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The Corona Virus 2019 (COVID-19) pandemic has negatively impacted teaching and learning globally, imposing
widespread closure of schools from the elementary to tertiary levels. As of 14 April 2020, teaching activities of over
1.75 billion students globally were disrupted in about 200 countries that have implemented full or partial lockdown
across the world. At the time of writing, the duration of the current pandemic cannot be ascertained. Therefore, the
teaching and learning process should also adapt to the new normal, which includes suitable social distancing, self-
isolation and other disruptive guidelines outlined by the World Health Organization. Thus, more than ever, COVID-19
has now emphasized the necessity to embrace different and flexible methods of teaching and, by extension, learning.
Therefore, e-teaching and e-learning have emerged as complementary solutions that reduce disruption to educational
activities. Despite having a solution in online teaching to reduce the effect of COVID-19 on education, it’s noteworthy
that the solution is not available to every educator, learner and school, especially in developing countries. In
developing countries, especially across Africa, lack of awareness of the existing online teaching resources and their
suitability for remote attendance teaching and lack of skill sets required for using the resources are the issues impeding
online teaching. This paper reviews and evaluates twenty-two (22) remote attendance teaching resources, their special
features and system requirements. The technical requirements, suitability, and limitations of each application are
considered. The implementation challenges of using the resources are discussed, and some solutions are recommended.

Keywords: COVID-19, online teaching resources, learning tools, web conferencing, digital divide

Introduction

Governments around the world have to close down edu-
cational institutions temporarily, from the elementary to
tertiary levels, in an attempt to contain the spread of the
COVID-19 pandemic. This is in addition to recommended
non-medicinal intervention and preventive measures like
social distancing, self-isolation and a high regime of per-
sonal hygiene through frequent hand washing (Viner et al.
2020; Remuzzi and Remuzzi 2020; Bayham and Fenichel
2020). Similar school closures took place during the 2009
Swine flu outbreak in the USA and Mexico, the flu pan-
demic in 1968 which originated from Hong Kong,
Asian flu of 1958, and the 1918-1919 Spanish flu and
Ebola Disease of 2014, among others as shown in
Table 1. School closures and restriction of movement
have been found to be effective in slowing down the
spread of the infectious disease and allowing governments
to buy time to conduct research into medical solutions to
the disease (Cohen and Kupferschmidt 2020). The spread
and effects of the COVID-19 pandemic are foreseen to
have far-reaching consequences (Armitage and Nellums
2020; Li et al. 2020).

Developing countries are also affected by COVID-19,
and most of them have taken similar measures as the
developed world (Gilbert et al. 2020). However, the
effect of the pandemic is more severe in developing
countries as a result of a lack of preparedness and the
absence of infrastructure, among other reasons (Lloyd-
Sherlock et al. 2020). Currently, there is no certainty as
to when schools will be reopened; hence, the loss to

education cannot yet be estimated. Unlike money and
materials that can be recovered over a period of time as
the economic situation gets better, time cannot. This is
particularly true for educational activities where examin-
ations, resumption, holidays, teaching practice, fieldwork,
and internships are tied to particular time and seasons of
the year. The COVID-19 pandemic has placed urgent
global needs for skilled workers with abilities to work
under the new normal, with little or no personal contact,
to deliver goods and services required for human survival.
The world needs the services of more medical doctors,
health workers, skilled volunteers, Internet-automated
machine operators, researchers and teachers with special
skills while the COVID-19 pandemic lasts. Only recently
are developing countries enforcing and making gains in
educating the vulnerable ones in the society such as
children and women (King and Hill 1993; Patrinos and
Psacharopoulos 2020). Therefore, more especially in
developing countries, this is not the time to completely
stop teaching and learning because of COVID-19 lock-
down and school closure. It is rather a time to adopt
new and flexible methods of teaching and learning
while complying with the preventive measures against
the spread of COVID-19.

Developing countries are more likely to be significantly
impacted by the COVID-19 pandemic in terms of disrup-
tion to its educational institution. This is because most
African schools, from elementary to tertiary, heavily
depend on the conventional face-to-face teaching method
and have rarely practised virtual teaching before the
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Table 1: Some notable disease outbreaks and duration of lockdown.

No. of

S/ Disease Code Country of No. of Countries

No. Ref. Outbreak Name Year Origin Deaths Affected Duration

1 (WHO Corona Virus COVID- 2019 Wuhan, China  341,1557 Global 31 December 2019—
2020b) 19 Date

2 (Nature Swine flu HINI1 2009 United States 12,220 208 18 March 2009-27th
2009) and Mexico December 2009

3 (WHO Ebola EBOV 2013 Guinea 11,310 10 December 2013-Jan
2020a) Disease 2016

4 (Clark 2008)  Influenza H2N2 1957 Guizhou, 1-4 million  Global February 1957—

China

5 (Tumpey Influenza HIN1 1918-  Spain 50 and 100  Global 15 months (Spring

et al. 2005) pandemic 1919 million 1918-summer 1919)
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Figure 1: Short-term impacts of COVID-19 on their organizations and institutions (Monitor 2020).

COVID-19 pandemic due to the lack of supporting infra-
structure and the skills required to use the online teaching
resources (Adeyinka 1975; Kotoua, Ilkan, and Kilic
2015). A survey on the global impact of COVID 19 on
organizations and institutions, including educational insti-
tutions is shown in Figure 1; it can be seen that the effect
of COVID-19 on education is substantially worse in the
developing world, especially in Africa. This is because a
significant number of African parents have limited edu-
cation or are not educated at all, and hence cannot engage
their children in home teaching while the COVID-19 pan-
demic lasts. Many high schools and tertiary institutions in
the developed countries have been practising online teach-
ing before COVID-19 to complement face-to-face teaching
thus having a notable presence on the Internet, and sub-
scriptions to online teaching resources (Huwiler 2015).
Conversely, only a few higher institutions in Africa had
ever practised online teaching before the COVID-19 pan-
demic. Significant numbers of teachers and lecturers in
African schools have limited or no access to the Internet
(Karachiwalla 2019; James 2019; Warf 2019) and do not

have exposure to online teaching resources despite their
availability on the Internet (Warf 2019).

The result of a study on the accessibility to the Internet
in some regions of the world is shown in Figure 2.

The aim of this paper is to examine web conferencing
tools which are suitable for teaching and learning. There-
fore, we use these words ‘web-conferencing tool’ and
‘teaching and learning tool’ interchangeably. The objec-
tives of this paper are to (i) describe some notable
online pedagogical resources that can be used for teaching
while the COVID-19 pandemic lasts; (ii)) compare and
contrast the suitability and limitations of the resources;
(iii) enumerate their technical features and requirements,
and use cases; and (iv) determine the best among the
resources, given the peculiarity of the African Continent
and recommend them to teachers. The online pedagogical
resources considered are RingCentral video, GoToMeet-
ing, Pexip, zoom, TeamViewer, EzTalk, CISCO Webex,
Skype, Apache Openmeeting, Join. Me, Google
Hangout, Adobe Connect, BlueJeans, OmniJoin, Google
Meet, Lookup, Vidyo, Avaya, Google Classroom, Star
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Figure 2: Percentage of Internet users per region for year 2019 (de Argaez 2020).

Leaf, Polycom and Skype for Business. Furthermore, this
study is to create awareness for the resources and encou-
rage teachers in developing countries to use them for
teaching during and post-COVID-19 lockdown. In this
paper, web conferencing solutions and web conferencing
applications are used interchangeably. In most places
where mentioned, web conferencing intends to capture
online teaching. The research is also guided by the follow-
ing research questions.

I. Which among the available video conferencing sol-
ution is/are suitable for e-learning in developing
countries?

II. What are the possible implementation challenges hin-
dering the switching over to e-learning platforms
during the COVID-19 lockdown?

To guide literature search, the review, the choice of
web conferencing applications, and the criteria for data
analysis, the authors have developed a conceptual frame-
work around two key components relating to web confer-
encing applications for online teaching in developing
countries: (a) the applications that can replace or partially
replace traditional face-to-face learning and teaching
experience, and (b) the affordability of the applications
considering the poverty level in developing countries.
On the concept of traditional face-to-face learning, the
authors consider the web conferencing solutions that
allow teachers and students to see, hear, and interact
with one another and get feedback in realtime. The afford-
ability of the solutions, the cost of subscription and Inter-
net data requirement by the applications to do video calls,
audio calls, share screen and lecture notes between tea-
chers and students and engage in team working would
also be considered. The framework of this study is the

ways and means to minimize the impact of the COVID-
19 pandemic on education. The paper is not suggesting
the permanent replacement of face-to-face classroom
teaching with online teaching.

Conferencing applications used for online teaching
and learning

Web conferencing has now become a huge and success-
ful development in business communication as a result
of improved telecommunication networks. Web confer-
encing is a multimedia communication system that
allows the sharing of computer screens, web-based con-
tents or individual applications in real-time among net-
worked computers (Suduc, Bizoi, and Filip 2009). This
is because web conferencing can be organized to
support teamwork, engage in seminars/business meet-
ings, give lead presentations, conduct customer-relation
support and, more recently, conduct online education
(teaching and learning). Some web conferencing appli-
cations used for online teaching has some other sophis-
ticated features such as polling, whiteboarding and
annotating, chat discussions, etc. (Suduc, Bizoi, and
Filip 2009; Islam 2019) that make them suitable for
real-time interaction between teachers and learners.
Web conferencing creates a media space among partici-
pants in disperse locations through the Internet and some
electronic technologies for the enablement of partici-
pants’ presence to exchange ideas, information or knowl-
edge (Alqurashi 2019; Winfield 2004). Web
conferencing platforms can be accessed using a web
browser or by downloading the app on various devices.
However, it is often advisable to download and install
the application client for a better experience. With web
conferencing, one can bring together thousands of
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people spread across the world with a similar interest to
engage in communication. In general, web conferencing
is a term that describes different kinds of collaborative
services such as webcasts, webinars (web seminars)
and peer-level web meetings that are available over the
Internet. Web conferencing is possible with the use of
TCP/IP connections over the Internet. Web conferencing
solutions in their early stage could only send text mess-
ages over the Internet. Over time, the integration of
audio and, finally, video was possible (Alqurashi 2019;
Berry 2019).

Webcasts

A webcast is basically a broadcast over the Internet that
can either be delivered live or on-demand (Sun and Liu
2019). It is a form of web conferencing which involves
the integration of audio and video conferencing using
the streaming technology to transmit a prerecorded
event or live event over the Internet. Just like the tra-
ditional TV and radio broadcast, a webcast is usually
deployed in a non-interactive linear setting, that is, its
communication mode is one-to-many (Ana-Maria,
Bizoi, and Filip 2009). It can be extensively used in a uni-
versity that offers some form of distance learning, an
enterprise that wants to engage in a conference call, to
hold a press conference, and lots more. It is important
to note that webcast is different from conventional TV
or radio broadcast because it is transmitted over the Inter-
net using streaming media technology. Webcasting is
characterized by a host, sometimes hosts, with a large
audience who have the required multimedia application
to view the broadcast on the Internet using any devices
however they cannot interact with their presenter (Yu
et al. 2000; Zoumenou et al. 2015).

Webinars
A webinar is a short-form of a web-based seminar. In
other words, it is an interactive seminar, presentation,

f)

)

A

.

meeting, workshop, lectures, and teaching that are trans-
mitted online (Kalinina 2015; Lieser, Taf, and Murphy-
Hagan 2018). A webinar is another category of web
conferencing that has more sophisticated features such
as file/document sharing, shared desktop, polling, chat,
whiteboarding, and lots more. These advanced features
make them especially useful for teaching and learning.
A webinar is basically designed for one-to-one (unicast),
one-to-many (broadcast or multicast), many-to-many
(multi-peer) or many-to-one (anycast) communications
and said to be more collaborative because it involves
the use of interactive features to engage in communication
with its audience (Lieser, Taf, and Murphy-Hagan 2018).
Figure 3 illustrates the one-to-many communications
mode.

Benefits of web conferencing

Several reasons could hinder the physical availability of
people with similar interest to meet up in a particular
place at a particular time (Ana-Maria, Bizoi, and Filip
2009). Web conferencing solutions ensure that people
come together over the Internet using their networked
devices in lieu of physical presence. Web conferencing
allows employers to keep in touch with their employees,
lecturers to reach out to students, trainers to instruct trai-
nees, etc., with the use of Internet infrastructure and some
collaboration techniques (Ana-Maria, Bizoi, and Filip
2009).

One of the main objectives of using web conferencing
is to bring people together in an online forum with no
limitation of distance and time, thereby saving time,
travel cost, and resources. Travelling down to a meeting
point can be arduous and hectic, which might affect the
efficiency of teamwork (Ana-Maria, Bizoi, and Filip
2009; Weissman 2006). Some of the factors to consider
when travelling down to a venue for a meeting or pro-
gramme are flight cancellations or delays, traffic bottle-
necks along the roads, etc. In setting up a face-to-face
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meeting, there is at least an individual that will handle the
organizing, booking the meeting room and scheduling the
appropriate time for the meeting. These activities are also
applicable to a university lecture. However, web conferen-
cing is a more convenient way of setting up a meeting as it
only takes less time by taking advantage of high-speed
network and the web conferencing tool flexibility and
also requires much fewer resources to set up.

Another benefit of web conferencing is the ability to
bring colleagues in disparate locations together to
discuss business, work on projects, and make important
business decisions. With the special features in web con-
ferencing solutions, a team can share important files and
documents in a timely manner, thereby improving the effi-
ciency and productivity of the business. Participants only
make little effort in joining the meeting via web conferen-
cing platforms. Web conferencing solutions have a feature
to allow meetings with the likelihood of more users to join
the meeting without distracting or interrupting the
ongoing meeting. Through web conferencing, decisions
are reached faster, and knowledge is shared widely, non-
value-added expenses are avoided, and the business pro-
ductivity is positively affected (Ana-Maria, Bizoi, and
Filip 2009; Twine and Brown 2011).

Web conferencing solutions are two folds. Not only
can it provide official meetings such as lectures in univer-
sities, but it can also take advantage of the flexibility to aid
online teaching. Web conferencing solutions have features
to enhance learning via the web. With the range of
amazing features available in those tools, learning will
be easy as knowledge and ideas can be easily shared
using the likes of annotating/whiteboarding, shared desk-
tops, sharing of individual applications etc. (Weissman
2000).

Limitations of web conferencing applications for
online teaching

The main drawback in the use of web conferencing
resources for teaching and learning are the cost of pur-
chasing the tools, Internet accessibility, and acquisition
of skills required to use them. However, there are
cheaper platforms with limited capabilities and features
which can be successfully used in some cases (Ana-
Maria, Bizoi, and Filip 2009). Furthermore, in response
to the effect of COVID-19 lockdown, some of the appli-
cation providers now have free subscriptions, especially
if used for educational purposes. However, teachers
need to acquire the skill set required to use the appli-
cations. On the other hand, the cost of acquiring a high-
end platform can be compensated for by the cost and
time required to travel to schools or meeting places. Gov-
ernment intervention in subsidizing the cost of the Inter-
net accessibility, training of teachers, and provision of
online teaching resources can also reduce other liabilities
of online teaching.

Other notable limitations of web conferencing, as it
applies to online teaching, are miscommunication, lack
of physical interaction and minimal supervision. Since
class members are not physically together, effective com-
munication must prevail to ensure the class achieves the
highest level of productivity. It is also important that the

class members or different groups understand their
respective tasks and positions throughout the course of
the engagement to achieve the aim and objectives of the
interaction (Suduc, Bizoi, and Filip 2009). The effective
use of communication skills, clarity of audio, enforcement
of discipline, and thorough engagement of participants
can be used to overcome some of the problems.

Review of some web conferencing solutions/software
Jfor online teaching
Web conferencing requires less time and effort to set up
and engage participants in a meeting; hence, certain
requirements must be satisfied for participants to have a
smooth and better experience of the conference, more
especially when it is used for teaching and learning pur-
poses. Depending on the type of web conferencing plat-
forms one purchases, every vendor has their unique
conditions for setting up and using the platform.
Participants must have a compatible operating system
installed in their PC (Windows, Linux, or Macintosh Plat-
form) or mobile (Android, iOS or Windows) to support
the sharing of file and application. A functioning and
fast Internet connection, preferably high-speed is rec-
ommended, to ensure optimal delivery (Botchkarev,
Zhao, and Rasouli 2010). Furthermore, a web browser
that is compatible with the choice of the web conferencing
solutions should be installed for a client to have a greater
experience. A speaker, a working microphone and camera
for optional video broadcasting are also necessary (Botch-
karev, Zhao, and Rasouli 2010; Swanson, Renes, and
Strange 2019). On most of these platforms, log-in creden-
tials or authentication (single or multiple) are expected to
be created or carried out for participants to log-in and
ensure that there are no cases of security breaches. Secur-
ity is important to ensure private and confidential meet-
ings can take place on these platforms. Below is a brief
review of some notable web conferencing applications
used for online teaching. It is worth pointing out that
the providers of these tools update the tools from time
to time, and add more features or remove some other fea-
tures based on need and complaints. The descriptions rep-
resent the current state of these tools.

RingCentral VIDEO (RingCentral Inc)

This is a tool that provides instant messaging, voice call,
group conferencing and screen sharing with recording
facility on a RingCentral platform. It can be used on a
browser, desktop or on a mobile device. It was developed
by Ringcentral Inc, and it can host up to 500 participants
with high-quality experience anywhere, anytime on a
computer or mobile device. It has a free version that
allows up to 100 users for 40 min (StarLeaf 2020). It
also allows for screen sharing, file sharing or the use of
whiteboards with the aim of getting work done faster. It
allows participants to highlight the shared content with
annotated tools. It allows for chatting between partici-
pants scheduling hosting and joining meetings. It is inte-
grated with Microsoft Office and G-suit. For one-to-one
video with none High Definition (HD) call 600 kbps is
required for both upload and download; however,
1.2 Mbps is required for HD. It offers a maximum video
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quality of 1280 x 720 at 30 fps. It is compatible with com-
puters operating on Windows 7 and above, Mac OS X
Snow Leopard and above, Android 5 and above. It cur-
rently only supports Chrome web browsers. It employs
security standard such as Secure Real-Time Transport
Protocol (SRTP) and Transport Layer Security (TLS)
(StarLeaf 2020)

GoToMeeting (LogMeln.)

It is a web-hosted real-time collaboration tool that
markets itself as a user friendly and effective screen
sharing tool. It is a software package that provides
video conferencing, mobile conferencing, and recording
facility between users. The screen of the host can be
broadcasted to others. Like most of the other web confer-
ence tools, there are different packages with different
offers. It can host up to 3000 participants for video confer-
encing with the enterprise package. Some of the packages
allow for high-definition video, personal meeting rooms,
and no meeting time limit, among other features
(Lipschutz 2011). A user has the option to either use the
device audio or select the option of using a phone call.
It also allows for dial out to participants. It was created
by LogMeln and all users using the app can chat with
each other while on the meeting. It can be used on an
Android device with Android 2.2 or higher Operating
software, Windows 7 and above, Windows XP, Vista
and Mac OS X 10.9 (Mavericks), Mac OS Catalina
(10.15). The recommended requirement is 1 GHz CPU
or higher. It also requires a 2GB or more RAM, in micro-
phone and speakers if using the device audio. It requires a
2 GHz or more of processor speed and a minimum of
700 kbps bandwidth for screen sharing, a video and
audio conferencing (Noll and Belur 2018). Depending
on the selected plan, up to 25 participants can share
their webcam at a time and up to 250 participants can
dial in to join the meeting from their computer or
mobile device. It employs the use of authentication pro-
vided by a Secure Socket Layer (SSL). It also uses authen-
tication and end-to-end 128-bit Advanced Encryption
Standard (AES) (Lipschutz 2011; Lynn 2010). The tool
also allows for security features like locking meeting
rooms, HIPAAA and risk-based authentication. The
business account also includes features like transcripts.
A participant can either be an organizer, attendee, or a pre-
senter, each of them having a different level of access.

Pexip (Pexip Holding Asa)

Pexip is a software-based collaborative tool that provides
seamless interoperability and collaboration service
between technologies that offer video and audio technol-
ogies. It has the ability to allow users using different plat-
forms like Skype for Business, Google Hangouts,
Microsoft Team, among others to interoperate. It
markets itself as a video communication tool that empow-
ers people across borders that allows users to be seen,
heard and included. It was a product of two merged com-
panies; Pepis, founded in 2012 and Videxo founded in
2011(StarLeaf 2020). It requires a Pexip infinity environ-
ment using the infinity connect cable client that allows
teams or organizations host web conferencing on-

premises or on a cloud service, for example, Google
Cloud, Microsoft Azure. The infinity connect can be
used on Google Chrome version 27 and above, Mozilla
Firefox version 20 and later, Microsoft Internet Explorer
10 and later versions and Apple Safari version 6 and
later versions. On the desktop, it is compatible with
Microsoft Windows 7 and later, Mac OS X 10.7 and
later and Ubuntu Linux. It also requires about 0.5-
3 Mbps per port, depending on the call control setup. It
enables video conferencing, audio conferencing and
meeting recording. It employs TLS certificates and auth-
enticated SIP trunks for enhanced security (StarLeaf
2020).

Zoom (Zoom Video Communications, Inc.)

This is a tool that allows users to join meetings or webi-
nars online using the zoom mobile app on Android and
i0S, among others. It provides instant messaging, voice
call, recording, screen sharing, video conferencing, key-
board and mouse sharing, active speaker and individual
muting (Robertson 2020). Recently zoom became one
of the most popular of the web conferencing facilities,
and it markets itself as the leader in modern enterprise
video communication with an easy and reliable cloud
platform (Robertson 2020). Depending on the chosen
plan, up to 49 participants can share videos on the
screen at a time and up to 1000 video participants can
join the meeting anywhere on any device. Zoom allows
for both dial-in and dial-out, and it allows all participants
to be able to share their screen, and take control of the
other user’s computer if permitted by the host. It offers
both free and paid versions; however, the free version is
limited to 40 min of meeting time. It also has a special
educational package and allows users to chat during a
meeting or webinar. It requires 800 kbps and 1.0 Mbps
for upload and downloads, respectively, for high-quality
video. It works on Mac OS X with Mac OS 10.7 and
later versions, Windows XP or later, Ubuntu 12.04 or
higher, Red Hat Enterprise Linux, Oracle Linux 6.4 or
higher, and CentOS, among others. It is supported on
browsers like Chrome H30+, Firefox, Mac Safari, Edge,
among others. It is recommended that the system should
have a minimum of 4 GB RAM memory and 1 GHz pro-
cessor or higher. Zoom’s architecture provides encryption
and communication that are established using 256-bit
TLS encryption while shared content uses AES-256
encryption. In addition, it offers the host the right to
keep users in waiting rooms, lock meeting rooms, pass-
word protect meeting rooms and the ability to remove
users, among other security features.

TeamViewer (TeamViewer GmbH)

This is a tool for remote control and remote support that
markets itself a handy tool used in connecting remote
devices. It was founded in Germany while equity firm
Permira, took it over in 2014. Each user has an ID and
a password and which, if shared, can allow another Team-
Viewer to take control of the other user’s computer (Dru-
garin, Draghici, and Raduca 2016). It offers different
packages from the free version to the paid version, allow-
ing from three hour up to eight hour sessions. It is more of
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a tool that allows remote access of another user’s compu-
ter and connecting remote devices. It allows secure and
flexible file sharing, remote printing, web conferencing
online meeting and access to attendee’s devices. It is sup-
ported on a variety of platforms, including Mac OS,
Android, i0S, Windows and Linux, among others.
Several remote sessions can run within the browser tabs
concurrently on Mac OS. It requires at least 6Mbit/s and
IMbit/s for download and upload connections, respect-
ively. TeamViewer is built on end-to-end 256-bit AES
encryption and two-factor authentication among other
security features (Drugarin, Draghici, and Raduca 2016).

Eztalkss (ezTalks Technology Company Limited)

It is an enhanced quality cloud-based web conferencing,
online meeting tool and hardware tool for large enter-
prises. It markets itself as the most secure video conferen-
cing software that allows up to 100 participants in one
conference and at no cost. It requires a camera, a codec
unit, video display, microphone and speakers (Lee
2017). It also requires desktop endpoint software which
is compatible with Mac, iOS and Android clients. It is
also supported on browser Firefox and Chrome among
others. It allows for instant messaging, meeting rooms,
recording, whiteboard and screen sharing.

CISCO Webex (CISCO Company)

It is an enterprise solution video conferencing, audio con-
ferencing, instant messaging, screen sharing and meeting
recording tool. It markets itself as the leader in video and
team collaboration. It is an American company formed in
2007 resulting from CISCO systems acquired Webex. It is
a cost-effective solution that can host up to 100 partici-
pants in the video conference at a cheap monthly price
depending on the user’s requirement. It also markets a
pack for education and classes (Webex 2014). The plat-
form is enabled through the CISCO Webex Cloud, and
participants can attend from various kinds of devices.
Depending on the plan, up to 2000 participants can
attend a web conference. CISCO Webex operates on
Windows from Windows XP and later versions and Mac
10.6 Snow Leopard and later versions. It also works on
a number of browsers such as Internet Explorer 8 and 9,
Mozilla 10 and above, Safari and Google Chrome. It
runs an end-to-end encryption service for those who
require enhanced security. It also offers flexible meeting
passwords and data centre security. It offers different fea-
tures to different users, depending on the user’s role, such
as host, alternative host, presenter, panellist, attendee and
site administrator (Webex 2014).

Skype/ Skype FOR BUSINESS (Microsoft)

This is a communication tool that allows audio conferen-
cing, video conferencing, instant messaging, screen
sharing and meeting recording between Skype users on
computers, tablets, mobile devices, Xbox one game
console and smart watches over the Internet. It is comple-
tely free to use with other Skype users. It was acquired by
Microsoft in 2011 and allows users to register and have a
unique Skype ID for free. To contact another user using
Skype, a Skype ID is required. It can host up to 50

attendees from anywhere and all devices. However, it
also offers services that allow a Skype user to call or
send SMS to mobile phones and calls to landlines from
a Skype account. This is charged at a different rate
depending on the country and if it is a mobile or landline
that is being called. However, it does not offer the ability
to call emergency numbers in some countries while this
service is offered in countries like the USA, UK, Austra-
lia, Denmark and Finland. It allows for messages to be
sent to other users when they are offline and such mess-
ages can be retrieved when the user is online. It can be
used on iOS, android Nokia X among others and on
desktop the app can be installed on Windows, MacOS,
and Linux. Skype also allows third parties to offer their
services. Skype is widely used for educational purposes
among teachers or even students and it offers services
such as Skype in the classroom. The bandwidth require-
ment of Skype depends on the type of call and the
number of participants. If it is used just (Berson 2005;
Chen et al. 2006) for calling it requires about 30 kbps
for both upload and download and 4 Mbps and 128 kbps
for download and upload, respectively, with seven or
more users making a video call. It works on Windows
X and above but cannot be used on browsers without
downloading the app. Skype is not considered to be as
secure as it does not offer an end-to-end encrypted VoIP
system. Skype for Business allows a large organization
to add more people to join. Up to 250 people can join
online meetings and it is integrated into Microsoft
Teams. It offers enterprise-grade security. It does have
its own app different from Skype.

Apache OpenMeeetings (Apache Software Foundation)
OpenMeetings is an open-source software, used for con-
ferencing tools that provides audio conferencing, video
conferencing, instant messaging, meeting recording and
screen sharing. It is based on Red5 media server,
HTML and Flash and it is based on open source. It’s an
open-source tool allowing developers from different
countries to collaborate but the main project development
moved to Russia in 2011. Collaboration is effortless using
the Apache OpenMeeetings platform and it requires the
installation of the app before it can be used. It can allow
up to between 50 and 100 concurrent users using the
open meeting. Each of the users can have about 20
users in each room. The capacity varies greatly depending
on the web meeting type and number of speakers or listen-
ers; it runs on the most widely used operating system such
as Linux, Windows and Mac OS. It does not offer end-to-
end encryption and has a number of security vulnerabil-
ities due to the open nature.

Join.me (LogMeln Inc.)

This is an online tool that offers audio conferencing, video
conferencing, and screen sharing, for fast and easy
meeting joining. It allows the use of whiteboards and
also allows for personalized meeting invites. This makes
it stand out from some other tool that allows for only a
generalized invite. It markets itself as a tool that avoids
pointless processes, politics and protocol by allowing
more things to be done by a single click and better on
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mobiles. It offers both free and paid packages with differ-
ent features and it is available on Windows 7 and above
Mac OS and Linux among other operating systems.
Both the free and paid packages allow for meeting time
as long as it is required. It offers dial-out options and
VolIP. It offers unlimited bridged audio conferencing. It
also allows the use of whiteboard among other features.
It allows the integration of Microsoft office 365 and
outlook. It does not require the attendee to download a
plugin therefore it makes starting a meeting faster and
easier. Depending on the plan, this platform can host up
to 250 attendees in one conference. For security, it
offers 256-bit TLS encryption and it claims it does not
store any files image or data during meetings. A
minimum of 1 Mbps of bandwidth is required for both
the viewer and the presenter for sustained and full-
screen sharing.

Google Hangouts (Google)

Google Hangouts is a communication software devel-
oped by Google for keeping in touch with one person
or a group of people or friends. It is available on
mobile or desktop and it provides instant messaging,
audio conferencing, video conferencing, recording and
screen sharing. It integrates VoIP, Google voice and IP
telephony products. This platform is integrated into
Gmail and Google+, and compatible with multiple com-
puting devices. Chat history is saved online, thus allow-
ing for synchronization when using multiple devices. It
allows 25 concurrent users and offers an educational
package. It allows for integration on both Android and
iOS and it allows easy integration into Google Chrome
where users do not need to install a plugin unlike if
other browsers are used. It integrates different Google
products such as Google chat Google voice and
Google Meet among others. It works on Mac OS X,
Windows, Chrome or Ubuntu. They are built into
YouTube, Gmail and Google Voice. It requires a
minimum of 256 and 512 kbps for upload and download,
respectively. For the best experience and with more than
two users on a call 900 kbps and 2 Mbps are rec-
ommended for upload and download, respectively.
Google Hangouts has a number of security issues as
only hangout conversations are encrypted and it
doesn’t offer end-to-end encryption; rather, messages
are encrypted in transit.

Google Meet (Google)

Google Meet is Google’s premium video conferencing
software offered as part of the G-suite. It was originally
paid only but recently offered free to use as a result of
the challenges of COVID-19. It allows users to turn on
and off their microphone and camera, share screen and
see other participants. It allows for HD calls but does
not allow additional effects like status messages or
emojis like hangout. Unlike Google Hangouts one can
change the layout of the screen to see who is currently
talking or other users. Google Meet allows for users to
easily join meetings on computers or on mobile devices.
Its system requirements and many other features, like
security, are the same with Google Hangout.

GOOGLE CLASSROOM (Google)

This is a free web service that is also developed by Google
for schools and Universities. It is dedicated to making
classroom requirements like allowing assignment and
sharing of files between teachers and students. It incorpor-
ates other Google services like Google Drive, Google
calendar and document and Gmail. Google Classroom
allows students to be invited via the institution database
or via the use of private code. Google Classroom allows
for up to 20 teachers per class, 1000 members of a class
(teacher and student) and also allows for live streaming
for viewers within the same domain (Iftakhar 2016). It
allows recording which can be saved onto the Google
drive. It also allows the teachers to post announcements
while students can comment on it. It allows for the incor-
poration of YouTube videos and it can be accessed via the
web, Android or i0S devices.

Adobe Connect (Adobe Inc.)

This web conferencing tool provides audio conferencing,
video conferencing; screen sharing, recording, breakout
rooms, instant messaging and individual muting. Depend-
ing on the plan, the platform can host up to 1500 atten-
dees. It markets itself as the most secure, and flexible
with extensible features for web conferencing. It allows
users to design their own experience with customized
pods, images and personalized layout. It also allows a
measure of how engaged the audience is through the mul-
tiple chat rooms and simultaneous breakout rooms.
During a live session, it allows the presenter and the
host to collaborate behind the scene. It offers both free
and paid packages with different levels of features. It
also offers educational packages where virtual classes
can be conducted for up to 200 users. However, the
webinar package allows up to 100 users. It recommends
256 kbps as the minimum bandwidth for participants or
attendee of a meeting. It operates on Windows, Mac
OS, Linux, mobile devices among others (Connect
2014). It can connect on major browsers, like Chrome,
provided add-in is enabled. It is not end-to-end encrypted
but offers transit encryption with a single key using the
Transport Layer Security (TLS) encryption versions 1.1
and 1.2. It also offers encryption to passwords that are
stored on its database.

LoopUp (LoopUp Group PLC)

This is a premium web conferencing tool that allows
video streaming, and screen sharing among other fea-
tures. It was founded by Steve Flavell and Michael
Huges. It uses dial-out functionality while allowing the
use of a link to join. After joining, a user is directed to
a web page where the user would be able to see others
on the call. Users can also be called on the phone with
guidance on how to engage in a meeting. LoopUp
markets itself as a collaborative software that allows for
collaboration with simplicity. It is a premium service,
hence does not have a free version except the free 1-
month trial for 3000 min. It works on Google Chrome,
Microsoft Edge and other major browsers with the
latest release version. It also works on mobile browsers
like iOS and Android devices. It requires 1000 kbps for
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excellent video call and 150 kbps for an acceptable video
call. The video streams are encrypted using AES 128-bit
encryption.

Vidyo (Vidyo Inc.)

This is a video conferencing tool, founded by Ofer
Shapiro, that provides software-based collaboration tech-
nology. It markets itself as a platform that integrates with
any application environment, network and device with the
aim of delivering quality experience while fostering long
term relationships. It allows users to be able to join meet-
ings without downloading the application. It operates on
Windows 7 and above, Mac OS X 10.10 or higher. It
offers security features that are protected through the
use of IP addresses. It also offers encrypted services
(Fernandes and Baron 2015).

StarLeaf (StarLeaf Limited)

This is a web conferencing tool established in 2008 by
Mark Loney, Mark Richer and William Macdonald (Star-
Leaf 2020). It offers interoperability with Skype for
Business, Zoom Polycom, Lifesize among other conferen-
cing tools. It markets itself as a tool that is designed to
enhance productivity and seamless collaboration. It
offers messaging service, screen sharing, recording
among other features. It requires 1.5 Mbps of bandwidth
for both upload and download for ideal connection. It
works on Windows 7, i0S9.0, Mac OS 10.12 and
android 6.0 or the later versions. It offers robust security
features such as encryption services endpoint
authentication.

POLYCOM (Polycom Inc.)

Polycom offers video and voice services using its dedi-
cated hardware. It was founded by Brian L Hinman and
offers a wide range of hardware for video conferencing.
Unlike some of the other tools discussed, it is not based
on software. Their hardware is called a conference
phone and it is connected with a telephone line or to a
computer system. Unlike the conventional telephone
line, it allows the use of Internet phone service using
Voice over IP (VoIP) (Lambert 2004). The equipment
can cost up to 100,000 USD and the subscription fee
varies.

LIFE SIZE (Serenova, LLC)

This is a web conferencing tool that offers high-definition
video conferencing and collaboration tools. It was
founded by Crig Malloy and Michael Kenoyer in 2003.
It markets itself as a high definition and anywhere experi-
ence. It works with Microsoft Team, Skype for Business,
Outlook Polycom among others. It has a free version that
allows for unlimited meeting time and other paid services
with more features. It allows up to 1000 users for the
enterprise version, chatting services among the partici-
pants, recording series and Microsoft integration. It
requires a high-resolution webcam to experience the full
resolution. A 2 Gbit of RAM and Quad processor is rec-
ommended. The bandwidth requirement depends on the
resolution required. 1 Mbps can allow up to 15 fps at

720p resolution while 4k resolution will require about
4 Mbps.

BlueJeans (Verizon Communications)

BlueJeans markets itself as a world-leading provider of
conferencing tools. It offers interoperable cloud-based
service for webinars audio conferencing, video conferen-
cing, screen sharing, recording, and instant messaging.
This allows for users across different devices or platforms
to interoperate. It is owned by BlueJeans Network based
in the USA. This platform supports up to 100 interactive
attendees in the meeting and, depending on the plan, can
scale up to 5000 attendees. Attendees can join from any-
where on any device. The tool does not require users to
download any software if it is used on major browsers
like Chrome, Safari, Firefox, opera edge, among others.
It is supported on Windows 7 and above Mac OS,
Linux among other platforms. The recommended
minimum bandwidth is 384 kbps a minimum of
750 kbps is recommended but to achieve an overall
quality experience while 4.5 Mbps can be required if
video content is being sent. It allows for either audio
and video devices to be used or audio via a phone
device. The calls are encrypted with TLS authentication
and media with SRTP encryption though not end-to-end.

OMNIJOIN (Brother Industries)

This is a tool that can be used for both planned and ad hoc
meetings. The platform allows for conferencing tools pro-
viding audio conferencing, video conferencing, and mes-
saging. It is compatible with Android, iPhone and iPad. It
offers a rich set of functionalities for flexible and various
scenarios. It runs on Windows X, Mac OS X 10.6 and iOS
6 and their later versions. It offers a free trial service and
allows about a maximum of 50 attendees as viewers while
20 attendees can have a video conference.

Interprefy

Interprefy is a remote web conference tool that allows for
simultaneous interpretation platforms into multiple
languages. The tool markets itself as a tool that breaks
down barriers and ordered across the globe because of
its interpretation facility. It offers an encrypted service,
real-time streaming, live captioning and searchable
recordings in multiple languages. The tool can be used
when users are either onsite or offsite while attending a
conference. It offers high-quality video and audio ser-
vices. It does not offer a free service and services are
charged per event.

Methodology

There are different web conferencing solutions, some of
which are as described in the previous section with
varying costs and feature that can be used for Unicast,
Multicast and Anycast communications. Currently, some
systems are more popular than others. Some offer more
options and features at affordable prices, while some are
more suitable for effective teaching and learning. In this
work, 22 web conferencing solutions were purposively
selected and assessed based on five aspects:
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e Technical features

» Educational support

e Technical specifications

e Data rate requirements and
e Use cases.

These five criteria are set as necessary for a tool to be
effectively used for teaching and learning. However, the
cost of the tools is not explicitly included because a sig-
nificant number of these tools are currently available for
free, especially during the COVID-19 lockdown. The
selected solutions are RingCentral Video, GoToMeeting,
Pexip, Zoom, Google Meet, Adobe Connect, Loop
Up, Vidyo, Omni Join, BlueJeans, Avaya, Webex, Life
Size, Star Leaf, Polycom, Skype for Business, Team
Viewer, ezTalks Meetings, Apache OpenMeeetings,
join.me, Google Classroom and Google Hangouts. In
the Appendix the reference links where additional fea-
tures of each of the aforementioned tools could be
obtained is provided. Figure 4 provides the taxonomy of
the features used for the selection process and also used
to classify the tools. As for the technical features, the
paper looks at the ones that support instant messaging
because this would allow for class interaction. The other
features considered are multiple user voice calls, group
conferencing, screen sharing, which are features needed
for interactive teaching and learning to take place. The
paper also considers the application that allows recordings
such that students can go back and listen to the class
especially for those who might have missed the class,
those with technical difficulty and those with network
issues during the class. Compatibility with mobile
phones is also considered because mobile or smartphones
are the most widely used, easily accessible and cheaper
device in developing countries than computers or
laptops. The data rate is also selected as one of the criteria
because fast, affordable and reliable Internet facility in
developing countries, especially in Africa is not widely

available. This paper also considers the use case based
on some peculiarities of developing countries.

Another feature considered is their level of support for
educational services such as allowing for individual assign-
ment, multiple classrooms, raising of hands by students and
content sharing. The data rate requirement is also con-
sidered. The features in Tables 2 and 3 are used to prune
down the list of 22 web conferencing solutions to the
five top solutions, namely, Zoom, Skype for Business,
Google Classroom, CISCO Webex and GoToMeeting.
The selected five solutions were downloaded, installed
and experimented. Layer 2 software assessments were con-
ducted on the software where a meeting of a class size of 15
participants was used to explore the features of each of the
five solutions. The five solutions were assessed based on
data rate requirements and ease of use for teaching and
learning purposes, as illustrated in Figure 4. Tables 2—-5
provide the results of the assessments.

Results and discussion
Table 2 shows the taxonomy of web conferencing sol-
utions based on technical features such as instant messa-
ging, voice calls, group conferencing, screen sharing,
muting, compatibility, recording and data rate demand.
Instant messaging allows real-time text-only conver-
sation and 21 out of the 22 web conferencing solutions
have this feature. The 22 web conferencing solutions
have the voice call (VoIP/PSTN dial-in audio), screen
sharing and group conferencing, recording and muting
features. Most of the web conferencing solutions are com-
patible on Windows, Android, Linux, macOS and iOS
except for a few like OmniJoin, LoopUp, Google Meet,
Pexip and RingCentral Video which have one or two
exceptions. The data rate demand for these web conferen-
cing solutions are not so high; they require anything from
128 kbps. The web links to each of the applications are in
the Appendix.

Video Conferencing Solution

| ! !

! !

Educational
Technical Technical Data Rate
Supports Use Cases
Features 2 Specifications Requirements
1 l L
o Instant o Individual
Messaging Assignment Ease of Use
o 1l:lvideo
> Voice Calls :art:s:ns calling m;z of
ultiple k- Subscription
o Group Classes =] Syste.m ,  group video
Conferencing Requirements calling > No. of users
Class Discussion 2
o Sharing Screen Android For audio VoiP o Technical
Sharing Content Requirements supports
= Communication G scresn sharing Applicati
i No vid o pplication
Compatibility with guardian (Morvideo) area
> Recording Rising Hands

Figure 4: Taxonomy of selection features.
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Table 2: Taxonomy of web conferencing solutions/apps based on technical features.

Video conferencing Instant Voice Group Screen Allow users to Data rate
app messaging calls conferencing sharing mute Recording demand
Adobe Connect Yes Yes Yes Yes Yes Yes Low
Apache Yes Yes Yes Yes Yes Yes Low
OpenMeeetings
Avaya Yes Yes Yes Yes Yes Yes Low
BlueJeans Yes Yes Yes Yes Yes Yes Medium
ezTalks Meetings Yes Yes Yes Yes Yes Yes High
Google Classroom Yes Yes Yes Yes Yes Yes Low
Google Hangouts Yes Yes Yes Yes Yes Yes Low
Google Meet Yes Yes Yes Yes Yes Yes Low
GoToMeeting Yes Yes Yes Yes Yes Yes Medium
join.me Yes Yes Yes Yes Yes Yes Low
Life Size Yes Yes Yes Yes Yes Yes High
Loop Up No Yes Yes Yes Yes Yes Medium
Omni Join Yes Yes Yes Yes Yes Yes High
Pexip Yes Yes Yes Yes Yes Yes High
Polycom Yes Yes Yes Yes Yes Yes Low
Ring Central Yes Yes Yes Yes Yes Yes Medium
Skype for Business Yes Yes Yes Yes Yes Yes Low
Star Leaf Yes Yes Yes Yes Yes Yes High
Team Viewer Yes Yes Yes Yes Yes Yes Low
Vidyo Yes Yes Yes Yes Yes Yes Low
Webex Yes Yes Yes Yes Yes Yes High
Zoom Yes Yes Yes Yes Yes Yes Medium
Table 3: Taxonomy of web conferencing solutions/apps based on educational supports.

Manage
Software/ No of Individual Customize multiple Create class Share Communicate Raising
features users assignment assignment classes discussion content with guardians hands
Adobe Connect 500 Yes Yes Yes Yes Yes No Yes
Apache 100 No Yes No Yes Yes No Yes
OpenMeeetings
Avaya 100,000 No Yes Yes Yes Yes No Yes
BlueJeans 150 Yes Yes No Yes Yes No Yes
ezTalkz 10,000 Yes Yes Yes Yes Yes No Yes
Meetings
Google 1000 Yes Yes No Yes Yes Yes No
Classroom
Google Hangouts 100 Yes Yes No Yes Yes No No
Google Meet 250 No Yes No Yes Yes No Yes
GoToMeeting 3000 No Yes No Yes Yes No No
join.me 250 Yes Yes No Yes Yes No Yes
Lifesize 500 No Yes No Yes Yes No No
LoopUp 150 No Yes No Yes Yes No No
Omnijoin 50 No Yes Yes Yes Yes No Yes
Pexip Infinity No Yes Yes Yes Yes No Yes
Polycom Varies No Yes No Yes Yes No No
Ring Central 500 Yes Yes Yes Yes Yes No Yes
Video
Skype for 10,000 Yes Yes No Yes Yes No Yes
Business
StarLeaf 100 No Yes No Yes Yes No Yes
TeamViewer 25 No Yes Yes Yes Yes No No
Vidyo Infinity No Yes No No Yes No No
Webex 1000 Yes Yes No Yes Yes No Yes
Zoom 1000 Yes Yes No Yes Yes No Yes

Table 3 provides the taxonomy of web conferencing
solutions based on educational support such as the
number of users or participants, individual and custo-
mized assignments, managing multiple classes, creating
class discussions, sharing contents, communicating with
guardians and virtual hand-raising. Each of the tools
was earlier discussed in section 3.0. In this category, we

have RingCentral Video, Adobe Connect and ezTalks
Meetings supporting more features. GoToMeeting,
Pexip, Zoom, Vidyo, Avaya, Webex, Skype for Business,
ezTalks Meetings and Google Classroom support over
1000 users or participants.

Table 4 provides the taxonomy of web conferencing
solutions based on capacity (Number of users).



12 Oloyede, Faruk and Raji

Table 4: Taxonomy of web conferencing solution/app based on
capacity (no of users).

Package

Lower capacity (free ~ Higher capacity
Software or basic plan) (enterprise)
Adobe Connect 100 500
Apache NA 100
OpenMeeetings
Avaya 200 100,000
BlueJeans 100 150
ezTalkz Meetings 25 10,000
Google Classroom 1000 1000
Google Hangouts 10 25
Google Meet 100 250
GoToMeeting 250 3000
join.me 10 250
Lifesize 300 500
LoopUp 50 150
Omnijoin 20 50
Pexip 100 Infinity
Polycom NA 180
Ring Central Video 200 500
Skype for Business 250 250
StarLeaf 20 100
TeamViewer 5 25
Vidyo 50 Infinity
Webex 200 2000
Zoom 100 1000

GoToMeeting, Pexip, Zoom, Vidyo, Avaya, Webex,
Skype for Business, ezTalks Meetings and Google Class-
room support over 1000 users or participants. Pexip and
OmniJoin have infinite capacity. The web conferencing
solutions with the least capacity are TeamViewer and
Google Hangouts. Table 4 shows the taxonomy of web
conferencing solutions based on data rate requirements
for some technical specifications. Google Classroom
and Skype for Business has the least bandwidth require-
ment, 128 kbps (up/down) for one-to-one video calling,
128-512 kbps (up/down) for group video calling and
30 kbps for audio VoIP (up/down). GoToMeeting has
the highest requirement of 700 kbps (up/down) and
2 Mbps for one-to-one video calling and group video
calling, respectively. CISCO Webex requires 60—
150 kbps for audio VoIP, which is the highest.

CISCO Webex is a cloud-based suite of productivity
tools from CISCO. Beyond its technical features, it is
very easy to participate in or host web conferences.

There are currently three subscription plans — Starter,
Plus and Business. The Starter plan costs $14.95 per
month for up to 50 participants in a meeting. The Plus
plan costs $18.95 per month for up to 100 participants
in a meeting. And the Business plan costs $29.95 per
month for up to 200 participants in a meeting. CISCO
Webex has self-service support, live chat support and
phone support. To join a meeting, there is usually an
email invitation from an organizer. The participant is
expected to tap ‘Join’ and enter the meeting password
usually in the email invitation. CISCO Webex is suitable
to use for secondary and tertiary education.

Google Classroom is a web-based platform that makes
it easy to create classes, distribute assignments, communi-
cate and stay organized. Google Classroom is usually
integrated into G-Suite services, and the subscription
plans are $6 per month for basic, $12 per month for
business and $25 per month for enterprise. There are
quite a number of technical supports available from
Google Classroom like social contacts on Facebook,
Twitter and LinkedIn. Also, there are Q&A websites,
online forums and communities. Google Classroom is
suitable to use for basic, secondary and tertiary education.

GoToMeeting has a web version and desktop app, and
both interfaces make web conferences an easy prop-
osition. All buttons and links are clearly labelled, which
makes it easy to use, to join, to host and to schedule meet-
ings. The cost of subscription ranges between $12 and $16
monthly for the Professional and Business plans, respect-
ively. The Professional plan takes 150 participants, the
Business plan takes 250 participants and the Enterprise
plan takes 3000 participants. There is available technical
support through calls to GoToMeeting partners or resel-
lers. To connect to an online meeting, a 9-digit meeting
ID or Personal Meeting Room provided by the organizer
is required. GoToMeeting is suitable to use for secondary
and tertiary education.

Skype for Business provides a great online meeting
online experience and has more recognition among
businesses. The cost for a subscription is about $5.50
and $12.50 monthly for Online Plan 1, Online Plan 2,
Office 365 Business Essentials and Office 365 Premium.
These subscription plans have a capacity of 250—-10,000
participants. Additional enterprise plans are also avail-
able. Skype has a robust community and online forum
for technical support. A Skype for Business account is

Table 5: Taxonomy of top five web conferencing solutions/apps based on data rate requirements for some technical specifications.

Minimum bandwidth requirements

Software/features 1:1 video calling Group video calling Audio VoIP Screen sharing
CISCO Webex 500 kbps (up/ 500 kbps (up/down) 60—150 kbps (up/ 50 kbps
down) down)
Google Classroom 128k bps (up/ 128 kbps/512 kbps (up/ 30k bps (up/down) 128 kbps (up/down)
down) down)
GoToMeeting 700 kbps (up/ 2 Mbps 60-80 kbps 40k bps—8 mbps
down)
Skype for 128 kbps (up/ 128 kbps—512 kbps (down) 30 kbps (up/down) 128 kbps (up/down)
Business down)
Zoom 600 kbps (up/ 800 kbps/1.0 mbps (up/ 60-80 kbps (no video thumbnail) 5075 kbps

down) down)

(down)
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Table 6: Taxonomy of top five web conferencing solutions/apps based on use case.

Cost subscription

Software/ Ease of Lecturers/ Technical Application
Features Use Students  Organisers Support Area Remarks
CISCO Webex Very Easy Free $19-39/ Available ¢ Secondary Required to join with a meeting number
month education (access code) and a meeting password
o Tertiary
education
Google Moderate  Free $6-25/month  Available * Basic Required to have a Gmail or institution
Classroom education email address and join with a class code or
o Secondary accept an invitation from a teacher
education
o Tertiary
education
GoToMeeting  Moderate  Free $12-16/ Available ¢ Secondary A GoToMeeting ID or personal meeting
month education room is required
o Tertiary
education
Skype for Very easy Free $2-12.5/ Available e Secondary An invitation link and/or conference ID is
Business month education required to join the meeting.
o Tertiary
education
Zoom Very easy Free $14.99— Available * Secondary A meeting ID is used to join and a password
19.99/ month education may be required.
o Tertiary
education

needed to join or host meetings. Skype for Business is
suitable to use for secondary and tertiary education
(Table 6).

Zoom is also a reliable and easy cloud platform for
web conferencing. There are four subscription plans,
Basic, Pro, Business and Enterprise. The Basic plan is
free and can host up to 100 participants. Pro plan costs
$14.99 monthly and can host 100 participants with more
features than the Basic plan. Business Plan costs $19.99
monthly and can host 300 participants. An enterprise
plan is customized and can vary, its cost begins at
$19.99 and can host 500 participants and above. Zoom
is suitable to use for secondary and tertiary education.

Implementation challenges in developing countries
The described tools can be used for teaching and learning,
especially given the current social distancing and lock-
downs of educational institutions across the world.
However, to implement the use of these tools, especially
in developing countries, there is a need to have some
policy adjustment while putting in place the necessary
infrastructure. Some of these are: digital divide, cost of
data rate, purchasing power, ownership structure, avail-
ability of online curriculum among others.

Digital divide

The Digital divide is the uneven distribution of access to
Information and Communication Technology (ICT) that
may exist between two distinctive groups. In Africa, the
majority of the population lack basic access to ICT and
reliable telecommunication infrastructure when compared
to most parts of the developed world. There is also a sig-
nificant divide between access to ICT infrastructure

between the urban and rural areas and between age
groups within Africa. Bello et al. (2016) found out that
there is a significant digital divide among communities
in Kwara State, Nigeria, especially between the State
capital and the rural areas in the State. Ani, Uchendu,
and Atseye (2007) also investigated the digital divide in
Nigeria using the University of Calabar as a case study.
The paper shows that there is a prevalence of a digital
divide between gender group, marital status, age and edu-
cational level in the use of the Internet in Nigeria. Roy-
croft and Anantho (2003) show that a significant
number of African nations are facing a dual digital
divide. There is inadequate or even a lack of access to
basic telecommunication and ICT infrastructure in some
African communities and the cost of access is higher
where available. One of the features of typical rural com-
munities in Africa is a lack of infrastructure development,
as most of these communities do not have access to elec-
tricity and good roads, thus drastically increasing the cost
of initial deployment and maintenance of ICT infrastruc-
ture. Hence, the major problem would, therefore, lie with
the financial sustainability of rural access schemes, as the
majority of the rural populace in Africa is saddled with
poverty and can’t afford to pay for the services (Adediran
et al. 2016; Faruk et al. 2017). The prevalent form of a
digital divide in our communities is one of the factors
that is preventing the use of digital tools in developing
countries. The basic infrastructure needed is not available
and, where available, they are very expensive. The digital
divide and cost of deployments can be relaxed by deploy-
ing disruptive and innovative technologies such as the
Television White Space (Opawoye et al. 2015; Faruk
et al. 2015), energy and cost effective backhaul solutions
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for last mile rural connectivity (Oloyede and Faruk
(2018); Faruk, Abdulkarim et al. 2019) and sustainable
business models (Oloyede et al. 2017, 2018, 2019).

High cost of data and low purchasing power
Affordability of the end-user (students/parents), consider-
ing the low purchasing power among the African popu-
lace is an issue. On the other hand, the cost to purchase
a data bundle of mobile broadband data across low- and
middle-income countries is high. Even though Africa
experiences the most significant data cost reduction
amongst other regions and an upsurge in access to tech-
nology, including the rapidly growing penetration of inex-
pensive smart mobile devices, the cost of mobile data is
still prohibitively high when compared to developed
countries. Hence, affordability will continue to be a
major obstacle and barrier to access to the Internet.

Low public-private partnership (PPP)

Public-private partnership (PPP) is the collaboration
between government agencies and the private sector.
According to Delmon (2017), PPP can help to provide
better infrastructure or solutions for telecommunication
and ICT infrastructure than when it is left solely in the
hands of either the government or the private sector.
PPP allows for faster project completion as a result of
synergy between the two groups. Osei-Kyei and Chan
(2015) review the success factors for PPP around the
world between 1990 and 2013. The paper shows that
PPP is important to the development of a number of criti-
cal infrastructures around the world. Marine and Blan-
chard (2004) agree that PPP is a promising initiative
that has been used by a number of countries to finance
the necessary ICT and telecommunication infrastructure.
Nucciarelli, Sadowski, and Achard (2010) examine the
function of PPP in the development of broadband in
Italy and the Netherlands. The paper shows that PPP is
also helpful in aligning the interest of the different
private, semi-public and public service as ICT is a critical
infrastructure for all the sectors. The paper also shows that
PPP has significantly helped the level of broadband infra-
structure in those countries. Rahman (2016) examines
PPP and how it has helped expand the ICT services in
rural Bangladesh. The paper shows how Bangladesh
tapped into the use of PPP to improve on the ICT infra-
structure in some of the rural areas in the country. The
paper shows that it is evident that neither the public nor
the private sector alone can shoulder the responsibilities
of providing the necessary ICT infrastructure in a
country and that PPP is a viable option to expanding the
digital Internet services to poor and marginalized rural
areas in Bangladesh. The paper provides a practical illus-
tration of how PPP can be used in the development of ICT
infrastructure. The use of PPP to finance projects is low in
a lot of developing countries. Adeogun and Taiwo (2011)
show that a lack of commitment on the side of the govern-
ment is one factor that accounts for low PPP in Nigeria.
Jamali (2004) examines the success and failure factors
of PPP in developing countries. The paper highlights
that PPP concepts in some developing countries are
mired in a muddle of conceptual ambiguities.

Device ownership

To access any of the tools that have been discussed in this
paper, a computer device, either in the form of a Smart-
phone, Portable smart device, Laptop or a computer, is
required. According to the ITU, only about 10.7% of
the African population has access to computers. This is
far less than the 51.9%, 43.5%, 66.3%, 78.0% and
65.7% of the populations in the Arab States, Asia
Pacific, Commonwealth of Independent States (CIS),
Europe and the Americas, respectively. The lockdown
associated with COVID-19 means that everyone stays,
works and learns from home. The inadequate or lack of
computer at home is one of the factors that would
prevent a large percentage of the population from adopt-
ing the use of web conferencing and online digital plat-
forms for teaching and learning during the period of the
lockdown. Such applications could be extended to
health care delivery via online services (Faruk et al.
2017; Faruk et al. 2020). Apart from computers, smart
handheld devices also play a significant role in accessing
these digital tools. Smartphones and PDAs can be used to
access most of the online digital tools, as described earlier.
They have the advantage of allowing the users to move
around when using the device to access digital teaching
and learning tools or web conferencing. Handheld
devices are widely used in developing countries as a
result of high penetration of basic access to mobile
phones and the boom experienced in the African telecom-
munication industry in the last few years. However, most
devices are not smart devices; only about 34% of the
devices were smart based on the survey conducted in
rural communities in Nigeria (Faruk et al. 2017). This is
because the smart devices are quite expensive. Forenba-
cher et al. (2019) examined the social-economic factors
for mobile phone ownership in Nigeria. The paper
showed the importance of smart mobile devices and
enumerated some of the challenges in owning one, such
as cost and lack of electricity.

Lack of comprehensive online curriculum

The curriculum and lecture notes used by the teachers in
a lot of developing countries are not in digital form
because the teachers are not accustomed to using tech-
nology to aid teaching and learning. The sudden tran-
sition to online learning as a result of COVID-19
lockdown would therefore be challenging in such a situ-
ation. The digital form of instructional materials would
have made the transition smoother. The use of e-learning
platforms in a situation of inadequate infrastructure and
fear of change among the teachers has hampered full
transition to e-learning during the period of lockdown
is Nigeria. Oloyede, Ajimotokan, and Faruk (2017)
have examined engineering education in Nigeria with
its challenges. It is noted that the use of innovative
approaches to teaching and learning is very essential.
The exploratory survey conducted suggested that 100%
of the respondents attested that the use of technological
teaching aids and e-learning was long overdue. Hence,
virtual learning system should be encouraged. Oye,
Salleh, and Iahad (2011) examined the challenges of
learning in Nigeria. The paper examined e-learning in
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countries like the United Kingdom, France, Korea and
Australia and compared it with that of Nigeria. The
paper shows that e-learning in developing countries
such as Nigeria is lagging behind and identified
funding as one of the major challenges. A synchronous
virtual learning system was developed by Bello et al.
(2014). Kamba (2009) discussed the challenges and
benefits of e-learning by reviewing the consciousness
and willingness of some selected Universities in
Nigeria. The study which was conducted across 18
selected Universities in Nigeria showed that e-learning
application and awareness was very poor and below
expectation. The research also found out that most
staff only use their computer and the Internet to find
out information without using it in teaching and learning.

Power supply

Power supply is a major problem in many developing
countries around the world, especially in Africa. In most
African countries, some challenges are generally being
faced in energy production. Some of these challenges
are discussed in Dorian, Franssen, and Simbeck (20006),
Brew-Hammond (2010). These challenges lead to an
incessant electrical power outage, especially in Sub-
Saharan Africa. The outlined challenges are mainly as a
result of insufficient capacity, lack or inadequacy of
modern infrastructure, poor maintenance culture, low
reliability, low energy efficiency, and lack of technical
and institutional capacity, among others. Another main
challenge is under-investment leading to a lack of basic
electricity infrastructure in most countries in Africa. It is
estimated by the World Bank that external spending on
the entire continent’s power sector is about $600 m a
year. This is not enough to maintain the existing infra-
structure, thus leading to problems in distributing the gen-
erated capacity. These challenges, if not properly
addressed, can hinder economic growth and even
growth in the use of digital and modern-day tools
described earlier. Electricity is important as it is needed
to power the Internet infrastructure and also in powering
the device that would be used to access these online plat-
forms. However, in Abdulkarim et al. (2018, 2019) micro
grids of hybrid renewable energy solutions can upset the
power deficit in most of African countries, for the fact
that the region has abundance of natural resources, such
as sunlight, that can be used to sustainably generate
electricity.

Poor implementation of universal access schemes

According to the ITU 79.5%, 91%, 95.4%, 88.2% 96.6%
and 99.1% of Africa, Arab States, Asia Pacific, CIS, the
Americas and Europe, respectively have basic mobile
coverage; however, only about 35% of Africans, and
67% of the Arab State have access to the Internet,
which is necessary for using the tools discussed earlier
in this work. None of these tools can work without
access to the Internet. However, to improve Internet con-
nectivity around the world, most countries adopt the use
of universal access fund. The fund is meant to subsidies
telecommunication access, including the Internet for
rural areas because it is mostly not profitable for Internet

service providers to provide Internet access in these
regions. However, universal access scheme and fund
are poorly managed in a significant number of develop-
ing countries. Telecommunication subsidies are gener-
ally an initiative of the government and the private
telecommunication industry in a country. They are
financed through universal service and access funds
which are mainly generated through contribution and
tax from mobile network operators and telecommunica-
tion companies operating within a country. However, the
schemes and subsidies are expected to have a significant
level of effect on the development, penetration, and
access to telecommunication services, especially in
rural areas around the world. Regrettably, these funds
are sometimes not used for the original aim and are
often inefficiently allocated, delayed or even diverted
in some countries.

Internet and computer use literacy level

The use of online tools for teaching and learning requires
some basic ICT skills which are lacking in a significant
percentage of the population in a developing country.
ICT/ Internet literacy is the set of individual character-
istics or qualities that is developed over time from the
use of ICT and the Internet. It is when people know and
use these tools over time that they get acquainted with
them. However, the usage of the Internet is generally
low in developing countries.

Conclusions and recommendations

This paper has examined twenty-two (22) web conferen-
cing applications that can be used for remote teaching and
learning in order to minimize the disruption to education
as a result of the COVID-19 lockdown. The 22 web con-
ferencing applications are RingCentral Video, GoToMeet-
ing, Pexip, Zoom, Google Meet, Adobe Connect, Loop
Up, Vidyo, Omni Join, BlueJeans, Avaya, Webex, Life-
size, Star Leaf, Polycom, Skype for Business, Team
Viewer, ezTalks Meetings, Apache OpenMeeetings,
join.me, Google Classroom and Google Hangouts. All
the applications do not require physical contact
between/among teacher(s) and student(s) and therefore
can help to slow down the spread of COVID-19 infection
by maintaining social distance. The suitability of the
applications for online teaching was analyzed based on
their capacity for instant messaging, voice call, group
conferencing, screen sharing, allowing instructors to
mute users to minimize disruption and background
noise, operating systems compatibility, capacity for
audio-visual recording, and data rate requirement. The
applications were further analyzed based on another set
of criteria which includes the features that allow individ-
ual students to perform homework and assignment, the
number of participants the application can take, the
ability to manage multiple classes at the same time, pro-
vision for students to raise hands and ask questions, and
the capacity to share contents or lecture notes and
engage participants in group discussion. Consequently,
the provision for lower capacity enterprise and higher
capacity enterprise versions of the applications regarding
the class size or the maximum carrying capacity were also
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considered. Based on the three sets of criteria enumerated
in Tables 2—4, the five most suitable online teaching web
conferencing applications, namely; Zoom, Skype for
Business, Google Classroom, CISCO Webex, and GoTo-
Meeting were identified.

Google Classroom and Skype for Business require the
lowest Internet bandwidth for video calls and Audio VoIP
as well as screen sharing. Therefore, they are the cheapest
in terms of Internet accessibility. GoToMeeting (high
capacity enterprise) is found to be the best, among the top
five applications, for large class sizes. It has capacity for
3000 participants which is higher than the maximum capacity
allowed by Google Classroom and Skype for Business.
GoToMeeting is also compatible with all computer operating
systems and does not require special computer specifications.
Zoom, CISCO Webex, and Google Classroom offer free sub-
scriptions for educational purposes in order to ease the nega-
tive impact of COVID-19 lockdown on education. Teachers
and students with institutional affiliations can use them free of
charge. Technical support for using these applications is also
available free of charge. The links to each of the software
have been provided in the Appendix. The links also provide
a referral on where to find users manuals that can be used
to address the skill gap.

The challenges and limitations of online teaching
using web conferencing applications were also considered
and appropriate solutions were recommended. Poor
access to the Internet, lack of supporting infrastructure,
absence of a comprehensive online curriculum, and the
lack of skills required to use the online teaching appli-
cations were identified as the major challenges. Lack of
physical interaction, poor supervision, and misconcep-
tions were identified as the major limitations of online
teaching when compared to face-to-face teaching. Gov-
ernment intervention in subsidizing Internet subscrip-
tions, strong Public-Private Partnership, increased
funding of education, provision of supporting infrastruc-
ture (including electricity) by governmental and private
organizations, regular training of teachers, and provision
of a comprehensive online curriculum were recommended
as necessary steps to overcome the challenges facing
online teaching. This paper recommends that despite the
challenges faced by developing countries, web conferen-
cing tools can be used to keep the education sector
moving despite the COVID-19 lockdown. The paper
also recommends that teachers should not restrict them-
selves to any particular tool; the tool chosen would
depend on the requirements of the class. Most of these
tools offer free versions which can be used to save costs.
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