (3.700) under
control treatments. From the results obtained, it may be inferred that the existence of growth
regulators is essential, however, that the type and concentration would be different on the basis of
the genotype. Roots is of immense value, as the development of a good root system is vital for the
future acclimatization of the plantlets and for the subsequent growth in the field, since the roots
facilitate the absorption of nutrients and water from the soil and produce yield.

Keywords: Sweet potato (Ipomoea batatas (L.) Lam.), plant growth regulators, vegetative and
root growth, In vitro analysis.
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Introduction
Sweet potato (Ipomoea batatas (L.) Lam.) is a dicotyledonous plant belonging to the
Convolvulaceae family. It is a valuable root tuber crop that is cultivated in many agro-ecological
habitats [1]. It grows in more than 166 countries in the tropics, subtropics and mild temperate
regions of the world [2]. The optimal soil for the production of sweet potatoes is sandy and
nutritious soil, which has a high capacity to drain excess water [3]. Sweet potato is the seventh
most valuable crop in the world. Annual production is estimated at 113 million tonnes. China has
been ranked the world's first and largest producer of sweet potatoes with annual production of 71.8
million tonnes, accounting for 64 % of global production, followed by Malawi (5.5), Nigeria (4.0),
Indonesia (2.0) and Ethiopia (2.0) million tonnes [4].

Both leaves and sweet potato roots have a high nutritional value due to their high protein and
mineral content [5]. They also provide numerous medicinal advantages such as anti-cancer, antibacterial, anti-mutagenic [6], anti-inflammatory, antifungal, antioxidant, antiulcer, antiviral,
antidiabetic, immunomodulatory, hepatoprotective and wound healing effects [7]. Sweet potatoes
are an essential substitute source of starch [1], dietary fiber, protein, iron, calcium and vitamin C
[8]. It is also found to be a very effective source of vitamin A precursor beta carotene [9]. Sweet
potatoes could be used in industry as raw materials for the production of starch, flour, flakes and
sweets. It can also be used as a biomass for biofuel processing and in-house cooking [10, 11].

Sweet potatoes are typically propagated in the field by vine cuttings or tuberous roots, which
expose them to fungi, bacteria and virus infections [12]. Sweet potato new multiplication method
provides a feasible alternative to the traditional process of sweet potato propagation [13]. Tissue
culture, in vitro processing, is a very effective method to enhance the quantitative and qualitative
traits of the crop [12]. Tissue culture techniques have been one of the most efficient strategies of
in vitro vegetative propagation from which a large number of standardized and stable plant species
are generated. Sweet potato plants propagated by tissue culture mature faster and are more robust;
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leading to rapid growth than plants propagated by traditional methods. Plant hormones induce a
major shift in the morphology of explant tissue growth. They can also boost the growth of certain
culture tissues that grow slowly and establish the pathway for plant cells to mature [14].

In the meantime, this experiment was performed to research the in vitro reaction of certain sweet
potato genotypes to various types of plant growth regulators. This study was undertaken to find
the most effective form and concentration of plant growth regulators, as well as the genotype that
ensures a compromise between vegetative and root growth in plantlets. These plantlets could be
used for the production of sweet potato seedlings, which can be used in early planting.

Materials and methods
The present study was implemented in the tissue culture laboratory and experimental farm of the
Department of Horticulture, Faculty of Agriculture, Minia University, El-Minia, Egypt from the
period of 2017 to 2021.

A. Plant materials
Three sweet potato genotypes were used for this analysis: Abis cv., Menofia-6 cv. and American
cv. The source roots of Menofia-6 cv. and American cv. were obtained from the Horticulture
Department, Faculty of Agriculture, Minia University, El Mina, Egypt, however, roots of Abis cv.
were obtained from Horticulture Department, the Agricultural Research Center (ARC), Mallawi,
El Minia, Egypt. Abis cv. and American cv. have an orange flesh color however, Menofia-6 cv.
has a creamy flesh color.

B. In vitro propagation
Tissue culture method was used for the rapid micro-propagation of the three sweet potatoes
cultivars described above. In order to harvest the explants, sweet potato roots of the studied
genotypes were placed in water for five weeks until slips emerged (about 9 cm long) as clear in
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Figure. 1. In a sequential process, the tips of the slips were separated (about 0.5-1.0 cm) and finely
cleaned. The tips were then surface sterilized in a solution of mercuric chloride which was prepared
by dissolving 0.1g HgCl2 in 1ml HCL and the final volume was adjusted to one liter for 15 minutes
and thoroughly rinsed with sterile distilled water three times and introduced into tissue culture.
Thereafter, surface sterilized explants of all genotypes were cultured on Agar-solidified (8 gL−1)
and sucrose (30 gL−1) Murashige and Skoog (MS) basic medium [15]. The pH was modified to
5.7±0.1 before the inclusion of Agar and the corresponding autoclaving to 121°C and 15 psi for
20 min.

Fig. 1 Sweet potato roots after the slips emergence.

Tissue excision, implantation and transfer procedure were carried out under sterile conditions. The
cultured slips shoot tips were incubated for 6-8 weeks in the incubation room at 25±2oC and white
cool fluorescent bulbs supplying approximately 90 μmol/m2/s of PPFD. After the incubation
period, the shoot tips developed to plantlets, to be followed by this experiment, 60 gars of each six
cultivars were prepared, giving 120 plantlet )4-7cm) each one containing 3-6 nodes (Fig. 2).
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Fig. 2 Abis cv. (A), American cv. (B)and Menofia-6 cv. (C). The cultured slips shoot tips were incubated for 6-8
weeks in the incubation room at 25±2oC and white cool fluorescent bulbs supplying approximately 90 μmol/m 2/s of
PPFD.

C. Growth regulators treatments
Individual stem nodes were transferred to jars containing 50 ml of MS growth medium, 30 g L-1
sucrose and 8 g L-1 Agar supplemented with three different kinds of growth regulators, Indole
Acetic Acid (IAA at 0.5 mg/L), Gibberellic Acid (GA3 at 1 mg/L) and Kinetin (Kin at 0.1 mg/L)
either individually or in combinations as follow:
T1: (MS without growth regulators)
T2: (MS + IAA)
T3: (MS + GA3)
T4: (MS + Kin)
T5: (MS + IAA + GA3)
T6: (MS + IAA + Kin)
T7: (MS + GA3 + Kin)
T8: (MS + IAA + GA3 + Kin)

pH was adjusted to 5.7 and plantlets were allowed to grow for 4 weeks to test the effect of growth
regulators. Thirty plantlets per replicate per genotype were evaluated for each of the eight
treatments and the experiment was repeated three times. All subcultures were maintained under 16
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h photoperiod, 25 + 2 °C and white cool fluorescent bulbs providing approximately 90 µmol/m2/s
PPFD.

D. Recorded data
To examine the effect of growth regulators on the sweet potato plantlets growth, morphological
and physiological traits were recorded in the three genotypes. Plantlet height (cm), plantlet roots
length (cm), plantlet shoot height (cm), number of plantlet leaves, number of plantlet roots, roots
fresh weight (g), shoots fresh weight (g), roots dry weight (g), shoots dry weight (g), chlorophyll
A, B and total carotenoids were evaluated.

E. Statistical analysis
The experimental design was a 3 × 8 (sweet potato genotypes × treatments) factorial experiment
in a randomized complete block with three replications (n= 30). The data obtained from this study
were analyzed using MSTATC software version 4 (1996). Differences among potato genotypes
were tested by an analysis of variance (ANOVA), and mean significant differences were tested by
the Least Significant Difference (LSD) test at the 0.05 level of significance.

Results
A. Effect of growth regulators on plantlets morphology
A.1. Plantlet height, shoot height and root length
The data in Table 1 showed that the highest plant height was observed in the MS media without
growth regulators (control treatment) with Abis cv. (23.92 cm) followed by American cv. (23.28
cm) in MS amended with IAA and Menofia-6 cv. (20.44 cm) in MS without growth regulators
however, the same treatment showed lowest plant height with American cv. (8.633cm). The
maximum shoot height was recorded for American cv. (7.650 cm) on MS with IAA treatment
followed by Abis (7.633 cm) on control treatment and Abis (7.180 cm) on MS supplemented with
kinetin. The lowest shoot lengths were observed in American cv. (2.350 cm) and (2.837 cm) when
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grown on control and GA3 treatments, respectively. The maximum mean of root length was
obtained in Menofia-6 (16.37 cm) which cultured on MS+IAA followed by (16.28 cm) and (16.00
cm) with Abis and Menofia-6 cultivars, respectively when cultured on control treatment. On the
other hand, the lowest root length (6.390 cm) was recorded for American cv. on hormone free MS
media followed by (8.893 cm) with menofia-6 on media with a combination of IAA+ GA3.

A.2. Number of roots and number of leaves
Abis cv. developed the highest number of roots when cultured on MS with IAA+ GA3 (4.200 cm)
and MS with kinetin (4.0 cm), respectively followed by American cv. (3.867 cm) in MS with IAA.
On the other hand, MS with GA3 treatment inhibit the root growth and gave the lowest number of
roots (2.100cm) was with Abis cultivar. Regarding the number of leaves, the maximum value
(15.63cm) was found on MS media amended with kinetin in case of Abis cv. followed by
(14.93cm) when using MS with IAA and (14.67cm) in control treatment with American and Abis
cultivars, respectively. American cv. produced the lowest number of leaves (4.833cm) under
control treatment (Table 2).

A.3. Shoots and roots fresh and dry weights
The obtained date in Table 3 showed that the Abis cv. had the highest shoots fresh weight
(1174.0mg) and roots fresh weight (314.0 mg) under IAA+ GA3 and control treatments,
respectively however, the American cv. gave the lowest shoots fresh weight (70.67 mg) and roots
fresh weight (64.00 mg) when cultured on MS without treatments. The American cv. also resulted
in the lowest shoots dry weight (1.700 mg) and roots dry weight (3.700 mg) while using IAA+
GA3 and control treatments, respectively. On the other hand, Menofia-6 cv. showed the highest
shoots dry weight (17.20 mg) and roots dry weight (13.30 mg) on MS supplemented with GA3 +
kinetin.
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B. Effect of growth regulators on total chlorophylls A, B and total carotenoids
The results in Table 4 indicated that the highest concentration of chlorophyll A was observed in
Menofia-6 plantlets (2.049) cultivated in MS supplemented with IAA + kinetin followed by
American plantlets (2.033) and Abis plantlets (2.028) when cultured in MS with kinetin and MS
with GA3, respectively. While the lowest concentration of chlorophyll A was observed in Abis cv.
(1.296) with IAA treatment. MS with IAA gave the highest concentration of chlorophyll B (2.775)
in Abis cv. followed by Menofia-6 (1.680) and American (1.675) on IAA+ kinetin and kinetin
alone, respectively. On the other hand, Abis and American plantlets recorded the highest
carotenoids content (0.6710) when using MS with IAA + GA3 and MS with kinetin followed by
Abis cv. (0.6680) with MS without growth regulators. While that the lowest content of carotenoids
was observed on American cv. (0.5760) in MS with GA3 + kinetin.

Table 1. Effect of various combinations of growth regulators on plant height, shoot height and root length in three
genotypes of sweet potatoes.
Plant height
Shoot height
Root length
Genotypes
Treatments*
(cm)
(cm)
(cm)
Control
23.92
A
7.633
A
16.28
A
IAA
13.35
HIJK
3.173
G
10.17
FGH
GA3
17.73
C
3.340
FG
14.39
B
Kin
20.35
B
7.180
A
13.18
C
Abis
IAA+GA3
16.66
CD
3.840
DEF
12.82
CD
IAA+ Kin
20.05
B
4.117
DE
15.87
A
GA3+Kin
16.41
CDE
5.873
B
10.54
EF
IAA+GA3+Kin
12.93
IJK
3.230
FG
9.717
FGH

American

Control
IAA
GA3
Kin
IAA+GA3
IAA+ Kin
GA3+Kin
IAA+GA3+Kin

8.633
23.28
11.91
15.07
16.10
15.58
16.85
15.55

L
A
K
DEFG
CDE
DEF
CD
DEF
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2.350
7.650
2.837
3.360
5.877
3.843
3.800
5.743

H
A
GH
FG
B
DEF
EF
B

6.390
15.63
9.077
11.71
10.22
11.74
13.05
9.623

I
A
GH
DE
FGH
DE
C
FGH
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Genotypes

Menofia-6

Treatments*
Control
IAA
GA3
Kin
IAA+GA3
IAA+ Kin
GA3+Kin
IAA+GA3+Kin

Plant height
(cm)
20.44
B
20.22
B
15.75
DEF
13.70
GHIJ
12.07
JK
14.79
EFGH
14.07
FGHI
15.95
DE

LSD (0.05)

1.532

Shoot height
(cm)
4.443
D
4.117
DE
5.010
C
3.407
FG
3.173
G
5.193
C
3.857
DEF
3.863
DEF

Root length
(cm)
16.00
A
16.37
A
10.74
EF
10.30
FG
8.893
H
9.523
FGH
10.22
FGH
12.20
CD

0.5445

1.193

*The experiment was performed In Vitro to study the reaction of three sweet potato genotypes: Abis, American and Menofia-6 to
various forms of growth regulators, IAA at 0.5 mg L−1, GA3 at 1 mg L−1 and Kinetin at 0.1 mg L−1 either solely or in combination.
MS medium without growth regulators was used as a control treatment.

Table 2. Effect of various combinations of growth regulators on number of roots and number of leaves per plantlet
in three genotypes of sweet potatoes.
Genotypes
Treatments*
No. of root
No. of leaves
Control
3.400
CDE
14.67
A
IAA
2.133
HI
6.267
HIJ
GA3
2.100
I
5.900
HIJK
Kin
4.000
AB
15.63
A
Abis
IAA+GA3
4.200
A
9.033
E
IAA+Kin
2.500
GHI
6.267
HIJ
GA3 +Kin
3.767
BCD
10.90
CD
IAA+GA3+Kin
2.633
G
6.667
FGHI

American

Control
IAA
GA3
Kin
IAA+GA3
IAA+Kin
GA3 +Kin
IAA+GA3+Kin

2.200
3.867
2.433
2.133
3.800
2.800
2.733
3.367
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HI AB
GHI
HI
BC
FG
FG
DE

4.833
14.93
5.133
5.700
11.67
7.767
5.467
12.60

K
A
JK
IJK
BC
F
IJK
B
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Genotypes

Menofia-6

Treatments*
Control
IAA
GA3
Kin
IAA+GA3
IAA+Kin
GA3 +Kin
IAA+GA3+Kin

No. of root
3.633
2.733
3.067
2.467
2.533
3.700
2.133
2.767

LSD (0.05)

BCD
FG
EF
GHT
GH
BCD
HI
FG

No. of leaves
9.733
DE
6.133
HIJK
10.13
DE
7.167
FGH
5.500
IJK
11.67
BC
7.700
FG
6.500
GHI

0.3619

1.136

*The experiment was performed In Vitro to study the reaction of three sweet potato genotypes: Abis, American and Menofia-6 to
various forms of growth regulators, IAA at 0.5 mg L−1, GA3 at 1 mg L−1 and Kinetin at 0.1 mg L−1 either solely or in combination.
MS medium without growth regulators was used as a control treatment.

Table 3. Effect of various combinations of growth regulators on shoots and roots fresh and dry weights in three
genotypes of sweet potatoes.
Shoot fresh
Root fresh
Shoot dry
Root dry
Genotypes
Treatments*
weight (mg)
weight (mg)
weight (mg)
weight (mg)
Control
288.0
BCD 314.0
A
5.800
I
7.600
D
IAA
164.7
CD
100.7
LM
6.200
H
5.000
K
GA3
169.3
CD
92.67
M
4.300
K
4.900
K
Abis
Kin
236.0
BCD 164.7
GH
6.000
HI
5.900
FGHI
IAA+GA3
1174.
A
227.3
E
16.10
B
11.50
B
IAA+Kin
215.3
CD
135.3
J
8.700
E
6.300
F
GA3 +Kin
174.0
CD
150.0
I
2.800
N
5.200
JK
IAA+GA3+Kin
114.0
D
94.67 M
6.000
HI
7.200
E

American

Control
IAA
GA3
Kin
IAA+GA3
IAA+Kin
GA3 +Kin
IAA+GA3+Kin

70.67
286.7
124.7
170.0
185.3
273.3
173.3
273.3

D
BCD
D
CD
CD
BCD
CD
BCD
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64.00
252.0
116.7
108.7
192.7
155.3
96.00
284.7

O
CD
K
KL
F
HI
M
B

3.400
4.400
7.500
7.100
1.700
11.20
6.800
3.900

M
K
F
G
F
D
G
L

3.700
6.300
8.200
5.500
6.000
8.200
5.700
6.300

M
F
C
IJ
FGH
C
HI
F

Journal of Applied Sciences, Technology and Innovation (JASTi)
Volume 1; Issue: 1
Published on: 20/01/2022
https://sur.cas.edu.om/Pages/JASTi.aspx

Genotypes

Menofia-6

Treatments*
Control
IAA
GA3
Kin
IAA+GA3
IAA+Kin
GA3 +Kin
IAA+GA3+Kin

Shoot fresh
weight (mg)
380.7
BC
252.0
BCD
156.7
D
111.3
D
99.33
D
177.3
CD
442.0
B
130.0
D

Root fresh
weight (mg)
258.0
C
147.3
I
170.0 G
91.33 M
80.67 N
165.0 GH
242.0 D
108.0 KL

Shoot dry
weight (mg)
15.10
C
8.600
E
2.300
O
5.300
J
5.000
J
3.500
M
17.20
A
6.100
HI

Root dry
weight (mg)
4.500 L
7.000 E
5.900 FGHI
6.200 FG
5.800 GHI
6.200 FG
13.30 A
5.900 FGHI

180.7

10.55

0.3467

0.3915

LSD (0.05)

*The experiment was performed In Vitro to study the reaction of three sweet potato genotypes: Abis, American and Menofia-6 to
various forms of growth regulators, IAA at 0.5 mg L−1, GA3 at 1 mg L−1 and Kinetin at 0.1 mg L−1 either solely or in combination.
MS medium without growth regulators was used as a control treatment.

Table 4. Effect of various combinations of growth regulators on chlorophyll A, chlorophyll B and total carotenoids
in three genotypes of sweet potatoes.
Genotypes
Treatments*
Chlorophyll A
Chlorophylls B
Carotenoids
Control
1.720
GHI
1.005
E
0.6680
A
IAA
1.296
M
2.775
A
0.5890
E
GA3
2.028
AB
1.596
B
0.6430
CD
Abis
Kin
1.920
CD
1.370
C
0.6590
ABC
IAA+GA3
1.576
J
0.6490
GH
0.6550
ABCD
IAA+Kin
2.028
AB
1.553
B
0.6440
BCD
GA3 +Kin
2.044
A
1.553
B
0.6510
ABCD
IAA+GA3+Kin
1.710
HI
0.7220
FG
0.6710
A

American

Control
IAA
GA3
Kin
IAA+GA3
IAA+Kin
GA3 +Kin
IAA+GA3+Kin

1.679
1.511
1.429
2.033
1.982
1.361
1.943
1.770

I
JK
KL
AB
ABC
LM
BCD
FGH
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0.7890
0.7880
0.5630
1.675
1.389
0.5310
1.273
0.9910

F
F
H
B
C
H
CD
E

0.6670
0.6660
0.6520
0.6400
0.6580
0.6490
0.5760
0.6710

A
AB
ABCD
CD
ABC
ABCD
E
A
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Genotypes

Menofia-6

Treatments*
Control
IAA
GA3
Kin
IAA+GA3
IAA+Kin
GA3 +Kin
IAA+GA3+Kin

Chlorophyll A
1.863
DE
1.980
ABC
1.830
EF
1.498
JK
1.801
EFG
2.049
A
1.493
JK
1.834
EF

Chlorophylls B
0.9220
E
1.237
D
1.149
D
0.6120
GH E
0.9520
B
1.680
GH
0.5870
E
0.9220

0.08010

0.1246

LSD (0.05)

Carotenoids
0.6570
ABC
0.6530
ABCD
0.6610
ABC
0.6340
D
0.6620
ABC
0.6510
ABCD
0.6580
ABC
0.6610
ABC
0.01838

*The experiment was performed In Vitro to study the reaction of three sweet potato genotypes: Abis, American and Menofia-6 to
various forms of growth regulators, IAA at 0.5 mg L−1, GA3 at 1 mg L−1 and Kinetin at 0.1 mg L−1 either solely or in combination.
MS medium without growth regulators was used as a control treatment.

Discussion
In the regeneration of sweet potatoes, the appropriate growth regulator combination proportion
and the origin of the explant are crucial elements for achieving high regeneration performance
[16]. In the proposed work, the propensity of sweet potato genotypes to regenerate plants is
affected by the form of growth regulators and combination. Genotypes, composition and
concentration of growth hormones in the media were documented to trigger the rate of spread as
well as the nature of growth of different plant species, including sweet potatoes [17].

In the current research, Abis cv. gave the highest values for most of the studied morphological and
physiological traits (Fig. 3). Control treatment (MS without growth regulators) showed highest
plant height with Abis and Menofia-6 cultivars. Similar results were reported by [18] who reported
that the basal MS produced taller plants than other treatments. However, American cv. showed
minimum plant height, shoot and root length under control treatment. These findings demonstrate
that appropriate form, concentration and combinations of treatments vary among genotypes.
Similar results were obtained by [19] who reported that different sweet potato varieties respond
differently to in vitro shoot induction media. Meanwhile, MS and IAA treatment with American
cv. led to a remarkable increase in plant height, shoot length, root length, no. of roots and no. of
leaves. These results were similar to the finding of [20] which found that the best response for root
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length, fresh weight, root number and plantlet height were obtained in cassava plantlets which
cultivated in MS medium supplemented with 1.0 mg/L IAA.

The root growth of sweet potatoes is very important trait. The lowest number of roots was observed
in GA3 with Abis cv. Similar results were reported by [21] who revealed that GA3 didn’t display
any growth response in nodal explants of cassava. By contrast, nodal explants showed the highest
mean of length and number of shoots when cultured on MS medium supplemented with GA3 (40
µM) [22]. The maximum leaves number was found on MS media amended with kinetin and Abis
cv. Similar results were recorded by [12] who obtained maximum shoot leaves while using BAP
(2.5 mgL-1). On the other hand, the lowest mean number of leaves were observed with MS medium
containing BAP (5.0 mgL-1) as reported by [23].

Fig. 3 Regeneration of sweet potato, Abis cv. under various treatments of growth regulator combination.

Menofia-6 cv. showed the highest dry weight of shoots and roots on MS supplemented with GA3
+ kinetin. These results were similar to those found by [24] who confirmed that the GA3 in
combination with BA induced significant values of plant height, number of leaves, number of roots
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and total fresh and dry weight for the whole sweet potato plants. The high concentration of
chlorophyll A was observed in Menofia-6 on media supplemented with IAA + kinetin. While the
lowest concentration was observed in Abis with IAA. These results were similar to those reported
by [24] who found that the largest total chlorophyll concentration was obtained on MS media
containing with BA 0.1 +0.5 NAA mg/l and the lowest concentration of total chlorophyll
concentration was obtained on MS media amended with 0.5 IAA mg/l.

Conclusion
There are major variations between each cultivar and between the different combination of growth
regulators. Sweet potato varieties react in different ways to in vitro induction media. Genotypes,
chemical composition of growth hormones in the media were documented to influence the rate of
propagation and the existence of development of the different genotypes of sweet potatoes.
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