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Transdisciplinary Research and Education — A Perspective

Dr. Pratap Chillakanti, PhD, MBA
pratap@rewardscloud.com

Abstract

Transdisciplinary Research and Education is a growing field in many subject domains such as
Sustainability, Health and Medicine, Natural Sciences, Social Sciences, Engineering, and
Technology. In a globally oriented, complex world, problems can often best be solved by
transdisciplinary collaboration. The participants include academic and non-academic actors,
community stakeholders, governments, and other leaders, who jointly define the problem and find
solutions. Knowledge sharing and mutual learning is integral to transdisciplinary collaboration.
Another aspect of such collaboration is the use of the right technologies.

The focus of the presentation is to give a broad perspective of the field of transdisciplinary
research and education. Real life examples from industry and academia demonstrate the importance
of this growing field. The pertinent issues in educating tomorrow’s leaders in transdisciplinary
thinking are brought to the forefront. The fundamental role of an educator and the new structure of
course and curriculum design are presented. Finally, the role of technology in facilitating
transdisciplinary research and education is addressed.

1. Setting the Stage

Covid-19 highlighted the importance of collaborative research and education. Collaboration is now a common
model of research the spans academics, industries, and communities. As noted by many researchers and industry
practitioners, there is a gap in what educators and schools provide, what students need, and what the community
expects in terms of solving practical problems of a society characterized by complexity. There is an urgent need for
next generation technology platforms to foster effective collaboration across disciplines to address complex and
wicked problems in a society. In addition, there is an immediate need to critically evaluate the existing education
paradigms. We should progress towards a model of student-centered active learning that goes beyond the standard
learning outcomes to include meta-cognitive abilities. In this context, a strong emphasis is placed on skills and
activities that promote collaboration. It should also be noted that today’s users are accustomed to a convenient user
experience in all aspects of their daily lives as witnessed in using services like Uber, Netflix, Amazon, and others.
Educational institutions that can uberize and deliver a compelling and convenient experience to their students,
researchers, and educators have a significant advantage.

Transdisciplinary Education and Research (TER) is an increasingly significant aspect of solving 21st century
challenges facing humanity. These challenges span various domains such as sustainable environment, energy, water,
and health care. In today’s world, the complexity of the challenges in these domains dictate that the participants include
academic and non-academic actors, community stakeholders, governments, and other leaders, who jointly define the
problem and find solutions. The collaboration occurs at many levels including intra-organization, inter-organization,
public-private enterprise, government-to-government, and country-to-country. Such collaboration is characterized by
production and sharing of 1) knowledge artifacts comprising of documents, processes, videos, images, web links, and
2) a variety of tools and technologies that facilitate collaboration, information security, communication, and
coordination.

The focus of this paper is to give a broad perspective of the TER field. Real life examples from industry and
academia demonstrate the importance of this growing field. The pertinent issues in educating tomorrow’s leaders in
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transdisciplinary thinking are brought to the forefront. The fundamental role of an educator and the new structure of
course and curriculum design are presented. Finally, the role of technology in facilitating transdisciplinary research
and education is addressed.

2. Transdisciplinary Collaboration

The first use of the term “transdisciplinary” was in the early 1970s [1]. Nicolescu described transdisciplinarity
that is at once between the disciplines, across the different disciplines, and beyond all disciplines [2]. Many
distinguished researchers and educators have made significant efforts and proposed approaches to describing
transdisciplinarity and contrasting it with interdisciplinary and multidisciplinary terminology over the last several
decades. The great contributions of these authors in the development of transdisciplinary research and education are
presented in [3], [4], [S], [6], [7], [8], [91, [10], [11], [12], [13], [14], [15], and [16]. A common set of themes, features,
and characteristics emerge from these efforts in transdisciplinarity education and research. Table 1 captures these key
characteristics.

Ertas [16] defined transdisciplinarity as follows:

Definition: Transdisciplinarity
Development of new knowledge, concepts, tools, and technologies shared by researchers from different
family of disciplines including social science, natural science, humanities, and engineering. It is a
collaborative process of a new way of organized knowledge generation and integration by crossing
disciplinary boundaries for designing and implementing solutions to complex and unstructured problems.

Table 1: Common terms in TER

Complex Problems Beyond Disciplines

Integrated Disciplines (Environment, Humanities,
hard Sciences, Economics)

Knowledge Common Knowledge
Shared Knowledge
Integration of Knowledge
Distribution of Knowledge
Collaboration Interdisciplinary
Multidisciplinary

Transdisciplinary

Collaboration is a key aspect of TER. Figure 1 depicts the elements of transdisciplinary collaboration ecosystem.
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Figure 1: Transdisciplinary Collaboration Ecosystem

Collaboration is the act of working together to achieve a common objective (at personal, group, organizational,
national, international levels). The business dictionary defines it as a cooperative arrangement in which two or more
parties (which may or may not have any previous relationship) work jointly towards a common goal [17]. In the
context of this research, the following definition of Collaboration is used.

Definition: Collaboration (from World English Dictionary)
collaboration (ks leeba'reifon)
— n (often followed by on, with, etc.)
1. the act of working with another or others on a joint project,
2. something created by working jointly with another or others,
3. the act of cooperating as a traitor, especially with an enemy occupying one's own country.

We can surmise that transdisciplinary collaboration encompasses both 1 and 2 together because the fundamental
goal is to create something that goes beyond just the knowledge of one discipline. However, note that the third
definition is equally important in transdisciplinary collaboration. In fact, most of the security lapses occur because of
malicious insiders [18]. Any transdisciplinary collaboration framework must address security issues that essentially
deal with security objectives of Confidentiality, Integrity, Availability, Identity, and Authorization. In its most simple
sense, security is “who gets access to what data at what time?” [19].

3. Transdisciplinary Collaboration Examples

Two examples highlight transdisciplinary collaboration. One example, Decline in Fish Population [20]
demonstrates how the researchers from different disciplines, business leaders in the community, government
authorities, anglers, and other community stakeholders came together and collaborated to jointly define the complex
problem, hypothesize possible solutions, and participate in other project related activities. The second example,
Channel Incentives, is the authors’ own example from the high-tech industry. This example demonstrates how the
cross-functional teams, with expertise spanning technology, business, IT, finance, marketing, and legal collaborated
to define and implement a new channel partner incentives solution to engage partners and increase revenue and
profitability for a company.
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Example 1: Decline in Fish Population

Figure 2 depicts a summary description of the decline in Fish population. The complex problem addressed was

a sharp decline in the fish population of up to 60% in many Swiss lakes and rivers several years ago. The analysis of
the project resulted in the following observations:

10.
1.
12.

It is a complex problem that impacts society.

A core team of participants came together from the fisheries authorities, the federal government, and the research
institutions.

The team held a meeting to discuss the issues and establish a preliminary research goal.

They agreed that it was unclear as to what the causes could be and, they emphasized their determination to launch
a transdisciplinary research project.

A wide spectrum of participants from academia, industry, researchers, and other stakeholders were added to the
project team.

Community stakeholders were added to the project team.

Joint meetings were held to establish the research goals and specific tasks.

The transdisciplinary team worked on constructing a joint problem identification with an emphasis on a common
understanding and description.

Mutual learning facilitated the generation of the joint problem statement.

Multiple perspectives were put forth and captured as hypotheses.

Majority voting was used to select the hypotheses for further investigation.

Multiple sub-projects were initiated to study the issues.

The focus was to understand the societal problem description, the goals of such projects, the participants

involved, and the requirements/process/activities that are typically associated with such initiatives. These insights are
mapped onto activities and sub-activities in the software tool that was developed to aid in the evaluation of technology
platforms for use in transdisciplinary collaborations.
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FlSh catch decline in the form of

1) Business representatives hypothesis-

Population 2)Federal Go documents/discussions

3)Research institutions and scientists ' lﬁg,%?ﬁ;??g;!ﬁ?n’g grr]r&ved el
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conservation groups, fishery authorities, ?arci?ittgtégggt\nge%ctég%jse.rs
operators of sewage treatment plants, and . Continuous cooperation with
representatives from the Swiss Society of stakeholders

Chemical Industries

Figure 2. Summary description — Decline in Fish Population

Example 2: Channel Incentives

Figure 3 captures a summary description of the channel incentives project. Many companies in the high-tech
industry sell their products and solutions through a network of channel partners. These partners are vendors who sell
products and solution from different companies to their end customers. In return, the companies offer them incentives
including rebates, discounts, and market development funds. The author is associated with one such incentive program
for channel partners in a Fortune 50 company. From Figures 2 and 3, it can be observed that in both projects, common
themes emerge, particularly in terms of activities that drive collaborations. It is this common set of activities that are
used to specify the technology requirements that drive the evaluation and selection of the appropriate technology for
use in transdisciplinary collaboration.
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Figure 3. Summary description — Channel Incentives

4. Educators’ Role in the Creation of Transdisciplinary Thinkers and
Scientists

Education and Research have evolved since the beginning of time. Significant research went into understanding
how people learn, what learning objectives mean, etc. Ever since Bloom’s taxonomy was proposed to aid educators
set the learning objectives driven by domains: Cognitive, Affective, and Psychomotor [21], many educators and
researchers such as Myers-Briggs [22], Kolb [23], and Felder [24] proposed innovative learning style theories. The
predominant goal of all these approaches is to help educators understand and design their learning content such that it
enables effective learning. The Internet boom and associated technology innovations in 1990s and 2000s have
dramatically changed the way in which people learn. The technology innovations led to the use of tools like WebEx
[25] that ushered the use of asynchronous and virtual learning. In academia, they use learning platforms such as Black
Board [26] and Canvas [27] to complement classroom learning with online self-paced learning. In addition, the advent
of collaboration tools such as discussion forums, instant messaging, etc. have become effective tools in the hands of
millennium learners for collaborative learning. In the last ten years, most learning platforms have integrated discussion
forums with their learning management software. In essence, the world is moving toward connected learning
experiences. Table 2 captures the evolution of enabling technologies and their impact on advances in TER (measured
in terms of Google search results with the keyword transdisciplinary collaboration).
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What then is the role of an educator in facilitating student learning to prepare them for effective transdisciplinary
collaboration to solve complex problems impacting society? Numerous researchers and scientists have investigated,
experimented in their classrooms, and identified the desirable characteristics of a modern educator. Five distinct
attributes seem to define the role of such an educator: 1) transition from traditional knowledge mediator to a coach
and process facilitator, 2) partnering with students, 3) partnering with faculty across disciplines, 4) partnering with
society stakeholders, and 5) rethinking learning objectives, course design, and curriculum design. In the next section,
these attributes are demonstrated in the context of learning outcomes and course design.

Table 2: Technology Evolution and Transdisciplinary Collaboration

Search 2,230 5,970 14,700 16000 17,7800
results
(TD Collab)
Technology | Windows, Java, | Broadband Blogs, portals, | Collaboration Gravitational waves
Internet, Email, | internet. intranet, and technologies. detected. Scientists view
Messaging, iPod. Adobe | wikis Online learning, | the electron through a
Web browsers Flash and Wikipedia, Video powerful electron
Digital Video, YouTube. Wireless conferencing, microscope.
Mobile Phones, | Windows XP | networks. smart boards. Transdisciplinary
Online and Office Online Billions of collaboration in K-12
gaming... 2003. Open learning. internet users. education and
source and Quantum undergraduate / graduate
Netflix, free software. | Agile software | computing. education
Amazon, eBay, | Peer-to-peer development. GitHub for
Google, networking. Digital collaborative
WebEx, Yahoo | File sharing. Cameras. source code
Digital video sharing. Higgs
Skype, streaming. boson
WebEx, Hybrid discovery.
Myspace. vehicles. VOIP.
Mobile phones | Tesla, Bitcoin
and text
messaging.
Facebook,
LinkedlIn,
Twitter,
Timeline 1995-2000 2000-2005 2005-2010 2010-2015 2015-2020

5. Learning Outcomes and Activity Design

Through systematic literature review, the core skills and core activities in the context of TER were identified.
These are depicted in Table 3. Using these core skills and core activities as a framework, educators can establish the
desired learning outcomes, and can design appropriate activities in a classroom.



Table 3: Core Skills and Core Activities in TER

" . Chief
Skills Activity .
B : Learner Teacher R rcher Information
Requirements Requirements earne eache esearche ormatio
Officer
) Collaborate with ~ Collaborate with ~ Collaborate Facilitate
L. Analyzing problems with .
Writing ? learners and learners and security
collaboratively X researchers . .
teachers teachers : requirements
internally
~ . . self-directed & . Collaborate Facilitate
Collaborative Engage in group on-demand Facilitate class with integration
learning discussions 1 s discussions researchers requirements
earning .
externally collaboratively
Participate in - . N Create and Assess Vendor
PRI class group Communicate with participate in from an
Critiquing Share knowledge A class and o
learning S communities of  Infosec
P individual students . . B
activities practice viewpoint
Listening & Co-produce Par?lclpalc n Conduct online E.ngagc. m
project group discussion
Engagement knowledge . A lectures
discussions forums
Involve communit; .
experts in roblcmy Communicate Upload courses,
Curiosity perts in p with learners and  tests, and Upload content
definition and A
. . teachers assignments
solution generation
Group Participate in Take self- Facilitate activities ~ Mentor learners
f . communities of R R and other
discussion . assessments to build skills
practice researchers
. Collaborative Take graded Facilitate Conduct online
Reflection : . .
planning assessments student reflections seminars
Interactive s
L . knowledge share . Facilitate
communication Seek and give . Facilitate
with peers and . mutual
and feedback student evaluations N
. others learning
collaboration
with peers
. Produce shared Make Co-produce
Presentation presentations Mentor students
language/vocabulary N knowledge
online
‘Work with
Write critical Interact with Conduct class stakeholders
. experts and N N for
reflection surveys S
mentors joint problem
definition

Figure 4 depicts an illustration of using these guidelines to identify the learning outcomes and activity design in
a classroom. It should be noted that the illustration also embodies the notion of an educator who is exhibiting the
characteristics and behavior of coach/facilitator who is also partnering with students in terms of activity design.
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a n d ACt i V i ti e S Corprodicn Inowledge Presentation engage in class discussion,

Participate In Assignment 1: Team formation

D i communities of practice Communication and each team submits a
eS | g n complex problem

Let two teams each interact and
learn about thelr respective
Mutual Learning complex problem assignment.
Review a few answers and
engage in class discussion

Assignment 3: Create a
discussion forum on the complex
problem and Interact with peers,

Figure 4. Learning Outcomes and Activities Design

6. Role of Technology in TER

Figure 5 illustrates the technology mapping for the activities prevalent in TER. Using the results of the systematic
literature review, real-life project examples, and the author’s expertise in active learning and collaboration, the use
cases for the various roles were identified and these use-cases were further mapped to the appropriate technologies.
A software tool was developed to evaluate technology platforms for use in TER. The technology mapping is reflected
in the backend system logic of the tool and served as a supplement to implement evaluation criteria that was produced
based on the core skills and core activities identified (Table 3).
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Figure 5. Technology Mapping for Prevalent TER Activities

7. Conclusions

The author’s research identified a need to define evaluation criteria for selection of the technology platforms for
use in TER. First, through a systematic literature review, core skills and core activities prevalent in TER were
identified. These core skills and core activities were used to illustrate how educators can design their course activities
to achieve the learning outcomes that are relevant in TER. The research also identified the changing role an educator
to train the learners in acquiring the necessary skills to be successful transdisciplinary collaborators in the future to
solve society’s complex problems. Finally, the research resulted in a software tool based on the core activities and
core skills to help in the evaluation of technology platforms for use in TER.
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Abstract

Article 26 of the Universal Declaration of Human Rights affirms that
education is a fundamental human right for everyone. In this time of
crisis brought about by the outbreak of Covid-19, caused by the
Corona Virus (SARS-CoV-2), educational institutions (schools,
colleges, and universities) across the globe have discontinued in-
person teaching and have switched to blended, and in many cases,
solely an online mode of teaching. This conversion from face-to-face
learning in a classroom to online learning has been beneficial, yet
concurrently has raised a number of challenges.

In the UK, there is a legal duty on local educational authorities, to
ensure, amongst other things, that there is an efficient provision of
education to meet the needs of the local population, that this service
promotes high standards, ensures fair access to opportunity for
education and learning, and promotes the fulfilment of learning
potential. In January 2020, the UK government introduced a new legal
duty on schools, in England, to provide remote education to pupils
unable to attend school due to Covid-19.

It is widely acknowledged that law and ethics do have in common
certain key principles and obligations. Therefore, the law will clearly
apply and lead directly to the appropriate ethical conclusion.
However, to rely solely on law as an ethical guideline is clearly
dangerous because in certain circumstances bad laws exist, and
history is littered with many examples. Inadequate laws may bind
rules on society that fail to provide ethical guidance. Such laws may,
in some instances, excuse a society from fulfilling certain obligations
and duties, or allow a society to justify their unethical behavior.
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It is necessary to consider whether stakeholders (e.g. governments,
local education authorities, schools, teaching trade unions, educators,
parents, guardians, pupils) were or are under an obligation/duty to
have done or not have done something. In order to identify these
ethical duties, this paper presents a framework, which sets out generic
traditional ethical concepts that can be used to flag potential ethical
obligations. These are: 1) Quality of life; 2) Use of Power; 3) Risks
and reliability; 4) Property Rights; 5) Privacy; and 6) Equity and
Access.

A lens is a tool used to bring light to a fixed focal point, and by
analogy this framework will be applied to the arguments that present
the challenges of deploying e-learning, in order to bring light to a set
of ethical duties, a focal point, that will be a set of obligations for
various stakeholders. Fulfilling these ethical responsibilities will
enable education, in this crisis brought about by this pandemic, to
address the issues of accessibility, affordability, flexibility, life-long
learning, learning pedagogy, and have educational policy and law that
is truly imbued with humanity and unity. This presentation will argue
that it is naive and simplistic to suppose that a solely technological
solution will enable the learners to surmount obstacles to online
learning in order to improve their life chances. What is required is a
more holistic approach, which based the construction and adoption of
ethical, cultural, and economic infrastructures. There is evidence that
pre-existing socioeconomic inequalities, for example, access to
resources such as WiFi, learning spaces, and tutoring, were
exacerbated or bought to the fore during the pandemic.

Keywords: eLearning, Ethics, Obstacles to online Learning,
Pandemic crisis

1.0 Introduction

In his opening remarks at the media briefing on Covid-19 held on 11% March 2020,
the Director General of the World Health Organisation (WHO), Dr Tedros Adhanom
Ghebreyesus, declared the outbreak as a pandemic [1]. In order to protect health,
minimise economic and social disruption, and concurrently respect human rights,
governments and societies around the globe activated comprehensive strategies to
prevent infections, save lives and minimise impact.

Social distancing is a conscious increment in the physical gap between people. It
was used as a tactic to curb dissemination of the disease. In the UK, Prime Minister
Johnson, on 16" March 2020, stated “now is the time for everyone to stop non-
essential contact and travel”, with lockdown measures legally coming into force, in
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the England, ten days later [2]; similarly in other countries of the UK. Lockdown
measures forced global physical closure of businesses, sport and cultural activities,
and educational institutions. Many companies and organisations, migrated to online
platforms, in order to continue providing their goods and services. This also included
education institutions such as primary and secondary schools; colleges of further
education; and universities.

Although the concept of online learning, has a range of meanings attached to it [3],
it can be viewed as a term to describe an emerging approach to learn at students’
own premise through advanced information-communication technologies (such as
Blackboard, Moodle, YouTube, Virtual Reality) either asynchronously or
synchronously [4]. Fundamentally, it is the use of the internet and some other
important technologies to develop materials for educational purposes, instructional
delivery and management of program, and to deliver education. Succinctly put, it is:
“anytime/anywhere access to education made available through the internet” [5].

The efficacy of online learning must be rooted in the understanding of the benefits
and limitations, of which there are many [6, 7]. The crisis-response migration into
online learning, raises a number of social, ethical and legal challenges and
opportunities, as we battle to eradicate the pandemic. This paper focuses on the
ethical issues.

1.1 A Right to Education in a Pandemic

The right to Education is a fundamental basic human right. Article 26: Universal
Declaration of Human Rights, declares: “Everyone has the right to education.
Education shall be free, at least in the elementary and fundamental stages.
Elementary education shall be compulsory. Technical and professional education
shall be made generally available and higher education shall be equally accessible
to all on the basis of merit” [8].

The reasons as to why education is a fundamental human right are outlined by the
United Nations Education, Scientific and Cultural Organisation (UNESCO), who
forcefully argue, amongst other things, that a right to education ensures the
development of a fully rounded human being. Education is a powerful tool in lifting
socially excluded children and adults out of poverty and into society; and narrows
the gender gap for girls and women. For this human right to work there must be
equality of opportunity, universal access, and monitored and enforcible quality
standards [9]. Human Rights Watch (HRW) argue that there has been a massive
disruption to children’s education highlighting the need for governments to devote
serious attention and resources to ameliorate, mitigate, and correct the long-standing
inequalities in education systems that have been highlighted and exacerbated during
the pandemic. Amongst a set of key recommendations, HRW argue that learners
continue to be able to exercise this fundamental right to education via affordable,
reliable, and accessible internet provided by governments [10]. It is vital to
understand that the migration of education to online allows learners to continue to
exercise their fundamental basic human right.
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In England, there is a statutory duty on schools & local authorities to comply with
the law. There is a legal duty on local educational authorities, to ensure, amongst
other things: an efficient provision of education to meet the needs of the local
population; and that the Service promotes high standards, ensures fair access to
opportunity for education and learning, and promotes the fulfilment of learning
potential [11]. A temporary continuity direction under the Coronavirus Act, 2020
placed a new legal duty on schools, in England, to provide remote education to pupils
unable to attend school due to Covid-19 [12].

1.2 Computer Ethics

The study of computer ethics can be viewed as: “.... The study of the ethical questions
that arise as a consequence of the development and deployment of computers and
computing technologies.” [13]. It is generally recognised that law and ethics do have
in common certain key principles and obligations. Thus, the law will apply and lead
directly to the appropriate ethical conclusion. However, to rely solely on law as an
ethical guideline is dangerous because in certain circumstances bad laws exist [14,
15]. Imperfect laws may bind rules on society that fail to provide ethical guidance.
Such laws may, in some instances, excuse a society from fulfilling certain
obligations and duties, or allow a society to justify their unethical behaviour. Thus,
to solely rely on the law to guide human actions can be dangerous. Ethical judgments
simply do not have the same deductivity and objectivity as scientific ones. However,
such judgments should be based upon rational ethical principles and sound, carefully
reasoned arguments. Normative claims are supported by: “An appeal to defensible
moral principles, which become manifest through rational discourse” [15]. A
normative claim can only be substantiated, and a rational discourse presented,
through an appeal to such principles.

Thus, with regard to the ethical issues raised by the development and deployment of
eLearning in a pandemic, outlined in Section 2, this paper will present traditional
ethical concepts. These will be used to assist in identifying the concerned ethical
issues. In Section 3, a number of normative ethical principles are identified, sourced
from formal ethical theories. These will be required for the substantiation of a set of
ethical duties that are advocated in Section 4 of the paper. It will be argued that these
duties must be fulfilled by one or more stakeholders such as: governments, ICT and
educational professionals, teaching trade unions, parents, guardians, pupils, etc. The
paper will argue that making certain stakeholders, and citizens in general, aware of
a broader picture that reveals the ethical context of Education and Technology that
we can collectively fight for social justice in our response to deploying eLearning in
this pandemic

2.0 Traditional Ethical Concepts

The US Content Subcommittee of the ImpactCS Steering Committee [ 16] present a
framework listing a set of traditional moral and ethical concepts that could be used
to flag potential ethical issues in a given case. In terms of personal and professional
responsibility, the committee recommended the following six traditional moral and
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ethical concepts: 1) Quality of life; 2) Use of Power; 3) Risks and reliability; 4)
Property Rights; 5) Privacy; and 6) Equity and Access. In order to become a
responsible computer professional, the ImpactCS Steering Committee argued that
one must be able to examine the standards for the rightness and wrongness of actions.

The focus of this paper is to look at the issues of Quality of Life, Use of Power and
Equity and Access in the development and deployment of eLearning in this
pandemic. The respective commentaries for these three ethical concepts are
presented in Table 1.

Table 1: Commentaries for three Ethical Concepts

Ethical Concept Commentary

Quality of Life Is faster, better, more, always an increase in
quality of life for users of technology? Do
designers' and decision makers' conceptions of
quality of life correspond?

Use of Power Technology is not totally constrained by physical
or mathematical principles, each design decision
for that technology is an exercise of power. Need
to understand the ethical choices that face both
the powerful and the less powerful.

Equity and Access Careful consideration needs to be given to the
extent to which modern technology has divided
us into those who have access to the power of
technology and those who do not.

The following analysis will reveal the social analysis and ethical issues, across
differing deployments of eLearning, which allow for a stakeholder to examine
rightness and wrongness.

2.1 Quality of Life

Even though education has migrated online, as a response to Covid-19, it still
remains a fundamental basic human right in the now digital world. At a microscopic
level, it is of critical importance in improving the quality of life of individual people
and organisations; at a macroscopic level it can improve the quality of life for entire
nation states in a global information society. The quality of life is improved via the
connecting of the two for they allow: self-motivation, self-direction, self-
empowerment and self-actuation, cumulatively leading to the development of a fully
rounded human being.

The Organisation for Economic Co-operation and Development (OECD) argue that
the provision of equitable and inclusive access to digital learning resources can, to a
large degree, increase the Quality of Life [17]. However, other areas of inclusion and
equity during the school closures must also be considered by designers and decision
makers. These include:
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Supporting education of disadvantaged students

Ensuring distribution of food to students

Ensuring wellbeing of students

Ensuring provision of social services to students

Supporting Special Educational Needs (SEN) students

Addressing emotional needs of students

Supporting students whose parents have limited command of the language
of instruction

o Ensuring social development of students

e Supporting students at risk of violence at home [18].

What is apparent from the above list is that it is a falsehood to suppose that a solely
technological solution will enable the learners to surmount obstacles to online
learning in order to improve their Quality of Life. This must be understood by
decision makers in faculty, amongst academic staff, communities, societies, and
local, regional and national governments.

2.2 Use of Power

There is a clear delineation between those who have access to, enjoy and benefit
from eLearning; and those who do not. Not all social groups wield power over their
own individual lives and are to some extent unable to manage their lives properly.
In other words, they are not empowered. School, college and university closures
have a very real impact on all students, but especially on the most vulnerable ones
who are more likely to face additional barriers. Those living in poverty,
geographically remote areas or urban slums, students from ethnic minorities and
indigenous communities, immigrant and refugee students, LGBT+ students and
students with Special Education Needs (SEN) are particularly exposed by this
current coronavirus pandemic [17]. In the UK, studies have revealed that
disadvantaged and vulnerable students are significantly less engaged in remote
learning. A UK schools study reported that 62% of vulnerable students and 58% of
students with SEN were less engaged in remote learning than their classmates [19].

In order to become responsible designers, developers and deployers of eLearning,
there is a need to steer clear of naive analysis that states simple access to a computer
with broadband access will lead to empowerment. There is a need to understand
Information and Communication Technologies (ICTs) and eLearning in the context
of poverty and inequality, along the lines of race, socio-economic status, educational
attainment, immigration status, sexual orientation, and geography. Only by
understanding these power dimensions can ICT and eLearning bring
democratisation and liberation to all peoples’ lives.

2.3 Equity and Access

An almost universal response to school closures has been the creation of online
learning platforms to support teachers, students and their families. However, not all
students have the same access to information and communication technologies. This
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problem is faced across counties to a lesser or larger degree [20]. Typically, the most
vulnerable students might not have access to digital learning resources. During the
pandemic, many nations have been using digital pedagogical tools and virtual
exchanges between students and their teachers, and among students, to deliver
education as educational institutions closed. In response to the challenges they face,
countries have developed specific and sometimes innovative policy initiatives,
including: partnerships with national educational media and free online learning
resources to reach all learners (Good examples include New Zealand, France,
Portugal, Columbia and UK); distribution of free electronic devices and learning
material (Good examples include Chile, Slovenia, Greece); and the continuity of
limited physical educational services for the most vulnerable [17].

There is not just one digital divide but multiple divides which relate to a variety of
factors such as: gender; age; ‘ethnic clustering’; uncertainty of living/financial
conditions; work insecurity, and social insecurity [21]. Many changes have been
occurring in identifying vulnerable groups who are subject to social disadvantage as
a consequence of age and disability as well as other factors such as low educational
achievement, poverty and living in remote rural areas. These groups of people
despite living in developed countries, often with strong economies, are not included
or not keeping pace with technological developments and opportunities [22]. This
pandemic has bought into sharp focus these digital divides.

3.0 Ethical Normative Principles

In the development and deployment of computing technology a number of social,
legal and ethical issues can be invoked. Legal issues can be resolved via the use of
legal doctrine, which is a framework presenting a set of rules, procedural steps, or
tests, through which rulings can be determined in a given legal case. In the same vein
the most important ethical issues surrounding the deployment and development of
computer technology can be resolved by making a rational appeal to traditional
ethical principles and theories and so extend them to the use of new technologies
and approaches, such as eLearning. There is a plethora of ethical theories that have
been developed throughout history and one or a combination of these can be
selected. Fundamentally there are two basic approaches to ethics:

1. Deontological theories, define actions as essentially right or wrong
regardless of the consequences they produce. An ethical action might be
deduced from a duty (Pluralism) or a basic human right (Contractarianism)
but it never depends on its projected outcome.

2. Teleological theories give priority to the good over the right, and they
evaluate  actions by the goal or consequences  that
they realise. Therefore, actions, defined as morally right, are those that
produce the best or optimise the consequences of choices,
whereas unethical actions are those that do not contribute to the good.

Table 2 presents the normative principles extracted from Deontological theories.
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Table 2: Deontological normative principles

Deontology Duty Based Ethics [23] Deontology Rights Based Ethics
[14, 24]

One ought to The right to

.. keep promises (fidelity) ..know

..Right the wrongs that one has inflicted on ..Privacy

others (reparation)

..Distribute goods justly (justice) ..Property

..Improve the lot of others with respect to ..Security

virtue, intelligence, and happiness
(beneficence)

..Improve oneself with respect to virtue ..Political participation
and intelligence (self-improvement)

..Exhibit gratitude when appropriate (gratitude) ..Freedom of expression
..Avoid injury to others (non- injury) ..Freedom of association
..Not to be discriminated against

..Fair access to, and development of,
communication resources

..Protection of cultural identity

Three philosophies under the umbrella of Teleology are: Ethical Egoism (moral
agents ought to do what is in their own self-interest); Utilitarianism (operating in
the public interest rather than for personal benefit; maximises benefits over costs for
all involved, everyone counting equal); and Altruism (in benefit for others, even at
a cost to yourself) [14].

The deontological normative principles in Table 2, along with the three Teleological
approaches, will be used to help substantiate the ethical duties that are advocated by
this paper. By fulfilling these responsibilities, we can help education, in this crisis
brought about by the COVID-19 pandemic, to address the issues of accessibility,
affordability, flexibility, life-long learning, learning pedagogy, and to have
educational policy and law that is truly imbued with the concepts of humanity and
unity.

4.0 Ethical Normative Principles

Seven duties are suggested below, which, if followed, are likely to lead to ethical
design, development and deployment of eLearning. Each rule of thumb is
substantiated by citing one or a number of the ethical normative principles, listed in
Section 3 above. Often there is a lack of relevant knowledge or inexperience of users
regarding the deployment and engagement with eLearning. It is the
design/developer/deployer professional’s duty to instruct in such circumstances.
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Table 3: Seven duties leading to ethical design, development and deployment of eLearning

Ethical Duty

Normative Principle

1.

Learning materials need to be made more
accessible to learners with disabilities.
[17].

Duty-Develop Online eLearning Content
compliant with Web Content Accessibility

+Justice, Beneficence & Non-injury.
+The right not to be discriminated
against & fair access to, and
development of, communication
resources.

literacy education [17].

Duty- Call on agencies to equip people
(students, teachers and parents,
grandparents) with digital skills. E.g., the
British Computer Society (BCS) Essential
Digital Skills Qualifications [28].

(WCAG) 2.1 Guidelines [25] +Utilitarianism.

2. | Duty-An employer, as the same health and | +Fidelity, Beneficence & Non-
safety responsibilities for home workers as | injury.
for on-site workers with particular focus on | +The right not to be discriminated
[26]. against & fair access to, and
-Lone working without supervision development of, communication
-Working with Display Screen Equipment resources.

-Stress & Mental Health. +Utilitarianism.

3. | Some parents, e.g., parents of immigrant +Justice, Beneficence & Non-injury.
and refugee students, may not be able to +The right to know; not to be
support their children with home-schooling | discriminated against; and to fair
due to their lack of proficiency in the access to, and development of,
language of instruction [17]. communication resources
Duty-Develop and make available online +Ultilitarianism
multi-lingual learning resources.

4. | Learning must meet the socio-emotional +Beneficence and Non-injury
needs of the learner via the importance of +Utilitarianism
play [17].

Duty-Provide social activities, such as
virtual games and reading buddies, via
online learning platforms.

5. | Online learning provider must support +Beneficence and Non-injury
mental and psychological needs of learners. | +Utilitarianism
Duty-eLearning portals must provide
contacts to counselling, health and
psychological services.

6. | As the level of poverty increases in the +Justice, Beneficence & Non-injury.
community, the rate of internet +The right not to be discriminated
accessibilities declined rapidly [27]. against; and to fair access to, and
Duty-educational provider must offer development of, communication
vouchers for free/discounted broadband resources
connection. +Utilitarianism

7. | Pandemic emphasizes need for digital +Justice, Beneficence & Non-injury.

+The right to know; and to fair
access to, and development of,
communication resources
+Utilitarianism
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5.0 Conclusions

The objective of applying the ethical framework presented in this paper was to
identify and defend ethical stances that can, and should be, taken into account in the
design, development and deployment of eLearning in a pandemic. In so doing, the
importance of ethical considerations concerning online education in a COVID-19
world can be brought to the attention of various stakeholders, decisions makers and
the wider society; thus, helping to raise the visibility and applicability of sensible,
realistic, and actionable ethical principles in use.

This paper contributes to the current ethical and philosophical discourse relating to
online education in a pandemic. In particular, a set of ethical duties has been
proposed which, in turn, will raise the awareness of the ethical issues, and help as a
practical guide for designers, developers and end-users of eLearning. For some of
these suggested ethical duties UK law applies (e.g., Equality laws, Health & Safety
at Work legislations) and leads directly to the appropriate ethical conclusion(s). But
to rely solely on law as a moral guideline is dangerous because it may lead to
occasions where individuals fail to accomplish their ethical responsibility.

The focus of this paper was limited to looking at the issues of Quality of Life, Use
of Power and Equity and Access in the development and deployment of eLearning
in this pandemic. Further work could look at broadening the focus to encompass the
issues of Risks and Reliability, Property Rights and Privacy.

There is a need to fight for social justice in our response to deploying eLearning in
this pandemic. To engage in this battle we need, as a society, to produce more
responsible ICT/educational professionals and citizens in general to think of, be
more conscious of, a broader picture that reveals the social, ethical, legal and cultural
context of Education and Technology. It is a false notion to think that solely
technology can pave the road to prosperity because our vision of a technological
utopia is driven by ignorance and/or flawed assumptions about race, class, and
gender [29]. We, as a society need to understand the complexities of the realities of
the have-nots in a pandemic. Decision makers need to be aware that simple access
to a computer with broadband access (which in any case is a prerequisite) does not,
in itself, endow empowerment, bring justice, or improve quality of life for the have-
nots.

6.0 References

1. World Health Organisation (2020). WHO Director-General's opening remarks
at the media briefing on COVID-19 - 11 March 2020, Available from the
World Health Organisation, at https://www.who.int/director-
general/speeches/detail/who-director-general-s-opening-remarks-at-the-media-
briefing-on-covid-19---11-march-2020 [date accessed: 28" June 2021].

2. Institute for Government (2021). Timeline of UK coronavirus lockdowns,
March 2020 to March 2021, Available from IfG, at

34



10.

11.

12.

13.

14.

15.

https://www.instituteforgovernment.org.uk/sites/default/files/timeline-
lockdown-web.pdf [date accessed: 28™ June 2021].

Singh, V. and Thurman, A. (2019). How Many Ways Can We Define Online
Learning? A Systematic Literature Review of Definitions of Online Learning
(1988-2018), American Journal of Distance Education, 33:4, 289-

306, DOI: 10.1080/08923647.2019.1663082.

Yang, K.C.C. and Kang, Y. (2020). What Can College Teachers Learn From
Students' Experiential Narratives in Hybrid Courses?: A Text Mining Method
of Longitudinal Data, in Theoretical and Practical Approaches to Innovation in
Higher Education, IGI Global, DOI: 10.4018/978-1-7998-1662-1.ch006.
Haynes, A.S. (2020). UDL in Action: Implementing Strategies in a Large
Online Course, in UXD and UCD Approaches for Accessible Education, IGI
Global, DOT: 10.4018/978-1-7998-2325-4.ch004.

Rao, N.V. and Rao, P.D. (2020). Online Learning in Education Sector
Revealing the Benefits and Challenges, EPRA International Journal of
Environmental Economics, Commerce and Educational Management,
Vol.7(2), pp 20-23, DOI: 10.36713/epra0414.

Bailey, D.R. and Lee, A.R. (2020). Learning from Experience in the Midst of
COVID-19: Benefits, Challenges, and Strategies in Online Teaching,
Computer-Assisted Language Learning Electronic Journal, Vol. 21(2), pp.
176-196.

United Nations (1948). Universal Declaration of Human Rights, Available
from United Nations, at: https://www.un.org/en/about-us/universal-
declaration-of-human-rights [date accessed: 29" June 2021].

UNESCO (2021). What you need to know about the right to Education,
Available from UNESCO at: https://en.unesco.org/news/what-you-need-
know-about-right-education [date accessed: 29" June 2021].

Human Rights Watch (2021). “Years Don’t Wait for Them” Increased
Inequalities in Children’s Right to Education Due to the Covid-19 Pandemic,
Available from HRW at: https://www.hrw.org/report/2021/05/17/years-dont-
wait-them/increased-inequalities-childrens-right-education-due-covid [date
accessed 29" June 2021].

Legisaltion.gov.uk (2021). Education Act 1996, Available from the National
Archives, at: https://www.legislation.gov.uk/ukpga/1996/56/contents [date
accessed: 30" June 2021].

The Gazette (2020). Coronavirus - Temporary continuity directions etc:
education, training and childcare, The Coronavirus Act, 2020, Provisions of
Remote Education (England) Temporary Continuity Direction, Available from
The Gazette Official Public Record, at:
https://www.thegazette.co.uk/notice/3642261 [date accessed: 30" June 2021].
Johnson, D. (1995) Computers, ethics and social values New Jersey: Prentice-
Hall Inc.

Kallman, E.A. and Grillo, J.P. (1996) Ethical Decision Making and
Information Technology: An Introduction with Cases, New York: McGraw-
Hill Inc.

Spinello, R. (2013) Cyber ethics: Morality and Law in Cyberspace, Jones and
Bartlett Publishers, Inc; 5th Revised edition

35



16.

17.

18.

19.

20.

21.

22.

23.
24.
25.

26.

27.

28.

29.

Huff, C., Anderson, R.E., Little, J.C., Johnson, D., Kling, R., Martin, C.D. and
Miller, K. (1995). Integrating the ethical and social context of computing into
the CS curriculum. An Interim Report from the Content Subcommittee of the
Impact CS Steering Committee. In Proceedings of ETHICOMP 95: An
International Conference on the Ethical Issues of Using Information
Technology, Leicester UK, 28-30 March 1995, Vol. 2, pp. 1-19

OECD (2020). The impact of COVID-19 on student equity and inclusion:
Supporting vulnerable students during school closures and school re-openings,
Available from OECD at: https://www.oecd.org/coronavirus/policy-
responses/the-impact-of-covid-19-on-student-equity-and-inclusion-supporting-
vulnerable-students-during-school-closures-and-school-re-openings-
d593b5c8/ [date accessed: 2" July 2021].

Reimers, F. and Schleicher, A. (2020). A Framework to Guide the Educational
Responses to the COVID-19 Pandemic of 2020, OECD.

Lucas, M., Nelson, J. and Sims, D. (2020). Schools' responses to Covid-19:
pupil engagement in remote learning, Available from National Foundation for
Educational Research, at: https://www.nfer.ac.uk/schools-responses-to-covid-
19-pupil-engagement-in-remote-learning/ [date accessed: 2" July 2021].
OECD (2020). Learning remotely when schools close: How well are students
and schools prepared? Insights from PISA, Tackling Coronavirus (COVID-
19): Contributing to a Global Effort, OECD.

Mancinelli, E. (2007). e-Inclusion in the Information Society, Network for
Teaching Information Society.

Whitney, G., Keith, S., Biihler, C. B. Hewer, S., Lhotska, L., Miesenberger,
K., Sandnes, S., Frode E., Stephanidis, C. and Velasco, C. A. (2011). Twenty-
five years of training and education in ICT Design for All and Assistive
Technology. Technology and Disability, 23 (3). pp. 163-170. ISSN 1055-
4181.

Ross W.D. (2002). The Right and the Good, Clarendon Press.

Hamelink, C.J. (2000). The Ethics of Cyberspace, Sage Publications Limited.
W3C (2018) Web Content Accessibility Guidelines (WCAG) 2.1, Available
from W3C at: https://www.w3.org/TR/WCAG21/ [date accessed: 3 July
2021].

HSE (2021). Protect Home Workers, Available from the Health and Safety
Executive, at: https://www.hse.gov.uk/toolbox/workers/home.htm [date
accessed: 4" July 2021].

Fishbane, L., & Tomer, A. (2020). 4s classes move online during COVID-19,
what are disconnected students to do? Available from Brookings,

at https://www.brookings.edu/blog/the-avenue/2020/03/20/as-classes-move-
online-during-covid-19-what-are-disconnected-students-to-do/ [date accessed:
4% July 2021]

BCS (2021). Deliver our digital literacy qualifications, Available from the
British Computer Society at: https://www.bcs.org/deliver-and-teach-
qualifications/training-providers-and-adult-education-centres/deliver-our-
digital-literacy-qualifications/ [date accessed: 4" July 2021].

Eubanks, V. (2011) Digital Dead End: Fighting for Social Justice in the
Information Age, MIT Press, ISBN: 9780262014984

36



Decolonizing the Curriculum and Implementing
Relevant Education in Africa Using E-Learning

James Uhomoibhi

Artificial Intelligence Research Centre
Faculty of Computing Engineering and the Built Environment
Ulster University, Shore Road, Newtownabbey Belfast, Co. Antrim, BT37 0QB
Northern Ireland, UNITED KINGDOM
j-uhomoibhi@ulster.ac.uk

Abstract

Education is the key to success for individuals and communities
anywhere. In the current situation especially in this era of COVID-19
pandemic, education remains important for sustaining physical health
and mental wellbeing for people and economic growth of society.
With continuing and increasing digital divide, the questions remain,
is the education curriculum in Africa relevant? What role is e-learning
and how ready are the key players for implementing changes?
Decolonizing the curriculum is a movement that started some twenty
years ago aimed at ensuring the knowledge and practices of
indigenous people were represented in education curricula of post-
colonial countries. In recent times this has been reignited by students
in South Africa and also in the University of London championed by
National Union of Students demanding the placement of indigenous
knowledge on equal footing with curriculum from outside.
Decolonizing the curriculum provides all subjects opportunities to
reconsider teaching matter. This includes who is teaching, what the
subject matter is that is being taught and how it's being taught. This
keynote lecture explores the origin and meaning of decolonizing the
curriculum considering issues of diversification and inclusion. We
report on technology in education, curriculum decolonization and the
possibilities going forward. Africa is resource rich but has been
assessed to be the poorest continent in the world. Access to and the
use of education via e-learning as a tool remains vital for rebooting
development and growth of communities with a view to promoting
knowledge acquisition and economic growth. We report on the
philosophy, structure and mode of delivery of education in Africa. We
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touch on the influence of culture, history and role of e-learning in
ensuring transition from being closed to being an open society and
also in facilitating access-on-the-move to people and resources
outside Africa. In the light of the recently launched United Nations
Sustainable Development Goals, we examine issues of sustainability
and rebooting the future. This paper concludes that decolonizing the
curriculum requires radical change. There are critical questions to be
answered and key factors to be considered if it is to be implemented
successfully. E-Learning has and continues to be an important vehicle
and a tool that has potential to create the necessary change to achieve
success. This does however require all sectors and practitioners to
work together at all levels.

Keywords: decolonizing curriculum, e-Learning, sustainable
development goals, relevant education, Africa

1.0 Introduction

Education remains a force for good. It provides the key to success in all spheres of
life. In the International Covenant on Economic, Social and Cultural Rights
(ICESCR) in Africa, the right to education is protected by a collection of
international, national and regional legislation [1]. The Committee on Economic,
Social and Cultural Rights (CESCR), defines education as a means of attainment of
all other rights which should reflect a balance between promoting the physical,
mental, spiritual and emotional aspects and the intellectual, social and practical
dimensions of education. [2, 3]. An educated person is able to take control of their
life and contribute to the development of their state.

Africa is home to diverse sources of natural energy (solar, wind, waves, geothermal,
oil and gas), and other forms of natural mineral resources.

Despite having access to this wealth of energy sources, the continent is still referred
to as the ‘Dark Continent’ with little or virtually not enough power for electricity,
water, communication and other infrastructures necessary for economic
development and sustained growth.

Most developing countries including Nigeria have no well-established e-waste
management system for re-cycling of obsolete electrical and electronics products.

The volume of used electronics is large and growing — a consequence of a
consumerist society, whose education seems to be based on meeting the needs of the
society where it is being provided.

1.1 Decolonizing the Curriculum and Effects of Colonialism

The effects of colonialism has been reported as human disaster, one whose
dimension and destructiveness and cataclysm shook Africa to the core tearing the
thread of cultural and historical continuity savagely apart into two that henceforward
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no one ever thinks of one but two Africa, namely the one before and the one after
the holocaust [4].

Decolonization seeks to find the truth about Africa, its culture and its values and its
education. Education has to do with control of knowledge. Now the knowledge of
Africa seems to be based on three main systems of anthropological science, colonial
politics and the ‘civilizing mission’ [5].

2.0 Education Curriculum and Global Development

In considering the important role of education we examine the role it has played in
developed nations such as Singapore, the school’s system and the types of
curriculum being implemented, be it the colonial curriculum or a decolonized
(inclusive) curriculum. This leads to the question: Is the School system and the
curriculum in use in Africa outdated? To answer this question, we examine the
meaning of education curriculum and distinguishing between the types.

For the purpose of this paper, we see the curriculum as a framework for distribution
of knowledge, which should be aligned with notions of diversity and accuracy. The
colonial curriculum is characterized by its unrepresentative, inaccessible, and
privileged nature. It has exclusionary and depreciatory tendencies. It fails to provide
truthful knowledge and discourages many others from engagement with what is on
offer through carefully devised means.

The problems associated with this type of curriculum include psychological,
educational and societal ramifications, that can transcend beyond the academic
environment, a lack of representative teaching which links to feelings of isolation
and disconnect amongst staff and student bodies and a highly visible Black Asian
and Minority Ethnic attainment gaps with low satisfaction rates tied to mental health
issues, and alienation of individuals and groups. It is worth noting that the
knowledge produced and access in education irrespective of the type of curriculum
used, impacts the way in which students go on to successfully dismantle or uphold,
legitimize or reject toxic social and political practices.

The Decolonised (Inclusive) Curriculum considers amongst others the broader
diversity of all characteristics such as ethnicity, race. It has an inclusive curriculum
framework which amongst others, creates an accessible curriculum, enables students
to see themselves and their backgrounds reflected in the curriculum and equips
students with the skills to positively work in a global and diverse world. The results
and benefits of implementing this inclusive curriculum include improvements of the
experience, skills and attainment of all students irrespective of background that are
able to participate fully and achieve learning targets at equal rates as well as a
reflection of the cultural and social backgrounds of all students and helps students
with access to shared knowledge, improve reflective practice and collaborative
learning. Decolonising curriculum and delivery informed by other pedagogical
practices from around the world is key to achieving this.
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2.1  The World Today and Africa

There is an acknowledgement all over the world today of - success and achievement
of personalities, the diversity in languages, culture, explore the challenges, examine
opportunities and outline possibilities and role of education in rebooting the future
taking cognisance of different careers and professions in our society following rapid
advancements in technology enable through education.

In the course of this year, 2021, which marks the beginning of the 3rd decade of this
21st century, we see technology and especially E-Learning as a tool that has helped
to meet challenges brought about by unforeseen circumstances, be they natural or
man-made disasters as well as global health (COVID-19) pandemic. We now live in
an era of globalisation. The world has been made small — easy to see, hear,
communicate and interact. The mobile phone, internet (web) makes us all equal
players on global stage.

However, there is the big challenge of “digital divide”, the “digital literates” and
those who are not. We have a choice to be either passive or active in life. We either
stand aside and watch or take part, join in and play your role.

2.2  Some Key Questions

In addressing issues raised in this paper we identify some key questions to which
answers must be sought. They include
*  What is education, culture and technology?
*  As a person of African descent in Northern Ireland, from where have we
come and where are we going?
* - An historical excursus
*  What role and potential has Education, technology especially computing
and IT on society?
*  Transition from being closed to being open
*  Access-on-the-move to people and resources inside and outside
Africa
*  How is the future being rebooted?
*  What makes for sustainable development whilst ensuring viable continuing
personal and professional development and economic growth in the face of
current globalisation for people of African descent in Northern Ireland?

Education is systematic training and instruction (especially of the young, in school,
college, etc.). It is knowledge and abilities, development of character and mental
powers, resulting from such training. In developing this further it is vital to
distinguish between education and schooling. Culture is advanced development of
the human powers; development of the body, mind and spirit by training and
experience. It is evidence of intellectual development (of arts, science, etc.) in human
society. Culture is a state of intellectual development among a people; particular
form of intellectual development. It is an embodiment of all the arts, beliefs, social
institutions, etc., characteristics of a community, race, etc. Technology is defined as
the study, mastery and utilization of manufacturing and industrial methods;
systematic application of knowledge to practical tasks in industry (work and home).
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2.3 Africa - Position, Population and Resources

Africa is the world's second largest and second most populous continent, after Asia.
About 30.37 million km? (11.7 million sq mi) including adjacent islands, it covers
6% of the Earth's total surface area and 20.4% of the total land area. With about 1
billion plus people (as of 2009) in 54 countries, Africa accounts for about 14.72% of
the world's human population. Africa is a resource-rich continent but all its countries
are still classified today as developing nations or emerging economies. To put it in
in context, Africa is bigger than the USA, Canada and India combined in terms of
land or space.

In terms of percentage of world’s natural resources, Africa is home to 60% Arable
land, 90% Raw material reserve, 40% Gold reserve, 33% Diamond reserve, 95%
Platinum reserve. It has manganese, iron, wood, uranium, copper, crude oil etc., yet
Africa is seen and continuously labelled the ‘poorest’ continent in the world.

3.0 Education and Development

Education has a monumental role to play in the development and sustenance of
people and society. Higher education institutions (HEIs) play important role in the
development of nations and regions around the world. They are the core actors for
knowledge creation and the training of new experts. HEIs are responsible for the
production of new human capital by amount of talents, building up social capital,
human connections and interactions and they affect the cultural life and enrich the
quality of the city and society.

3.1  Cognition and Tools: Internet and e-Learning as Tools

The advent of new technologies have seen the use of new technologies in education.
This has involved the integration of media types (text, images, video, animations),
use of hyperlinks for content navigation and increased level of interactivity with
feedback mechanisms between content producer and consumer. This has the
advantage of serving as an external memory. Some identified disadvantages are
exponential growth in the amount of data and its complex, fast rate of technological
development.

There have been changes in work relating to operations and tools. We see automation
and massive outsourcing of work to different regions of the world. Information has
become abundant and cheap. We are now in a conceptual age with valuation of
intuition, creativity, empathy, and artistic thinking. The advent of Web 2.0 has
resulted in use of collaborative tools for unleashing creativity at large. Human
interaction management has become important, and filters are being put in place to
augment people’s ability to navigate through their daily problem spaces. In
education, there is redistribution of priorities. Given the change in cognition and
working skill demand, learning objectives are changing and all domains in the
Bloom’s model are affected. In the cognitive domain, application and analysis have
become more important than remembering. In the affective domain, empathy and
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sensitivity have become more crucial when working inter-culturally and in the
psychomotor domain there is the focus on learning to use IT and improving verbal
communication.

4. Education Curriculum in Africa — Current
Perceptions and Relevance

There is a growing concern amongst practitioners, researchers, public bodies and
businesses in Africa about the education curriculum being delivered in Africa.
Research reports that sub-Saharan African states are comparatively behind other
regions in the provision of education [6]. In 2012 sub-Saharan Africa had the lowest
regional gross enrolment ratio — 20%. The ratio for North America and Western
Europe were 89% and for Central Asia it was 33%. The highest regional number of
students not in school in sub-Sahara Africa (approximately 30,000) is almost 3 times
that of Asian region. Also, the provision of early childcare education in sub-Sahara
Africa stands at 20% compared to 74% in Latin America. All of these are in addition
to challenges of high child-marriage rates, adult illiteracy, poverty and political
instability and unrest [7, 8, 9, 10, 11, 12].

New approaches are being developed for implementation. Some these include the
use of collaborative cross-cultural project work, which involves learning across
continents, cultures, languages, time-zones; application of situation-based
understanding & analysis of information, that involves disassembling of problems
with no initial solutions; right through to the use of visualization and presentation of
data, which consist of the ability to make creative and interactive presentations of
complex data to increase understanding, for example, Gapminder.

In the light of challenges of the present tomes in relation to sustainability and
development, it is understood that a functioning society and business depends on a
series of complex infrastructure networks, providing our cities and towns with clean
water, transport, energy and the capacity to trade efficiently. An effective economic
recovery and sustainable development will also depend on extending infrastructure
to those in the world who have been left behind in the past 50 years and who will be
exposed to even greater threats in the next 50 years. The issues of importance centres
on poverty, climate change and family. This requires focus on first, engineering the
poor out of the dark shadows cast by world poverty and the misery it generates.
Secondly, engineering the world away from the equally long shadows thrown by an
energy and environmental crisis and with global climate at a tipping point. Thirdly
and finally on enabling and empowering the family unit to be able to stand, support
and exist, supporting self and others.

The world today finds itself slipping into environmental catastrophe with 1 billion
without access to safe water, 1.6 billion without electricity, 2.5 billion without safe
sanitation, 1 billion without telephone services and 1 billion without all-weather
roads. In terms of population and urbanization, the world population is becoming
more urbanized (60% by 2025), with the greatest effect in lesser developed
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countries. In 2003, the world population was or the order of 5 billion, the split being
3 billion (rural), 2 billion (urban). It is estimated that by 2025 this will increase to
6.6 billion with a split of 3 billion (rural) and 3.5 billion (urban) with the urban
growth being a combination of endogenous growth and rural migration. The belief
is that most of the population of the future will be accommodated in urban slums
that would result in increased poverty, consequent loss of taxation, contribution to
costs of infrastructure provision, marginalization and lack of trust in institutions.
This would call for a need to rebuild trust, vital partnership and land reform.

5.0 Developing and Rebooting the Future

In the effort to develop and reboot a future for everyone worldwide it is important to
realize and not that we are never free and secure until those around us are free and
secure. The People of the world cannot be free until Africa and the rest of poor
nations in the world are free. There is hope. The future is bright. Education as a
fundamental human right and as a process provides the firm ground on which to
stand and claim the freedom, working with one another to serve humanity and the
world. We must stop competing with one another but instead go out of our way to
support each other globally. We must unlearn the bad habits we have been taught
and learn and practice the good habit of helping one another. A light exists and shines
not for itself but for others to see. Humans are the lights of the world; education is
the vehicle and e-learning the fuel. The future of Africa in the world is a promising
one, a great and bright future.

51 Reaching Out to Africa — Access to Energy and Water
Resources

The prerequisites for development are reasonable governance structures, A
functioning civil society, an effective local economy and freedom from persecution,
conflict and corruption. Monique Barbut, of UNEP affirmed that to help Africa meet
its development needs the continent needs energy. The African economies cannot
develop without access to ample, reliable, and affordable energy. Lack of energy
security feeds into a cycle of poverty. The current challenge is that 60% of Africa's
population lack access to electricity. This is about the same percentage that have no
access to a reliable clean water supply. In the case of access to water, two billion
people worldwide still lack safe drinking water. About 5,000 children still die every
day from water-related diseases, The contrasts between the developed and
developing worlds could not be starker.

5.2 The Education Curriculum and Contents

The current situation clearly indicates that it is time we concentrate on education and
the decolonized curriculum in all subject areas at all levels (primary, secondary,
further and higher) of education. There is the need to recognize the needs, desires,
aspirations, expectations and plan for a sustainable future. Some of the questions
requiring answers include, (i) Have you got the freedom, the time and resources to
use now and in the future? And (ii) Are you networked and communicating with one
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another to keep your communities, state and the society here and abroad alive and
kicking well?

The sustainable development goals (SDGs) need the delivery of effective
infrastructure There is the issues of disparity, inequity, and environment justice with
communities, within and between countries, across continents and lifestyles be it the
case of urban versus rural or artisan versus professional. The present state we find
ourselves in the world is one of having to deal with COVID-19 pandemic, climate
change and a global economic recession. The challenges of the 21st century
described by Prof John Beddington, Chief Scientific Adviser of the UK Government
as “the perfect storm” include urbanization, population, food security, poverty
alleviation, energy demand, climate change, water demand, counterterrorism,
infectious diseases and biodiversity. This has led to the development of a global
agenda for the Institute of Civil Engineering that addresses 4 headline issues of (i)
education, training and mobilizing the youth through harnessing their energy and
commitment, (ii) developing appropriate structures in the industry via capacity
building, (iii) putting in place appropriate and equitable standards be they technical,
ethical and contractual and (iv) addressing high level issues by focusing on
outcomes, upscaling and building effective cross-sector partnerships.

5.3  Sustainable Development and the Education Process

Both the content and the process should be given in-depth consideration. Not
shoving more materials into the content is important as well as pulling relevant into
the process. Issue of assessment and staff development and guidance are important
for the higher education and professional development process. The problems facing
Africa as emerging economy include climate change, lack of affordable and
sustainable electrical energy, lack of investment in technology, insufficient capital
resources, high unemployment rate, lack of enough skilled personnel, poor
technology, poor educational system, poor health facilities, poor agricultural
methods and lack of sustainable economic growth. At the same time we note the
positive impact of information and communication technology (ICT) in developed
or advanced countries on economic growth, education, transport, agriculture,
banking system, industry, communication, employment, health and entertainment.
There is huge potential for use of technology for development. This can be realized
if barriers are removed. Some of the constraints facing technology use and
implementation in Africa include lack of proper policies and strategies, high cost of
the technology, inadequate and unevenly distributed infrastructure, local content and
language barrier, lack of private sector involvement in designing ICTs suitable for
poor people, lack of human resource capacity, poor import tax regulations, lack of
sustainability and lack of adequate, reliable and affordable electricity.

Collaboration between education, business and society should be encouraged.
Cultural integration paves way for progress and success in society. Education
institutions, communities and business organisations should strive to understand the
relationship between world of work, community life and the world of learning. This
calls for cultural education and acquisition of skills to engage with and use
technology for improvement of life and society. Efforts should be directed at the
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process dynamics to identify the challenges and gaps for bridging as well as, the
effect and power of the settings, policies and development for employment,
education and culture.

5.4  Skills Development of Future Workforce

We suggest that institutions, business and voluntary organisations (such as
ACSONI) and the public should work in partnership to develop and deliver a well
rounded package of education to equip the present generation and workforce of
today and the future with the necessary knowledge and skills required to engage
successfully with the world of work and the local and global society .

Investments in the development, training and use of e-learning and associated
technology resources for all sectors of society (public, private and voluntary).

Globalisation and life of the 21st century dictate that a variety of skill is required for
any given work such as the use of computer mediated communication tools and
associated techniques as well as the ability to apply a combination of the traditional
processes in the workplace.

There are so many factors that are important ingredients in learning. Some of these
include language, students’ relation to the dominant culture and motivational state
of the learner.

The structuring of knowledge; the role of social interaction; mediating experiences
and devices and the institutional meaning attached to learning.

There are instances where the culture of learning may differ. The problem of
defining the difference remains crucial and vital to be resolved.

5.5 Education, Culture and Globalisation

Learning can be perceived as a cultural practice, a process, for which tools are
required to analyse and understand. Globalisation has had a firm influence on how
universities in different countries are packaging learning and on how businesses are
taking decisions on what skills they require and how well what work is done. All of
these go to facilitate economic growth which over the past few years have been seen
to be experiencing some difficulties.

Mixed reality technology has made communication beyond space (location), time
and language possible. The mixed augmented and virtual (MAV) reality research
laboratory, www.ulster.ac.uk/mavrlab, has been set up as a joint UK/European
initiative, for developing and implementing next generation teaching, learning and
research applications.

6.0 Conclusion and the Future

To conclude, there is a plethora of issues to consider from the point of view of
history, politics, geography, economics etc. knowledge is not confined to one place,
time or group of people. It is important to recognize that Knowledge is fluid. In order
to transcend epistemological blindness, ‘we must not define and confine Africa a
priori, racially, geographically or otherwise [13, 14, 15, 16, 17, 18, 19, 20]. Doing
so would result in denial of its previous history [21, 22, 23, 24, 25].
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We note that education, culture and technology with particular reference to e-
learning have impacted society in various ways. Individuals and organizations’
knowledge and skills for engaging and interacting with others are crucial for
progress in any community/society. The written and oral tradition cultures are
different approaches to education, be this the western or the African traditional
education, which today technology has helped to highlight.

The drive for sustainable development by people and society can be achieved if
education, culture and technology are correctly engineered, understood and applied
to improve life and community. There must be engagement at all level and by all
authorities with decolonization of curriculum in education. The challenges of racism
must be addressed, it must be tackled head-on and resolved. This would allow a
focus on issues of development and progress.

E-Learning is shown to be a solution waiting for problems even in times of
emergencies such as the current COVID-19 pandemic. However digital divide is an
area of concern that must be dealt with by relevant authorities if its full potential is
to be realized. The future of Africa is bright. Education could be used as a vehicle
for rebooting the future, for reaching the goals and attaining individual and
community success and growth.

Decolonizing the curriculum to some may be inspiring or irritating. To many, it
brings about the difficult issue of racism and the fragility associated with perception
of human as either ‘white’ or ‘black’. For academics and indeed everyone in
education, it is important at all times to question what we know and how we know
what we know. Conversely, we must also question what we do not know and why
we do not know what we do not know. This requires radical change. In particular, it
requires academia to face up to and confront the discomfort of selected class
privilege to radically rethink what constitutes ‘knowledge’. Getting more African
scholars into academia and working with them is critical. Working together as one
we can aspire and to inspire, we can successfully work to achieve decolonized
curriculum that is inclusive that would lead to the provision of useful education for
all.
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Abstract

The digitalisation of everyday life has influenced the way 21st
century students access information and acquire knowledge.
Consequently, students’ educational requirements have drastically
been modified. Augmented reality can be used as a means to satisfy
these unprecedented needs. Moreover, the gamification approach
when used in conjunction with augmented reality further enhances
the educational benefits. This study presents a gamified augmented
reality application which aims at increasing students’ motivation,
engagement, and knowledge acquisition. For its development
process, a co-design approach was followed. According to the
results, it was confirmed by both teachers and students that the
application was easy to learn and use and increased students’
motivation, immersion, and engagement in learning activities,
making, thus, the overall learning experience intriguing, enjoyable
and creative. Finally, it was observed that the educational process
was more interactive, communicative, and engrossing for both
teachers and students when the application was used.

Keywords: Augmented reality, Educational technology, Human-
computer interaction, Technology-enhanced learning, Gamification,
Cross reality
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1.0 Introduction

Today's digital age has significantly affected the life and education of the new
generation of students who now use Information and Communication Technologies
(ICTs) on a daily basis. Moreover, the exponentially growing number of data
created due to the rapid increase in sensor and machine-to-machine data [1], social
media rising popularity and the constantly increasing amount of user generated
content [2] have drastically affected the frequency and the way in which ICTs are
used in everyday life [3]. It is an obvious fact that due to the rapid technological
development, the educational system struggles to meet the new educational
requirements of today’s students [4], while simultaneously the need for basic
education is becoming more and more intense [5]. In addition, nowadays, students
develop and mature in modern and flexible communities using technology
applications daily, hence they constantly handle digital information, seek to be
directly connected, require prompt responses and social interaction and prefer
experience-based learning [6]. Consequently, their educational needs for more
effective and meaningful learning are becoming really demanding [7]. Moreover,
in order for students to develop higher-order thinking skills, they should engage in
more meaningful learning based on research and experience which will have real
value both for them personally and their communities [8]. Therefore, the need to
review and reform education is imperative.

The use of contemporary technologies and applications in education can contribute
significantly towards this direction. Cross reality technology which includes
hardware and software used to create virtual reality, augmented reality, mixed
reality, and cinematic reality is gradually growing in popularity in the educational
section. More specifically, augmented reality aims at creating a mixed reality in
which both real and virtual objects co-exist by providing prompt access to rapidly
flowing information which becomes meaningful and “alive” as it is embedded in
the appropriate spatial and time framework [9]. Particularly, augmented reality
refers to technological applications of computer units which offer new ways of
interacting with both the physical and digital world and enrich users’ physical
environment with additional virtual objects which are perceived by the users
through their senses [10]. Moreover, augmented reality enables users to interact
with both the virtual and the real world in a seamless way which is a significant
difference between it and virtual reality which fully immerses users in virtual
environments [11].

In the light of the new educational requirements, new approaches such as
gamification can be used in conjunction with cross reality to create more
interactive, engaging, and motivating experiences. The gamification approach can
be regarded as the specialised use and application of game design elements and
game principles on topics and content that are not necessarily related to gaming. In
particular, gamification concerns the application of game elements and
mechanisms and experiences to non-game content in order to increase user
motivation and engagement so that they can achieve their goals [12]. In this way,
the processes look more like games and users who complete them are rewarded
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accordingly. In order to increase the motivation for student involvement,
gamification exploits people's desires for social prestige, achievement, competition
and their need to be members of a social and inclusive community.

The aim of this study is to showcase how gamified augmented reality applications
could improve the overall learning experience when used as an educational tool in
a student-centred way. Therefore, this study goes over related work (Section 2) and
presents an educational application which was developed with a view to increasing
students’ motivation and engagement as well as its development process which
followed a co-design approach in Section 3. Furthermore, the results of the
assessment regarding the usability and learnability are presented and analysed in
Section 4. Finally, after discussing the main findings (Section 5), suggestions for
future directions are provided (Section 6).

2.0 Related work

Many studies have showcased the benefits of using augmented reality applications
in educational settings. More specifically, Billinghurst [12] and Lee [13] carried
out studies in which they analysed the use of augmented reality and of tangible
interfaces in education in detail as well as the positive impacts and benefits it can
yield. Bower et al. [14] went over the use cases of augmented reality both in
society and in education as well as the pedagogical potentials augmented reality
offers. Additionally, Akgayrr and Akcayir [15] and Chen [16] carried out
systematic literature reviews regarding the augmented reality advantages and
challenges when it is used in educational settings.

In their study, Wu et al. [17] analysed the challenges, opportunities, and current
status of augmented reality in regard to its utilisation in education. Furthermore,
they identified the key features and affordances of augmented reality systems and
applications and presented instructional approaches. Finally, they suggested
solutions to various challenges and highlighted that viewing augmented reality as a
concept is more productive than viewing it as a technology. Furthermore, Hantono
et al. [18] went over the use of augmented reality in education and conducted a
meta-review analysis in order to highlight its developmental trends as well as some
interesting and useful topics to be further explored.

Yuen et al. [19] provided an overview of the use of augmented reality in education.
Moreover, they examined the recent developments of augmented reality, explored
its impact on society and evaluated its implementations in teaching, learning and
education in general. Additionally, Diegmann et al. [20] conducted a systematic
literature review regarding the benefits yielded by the application of augmented
reality in educational settings. Their study used the five directions indicated in [19]
and came to the conclusion that each one is more likely to lead to certain benefits.

Radu [21] conducted a meta-review and cross-media analysis concerning the use
and application of augmented reality. Furthermore, based on the analysis, a
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heuristic questionnaire for evaluating the educational potential of augmented
reality experiences was created and presented. Phon et al. [22] focused on the
impact of collaborative augmented reality in education and conducted a literature
review regarding its usage and potential applications in educational contexts.

3.0 Application Description

In order to fulfil and satisfy young pupils’ educational needs and requirements and
to design, customise and develop a gamified augmented reality application, it was
of an utmost significance to involve pupils in the design process and comprehend
their perspectives. Co-designing with pupils and students facilitates the
comprehension of their needs and has a positive impact on designing collaborative
learning experiences as they influence the final result in a positive and creative
way [23, 24]. Consequently, we opted to utilize cooperative inquiry, which is a co-
design approach suitable for pupils of young age [25]. Pupils, students and teachers
were involved in the overall development process.

The Vuforia Software Development Kit (SDK) and Unity Editor were used to
develop the specific application. In order for pupils to enjoy multimodal learning
environments even by simply using low-end devices, the need for specialised
equipment and software requirements was minimised. With a view to increasing
flexibility and extensibility, the application was not designed to recognise a
specific book or page but to recognise a specific fiducial marker which makes it
easier to implement the application in various use cases besides a specific subject
without requiring any further intervention.

In order to reinforce the overall education process, increase students’ and pupils’
engagement and motivation and improve their knowledge acquisition and
comprehension of the concepts and subjects being taught, the particular application
offers them the potential to fully interact with virtual three-dimensional (3D)
objects and buttons which are not user interface elements of the actual application
but exist only in the virtual environment. Students and pupils have the potential to
create an immersive virtual environment in which they can interact, play, and
collaborate with their peers while learning and creating new experiences.

More specifically, the aim of this application was to enhance pupils’ understanding
of the planets of our solar system by offering them an interactive virtual learning
environment and providing them with useful dynamic information in a user-
friendly way. As the application involved primary education pupils, the main
attributes selected for its design and development were usability, learnability, fun,
interactivity, accessibility, and simplicity. An example of this application is
depicted in Figure 1.
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Figure 1: Gamified augmented reality application.

4.0 Application Assessment

Undoubtedly, learnability and usability are significant factors in every application
even more so when the application is to be applied in educational settings and
involves students of young age. Therefore, the evaluation of these specific factors
can be considered as necessary. After being presented the application specific
aims, characteristics and target group and having tested the application, twelve
higher education students from the Department of Information and Electronic
Engineering of International Hellenic University were asked to assess the
application by filling in the System Usability Scale (SUS) questionnaire [26].
Table 1 presents the mean values and standard deviation of their responses while
their responses are presented in Table 2.

Even though the SUS questionnaire is a robust and reliable assessment means,
even for studies with a smaller number of participants, the small number of
participants and their familiarity with modern technology and devices must be
highlighted. The final SUS Score of the application was 81.7. Based on the results,
the students regarded the application as a useful, functional simple and easy to
learn tool which can be used successfully used in educational settings.
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Table 1: SUS questionnaire - Mean Values and Standard Deviation

Q1| Q2| Q3| Q4|Q5|Q6|Q7|Q8|Q9|Ql0 st;i\;ve sScLéfe

Mean | 35 |16 |44 1438|1646 |14 38| 14 32.7 81.7

Std. {0.7]07]07]05]09]07]07]05]08] 0.5 2.5 6.3

Table 2: SUS questionnaire - Participants’ Responses.

No. [ Q1| Q2| Q3| Q4| Qs|Qe| Q7| Q8| Qo qQuo| &aw Sscléfe
L3l al s s[1]a]l 36 90.0
2o 3]sl s 1]2]1 28 70.0
s a1l s]2lal1lal2]3]1 33 82.5
4 a1 lal i lal2s214a]2 33 82.5
s 31 s] 24151 ]3] 34 85.0
6 |3 251 ]alals3]2]4]2 30 75.0
7 a2l s |1 ]s]1s]2]4]2 35 87.5
8 |3 2423251 ]4]2 30 75.0
o a1 s 121 lal1]a] 34 85.0
w41 a2 215151 36 90.0
nlal2lal i3] 2]a]1]a]1 32 80.0
Rlal2]3]2]ali]s]2]a]2 31 77.5

6.0 Discussion

With the aim of improving students’ engagement, motivation and knowledge
acquisition, a gamified augmented reality application was developed. The
application focuses on Greek primary education pupils of sixth grade and the
subject of Geography, the chapter “Our solar system” in particular. The specific
chapter is overwhelmed with information that pupils have difficulty in visualising
and comprehending without having any previous experience or knowledge of the
topic. Therefore, the application provides students with 3D model representations
which are fully interactive in the virtual environment and offer additional
information for each case.

Augmented reality enables students to collaborate and communicate with their
peers in real-time mixed reality environments [27] and to interact with real and
virtual objects and as a result, it maximises students’ learning experiences [28].
Moreover, the gamification approach affects students’ behaviour and attitude
towards learning and enhances their engagement and motivation [29] and when
used properly, it is beneficial to both the instructor and the students [30].
Consequently, by using augmented reality and gamification, we focused on
enriching the overall learning experience by increasing students’ engagement and
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motivation, improving their knowledge acquisition and retention as well as
enhancing their critical thinking and their ability to better comprehend hard
concepts.

The teachers who participated in the development process and tested the
application with their pupils, stated that it was easy to learn and use the application
and that they noticed that pupils were more motivated, immersed and engaged in
learning activities when using the augmented reality application. Moreover, the
pupils who took part found the application and the overall learning experience
intriguing, enjoyable and creative. All in all, based on the sample tests which were
conducted during the development process, it was observed that the teaching and
learning process was more interactive, communicative, and engrossing for both
teachers and pupils when the application was used.

7.0 Conclusion and Future work

With a view to showcasing how gamified augmented reality applications could
improve the overall learning experience and enhance students’ motivation,
engagement and knowledge acquisition when used as an educational tool in a
student-centred way, a gamified augmented reality application was presented. The
development process followed a co-design approach and its usability and
learnability were evaluated.

Based on the results, the application was easy to learn and use, increased students’
motivation, immersion and engagement in learning activities and made the overall
learning experience intriguing, enjoyable and creative. Finally, it was observed that
the teaching and learning process was more interactive, communicative, and
engrossing for teachers, pupils and students.

Future work will aim at improving this specific application and applying it in
educational settings to assess its effectiveness and the kind of impact it has on the
total learning experience. Furthermore, qualitative and quantitative studies in
cross-cultural settings will be conducted so as to further comprehend how the
educational community evaluates the use of augmented reality in education.
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Abstract

This concept work seeks to explore the challenges and prospects of
enhanced Augmented Reality Learning Environment (ARLE),
focused on Science, Technology, Engineering and Mathematics
(STEM) education within Northern Ireland (NI) post primary
education. Currently we are in a digitally transformative society
driven by the Internet of Things (IoT) and Artificial Intelligence (Al),
leading to continual evolutionary advancements in smart living. This
includes smart education and the genesis of Smart Learning
Environment (SLE). Augmented Reality (AR) is a key technology that
has the capability to meet SLE requirements, providing contextual,
any time, any place, self-directed and learner-centered learning
experiences. By integrating data analytics, through Al, educational
affordances, using AR, can be enhanced in an iterative way, leading
to the development and deployment of a scalable, effective and more
easily and widely accessible ARLE. Previous research into use of
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ARLE in STEM subjects has generally been small scale, of short
duration and singular in nature. There has been a lack of consistent,
suitable and scalable platforms for the creation and hosting of
customisable, and contextual AR applications in education. In
response this concept work proposes an iterative, and cyclical
methodological framework, for the deployment of a more
encompassing and immersive ARLE, where pedagogically
appropriate AR is deployed in a collaborative and constructive way
with teachers as key stakeholders. The Unity 3-D game engine is
proposed to be used to deploy AR applications, which will be hosted
on currently existing online digital platforms. This is particularly
apposite during a period of online distance learning at all levels, due
to the ongoing COVID-19 pandemic.

Keywords:

Augmented Reality (AR), Augmented Reality Learning Environment
(ARLE), Smart Learning Environment (SLE), Science Technology
Engineering Maths (STEM), Internet of Things (IoT).

1.0 Introduction

“I believe that the integration of information technology in education will be further
accelerated, and that online education will eventually become an integral component
of school education.” The words of Wang Tao, Vice President of Tencent Cloud and
Tencent Education, as quoted by Li and Lalani [1], when weighing up the potential
positive benefits that online and remote education can offer. This was in response to
the sudden disruption in education worldwide caused by the ongoing global COVID-
19 pandemic of 2020-2021, shifting education from physical and more traditional
spaces to online and remote delivery. As Li & Lalani [1] pointed out the pandemic
resulted in 1.2 billion children in 186 countries being affected by school closures by
March 2020. Such closure of physical face to face education has been, and is,
ongoing in many countries around the world. This has highlighted the importance of
placing education within more relevant modern paradigms, as part of smart living,
predicated on current and evolving industrial ages, with a greater focus on Al and
the IoT.

If not yet in the Industrial Age 5.0, in which Al is becoming a bigger factor in
analysing big data streams to improve efficiencies and outcomes in work, life and
education [2], we are in the Industrial Age 4.0. This uses technology, founded on the
10T, to maximise efficiencies related to human activities through data management,
systems, communications, and interactions [3]. The IoT is driving advances in smart
working, living and education through the emergence of disruptive technologies,
which when integrated into education are digitally transformative [5]. This can help
catalyse, the identified necessary paradigm shift into SLE, facilitating interactions
with education anytime and anyplace. Alongside this, a shift from more traditional,
and still widespread, didactical rote learning pedagogies [6] to those that facilitate
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development of critical 21% Century skills, including adaptability and problem
solving can evolve.

AR is one such emergent and disruptive technology that has potentially powerful
educational affordances. Effective use of AR, as part of well thought out and
designed SLE, has the capability to provide contextual, any time any place, self-
directed, student-centered collaborative situated learning experiences, particularly in
the STEM domain. AR can also leverage a greater focus on identified critical 21*
Century skills and personality growth necessary in today's transformative smart
digital society [2]. This concept paper examines the challenges and prospects of
integrating AR applications within SLE, leading to the genesis of ARLE, using a
conceptual framework, to improve the educational affordances and efficiencies
provided. To do this this, the following is explored:

e The affordances, challenges and limitations that AR applications hosted
within SLE / ARLE as part of STEM education facilitate.

e The introduction of a conceptual framework for the development and
deployment of a more collaborative, immersive and scalable ARLE.

2.0 Background
2.1 Developments — SLE: AR and the Genesis of ARLE

The world is now in the second wave of digitalisation in which Al, focusing on
understanding and analysing data to improve outcomes, is playing an increasingly
important role in smart living and education [2]. The increasing use of Al in
education has the potential to favourably affect the teacher student relationship
through better understanding of learners and more focused provision of personalised,
or precise education [7]. As Holmes et al [8, p. 179] state:

“Whether we welcome it or not, Al is increasingly being used across education and
learning contexts. We can either leave it to others—the computer scientists, Al
engineers and big tech companies—to decide how artificial intelligence in education
unfolds, or we can ... adopt a critical stance, to help ensure that the introduction of
Al into education reaches its potential and has positive outcomes for all.

To maximise educational efficiencies and affordances as part of overall approaches
to smart living, and smart education, SLE need to be deployed effectively. Smart
education includes advanced learner profiling methods, development of active, self-
directed, or learner-centered, responsible learning contexts through implementation
of disruptive technologies, and the integration of mobile applications and analysis
tools [9]. SLE are new educational constructions that involve “an efficient interplay
of pedagogy, technology and their fusion towards the betterment of learning
processes” [10, p. 1]. Modern SLE transcend space and time. Unconfined by
physical walls they can be responsive to learners needs and contexts, in which social
connections play a key role, facilitated by advances in technological applications.
From this it can be argued that an overriding tenet of SLE involves human feelings
and outcomes, as opposed to performance only, which has led to the genesis of
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Human Artificial Intelligence (HAI) [11]. SLE, although dependent on technology
and Al need to be learner centered where human connections and interactions are
vital constructs. Put another way SLE and the tools within them are participants in
human intelligence which is distributed person to person and person to environment
[12]. As Dron [12] argues, as well as being implicitly linked to collaborative and
constructivist approaches, this is a key construct within connectivist pedagogies,
which are leveraged by the increase in adjacent possibilities afforded by the internet.
Connectivist pedagogies are premised on the argument that teaching and learning
resides in humans and non-human structures and systems; learning involves creation
and connection, not just construction; learning is both personal and social in nature,
and; learning is enhanced through connections to larger networks [12]

AR is a key disruptive technological application that has the capability to facilitate
SLE through use of mobile applications and analysis tools. Disruptive technologies
evolve over time from a small base to disrupt and displace traditional practices [13].
Disruptive educational technologies displace, or augment, more formal and
standardised educational paradigms traditionally used for knowledge construction
[14,15]. AR which overlays augmented, or virtual, constructs onto the real world in
3-D [16, 17, 18, 19] is part of the virtuality continuum, which ranges from real to
virtual environments [20]. AR lies between real and augmented virtuality. Due to
the provision of flexible learning environments and effective tools that provide
immersive multimodal environments enriched by multiple sensory features, learning
can be enhanced, through exposure to AR applications [21] within an ARLE.

With the correct application of AR SLE, or ARLE, can be created that supply rich
immersive teaching and learning experiences, thereby improving analysis,
conceptualisation and collaboration skills dispersed across time and space [22, 23,
24]. Outcomes for learners can be improved through the creation of powerful
situated learning experiences that facilitate collaboration and allow multiple
perspectives to be examined that assist in students’ motivation and learning [25].
Situated learning involves authentic contexts, activities and assessment eased by
modeling, mentoring and peripheral participation [25]. This facilitates a sense of
reality, learning by entertaining, raises motivation and provides more efficient and
meaningful learning environments [26]. Such concepts are apposite to science
education and help make the learning of science easier. The introduction of 3D visual
aids into the teaching of invisible phenomena that cannot easily be examined — they
are abstract — makes such teaching more effective [27], furthering students’
understanding of more difficult concepts and subjects [28]. In turn cognitive
capacities can be increased, due in part to the reduced cognitive load placed on
students [29].

2.2 Effective Implementation of ARLE - Challenges and Future
Needs

As highlighted in the preceding section SLE can be leveraged by effective
implementation of AR applications. When AR applications are the chosen disruptive
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technology implemented into the learning environment such environments can be
termed ARLE.

Several key challenges, in addition to teacher efficacies and lack of professional
learning (PL) in the effective use of SLE, or in this case ARLE, have been identified
[9]. These include the effective use of data analytics to boost the teaching and
learning process and the use of profiling methods inherent in AR applications when
applied in learning contexts. AR, when enhanced by the IoT has the potential to
integrate analysis tools, including data analytics to improve such learning
experiences in an iterative process, through the provision of powerful, contextual,
in-situ learning experiences alongside discovery of the connected nature of extant
information in the real world [10]. With greater convergence of AR and the loT with
Al efficiencies and affordances in smart education and more broadly smart digital
living in general can develop. The 10T is a system that integrates all devices into the
network, managed via the web and provides real time information and interaction
with its users [4]. This indicates that there is potential to integrate Al with
educational processes, especially in online and distance learning that facilitate
adaptive and personalised learner-centered experiences through SLE [13], or ARLE.

By focusing on more personalised learner-centered modes of education more explicit
teaching and learning activities can evolve, leading to precision education. Precision
education has been defined as an approach to research and practice concerned with
tailoring preventive and intervention practices to individuals based on the best
available evidence [30]. Precision education uses four steps: diagnosis, prediction,
treatment and prevention, to arrive at tailored personalised interventions [11].
Shifting to precision education will lead to pedagogical shifts, which by necessity
will include smart learning activities as well as smart assessments grounded in
technology. The integration of Al, and more specifically HAI can potentially
facilitate this [11]. The affordances that AR can leverage within such precise
educational pedagogies within SLE, or more specifically ARLE, are potentially
significant. This is especially so in relation to personalised learner-centered
educational experiences that allow learners to progress at their own pace in response
to feedback provided by AR applications using Al and data analytics. In this manner
such AR applications can help diagnose students’ engagement, motivations and
learning patterns [31, 32]. Potentially this allows educators better understanding of
the effectiveness of their content, leading to enhancements in tailoring such content
to individual student's needs.

Studies into the efficacy of AR in chemistry, and STEM. are encouraging, although
limitations and caveats exist, both at post primary and university levels. These
include mixed results, the lack of widespread, especially longer term, studies, and
the lack of well-designed integration into pedagogies. Although evidence points to
the positive educational affordances provided by TEL, including improving learning
efficiencies, facilitating a greater focus on identified critical 21% Century skills and
personality growth in a digital society [2], such evidence can be anecdotal and based
on myths as opposed to sound research [33]. The key point here is that on their own
digital technologies may not be the golden bullet in raising educational outcomes for
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all learners. What is as important as the actual technologies and how effective and
efficient they are in raising educational affordances, is how such technologies are
integrated into teaching and learning [2]. Implementation cannot be on an ad hoc
basis. It needs to be designed and incorporated into effective pedagogical learning
experiences, a point made by Sweller [34, p. 1], when stating that, “technology-based
instruction used without reference to the instructional design principles that flow
from human cognition is likely to be random in its effectiveness.”

This highlights the importance of teachers’ confidences, knowledge and efficacies
for successful integration of technology [2] which is often lacking. Teachers need
well developed cognitive skills in pedagogical content and technological knowledge
for successful implementation of technological applications into SLE, as well as the
necessary mindset and time [33, 35]. Due to the fusion of pedagogy and technology
SLE have a correlation with Mishra & Koehler’s TPACK model [34] in which they
argue that for successful integration of technologies into educational settings
development of technological, pedagogical and content knowledge is required. This
is a challenge for time pressed teachers, significant numbers of whom have less
developed efficacies in the use of ICT, and are lacking in any PL, resulting in a
shortage of TEL and a lack of effectively implemented SLE. The OECD Teaching
and Learning International Survey (TALIS) in 2018 highlighted this. Findings
include that on average within the OECD countries only 53% of lower secondary
school teachers used ICT within teaching and learning activities on a frequent or
always basis. Perhaps, more tellingly only 60% of said teachers had received PL in
ICT in the year prior to the survey with 18% identifying a high need in this area [36].
This is a key area that hinders the effective use of SLE and TEL.

This applies to the implementation of AR, in the creation of ARLE, and how it can
be used more productively to develop students’ engagement and conceptualisation
of key aspects in STEM education, enhanced by data analytics and Al to supply
anytime anyplace feedback (AfL). By integrating pedagogically appropriate AR
applications, affective and cognitive aspects of learners can be enhanced through
personalised learner-centered and collaborative learning, through connectivism, in
general. More specifically core skills applicable to STEM domains including
development of spatial ability, conceptual understanding, practical skills, and
scientific inquiry learning can be leveraged.

There has also been a lack of suitable and consistent platforms for educators to create
and host customisable contextual and relevant educational experiences [4], as well
as the time needed to prepare pedagogically valuable educational experiences
enhanced by AR. This potentially leads to ARLE which are narrow where the
seemingly ad hoc implementation of AR applications can be viewed as having little
intrinsic value. In this way potential educational affordances are negated. The use of
AR in SLE has the potential to be viewed as a “gimmicky” solution [37, p. 14], and
may interfere with the intended learning outcomes. This is potentially shown by
overall effect sizes on the effects of technologies ranging from .30 and .35 being
reported from several meta-analysis studies [38, 39], indicating that such positive
affordances are not as pronounced or evident in raising student outcomes.
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To further leverage AR use in SLE, or ARLE, pedagogically appropriate AR
applications need to meet and include intended learning outcomes (ILO), support
learning through collaborative and constructive methods, and enhance cognitive
abilities [12]. ILO are what learners are expected to know, understand, and do at the
end of the learning activity [40]. Such ILOs are apposite to education at both
university and post primary level, and determine the teaching and learning activities,
in this case the AR applications within the ARLE. This lack of ILO’s has also
hindered the leveraging of the potential cognitive benefits that SLE, can and do
provide [41]. To maximise the educational efficiencies that can be provided in online
immersive SLE a high degree of representation fidelity and inclusion of contextual
aspects, such as teacher — learner dynamics, realism, information sources and levels
of interactivity are needed, alongside provision of primary, secondary, and tertiary
courseware [41]. In virtual learning environments (VLE), which can be viewed as
early iterations of SLE, primary courseware has been defined as conceptual learning;
secondary courseware as instructional interactions where the flow of information is
influenced by learners’ actions and; tertiary courseware as dialogue between
teachers and learners around learning and assessment [41]. In a more relevant and
effective ARLE secondary courseware involves interactions with AR learning
applications and tertiary courseware can potentially be facilitated through Al
integrated into the AR applications that helps provide feedback, facilitating
personalised precise education.

2.3 Effective Implementation of ARLE - Context and Rationale

This concept paper argues that to maximise efficiencies and affordances in the
provision of precision education through the implementation of AR applications
creating effective ARLE, AR needs to be treated more as an overall concept [32, 42].
In this way the focus shifts to a more holistic collaborative exercise involving teacher
input, as opposed to a technical design issue. By doing this it is envisaged a more
encompassing, consistent, accessible, pedagogically appropriate, and scalable
ARLE can be developed and deployed, hosted on an already existing online
platform. This will facilitate the hosting of an expanding library of collaboratively
and appropriately designed AR applications for teaching and learning interactions
with chemistry and wider STEM subjects, within the NI post-primary education
sector. The platform to be used will be the virtual Science Lab, developed by Ulster
University [43], followed by the MAVRLAB developed between Ulster University,
the Abdus Salam International Centre for Theoretical Physics (ICTP), Trieste-Italy
and Santasco SrL, Regio Emilia, Milan—Italy [44]. Using these pre-existing online
platforms access to ARLE and interaction with the appropriately developed learning
experiences, will be widened, not only in direct face-face sessions, but also with
online delivery. Data collated by Google Analytics, from the Science Lab VLE from
a 5-day period in April 2020 indicate that 724 users accessed this lab, from 26
countries around the world [43]. This indicates the potential that this platform has in
widening access. The secondary data presented in section 4.0, looking into the
potential affordances of SLE in NI education prior to the setting up of the online
Science Lab VLE [43], further augments the rationale behind this proposed work.
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A conceptual methodological framework is introduced for the proposed deployment
of AR applications on the aforementioned online platforms, creating a scalable
ARLE. This framework is founded on previous deployed ARLE which consider
simple interfaces and scalability, and the ability to host an expanding library of AR
applications [45], alongside consultation with educators in the design and
implementation as critical factors [46]. In other words, AR needs to be treated more
as an overall concept. The proposed methodological framework can be viewed as an
evolution of the ARLE model developed by Gagrish et al [47]. This model uses the
acronym ADDIE to describe the fundamental constructs. These constructs are an
analysis of the needs (A); the design and development of the AR app (DD); the
implementation of the AR app (I), and the evaluation of the AR app (E).

3.0 Proposed Methodological Framework

The proposed methodological framework for the implementation of this ARLE
involves consultation and collaboration with key stakeholders, specifically teachers,
in the initial stage. The ARLE will be designed, developed, and implemented using
an agile, iterative, and cyclical double layered IDEA framework, or model., shown
in Figure 1.

Investigate m Analsye

* Problem ¢ The ARLE ¢ Share with + Stakeholders' beliefs
7 * AR learning and perceptions
beliefs and * Pedagogy and organistaion * Educational
perceptions programme * OngoingPLand  outcomes
ost - Online Lab  support * Uptake and
useabilit

Figure 1: IDEA Framework for ARLE development and deployment

In the investigate phase semi-structured interviews and online surveys would be used
to evaluate teachers’ understanding of both SLE and AR, and more specifically a
potential ARLE, aimed at post primary STEM education in general, and chemistry
in particular. From this initial evaluation, moving to the design phase a focus group
will be initiated to help configure an initial direction for development of the ARLE
through an AR application to be trialed through the ARLE. This will involve
appropriate use of ILO’s which will determine the nature of the AR application to
be used, with Al helping to provide feedback. This will lead onto the enactment of
the ARLE through the hosting of the initial AR application onto the online platforms,
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and how it is disseminated to the stakeholders, alongside any ongoing PL.
Subsequently an analysis of the effects of the ARLE and any changes on
stakeholders' beliefs and perceptions around the efficacy of the ARLE, including
cognitive aspects would be carried out. The second IDEA layer to the model will
involve ongoing iteration, development, examination, and augmentation of the
ARLE, allowing for pedagogically appropriate AR applications to be added to the
ARLE on an ongoing basis, with longer term cognitive aspects of the enhanced
ARLE to be determined.

The AR applications, in the design phase, will be built using the Unity 3-D game
engine, which is the most cost effective, flexible, and sustainable solution for the
development of both AR and VR applications [48] . Unity is a software framework,
that provides a set of tools for “developers around the world to create rich,
interactive, 2-D, 3-D, VR and AR experiences” [49], negating the need for the
construction of virtual spaces from the ground up [50]. Figure 2 shows how the
process of AR application development fits within the IDEA framework, depicted
in Figure 1.

PARENT
| ENT UNITY 3-D ENGINE
SOFTWARE
- {
DEVELOPER

INTERFACE FOR | AR FOUNDATION PACKAGE
AR

TARGET ARCORE ARKIT SDK
PLUGIN SDK
[ 1
- Y Y
ONLINE ARLE
PLATFORMS SCIENCE LAB | MAVRLAB
b |
DEVICE ANDROID 108

Figure 2: The Development of AR Applications within the Design Phase

To create AR applications within the Unity 3-D game engine the AR Foundations
package is installed from the package manager registry located under the windows
tab. The AR foundations package provides the interface for working with AR
applications by defining a multi-platform API that allows you to work with
functionality common to multiple platforms [51] by providing scripts, in C#, assets
and prefabs needed as the basis for AR applications. To build to specific devices,
plugs ins located within the package manager registry, need to be installed. To build
to Android devices the ARCore XR plug in is required, whereas the ARKit XR plug
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in is required to build to IOS devices. Once the AR application has been completed
it can be built to the target device and shared and accessed on the ARLE platform.

Figure 3 shows an AR application project within Unity, in the early stages of
development, being built for Android. However, by changing the player settings, and
if the relevant plugs in are installed the application can be targeted to other devices.
To run the AR application in Unity all the necessary assets, prefabs and game objects
are added through the hierarchy, which is shown on the left had side of Figure 3. AR
Session controls the lifecycle and configuration options for AR sessions [52]. AR
Session Origin is the parent for the AR setup. The AR Session Origin game object
contains a camera and any other game objects created from detected features, such
as planes or point clouds, and transform trackable features into their final position,
orientation, and scale [52]. In Figure 3 the AR session origin ‘game object’ has been
selected. This is shown in the inspector, on the right-hand side of Figure 3, where
the necessary scripts are provided and assigned to the AR Session Origin to manage
the addition, updating, and removal of game objects that represent planes, point
cloud, and reference points. Raycasting allows you to determine where a ray (defined
by an origin and direction) intersects with a trackable [52], which is any object that
can be tracked and anchored in the real world.
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5 . - ]

Figure 3: Unity Window Showing AR Project
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4.0 Results

Due to this concept work being in the very early iteration the framework has not yet
been deployed. Secondary data has been presented that highlights the challenges and
potential benefits that can be leveraged from hosting of the ARLE on scalable pre-
existing online platforms, in this case the Science Lab virtual lab [43]. This data was
collected through eSurv.org surveys disseminated via social media to stakeholders
within the post primary education sector in NI, including the Belfast, North Eastern,
South Eastern, Southern and Western Educational Authorities [43].
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Figure 4 shows the teacher responses to their use of various TEL in post primary
STEM education in NI, in 2020. It can be determined that the use of AR in teaching
and learning is not occurring to any degree. This provides scope for the further
development and deployment of AR applications, especially when pre-existing use
of tablets and smartphones, that the AR applications will be built to, is already
evident.

What TEL have you used in teaching and learning?

Figure 4: Use of TEL in NI post primary schools [40]

Teachers” willingness to engage with TEL is also another key factor in the success
of the ARLE, and as Figure 5 shows, teachers in NI post primary education are
willing to engage with TEL through PL. Although the sample size is relatively small
the positive responses to wanting to undertake TEL PL are overwhelming. This has
positive implications for the proposed development and deployment of ARLE using
the proposed framework.

Would you avail of TEL PL?

35
30
25
20
15
10

Yes No

Figure 5: Teachers’ demand for TEL PL [40]
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Results also show that the potential opportunities afforded by AR can be leveraged
through hosting on the proposed virtual platform, creating a scalable ARLE. This is
highlighted in Figure 6, which shows the number of teachers and parents surveyed
who would utilise the Science Lab platform which will be the parent repository for
the deployment of the AR applications.

Teacher and parent responses

120
100
80
60
40
20 l
0 |

Yes No Maybe

Figure 6: Willingness to utilise the online platform [40]

Results from the parents’ perspectives are significant as they indicate the likelihood
of access and use of ARLE outside the physical classroom. Figure 7 shows Parents’
responses only.

Parent Response
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40

III
0 I

Extremely Very Somewhat Not so Not at all
interested interested interested interested interested

Figure 7: Willingness to utilise the online platform [40]

This willingness of parents to engage with the online platform provides scope for
remote access to the proposed ARLE, which when combined with parents’ views on
their children’s efficacies with emerging technology, shown in Figure 8, further
enhances the potential for successful implementation of, and interaction with,
ARLE.
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Parent response
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Figure 8: Parents perspective on children’s familiarity with emerging
technology [40]

5.0 Discussions

Although the situation in the education sector, like many others is challenging at this
time due to the ongoing COVID-19 pandemic, it also provides an opportunity in
shifting learning environments to online, more readily accessible platforms that can
facilitate access to learning activities, from anywhere and at any time, where teachers
and learners can interact. The results from the surveys carried out by O’Dwyer &
Uhomoibhi [43] indicate the positive opportunities for leveraging ARLE in NI post
primary STEM education, although challenges undoubtedly exist, including the
seeming lack of awareness, exposure, and interaction with AR, as shown in Figure
4. Reasons for the lack of AR use in NI post primary education are potentially
numerous, although teachers’ unfamiliarity with AR, and lack of PL in use of, are
potentially significant contributory factors.

However, it is envisaged that the choice of conceptual methodological framework,
including the use of Unity 3-D, that is proposed to evaluate this issue, leading to the
deployment of ARLE would ameliorate this. Such a collaborative and constructive
approach would provide PL that would allow learning to be applied to practice, a
necessity for effective PL [53], as well as the requisite support needed for
implementing new technologies [54]. By taking part in appropriate PL, which the
survey results indicate teachers are open to, barriers to effective implementation of
TEL, in this case ARLE, can be broken down. Such barriers include lack of training,
support and resources, alongside teachers’ views on the technology in question and
its value to teaching and learning and their self-efficacy [55].

Although Unity’s build and run protocol allows content to be viewed and ‘played’
on a variety of platforms with the ‘press of a field’ through its’ player and build
settings PL would still be required. Although teachers in the NI educational context
have expressed a willingness to undertake relevant PL (refer to Figure 5), such PL
adds to the already time constrained working environment. A lack of time and
increased workload is a recognised barrier to teachers when implementing new
practices [56, 57], such as collaborating on the implementation of ARLE. However,
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due to the ease of use of Unity, such PL would not be overly onerous. In a survey
using semi-structured interviews Foxman [58] reported users’ satisfaction with the
interoperability and ease of use, with rudimentary projects being publishable within
30 minutes from scratch.

In time this framework can potentially extend to a more widespread collaborative,
constructivist and connectivist approach to learning interactions where students take
some ownership of building AR applications contextual to their learning. In this way
the move to facilitate the development of computational thinking and problem-
solving skills in learners, inherent to STEM educational development, through
enhanced AR can potentially be leveraged, as argued by Nguyen & Dang [59].

Furthermore, the development of increasingly realistic and complex simulated
environments, facilitated by Unity 3-D, has enabled the development of diverse and
effective SLE that are rich in visual, physical, task, and social complexity and are
helping drive recent evolutions and research in Al [60]. Using Unity to develop and
deploy AR, with its built in Al, through ARLE, allows for interactive and
collaborative learning processes between the learner and the learning environment
[59], thereby leveraging learning activities and potentially facilitating personalised
precision education.

6.0 Conclusions

This concept paper explored the challenges and prospects of ARLE which are
becoming more important paradigms in delivery of education. This has been further
highlighted by the ongoing COVID-19 pandemic. As a result of some of the
identified issues associated with current ARLE a conceptual framework for the
proposed development and deployment of a scalable ARLE in NI post primary
STEM education has been introduced, to be hosted on pre-existing online platforms.
Secondary data from NI education sector highlights the potential opportunities that
ARLE can provide in STEM education. This framework proposes a collaborative
and iterative process in which stakeholders, specifically teachers, are key agents in
the deployment of AR apps into the ARLE, considering that the teacher’s role in
effective implementation and integration of technology into teaching and learning
environments is critical. As Wright [61] argues effective TEL opportunities do not
happen without a teacher’s deliberate pedagogical actions though creation of
learning spaces that promote interaction, collaboration and critical thinking using
TEL in authentic ways. This is as equally true for the effective implementation of
AR apps in the evolution of ARLE.

In this framework AR applications with a focus on STEM subjects, will be
developed using the Unity 3-D game engine, due in no small part to its ease of use
and interoperability. Unity, as the quintessential platform tool [58] provides all the
necessary tools to build 2-D and 3-D virtual worlds through the Unity Editor user
interface. This includes AR applications which through the AR Foundation package,
and the ARCore and ARKit plug ins, available through the registry, can be built to
both Android and IOS devices through the same project.
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8.0 Appendix. List of Abbreviations

List of Abbreviations used

ADDIE
AfL

Al

API

AR
ARLE
HAI
ICT
ICTP
IDEA (i)
IDEA (ii)
ILO

loT
MAVRLAB
NI
OECD
PL

SLE
STEM
TALIS
TEL
TPACK
VLE
VR

XR

Analysis, Design, Development, Implementation, Evaluation
Assessment for Learning

Artificial Intelligence

Application Programming Interface

Augmented Reality

Augmented Reality Learning Environment

Human Artificial Intelligence

Information and Communications Technology
International Centre for Theoretical Physics
Investigate, Design, Enact, Analyse

Iterate, Develop, Examine, Augment

Intended Learning Outcome

Internet of Things

Mixed Augmented and Virtual Reality Laboratory
Northern Ireland

Organisation for Economic Co-operation and Development
Professional Learning

Smart Learning Environment

Science, Technology, Engineering and Mathematics
Teaching and Learning International Survey
Technology Enhanced Learning

Technological, Pedagogical and Content Knowledge
Virtual Learning Environment

Virtual Reality

Extended Reality
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Abstract

Teaching Software Engineering students raises a number of
challenges; in particular that student developers typically demonstrate
behaviours that run counter to good software development. These
include failing to plan properly, failing to develop their software in a
structured manner, and failing to meet specified deadlines (so called
“student syndrome”). Consequentially, students exhibiting these
behaviours are more likely to disengage from their studies. Even
where submissions are made, they tend to be lower in quality, and
may not demonstrate the true capabilities of the individual. Such
alienation and disengagement is amplified by the current context of
learning in a pandemic, with a wall of digital communication
technology coming between teachers and learners.

In this paper, the authors will identify how gamification approaches
can be applied to software development education, and how they can
help to better motivate and educate future software developers
through computer managed delivery and assessment. As motivation
is a key factor, motivational properties known in computer gaming
are applied within the new context of a software engineering lifecycle.
The role of intrinsic and extrinsic motivation for developers is
considere.

The gamified techniques identified are further enhanced with an Agile
type approach. This has been particularly critical during 2020/21
where the shift to fully online learning for previously face to face
taught students has placed new pressures on students and staff. A
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feedback-led rapid prototyping style of teaching that allows for
adaptive and effective teaching practices is also described. Finally,
complimentary case studies on the use of approaches within a
university environment are evaluated.

Keywords: Gamification, student syndrome, computing education.

1.0 Introduction

This paper considers an approach to the education of university Software
Engineering students that attempts to blend Gamification, Agile Software
Development Practices, and Flexible Learning with feedback-led rapid prototyping.
This is in response to the behaviours of novice software developers, such as student
syndrome [1], and how we can look at the role of intrinsic and extrinsic motivators
[2]. We also consider some of the environmental factors of the 2020/21 Covid-19
pandemic and the benefits of an Agile approach [3].

In order to set the context, we shall start by outlining each of the component
approaches and methodologies. We then show how we have used them, both
individually and in blended form, to a range of Undergraduate and Masters courses
within the current context using an action research methodology. Finally, reflection
and evaluation is presented that shows from an action perspective what we have
learned as researchers using these interventions and how we have changed the
outcomes and experiences in each of the case studies for our students.

1.1 Engagement

Given the context of this research one of the key issues is getting students involved
and engaged in their learning. The rapid move to online teaching presents a massive
set of problems, both practical in terms of hardware and connectivity but also
engagement with the material to be taught. The move from Face2Face to online
means that we must look at new means to engage our students. These techniques
must also scale for large cohorts of students (our largest cohort here was 150
students). The approaches that we adopt in this paper are, in part, a direct response
to that challenge.

Engagement with learning has a wide variety of descriptions and definitions [4],
though generally is linked to how motivated students are, as evidenced by the effort
and time they apply to their studies. Finding ways to engage students is thus linked
to motivating students to actively work on their own learning. One significant
challenge of engagement is in identifying activities and evidence by which it can be
measured, but which do not have undesired effects themselves An example of an
undesired effect is where students respond to measures such as attendance
monitoring or monitoring of opening a resource, when the students know they are
being observed and may behave in an affected manner e.g. to simply register then
leave an event, or to open then immediately close a resource [5].
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1.2 Gamification

One of the challenges in Higher Education — arguably more so than in earlier stages
of education — is that engagement can be considered optional by the student. This
can result in a lack of commitment to learning opportunities and a reluctance to
complete formative or summative work. Conversely, one of the desirable attributes
of games is that successful games are engaging by definition. The only purpose of a
game is to engage the player in play. Deterding proposes a definition of gamification
as “the use of game design elements in non-game contexts” [6]. Gamification in
education looks to apply some of the effective cues and mechanisms from games to
engage students. Approaches that can be effective include allowing for multiple
attempts, giving immediate feedback, and providing some form of reward (such as
points, badges and leader boards). For a more complete analysis of how games
mechanics map onto Higher Education teaching practices, see [7].

At its core, gamification provides a layer of extrinsic motivation to engage in
activities that move towards a desired outcome. McGonigal identifies some common
traits in games, namely having a goal, rules, a feedback system, and voluntary
participation [8]. In the educational context this can map on to learning outcomes
and how to do this is achieved, feedback could be via marks or game rewards (e.g.
Badges, Levels, Awards, and Prizes) and enthusiastic participation in the learning
activity. Issues can arise when the extrinsic motivation is not well aligned with the
underlying goals of the activity. For example, Visaria et al [9] describe how a
student’s active engagement with an attendance monitoring system does not
necessarily lead to their active engagement with teaching material. It could be argued
that summative assessment of a student’s knowledge or ability is separate from a
student’s process of learning. In that case, the assessment provides an additional
extrinsic goal and a feedback system through and summative marks.

Perhaps more worryingly, Pink [10] warns of a number of undesirable effects of
extrinsic motivators — including a reduction in intrinsic motivation. That is to say
that if a student is intrinsically motivated to learn about a particular topic, then giving
them an extrinsic motivator, like assessment marks, may reduce their existing
intrinsic motivation. By offering students marks for engaging in learning they may
become less likely to learn independently for the sake of learning alone than with
additional incentive.

Psychologist Csikszentmihalyi recognised the concept of flow as a state of optimal
engagement [11], identifying that in order to achieve flow through a given activity,
the challenge presented by that activity must be well suited to the ability of the
individual engaged in that challenge, and that individual must receive immediate
feedback through their engagement with the challenge — improving their skill
through deliberate practice. This indicates a need for flexible and personalised
learning.
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1.3 Agile Development

Our next approach uses Agile Software Development. As a software engineering
methodology, agile can be characterized as an iterative development with self-
organising teams that explore the problem and build a solution (see Figure 1). This
allows for the incremental delivery of a product [12].

-

Test Deploy
Develop Review
Design

Figure 1: Agile Development

Agile is distinct from some traditional software development methodologies, which
generally follow a more linear process with a full problem statement being used to
define the requirements, that then lead to the product being developed, which is
then tested (see Figure 2).

Business

Requirements Product
need

Figure 2: Traditional Software Development

Agile development can also be framed as a formal process to gamify software
development. A backlog of desirable software features represents a daunting
software development challenge. This challenge is broken down into more
manageable smaller parts known as sprints, thus ensuring that each part is at an
appropriate level for the software development team to be productive. Feedback is
built-in to the process on multiple levels of resolution. The adoption of test-driven
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development practices gives individual developers confidence that they are
implementing features without inadvertently introducing problems later on, burn
down charts give feedback on the productivity of the team over each sprint, and
allows the level of challenge to be adjusted to suit the skills of the team. Overall
development progress is clear as the backlog of features to be implemented is
reduced, and the list of features that have been implemented increases throughout
the project.

1.4 Flexible Pedagogy

Flexible pedagogy provides a framework for considering how to make learning truly
student centric [13] with the intent to give students choices in how, where, and when
to study. From a practical perspective, enabling these choices requires suitable tools,
and can be provided with the appropriate use of technology, enabling students to
access resources and be assessed in flexible ways [14].

1.5 The Student Context and Delays in Work

Two key problems for software development are student syndrome, and Parkinson’s
Law. As noted earlier student syndrome is characterized as leaving tasks until close
to a deadline, waiting until the last moment when an action is required [15]. This is
also a known phenomenon in software development, and can be problematic within
agile processes [16]. In an educational setting, getting it wrong can lead to missing
deadlines and potentially failing the task, a module and even degree programme [17].
Parkinson’s Law [18] notes that work often expands to fill the available time and
resource. The impact of this on student software development is considered later.

1.7 Covid-19

One of the much-used terms by governments and institutions — including in higher
education — beginning in 2020 has been that of being agile in response to the
COVID-19 crisis, though not necessarily in an appropriate nor successful way [19].
The 2020/21 pandemic has seen the shut-down of face-to-face teaching across
institutions and across the world, with a rapid and unexpected cessation of standard
teaching. One approach used in education to adapt to and respond to these challenges
has been to adopt a flexible learning approach, facilitated through technology [20].
This has raised issues about access to computer technology and has raised the
requirement for minimum level of internet access. Institutions have adopted online
only learning, often adapting assessment as well as other temporary fixes, including
passing/condoning students without necessarily any validation that students have
completed work.

2.0 Teaching and Software Development

Keeping up to date with the rapid pace of change in the technology sectors sets a
particular challenge for Computer Science higher education providers. Student
expectations generally tend towards the cutting-edge to boost degree usefulness [21],
with obsolete or outdated topics causing significant student dissatisfaction [22].
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Employers also actively seek graduates with up-to-the minute skills, requiring quick
adaptation of university courses [23]. We will explore how Agile is useful for the
educator; however, it also provides a visible exemplar for students who are likely to
need to utilise Agile techniques in their professional practice.

2.1 Agile Module Development

With time at a premium for many educators, redeveloping a full course or module to
take advantage of the advances in the domain is prohibitive. Even if this action is
taken, large swathes of the content is likely to be outdated within a short timeframe.
By applying techniques from the Agile toolkit, the module can be constantly
redeveloped on a rolling cycle. Regular evaluation and feedback from students
provide a dynamic “to-do list” (backlog) from which items can be taken as time
allows. A large group of students providing feedback can provide a valuable
snapshot of importance, allowing item prioritisation and ensuring that focus is given
primarily to areas where learners are most keen for development. As a side-product,
areas which regularly slip to the bottom of the prioritised list may indicate concepts
which are ‘timeless’ (e.g. general theory) and therefore not in need of update.
Alternatively, and especially where feedback indicates disinterest, low-priority items
can be evaluated for removal where they may have become redundant.

2.2 Engagement via Collecting Feedback

Several techniques are applied to collect feedback and ideas from students as a
means to enhance engagement. End-of-semester anonymous reviews provide an
opportunity for Likert questions on quality and appropriateness of specific areas
(assessment, course speed, etc.) whilst also requesting freeform feedback. This
technique is valuable to help determine key areas to change in the subsequent year
but is not rapidly responsive and has little impact on those who have provided the
feedback. These students lose out on any benefit from providing their views and may
therefore lack awareness of their participation in the Agile cycle. This subsequently
reduces the likelihood of their engagement and increases dissatisfaction: “my
feedback isn’t acted upon”. Partnering end-of-semester reviews with mid-semester
reviews helps to increase both the quantity of feedback and the opportunities to add
to and refine the backlog. In addition, by taking feedback before the content has all
been delivered, high-priority changes can be made which positively affect the
students’ learning. To this end we applied Agile approaches to give flexible
responses and rapid feedback to our students.

2.3 Closing the Feedback Loop

Closing the loop conventionally means to act upon the feedback, thus incrementally
improving the value of the teaching, to inform students of actions taken or intended
and to evaluate the effectiveness of actions taken [24]. By establishing this visibility
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of positive and rapidly reactive change we are able to affirm the value in student
involvement and show that their input has real impact on their teaching and learning.
This, in turn, makes participation in providing future feedback more likely and
therefore more strongly engages the students in the Agile process. Furthermore,
given the value placed on student voice in the UK National Student Survey (NSS),
awareness of how staff value and respond to feedback is also valuable from an
institutional perspective. Proactive identification of where feedback has been acted
upon has driven an increase in feedback quantity and quality and, where action is
taken little and often, regular and perceptible change can be observed, announced
and evaluated readily: “I’m returning to this topic based on feedback...”, “This topic
area was added as it was requested in feedback”, “I have redeveloped last week’s
slides to add some more examples after some feedback, is this useful?”, etc...

3.0 Modified Module Delivery

This approach was adopted by the authors in 2020 to tackle the problems faced with
the rapid and unanticipated move to entirely online teaching for multiple modules,
within a Software engineering programme. These include the following 5 action
interventions (the complimentary blended approaches used are indicated in square
brackets):

e level 4 (first year) approximately 150 students on mathematical
underpinning, and also on professional and legal requirements
[Gamification, Flexible Learning]

e level 6 (3rd year/honour’s stage) approximately 40 students on advanced
software engineering [Gamification, Flexible Learning]

e level 6 (3ed year/honour’s stage) 80 students on Distributed Systems [Agile
style interaction and feedback]

e level 7 (Masters) approximately 20 students on component-based software
engineering [Agile Methodology and feedback]

e level 7 (Masters) approximately 30 students on Commercial Development
Practice [Agile Methodology and feedback, Gamification]

The teaching is based on an agile cycle and the following highlights the key aspects
mapped in to the categories already explored.

3.1 Engagement

As noted earlier, engagement is a challenge in higher education, and can be
especially problematic in large cohorts. One way to address this is to use data and
indicators to help identify where students are failing to engage and may need
prompting. In the context of online delivery, this can be through making use of
learning analytics, with a focus on where students are actually doing activities. For
example: attempts at formative tasks and quizzes, how far they are contributing to
community activities such as discussions, and whether they appear to be progressing.
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For the modules this year, one approach that worked well was to include formative
quizzes so students could indicate their progress with programming and other
activities within their modules.

3.2 Gamification

Some gamification approaches to engagement include using quizzes that align with
the taught material, and which give immediate marks back to students to help them
understand their own progress, akin to the score/high score concept within a game.
Utilising banks of questions and/or computer-generated questions, means that these
can be done multiple times — similar to the approach of multiple lives/attempts in a
game. High score tables (even where anonymous) can assist students in
understanding what is possible — as their own ideas of this can be far removed and
their own self-assessment of their performance can be inaccurate. Creating
dependencies within module materials — so that students should complete one
activity before being able to start the next, is also effective in assisting students in
understanding the recommended learning journey: akin to many games where
completion of some challenges opens up others.

3.3 Front-Loaded Teaching in ‘“The Tutorial Room’

In project modules, often the focus is on the development of a product or set of
artefacts that are expected to be delivered over the course of many months. Much of
the knowledge required to succeed in the project needs to be learned and practiced
before it can be effectively applied. Rushing to start before key elements, such as
project management and the impact of architectural decisions are fully understood,
can lead to diminishing returns. Mistakes made early on are hard to rectify,
particularly as deadlines loom and restarting becomes impractical. It may also be
that the appearance of sunk-cost inhibits such changes. Front-loaded teaching and
opportunities for practicing techniques in a consequence-free but intensive first few
weeks ensures students have core skills ready to select and utilise when they are
required. This has been applied successfully with approximately 30 Masters (level
7) students on a commercial development practice group project. The method is
comparable with the concept of a tutorial room in digital gaming [25]. Players are
exposed to core game mechanics in a safe environment and given opportunities to
practice. This has two beneficial effects: the participant is made aware of what is
possible and is then able to be more completely immersed in future tasks. Even
where concepts are not fully embedded, to the point of immediate recall and
application, exposure ensures awareness that facilitates a return to the taught content
when required. It is therefore critical that teaching material is highly available and
easily searchable. This is achieved through upload to online digital learning
technologies and appropriate signposting in lectures, workshops and forums.
Completing the front-loaded section of the module quickly ensures that students can
start to make concrete progress on the project. However, two conflicting issues arise,
especially when taught content is online: boredom or disengagement leading to slow
progress through the tutorial room and a delayed project start, or rushed tutorial room
with little retained understanding. Gamification techniques were applied, including:
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e providing rewards for progressing through the content (score/high score
and rewards — e.g. valuable project information released only upon
completion)

e introducing dependencies and barriers to continuation (minimum quiz
score before moving on to next section)

This helped to maximise engagement and prevented rushing and superficial learning.
Additionally, progress through content is easily monitored by checking quiz returns
and number of attempts. This facilitates identification of struggling learners who
may benefit from intervention.

3.4 Agile Development

The agile approach was helpful in managing modules and programmes within the
context of Covid-19, where teaching and assessment had to be adapted, thus
requiring a combination of review, planning, developing and then delivering. This
often came in to tension with institutional quality approaches as considered below.

In some modules, especially those with large scope and where technologies move
quickly (e.g. level 6, 3rd year/honour’s stage, approximately 80 students on
distributed systems), these two mechanisms have been partnered with a permanently
open, simple and (optionally) anonymous feedback collection system. This online
survey allows learners to give immediate observations and comments — both positive
and constructive. The existence of this option is reintroduced at the start of every
taught session and students are invited to participate proactively in the rapid Agile
redevelopment of the teaching.

3.5 Delays in work

When developing software, students frequently exhibit behaviours that are contrary
to effective project management, including where this intersects with carrying out
other aspects of their studies. This demonstration of “student syndrome” is shown
where they hand in work at the last minute, or even beyond the deadline which can
lead to penalties (including zero marks being awarded). For some, this problem is
exacerbated by the lack of the formality and routine of face-to-face campus learning.
Providing recommended due dates to supplement the actual final deadline can help,
though there are still many students who are missing the deadlines.

3.6 Flexible Pedagogy

Applying flexible pedagogy in the online variants of the modules subsequent to the
Coronavirus lockdown, there are several aspects that were implemented that provide
flexibility:

e  Where: material and class interaction being provided as webcasts, allows
students to participate where they wish;
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e  When: the recording of sessions allows for flexibility in when to participate,
along with the ability to pause and replay, allowing for control of pace. This
flexibility of pace was also applied to assessment, with a series of fixed
automatic extensions: so students who missed one deadline would
automatically be allowed to submit at the next one;

e How: offering a variety of resources, from live webinars, recorded content,
written materials, and interactive workbooks all offer a variety of
approaches for students to choose what works most effectively for them.
Again, this also applied in some cases to assessment: as time progressed
and opportunities for assessments varied, students had different
assessments made available. For example, team projects in some modules
became individual projects (with elements to demonstrate how to organize
and plan for team activity, even where that does not happen in practice).

3.7 Quality Processes for Education

The agile approach to teaching is in direct tension with the more linear approach that
institutions tend to use for their programme and module update and approval
processes. These processes reflect the long-standing nature of a degree: but make
rapid responses difficult, and can be a barrier to innovation and change. Another
challenge with traditional educational quality processes is that it can constrain
assessment practices: especially when it comes to offering alternative assessment
choices by a student.

3.8 Covid-19.

The Coronavirus pandemic of 2020/21 has highlighted the challenges, where
institutional responses to the rapidly evolving situation tended to generate more
bureaucracy, with forms to plan mitigation on delivery and assessment that fell
behind the rate of change of other activity. Moreover, planning ahead meant that
decisions on timetabling, delivery and assessment patterns were being made prior to
any review of the current experience. This emphasizes the need to be able to adopt
a truly agile approach to module and programme delivery to allow rapidly adaptive
responses. The challenge is how to do that without reducing quality.

4.0 Evaluation

The following table illustrates how we have evaluated the changes that we have
made using our blended approaches. For each cohort we have indicated the
approaches taken for that particular cohort. We have then indicated the outcomes of
these approaches both in terms of the researcher(s) carrying out the changes but also
for the outcomes of the students who were participants in this change.
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Table 1: Gamification and Flexible Interventions.

Student Intervention | What the Researcher | Outcomes for Students

Cohort / topic | Action Learnt

Level 4 (first | Gamification, | Student engagement Students found the

year). Approx. | Flexible improved with the used | feedback helpful, and

150 students Learning of quizzes with rapid improved regular work.

on feedback. The opportunities for

mathematical Helpful for staff to different learning

theory, as well monitor engagement, resources (flexible)

as and to contact those supported a wider

professional who seemed to be dis- | range of students.

and legal engaged.

requirements

level 6 (3ed Gamification, | Student engagement Satisfaction improves

year/honour’s | Agile increases with clear when iterative,

stage) 80 Interaction evidence that the tutor | perceptible module

students on and Feedback | is tracking progress improvements are

Distributed and achievement based on student

Systems through weekly feedback and priorities:
quizzes. Students who | a year-to-year 24%
do poorly or do not increase in average
participate are easy to overall satisfaction and
identify and support. 47% increase in the
Feedback quantity and | “Staff have made the
quality improves when | subject interesting”
students are more category were recorded
integrated into the when this approach
process. was applied.

level 7 Gamification, | Students’ progress Agile is a core

(Masters) Agile through a ‘tutorial component of a degree

approximately | Interaction room’ section of front- | associated with

30 students on | and Feedback | loaded teaching, are software development.

Commercial able to make faster, When asked to rate

Development more error-free their understanding of

Practice progress on projects. Agile at the start and

Engagement and fast
progress is particularly
noticed when barriers
to progression (e.g.
dependencies and
quizzes) are partnered
with rewards for
progression.

end of the module,
Students registered a
41.7% improvement.
Formal teaching is
restricted to one
intensive front-loaded
week but 97.5% of
students agreed that
they have improved
due to their experience
in this module.
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4.0 Conclusions

Our aims were to raise the bar both in terms of experience of students and outcomes
for them in learning Software Engineering. We did this with Gamification taking a
core role but being used in a blend with other techniques like Agile Development,
Flexible Learning, and the considered use of Feedback. From the outcomes noted
in the above table we can note that we are able to demonstrate that engagement can
be improved, with corresponding improvements in retention and attainment.

In regard to the agile model for module (and program) delivery we found that it can
be an effective way to manage education during a crisis: though that needs support
from institutional processes and systems to allow for academic judgement and for
truly adaptive and agile approaches.

What the whole study has done is show that Gamification, Agile Software
Development Practices, and Flexible Learning with feedback-led rapid prototyping
as techniques in their own right can make valuable contributions to the pedagogical
mix. They were also shown to be valuable in the rapid changes caused by the
pandemic. What will emerge after COVID is an interesting question? Many of the
changes, for example in flexible learning, that have been necessitated by the global
situation have situation have worked well. So, the resultant modus operandi that
emerges may be a mix of both a return to traditional forms of teaching but also the
retention of techniques that proved themselves in the crisis. We have here argued
how combining flexibility, gamification, and agile interaction can have a role in this
mix.
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Abstract

The goal of this article is to conduct an empirical systematic review
on 40 recent studies in Higher Education that have used gamification
in some way to engage students with a focus on the used game
elements. Additionally, an attempt will be made to empirically map
out all the identified game elements in each of the studies, which
modules they were used in, the sample size, in what aspect as well as
whether they were effective, as stated by the authors of the case
studies. The scope is the fields of computer science and game
development, as those fields are closely related as both are software
oriented. This empirical systematic investigation will lead to data
from which certain patterns showcasing best-practice use of such
gamification techniques emerge.

Keywords: Gamification, Higher Education, Game Elements,
Empirical,

1.0 Introduction

While this article conducts a systematic empirical review on 40 case studies where
academics have implemented gamification in their teaching practice, we will not be
focusing on the effects of gamification as much as we will be focusing on the game
elements used. A game element is a concept that is not to be confused with game
mechanics. Game mechanics involve direct actions that players take in games, such
as jumping, shooting and running. Further to this, game mechanics specifically are
used in Game Based Learning, a technique that is directly using video games to
teach. Game elements on the other hand can be seen as building blocks for games.
Example game elements are “points”, “badges”, “leaderboards”, “choice” or
“levels”. Academics use game elements in order to apply gamification in their
modules. Each game element is unique in what it does and how it should be used.
Furthermore, each element has a unique purpose. For example, the “points” element
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is used to reward students with certain behaviours in a learning activity [1], while
the “lives” element act as a loss-aversion mechanic, where students try to avoid a
negative outcome in a learning activity in order to not lose lives [2]. “Time” on the
other hand can be used to add pressure and excitement in a given learning activity
[3], while “Choice” provides students with the feeling of autonomy — a motivating
factor according to Self-Determination Theory [4].

This is part of an ongoing research project that is specifically aligned towards Game
Development and Software Development courses, group projects and student
engagement in video game development courses. While the results are encouraging
and indicate that academics use more game elements in the teaching process other
than the typical points, badges, leaderboards triad, (also known as PBL Triad)
opportunities for further research are also discovered as all the complex variables of
gamification, being “mode of delivery”, “creativity”, “frameworks”, “duration” and
“tangible objects” can all be simplified through technology-enhanced learning and
educational technologies in general. Further to eLearning, careful analysis and
dissection of given game elements may also provide insights in the Game Design
field, as a better understanding of complex game elements can be turned into
interesting game mechanics that can foster enhanced game experiences.

It’s already shown in the past that gamification can potentially be one remedy to the
problem of student “disengagement”, even with caveats [5], and the goal of the paper
is to empirically map all used game elements, to identify the frequency across
Computer Science and Game Development courses in order to solve that problem,
similar to systematic studies done in the past [6, 7]. Gamification is the process of
using game elements into a non-gaming context in order to motivate someone in a
given activity [8]. But which elements really?

For this project, the authors have gathered data from various papers and case studies
from the fields of computer science and game development. The data were then
analysed as to the context and type of gamification applied, the number of iterations
or cohorts affected, whether it was effective and which game elements were used
exactly. As such, a mixed methods approach was followed based on which both
quantitative data (elements, frequencies, cohort sizes, iterations) and qualitative data
(student responses, contexts, gamification technologies or approaches) were
collected. Common patterns were revealed among these case studies and provided a
context which provides information on how to optimally use it to gamify a computer
science or game development course (or module).

The selection criteria for the cases were based on the following conditions: The cases
must be focused in one of the following fields: software engineering, computer
programming, game development, game design, game art, animation. Furthermore,
we used the keywords “Gamification”, “Higher Education” and “Case”. A further
use of keywords such as “Games”, “Game Design” or “Game Development” were
used to pinpoint games-related cases specifically. The keywords were used in ACM,
ResearchGate, Google Scholar and IEEE repositories. There was no limitation in
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student samples, or publication periods. The sample size consisted of 137 papers and
40 fulfilled this simple criterion.

2.0 Case Study Mapping

While related gamification studies have been done in the past [5, 6, 7], in our case
we will focus on two different types of studies: Game Development related and
Computer Science related. While game development is the focus of this paper, it is
apparent that the field is very software-oriented. As such, besides the fact that many
theoretical concepts are shared between game-development and computer science,
students are learning specific software packages. Programmers focus on Visual
Studio, Unity3D and Unreal Engine, while artists are learning 3DsMax, ZBrush and
other. Students in both disciplines also learn about project management (game
production), software engineering and other concepts. The gamification strategies
used in one overlap with the other, as both disciplines are technical and software-
oriented education. The same also applies in the field of Game Design.

The data collected will be about the following:
1. The course or module where gamification was applied in, for the
investigated case.
The game elements used in the case.
The student sample size.
The way gamification was applied (the method).
The outcome of the learning experiment.

Nk v

For game-development related case studies there are 12 identified cases from 2011
to 2017 (Table 1). The ordering of the cases is chronological.

Table 1. Game development cases

Case - I - Subject Gamification
Contributor Gamification Application Matters(s)
1D p Results
Applied
Students allowed to create characters. XP System using
[9, pp. 75- | additive marking. Optional quests available. Industry .
1 102] people as raid bosses. Competition through physical gainzesDemgn Positive
games.
Narrative-Driven Role-Playing experience.
[9, pp. 183- Gamification through points, avatars, story and world | Character
2 ’ 19'4] creation. Boss fights and gamified activities worth XP | Design Positive
and have meaning to the story. N=23
XP System, Compulsory and Non-Compulsory | Game Design,
3 [10] Activities. Use of JustJeopardy: Quiz software based on | Animation Positive
Jeopardy TV Show. N=24
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Subject

Case Contributor Gamification Application Matters(s) Gamification
1D - Results
Applied
Steampunk-themed online learning platform with 2D . Game
. . . Design & o,
4 [11] currencies, XP points, leaderboards, elective puzzle Positive
Development
challenges, reward & badge systems N =43
Game
A Framework that provides positive and negative | Production
5 [12] reinforcement based on behavior during group-work. | N = 62 Positive
Yellow cards to issue warnings, Red cards to punish | (Control Year)
students and remove rewards. N=74
(Trial Year)
GradeQuest: A Mobile Application that gamifies the
6 [13] classroom, incorporating characters with backstories | Game Design Mostly
and progression through XP points. Furthermore, it | N=17 Positive
features elective quest system of varied challenge.
Game
Interactions
Gamified activities that generate XP points, with | N =21
7 [14] optional activities for bonus XP. Personalization Positive
apparent with character and story elements. Computer
Games
N=35
Computer
8 [15] Like the above Games Mixed
N=35
Mobile-Powered 6-Semester gamification transforming
9 [16] students to “gamedecs” — Game Detectives. Powered by | Game Design Work In-
gamified activities linked to XP, avoidance of negative | N =N/A Progress
outcomes, special powers, characters and storylines.
Character System for Students which develops in three .
. . . Games Unit
dimensions: Knowledge (Practice Tests, Exams), -
. : . . N = 195 .
10 [17] Charisma (presence in sessions) and Experience X Mixed
. . . ! . (grouped with
(Projects). Points can be awarded per dimension which
D N case 11)
is linked to a group of activities.
Games Unit
1 [17] Students elect to do traditional exam style assessmentor | N = 195 Positive
weekly gamified assessment. Lives system reinforcing | (grouped with
loss-avoidance motivation. case 10)
Gamified activities powered by role-playing technique
. Unreal
12 (18] where students took the roles of developers. Additional Programming Positive
design elements were the classic PBL triad using the N=19

GradeCraft tool.
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For Software Engineering, Programming and Computing-related case studies we
have identified 28 cases from 2011 to 2018. They are numbered 13 to 40 (Table 2).
Like in table 1, the ordering is chronological.

Table 2. Software Engineering & Programming Cases

Subject

Case Contributor Gamification Application Matters(s) Gamification
ID - Results
Applied
JFDI Academy: Adventure in Star Wars Universe, Programmin
13 [19] Storytelling via Comics. Mission-based. Includes optional N =gSI = Positive
missions. Students were Jedi knights acquiring XP.
Information
Systems &
XP System that fed into increasing levels of students | Computer
corresponding to marks. Public leaderboard with | Engineering ..
14 (201 transparent badges support. Theoretical and Lab | N=52, 62, 41, Positive
Challenges. Both time-limited. 35,52
(Five Years
of Tests)
The Four-Week Challenge is an intro to the course. Series
of Team Challenges with the goal of making a mobile Computin
15 [21] game. Team Leaderboard on school foyer maintains pace. N= 11\31 A e Positive
Social interactions are promoted. All activities generate
points.
Q-Learning Game Platform: where students gather points
in a 100-point scale based on Work Activities (MC Quiz, Programmin
16 [22] Peer Assessment), Planning Activities (Introducing / N:g22 = Positive
Assessing Questions) and Social Activities (Blogging,
Social Notifications).
17 23] 6-Week Extreme Programming Challenge wi'th 'w'eekly g?;;?:riming Positive
goals. Assessment focused on the team, not the individual. N=50
18 [24] eMgage: Mo_bile Learning Application uses traditional Eigiwnzzing Positive
PBL mechanics.
N=10
Algorithms
A Badge-System integrated on the TRAKLA2 online | and Data Slightly
19 [25] : . "
eLearning environment. Structures Positive
N =281
Multiple gamification mechanics implemented in a | Software
20 [26] traditional course making the learning activities more | Engineering Positive
interesting. Choice provided for final assignment. N=28
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Subject

Case Contributor Gamification Application Matters(s) Gamification
1D - Results
Applied
A modular board game that teaches concepts based on
Bartle’s Taxonomy of player archetypes. Boards | Business
21 [27] represent concepts taught and can be combined to form | Informatics Positive
bigger boards. Cards represent knowledge-related | N =24
questions and affect marks.
Classgame: gamification tool for formative assessment
for software engineering education. Features content .
. . .| Object
unlocking, 3-star rating per challenge. Challenges vary in Orented
22 [28] MC Quiz (Knowledge), Programming (Hard Skill) or Proerammin N/A
Peer Assessment (Soft Skill). Stars awarded based on a N :gN A s
variant of Certainty-Based Marking, where students stake
lives.
Gamified online course using the self-defined SPARC
framework with either individual or team-based
. . . . Software
challenges categorized into onboarding, midgame and . . .
23 [29] . Engineering Positive
endgame performance phases. Each challenge provided N =60
points, the accumulation of which provided academic
bonuses.
Algorithm
Design
24 (30] ‘Gamlﬁcatl'on Learning ] Framework '(GM 1.0) | Data Positive
incorporating roleplay terminology into the curriculum Structures
Programming
N =46
Algorithm
Design  and
“Gamified”: an educational platform with additive | Analysis
grading schemes and all educational terms replaced with | N = 33
gaming vocabulary. All students are role-playing as | (2014)
heroes. Each course is represented as a game world. | N = 27
25 [31] Toplgg are chapters qf a grand story, heroes earn XP, lab | (2015) Positive
activities are campaigns, and groupings are treated as
guilds. Completion of quizzes, homework or activity | Computer
provide the same amount of XP regardless of quality of | Organization
work. Guilds make groupings a requirement and the role | N = 52
of General and Leader also provide interesting mechanics. | (2015)
N = 36
(2016)
A gamified Software Engineering course evolving around
. . . Software
2 (32] the use of badges with hidden requirements and Eneineerin Positive
leaderboards. Students would like badges to be converted N :g 18 s

to grades.
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Subject

Case Contributor Gamification Application Matters(s) Gamification
1D Applied Results
A gamified version of a traditional course using multiple
. Software
27 (33] game elements such as points (XP), badges, levels, quests, Engineering Positive
challenges, feedback, progression, even content N =30
unlocking. All this is powered through a narrative.
A gamified system utilizing a personality model based on 8?3:;:6 d
28 (34] a single dimension of the Five Factor Model (FFM) that Design Positive
is using various game elements such as the PBL triad but hodol
also levels, feedback, avatars. Mej odology
N=57
Programming
A gamified programming course using flipped classroom N =26 (,14 .
29 [35] gan prog & course usng 11pp students with Positive
technique to apply the PBL triad including avatars. .
Flipped
variation)
A study that maps the use of game elements to specific Programmin
30 [36] goals such as learning, motivating, mastering. Multiple N :g30 s Positive
game elements and results from both students and experts.
Gamification of programming education through | Algorithms
31 (37] gamified collaborative learning platform, ViLLE. Offers | and Positive
rounds in the format of Tutorial, Exam or Normal | Programming
Exercise rounds. N=193
A technique involving tangible objects (cards) in which
students were asked to solve algorithmic problems by | Programming .
32 1381 mixing and matching code blocks on cards. This was | N =14 Positive
completed collaboratively.
A gamified approach to learning algorithms and | Algorithms
33 (39] programming by incorporating PBL trigd with levels, | & ) Positive
progress bars as well as a plethora of learning games such | Programming
as HotPotatoes, Games and LevelUp plugins for Moodle. | N =22
A gamification engine using repetition-based online self-
assessment methods to gamify its content, which also Programmin
34 [40] allows setting up personalized learning paths through the N :g23 g Positive
assessment. Further enhancements were leaderboards,
points, badges, levels and time mechanics.
Playful learning activities on programming concepts | Programming .
3 [41] using SMARTIES and 6D Frameworks. N=12 Positive
“ProLounge”: An online gamified eLearning application Programmin
36 [42] used to teach programming skills with mobile N :g 47 s Positive
counterparts. There are Learning and Assessment phases.
Programming
. . o N = 71
37 [43] ;};m:?;:intl&n (t:}(l){lorlsxfh Badges built-in on Moodle for (Year 1) Positive
¢ ¢ ' N = 280
(Year 2)
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Subject

Case Contributor Gamification Application Matters(s) Gamification
1D - Results
Applied
A Gamification System used to teach Software | Software
38 [44] Engineering through three main elements: A Competitive | Engineering N/A
Challenge, Levels of Learning and Hackathons. (Not Tested)
Code
“GamiCRS”: A 14-Day Gamification Experiment on Eeadainhtygl
39 [45] Software Design course where students improve their Positive
code readability skills. (Focus)
N = 80
(Control)
Web Design
&
Programming
A Gamified Traditional course using the following | N = 37
40 [46] components: Moodle Logs, Levels, Badges, Weekly | (Focus) Mostly
Surveys, clearly visualized achievement and mastery per | N = 38 Positive
topic through points. (Control)
N =108 (2™
Year)
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After reviewing all 40 case studies, all found game mechanics were mapped (Table
3) (Table 4) (Table 5).

Table 3. Identified Game Elements (From Game Studies)

Elements Case Studies
1 2 3 4 5 6 7 8 9 10 12
Points / XP vVIiVvI|Iiv |V VI iV IV |V v v
Badges N v | Vv v
Leaderboards v |V vVIiVvIVv ]V v
Levels v |V v VIV IV IV
Quests v | v v v
Competition v | v v |V v |V
Collaboration v | v v ViV |V
Choice V| v|V v v
Story v |V v v | Y v
Time v
Clear Goals v v vV Vv |V
Reward System v |V v v
Progression N v v v
Currency v v
Feedback v v
Challenge v
Abilities v v
Avatars v | v VI iVvIiVvI]V v
Luck v
Virtual World N4 v
Boss Fight v | v v |V
Lives N4
Hall of Fame / Status v N4
Roleplaying N
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Table 4. Identified Game Elements (CS Studies 13-28)

Case Studies

Elements 1314 [15 [ 16 [ 17 [ 18 [ 19 [ 20 [ 21 | 22 | 23 [ 24 [ 25 [ 26 | 27 | 28
Points / XP VIVIVIVIVIVIVIVI IV IVYVIVYVIVYI]VY ViV
Badges VIVIVIVIVIVI IV VIV VIiVIVI VIV
Leaderboards | v | V |V |V |V |V IV IV IV |V v v v
Levels VI iVvIVIVIVY vVIiVvIiVviVY v ViV
Quests VI iVvI|V VIV |V v v
Competition v v v |V v
Collaboration | VIiVv|Vv v v vV IV
Choice v v v
Story v v v
Time N v |V v
Clear Goals v vVi|iv|Vv v
Reward
System v V1Y v
Progression N4 v |V v vV iV
Currency
Feedback v v vVI|iVv|V v vV IV
Challenge V|V v VI iv |V v v
Abilities
Avatars N4 v v
Luck
Virtual World v |V
Boss Fight v
Lives v
Hall of Fame /

Status V1Y v v
Content

Unlock v v
Roleplaying
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Table 5. Identified Game Elements (CS Studies 29-40)

Case Studies

Elements

31 | 32 34 | 35 | 36 | 37 | 38

Points / XP

Badges

NI

Leaderboards

NI
NN
<|law
&
&

Levels

Quests

Competition v

Collaboration v v v

Choice

Story

Time v v v

Clear Goals v v

Reward System v

Progression v v v

Currency

Feedback v Vv v v v

Challenge v v v

Abilities

Avatars v v

Luck

Virtual World

Boss Fight

Lives

Hall of Fame / Status v

Content Unlock v

Roleplaying v v

From identifying specific game elements out of these 40 case studies we can now
start formulating “recipes” on all the possible game elements that could be used in
game development courses and software-oriented courses in general.
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Figure 1. Game Elements per Study
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3.0 Study Results

In this section we have collected the results observed from the case studies.
Preliminary results from dissecting these case studies include the following:

Top 5 Game Elements in popularity and frequency: We immediately notice that
the PBL triad (Points, Badges, Leaderboards) is on the top with Points being the
most common of all three with 32 cases out of 40 using them (80%). Badges and
Leaderboards follow, which are also on par with levels. In 4" 5" and 6" spots we
see Collaboration, Feedback and Progression while the 8" spot is shared with
Competition, Clear goals, Challenges and Avatars. 9" spot goes to the Reward
System while the top 10 finishes up with Quests.

Minor Differences in most frequent game elements between Games &
Computer Science courses: The top three most used elements vary a bit. Points is
popular in both Game Development courses and Computer-Science courses, with a
leading difference in game development (1% is points with 10 cases, 2" is levels and
avatars with seven cases and 3" place is leaderboards, competition, collaboration,
story with 6) but a very slight lead in Computer-Science (22 cases with points, 20
with badges, and 16 cases with leaderboards).

Gamification is multi-faceted in delivery formats: Gamification can be applied
on any type of course, across all settings: traditionally in class, via blended learning
(class & Learning Management Systems) and completely online (remote teaching,
distance-learning).

Objects and other components can be used to gamify: Gamification does not
necessarily mean that game elements will be used within the planned activities.
Sometimes it could be a tangible object such as a couple of cards, other times it could
be modular board games or class-wide roleplaying activities [50].

Gamification can be technology enhanced: Some have implemented it using
integrated plugins on their VLEs, others have used mobile or web apps and games.
Some have used specialized training software to automate the process.

Academics are not reluctant to try out game elements other than PBL: The PBL
Triad (Points, Badges, Leaderboards) is wildly popular, yes, but academics do not
fear trying out other game elements as well. Furthermore, some academics have
implemented gamification by not using any of the elements of the PBL triad.

Gamification can improve one or more learning metrics: Gamification indeed
helps increase student motivation, satisfaction, engagement, attendance,
participation and achievement by looking at the possible outcomes of each of the
cases. This aligns perfectly by the fact that all those metrics are inherently connected
to student motivation [48]. Sometimes the results are slightly positive, other times
more than that, but not a single case has had a negative result on the student
perception of gamification.
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Creativity fuels better gamified modules: Some creative ideas around the world
only recorded within a few years range indicate gamification will produce some very
interesting case studies in the years to come when the practice has been refined.

Gamification has no set duration: Gamification can be run as an in-class
experiment for a couple of hours, days, weeks, months, the entire semester, academic
year or even the entire course a student is studying with the right structures and
academic team coordination in place.

Seven game elements on average per case: On average seven game elements are
used within 40 case studies. Among these case studies, the top-two cases (in terms
of frequency) are using 15 [31], and 14 [11]. Two studies share the 3™ position [9,
16] with 13 elements. Out of these a Computer-Science study is on the 1 place while
the other three cases come from Game Development.

Potential of discovering new or better use of complex game elements: Emerging
techniques such as using digital games, mobile applications or performing Role-Play
in class should be explored further as there is a lot of potential for research. Role-
Play especially derives from Role-Playing teaching technique. What if Role-Play
was used in the classroom, away from traditional PBL and adopting practices from
the modern tabletop RPGs [49]? What if instead of roleplaying the developer or the
client, you get to roleplay a character [47]?

Gamification can extend beyond frameworks: Not everyone followed a structured
approach in designing gamification. Some used well-known frameworks, others
used game design approaches, but others just used some elements straight into their
everyday prep and had the same impact and positive results.

4.0 Conclusions

Academics should get into gamification and try out different things in their classes.
It has been proved in the case studies of this paper that gamification can increase
motivation, attendance, engagement, achievement, and satisfaction all in one. As the
main contribution in the field, this paper has identified emerging patterns for best-
case use of gamification game elements. This can be further expanded upon in future
papers where each game element can be analysed in depth.

Another interesting part that could and should be researched further, beyond the
traditional “does gamification work” type of research project is the human factor
behind it. How do students respond to gamification? Do they like it? Do they hate
it? Do they adapt? Do they adhere to the rules? How can academics monitor its’
effectiveness and student engagement and participation? Finally, a very interesting
foundation of this would be the PBGL framework, a pre-diagnosis of whether the
gamification technique used would be effective and approved by the students [51].
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Some interesting discussion for future research could include:

Automating the administration time required for gamification during prep
and in-between the sessions through Technology-Enhanced Gamification
Software.

Dissecting into Game Elements, one-by-one. Best case scenarios for each.
Gamifying entire courses: A consistent gamification structure supporting
every module across a course from welcome week to graduation ceremony.
Cross-Discipline gamification or solid gamification systems that can be
used out-of-the-box in multiple disciplines that are different in philosophy
from each other (i.e. Medicine, Law and Maritime Engineering)
Interesting and daring implementations of pre-existing or new game
elements through more case studies.

We are hoping that this paper will be a reference point for any academic wishing to
incorporate gamification in their classroom to teach game development. We are
looking forward to future research, new frameworks and new case studies that can
spread gamification practice across higher education.
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Abstract

In this paper we look how Massively Open Online Courses (MOOCs) can
shed new light onto how to teach the logic programming language Prolog.
Prolog often proves problematic to teach because of features like unification,
backtracking and the use of recursion. Here we employed a rich media MOOC
Toolkit to augment an already widely used Web Based Prolog Tutorial. Above
this we present two key additional features. Firstly, we wished to explore how
to investigate motivation as a key design concern to delivery of this material.
To achieve this we used explicit tactics like the novelty of the approach and
interactive techniques like gamification. Secondly we looked to software vis-
ualisation. A feature of the approach is an emphasis on a clear and consistent
model of the virtual machine and the story of language execution, taking a
strong influence from Eisenstadt and Brayshaw. In addition to the material we
added code-stepping tracing, graphical quizzes and YouTube animations. The
MOOC was deployed on a second year undergraduate Al Course over and 8
month period. An evaluation using a cohort of 80 students was undertaken and
the results reviewed. Overall the MOOC was well received but the visualisa-
tion were given a more neutral response.

Keywords: MOOCs, Visualisation, Gamification, Programming
Education, E-Learning

1.0 Introduction

There are some long standing problems in teaching programming languages. Prolog
is a mainstream language with distinct challenges. It is notoriously difficult to learn
[1, 2, 3, 4]. If you look at trees of the development and evolution of programming
languages, Prolog stands apart. Most of the standard control concepts (i f-then-
else, do-while-until-forever, for-x-in-1, switch/case,
forall, foreach) were understood and deployed in 1950/60s languages rang-
ing from ALGOL to LISP. When confronted with a new language, a common tech-
nique is to how to code these familiar concepts, noting syntactic novelties, and then
continuing in a familiar algorithmic manner. None of these cornerstone building
blocks are present in Prolog. Indeed, the very pillars of a Prolog programmers’ ar-
moury are recursion and backtracking — programming concepts that can be hard to
understand for a neophyte and not typically deployed by a seasoned software
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engineer. The paradigm of logic programming is a land that not many programmers
journey through and even less dwell.

The educational mix has changed radically since the 1990’s. We now live in a world
of webinars and mixed reality (real and virtual) teaching. Massively Open Online
Courses (MOOCs) have arrived as a delivery technique for online learning resources
(https://www.mooc-list.com/). They are widely offered by universities to deliver
courses  https://www.edx.org/school/mitx,  https://www.theuniguide.co.uk/ad-
vice/choosing-a-course/moocs-massive-open-online-courses-explained and degree
based studies e.g. http://www.open.ac.uk/courses/choose/mooc-busman). Virtual
Learning Environments (VLESs) often include MOOC extensions to their provisions
(e.g. https://www.canvas.net/). Within this context we chose to revisit the under-
graduate teaching of Prolog and look at how we could use a MOOC to look at this
problem afresh, within the context of a Traditionally Delivery Course — a blended
approach [5]. Before we go on however we will start with a discussion of why
Prolog needs a separate and distinctive treatment and why it is qualitatively different
from the class of procedural programming languages.

1.1 Why Prolog is Different? Logic Programming is a Distinct
Paradigm

Prolog is a logic language which is composed of facts about the world and rules that
allow inference about those facts. It is in effect a theorum prover to which the user
proposes goals —as programs — to which Prolog attempts to find whether these things
are either true or false. It is thus by its very nature alien to other main stream pro-
gramming languages in the way it works and treats user solutions.

1.1.1 Lack of Explicit Control Features and the heavy use of Recursion
Prolog does not have the standard set of iterative control statements. Novices often
hunt for the standard do while, for or until iterative statements conventions
present in so many other languages. Instead Prolog uses recursion and backtracking
to achieve similar means. The net effect of this is that we cannot read (or write)
Prolog programs by looking for such surface scaffolding cues. In conventional code
browsing/reading we can use such waymarks to work out what is going on. This is
not the case in Prolog, and the use of recursion, a slippery concept for the neophyte
programmer, complicates the issue. For example consider the following.

squash([],[]). /* squash of empty list is empty list */

squash([A|B],List):- /* A list? */
A=[_|_1
squash(A,SA),
squash(B,SB)
append(SA,SB,List).
squash([A|B],Lists):- /* where A is atomic or term */
squash(A,C),
append([A],C,List).
Not only does it rely on top and tail recursion (recursing both on the head structure
but also on the tail) to achieve its looping behaviour — but even the naming is given
by the programmer. That the different clauses, and their order, implicitly give the
control sequence. There is no extrinsic semantics that the programmer can readily
interpret. Compare this with another Al Language like LISP and the control is ex-
trinsic and more obvious
(defun squash (1)
(cond ((null 1) nil)
((atom 1) (list 1))
(t (append (squash (car 1)) (squash (cdr 1))))))

Note also the order of the test conditions. Prolog executional pragmatics orders how
they should be implicitly authored. Compare this with the easier, more natural logic
of the LISP program.
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1.1.2 Backtracking

Being a logic programming language this will mean the if a particular branch of the
proof tree ends in a dead end then Prolog will backtrack meaning that it will find the
last point in the proof tree where an alternative path can be found (the last OR choice
in the search) and start searching this new path. As a result program execution is
vastly altered from a sequentional progress through lines of code. Indeed bugs are
often the unintended result of programs executing code that was never intended be-
cause backtracking has resulted in branches of code being traversed when the coder
never envisioned that they would be. This however can be exploited by the pro-
grammer to make new types of failure driven loops, again without any explicit con-
trol structures being present.

%, Failure Driven Loop.pl

File Edit Browse Compile Prolog Pce Help
Failure Driven Looppl |

film(1, 'Lucky Dog').

film(2, 'Way Out West').

film(3,'The Titfield Thunderbolt').
film(4,'Oliver the Eighth').
film(5, '‘Big Business').

choose_film(_):-
write('which film would you like to see? '),
nl,
film(Number,Name) ,
write(Number), write(' : *), write(Name),nl,
fail.
choose_film(Choice):-
write('Enter Film Number: '),
rtad(Choice).‘

Welcome to SWI-Prolog (Multi-threaded, 64 bits, Version 7.3.19)
Copyright (c) 1990-2015 University of Amsterdam, VU Amsterdam
SWI-Prolog comes with ABSOLUTELY NO WARRANTY. This is free software,
and you are welcome to redistribute it under certain conditions.
FPlease visit http://www.swi-prolog.org for details.

For help, use ?- help(Topic). or ?- apropos(Word).

1 7- choose_film(Film).
Which film would you like to see?

1 : Lucky Dog

2 : Way Out West

3 : The Titfield Thunderbolt
4 1 Oliver the Eighth

5 1 Big Business

Enter Film Number: 3.

Film = 3.

2 7=

1.1.3  Advanced Control Features

One of the most commonly misunderstood control features is that of the Prolog
‘Cut’. This is used to prevent further backtracking. It freezes the search at the point
of invocation and removes further ‘or’ choices (e.g. using other clauses to solve your
query) for the particular predicate at this invocation in the depth first search. The
logic in itself defeats many programmers. Further it is often abused by programmers
in their attempts to stop Prolog backtracking and render it a language like others
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they know. If this is combined with the lack of explicit control then this compounds
the problem. Consider the following very useful program.

same_var(foo,X):- var(X), !, fail.

same_var(X,Y):- var(X), var(Y).

This program checks if the two variables are the same. If they are not the same the
cut in the first clause means that the second clause is never looked at. If they were
the same variable then binding then first variable to foo would have the consequence
of binding X to foo also, so the var/l test would fail. Otherwise they can't be the
same hence the cut/fail ensures failure of the overall goal. If we get to the second
clause (which in effect is protected by the first) we just have to check that they are
both variables e.g. make sure someone hasn't typed in ?- same varia-
ble (foo, foo). All this control information is implicit and obvious to an expert
and baffling to a novice.

1.1.4  Style of Interaction
Rather than a Compile/Run style modus operandi the interaction takes place via an
interpreter style window (though in modern Prologs the code is compiled rather than
actually interpreted). Thus the style of interaction with the code is different (alt-
hough it has modern similarities with IDLE/Pythons shells). Other common pro-
gramming concepts are also broken. Prolog’s notion of variables is at odds with
most other languages. For example let us consider the use of variables in a C-family
language - we might increment a variable by saying something like

X =+ X + sum

The first difference in Prolog is that the operator = means do the terms unify,
differing from the traditional equality semantics. Thus

?- loves(john,mary) = loves(X,Y).

X = john

Y = mary

?-

To add confusion the method of quantification of a variable in Prolog is different.
When you bind a variable in Prolog to a value it retains that value for the whole
scope of that clause or top level goal. So if X = 20 it has this value for the whole
encapsulation of X, thus saying
XisX+1
means to Prolog
20 is 20 + 1
which is false. This type of overgeneralizing from other language leads to users
writing programs like
factorial(X,Y):-
factory((X-1),F),
Y is F * X.
Rather than the correct
factorial(X,Y):-
X1 is X - 1,
factory(X1,F),
Y is F * X.
If you want to change the value of something you have to use a new variable,
hence X1 above.

1.1.5 Common Misconceptions of Prolog

[4] presented a taxonomy of Misconceptions of the Prolog Interpreter which are a
combination of misunderstandings of the Prolog machine and mapping errors from
other programming languages. In detail they noted the following common miscon-
ceptions.
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e Search Misconceptions

Pointer Errors both for a Predicate and a Program (spotting the correct continua-
tion point in a predicate or overall Prolog program)

Magically taking Facts before Rules or Rules before Facts

Meta-analysis of the correctness of the proof overriding Procedural Semantics.

e Backtracking Misconceptions

Try Once and Pass (i.e. fundamentally not understanding backtracking = no going
back!)

Redo from Left (from start of clause rather than backtracking to the last OR
choice point)

o Cut related Errors

The Transparent Cut (the cut has no effect)

Errors in the scope of the cut

The Grandfather Cut — the cut fails the grandfather goal not just the parent
goal.

Cut fails the whole program not just the predicate in which it is contained.

The cut initiates backtracking

e Variables and the Cut
The interaction between variable bindings and the Cut.
¢ Flow of Control and Variables.

Wrong division of labour between backtracking and unification
Undo all variable on failure
Logic Programming specific variable encapsulation errors.

o Predicate footprint errors

Typically calling the predicate with the wrong number of arguments (aka arity er-
rors). Believing that providing the name is right Prolog will figure things out.......
These unique features and potential potholes for novices mean that Prolog is differ-
ent to learn compared to other languages and has led to its unique treatment in the
literature. The work presented here aims to build upon this older work but in the
new light of modern delivery methods.

1.2 Teaching Prolog

To tackle the above, we had two other distinct starting points. We employed a
widely used internet-based Prolog Tutorial [5] — used with permission. This did pro-
vide us with a base set of materials to use. In the work reported here, we wish to
refresh the delivery of this material via a MOOC and look to see how we could
improve the interaction including the incorporation of additional motivational de-
vices such as game interaction. Secondly, we wished to revisit the use of software
visualisation and its role in teaching Prolog. This builds upon previous work in
capturing the dynamics of execution and features; like backtracking and recursion
[1.2]. The use of such multimedia was called into question at the time [7] however
times and users have changed. We are now much more used to escaping from a
VT100 terminal experience. The dawn of MOOC:s allows us to go back to this ap-
proach and explore it efficacy in a modern context. Modern users are changed since
this work was first anticipated and we thus decided to revisit in a contemporary
format.

A key approach adopted here is the story of the virtual machine and how it behaves
[81,[9]. This is particularly important in a complicated language like Prolog [10, 11,
12]. The Transparent Prolog Machine (TPM), [1] was a cradle to grave story, that
accounted for the execution of Prolog which could then be used both for novices
and experts alike. This uniquely included all features of the language. It was em-
ployed in course material, BBC produced videos and a commercially released
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software development environment. MRE [13, 14] was a development of TPM for
both Prolog and parallel logic programming (PARLOG) [15]. It sought to streamline
the notation of the TPM, whilst offering multiple perspectives that were strictly
rooted in a common execution narrative. The visualisation used in this MOOC
aimed to directly build upon those used in MRE. The visualisation of Prolog is
updated in line with the new work, but the underlying aim of showing a transparent
and true virtual machine remain centrally core.

User Interface (UI) and User Experience (UX) have greatly changed since pre-In-
ternet days. It is thus timely to revisit this work. The notion of studying online now
has old roots in University Correspondence Courses, Open Universities and more
recently in Internet delivery e,g [16]. Modern approaches to blended learning de-
velopment e.g. [5], reflect a much more pedagogical range and media rich mix. Ra-
ther than a single focus or ideological conviction, their aspiration is to adopt a blend
of sources to personalise to individual needs and taste. In the work presented here
we wish to focus on the following new aspects of blended new learning — MOOC:s,
Motivation, Software Visualisation and Gamification. Our blend also involves a
hybrid of online and traditional on campus content.

1.3 Prolog Code, Code Stepping and Tracing

An important part of an overall cohesive and holistic approach is to provide a
MOOC that not only supports educational material but also a detailed account of
program execution. Here we wanted to revisit earlier work e.g. [17] and see if users
have changed with the advent of a rich multimedia world. Much of the original work
was located in a place and time where vt100 style terminals was the norm for inter-
action when coding. Mullholland (ibid) had found that students were not helped by
software visualisations using TPM and preferred text based accounts. One explana-
tion of this is that the visualisation is just one other thing to learn. They are having
to learn the target programming language and on top of a visual notation. A possible
way to improve this is if the graphical account is more tightly bonded to the textual
account so to be one single story not two systems.

TPM was modified so that the Fine-Grained (AORTA) View is updated to be wholly
consistent with the Coarse Grained View after the approach taken for MRE in [14].
This move in its own right cut down the amount of notation to learn. This is again
an attempt to tighten the single story being told.

2 Massively Open Online Courses (MOOCs)

A major new game changer has been the revolution of delivery of new educational
media via MOOCS. MOOC:s deliver not just online materials in the way that VLEs
do, they offer additional services such as gamification and other motivational de-
vices. Because of this, it is now common place for Universities to offer such provi-
sion and pundits predict the trend to grow (BBC, in 2016,
http://www.bbc.co.uk/news/business-36703778). This emancipates education, al-
lowing it to be delivered everywhere that has an internet connection. This is fre-
quently for free and from a high standard, august institutions. For example, Stanford
University Artificial Intelligence course reports 160 000 enrolled students with 23
000 going on to getting a certificate on successful completion.
There are a number of existing MOOC engines/shells. Amongst them are:

e edX is a MOOC founded by Harvard and MIT (https://www.edx.org/) in 2012
and currently has 85 educational partners. It is a freely available open source
platform and has a wide variety of courses available.

e Canvas (https://www.canvas.net/) A cloud native Learning Management Sys-
tem(LMS) that embodies flexible working both for teachers and learners. This
allows group working for students, a common dashboard with integrated social
media and a strong take on the importance of data analytics.
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e FutureLearn, https://www.futurelearn.com, claims over 2,564,816 are currently
learning using the FutureLearn system. They offer courses from a wide variety
of universities and other cultural bodies. FutureLearn is wholly owned by the
Open University (UK).

e FUN, https://www.france-universite-numerique-mooc.fr , is a French MOOC de-
signed to be used by French Universities and their partners worldwide.

e Coursera, https://www.coursera.org , as of 2021 claims to have 1630 courses.
All of its courses are available for free however it has a “Signature Track” that
allows students to pay for accreditation — if students want to earn University cred-
its or certificates to show to Employers they can pay for this service.

MOOC:s allow you to access the information in any particular location, as long as
you have internet access. This means that they can form part of the world of Ubiq-
uitous Computing (Ubicom) [18]. Ubicom decouples the link between physical
location and participation in learning. It also offers internet interaction with the
media affordances that go with it. It is thus a step change from traditional VLEs
[19, 20, 21, 22]. This has seen the wide adoption of MOOCsS in Higher Education
for example see https://www.mooc-list.com/ and by major Universities, e.g. Stan-
ford  University  http://www.gsb.stanford.edu/exed/, Harvard  University
https://www.edx.org/school/harvardx and Edinburgh University at
http://www.ed.ac.uk/studying/moocs.

MOOC:s can be grouped into two types — ones that are more oriented on interaction,
process or social computing (labelled cMOOCs), and ones that are oriented on con-
tent provision or didactic focused (labelled xMOOCs). xMOOCs may contain re-
cordings of lectures or special made material [23] and could feature famous Profes-
sors or other Tele-Dons. In our work, rather than seeking value added from famous
Tele-Dons, we have focused on software visualisation and gamification as ap-
proaches to provide extra motivational elements. However, [24] considers the above
dichotomy to be too simple and proposes eight types of MOOCs. The work under-
taken here fits three of the MOOC types that he has proposed — it is a transfer MOOC
in that it takes existing material, albeit from previously separate sources, and syn-
thesises them into an unique approach, an asynchronous MOOC that was accessible
at any time from its URL and a mini-MOOC that focused on a particular presentation
of one University course. For this reason, the completion rate for this MOOC did
not differ from a specific course in a typical year. Therefore, it does not suffer from
common MOOC completion problems (e.g. see [25], for discussion of completion
and quality issues). Specifically, the delivery device used had the affordances of a
MOOC and thus it was made clear to the students that they were using a MOOC.

2.1 Engagement and Motivation

Engaging and motivating students is always going to a major factor in system design
[26]. The learning literature has been dominated by cognitive aspects of the learning
journey [27] at the expense of overlooking the affective system and the importance
this has in the learning approach. One approach is to explicitly try and make an
intelligent adaptive system that has an explicit model of emotions, for example a
motivational strategy production system [28, 29]. The problem with this approach
is that it is very hard to do like its forerunner user modelling in the cognitive domain
[30]. The approach taken here is that of TPM and MRE to solve the problem in the
interface itself. By providing a rich environment we aim to provide appropriate
scaffolding [31, 32] to meet both cognitive and affective needs.

[33] have proposed a Self-Determination Theory that frames motivation studies, so
rather than being a rigid model it reflects the person and the timing. It is one that is
based on rewards and can be applied in our context of learning. Motivations can
have intrinsic sources, extrinsic sources or linked to the cognitive issues of the in-
dividual and their social development. This later concern allows for individual dif-
ferences to be modelled. This is all driven by three basic needs or traits, namely
autonomy, competence and relatedness. These issues can be considered in the in-
teraction overall and built into specific components.
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Games can be enthralling and provide rich levels of motivation [34]. As Rigby and
Ryan point out, this may involve not just positive emotions but ones of anxiety and
frustration too. These characteristics alone present alluring wants to the designers of
online education provision. [35] argues that gaming is an essential element of cul-
ture. The very act of being in a culture is a game. The presentation of self in a life
context can be interpreted as a game [36, 37] notes that all games have the potential
to be learning vehicles. The online world on its own is often lonely [38] and distance
learning can be an isolated experience [39]. The interactive experience of games is
one way to mediate against this. Putting this together with social computing, a
MOOC can provide additional opportunities in terms of synchronous and asynchro-
nous user messaging, both text and video. This not only offers new game based
affordances for student-tutor interaction but also peer-to-peer student support and
peer group scaffolding. Such rich interaction is also motivating us here to combine
new learning environments and gamification.

2.2 MOOC Implementations

There are a number of MOOC shells that enable the provision of MOOCs. These
provide the underlying functionality of the MOOC which can then be populated with
the education material of the hosting University or College. The material is usually
provided for free. However to be assessed and/or to progress to an overall exit
award, e.g. a Bachelors or Masters degree, usually has to be paid for.

A feature of the work presented here is how a MOOC could be used in a traditional
setting without concerns for distance or mlearning. The students were given an edX
MOOC as an add on to an existing course.

3.0 The Prolog MOOC

The start of this project was to look at the provision of a MOOC to be delivered on
a Raspberry Pi. For this reason, it was decided that the Open Source edX would be
the vehicle of choice. As the project evolved, the goal shifted to making the MOOC
the main VLE for teaching Prolog on our second year Artificial Intelligence course.
This course is part of a Computer Science degree and in the year 2014/5 had 80
students. The raspberry pi had limiting processing power and could only support
single users. For this reason, we deployed the edX MOOC onto a virtual machine
on the Department’s cloud.
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Figure 1 An example webpage of the MOOC in action. While this is the "staff"
view, it is extremely similar to the student view, the main difference being the re-
moval of the staff debugging tools

Figure 1 displays a screenshot of a webpage of the MOOC. The screenshot shows a
staff view of an exercise currently being undertaken. It is very similar to the view of
the student, whereby the only exclusion is the staff debugging tools on the bottom
right hand of the screen. The task illustrated requires the student to click on the part
of the program that represents the recursive call.

The top of the screenshot in Figure 1 shows the navigation available to the user. This
navigation bar has various different webpages that each serve a different purpose.
The courseware contains the various different weeks and lessons to cover through-
out the course. The course info contains a general overview of the course. The dis-
cussion section allows the user to post in a forum, and discuss any issues that may
or may not have arisen. The wiki is an area whereby the staff can post more infor-
mation, or further reading about the topics covered in the courseware. In progress,
the user is given their current progress in covering the topics in the MOOC. These
include both graded and ungraded exercises. We will be focusing on the courseware
section of the MOOC.

The courseware consists of weekly topics. These weekly topics contain lessons. Les-
sons typically include things like videos, readings, interactive questions, game ele-
ments and others.

The weekly topics are on the left hand panel in the screenshot in Figure 1. An ex-
ample of a weekly topic would be the Recursion or Rules headlines. A weekly topic
can contain numerous lessons, such as the Recursion and Recursion Exercises,
which also can be accessed on the left hand side of the screen. Within the lessons,
various exercises can be accessed. These can be found in the bar surrounded by
arrows in the top-centre of the screen. They can be clicked through at any time. The
exercises can be graded exercises, as shown in Figure 1, or they could be informa-
tive, as shown in Figure 3.
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The exercise in Figure 1 shows an image mapped input problem which can be clas-
sified as a gamification problem. The student has to click on a location within the
image where the answer is correct. The student’s click is signified by a green dot.
The staff member can set the “input box” of the question, essentially the box where
the student has to click for the answer to be correct. Exercises can be repeated by
the student. This can invoke a “have another go” game like spirit [40] to try and
improve their previous scores.

For each exercise the student can “check” answers. The amount of times the students
can check answers can be limited, but are set to unlimited as default. If the student
is correct then a green tick is shown, similar to the correct answers in Figure 2. If an
answer is incorrect, a few more options become available. Firstly, a red cross is used
to signify an incorrect answer, again shown in Figure 2. A “Show Answer” button
can also be shown, which will show the correct answer. This can be disabled, or
changed into a “Hint”, which will instead give a hint to the student.

To add software visualisation to the MOOC, we created various different anima-
tions. These were created by combining a PowerPoint presentation with a screen-
recording tool. The animations were then converted into MPEG movies and then
linked via YouTube with the MOOC. An example screenshot of an animation can
be seen in Figure 4. The movies illustrated the examples in the course but with a
code stepper also featured to tie the code and animation closer together as illustrated
in Figures 2 & 3.

Simple facty -
Cxampion of Simple facty

Simple Fait Dunrcives

Ay

s ¥

Figure 2 A Quiz Exercise. On line quizzes used as motivation devices. Like a
classic arcade game you can have another go to see if you can go one better.
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Facts With Arguments

Facts with Arguments

Lxamples of Facts with WA Agumencs txb
Argumenty
AN ek ® database detalt who eats what e W made
" * Foex .
eatsire § od eats orange
vatylire L Mk o e » lna "
eatshiony appies] /* “Tony eats apples” *
satsfohnappies) /* “John eats appies” *
eatslichagrapetruth /* s grapefrt ¢

Figure 3 An example of a MRE Fine Grained View showing the execution of
the goal ?- eats(fred, Oranges). and the successful match with the first clause.
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Clause one of bike(harley_davidson) succeeds

fun(X) :-
red(X),
car (X) . " 3

fun(X) :- blue( harl.. bike( harley_davi...)
blue(X), |

bike (X) . | blue(ford...) bike(harley_david..
car (yw _beatle) .
car(ford escort).
bike (harley davidson).|
red(yw_beatle) .
red(ford escort). ?-funfharley_davidson).
blue (harley davidson).

Dfun

B (] blue i bike

Figure 4 An mid-execution snapshot of the fun/l program showing on the left
the conventional code stepper which is attempting to prove the goal bike(har-
ley_davidson) and its matching using the highlighted fact. The Fine Grained View
(showing individual clause unification) is at the top right, whilst the lower view is
the Coarse Grained View showing the state of the program execution and back-
tracking history.

3.1 Motivation and Gamification

One of the key insights into getting students to buy into course material is motivation
and engagement. At the time the course was being run MOOCs were much in the
headlines. The students were told that:

e We would be using a MOOC for the course

o [t would be the first undergraduate MOOC used in the University at the time

e This was a motivating factor. We intended that this would add extra impetus
given the current zeitgeist.

A second motivating factor was for the activity to be enjoyable and fun. Prolog gets
a bad press not least within the student body. We were thus keen to get game ele-
ments into the material. By placing game activities into the MOOC we wanted to
increase the student’s engagement within the tutoring environment. Examples are
shown in Figures 1 and 5. These involve a sorting game and a pointing game.
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Figure 5 A Sorting Game. The goal is to correctly drop the items in the menu
below into the appropriate bucket.

Key issues of autonomy (the students chose when to use the MOOC, how often and
where), competence (both in terms of achievement and also game dynamic) and
relatedness were thus present in the basic design.

The course ran successfully during in both Semesters of the Academic Year.

4.0 Evaluation

We evaluated the performance of the MOOC. At the end of the 9-month course,
students were asked if they had use the MOOC. 40 out of 80 registered students had
positively responded. Of the others they typically reported that they had not engaged
with extra material, had not looked for it or had not completed the course. Those
that had used the MOOC were asked to complete a simple evaluation questionnaire.
This included general and specific features of the MOOC. The questions, responses
and reflections upon them are as follows.

The first question asked the student if they have used the MOOC. If they responded
positively we present their responses to the remaining questions in Figures 6, 7, 8
and 9. Responses for the remaining questions were via a five bar Likert scale which
we have summarised into Positive, Negative, and Neutral responses. Of the 40 re-
sponses we got 4 were excluded from the final data as they have not followed the
experimental instructions and their responses were ambiguous in interpretation.
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Evaluation of Individual Topic Areas

04 Rstehow 05 Ratehow Q6 Ratehow Q7 Ratehow Q8 Ratehow Q9 Ratehow Q10 Rate how
well the MOOC well the MOOC well the MOOC well the MOOC well the MOOC well the MOOC well the MOOC
supparted you supported you supported you supported you supported you supported you supperted you
and helped you and helped you and helped you and helped you and helped you and helped you and helped you

learn Prolog  learn Pralog  learn Prolog  leam Prolog  learn Prelog  leam Pralog  learn Pralog List
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Figure 7 Showing questions along the bottom and responses on the top. Note
the logic of the Likert Scale (Little Help/Lot of Help or Lots of Help/Little Help)
was reversed on occasions to encourage question engagement but this is omitted

Jfor clarity.

The evaluation focused on each particular topic element in the MOOC material.
These are the weekly topics in the Prolog MOOC. The story for all weeks are con-
sistently positive. The majority of people found the MOOC to be helpful particu-
larly for the more basic elements. This includes to a lesser degree the problematic
issues of recursion and backtracking which are known to be difficult areas. It was
hoped that the more dynamic elements of the execution story would have been

helped by the visual story as shown in the animations but there is no clear evidence
of this.
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MOOC Usefulness and Ease of Navigation

Pesitive Neutral Negative

B 02 How Useful Did You find the MOOC? {Useful/Nat Useful]
003 How ey to navigate didyou find the MOOC? {Easy/Hard)

Figure 6 Questions 2 and 3 are shown at the bottom of the figure and the
responses in the bar chart.

Figure 6 shows that they all found the MOOC to be useful although there were
some minor navigational problems. This was the first time they would have come
across EdX so maybe part of this may be in part due to novelty. While all the nav-
igational features were present on each page, this is still an area needs looking at
again.

In Figure 7 we then went into particular topic elements in the course and looked as
to how they viewed.
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Q11 The MOOCs use of Interactive Exercises
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Figure 8 The Use of Interactive Exercises like the Sorting Game

The interactive Exercises included quizzes and other games. These seem to be
well liked and provided popular. as shown by Figure 8.

Q12 Visualisation Movies of Prolog Execution
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Figure 9 How Users Perceived the Usefulness of the Movies of Prolog Execu-
tion

In Figure 9, the jury seems totally split by the use of the visualisation techniques.
What was not captured was how many people had actually engaged with them. The
majority, 17 out of 36, were positive. One unsolicited comment was that they would
have benefited from a soundtrack. The same animations were also used in the lec-
tures with accompanying explanation, and went down well. A comment added to
the questionnaire was that they would have been better if they had the commentary
as given in the lectures. This would be consistent with the notion that the extra
notation is potentially yet more to learn on top of the language itself. An accompa-
nying soundtrack, telling students what the animation is telling might mitigate this,
emphasising the single story we wish to tell, and will be investigated on the next
iteration of this work.
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5.0 Conclusions

The work presented here has two distinct strands. One was to investigate a MOOC
within a classics classroom context and see how it could add to the UX noting the
motivational impact that it can make. To this end the MOOC was well received by
the students, as revealed in the evaluation. They reported it helpful in all aspects of
the target syllabus. Overall they reported it as being very useful. A second strand
of the work looked at media enhanced aspects of the MOOC, specifically to focus
on revisited work on software visualisation and looking at what impact factor this
may have as another motivational tool. The intuition here was that concrete visual
models of the virtual machine in action could help neophyte programmers gain a
better understanding of the workings of the target programming language. The ad-
ditional overhead of yet more to learn would be offset by advantages that this
brought. The changes in user’s affordances to multimedia since the original concep-
tion of the work, the escape from command lines and VT100s, was also taken into
account. Broadly the additional media went down well, thought there was a split in
the results. Tighter integration and a spoken sound track to the trace material would
be good avenues to pursue in the future. In this respect this is therefore the first pass
of work to revisit TPM/MRE and update it to see if it can be made to strike a new
relationship with a modern audience in a modern media rich environment. Taking
both strands together one of the key features that we wished to investigate here is
motivation and how a Classroom MOOC might be used as a suitable device to de-
liver this. If you have enthusiasm and class motivation behind you these are im-
portant facilitators in successful educational delivery and the work reported here is
part of our ongoing efforts to investigate and aspire to achieve those goals.
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Abstract

Game elements are integral components of gamification, (such as
points, badges, choice or rewards) not to be confused with game
mechanics from video games (such as jumping, shooting etc.). Each
element serves a different purpose. The article is a follow-up from a
previous study in Solent University around gamification where recent
case studies (N=40) were scrutinized on how gamification was used
to improve the learning experience and the students’ motivation. For
each of these cases, the game elements were identified, as well as the
way they were implemented in teaching. As a result of this, trends and
best practices started to emerge, creating a pattern. The focus of the
article is to become a gamification reference, listing identified
features and best practices for each game element. Every game
element has a unique use in the higher education context, depending
on the class size, the academic’s past experiences, the subject matter,
the cohort, and even timetabling. Some of the game elements can
easily be implemented in face-to-face or online teaching as a one-off
activity, however others require more thinking and planning
beforehand, requiring significant intertwining with the entire unit’s
schedule, activities and even assessment. Gamification is difficult to
be implemented by someone with no prior experience, and additional
reading is required to obtain an improved understanding of the game
elements it has. This is an attempt to demystify this process and make
gamification more accessible to all higher education academics.

Keywords: Game Elements, Point, Badge, Leaderboard, Higher
Education
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1.0 Background

Gamification is an experiential design process that adds game elements to a non-
game context, making it more engaging. Therefore, gamification is about designing
engaging experiences, fuelled by game-design that aids to improve immersion on
any non-gaming context [1]. This concept is sometimes confused with Game-Based
Learning. Game-based learning (GBL) is when learning occurs through a virtual
gaming world like educational or serious games. This is a video game genre where
the game cultivates an ideal virtual learning environment in which the player can
achieve mastery on specific learning material.

The questions academics have is “Does gamification work?” It was shown
in the past that gamification can work, has a positive impact on student participation
and has seen significant increases in attendance, engagement and achievement [2].
Our goal is to identify the elements we can use in our units to improve motivation,
and how to use them.

Another question is whether it’s worth being used. While some students

may argue that it doesn’t make a difference because they could pass a unit with or
without gamification, research suggests that it has multiple benefits in learning [3].
Some of those benefits include behavioural changes [4] and overall engagement
improvement besides the students’ performance. This has a ripple effect for higher
attendance [5] and satisfaction [6]. Besides, gamification of a unit is a holistic
approach to the entire cohort, aiming to improve the performance of as many
students as possible, including those who borderline fail. Even a small improvement
is still an improvement, thus making gamification worth it.
This is an attempt to contribute by identifying which game elements exist, in order
to create a “gamification toolbox” from which academics can use the best-suited
game elements to enhance motivation of their student cohorts in their units. As
researchers suggest, albeit gamification started with a focus in computing and HCI
disciplines, it has recently become multi-disciplinary [7].

2.0 Research Methodology

Forty case studies (N=40) were collated and analysed according to how each
academic used gamification elements in his/her units. 12 studies came from game-
development oriented units and 28 came from general software engineering and
programming disciplines. The reason, such disciplines were selected, was because it
was the requirement of our research project in the computer games course at Solent
University. Keywords such as Gamification, Higher Education, Software
Engineering were important to limit the scope of cases.

For each of these cases, the application of gamification was examined, and
all used game elements were empirically identified. After aggregating all the data, it
was possible to draw out a graph related to the frequencies of each game element
present (Figure 1) as well as identify common trends, examples to avoid and best
practices that emerged. The examples to avoid or best practices to follow were
generated based on the outcomes of the learning experiments as recorded in the case
study by the academics.
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As a follow up of this case study review, based on the generated data, best
practices and traits can be identified. This paper attempts to answer the following
research question: What out-of-the-box game elements of gamification are currently
available for academics in Higher Education and how can they be used?
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Figure 1 - Game Element Frequency (Overall)

3.0 Anatomy of Gamification: Game Elements

By studying these cases we have discovered different ways a game element can be
used in the classroom. Not every game element has the exact same use, and before
anything is applied in either online or face-to-face teaching must be carefully
validated and monitored to clarify whether it has the expected results. The elements
will be listed in order of descending frequency as found in the investigated cases.

Starting off with the “PBL triad” as introduced by Werbach & Hunter,
Points, Badges and Leaderboards [8] are by far the most used game elements, due to
their simplicity in implementation.

3.1 Points

The Points element provides visual and immediate feedback to students. In games,
the higher score we have (and thus the more points we have) the better we are
performing. In-game actions award us points. Consequently, if a player earns a lot
of points by doing an action, this is already feedback from the game; he/she is
performing well and he/she is awarded for it with a high score. Getting less points is
the game’s way of saying that maybe we should try something else in order to score
higher. Higher points mean that a specific game task was completed in higher
accuracy (more headshots over limb/body shots in a shooter game), speed (who shots
first), or efficiency (neutralizing more enemies). The same principle can be used in
learning experiences.
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In a typical assignment or learning activity, the tutors could award students
more points proportionally to the achievement of the learning outcomes [40]. This
happens when the work is marked at the final summative. However, in games,
players get points and constant feedback (+30pts, +50pts etc.) as they play. They
know if they perform well and they adjust their effort. In learning this doesn’t usually
happen. Feedback is not 100% guaranteed to be followed or read, if the tutors
provide it post-submission. The mark does not help either. They are wondering why
they got that award and there are not any indicators to steer them or adjust their
behaviour. Points are a great way to provide solid and immediate feedback on how
well the student performed in an on-going basis. There are certain best practices
involving points in academic contexts (Table 1).

Table 1 - Best Practices and Features: Points

Feature

Example

Linked to activity completion

+20 for submitting an assignment
+10 for attending class

+50 for writing a script

+200 for completing a mini project

Linked to activity

performance

Linked to grading More points could mean a highgr mark for a semester for the students.
If used, the system should be fair.

Frequency of award Ad-hoc in-between sessions or during the sessions.

Award receptors Individuals or teams

Method of award Manually on paper or automatically through digital tools.

Great Synergy with other

clements of their imaginary characters, becoming stronger.
Students are motivated if they know beforehand exactly which
Transparency activities generate points, and how many points, as this makes the point
system fully transparent.
3.2 Badges

Badges are the second component of the PBL triad. This is another way to provide
visual indication that a student is good at, fast, or accurate at a very specific task.
Badges are also closely tied with the concept of achievements in video games.

Achievements are awarded to players for satisfying specific requirements
of difficult tasks. They typically have clear conditions that players need to meet.
Though, some players consider a game truly mastered when every single
achievement is completed [9]. Missing some of the achievements indicates that the
game is not truly mastered yet and certain tasks need to be done to get a 100%
completion.
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Same principles apply in learning (Table 2). Badges indicate all the difficult
or interesting tasks a student needs to do to master the concepts of a unit. Achieving
100% completion in a unit indicates 100% mastery of the learning content. Students
who are also gamers, particularly “achievement-hunters” will immediately sink into
this. Every badge must be collected, especially since receiving the badges is also a
form of feedback as well.

Table 2 - Best Practices and Features: Badges

Feature

Example

Linked to activity
completion or
performance

Awarding a badge for a high mark.
Awarding a badge for completing an optional assignment.

Linked to
professional behavior

Awarding a badge for attending all classes or submitting early in a
formative assignment.

Can be missed

At the academic’s discretion, a badge can be missed, giving it more
value if received. For example, “participate in the quiz on week 7”.
Missable badges should not be linked with marks.

Linked with a
tangible reward

While it can be optional and appeal to badge collectors, badges can be
linked with a reward.

Linked with marks

Earning badges can increase a student’s marks, which will make badges
very appealing.

Accessibility

Learning must provide equal opportunities for all students, and if marks
are linked with badges, then they must be attainable by all and not be
missable due to unforeseen circumstances.

Difficulty

Badges can be categorized based on difficulty.

Synergy with points

Earning badges can also earn points. Optionally, points can vary
according to the difficulty of the badge (20pts for easy, 50pts for
medium, 100pts for hard difficulty badges).

Transparency

Like point systems, the badge pre-conditions must be transparent.
Students must know the requirements to get the badge. This improves
motivation and promotes a certain kind of behavior that students must
demonstrate to earn the badge.

Communication

Clearly communicate the awarding platform for badges to students. If
awards appear on the forums or a VLE, it is the academic’s job to
ensure everyone is active there.

Display Collection

Each student should be able to display his/her badges. Visualizing how
many badges a student has is a clear indication of progress because
through the eyes of a gamer, having 30 achievements out of 60, means
you have mastered 50% of the content.

Structure

A badge needs a name, a description, an icon, and clear requirements.
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3.3 Leaderboards

Leaderboards originate from old school arcade games, which had players competing
on various video games, getting high scores so they could appear on top of the
leaderboards that recorded their points once the game was over. Players would play
the same game on the same arcade machine back then, to see their name on the top
10 scorers of the game’s leaderboard while others would keep playing to be the first
name. The fact is hundreds of players would register a score in that game but only
the top 10 would make it on the leaderboard. The leaderboards were subliminally
setting the bar for everyone playing that game to motivate them to keep trying to
become better at playing it, until eventually they appeared in the leaderboard.
Learning scenarios benefit from this as well, with learners competing for mastery,
improving their feeling of autonomy, competence, enjoyment and presence [10].
Leaderboards can motivate people if implemented in an appropriate way (Table 3).

Table 3 - Best Practices and Features: Leaderboards

Feature Example

Metric-based Leaderboards can use a metric such as Levels, Points, Badges or another

Ranking countable metric to create a ranking.

Duration Semester-wi@e, ;howing totals per student, or weekly, resetting on a weekly
basis, providing incentive for “weaker” students to catch up.

Accessibility Leaderboards should always be accessible at any time through

digital/physical formats.

“Status” Element

Students appearing on top of the leaderboards acquire bragging rights, which
can be motivating.

Can show students in the entire class (Class-wide) or show the strongest in

Scale each group (Group-wide). Competing against your team-mates can be more
motivating than the entire class, especially if you are in the lower end.
Not everyone should be displayed on the leaderboard, but only a rough 30-
Filtering 50% of the top of the class. Displaying all students can be demotivating for
the “weaker” ones.
3.4 Levels

Levels indicate the degree of power in games, typically Role-Playing Games
(RPGs). In this context, the term “level” does not refer to the year of study our
students are (Level 4, 5 etc.) but refers to the game element [39]. Higher-level
enemies are stronger than lower-level enemies. The next level is always harder than
the previous level. A higher-level item is more potent than a lower-level item. As
such, the same rules apply in the academic context (Table 4).
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Table 4 - Best Practices and Features: Levels

Feature Example
Challenge Activities of trivial difficulty could be labelled as “Level 1” and a harder one
Indication could be “Level 5
Like typical video games, progressing through the levels, you progress
through the game’s content.
Progression e Level 1: Class T}ltorial
Indication e Level 4: Formative Assessment
e Level 7: Peer Critique Activity
e Level 10: Final Assignment
Getting higher grades will give students points which become experience
Mastery points (XP) and when they acquire a lot of them, they “level up” and improve.
Indication A higher-level student indicates a student with higher degree of mastery over

a certain unit/course.

Relation between

Students who are level 12 may attempt a level 12 activity knowing that it is

Difficulty and closer to their skills. Just like a hero in a role-playing game fights a similar
Mastery level monster to acquire experience and “level up”.
3.5 Quests

In Role-Playing games, Quests indicate a mission that a character must undertake to
either become stronger, acquire more XP, or progress through the story. They are
given to the heroes by specific non-player characters (NPCs) known as Quest-
Givers. A quest is usually designed with specific implications on the game’s plot
and is bound to rewards, such as gold (currency), and XP (points). Quests are
classified as “main” and “side” quests. Main quests progress the story of the game,
while side-quests are secondary stories, with no relation to the main quest, but
provide optional bonuses.

In learning contexts (Table 5), quests can indicate formative assignments (side-
quests) or summative (main-quests). A quest can have specific requirements and can
contain interesting rewards, well-designed enough for students to put the additional
effort in. Good quest systems have a strong thematic link [11] [12] [13].

Table 5 - Best Practices and Features: Quests

Feature

Example

Quest Parallelism

Multiple quests can be available at a time providing a number of options to
students. This improves the students’ motivation due to the degree of freedom
(Autonomy). However, this adds to the academic’s workload.

Temporal
Availability

Quests can be available only at specific timeframes. Time always adds a sense of
urgency.

Outcome-Oriented

Quests must be linked with the learning outcomes of each unit.
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Quests should be easily trackable in terms of progression. This can be done with a

Trackable series of requirements or a step-by-step methodology.

Structure Quests should belong in a thematic narrative, have clear goals, completion
requirements and rewards (could be points, badges).

Quest Chain Quests can be linked together, forming a quest chain. Future quests unlock when

prior ones are finished. This is also linked with “Content Unlocking” element.

3.6 Competition & Collaboration

Competition and Collaboration are elements that enable students interacting with
each other. In gaming contexts, we have co-op and PvP (Player versus Player)
multiplayer game modes. Some players really enjoy multiplayer scenarios, while
others prefer single-player games [9]. The interactivity that occurs while playing the
games is the focal point. This is another dimension that players enjoy when playing
games. In a learning context, the interactivity can foster the development of a student
to be more dynamic, innovative and creative as required by the modern industries
[14]. There are many ways we can achieve interactivity, by adding both competitive
(Table 6) and collaborative (Table 7) activities. Both collaboration and competition
can last a couple of minutes, half a session, two weeks, or the entire semester.

Table 6 - Competition activity ideas

Feature Example
Leaderboard It is in the nature of the leaderboards to foster competition.
s

Quiz

Quizzes are a great way to implement competition and test the students’ theoretical
knowledge around specific concepts.

Either physical or digital, can use a combination of mental, physical, and social skills.
Games Can also be linked with taught concepts as a way of assessing, simulating or
understanding them.

Involves individuals or teams against each other in order to complete an activity. The

Grqu P party that completes the activity faster, more accurate, or better than the other party wins
Activities
a reward.
“Talent- Similar to challenges seen in talent shows, discipline-specific activities with learning or
Show like” assessment as the main goal could be incorporated in class, if such challenges can be
activities linked to the learning outcomes.
Table 7 - Collaboration activity ideas
Feature Example
Teamwork A simple jigsaw activity, a group project, a group presentation
. . Whenever possible, simulation of real-life work conditions, such as turning the classroom
Simulation . .
into a TV or Game studio (for film and game development courses).
Students taking up specific roles in their chosen industry and role-play set scenarios with
Role-Play . .
specific scripts known beforehand. Can be used to teach and assess.
Live Briefs Students can feel a sense of “higher purpose” when working together on a real-life problem

set by externals.
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3.7 Choice

Autonomy is a motivating factor according to Self-Determination Theory [15]. The
element of Choice helps learners and players express freedom and motivates, as it
appeals to their drive of autonomy. All kinds of video games offer choice somehow.
In platformers it is your choice when and where to jump. In a first-person shooter,
you have a choice of weapons and a choice of either flanking, storming, or sniping
enemies from distance. In RPGs you have the choice of weapons, magic, armor, and
even which quests to do. In late adventure games, the choices you make alter the
outcome of the story. Choices are appealing to gamers of all types, as it gives them
a sense of control (of their character, their story, and, ultimately, their experience).
In learning, choice can have many forms, but can be equally motivating (Table 8).

Table 8 - Best Practices and Features: Choice

Feature Example
. Provide choice of formative assignments in terms of quantity and difficulty. Students will
Multiple w - . . . . . . .
Formative have a lot of quests” to plC.k up, of varied Q1fﬁcu1t1es, which proylde choice to the students.
Engagement will increase if they are all linked to rewards, which are proportional to the
Assessment .
difficulty of the task.
Exam During written or online exams, allow students to pick which questions to answer, i.e. four
Questions out of seven, or one question per group of three.
Options
Modular Each brief can have interchangeable sections that can be taken in and out, still producing a
Assessment quality product. Each “module” could have two or three variants that all adhere to the same
Briefs learning outcomes, but the students choose which ones to do.
Based on UDL [16], academics can allow for multiple types of expression on a given
Expression assig:nment,. as all students express tl}emselves differently, or are at a disadvantage. regarding
specific assignments (due to Dyslexia, Asperger’s etc.). For example, a presentation can be
swapped with a report or a video and vice versa.
Student- The ultimate form of freedom, where students can create their own assessment brief. This can
generated be useful in cases where a part of the assessment brief is generic enough to have any form. A
Assessment way to execute this would be through role-playing game outcomes translated into briefs.

3.8 Narrative

The element of Narrative can be applied on the learning content of any unit, should
be directly linked to a theme, a rich storyline, characters that live in a virtual world
and should allow the students to project themselves on the characters (avatars).
Characters can have abilities which influence what characters can do and provide
uniqueness. Creating narrative in a learning context is like designing campaigns for
tabletop role-playing games or stories that can be used within RPG video games out
of the box. Story is one of the four integral parts of a game and is a collection of all
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of the above elements, as suggested by game designer Jesse Schell’s concept of
elemental tetrad [17].

3.9 Theme

Academics can provide a theme for their unit and students to explore. The theme
should be the underlying cover for character, story, ability, virtual world elements,
making the entire unit more appealing to students [18]. Themes could be something
generic as “Sci-Fi”, “Fantasy” or something specific such as “Lovecraftian Cosmic
Horror” [19]. Furthermore, the theme could be drawn from well-known franchises,
such as “Game of Thrones”, “Star Wars”, or “The Avengers”.

3.10 Story

Academics should provide a meaningful story for the theme they have. They can
either pick up a great story from online, or write one on their own, but it is important
that students are involved with that story, and all student-created characters are part
of it. Stories not only improve the learning experience [20], but can also be used in
many ways, vastly changing the classroom dynamics according to Kapp [21] (Table

9).
Table 9 - Best Practices and Features: Story
Feature Example
e  Units that are assessed individually could have students who control a single
Based on character go through their own story.
Groups/ e  Group settings call for a story that involves four or five characters in a class.
Individuals e Groups can also control a single character which can foster “Collaboration” as
well.
e  Stories can span over the entire cohort, with everyone involved and the stories
of characters intertwining with each other.
Scale . . . .
e  Stories can also be completed per character, with no overlap with other stories
whatsoever.
e  Pre-determined using scripts.
Story .
. e Dynamically generated from students.
Generation

e  Hybrid format where students can alter scripted stories through choice.

3.11 Character (Avatar)

Characters (Avatars), another important game element, allow students to take up a
personality to project themselves to, as if it was a blank canvas. Characters should
be incorporated to allow unique ways of expression. Students will feel more in-sync
with their game characters and will immediately start to care more about the unit
proportionate to the number of activities that their characters are involved with.
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Character abilities can determine special actions characters can take.
Sometimes abilities only influence the story outcome (escaping a dungeon, defeating
an enemy), but other times they influence the classroom. For example, Mages can
“Teleport” out of class, Rogues can “dodge” a wrong answer to a question, and
Warriors can “shield” their team-mates from questions by answering it themselves.
All these concepts are already in use by Classcraft [22]). Regarding characters and
abilities there are two very important rules:

e Students should be able to create their own characters.

The degree of customization is proportionate to the degree of connection

between the character and student [23]. More customization equals to

more freedom and motivation [24].

e  Characters can have traits which correspond to specific skills.
For example, writing code (Strength), answering quizzes correctly
(Intelligence) or working in groups (Charisma).

3.12 Virtual World

The virtual world element is part of creating the imaginary world the experience will
take place and is part of a process known as “worldbuilding” in the game design
discipline [25]. The experience is enhanced if all the places generated in the virtual
world play a part in the story of the game. Furthermore, some places should be linked
with online resources similar to how Lee Sheldon has structured his game design
courses [26]. For example, there could be a village that has a library, a city hall, a
tavern. The library could be linked with reading material for the unit, the city hall is
where assessments are uploaded, and the tavern is where students can get additional
quests to improve their skills and earn more XP.

3.13 Roleplaying

Roleplaying is a complex game element, according to which players are traditionally
taking the role of a character and enact their actions. When controlling a character,
players should not project their personality on them, even though that is challenging.
Roleplaying is very motivating regardless of the context that is being used. Typical
role-play scenarios put the students in a real-life situation, and they are learning from
the experience but in a gaming context they would be roleplaying their virtual
character that they created [27]. Further research can focus on this mechanic teaching
through the gaming mediums, such as traditional tabletop RPGs like Dungeons &
Dragons [28].

3.14 Time

Time is a game element that adds pressure. In video games, time forces player to act
faster to complete an objective, especially if more points are accumulated for doing
so. Escape rooms provide players with a time limit to solve puzzles. Within learning
contexts this is already implemented in time-constrained assignments, such as
written exams or presentations (Table 10). In the right contexts, time-pressure is
making a learning activity more engaging [29] and appealing to the motivational
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drive of mastery which comes from Self-Determination Theory’s "competence”
element [15].

Table 10 - Activity Ideas for Time

Feature Example

In-Class The fastest team to write, create or design an artefact will earn more points.

Hackathons

Time- Applies to any activity. Time adds pressure, increasing the students’ focus and making
Constrained the activity more engaging (some cases).

Activities

When combined with time, a quest provides a timed context within which the students

Timed Quests can “pick-up” and “turn-in” specific quest.s given from Non-Player. Characters (NPC).
Timed quests are useful when the goal is quick mastery or understanding a concept before
an activity that relies upon knowledge.

3.15 Goals/Objectives

Clear Goals can be an element on its’ own. Players generally like to know what they
should be doing at any given time, which is why quest log systems are an important
feature in video games. The same rules apply for learners. Clarity is vital; hence,
great goals should follow the SMART goals principle [30] (Figure 2).

Detailed description of the goal with as few words as possible
and as clear as possible. Explains What the students have to
do. It's the reason students appreciate checklists.

Ensures an activity is trackable, providing Confidence to the
M easurable student, knowing how close they are to completion. This
reduces frustration and improves focus for the student.

Specific

Defines How goals can be achieved, provides students with
clear completion criteria (when an activity ends). Finally,
defines the level of challenge.

Goals should reinforce skills that are relevant and Worthy of
Relevant the student's time. This drives the student to complete the
activity for personal learning versus just for marks.

Goals should have a deadline, establish a sense of urgency,
and answer the question of When. That provides a timeframe

Time-

Constrained for students to plan ahead.

Figure 2- SMART Goals
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3.16 Rewards & Feedback Systems

Reward Systems are critical in video games. Players play games around that concept.
In general, every single action performed in a video game provides instant feedback
and reward, which keeps players into the game [31]. Accumulating points because
something was executed in the appropriate way is providing both reward (points)
and feedback; since we got points, we can learn that we did something right. When
a player loses points or dies, the same happens; we get punished by losing points,
because we did something incorrectly. This occurs in many ways. Figuring out a
strategy to defeat a hard monster, rewards us with having it defeated. The feedback
we are getting from causing a lot of damage or surviving longer means we should
adopt that strategy. Getting a new stronger weapon or progressing to the next level
is a reward itself. In the learning process, similar scenarios can occur (Table 11).

Table 11 - Best Practices and Features: Rewards & Feedback

Feature Example
.. Students should be rewarded for everything they do. Negative reinforcement does not
Positive . . . .
. work well as punishment should not be part of the gamification experience (unless loss-
Reinforceme . . . . o
- aversion mechanics are in place). It is better to be awarded (positive outcomes) or not
awarded at all (negative outcomes).
. All actions should receive immediate feedback, whether positive or negative, whether with
Immediacy
an award or not.
Awards can or cannot be directly related to the taught material and can have many formats:
e Points (Towards a Leaderboard or the next level)
. e Badges
Multiple e  Health (or Lives)
Award
Formats e  Currency
e Items (for Character Avatars)
e Unlocked Content (Quests, Abilities, etc.)
e Grades
Feedback comes in many forms:
Multil e  Verbal feedback given in-class
whpte e  Written feedback given after an assignment
Feedback . .
Nodding when a student asks a question.
Formats

Physical gestures, like a pat on the shoulder
A simple “good job”.

3.17 Progression

Progression mechanics have a strong motivating power, because they help a player
clearly visualize how close they are in completing an objective [32], which keeps
the player in an experience of “flow” [33]. The same applies to learners in a learning
context (Table 12).
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Table 12 - Features and Best Practices: Progression

Feature Example
A Progress Bar is a great indicator of how much XP it will take to reach the next
Synergy with  level visually. This also works great with the student’s anticipation to level up, as
Levels when close to the next level students tend to push themselves a bit more, just
enough to reach the level quicker. This leads to a slight performance boost.
Drawn maps are a great way to plot a student’s journey through the learning
Map content. The student can see how much he/she has progressed and how much more
is left.

3.18 Virtual Currency / Resource Gathering

Currency is another gamification mechanic that is related to the rewards element.
Players receive currency as they play the game. In survival games, this comes in the
form of ammunition. In strategy games it would be gold, lumber, and meat. In RPG
games, it is equipment, gold, and health. Certain resources are more valuable than
other resources. In learning contexts, a virtual economy needs to be laid out
foundationally giving meaning to virtual currencies [34]. Once we define whether
we need a currency system, some rules need to be established (Figure 3).

What do we need a How can students get What can students
Currency System for? currency? buy with currency?
*For the Virtual World * Acquired by level up «Extra time
*For the Classroom  Acquired by completing quests *Unlocking Content

*New Quests
*New Character Abilities

Figure 3 - Currency Systems Rules

3.19 Luck

Luck, according to the 40 case studies, is a rare game element, as the learning process
should not be affected by randomness. However, there are some interesting ideas
(Table 13) that could fit the Luck element into the learning experience.
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Table 13 - Ideas for Luck Mechanics in Classroom

Feature

Example

Luck-of-the-
draw
mechanic

The next question will be asked towards a random student in the cohort. The student may
then attempt to answer the question. This mechanic can be combined with both point and
life systems, where the outcome of a question affects their points or lives in a negative (or
positive) way.

Activity
Roulette

Luck can affect the nature of the next upcoming activity. It could be a random activity out
of a pool of ten but with no difference as to which comes up, as all activities fulfil the exact
same learning criteria.

“Beginner’s
Luck”

When a student is presented with a very positive outcome during the unit (or an activity)
he/she gets a feeling of “epic purpose” and believe they have an advantage over others.

This motivates them to engage and improve their performance [35].

3.20 Boss Fights

Boss Fight is a game element that is used for difficult tasks. In video games, boss
fights signify the end of a level. When a boss is defeated, players get stronger, but
enemies get stronger too. After several enemies are defeated, or a good amount of
the level has been explored, another boss fight will occur. This is a game loop that
repeats, until the final boss fight which is the final challenge of the game, which is a
vital part of video games.

Likewise, in education, boss fights can be a very challenging task that may
require the full effort of students to beat and receive a reward, such as passing a unit.
Academics can put a challenging task that requires groups to work together to
complete, and “beat the game” or pass the unit [36]. Sometimes, boss fights can also
be “raids”, where the entire cohort must collaborate on a challenging group task. As
an example of this, we can imagine a series of questions in a quiz that accumulate
correct answers from the entire class as “damage” to the boss with 200 health points;
meaning 200 correct answers from the entire class is enough to defeat the boss,
which is similar to how Lee Sheldon implemented an interesting boss fight in his
character design unit [26].

3.21 Lives

Lives are part of loss-aversion game elements, where motivation comes in the form
of'avoiding a negative outcome [37]. In games, players start with several lives. Every
time their character “dies”, they “lose a life”. Once all lives are lost, the game is
over. As such, lives are a very precious resource that players fight to keep. Lives are
the only resource that can take a player from the beginning to the end of a video
game. In learning, students will be given a number of lives. Should they lose all their
lives, they have failed the unit. However, losing a life in a learning context should
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be much harder (Table 14). This type of motivation ensures that students perform
better in order to avoid losing marks.

Table 14 - Features and Best Practices: Lives

Feature Example
When a lives system is in place, students should be fully aware of:
Communicatio e  What lives are, and how they work.
n e How much they cost grade-wise.
e  How they are lost or gained.

Implementatio  Instead of lives, we can use “hearts”. Depending on the students’ actions, they can either
n Variant lose half, a whole, or several hearts.
(Hearts)
Implementatio  “Health Points” can also be used like points, but they are a more manageable resource,
n Variant as characters can have for example 100 health points. When these points reach zero,
(Health) there is a penalty (up to the tutor).

. This system provides ways for students to recover lives/hearts or health to increase their
Replenishment Lo L . .
System motivation. Activities which recover health on successful performances are appealing

to students, especially if higher health is translated to more marks by the end of the unit.

3.22 Content-Unlocking

Most content is initially locked. However, if the players beat the existing content,
new content will be unlocked, such as new characters in a fighting game. Unlocking
content is motivating itself and has similar feelings to receiving achievements, but
the reward is more tangible. This is directly linked to progression mechanics as well
[38]. In learning scenarios, content unlocking can be used to support scaffolding of
students learning, similar to the levels or quests elements. Chained quests with
ascending difficulty can be unlocked with either a passing mark in a previous quest
or an accumulation of resources. Besides, there is also Synergy with currency
systems, as various unlocks can be “bought”.

4.0 Conclusions

The study has contributed in the field by providing a toolset of game elements, to be
used out-of-the-box or with adjustments, directly into higher education. With
appropriate use of game elements, academics can improve student attendance,
satisfaction, and performance for their cohorts. Furthermore, for each of the
identified game elements, this paper has provided indicative uses and best practices
for efficient implementations in face-to-face or online teaching.

The main drawback of the gamification toolset comes in the form of time.
Academics need time to decide whether to use game elements in their units, and how
to adjust them in their field, cohort, and delivery mode. Additional time is needed
for the design of the learning experiment as well as the monitoring and validation.
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On the other hand, students themselves may not necessarily accept gamified versions
of their courses. Participating in a game should always be optional and not forced
[21]. Another possible limitation is that the “toolbox” may be incomplete in its’
current state, requiring more information on the existing game elements or adding
new ones as they are used by academics.

In terms of future work, building up on the limitations, it would be beneficial to
find a way to automate the use of gamification to reduce the time spent, perhaps
through Technology-Enhanced Learning or Learning Management Systems.
Additionally, the “toolbox” can be improved with precise data from more academics
trying out the different game elements in different contexts.
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Abstract

The key for any website in the first place is the content. It has to be at
least relevant, recent, entertaining and aesthetically written and
presented, while also providing useful information. Software and
technology go next with gamification, leading the way. Companies
are currently evaluated by their websites, and this procedure often
takes a couple of minutes, if not milliseconds. Higher Education
Institutions (HEIs) are no different. =~ With a decreasing population
of eighteen-year olds entering HE, the everchanging financial
situation, both in the UK and worldwide, and an increasing number of
universities, creating a unique position in the HE market to achieve
the required student recruitment is essential for survival.  This paper
presents the outcome from the thorough qualitative evaluation of
websites for the selected five Post-92 institutions in the South East of
England over four years. The work indicates general features noted
on all HEI’s websites, user experiences and issues. Finally, the paper
suggests some key actions to potential strategic improvement.

Keywords — Digital Content Strategy, Content Marketing, Content
Analysis, Big data, Higher Education
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1.0 Introduction

Severe competition in a complicated market situation requires higher education
institutions (HEIs) to adapt to the new digital marketing position, as the websites are
currently the first point of information for prospective students [1]. Recent national
and international experiences of continuous periods of lockdown emphasise the
importance of the quality content presented on the educational website even more.
The HEISs are presented in the situation, when each of them is viewed, evaluated and
judged marginally and often merely on the basis of the quality of the online data, the
presentation/design and the actual content. In the majority of cases, prospective
students access universities via Home and Course pages. Technologically savvy
users require modern software and technology; powerful social media presence;
original, educating and entertaining content; hence, overall — a new way of digital
thinking for organisations. This directly relates to the HEIs’ quality online presence,
particularly in terms of the brand image, reputation and student recruitment
objectives; and despite the significant research efforts, institutions are struggling to
keep up with the pace [1]. Thus, it is crucial to ensure the content on these pages is
relevant, recent, exciting and valuable to the target audience.

2.0 Methodology

The research objective was to investigate if there was a digital content strategy in
the design and presentation of content on HEIs” websites, as well as to identify,
where possible, if there were any processes, procedures, roles and responsibilities,
related to content creation and management at the selected higher education
institutions.

The researchers had been collecting the online data during a four-year period, 2017-
2020. Every week, on Mondays, the researchers accessed Higher Education
Institutions’ websites and took print screens from these websites of the home pages
only. This primary data collection included ten HEIs, i.e., equally from Post-92 and
Russell Group institutions, using ‘Snipping Tool” software. The study was targeting
Post-92 institutions, although the data from the other HEIs allowed the researchers
to additionally compare the received results, when/if required. Thus, the data for the
latter group had been added after year one of the collection, i.e., from 2018.
Additionally, the researchers were taking an HTML copy of the actual page for every
university, saving the page electronically. This also assisted in the quick search on
the received pages, when/if it was necessary to use.

To investigate the phenomenon of educational digital content strategy required the
researchers to consider using mixed methods approach to ensure the analysis was
conducted through a variety of lenses in order to reveal multiple facets of the
phenomenon [2]. The methods included Case Study, Thematic Analysis and Content
Analysis.

Case Study research here had been selected to ensure the real-time phenomenon

was researched in its natural settings, rather than relying on "derived" data [3], i.e.,
“investigated within its naturally occurring context” [4, p.388].
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Therefore, among other features, case study approach “assumes that examining the
context and other complex conditions related to the case(s) being studied are integral
to understanding the case(s)” [5, p.4]. The case studies method had not been selected
randomly, the researchers opted instead for the “intentional form of selection” [6,
p.27] of the competing universities.

Content Analysis was used to evaluate the actual content on the website pages, as
it delivers systematic and objective way of explaining and quantifying phenomena
[7, 8]. The process comprised of three main phases: (1) the preparation phase
involved data collection for content analysis; and (2) the organisation phase covered
“open coding, creating categories and abstraction” [9, p.109]. The latter allowed the
formulation of a general description of the research topic through generating
categories [10, 11, 12]. In the final, (3) the reporting phase, the results were defined
“by the content of the categories describing the phenomenon using a selected
approach” [13, p.2].

Thematic Analysis was used for “identifying, analyzing, and reporting patterns
(themes) within data” [14, p.6]. This descriptive method assisted in reducing the
collected data in a flexible way and efficaciously conformed with other data analysis
methods [15]. The process included such stages as: familiarisation with, coding,
reviewing, generation, defining and naming the themes. The first stage included a
thorough overview of all the received data, prior to the actual analysis,
comprehensive familiarising with all the collected data. Then the data had been
labelled and coded. The researchers subsequently grouped and collated it in
accordance with the themes as a condensed overview of the main points of content.
This inductive approach allowed for the data to determine the themes from the
patterns, not offering preconceived themes, based on theory or existing knowledge.
The process evaluated two types of content categories, i.e., (i) the themes, which had
been revealed by the researchers during the research process, when evaluating the
websites, and (ii) the standard sections of the pages, categorised by the actual pages’
creators. The final stage of defining and naming the themes involved formulation of
succinct and clearly explicable names. The researchers had to repeat the whole
analysis four times to ensure the evaluation brought the same results, as repeating of
the evaluation process is recommended by experts for the internal consistency [16,
p-100, 17, p.812]. The final stage included the researchers’ analytical conclusions
from the data presented as codes and then themes.

The researchers had been evaluating five UK Post-92 institutions (The University of
Brighton, Solent University Southampton, The University of Chichester, The
University of Portsmouth and The University of Winchester) in the South East and
summarised the following.
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The Findings
3.1 Topics under the identified categories

To present the data in the evaluated tables, the researchers grouped the topics into
eighteen categories (Table 1), which were self-explanatory, where, for instance, the
Partnerships topics reflected all the data related to the universities’ business and
social partnerships with HEIs, businesses and/or other social groups/entities. The
examples here could be working together with several other Higher Education
Institutions in the UK on a conference or community project, business partnerships
and collaborations with other international universities in other countries.

The. Entertaining/developing content, Table 1: Topics on the websites

for instance, delivered the toplcs-for
entertaining, though not marketing,

content (apart from the Virtual Reality | Apprenticeships
tours, which were also included here), | Partnerships

as well as/or developing articles. The
latter educated the wuser, without — -
advertising, for the purpose of Entertaining/developing content
enjoyment. There was, for example, an | Events at university

article, called ‘Five TV sitcoms to help | Facilities

get you through lockdown’ during the
lockdown. This category also included
any thought-provoking articles with
interesting topics for discussion, i.e., | Funding for studies
for instance with experts, though non- | gynding for university
event related. The Funded projects (for
students) described the opportunity
received by the existing/current Official accreditations/awards (incl. TEF)
students with the financial support | Research at university

from the wuniversity towards the
possibility of creation/accomplishing
their current projects, whereas the
Funding  for  studies  indicated | Teaching excellence/projects/awards
scholarships, which were available, at | University's participation in an event
the time of the research, to prospective
students.

Courses/New courses

Final-year student secure employment

Funded projects (for students)

Graduates/Alumni (projects/achievements)

Students' employment experience

Students' projects/experience/awards

University's response to an event

The Official accreditations and awards category included articles written on any
awards and achievements, received by the university itself, e.g., TEF (Teaching
Excellence Framework) and THE (The Higher Education) awards. The Students’
projects/experience/ awards category indicated, for instance, an example of a
student’s (or student group’s) participation in an external event as an attendee of a
conference or as the event organiser. The University's participation in events
highlighted such topics as the university’s staff and students’ participation in the
London Marathon; while the University's response to an event indicated university’s
position, reflecting and/or participating in events like Coronavirus (COVID-19) and
‘Black History Month’.
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The researchers must recognise that, taking the circumstances, the topic
Universities” response to event might be higher during the period selected for
evaluation, due to Coronavirus (COVID-19), when every HEI chose to participate,
as well as other organisations with social and public responsibilities.

The information mentioned in such categories as Research at university and Events
at university both could have been divided into two: (1) advertising research and (2)
entertaining and developing data regarded as research. There was a number of
exciting articles on a variety of topics, which could have been interesting to the
prospective students, particularly the applied research experiences and environment-
related research articles. The events also contained many Postgraduate pieces of
content, which, most likely, would have not been of any interest to potential
Undergraduate  students. The  Apprenticeship  and  Graduates/Alumni
(projects/achievements) categories included other fields, which could have been
positioned, under other categories, for instance, under Events at university, etc. The
researchers, however, intentionally kept the data separately, to avoid the irrelevant
implications to the research aims. The researchers also decided not to use ‘Other’
section, as in their opinion, it is never clear what categories could stand behind the
notion, thus it would not be satisfactory for any discussions.

3.2 Main sections and compulsory data on the home pages

There was an obvious similarity in the overall attitude to the display of the
information online for all five institutions. Generally, there were standardised
information fields positioned on the footer of the page and on the header as a menu.
The middle part always contained university-/course-related information and news,
though presented differently. It could be summarised that the main sections
contained the following:

(1) Main menus, which were located at the very top of the page

(2) Then usually there was a banner carousel with image(s), typically changing with
regular time laps in seconds, or a video, automatically played on the page opening
(3) On the footer of the page, there was standardised information about an
institution, namely: information for different parties (partners, media, conference
organisers, Alumni), social media, A-Z options, contact details, freedom of
information, sitemap, full address, about the site, log in options (if the site was used
as an entry to the staff and/or students intranets), other websites, buildings and
facilities, awards, nominations, recognitions and official memberships.

The rest of the space was divided into other fields, i.e.,

(4) Research activities

(5) Courses (including direct links to Postgraduate and International) and the course
search

(6) Marketing data (new buildings, ‘Why this University?’, Clearing, information
about the university, accommodation and similar)

(7) Some contained an events section, which was typically separate from the news,
it included internal events at university, e.g., Open Days
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(8) News related to university as an external entity and external events
(9) News at university.

The researchers noted that the compulsory information provided on the main page
mostly related to the legal requirements, e.g., sections like ‘about the university’,
‘freedom of information’, legal registration, i.e., privacy and cooking policy, full
institutional address, the contact telephone number and email, etc. Some of the
institutions also decided to display their awards, achievements, accreditations and
professional memberships, e.g., Teaching Excellence Framework (TEF) Gold,
Silver and Bronze, ‘Disability confident employer’ and ‘Armed forces covenant’.
Particular professional memberships and accreditations, related to courses/fields
only, were normally displayed on the actual Course pages. The institutions also
mutually agreed to display belonging to social media accounts as a compulsory data.
It was voluntary, not legally compulsory to display this information.

Any statistical data was not necessarily compulsory, but would be expected from the
users, when the courses/institutions were evaluated. It supposed to provide the
description and opinion of the courses and was expected to be on the Course pages.
The data was either displayed by the institution itself or projected automatically in
agreement with the National Student Survey (NSS) results from their system. In the
first years, the universities were displaying all the data — positive and negative; while
later, despite using the same system to display the statistics from the NSS system
directly, the institutions could choose to display only selected data, obviously the
one which illustrated the institutions in the good light, e.g., 100% of students are
satisfied with the course overall, 90% of students agree that the lecturers are good at
explaining things, 85% of students are in a professional/managerial job at six
months, and similar. This would normally be displayed on the Course pages only.

3.3 Calendar, news and events

As would be expected from a Higher Educational Institution, most of the time, the
content on their websites was clearly based on the UCAS key deadlines, e.g.,
Clearing and results publication, as well as an Academic Calendar, e.g., Freshers’
welcome week and Graduation. This was relevant to all institutions. On the Home
website pages, the researchers had also noticed some celebration of particular
historical events, e.g., anniversary of Higher Education, ‘Black History’ month and
‘D-day’ (National British Military Celebration).

The rest of the calendar events were based on the national events related to
universities, e.g., National Student Survey (NSS) preparation and results, league
table and awards, again related to higher education. Likewise, the institutions,
unsurprisingly, were writing more about successful cases, e.g., about received
national and community awards, nominations and/or other achievements.

Some of the events were planned community and university events, such as ‘Pride’

or LGBT (the promotion of the self-affirmation, dignity, equality and increased
visibility of lesbian, gay, bisexual, and transgender people as a social group) and
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‘Volunteers” week’, i.e., the events their staff and/or students participated in and/or
planned to attend. This was anything from industry-related activities to art
installations and festivals. The institutions were also writing about the final-year
events, which indicated successful student projects and invited businesses and
potential employers to attend, based on the subjects/courses offered by the
institutions. Some of the content, nonetheless, was reactive, being only partially (if
at all) planned with no knowledge of the potential outcomes, e.g., negative/positive
mentioning of the institution in any media sources and outcomes of the political
elections, etc. Some of the reviewed HEIs also had regular publications on their
home pages, for instance, ‘Monthly research roundup’ and ‘Highlights of the year’.

The News area was an essential part of the Home page, as it was the only one
providing live content, as the rest of the content was marketing material. News
Industry practitioners emphasise that “The homepage communicates what a brand
is. The basic idea is...to provide a service to readers besides being an index of
everything the site has published...” [18].

Figure 1 indicates the allocation of the News articles among the identified categories
for two reviewed periods. Among the biggest categories were Events at university,
particularly in the second year, to which HEIs allocated nineteen per cent in the first
year and twenty per cent in the following year. The issue, however, had been in the
quality of presented content, as, in the majority of cases, it had been related to the
invitations to the Open Days and Clearing, which was disappointing, particularly in
comparison to Russell Group institutions, who offered a wide variety of lectures,
seminars and other exciting events. Moreover, none of the universities advertised
live events, seminars, webinars, external events live attendance and broadcasting
these. This was only done after the events.

The next big category was Official accreditations/awards (incl. TEF) category,
particularly in the first year, receiving 18% in the first and 13% in the second
reviewed year. The issue was that, in the main, it had only been related to the
mentioning of the TEF (Teaching Excellence Framework) award, and some rare
statistics.

The Entertaining/developing content, which was the third most popular category,
received fourteen and twelve per cent, respectively. The category, nonetheless,
sounded more thrilling than it actually was. The researchers had to take into account
any possible attempts of the entertaining content, which, in reality, had not actually
been there. The category mostly included banner videos, available on the Home
pages and some rare articles, which could be seen as such.

Another category, which fully deserved attention, was Students’
projects/experience/awards. The articles accounted for eleven per cent in each year,
with a slightly smaller number of the actual pieces of content during the second
reviewed year, i.e., seventy-nine and seventy per cent, respectively. The researchers
enjoyed reading these articles. Despite this, the quality of the articles could had been
more entertaining and detailed.
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It is obvious that the aim of the headlines is expected to be attention-grabbing, while
the details could be, and often are, taken to another page, where there is enough
space to tell the full story. This was the case for all the reviewed institutions (with
some rare exemptions).

There, however, had always been a sense of reporting in these articles that was not
thought-provoking and/or developing content for the reader. The articles did not
intend to create an engagement, but a one-way conversation — we have been there,
achieved this and that, etc. Even when the readers were contributing to the
discussion, no one was there to support the conversation. It would be fair to mention
that, nonetheless, that was the only institution offering an opportunity for feedback.

Furthermore, the stories are often expected to be quite short, punchy and shareable,
following new trends with adolescents’ attachment to social media and their own
positioning in the world. If prospective students, when seeing content on a
university’s website, agree with the institution, i.e., in terms of the official
statements, actions, values and opinions, these students would be happy to be
associated with this HEI and be more likely to share this content, which would
further create the necessarily engagement, which would, eventually, lead to the final
purchase, i.e., becoming a student there.

NEWS ARTICLES B2019/2020
University's response to an event ~S—, 6% 2018/2019
University's participation in an event "=, o,
Teaching excellence/projects/awards _502%
Students' projects/experience/awards iEG_—_—_————

Students' employment experience -1 0%

Research at university —ES—_—_—-__g__ 7%

Official accreditations/awards (incl. TEF) |ESG—=—u——m——|370_. |30,
Graduates/Alumni. . SES———", 7,

Funding for university ™ jo;

Funding for studies 0% 4%
Funded projects (for students) ™ 0%

Final-year student secure employment (o,
Facilities ™= 2%
Events at university ' ESS— ()
Entertaining/developing content TESG—=-—S——————————1_10%
Courses/New courses M l% 30,
Partnerships ~ME—, 5%

Apprenticeships ™%, 3%
0% 5% 10%  15%  20% 25%

Figure 1: Allocation of articles in the News sections, 2018/19 and 2019/20
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3.4 Homogeneity in the content

There was, however, clear homogeneity in the appearance and content of the
reviewed institutions’ websites. Apart from the main sections and the content listed
in the above-mentioned categories, there was also other content, which had been
published on all universities’ websites.

All the HEIs, for example, invited prospective applicants to visit their
institutions on Open Days, to find a course and similar options, based on the
Academic Calendar.

On all the websites, universities also asked the readers to consider/imagine
being at their city and university.

Another topic, repeated on the Home pages, was the invitation to identify the
reasons for selecting this place and the institution, called ‘Why [city/
university]?’ The text was again often used on a banner with a link to another

page.

One more topic encouraged the prospective students to act to become a part of
these institutions, i.e., selecting the HEI for studies.

Similarly, these Higher Education Institutions altogether suggested to
see/acknowledge them as special and interesting places, creating an interest for
the users to be there.

The market changes forced modern Post-92 universities to use commercial
marketing more and more often. This section, in particular, suggested a number
of examples, applied by the selected universities on their Home pages. Every
institution at some point, particularly during the Clearing period, offered
various messages, from ‘Applying for [year] entry?’ and ‘Last chance to apply’
to ‘It’s not too late to apply’.

The researchers also noticed that during the selected period, all the institutions
had been advertising their facilities, in particular their new buildings.

The researchers summarised some of these topics in the below Table 2 to highlight
the evident homogeneity in the content of the Home pages.

In terms of technical points, the homogeneity continued in the visual presentation.
As such, during particular time periods, institutions followed similar methods, and
there were clear tendences in their approaches to presented content. 2018, for
instance, indicated the change, when a number of institutions started to use several
banners as a carousel at the beginning of the home pages.
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Table 2: Repeated topics on the Home pages for all universities.

HEI‘ TOPIC: Consider being at this CITY and at this UNIVERSITY

a ‘Belong at Brighton’ and ‘EXPLORE 2020: a place where you'll belong’

b ‘At the heart of the city” and ‘Explore Solent’

¢ ‘Picture yourself at Chichester’ and ‘Picture yourself here’ and ‘Chi Life’

d ‘Take a virtual tour of Portsmouth. Explore the city and the University from wherever
in the world you are’
‘Winchester, simply one of the best places in the UK’
‘Picture yourself at Winchester. Campus and city life’

TOPIC: Identify the reasons for ‘WHY THIS CITY/ UNIVERSITY?’

‘A place like no other. Start your adventure. Choose Brighton’
‘Why choose Solent?’

‘Why Chichester?’

‘Why Portsmouth?’

‘Why Winchester?”

TOPIC: ACT to select this institution

a ‘Plot your course. Start your adventure. Choose Brighton’

b  ‘Start your story at Solent Open Day’

¢ ‘Call our Clearing Hotline’

d “It's your chance to explore the University and the city this year, so book now’
e ‘Be the difference’

TOPIC: Think that this HEI is a SPECIAL and INTERESTING place

‘Things look different from here. Talk to us about Clearing’

‘Get inspired at our [month] open day. Book now’ and ‘Ambitions you can believe in’
‘Chichester changed my life'

‘Student life in Portsmouth’

‘Explore Winchester. Take a virtual experience tour’

TOPIC: COMMERCIAL MARKETING

a ‘Be here this year’
b  ‘Last chance for Clearing. Apply now’
¢ ‘It's not too late to apply’ and ‘There's still time to apply’
‘Get ahead of Clearing. There's no need to wait until Clearing opens - talk to us today
d about how to apply’ and ‘It's not too late to apply for [year]/ There is still time to apply.
Apply now’
e ‘Is what you're doing today getting you closer to where you want to be tomorrow?’
TOPIC: ADVERTISING OF THE NEW FACILITIES

‘Open Day. Falmer Campus. Brighton. Date. Book now’
‘Our new sports complex’
‘Explore Two Beautiful Campuses’ and ‘Tech Park officially open’
‘See the plans for our new building. Take a virtual tour of our new 13-storey building
and find out more about the winning architects’
‘Opening Spring 2020. Explore our new building’
NB: a = The University of Brighton
b = Solent University Southampton
¢ = The University of Chichester
d = The University of Portsmouth
e = The University of Winchester
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As such The University of Brighton displayed three images; The University of
Chichester, Solent University and The University of Portsmouth all offered 4-6
images each, while The University of Winchester already presented a video. At later
stage Solent University moved to having only one banner image and The University
of Chichester presented a video, throughout mostly the whole period of this research.
Another example was in the homogeneity in displaying of news items. During 2018,
The University of Portsmouth and The University of Chichester had four pieces of
news in the allocated area. Solent University and The University of Brighton soon
followed this tactic. A worse situation was presented by The University of
Winchester, which merely allocated two pieces in this area. The University of
Portsmouth, however, displayed incredibly disappointing tactics by removing the
news section off the Home page for a period of almost one year, then returned it for
several months, and in 2021 again removed it, allowing only marketing material to
lead the way.

3.5 Technical points

Institutions did not replace their website designs often, approximately every two to
five years. This was also evidenced in the Russell Group’s institutions, as Imperial
College London, King’s College London, The University of Oxford and The
University of Cambridge also had not significantly changed their institutional
websites since 2018. The researchers can state this, as during the same period they
collected the data for five Russell Group institutions alongside the Post-92, though
the received data is not attached here, due to not being directly related to the topic
of discussion. Throughout the whole period, only one Post-92 institution changed
their website software and appearance completely; and another institution also made
this change, just six months before the print screens were initially taken, i.e., in 2016.

Tracking/conversion leads. This part, preferably, would have provided a review of
the conversions, leads, click-through rate, open rate, cost-per-sale and other
available  metrics through  ‘Google  Analytics’ and/or any other
programmes/systems/software. The evaluation, unfortunately, was not possible from
the external access, as this information was strictly confidential and not accessible,
due to highly sensitive data. The researchers can confirm, however, that each
institution requested cookies to be accepted before using their sites and used ‘Google
Analytics’ (including ‘Google Tag Manager’) for the tracking and evaluation of the
digital data. This was a highly positive move, as the data was available for tracking
the customer behaviour and could be used for the user research.

Accessibility and screen adaptivity. The accessibility of the content was one of the
key parts of this evaluation. The researchers attempted to access the data from the
various devices, i.e., PC, Tablet, iPad and Apple and Android mobiles, using
different browsers (Chrome, Explorer, Firefox and Safari), to ensure all information
was accessible, readable and adaptable to the requirements of the device user. In the
majority of cases, the content was easily accessible and searched through.
Regrettably, in some cases, the information was incorrectly displayed, when
minimised.
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There was also an issue with accessing videos, as some universities offered an image
banner instead, when a user accessed the university’s Home page from their mobile.
It was not really useful, as the young generation not only seem to express their visual
preferences as the key, but also would be more likely to be looking for the choices
on their mobiles.

The use of images and videos in the banners. The majority of institutions prefer
to offer a carousel of banners on their home pages, near the top of the page. The
similarity was evident in the visual and technical parameters, i.e., several large
images displayed at a speed of seconds in sequence at the top of the page and located
just after the main menu header. The difference was in the actual number of images
in the carousel (Tables 3 and 4). As an example, a university had a carousel of six
banners, and, within a month, changed them to three, four or five banner images.
Later in the year, the HEI had removed the whole carousel and replaced it with a
video or one banner image, e.g., ‘Clearing is now open’. Next week (or the week
after) the previous settings were returned back to the page. There seemed to be no
logical explanation for the strategy here (apart from the Clearing period). Not only
was the quantity different for different institutions, but also the number of banners
in the carousel was different within the same institutions.

The researchers also noticed that institutions tend to re-use the same images in the
carousel, though in a different order. During the review, this practice was evidenced
throughout the websites of every institution, not only for the images in the banners.
The Russell Group institutions also offered a video as one (or two) of the five or six
carousel banners, e.g., The University of Oxford. The video, nonetheless, was not
automatically played but allowed the user to decide if to play it. This approach would
be preferred by the researchers, as it not only allows the user to choose to watch (or
not) the offered material, but also does not delay the page download. The images
were also used in other places on their own or as part of a group.

Most of the images and videos seemed to be professional, none of which, however,
were created using user generated content (UGC), which could be created by users
and/or students themselves. There were also clear issues, on some HEI’s websites,
with the banner images presented online, as some of them were not adaptable to the
screen size changes, i.e., when the screen size was made smaller, the text and
everything else on the page became smaller, though not the images. Some of the text
was also incorrectly displayed in these cases, i.e., the text was only partially seen.
Two institutions had also changed their logos during the reviewed period, though
had not managed to change them at the top of the websites’ tabs for weeks. Some of
the videos were also of much poorer quality or at least contained parts of a video of
lesser quality.

The length of the proposed videos differed, one of the universities, on certain dates,
was placing short videos (nine seconds each); whereas the other institution had much
longer videos (twenty-five seconds). Apart from the banners, there was no tendency
of using videos in other places on the Home pages. It was no different on the Course

pages.
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Table 4: Images and videos in the carousel banners. Abbreviations used in Table 3

TONS USED IN THE TABLE

Abbreviation i Abbreviation
x Data not collected v Video (one only, automatically played, no
banners)

1+ Arrows available, though not possible to use V1, Vgetc | Different types of videos

%% Coronavirus
This type indicates a change, e.g., the Video with a note: e.g. “We are open for

Tralics quantity remained the same but the banner V- Clearing” (overtaking all, as notes on
image has been replaced with a new one Coronavirus)

1 New website Vg Graduation video

4v 4 banners, where one of them is video Vo Open Day video

1u ‘University of the Year’ shortlisting Vs Short video

Banners’ image speed and flexibility. Carousels of banners often contained the
options for the users to go through the images at their own pace. This way, one
university was allowing the users to select a particular banner image or move to the
next slide; while on the other universities’ pages, the Home page user had to wait to
see a particular image, as the system did not allow making a choice and did not even
indicate the total quantity of these banners. One of the institutions seemed to offer
this option, as it was visually seen, though in reality only one of the options was
actually available, i.e., backwards and forwards buttons did work, and it was not
possible to select the required one, e.g., image two of four or three of five, etc.

There are no official standards in the industry for the speed with which banner
images in the carousel should be expected to change. Even though the universities
usually offered the change (from one banner to the next) within seconds, the
difference for the banners ranged from four to fifteen seconds (Table 5). The average
speed was approximately 6.8 seconds. The carousel banners on one of the
institution’s website, despite looking like the others, had not changed at all (the
researchers were waiting from thirty minutes to one hour), unless the user clicked on
the arrow themselves. This was the worst-case scenario. The researcher would not
recommend doing this, as the approach could cause unfortunate user frustration.

Length of Home pages. The length also significantly differed — no standards again.
During 2019-2020 Academic Years, the Home pages for The University of Oxford,
The University of Chichester and The University of Portsmouth had six main
sections on their websites; while Imperial College London, King’s College London,
Solent University, The University of Brighton and The University of Cambridge
already had seven. The University of Winchester and The University of
Southampton had the biggest number, i.e., eight and ten, respectively. The length of
the website pages had also been changing with time, i.e., it happened when the
institutions changed their software into a new one, presenting new websites.
Surprisingly, the tendency was not similar, as the Course page of Solent University
became longer and the page of The University of Portsmouth, contrariwise, became
shorter.

166



Table 5: The speed in carousel banners for various universities, 04/01/2019

Nr HEI Times in changing images
1 Imperial College London 10 seconds
2 King's College London 8 seconds
3 The University of Oxford 15 seconds
4 The University of Southampton 35 seconds video
5 The University of Cambridge 6 seconds
6 The University of Brighton Do not change, only by clicking
7 Solent University Southampton N/a, the movement of circles: 4 seconds
8 The University of Chichester 4 seconds
9 The University of Portsmouth 4.5 seconds
10 | The University of Winchester 25 seconds video

Search Engine Optimisation (SEO). Previous market research suggests that the
digital journey to the required content has to be quick and short, particularly for the
user from the key target audience. The lower the number of steps and the time
(measured in seconds) to get the required data, the better. That is why, the leading
role should have been allocated to the navigation and SEO (search engine
optimisation). From this point, the navigation had become exceedingly significant,
in terms of time and logical location. The primary search for the key target audience
is finding a course to study. Therefore, the researchers additionally undertook a test
on the home pages of the selected five institutions in September 2017, and the results
clearly indicated SEO issues for all the institutions but one. There were two types of
experiments.

(1) Intuitive search. In the first experiment, the researchers were making a
search for a word ‘computing’ in slow motion, waiting to see if, during the
typing in the search field, an educational website started to offer any options
related to the search. This test revealed that only one institution offered
intuitive search, where the results revealed all the relevant and available
courses before the completion of typing, i.e., the HEI provided a list of
undergraduate and postgraduate courses, containing the searched item in the
names of these courses. The results even included a list of courses, where the
searched item had not even been included at the beginning of the name for
the course. Furthermore, in addition, the options offered the courses, whose
names did not contain the searched item at all, although they were related to
the field of computing, e.g., CISCO Accreditation. The institution indicated
high professionalism in this matter, highlighting the in-house software
engineer’s work in this field, as this online facility was not merely offered as
a part of the purchased software.

(2) Searching for a part of a word. In the alternate experiment, the researchers
typed a part of a word, e.g., ‘comput’, and clicked on the ‘Enter’ button to
see what results would have been provided. Here the results indicated a better
outcome. Three out of five HEISs, displayed what was required.
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The other two universities, unfortunately, did not show any results at all. Even
when the search requested the word ‘computer’ (written in full).

Furthermore, one of these universities’ results was clearly not focused on the
key target audience’s needs, as it resulted in anything, which contained this
word, rather than offering only relevant and available courses, making the
received results quite complicated for processing.

Similar searches in other fields — ‘sport’ and ‘social work’ — revealed the same
results. The researchers repeated both experiments in March 2020. Surprisingly, the
results still indicated the same issues for most of the searches. One of the latter
institutions, however, started to offer the intuitive option. The search, nonetheless,
did not present any results in the second experiment, only asking ‘Did you mean
computer?’ which added an additional step in the search for the users. If the user,
nevertheless, was still there to click on the option, the received results were
pleasantly neat, which was not ideal but still much better adapted to the needs of the
key target audience. The other two institutions had already suggested a list of the
relevant and available courses for this incomplete search. Three out of five HEIs,
nonetheless, still did not, regrettably, offer intuitive search provision.

There had also been an issue for mobile phone users with finding a course on one of
the universities’ websites. After requesting a search, the mobile user had to scroll
down three times to get to the button labelled ‘Undergraduate’. This seemed to create
major inconvenience.

Moreover, if clicked on, the search presented courses in alphabetical order, likewise,
the results displayed only some courses. There was no opportunity to view all the
courses or at least an A-Z list. When the search was conducted for the word
‘computer’, although being intuitive, the system only offered the courses containing
this word, not related courses, i.e., BSc (Hons) Computer Aided Design, not BSc
(Hons) Software Engineering, which were actually available at the same time.

The received results also provided a long page, although there was no easy to choose
list, rather excessive amount of information, related to each of the options, making
it hard to go through the available options. The search for ‘computing’, nevertheless,
provided all the required results.

To add, some of the data presented at the very top of the results, i.e., that, which was
not relevant to the course list, should have been sorted differently. It could be
simplified, though it again required additional click on ‘courses’ to filter these
results.

The researchers need to emphasise that users have to go through a number of
institutions’ websites to make their choices; and making it harder would not bring
the HEIs desired outcome, i.e., student recruitment.
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3.6 Other significant issues and findings

The issues relating to all universities can be summarised very briefly below.
Apart from the other points, mentioned in this work, there were/was:

Poor quality content, whereas the Russell Group institutions managed to
present much richer text and offered wider variety of the events

Published news articles did not change for weeks

No changes in the websites’ software for years, hence — no Content Audit
Uses of the TEF awards and similar in one of the News spaces for weeks
Duplications in the News sections of the data from the head banners

Hardly any videos on the Home and Course pages, apart from two head banner
videos used by two institutions

Mistakes in the written information, including repetitions and punctuation and
inconsistent spelling, even within the same document

No user generated content (UGC) and opportunities to feedback

Uses of the same images for different courses and topics, not necessarily
related, and often positioned immediately next to each other

Negligence in the updating of the outdated information, inviting to act on the
events, which occurred in the past, i.e., no longer existed

Re-use of the same images for years (even after the reviewed period)

Barely any student views, feedback and/or citations, with some institutions
even re-using the citations in 2021 from 2017 (including the same images)

Almost no photographs of the relevant facilities and students using them

Unchanged content since 2018 on most of the Course pages. Excessively long
Course pages, overloaded with text blocks, most of which was hard to process
and barely any infographics, graphs, tables or other ways to simplify the data
(apart from the basic tabs, which, in some cases, still displayed the rest of the

information when selected)

The creation of engagement between the prospective students and the
university was not the priority for the institutions

Mutual data replication among HEIs, monitoring the competitors’ changes.
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Evaluation and Discussion

Following the evaluation process, the researchers could summarise the following
points.

3.7 No long-term Digital Content Strategy

The overall review of these home pages indicated the absence of the strategic long-
term digital content planning. There had been merely selective publishing during the
small periods, reflecting particular events, such as, for instance articles on
apprenticeships during the National Apprenticeship Week in February, which did
not really indicate quality planning. Apart from the actual visual similarity, the
researchers noticed that none of the five reviewed institutions offered much content,
which would have presented creative text and images by the means of gamification.
This would also be highly relevant for younger generations, which HEIs should also
start to consider targeting, at a much earlier age, possibly, with access to a separate
website from the main Home pages. This approach could have attracted the users to
visit the website again and again, until the final university selection. The news
articles also did not really differ, mostly consisting of pretentious advertising and
marketing, i.e., from informing the webpage visitors about the new facilities (i.e.,
newly built buildings), invitations to “discover” new courses and Open Day visits,
guaranteeing accommodation, some “flashy” statistics and institutional awards.
Even those articles, which appear to show university’s concern and participation in
various research topics/findings, in reality appear to be mostly related to the
marketing of these institutions.

Moreover, the accountability of the news and the institution could be under question,
if there are only grandstand materials, creating the need for the website visitors not
to trust and, possibly, to search further for realistic information. The content on the
webpages, in general reminded one of the business approaches, i.e., a transaction
with the list of what is on offer and to be expected, rather than opening an exciting
world of higher education, which could welcome those, who are adventurous enough
to join. In the UK HE market institutions explain ‘Why us?’, while the prospective
students are making a choice. Surprisingly, the actual things, which would be the
key for prospective students, were rarely presented, e.g., real-life student projects,
graduates’ employment; connections and projects with the local and key National
businesses; wider opportunities than merely ordinary jobs, that they would expect to
get after graduation; more information about facilities and their industry
requirements/fulfilment; as well as exciting experiences during studies and the
meeting of key industry professionals. It should be essential to provide more images;
as well as real persons speaking; real persons’ contribution to the website; and
authentic feedback on studies and other experiences. It would also be useful to invite
the readers into various discussions, e.g., at least environmental and societal issues
(which are currently so popular among the targeted Generation ‘Z’) to identify their
opinions and to propose the position of the university in relation to these, ensuring
that there is a two-way dialogue and encouraging feedback and suggestions.
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3.8 Quality content, sequency, regular and limited publications

Most of the reviewed institutions did allocate a significant amount of data to the
Entertaining/developing content, the issue, however, was with the actual content.
There could have been more development offered in the areas of sequent
publications and gamification. Throughout the years 2017-2020, the HEIs presented
some interesting articles, though, normally, these would be unconnected pieces of
content. There were some good quality items, though no sequence or unfinished
material to encourage the user to return. If there was a content strategy, the
universities would not only write about the key topics, thus engaging the interest of
the key audience and ensuring timely delivery, but also have more space for these
articles and this would have been done regularly. Amongst other data, there, for
instance could have been articles relating to the students’ social and academic life.
The choice of the data being videos, audio or text could depend on the type of course
and the produced material, though a number of adolescents currently prefer videos.

The key for this data would not only be in the introduction of new knowledge,
specific to academia, but also in the sequency of publications, in order to “hook” the
website user and in the non-availability of all the data in one go, by inviting the
readers to return to the site to read more on a regular basis. This way, potentially,
creates a feeling of attachment to this institution, and possibly the habit of regularly
visiting their webpage with the growing intention of being a part of this experience
and this institution, and to, eventually, act on the desire to apply. Only one institution
presented an exemplar of content project, where every week the university offered
to do a task, preparing prospective students for applying to join a Higher Education
institution. The project provided exciting material, information about events and
useful external links, videos and informative knowledge. Despite being outstanding,
this, however, was still not enough for productive publishing. Time is also essential
here. “For a website, time is a more indirect cost, because users don't get paid to surf
the Web. But still, life is short, and you only have so many hours in the day. ...
users... are still conscious of their time and don't like wasting it” [19]. Thus, the
information needs to be easily accessible from all devices, easily found, read and
processed. The HEIs should also consider preparing the data for skim readers, as the
prospective students will have to read through a number of educational websites.

3.9 Digital Marketing of HE in Social Media

Social media is a new source for brand discovery, enhancing awareness and
credibility. “More than a quarter of users follow brands they’re thinking of buying
something from” and “are willing to have branded content on their newsfeeds” [20,
p-23]. This area could also be considered for development and involvement of
relevant influencers, providing the resources are available and not just an indication
of SM memberships. The original research included a thorough review of this matter,
though it is omitted here, due to the size of the paper.
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3.10 Data visualisation and ‘Quartz Curve’

Data visualisation is another issue here, as graphs, tables, charts, images and
interactive solutions can simplify the perception of large and/or complex online data.
Online presentation of content is also the key, as “Developing and popularising
useful and attractive new formats could make news stories more recognisable when
aggregated and consumed on other platforms, and provide more compelling reasons
for people to visit the source sites and apps™ [21]. This, in particular, relates to the
long articles on the Home and Course pages.

In terms of the length of the news articles, Nielsen Norman Group, already in 2007,
suggested via “information foraging” sort of “diet selection”, i.e., to have mixed
news articles, mixing short and long stories, as the readers in this case will get the
most “benefit” [19]. The website visitors prefer reading “shorter stuff that’s focused,
creative and social with a really good headline. It doesn’t mean it’s unsubstantial. It
just means it’s really clear about what’s interesting and focuses on that” [18].
Additionally, website users appreciate lengthier and more analytical pieces with a
depth of topic, which are also suggested by the News Industry professionals [22].

Among other innovative ideas, the 800-word article styles, however, still dominate
amid the news prepared forms. On the other hand, the research, conducted by
‘Quartz’ (online global business news), presented in 2014, evaluated the negative
direction of the impact of the legacy of print on digital storytelling, i.e., the study
revealed that there was a correlation between the word count for a piece of content
and the reader’s willingness/desire to engage with the story, i.e., to share this content
via social media accounts. The research introduced so called “Quartz Curve”
phenomenon (Figure 2) and found that the format for digital articles’ size between
five hundred and eight hundred words is not the best one to use. The content in this
case gets less attention, as these articles are either too short to go into sufficient
detail, or excessively long to be read fast [23].

LONGER TEXT:
800 ¢
Detailed

SHORTER TEXT:
<« 500
Focused

Clear

Creative

cial
Substantial

In depth

Shareable

Likelihood of success

500 800

Word count of a piece of content

Figure 2: “Quartz Curve” adapted from the Kevin Delaney, ‘Quartz’ Co-Founder, 2015
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In evaluating the Home pages, the researchers discovered that the length of the
articles for different institutions varied significantly. The researchers took one week
as an example for the review, which suggested the following word numbering. The
results revealed a wide spectrum of numbers 296, 297, 395, 405, 410, 553, 626, 657,
731, 745, 798, 892 and 1,184-word stories. This wide-variety spread had been
representative throughout the studies. Amending the articles to the suggested lengths
would be also beneficial.

Overall, experts also suggest considering various other points instead, i.e., if a piece
of content is smart, brings new information, provides a payoff and if it is worth
sharing [22]. It had been suggested to “Start with overviews and short, simplified
pages. Then link to long, in-depth coverage on other pages” to ensure the text serves
both type of the readers, [19].

Further research, however, emphasised that Generation ‘Z’ preferred reading “a
story all in one place”. These recent findings, among others, also suggested that these
readers “want to skim, but dig deeper when they’re interested”, which supports the
idea of having a mixture of different-length pieces of content. The work also
highlighted the biggest issue for this generation, as “young people are trying to
navigate a difficult path between information overload and FOMO (fear of missing
out)”. The news on the universities’ websites become essential in this respect, as it
is, realistically, the only space and opportunity for the HEIs to publish live material,
which, more than others, requires creating an engagement. Digital news specialists
also suggested that the consumption of this content is also heavily based on the
gamification — “And anecdotally, the more playful we made our prototypes the more
engaging our participants found them — even if we didn’t always get the interaction
quite right”. The majority of the Generation ‘Z’ readers prefer getting news via text,
though it depends on the context and the story. Surprisingly, the research also found
that “video was consumed more at home”. The research additionally revealed several
other useful points, which should be subsequently used by the HEIs. The Generation
‘Z’ participants, for instance preferred having an option of embedded text, as it
assists in clarification of something unfamiliar. The participants also liked having
the option of watching a video, a short or long story to read or the ‘skip” option. The
participants also highlighted the need for help in creating an opinion, thus the option
with both sides of opinions with videos had also been appreciated [24].

The researchers here could suggest placing different videos for the courses, whereby
the students/staff members would suggest having selected a particular path for the
course, and the other person would be more comfortable with the other life
destination. As an example, Open University’s website offers several different
videos for several different research methods (questionnaires, interviews,
experiment, etc.) to choose from, where staff members explain the pros and cons of
each of these, leading the reader to choose the one most suitable for their studies.

Overall, additional research would be required to find out the real situation, based
on the UK and its prospective students.
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3.11 “Cool” design with no pressure for “hungry” consumers

A number of website developers were still under the impression that the customers
could be confused, if something was changed on the HEIs’ websites. The key
audience for these providers, nonetheless, are adolescents, who are normally in the
search for the data, being “hungry” for new and exciting information. It is the
responsibility of the HEIs to keep up, researching and finding interesting new data,
as well as presenting this information in the most attractive way. It is the key to being
playful, rather than pressuring, to avoid the probable sense of the burden of
continuous education, rather than suggesting a continuous experience at a different
level in life, which would additionally bring financial stability and new opportunities
of self-identity. The universities have to be aware of the recent trends in their subject
fields, as well as the preferences of the new generations, e.g., the current preference
for the personalised data by the ‘Generation Z’. The technical part of the website
designs is also significant, particularly for modern students, who see various designs
elsewhere and require these developed designs to be on the HEI’s website at least to
prove that these technological advances are not only present on the home pages, but
taught by experts, using available professional equipment.

3.12 More video material and gamification

There is also the need for offering much more video material relating to the
information about the courses, student experiences and the university itself.
Preferably, the video should not be automatically played, as it could slow down the
page download (currently where those HEIs used videos played on PC, they
automatically disadvantaged mobile users, who did not get the video but a banner,
which replaced it), but also allowing the viewer to decide for themselves, if there
was the need and desire to watch them. Moreover, other ethical institutions also
provided text around these videos, explaining what was included, added subtitles
and provided some more information.

The website developers should also consider gamified content, relevant to this
industry, in particular to the prospective students as the key target audience (this
could be identified via an additional research). The games could be, for example,
preparing a student for independent living, so one of the tasks could be collecting a
suitcase to take to the Halls of Residence and getting five points when collecting a
pair of warm socks and ten points for packing a mug. The same could be with the
preparation of the essential stationery, ideally, specified to the course requirements,
as well as the protective uniform, etc., whatever is relevant. The key point here is
again the regularity of the publications and the content that is not available in one
go, but a game of getting the items on the regular basis, thus gaining points and
eventually receiving a badge (surprisingly, individuals like collecting electronic
badges and often do things to achieve as many as possible, exhibiting addictive
behaviour) or whatever the research identifies as valuable for the prospective
students.
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3.13 The need for stories and a feeling of accomplishment

Following on, a couple of other points worth mentioning would be, firstly, the need
for stories as the easiest and currently acknowledged as most acceptable form of
delivering information, according to Content Marketing Institute. Secondly, the need
to create a feeling of accomplishment when using a website. In the life of adolescents
(or adults), it is relatively rare to achieve a long-term goal; thus, “even small wins
can boost inner work life tremendously”, evoking positive reactions, according to
Harvard Business Review [25]. That is why, small elements of the achievement,
even via the offered gamification could potentially increase the probability of the
positive attitude of the students towards the HE and this HEI, as well as leading to
the decision to join.

3.14 Content written “by a human being to a human being”

Despite the fact that the selected universities would not be in position to compete
with the Russell Group institutions, due to a number of financial and social factors,
the Post-92 institutions could gain more advantage by their attempts being different
from their direct competitors, i.e., offering a non-marketing approach to the data
planning and publishing. The facts highlighted on the main page — statistics,
achievements and institutional awards — would deliver some positive results, as
prospective students appreciate short and clear facts, expressed in awards and
numbers, while the actual content is much more important.

A good quality article could not only highlight the institution from the crowd of
similar institutions, but also build up these potential customer relationships, which
would lead to the ‘transaction’ of becoming a student. The aim would be to produce
articles, which are written “by a human being to a human being”, not someone
neutral with only marketing in mind. The articles with personalised content, relevant
to the target audience at this time, would be much more successful. The emotions
behind the texts could reveal a human being with doubts and sometimes not yet
formed obvious and strong opinions, attitudes and beliefs. Hence, vlogs interviews
could be one of the answers, e.g., where a person with no background knowledge is
not afraid asking questions, which others could view as “silly”.

3.15 Work together for the content

Universities might consider having difficulties in generating quality content. Having
the articles for publications, however, does not have to be necessarily achieved using
merely Marketing/Digital/PR/Content teams at the university.

The developed internal communications within the institutions could provide the

materials prepared by various departments and, in particular, by the lecturers and
actual students.
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This would have not only added entertaining and developing data for the prospective
students to come back to and enjoy reading, but also indicated the level of the
knowledge for the university, i.e., indicating their expert position in the field, and
updated views for the schools/in their students’ modern and changing lives.

Having a lecturer, who is interested in the dynamic changes in their subject/field and
the students, who are taught the latest technologies/tendencies, besides classic
knowledge, would gain much higher competitive advantage than just a clean and
attractive website design or any marketing materials.

3.16 The reasons to be back

The universities need to create the reasons for the occasional user to be interested in
returning to the site and becoming a regular visitor. This approach would assist the
HEI using it, at least to achieve being in the evoked set of universities, when
prospective students are thinking about higher education, and in the best-case
scenario — to achieve the regular followers (or even ambassadors), who would in
time become their students.

This is particularly significant, though might be challenging and requires careful
consideration, following students studying remotely, as recent events of lockdown
and self-isolation could become a regular experience.

Thus, having merely marketing/promotional material on the home page would not
only be homogeneous, but also be seen as boring or even annoying to prospective
students as the institution, which could be (i) either seen as not bothering to do
anything for their potential students (sadly, they would not be in position to offer
anything when they became students) or (ii) just as the HEI, which needs to get
numbers, i.e., to achieve the large quantity of students, playing on marketing.

The universities, on the other hand, on a regular basis, not only had their marketing
information boxes/spaces unchanged, but also the live news articles, which did not
change for weeks, or even for months on some institutions’ websites.

Overall, in the researchers’ subjective opinions, there had been a sense of
homogeneity in the information presented online for all the Post-92 institutions, such
as having so called “must have” parts for the Home pages. The images/videos varied
slightly, though not significantly, as there seemed no attempt by the institutions to
stand out and to be different. The researchers understand that there are expected
fields for the pages to contain. Despite this, Russell Group institutions had been
managing to achieve the individual presentation of their HEIs, without being lost in
the crowd of so many similar institutions.

Continuous effort and contribution are necessary from the universities, i.e., in time
and resources, and would eventually allow them to become unique. Despite the
potential expense, this approach would be more profitable in gaining students in the
long-term.
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3.17 Content to be

To summarise, the institutions need to, at least, consider ways of inviting the Home
page visitors to enjoy thought-provoking articles and dialogues on the topics of the
recent events and research within the academic subjects/fields to avoid the
selling/buying attitude of education, and, possibly, offering master courses from
Industry specialists. The researchers would also suggest considering the quality of
the actual pieces of content and summarised the following recommendations for each
piece to be successful and achieve the desired result, i.e., an action from the targeted
audience (Table 6).

The work on the content does require significant contribution, whereas, at the same
time, modern website users are accustomed to free information. These website users
would most likely want to evaluate the potential value of the knowledge from HEI
specialists and often wish to experience what they are buying prior to the purchase.
The institutions, therefore, should still always consider, if the required resources are
available to ensure successful application and to apply any effort possible producing
a high level of content via the latest technology.

Table 6: Suggestions on successful content
CONTENT to be successful has to...

Be engaging with the ideas to share and discuss

Invite the call to action

Have an attractive and triggering headline

Deliver new information or a modern view of the old topic

Be written using a good language and writing style

Preferably consist of regular episodes/series/videos/publications

Hook to create the reason to return with something
unrevealed/undiscovered/unclear/incomplete

Be relevant

Be timely

Aim at the target audience

Provide excellent images, not necessarily professional but relevant and engaging

Contain immaculate formatting with the consistency of the styles

Present the availability of the latest Technology

Adapt to all devices

Gamity to provide a joy of reading/viewing and/or a joy of an achievement of
accomplishment

Be timely presented, updated, replaced and/or removed/archived
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Conclusion and Recommendations

The researchers can conclude that, disappointingly, the homogeneity of the content
in the reviewed Post-92 institutions was evidently obvious. The current content on
the home pages risks neither attracting prospective students to study at their
institutions, nor to higher education in general. In order to resolve the
aforementioned issues and to achieve the unique position in the market, the
universities should at least have a Digital Content Strategy in place, based on the
Content Calendar and regular Content Audits, alongside quality inspirational and
sequential articles on the home pages, with no commercial implications and free
expert advice, as a bare minimum.
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Abstract

Over the last year, the whole globe has been significantly affected due
to the rapid and worldwide spread of the coronavirus disease
(COVID-19). The COVID-19 pandemic has dramatically influenced
various sections of everyday life. Drastic changes have been brought
about in the educational sector with the need to rapidly switch from
traditional face-to-face to online learning through virtual learning
environments. In addition, educators, students and parents found
themselves in the difficult position to make significant changes and
find new ways to overcome the unexpected and unprecedented
obstacles and to meet the new needs and requirements. Moreover,
during such difficult circumstances and demanding times, it is
significant for governments and involved stakeholders to comprehend
the public’s opinion to improve decision-making and risk
communication. Social media platforms have become an
indispensable part of everyday life with millions of people interacting,
sharing knowledge and experiences through communicating online in
real time even during global adverse events. Consequently, these
platforms can be used as a means to collect diverse and multicultural
viewpoints from all over the world. The aim of this study is to analyse
the public’s viewpoints, concerns and sentiments regarding the effect
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of COVID-19 on online learning through the collection, analysis and
visualisation of Twitter data. In total, 274,109 relevant tweets were
retrieved from January 2020 to January 2021. Based on the results,
the majority of the tweets (50.62%) were positive, 25.12% of them
were neutral while 24.26% were negative. Additionally, most of the
tweets expressed trust (27.47%), anticipation (20.17%) and fear
(11.46%) while 24.01% of them were neutral.

Keywords: Education, Online Learning, Distance Learning, Online
education, Pandemic, Covid-19, Social media, Twitter

1.0 Introduction

Over the last year, the whole world has been significantly affected due to the rapid
and global spread of the coronavirus disease (COVID-19) and the severe
consequences it has caused. On the 11th of March 2020, COVID-19 was declared as
a pandemic by the World Health Organization (WHO) [1]. The educational sector
was one of the sectors which was significantly affected by COVID-19 with schools
having been suspended in 189 countries by April 2020 meaning that 89% of the
overall educational community was affected [2]. The educational process had to
rapidly switch from traditional face-to-face to online learning through virtual
learning environments. Educators, students and parents had to drastically adapt to
these changes and find ways to meet the new needs and requirements and overcome
the unexpected and unprecedented difficulties.

During such demanding times, capturing and monitoring the public’s opinion and
information dissemination and relaying information on a timely manner while also
preventing disinformation play a significant role in decision-making and risk
communication [3]. Social media can be used as a means to facilitate and support
these tasks.

Social media allows users to publicly share their opinions and viewpoints in real
time and can be used as platforms for self-directed professional activities [4].
Therefore, social media has become a means through which people interact,
communicate, share knowledge and experiences online [5]. This fact contributes
greatly to the exponentially increasing volume of online data, creating thus what is
called Big Data [6], which when analysed, can generate invaluable knowledge [7].
Furthermore, social media is built upon the foundations of bottom-up communities,
knowledge sharing, accessibility and user generated content [8] and can be regarded
as an invaluable educational tool [9]. Consequently, social media along with the
tools it offers (e.g. Application Programming Interfaces - API) can be used to extract
knowledge regarding the public’s opinion and sentiment on specific matters.
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As quarantine measures have been applied across most of the countries, people have
been increasingly relying on various social media platforms to get informed, express
opinions and receive news [10]. In order to comprehend the public’s viewpoints
regarding the effect of COVID-19 pandemic on online learning, we opted to collect
open raw data from Twitter since:

e It is a popular platform for sharing knowledge and for catching up with
trends and news around the world [11];

e Itisconsidered as the go to social media platform for acquiring and sharing
information and opinions during global adverse events [12];

e It is one of the predominant means of joining social conversations with an
audience of potential global reach [13];

e It is used by many government officials worldwide as one of the main
communication channels to regularly share news and policy updates to the
general public [14].

The aim of this study is to collect Twitter data and analyse the public’s opinion and
sentiment regarding the effect of COVID-19 on online learning. In that view, this
study is organised as follows: Section 2 presents related studies and Section 3
analyses the methodology and the analysis process used and showcases the results.
In Section 4, the findings of this study are discussed and finally, Section 5 provides
conclusions and directions for future research.

2.0 Related work

Xue et al. (2020) collected Twitter messages related to the COVID-19 pandemic
from March 7th to April 21st 2020 [10]. The data preparation included three steps,
namely sampling, data collection and pre-processing. The data analysis process
which used the tweet text as the unit of analysis included i) unsupervised machine
learning (for identification of patterns and probabilistic clustering based on the text
data), ii) sentiment analysis and iii) qualitative method. In their study, they used a
list of 25 COVID-19 related hashtags, (e.g. "#coronavirus," "#COVID-19",
“#coronaoutbreak”, "#quarantine"), as search terms to fetch tweets. The first search
returned 35 million tweets. After having removed duplicates, retweets and non-
English tweets, they still had around 4 million (n=4,196,020) tweets. In addition,
they used the Python programming language to clean the raw data by removing 1)
the hashtag symbol, @users, and URLs from the tweets, ii) non-English characters
(non-ASCII characters) as well as iii) special characters, punctuations, and stop-
words. In the following step, they used Latent Dirichlet Allocation (LDA) machine
learning approach to identify popular unigrams, bigrams, salient topics and themes.
They identified 13 topics of discussion in total, which were classified into five
different categories, namely "public health measures to slow the spread of COVID-
19", “social stigma associated with COVID-19”, “coronavirus news cases and
deaths” “COVID-19 in the United States” and “coronavirus cases in the rest of the
world”. In order to relate the returned by the LDA themes to one of the 13 topics,
they carried out a qualitative approach including manual coding and inductively
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developing of themes based on the latent topics generated by the machine learning
algorithms. They used the thematic analysis of [15] which relies on human
interpretation and includes the following six steps: i) getting familiar with the
keyword data, ii) generating initial codes, iii) searching for themes, iv) reviewing
potential themes, v) defining themes and vi) reporting. Furthermore, they used
sentiment analysis to classify the main sentiments of a certain tweet, such as fear and
joy. For that reason and after removing articles, pronouns, prepositions as well as
prefixes and suffixes, they used the NRC Emotion Lexicon (Mohammad and Turney,
2013) to calculate the emotion index of each eight-emotion type for each tweet.
Based on their findings, the dominant sentiments regarding the spread of coronavirus
were anticipation, followed by a mixed feeling of trust, anger, and fear for different
topics.

Lemay and Doleck (2020) aimed to answer the research question “How did the
online conversational communities evolve on Twitter during the global shutdown
due to the COVID-2019 pandemic?” [13]. In that view and with the aim of
comprehending the nature of the interactions in online teaching and learning using
Twitter conversation, they examined follow-up and repeated interactions. More
specifically, they collected tweets containing the hashtags #onlinelearning and
#onlineteaching from mid-March to end of April 2020 by using the R programming
language, RStudio, and the R tweet package. They created five datasets of tweets at
9-day intervals. Additionally, they used Python 3.7.6 and NetworkX 2.4 for their
undirected network graphs. They used tidytext, dplyr, syuzhet, stringr, tm, and
ggplot2 to analyse the tweets. Before conducting sentiment analysis, they 1) removed
stop-words, ii) removed urls iii) converted text in lowercase iv) removed
punctuations. Based on their results, the majority of conversational groups on
Twitter included two to four members and the most prevalent sentiment for both
#onlinelearning and #onlineteaching was a positive sentiment. A majority of the
users made spontaneous contributions to the discussion without maintaining a
presence in the Twitter discourse. Moreover, their results revealed the limited
efficiency of Twitter conversations as a medium for informative and communicative
exchanges. As conversations do not spontaneously form and in order to increase
interaction and learning as well as to facilitate discursive exchanges, the
conversations need to be supported, e.g. connecting knowledge seekers and
knowledge disseminators.

Ewing and Vu (2020) analysed tweets during three weeks in April 2020, when the
Government policy was in the highest incongruity. They focused on public opinions
about home schooling in Australia, hence they used a search query (‘homeschooling’
OR ‘home schooling”) [2]. All the returned tweets which were more than 10,000
were qualitatively analysed and classified into 9 categories. Six of them, namely
positive, negative, humorous, appreciation for teachers, comments aimed at
Government/ politicians and definitions, were further analysed qualitatively. The
results showed that towards the end of the first three weeks, the public began to lose
their sense of humour and negative tweets almost doubled.
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Arambepola (2020) analysed the effectiveness of distance learning by using
sentiment analysis on a dataset of 202,645 tweets which were posted between July
12th and August 14th 2020 [16]. The analysis consisted of three stages, namely 1)
data pre-processing to remove irrelevant tweets, ii) tweets classification into three
classes (positive, negative and neutral based on their polarities) and iii) statistical
data analysis for identifying any relationship between user experience on distance
learning in different countries and the economic stability of those countries. Based
on the results, 54% of the sentiments were positive, 30% negative and 16% neutral.
Moreover, the highest number of tweets (around 6000) was posted from the United
States (US), followed by the UK (around 2200), India (around 2000) and South
Africa (around 1800). Their statistical analysis showed that users from developed
countries where internet usage is comparatively high (e.g. 92% in USA and Canada),
showed a high percentage of positive opinions regarding distance learning and users
from less developed countries (e.g. 26,72% in Yemen) showed a strongly negative
opinion about distance learning. However, users from South Africa, with thriving
economy and advanced infrastructure [17] showed the highest percentage of positive
opinions about distance learning, despite the fact that internet usage in South Africa
is comparatively low. Moreover, other less developed countries, such as the
Philippines and India with strong economies and relatively high internet usage
showed a similar picture. According to the results, there is a relationship between
user experience on distance learning in different countries, economic stability and
internet usage. The limitation of the study was that developed countries were
dominating the dataset, which is a general limitation, since users from countries with
limited internet use are less likely to use Twitter.

In order to understand the flow of information and the development of mass
sentiment in pandemic scenarios, Samuel et al. (2020) conducted a study which
involved the following four critical issues: 1) public sentiment associated with the
progress of Coronavirus and COVID-19, ii) the use of tweets, for sentiment analysis,
iii) descriptive textual analytics and textual data visualisation and iv) comparison of
textual classification mechanisms used in artificial intelligence (AI) [18]. Based on
their results, the accuracy of the machine learning (ML) classification methods used
is higher on short tweets. In addition, through the use of Naive Bayes, the
classification accuracy of the fear sentiment classification was 91% while through
the utilisation of logistic regression, the accuracy was 74%.

Gencoglu and Gruber (2020) proposed an inference approach to discover and
quantify the potential relationship among Twitter activity, public sentiment and
pandemic characteristics [19]. Through their approach, epidemiological domain
knowledge can be acquired and variables that affect public sentiment and attention
can be identified.

Al Lily et al. (2020) investigated the research question “What are the ramifications
of implementing distance education amid coronavirus?” [20]. They targeted Arab
cultures, by analysing social-media posts, online classes and interviews. Twitter was
used for collecting social-media posts with relevant keywords, such as corona
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education, distance education, pandemic and school closure, as well as hashtags,
such as #corona_education and #corona_distance _education). They collected around
30 tweets per day over a period of two weeks excluding retweets, repeated tweets
and spam messages. They retrieved data three times per day (at 11 a.m., 5 p.m. and
10 p.m.) and set the critical threshold to 50 tweets per item within each of the
following items, namely: Gender (female, male), Language (Arabic), Country
(UAE, Sudan, Saudi Arabia, Jordan, Egypt, Kuwait), Qualification (Bachelor,
Master, PhD), Background (Urban, rural, Bedouin), Role (Parent, student, teacher,
manager, decision-maker, company), Opinion (Supportive, opposing, neutral,
serious, comic, extreme, negative, positive), Expression (Image, text, link, video)
and Tweet Time (morning afternoon, evening). In total, 1393 posts were collected
and analysed by using the mind mapping software Ayoa. Each relevant tweet was
given a one-word mark that reflected its essential meaning based on which they were
categorised into ‘micro visions’ that were later on grouped into ‘meso visions’ to
improve clarification, vision and comprehension of data. Finally, the identified
‘meso visions’ were combined into an overall ‘macro vision” which established a
final comprehensive vision. Based on this vision, they created a crisis distance
education (CDE) framework to support the unprecedented distance education needs
and requirements that arose during the pandemic.

Carpenter et al. (2020) examined two popular hashtags, namely #RemoteLearning
and #RemoteTeaching [21]. Initial analysis of a random sample of tweets, from mid-
March to mid-April 2020 retrieved by the Twitter API (re-tweets were excluded),
indicated that these two hashtags offered spaces for meeting the cognitive, social,
and emotional needs of educators. Initially, 36,788 tweets were received and limited
to 10,444 by selecting the tweets with the word ‘teacher’ in the user description.
After having used the random ordering function of a MySQL query, the first 500
results were returned and analysed by the authors. They categorised the tweets,
according to words used in the tweets, into knowledge sharing, asking questions,
expressing gratitude, connecting with others etc. Simultaneously, they conducted
sentiment analysis on the text from the dataset of 10,444 tweets by using
SentiStrength [22]. SentiStrength utilises a lexicon of positive (e.g. good, happy) and
negative (e.g. bad, sad) words to generate the relevant polarity scores. These two
scores for each tweet were then compared to determine if the tweet was neutral, net
positive or net negative. According to the results, 58% of the tweets were neutral,
36% were positive, and only 5% were negative in sentiment. Neutral tweets mainly
focused on sharing information. In 55% of the tweets, educators posted resources,
ideas, learning opportunities, or insights related to remote teaching, teaching with
technology, or remote learning in general. 15% of the tweets focused on sharing
advice or resources for using specific technology tools, such as Zoom, Microsoft
Teams, Google Meet, Class Dojo, and Flipgrid. 43% of the educators tweeted words
of encouragement or gratitude or shared their experiences as they navigated through
the crisis. 23% of the educators wrote positive or inspiring posts, expressed thanks
to the people and the digital tools which supported their remote teaching, or shared
their success. Some educators (27%) tweeted about their new workplace settings or
daily lives during the pandemic. 4% shared humorous photos, GIFs, and memes to
lighten the mood during an intense time. 2% of the educators tweeted about missing
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their classrooms, students, and school community. Furthermore, based on the
findings, the following three recommendations for professional development of
educators were proposed:

1. Teacher educators should aim to create learning spaces and experiences that
support cognitive growth, affective well-being, and social needs.

2. Teacher educators should offer opportunities for teachers to expand their
professional learning networks by using informal digital learning spaces.

3. Teacher educators, administrators, and scholars should look for patterns in
the content and categories of educational tweets as a way to better
understand the needs in the field.

3.0 Our study

This section presents the data analysis process of the social media data concerning
the public’s viewpoints and opinions regarding online learning. Particularly, data
related to the effect of the COVID-19 pandemic on online learning was collected
from Twitter over the period of January 2020 to January 2021. The methodology
used in this study is analysed and the drawn results are presented further below.

3.1 Methodology

In order to meet the requirements and fulfill the aims of this study successfully and
extract reliable information that leads to useful results, a specific methodology was
developed which is described below in detail.

Data requirements: With a view to ensuring data accuracy, validity, consistency as
well as high quality of data which plays a significant role in the overall analysis
process and in drawing comprehensive conclusions, specific aims and requirements
were set from the start regarding the retrieved data, their source as well as the
methods that were used for their analysis.

Data collection: The Twitter social networking platform was used to retrieve open
data about the public’s opinion regarding the effect of the COVID-19 pandemic on
online learning. After testing various keywords both separately and in combination
and with the aim of searching for both keywords and hashtags the final search query
was: ("covid" OR "covidl9" OR "coronavirus" OR "lockdown" OR "pandemic" OR
"corona virus" OR "covid-19" OR "covid 19" OR “covid 19" OR "corona-virus"
OR “quarantine”) AND ("remote learning” OR "remote education” OR "online
education" OR "remote-learning” OR "distance learning” OR "online learning"” OR
"distance education” OR "distance-learning” OR "online-learning” OR
“distancelearning” OR “onlinelearning” OR “remotelearning”). In total, 274,109
tweets were collected over the period of January 2020 to January 2021 with retweets
being filtered out. Moreover, the following information was stored for each tweet:
id, permalink, date, username, tweet, hashtags, mentions and urls.

Data processing, cleaning and storage: The retrieved data was pre-processed in
order to create a “clean” dataset. Particularly, the text was converted into lowercase
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and the punctuations, single characters, URLs and stop-words were omitted where
necessary and the abbreviated words were expanded and repeated letters were
normalised. The processed data was stored in both Comma-separated Values (CSV)
files and in JavaScript Object Notation (JSON) format files.

Data analysis and visualisation: After creating the dataset, data analysis was
conducted. It is worth noting that, lemmatisation was used for the text analysis but
not for the sentiment analysis as the accuracy of the results decreases when stemming
and/or lemmatisation is applied on the text [23]. In addition, in order to conduct
sentiment analysis, the open-sourced library TextBlob was used for the lexicon-
based polarity detection [24] while the National Research Council Canada (NRC)
Word-Emotion Association Lexicon (EmoLex) [25, 26, 27] was utilised as a basis
for the lexicon-based sentiment analysis for emotion detection. In order to visualise
the results, figures and graphs were generated for each of the following cases: most
frequently used words (excluding the keywords used) and hashtags, monthly tweet
frequency as well as sentiment analysis through polarity and emotion detection.

3.2 Challenges and limitations

The main challenges and limitations in our study were i) the selection of the most
effective social media platform, ii) limiting our data retrieval to tweets that were
written in English, iii) determining users’ country as this information, due to privacy
and security manners, is regarded as private personal data in Twitter and cannot be
retrieved unless the user has made it publicly available [28]. More specifically, even
though we managed to retrieve the countries from some of the tweets and normalise
the data, we do not believe it reflects the actual numbers and therefore, we did not
include the specific results in this study.

3.3 Results

In order to better comprehend the crowd wisdom regarding the effect of COVID-19
on online learning, the above-mentioned methodology was used and a dataset
containing 274,109 tweets, which were retrieved from January 2020 to January
2021, was created. More specifically, the most frequently used words (excluding the
keywords used) and hashtags used within the retrieved tweets were analysed as well
as the numbers of tweets made for each month. Finally, sentiment analysis through
polarity and emotion detection was conducted.

The results regarding the public’s opinion on the effect of the COVID-19 pandemic
on online learning from January 2020 to January 2021 are presented below:

e Word frequency analysis: The top-20 most commonly used words
excluding keywords are presented on Table 1 from which the top-5 were:
“school(s)” (96,535 - 2.21%), “student(s)” (64,544 - 1.48%), “teacher(s)”
(29,847 - 0.68%), “kid(s)” (21,235 - 0.49%) and “due” (19,494 - 0.45%).

e Hashtag frequency analysis: The top-5 most commonly used hashtags
were: “#COVID19” (47,422 - 7.03%), “#onlinelearning” (27,305 - 4.05%),
“#remotelearning” (2,4661 - 3.66%), “#distancelearning” (19,746 - 2.93%)
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and “#coronavirus” (17,563 - 2.61%). The results of the top-20 most
commonly used hashtags are displayed on Table 2.

Monthly tweets over the period of January 2020 to January 2021: It is
worth noting that April (44,682 tweets) and March (42,559 tweets) were
the months with the highest number of tweets and the top-5 days with the
highest number of tweets were: 27/04/20 (2782 tweets), 19/03/20 (2867
tweets), 18/03/20 (2807 tweets), 05/01/21 (1674 tweets) and 04/01/21
(1628 tweets). Figure 1 presents the monthly tweet frequency.

Sentiment analysis — polarity detection: Based on the results, the majority
of the tweets 138,759 (50.62%) were positive, 68,843 (25.12%) of them
were neutral while 66,507 (24.26%) were negative.

Sentiment analysis — emotion detection: The top-3 most intense emotions
based on the analysis were: trust (75,304 - 27.47%), anticipation (55,284 -
20.17%) and fear (31,425 - 11.46%) while 24.01% (65,820) of the tweets
were neutral. Figure 2 depicts the emotion detection results.

Table 1: The top-20 most commonly used words excluding the keywords used.

Word Count/Percentage Word Count/Percentage
school(s) 96,535 (2.21%) help 15,429 (0.35%)
student(s) 64,544 (1.48%) time 15,228 (0.35%)
teacher(s) 29,847 (0.68%) via 14,210 (0.33%)

kid(s) 21,235 (0.49%) class(es) 13,656 (0.31%)

due 19,494 (0.45%) week 13,340 (0.31%)
child(ren) 19,178 (0.44%) support 13,198 (0.3%)
new 19,073 (0.44%) need 12,383 (0.28%)
home 17,361 (0.40%) access 12,336 (0.28%)
parent(s) 16,807 (0.39%) free 12,169 (0.28%)
g0 16,396 (0.39%) resource(s) 12,153 (0.28%)
Table 2: The top-20 most commonly used hashtags.
Hashtag Count/Percentage Hashtag Count/Percentage

#COVID19 47,422 (7.03%) #lockdown 5,870 (0.87%)
#onlinelearning 27,305 (4.05%) #elearning 5,759 (0.85%)
#remotelearning 2,4661 (3.66%) | #OnlineLearning 5,397 (0.8%)

#distancelearning 19,746 (2.93%) #Covid 19 4,929 (0.73%)
#coronavirus 17,563 (2.61%) #pandemic 4,505 (0.67%)
#education 12,692 (1.88%) #learning 4,380 (0.65%)
#covidl9 10,714 (1.59%) #edchat 4,353 (0.65%)
#RemoteLearning 6,909 (1.02%) #Covid19 4,179 (0.62%)
#edtech 6,662 (0.99%) #Coronavirus 3,774 (0.56%)
#Distancelearning 5,884 (0.87%) #covid 3,445 (0.51%)
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Figure 1: Number of tweets per month over the period of January 2020 to
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4.0 Discussion

Undoubtedly, the interest in online learning has greatly increased. Due to the
COVID-19 pandemic, many people experienced online for the first time and many
had to learn to teach once again but this time through a screen. This fact created
many new challenges but acted as a means to solve many of the problems that arose.

Educators, students and parents had to learn new skills, make adjustments and
reform their daily habits in order to engage in online learning. It is worth noting that
the difficulties faced by the educational community were different for each country
and for each educational stage. Nonetheless, due to all the efforts made, the
fulfilment of the educational process was feasible.

Furthermore, online learning offers various advantages such as reducing the need to
commute from place to place and as a result saving time and reducing greenhouse
gas emissions and carbon footprint. It provides opportunities for more flexible
learning and access to cutting edge digital content. Additionally, it helps the
development of vital soft skills (e.g. time management) and it encourages students
to take ownership of their learning, at least to some degree, and to learn in their own
pace.

On the other hand, there are also disadvantages regarding online learning
environments as there can be a great sense of isolation, various technological issues,
deprivation of emotion sharing and self-motivation as well as direct access and
interaction with peers and educators. Moreover, it was obvious that in many
counties, there is a clear need for teacher training concerning online learning and
virtual learning environments.

Based on the results of this study, the majority of the tweets which display the
public’s opinion regarding the effect of COVID-19 on online learning were positive
(138,759 - 50.62%) and expressed trust (75,304 - 27.47%) but a few of them were
neutral (68,843 - 25.12%) and without expressing a specific sentiment (65,820 -
24.01%). Therefore, it can be said that even though there are various drawbacks in
online learning, the public still considers this learning and teaching method as a
positive and viable, to some degree, supplementary method to the traditional one and
not as something that could entirely replace traditional face-to-face learning.

5.0 Conclusion and Future work

The COVID-19 pandemic has dramatically affected the whole world. The
educational sector as well as all the educators, students and parents had to make
significant changes and find new ways to overcome the unexpected and
unprecedented obstacles and to meet the new needs and requirements. It is of great
significance during such difficult circumstances and demanding times to
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comprehend the public’s opinion to improve decision-making and risk
communication. Social media platforms have become an indispensable part of
everyday life with millions of people interacting, sharing knowledge and experiences
and communicating online in real time even during global adverse events. Therefore,
they can be used as a means to collect diverse and multicultural viewpoints from all
over the world.

This study aimed at analysing the public’s viewpoints, concerns and sentiments
regarding the impact of COVID-19 on online learning through the collection,
analysis and visualisation of Twitter data from January 2020 to January 2021. Based
on the results, the majority of the tweets (50.62%) were positive, 25.12% of them
were neutral while 24.26% were negative. Most of the tweets expressed trust
(27.47%), anticipation (20.17%) and fear (11.46%) while 24.01% of them were
neutral. Future work will focus on comparing the public’s viewpoints and sentiments
concerning online learning before, during and after the pandemic.
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Abstract

The paper discusses the changes that have occurred in providing
Continuous Professional Development during the pandemic of
COVID-19, and the main challenges including actions to address
these, as well as some advantages, moving from physical activities
to remote, often using e-learning technology, provided by the BCS
and other professional bodies to their members.

The paper discusses the way that these changes could affect the
future of professional organisations at the grassroots level,
using surveys of people organising events as well as those
attending professional BCS meetings.

Future changes, once the restrictions on physical meetings are
removed, are considered, such as a mixture of virtual meetings
and also networking events and visits.

Keywords: CPD, BCS, professional bodies, COVID-19

1.0 Introduction

The changes since March 2020 caused by the pandemic have altered the means of
providing Continuous Professional Development (CPD).

The restrictions over this time have, for some, provided the opportunity to upskill
for all levels of professional from student to retired [1, 2, 3] or as cited by Eastman
to “ tick off items on the their perennial to-do list” [4]. The main problems being
associated with the lack of suitable equipment, lack of good connections and for
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certain countries the uncertainty of power supply [5, 6, 7, 8]. The wider population
has also had to adapt to remote communications not only for e-shopping, the use of
e-cards, business meetings, for meeting friends and families remotely. In most ways
everyone everywhere has seen what is perceived at the normal way of life give way
to a “new-normal” way of doing things and living life. This has meant adjusting to
living life online and making technology a part and parcel of everyone’s everyday
life everywhere in the world This has and remains the way for the foreseeable future.

2.0 Professional Events

The professional bodies have adopted the webinar as a means of providing
communications to their members. An example of this is an engineering society that
has been holding regular Zoom meetings. To improve networking, some of these
meetings have been followed by regular dinners with different “break-out rooms”
for each course.

Some organisations, such as a science society, have changed from physical weekly
meetings to a regular weekly evening Zoom meeting with a fifteen minute free chat
before and an extended discussion after the presentation. This format has attracted
some additional new members, Current plans to continue with a combination of
physical and virtual regular events are being considered once the physical meetings
are possible.

One maritime institiute, on having to move to virtual events, has found the
attendance increasing to an average of over one hundred and twenty per meeting
including members joining from Japan and India. Their thoughts currently are to
continue with a mixture of physical and virtual events in the future.

2.1 The BCS Events

The BCS Branches and Specialist Groups have adopted webinars particularly with
events that are jointly between two or more of these groups. This has the advantage
of sharing the effort of organisation and providing a much wider range of webinars
for the attendees whether they are BCS members or not. The geographic range of
attendees is naturally much more widely spread than at conventional physical events,
but the majority are from the UK. An example of this was a breakout for a Branch
event during a Zoom presentation where in one virtual “room” there were four
attendees that were geographically situated at Bournemouth, Bedford, London and
Glasgow.

The need was felt by many BCS Specialist Groups to actively provide remote CPD
for its members for all stages of their careers [1, 2 ]. Examples of this were the Al
series provided by the BCSWomen Specialist Group, and the series of webinars by
Tom Gilb HonFBCS [9] presented from Norway, organised by the BCS SPA and
the BCS Quality Specialist Groups. The need to provide wider training in adapting
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to virtual based learning was provided by BCS branch sessions such as by Jill Clarke
[10] on the effective use of Zoom for the BCS Hampshire Branch.

3.0 Professional Conferences

The pandemic has affected both national and international conferences, regardless
of size, not only the presenters, attendees and exhibitors of their products but the
local economy. The cancellation of these face-to-face conferences, even the small
ones, affect local economies such as hotels, restaurants and shops. An example of
this is the estimated loss of more than 30 million dollars to Philadelphia of the
American Chemical Society's meeting [11].

The change from physical to virtual conferences requires serious decisions
concerning the digital platform [3], the use of expensive dedicated conference
specialist software or the the low cost or free alternatives. Decisions need to be made
whether a conference fee should be charged for non-physical events and if so, at the
same rate or lower. A variety of options have been in place for professional
conferences since March 2020. Many organisations use the free access to increase
their awareness within the marketplace, such as the 4-day World Congress on
Software Quality conference, in April 2021, attracting attendees from thirty
countries, and over eighty presenters [12]. This included a virtual marketplace
where organisations could have a virtual booth, to present information or talk to
people. This means of providing interaction with the audiences, both in large and
in small groups, within a conference need to be addressed [3] whether by using
breakout rooms in Zoom or more sophisticated systems.

The International Conference on ICT for Sustainability (ICT4S) organised their
virtual seven-day conference in June 2020 [13] in the same manner as their previous
six physical conferences, with presentations in a virtual auditorium as well as poster
areas where you could click for the appropriate poster and have a discussion with
the authors. In addition there were chat areas to increase networking and to welcome
and encourage new attendees.

Professional bodies also moved from physical to virtual conferences with the same
fees to previous years while others provided free access, as did the Institute of
Science and Technology (IST) [14] which provided free access for their 2020
conference with increased attendance numbers from 380 at the physical 2019
conference to 460 for the virtual 2020 conference, with an increase of over 20%.
This also provided easy access for remote members including those from overseas.
Their decision has been made for the 2021 IST conference to be held virtually in
September 2021.

3.1 BCS INSPIRE Conferences

The BCS e-Learning Specialist Group [15] held their twenty four physical INSPIRE
conferences before 2020 at which just a few pressenters had joined remotely. These
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remote links were usually via Skype and the conference timetables were organised
so that the remote presentations were usually positioned immediately after a
refreshment or meal break to allow extra time for the connection to be established. In
addition the remote presenters were required to send their slides in advance and if
possible to add audio attached to each slide or to provide a script with each slide.
This was to provide backup if there was a technical problem.This allowed the
presentation to continue and if necessary for the question session to be conducted by
telephone. The limited number of remote presentations were from various countries
including Finland, Greece, Spain, Nepal, Nigeria and the UK.

The presenters at the BCS e-learning 25" INSPIRE 2020 conference [16] came from
a range of countries including Armenia, Bosnia-Herzegovina, Cyprus, Denmark,
Eire, Finland, Greece, Ireland, Kenya, Nigeria, Northern Ireland, Russian
Federation, Slovak Republic, Spain, Sri Lanka, UK, and the USA. The only technical
problems were experienced from London, Northern Ireland and Greece. There were
problems which were addressed by changing the order with the following
presentation to allow time for the issue to be fixed. Any questions relevant to a
particular presentation were typed into the “chat area”. In addition to the various
conference session Chairs, there were also two dedicated committee members, one
from the UK and the other one in the USA. These two committee members would
monitor the questions and ask them at the end of the various sessions. This was very
successful as relevant questions could be combined, the order of the questions could
be re-arranged, and if necessary, the committee member could clarify the wording
of the question with the attendee that typed it into the chat area.

In the past INSPIRE conferences, when payment was required, we expected a
number of late withdrawals, but with the 2020 virtual conference, where the fee was
not required, there were rather more presentations than we expected. It had been
necessary to remove the planned breakout sessions. As the BCS could not allow us
extra time, it was necessary to move the early evening presentations to a change to
Zoom. These two points were the problems experienced with our first totally remote
conference. These were the main lessons learnt and taken into account for future
remote conferences.

4.0 Surveys of Attendees and Organisers of Events

Two surveys were undertaken using Google Forms [17] to identify the change of
behaviour of attendees at BCS meetings and the experience of those organising
professional events.

4.1 Views of Attendees of Events

An anonymous questionnaire asked attendees of BCS meetings their views on
webinars compared with conventional physical meetings. These questionnaires were
open to all regardless of BCS membership. Identical questions were asked about
Branch events, which might have been jointly with other Specialist Groups or
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Branches, and also for events organised by Specialist Groups that themselves might
be jointly with other Branches or Specialist Groups.

Participants in the survey were asked to estimate the attendance since March 2020
of these BCS webinars compared with those during the previous year, when almost
all the events were face-to-face. The participants were then encouraged to identify
both the positive and the negative aspects of these virtual events. Information was
also sought on the preferred start time for webinars. Identification of the main
Branch or of the main Specialist Group were requested and an open-ended space
allowed for comments, that included ideas for post virus events. Participants could
request copies of the summary of the results by providing their contact details.
Responses were received from attendees who all came from many different BCS
Branches and a wide range of different Specialist Groups.

4.2 Results of the Attendees Survey

The results of the survey from the seventy seven respondents, from a wide variety
of Branches and over thirty Specialist Groups, that attended BCS events indicated
that the change to webinars might have increased the participation of members. This
was shown by comparing those that did attend any Branch webinars since March
2020, which was 76.6% compared to those that did attend any of the previous
physical Branch events prior to that date which was 51.9%. A similar change was
shown in the Specialist Groups with an attendance of the webinars since March 2020
of 67.2% compared to those that did attend any other physical Specialist Group
events at 40.3%

The survey was concerned with the number of attendances of member group
activities and particularly related to webinars the attendance prior to March 2020 for
both Branches webinars and Specialist Group webinars were similar. Following
March 2020 all branches and specialist group activities had to be conducted by
webinars the survey investigated the change of attendance of both branch and of
specialist group webinars since March 2020 and compared with the Year prior to
March 2020 the number of branch and specialist group events which could have been
physically or combined with webinars.The results from this limited survey of
responses appeared similar for both branches and specialist groups. Table 1 indicates
the number of attendances of zero, one, two, three or four or more prior to or post
March 2020 for Branches and for Specialist Groups.

Table 1: Attendance as a Percentage Post and Prior
to March 2020

Attendance as % Zero One Two Three | Four or more
Branch after March 2020 234 15.6 9.1 2.6 493
Branch before March 2020 | 48.1 10.4 6.5 7.8 26.2
Specialist Group after 32.8 14.9 9.0 7.3 36.0
March 2020

Specialist Group before 59.7 10.4 3.0 3.0 23.9
March 2020
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Participants were asked if they attended webinars prior and post March 2020 which
are shown on Table 2.

Table 2: Views on attending webinars prior t0 March 2020

Attendance as % Never Very Rarely Regularly
Branch 46.1 46.1 11.8
Specialist Group 44.1 41.2 14.7

The results in Table 2 are possibly attributed to the lack of webinars available to
members prior to March 2020, although some physical events were also provided as
an online option.

4.2.1 Advantages and Disadvantages ldentified
The same positive and negative choices together with options to add additional
comments were offered to both attendees of Branches and of Specialist Groups.

The positive aspects of these webinars offered were:
a. no travel time
b. no travel cost
c. no parking issues
d. refreshments of your own choice and at your own time
e. no baby or childcare arrangements
f. no other person or animal care sitters needed
g. no risk of going out late at night
h. wider range of speakers
i. joint events with other BCS Branches and/or Specialist Groups
j. more recorded events
Other:

The negative aspects of these webinars offered were:
a. no or poor networking
b. no opportunity of visiting different locations
c. already too many remote meetings through work
d. not meeting face-to-face
Other:

The results of these from the Branches were shown in Figure 1 and Figure 2 for the
advantages and disadvantages of the webinars,

Additional comments with regard to those that attended Branch events, as shown in
Figure 1, were as follows:
e  Although there were no travel cost for me, my internet charges became too
expense
e Itdoesn't matter where the branch is geographically, so can attend no matter
where they are
e Easier to take a chance- if it is uninteresting, leaving is easy and un-
embarrassing without investing travel time
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e Didn't attend any BCS webinars
e Access to webinars which are held in locations which are too far away to
attend under normal circumstances

3 Concerning the webinars, tick all that apply, of the positive aspects of these webinars
74 responses

a. no travel time 71(95.9%)

b, no travel cost 61(82.4%)
¢. no parking Issues
d. refreshments of your own...
€. no baby or childcare arran...
f. no other person or animal...
g. no risk of going out late at...
h. wider range of speakers 34 (45.9%)
i. joint events with other BCS...
J. more recorded events
Although there were no trav...
It doesn't matter where the b...
Easier to take a chance. If it...
didn't attend any BCS webin...
Access lo a webinars which...

8 (10.8%)

Figure 1: Positive aspects of webinars for a Branch

4. Concerning the webinars, tick all that apply, of the negative aspects of these webinars
67 responses

a. no or poor networking 38 (56.7%)

b. no opportunity of visiting diff... 25 (37.3%)
c. already too many remote me... 25 (37.3%)
d. not meeting face-to-face| 44 (65.7%)
lack of opportunity to network|
Little demarcation between pro...
Didn't attend any BCS webinars
Not aware either

Qccasional presenter audio &c...

Figure 2: Negative aspects of webinars for a Branch
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Additional comments with regard to those that attended Branch events, as shown in
Figure 2, were as follows:
Lack of opportunity to network
e Little demarcation between professional and home life - noise and
disturbance from home life during webinars
e Didn't attend any BCS webinar
No aware either
e Occasional presenter audio and connectivity issues

Similarly the results of these from the Specialist Groups were shown in Figure 3 and
Figure 4 for the advantages and disadvantages of the webinars.
Additional comments, with regard to those that attended Specialist Group events, as
shown in Figure 3, were as follows:
e Able to access meetings a long way away, so the range or meetings
available to me is much larger when they are remote access
e It doesn't matter where the group is geographically, I can attend if I am free
and want to
e Easier to take a chance - if uninteresting, can leave without out leave
without investing travel time
e [ didn't distinguish between branch and SG webinars

11. Concerning the webinars, tick all that apply, of the positive aspects of these webinars

64 responses

60 (93.8%)
53 (82.8%)

a. no travel time
b. no travel cost

¢. no parking issues 42 (65.6%)

d. refreshments of your own... 18 (28.1%)
€. no baby or childcare arran... 9(14.1%)

f. no other person or animal... 6 (9.4%)

g. no risk of going out late at... 17 (26.6%)

28 (43.8%)
29 (45.3%)

h. wider range of speakers
i. joint events with other BCS...

j- more recorded events 19(29.7%)

able to access meetings a lo... i1 (1.6%)
It doesn't matter where the g... =1 (1.6%)
easier to take a chance. If u... =1 (1.6%)
| don't distinguish between b... Ji—1(1.6%)
0 20 40 60

Figure 3: Positive aspects of webinars for a Specialist Group

There were no additional comments, with regard to those that attended Specialist
Group events, as shownin Figure 4.
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12. Concerning the webinars, tick all that apply, of the negative aspects of these webinars

59 responses

a. no or poor networking 37 (62.7%)

b. no opportunity of visiting

0
different locations HHEER)

c. already too many remote

0
meetings through work S

d. not meeting face-to-face 42 (711.2%)

0 10 20 30 40 50

Figure 4: Negative aspects of webinars for a Specialist Group

The availability and cost of parking close to the venu can affect attendance at BCS
events.

4.2.2 Additional Comments
A selection of the general comments with regard to Branches are shown, the first
ones rather concerning:

I'm new to BCS, I didn't know branches existed
Difficult to find out what events are on, would like an email. This is the
first one I've received

e Work has been very busy so [ haven’t been looking out for events. Emailing
details of online events would be good for me
Don't seem to get meeting notifications anymore.

There were no webinars available. Very useful for specialist groups
I have not historically attended branch meetings but do intend to start doing
so hence answering this survey.

e [ cannot recall hearing about Branch webinars, I probably did but don't
remember. Part of this issue is that the BCS is no longer relevant to my day
job, it does seem to be more service delivery orientated and I'm now
working on land platforms in the defence environment, not "just" on
computer systems. I keep my membership of the BCS because (i) my
employer pays for it and (ii) through that I maintain my Engineering
Council registration.
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A further selection of the general comments with regard to Branches were as follows:

1 would like more physical Branch visits when possible

The trick (and it's a difficult one) would be to offer remote access to a
physical meeting when covid restrictions are lifted. Ie have simultaneously
the best of both worlds.

I would still like to see physical rather than web based presentations. There
is a role for the webinar, but we loose something. I work in ...., so struggle
to get back in time for ........ and .......... based events, however it's
important that we still have some physical meetings.

I have attended Bournemouth meetings some times in the past. Life just
seems so busy now!

Most of my BCS activity is through ......... SG, rather than the regional
branch

Would like to continue with webinars.

Personal commitments have prevented me from attending many events in
recent years, but I hope to start more-regular attendance. Zoom has been
useful in this respect.

Whilst online “meetings” are helpful, one of the main reasons for being
active in the Society is networking with fellow professionals. On-line
interfaces really offer very little compared with the standard face to face
meetings of yesteryear

I have only just qualified in January and become a member, which is why
I have not attended any meeting during 2020

Please continue with hybrid webinars

Being hard of hearing I sometimes have problems with the clarity of the
speech.

Webinars tend to increase the reach , participation and contribution of
diverse audiences.

I've really enjoyed the webinars. Going online has made them a lot more
accessible.

Remote webinars have given me the opportunity to attend a much wider
range of branch talks which I coudn't otherwise attend because the physical
location is too far away. I will continue to attend my local branch meetings
when the situation normalizes but [ hope remote presentations continue. I'd
go further and suggest that meetings are arranged with affliate branches and
organisations in other countires

A selection of the general comments with regard to Specialist Groups follows:

1 would like more SG webinars rather than physical events

Specialist group seminars, when face to face, tended to be several hours (&
many tens of pounds) travel away in London - so I only attended if they
happened to be when I needed to be there anyway.

Would like to continue with webinars.

I hope webinars continue.

I hope that we decide to continue with hybrid meetings in the future
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e  Going forward the use of online resources and webinars has made life a bit
easier albeit with increased workload for organisers. However, with
continuous improvement in the processes greater and more positive impacts
would be the results of current practice. Going forward would require
coming up with creative and ore innovative use of technologies to bridge
the digital divide as not everyone has access to or are proficient in the use
of all of these technologies. This would enable as many people possible to
participate in the new normal mode of living and working online.

4.3 Views of Organisers of events and Results of that Survey
An anonymous questionnaire was provided for those involved in organising BCS
and other professional activities, identifying both the positive and the negative
aspects of these webinars, compared to the pre COVID-19 virus activities, from the
perspective of Branch and of Specialist Group activities. Responses were received
from eight who all came from different BCS Branches and Specialist Groups.

There was a 100% support for that “since March 2020, the attendance at the Branch
events” was on average larger than before March 2020. Whereas the attendance at
the Specialist Group events was felt to be by approximately 83.3% larger and 16.7%
about the same as before March 2020.

The majority 62.5% of organisers of Branch events indicated that they had held more
BCS Branch events since March 2020. These might have been jointly with other
Branches or Specialist Groups. Approximately 37.5% had held similar number of
attended activities as before March 2020. It was interesting that no respondents had
reduced the number of events attended since the start of the first lockdown in March
2020. The majority 66.7% of organisers of Specialist Group events indicated that
they had held approximately the same number , whereas 33.3% felt more BCS
Specialist Group events since March 2020. Again these might have been jointly with
other Branches or Specialist Groups. It was interesting that no respondents had
reduced the number of events attended since the start of the first lockdown in March
2020 .

These results, despite coming from a small sample of experts in organising
events, indicated that members of Branches and Specialist Groups were given the
same opportunity of joining events and had better turn out than prior to the pandemic.

4.3.1 Advantages and Diisadvantages Identified
The questionnaire for organisers of events contained five standard possible options
with the opportunity of adding further advantages of the webinars, as shown in
Figure 5 and Figure 6.
These positive options were:

a. remote located speakers more available

b. no bookings of rooms

c. no organising of refreshments

d. easier to record events

e. less cost
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It was felt by the majority, ranging from 75% to 100% of those arranging Branch
events that these were positive advantages; where as 100% of those organising the
Specialist Group events found that they were all 100-percent positive advantages
Figure 5 and Figure 6.

From those organising the Branch events, an additional four advantages were
indicated, as shown in Figure 5, which were:

It can be set up much faster than a physical event and less red

Breakout rooms possible

Easier for delegates participants to actively contribute and provide feedback
Coincidentally new committee

3. Inwhat ways has it been easier to organise these webinars than the traditional physical Branch
events (please tick all that apply)

B responses

a. remote located speakers mo... B (100%)

b. no bookings of rooms -7 (87.5%)
¢. no organising of refreshments 7 (B7.5%)
d. easier to record events -G (75%)
e. less cost —6 (75%)
it can bbe set up much fastert... 1(12.5%)
Break out rooms possible for n... 1(12.5%)
Easier for delegates/participant.... 1(12.5%)
Coincidentally, new committee —1 (12.5%)
0 2 4 6 8

Figure 5: Positive aspects of organising Branch webinars

As with identifying the main advantages, options of potential main disadvantages
were provided ,

a. no direct contact with the attendees

b. less networking

c. time zones

d. technical problems

Other:
The only additional comment on Branches was:

e Initial technical problems with the software - occasional problems with
particular speakers

The only additional comment on Specialist Groups was:
e  Speakers not used to some of the BCS software
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The views of both those organising Branch and Specialist Group events were similar.
The issue of the geographic locationof speakers, from different time zones, have
caused change of starting timings from the more ususal times.

9.Inwhat way has it been easier to organise these webinars than the traditional physical Specialist
Group events (please tick all that apply)

fi responses

a. remote located speakers more

available 6 (100%)
b. no bookings of room 6 (100%)
¢. no organising of refreshments 6 (100%)
d. easier lo record events 6(100%)
e less cost 6 (100%)
0 1 2 3 4 5 6

Figure 6: Positive aspects of organising Specialist Group webinars

As with identifying the main advantages, options of potential main disadvantages
were provided ,

a. no direct contact with the attendees

b. less networking

c. time zones

d. technical problems

Other:
The only additional comment on Branches was:

e [Initial technical problems with the software - occasional problems with
particular speakers

The only additional comment on Specialist Groups was:
e  Speakers not used to some of the BCS software

The views of both those organising Branch and Specialist Group events were similar.
The issue of the geographic locationof speakers, from different time zones, have

caused change of starting timings from the more ususal times.

The main problems resulted from problems of networking and technical issues
Figure 7 and Figure 8.
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4. What do you feel are the main disadvantages of Branch webinars that have been held since
March 2020 compared to the physical events

7 responses

a. no direct contact with the
attendees

b. less networking
c. time zones

d. technical problems

Initial technical problems with the
software. Occasion problems w...

Figure 7: Negative aspects of organising Branch webinars

10. What do you feel are the main disadvantages of Specialist Group webinars that have been held

since March 2020 compared to the physical events
6 responses

a. No direct contact with the

Q)
attendees 5(83.3%)

b. less networking
c. time zones

d. technical problems

speakers not used to the some of
the BCS software

Figure 8: Negative aspects of organising Specialist Group webinars
The limited comments concerning Branches and Specialist Groups

were as follows:
e I would like a future mixture of webinars and networking activities
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e COVID-19 pandemic has challenged all aspects of organising and
delivering events for branches and specialist groups. It has saved on amount
of physical resources required to run these events but has called on the use
of much time in preparation, delivery and post-event administration on the
part of organisers. It has become easier to collate information but the
challenges posed by GDPR and other related data privacy issues are some
of the hurdles that organisers are struggling to handle well

The limited comments concerning Specialist Groups were as follows:

e [ hope webinars continue

e The old comment about SGs being London centric does not apply to the
webinars

e The impact of COVID-19 pandemic has been immense. The fact that
everyone has recognised the need for being skilled to work online going
forward is a big plus. However the challenges of digital divide that exist
both here in the UK and in other places abroad need to be addressed to
ensure we are achieving the goals we have set ourselves as professionals
practicing what we preach and stand for and ensuring that IT is good for
society.

The issue of digital divide raises a number of potential points that might have an
indication of the take-up of webinars.

The digital divide also can be caused by lack of technical experience or confidence
with the most widely used online communications such as Zoom. This can apply to
the older population, even those whose careers had been at their most current edge
of the computing industry. The digital divide could also relate to those with lower
quality hardware or software, possibly in the third world countries which could also
be a result of poor access to power. The lack or poor internet and mobile phone
connections can happen also in many rural places in the UK which also is another
aspect of the digital divide .

5.0 Future Activities

The change in delivery and receiving professional activities has provided an
opportunity to rethink the way that we would proceed. Prior to the COVIC19 virus,
the Hampshire Branch tried providing live streaming of some of the physical events,
but that had mixed success. It did allow those that could not attend to participate, but
the technical problems experienced ,had a negative effect on some of those
attending. Some BCS groups had more success with combining remote and attending
events. The increased number of software licences held by the BCS had improved
the ease of arranging recording of webinars.

The current thoughts of some of the Branch and Specialist Group, when the face-to-

face events are again normal, are that those Specialist Groups, such as BCS Business
Change, that regularly used to hold their events in London, would continue when
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possible, having live streaming at the same time if possible, and with the meetings
being recorded automatically by the BCS. Other Branches and Specialist Groups are
considering continuing with the webinars with occasional face-to-face meetings,
possibly also recorded. The benefit of the recorded presentations allows those that
cannot attend to achieve the event to be able to watch at the same time or at a later
date if required.

The main problem with the webinars is the lack of networking which could be
provided by optional “break-out” sessions of say four people during the
webinars. On returning to face-to-face options local presenters could be used, which
would be followed by short discussions. Networking events could be undertaken
such as those that have been held face-to-face by BCSWomen Specialist Group and
by the Hampshire Branch, when attendees sit in a circle, when alternate attendees
move two places, to have a one-to-one short conversation of about five minutes with
another attendee. The process s repeated for approximately one hour. Alternatively
the attendees could be divided into groups of four to six to discuss a given topic with
feedback from each group after about forty minutes.

Subject to prior agreement, a series of visits could be arranged which are normally
restricted by most many organisations to about twelve to provide excellent
opportunities in the past for networking.

6.0 Conclusions

The restrictions globally since early 2020 have forced a re-evaluation of all
professional bodies and for their members to reconsider the effectiveness and
potential different ways of communicating and undertaking CPD activities [1,
2]. The long-term effect on professional bodies could lead to an increase in
membership or have the opposite effect leading to closures or amalgamation of
bodies [11].

Although the research in this area is at a stage of infancy, there is a recognition of
some of the implications of the “new-normal” way of life for individuals and
organisations. There are many factors at play which requires resilience on both the
part of everyone while recognizing the relationship betweenits implementation for
both the organization [18, 19, 20, 21]. These studies have shown that individual and
organisations all over the world has the capacity and ability to respond to challenges
in the absence of a plan, which at times involve improvisation [22, 23, 24]. In the
current era where there is encouragement and drive for innovation and creativity to
be taught as part of education we see that the Covid-19 pandemic have brought with
it the cultivation of improvisional competence and participation in online networked
activities for everyone everywhere.

The advantages of virtual conferences particularly considering the financial issues

as well as time saving need to be balanced against being able to replicate the
networking opportunities of a conference. Similarly the networking features of
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traditional pre virus physical professional meetings also need to be addressed if
moving to virtual events. The monitoring of attendance with webinars is more
difficult than actual physical events, as virtual attendance with the post event access
using the recording of these events, needs also to be considered.

Maybe with more virtual events the professional membership fees would be reduced
so encouraging more members, whereas other members might leave due to a
decrease of face-to-face events. Also the long-term effect of the confidence post
pandemic, to attend face-to-face at events might change, following the virus. As
Evens [11] stated “The most Successful societies and organisations will be planning
ahead not just for the next meeting, but how to adapt and evolve their meeting format
over the next decades” .
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Abstract

Migrating the teaching and learning activities to the Internet invites
a plethora of cyber risks and security threats. As distance learning
has undergone a spectacular development and wuse recently,
especially in the Covid-19 era -when it was, once, only temporarily
established-, it is considered of utmost importance to ensure the
issue of security and guarantee privacy in e-learning and other
online environments. The authors provide information for clarity and
understanding of cyber-protection and conceptualise two approaches
to it: i) a reactive and ii) a proactive. For the first, some easy-to-
follow suggestions for potential measures for privacy and
cybersecurity are outlined, which e-learning providers can realise in
a cost-effective and efficient way. For the second, a practical and
multidisciplinary knowledge framework is sketched. This is the first
step of the future cyber-protection roadmap taking onboard the
concepts of multidisciplinary knowledge and multiprofessionals
with the means (e.g. edutainment) to realise it in curricula design
and professional adult training schemes.

Keywords: Covid-19 pandemic, e-learning, cybersecurity,
multidisciplinary, multiprofessional, online survey, privacy.
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1.0 Introduction - Cybersecurity and Privacy

Security and privacy concerns in e-learning spaces [1] have been rising during the
Covid-19 era since cyber-security incidents go on increasing at exhilarating
numbers [2]. Cybersecurity is defined as the body of rules and measures adopted to
protect people’s fundamental human right to privacy and people’s cyberspaces.

A few examples of rising cybersecurity threats and online privacy invasion
mentioned last year by Anghel and Pereteanu [3] fall within the next categories:

* Data leakage, due to loss or inadequate security and encryption,
unauthorised data collection, confidentiality attacks, and other.

e Problems with (user) authentication.

*  Malware installation (e.g. viruses, spam, phishing, etc.).

*  Use of unreliable/insecure networks, network congestion.

e Deliberate software cyber-attacks (viruses, macros, Denial-of-Service,
Cross-Site Scripting, ...).

As online and e- learning has undergone a spectacular development through the
Internet use in recent years, especially in the COVID-19 era, it is considered of
utmost importance to ensure security and privacy in e-learning spaces [1].

1.1 Cybersecurity Risks and Privacy Threats

The European Union Agency for Cybersecurity (ENISA), in its annual report for
2020, identified fifteen (15) top threats [4], as described in Figure 1. An important
part of cybersecurity is the processing of the personal data of Internet users, which
is regulated by the General Data Protection Regulation (GDPR) of the European
Union (EU). This regulation applies to organisations in the EU, the European
Economic Area (EEA), and also enterprises outside the EU and EEA areas that are
processing the personal information of individuals inside the EU and the EEA. In
practice, the GDPR sets out detailed requirements for companies and organisations
regarding the collection, storage, and management of personal data and promotes
the regulation of information confidentiality based on the following:

*  consent request for data processing,

e right to access the processed data,

* right to data portability (a data subject is entitled to receive the personal
data concerning them),

*  right to correct or to object,

e right to delete data,

e data breach notifications with risks “for the rights and freedoms of
individuals”, and

e privacy by design (the inclusion of data protection from the onset of the
designing of systems) [5].
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Figure 1: ENISA Threat Landscape— 15 Top Threats in 2020 [4] (arrow at the top-right
corner represents Assessed Trends: Up Arrow-Increasing, Horizontal Arrow-Stable, Down
Arrow-Declining)

To further strengthen the privacy protection and complement the GDPR, the
European Commission has recently proposed the new e-Privacy Regulation that
will repel the existing Directive 2002/58/EC. The new regulation provides specific
rules governing electronic communication even if it concerns non-personal data.
The regulation suggested and aimed, among other, at:

e improving the current ‘cookie law’;

* including rules for new forms of electronic communications (e.g.,
WhatsApp, Facebook Messenger, and Skype);

e providing protection against spasm;

* guaranteeing privacy in the processing of electronic communications
content and of metadata. [6].

1.2 Protecting e-Privacy - General Practices for Cybersecurity

Based on the literature there are some best practices and recommendations for
organisations that have been identified on the need to implement cybersecurity
policies.

*  Educating and sensitising Internet users about potential threats and the
negative impact of possible cyber-attacks.
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*  Authorising the right users, e.g., in case of schools/colleges the right users
are pupils/students and faculty staff to access confidential data and
provide strong passwords with mechanisms to remember them.

* Restricting access to dangerous sites and services for organisations such
as schools, banks, universities, and others who keep sensitive private
information.

* Using appropriate security software (e.g. anti-malware, spam filter, and
anti-phishing).

*  Delegating responsibilities to Information Technology (IT) staff regarding
cyber protection policies; educational institutions and health
organisations, in particular, need strong protection against potential
threats for student/medical identity thefts.

*  Operating System (OS)-Level Virtualisation (it is used to protect all
information and infrastructure using system-level virtualisation) [7].

2.0 Privacy and Cybersecurity Issues in e-Learning

During the COVID-19 pandemic Formal and Non-Formal Learning Settings of
state and private education were forced to migrate to virtual learning; from the in-
person classroom to online person classroom settings. The main concern about this
fast transition is that it happened suddenly and in an unplanned way with little time
to train teachers, instructors, and students about the privacy and cybersecurity
issues the e-learning activities will bring.

2.1 Virtual Tools and e-Services: Communication and Security
Gaps

As many previous and most recent research studies indicate e-learning incorporates
various Internet activities, such as web conferencing; file and data sharing and
storage; sending and receiving emails; discussion and chatting; second life
environments, and others. These activities are performed using different
Information and Communication Technology (ICT) tools and services. For
example, the following are three broad categories, also indicated in the answers of
the participants of a recent international survey in Primary, Secondary, and Higher
Education we participated.

*  Online communication tools: Adobe Connect, BigBlueButton, Google
Classroom, Kaltura Newrow, Labster (also include virtual lab), Microsoft
Teams, Skype, Viber, WhatsApp, Cisco Webex, and Zoom.

*  Learning management: Moodle, Canvas, and Blackboard.

¢ Email services: Gmail and Outlook.

Other Internet-based or mobile communication tools used for such purposes are,
e.g. WhatsApp and Viber, which were often utilised in developing countries for
distance learning.
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Many of these information and communication tools and services that are currently
widely used in e-learning virtual classrooms are non-educational, designed for
other purposes, such as industrial teleconferencing, knowledge sharing, and the list
can go on. Moreover, in order to use these online tools and e-services, users may
need to register by providing their personal information. It is worth mentioning that
these services store cookies and record the digital footprints of the users. In
addition, there is a significant amount of the learners’ personal information
collected and maintained by e.g. student services and administration offices, which
are being increasingly accessed through the Intranet and the Internet.

2.2 Online Threats and Compromised Privacy

Further, in order to facilitate the e-learning activities, various learners’ activities
and private information are recorded and digitised; this generally does not happen
during in-person classroom settings. For example, recording virtual classroom
discussions and tracking students’ attendance online is not monitored in offline
learning. These increasingly happening activities that are also related to the
collection, storage, and handling of students’ personal information have raised
concerns for (online) citizens’ privacy and cyber protection. These concerns are
more alarming when considering the data breach incidents that different
companies, including some companies owning the aforementioned tools and
services, suffer from time to time [8].

Undeniably, migrating the teaching and learning activities to the Internet invites a
plethora of cyber risks and security threats. The following two are examples of
such facts:

e Distributed Denial-of-Service (DDoS) attacks affect the access of
educational resources;

* phishing attacks can lead to stealing students’/teachers’ login credentials
and infect their devices with malware or, even worse, ransomware.

Such incidents have been significantly increased during the current Covid-19
pandemic [9]. Likewise, there are inherent security risks (see e.g. [10], [11])
connected to vulnerabilities in the Internet tools used for the same deceitful
purposes. The vulnerabilities of the people who participate in e-learning are also
important. For example, people may download and install malware-infected or
pirated software, or equally fall for deceitful social engineering and phishing
attacks online.

3.0 Data Collection and Analysis

This research study used an online survey questionnaire to collect primary data
from higher education institutions worldwide, requiring responses regarding six
dimensions of distance learning during the Covid-19 period.
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The questionnaire was based on the design and architecture of the Google forms
and Wen Juan Wang online service, translated into Chinese for students in China
where Google services are inaccessible.

In addition, the online Qualtrics survey platform was utilised to submit a formal
application with various documents to the Research Ethics Committee of
Middlesex University in London, UK. The research study had to adhere to strict
ethical rules and standards for ensuring voluntary participation, anonymity, and
non-traceability, according to the ethics protocols of the participating institutions.
The ethical approval letter was received in February 2021, so the data gathering
process started.

All the responses were combined in an EXCEL spreadsheet which was used for the
analysis of the data and their graphical representation. In total, 1005 students from
26 countries participated in the survey.

Some of the findings from the analysis of the sample data are analysed and
commented next, while mainly investigating privacy and security issues in e-
learning or remote/online delivery mode.

3.1 Summarised Demographics and Data Geography

The collected data showed that more participants of the sample data were female
55%, while male were 43% and other 2%. The age distribution of the sample
participants ranged from 17 up to 59 years, though most of the participants were
between 17 and 25 years old.

The data sample contained students’ responses majoring their studies in 26
different subject areas. The main subjects of the respondents were Business (131),
Computing, (129), Engineering (125) and Psychology (93).

The distribution of responses collected from various countries was wide enough to
comprise a representative data sample eligible to further analysis and
generalisation. The main responses were collected from the following countries
listed in descending order as for the number of respondents: Greece (150),
Kazakhstan (105), Egypt (98), Turkey (98), Finland (97), Slovak Republic (77),
Cyprus (54), Russia (48), United States of America (43), Bosnia- Herzegovina
(42), Bangladesh (35), Romania (29), Armenia (25), Kenya (19), and United
Kingdom (13).

3.2 Data Analysis and Results

With the pandemic nearing no visible end, it is well understood that educational
institutions will continue to be dependent on e-learning or some form of remote
delivery. This also implies that their students, teachers and staff will continue being
at risk of cyber-attacks and violation of privacy. More importantly, educational
institutions must realise that by leaving their students, teachers, and staff
vulnerable to cyber-attacks, they are exposing the university/colleges' IT
infrastructure and data to cybercriminals. It is imperative to act now and implement
proper privacy and cybersecurity measures to protect students, teachers, and staff.

In reality, however, educational institutions have not, yet, taken adequate
precautionary actions to safeguard their teachers, students, and other staff from
cyber-attacks and data breaches. Our most recent (March 2021) online
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questionnaire survey for educational institutions of many countries exposed,
among other, significant information about students’ privacy and security, which is
briefly summarised below.

In brief, forty-five percent (45%) of the respondents, that are University and
College students, remained unaware of any measures taken by their institutions to
protect their private data. Naturally, there may be a chance that some institutions
have implemented privacy and security measures but have not informed their
students. In that case, it is the sole responsibility of the institutions to make their
students aware of the privacy and security measures they have implemented so as
to build their students’ confidence and trust while interacting in e-learning
environments.

Figures in the Appendix A show that, apparently, a large portion of the participants
had no awareness training on even basic cybersecurity issues both before and
during the migration to e-learning, such as phishing attacks (before-68% | during-
74%), online privacy (before-65%| during-70%), secure password (before-62% |
during 71%). This implies that these students face the highest risk of cyberattacks.

Further, only a few of the participants (as shown in Appendix B) had experienced
cyber-attacks or their consequences before the migration to e-learning, such as
cyber threats (18%), invasions (13%), unwanted adverts (41%), phishing (29%),
and identity theft (14%). These numbers show how naive and unaware the students
have been about the cyberattacks and data breaches but also about other
vulnerabilities. Cybersecurity awareness training and past experiences of cyber-
attacks and data breaches are two prominent ways through which students can
learn and raise their awareness about potential risks and threats, but both of them
are seriously missing from the participants.

To exacerbate the situation, some of the participants (shown in Appendix C)
experienced cyberattacks during the migration to e-learning, such as cyber threats
(16%), invasions (14%), unwanted adverts (39%), and phishing (25%).

Moreover, some participants know some of their family members (34%), fellow
students (30%), friends (39%), and online friends (26%), who faced online privacy
and security threats and other issues.

These numbers convey that cyber risks and threats to students are a real and
legitimate problem that demands immediate attention. Some suggestions for
potential measures that educational institutions can implement for i) privacy and ii)
cybersecurity threats are mentioned next. These are also suitable to be considered
in primary and secondary but also non-formal education (e.g. by training
organisations) that utilise e-learning and virtual classrooms.
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4.0 Recommendations and Potential Measures for
Online Privacy and Security

Understandable and with ease-of-use cyber-protection mechanisms and public
awareness are keys for citizens’, teachers’, and students’ privacy protection from
various security incidents. Usable security and people’s training are concepts that
go hand-in-hand in theory and practice. Sections 4.1 and 4.2, next, list two sets of
our suggested measures for Privacy and Security, to be realised for cyber
protection in educational institutions and other e-learning settings.

4.1 Potential Measures for Privacy Issues

Take consent from the students before collecting their data or recording classroom
discussions with students. The students must be provided information about, for
example, how their data will be used, for how long the data will be kept, and who
else might receive it, in plain language and with clarity. For situations like this,
compliance with established regulations like the GDPR, e-Privacy Regulation (still
in a proposal), and national legislation can be helpful.

* Provide the students with the right to control and inspect their
information. The students expect their information maintained by
educational institutions to be accurate.

* Implement data parsimony (i.e., store as little personal data as possible)
and data partitioning (i.e., partition data into context-specific partial
identities) while storing students’ data.

e Vet the IT tools and services for their privacy policies and to know, for
example, the types of data they collect, how do they use the data, do they
share the data with others, and their compliance with international,
regional, federal, and state laws and regulations. This should be
performed in advance to determine suitable tools and services that should
be used by the institutes and students.

* Instruct the students to follow some etiquette rules before they enable
webcam and microphone, for example:

o Sit with a camera facing a plain wall. Items in the house or on the
background wall may reveal information more than the
individuals have expected.

o Use neutral background. Background scenarios like lakes, trees,
buildings, and other identifying characteristics may reveal a
location of a house or building.

o Know when to switch on/off microphone and camera.

3.2 Potential Measures for Cybersecurity Issues

* Provide training and needful resources to raise the cybersecurity
awareness of the students, teachers, and staff. Make them understand the
risks and threats they are vulnerable to, how to recognise warning signs of
those risks and threats, and ways to stay safe online.
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* Remind students and staff that the university’s/college’s IT staff will
never ask for their login credentials via email or threaten to turn off access
to accounts if they do not click on a link.

* Ask students, teachers, and staff always to download the necessary
software from the university’s/college’s software centre where they have
been vetted by the IT staff. This will protect them from using pirated and
malware-infected software.

e Implement two-factor or multi-factor authentication [12] whenever
possible. This will reduce the chances for data breaches.

*  Encrypt the student’s data during transmission and storage. This will
minimise the impact if a man-in-the-middle attack or data breach occurs.

*  Deploy technical security measures like firewall, packet inspection and
filtering software, email filtering software, anti-virus software, and others.
Impose specific policies for individual applications and securely enable
increased network speed and throughput. Regularly update anti-virus
software.

*  Provide security guidelines that explain the necessary security measures
[13, 14] students should implement in their personal devices in advance to
attend virtual learning. Inform students, teachers, and staff to contact the
university’s/college’s IT staff if they encounter suspicious events or
activities.

5.0 The Need for Multidisciplinary Knowledge for
Understanding and  Applying  Cyberprotection
Principles

Before and during the Covid-19 crisis privacy guaranteeing [15] and other security
challenges [16] in e-learning spaces along with other online activities intensified
the demands for e-learners’ caring and opened up new domains of rapid application
development and multidisciplinary knowledge use. There are new
multidisciplinary knowledge representation frameworks and application domains
that guide the design of new tools and applications and call upon theoretical and
practical investigations. There seems to be a need for further, multidisciplinary,
and applicable knowledge and manifold thinking [17] skills. Such are, for instance,
apart from digital and computing skills, thinking skills that handle and apply
relevant knowledge from Information Systems Science, Philosophy-Ethics,
Mathematics, Law, Sociology and the list can go on.

5.1 Problem: Perplex! Problem Solving: Via Right Question
Asking! Solution: Multidisciplinary!
The next three subsections provide a clarified explanation of the problem and its

perplexity along with the right questions and knowledge that could lead to a viable
and suitable solution.
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5.1.1 The Problem and its Perplexity

In every day’s digital learning rooms multiple deceitful and convincing attempts
with unusual trustworthy content, known as cyberattacks or social engineering
techniques, can occur through various communication and dissemination means;
and, most notably, in the Internet-based learning communities. Hence, thousands of
e-learners can be convinced to reveal personal, vulnerable information such as
social security ids, bank account numbers, home, and email addresses, passwords,
and the list can go on. For instance, online identity theft, commonly known as
(online) phishing, is an example of social engineering that is often associated with
cyber-attacks which, in turn, obtain, abuse, and misuse personal information.

5.1.2 Problem Solving through Asking the Right Questions

The basic questions of understanding and applying cyber protection are
multifaceted questions that have to be treated with caution while utilising
knowledge and information from other knowledge domains. For example, phishing
is a dark creativity activity online. In order to holistically understand a phisher-user
interaction profile, there is a need to model their behaviours in the context of social
phishing both in rich and abstract details. For that, a cyber-security expert needs to
utilise computable knowledge from user psychology (what is the user’s profile for
user modelling?), Philosophy/Ethics (what is evil?) in order to create a phisher/user
modelling profile able to lead to a mathematically accurate solution to
scientifically compute the perplex social problem that can be of Legal (e.g. GDPR
or/and Data Protection Act) or Technical (data encryption/decryption) nature and,
again, apply it utilising rules from computer/cognitive science and sociology.
Figure 2, from Chaudhary et al. (2017) [19], illustrates such an online user
psychology-based behaviour model [18, 19].
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Figure 2: Conceptual computational modelling of user behaviour in the context of social
phishing [19]

Social engineering online is the psychological manipulation of people in order to
make them divulge their confidential information or perform activities that can be
harmful to their own (online) security and privacy (see e.g. [12-16]). In fact, social
engineers (e.g. phishers, cyber attackers, and others) have certain socio-
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psychological knowledge, and advanced technical skills combined with ethical
and/or moral motivation. They have been associated with dark creativity and
deceitful information acquisition and processing and are often informed on the
legal regulations for invading privacy. The so-called social engineers are various
interesting types of cyber-attackers with often reasonable and justified arguments
for their motivation. They also become more and more sophisticated while they are
familiar with knowledge from many scientific domains.

Notably, social engineers and social engineering resembled, once, terms of positive
connotations and application of interdisciplinary knowledge from socio-technical
domains for societal problem solving [20, 21]. The difference to today’s concept in
the domain of cybersecurity is in the misuse and mistreat of such personal
information but often justifying the means or/and the targets ethically, providing
admirable documentation on their actions.

Notwithstanding, deceiving e-learners to reveal theirs and/or others’ credentials is
also considered unethical and raises multiple questions related to Law and Justice.
Undoubtedly, it would be beneficial for the State, science, and society to i) know
and ii) be able to timely predict the frequency of social engineering activities that
compromise the e-learners and other citizens’ confidentiality, privacy, and safety
[13, 18, 19]. Hence, a relevant research question here could be the following: What
types of multidisciplinary knowledge and skills do cybersecurity professionals need
in order to i) proactively advise e-learners and ii) predict the time and frequency of
cyberattacks and other social engineering attempts that compromise privacy and
safety of e-learners? (see also [18, 19]).

5.1.3 Solution: Multi-Knowledge Models

Some of the latest ongoing and future research and development tools and
applications that are of this multidisciplinary nature and borrow techniques and
knowledge from a multidisciplinary arena of knowledge. Figure 3, adapted and
enriched herein from Berki et al. (2018) [18], shows the multi-knowledge models
associated with multidisciplinary knowledge relevant in cyber protection.
Multidisciplinary education is sometimes used interchangeably with multi-
professional education meaning “occasions when professions learn side by side for
whatever reason” while interprofessional education “occurs when students or
members of two or more professions learn with, from and about each other to
improve collaboration and the quality of care” [20, p4].

Recent research [12-19] also showed that cyber activities like phishing or/and the
spread of fake news become increasingly difficult to recognise, while phishers and
other cyber-attackers become more sophisticated with multi-level knowledge. It
seems inevitable that future cyber-attacks will utilise more (trustworthy) elements
of social and personal contexts, becoming, thus, more dangerous for e-learners’
communities. The (amount of) professional knowledge required to be aware of
phishing/fake notifications based on fake or real news can be very demanding and
combined from a number of knowledge domains.
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Protecting e-learners’ vulnerability and privacy in the post-coronavirus era of
virtual classrooms for better readiness and preparedness is a huge challenge for
cybersecurity experts. The latter are called upon to care for and realise, among
other, two challenging targets in e-schooling: i) improving trust relationships and,
thus, security and safety ii) securing freedom of speech and expression, which
belong to the basic human rights [18, 19].

Cybersecurity
Multidisciplinary

and Cross-disciplinary
Knowledge Domains

Cybersecurity Multi-
professionals Knowledge

Soci itive models

Social Sci gnil
Cognitive Science User-psychol
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Figure 3: Cybersecurity multiprofessionals and their multidisciplinary knowledge
domains

5.2 Achieving Awareness and Understanding of Cyber
Protection: Future Research Directions

With fake news, social engineering, and privacy-compromising around, everyone
must prioritise on achieving awareness and understanding on their own online
security and make the right choices for their own cyber protection mechanisms.
Understanding and acting accordingly in cyber protection is everyone’s
responsibility! Not just the (multi)professionals’ task or duty.

5.2.1 Cybersecurity Multiprofessionals: Tasks and Responsibilities

An essential cross-disciplinary conceptualisation of knowledge for cybersecurity
multiprofessionals is not a remedy-for-all solution. Scientific or ideological
orientations of isolated cybersecurity research and development approaches have
suffered as a result of reductionist abstractions [18, 19]. Accordingly, “the problem
of personal security (the problem of law and order) cannot be adequately
explained by reducing it either to criminality (i.e. the problem between
individuality and universality) or to politics (i.e. the conflict between
particulars)...” [21].

Cybersecurity professionals are IT professionals and interdisciplinary knowledge
workers, who are under constant pressure to learn something new that regularly
appears in cybersecurity/IT subject fields. During the Covid-19 era, the latter
added to the IT professionals’ stress, which also derived from many other
cybersecurity incidents and work-related sources. A constant demand for
continuous training can be a positive feature in knowledge work as far as it is
related to interesting work tasks and autonomy and it is not under stressful work
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situations or intensive work schedules [18]. The downside of the Covid-19
emphasis on multidisciplinarity, flexibility, and lifelong learning has been that
work may also involve multi-level stress due to tight schedules, quick decision-
making rhythms, and unrealistic expectations to keep work-related skills up-to-date
(seee.g. [18, 22, 23]).

5.2.2 Educating the Reflective Learner - Edutainment for Cyberprotection

Understanding and acting accordingly in cyberprotection is everyone’s business!
When personal data is in danger or/and compromised timely knowledge of cyber-
protection can be of absolute importance. Hence, it is crucial for parents, teachers,
learners to know the basics and ABC of cyber protection principles. Everyone, for
instance, should be able to make simple to remember and powerful passwords in
many ways, with or without the use of technology [12, 16]. The use of professional
and sophisticated techniques is also important but more critical is to be able to
understand how these works and how these can be used in different cases.

Edutainment is another powerful source of awareness and understanding readiness
in cyber-protection. Who and why should know about it? Edutainment (education
+ entertainment) is a form of (informal) learning. Learning through using
cybersecurity principles and privacy regulations is a very powerful form and way
of learning. This can be achieved, for instance, through customised
multidisciplinary education and intercultural entertainment products [16, 17, 18,
24, 25, 26]; in this case, they could be called cyber-protection (learning)
innovations. Phishers and their phishing emails can always be questioned [27] and
anti-phishing design can be challenged [28] but could also be developed and taught
through creative and critical learning [29] via suitable problems’ choice [30, 31] in
games or films or simple quizzes or through game-role playing and other
edutainment approaches.

Concepts of usable security, user psychology and computational, dynamic
modelling [18, 19, 32], like those depicted in Figure 2, could be taught in an
interesting and innovative problem-based learning (PBL) way [30, 31] through
philosophical ethics [33], utilising the e-learning concepts [34, 35] and multi-
knowledge models [18, 19, 33, 36] as shown in Figure 3. After all, a cyber-security
condensed and inspiring motto should be: “Hey, teachers: don’t leave the kids
alone online!” [37].

6.0 Summary, Limitations and Conclusions

In this research study the authors explored issues of e-learners’ cyber protection
with emphasis on cyber-security and online privacy in e-learning communities
during the era of coronavirus.

In particular, the authors provide practical advice and guidelines for cyber
protection in e-learning communities as part of a reactive approach to handle the
current problems of security and privacy online as appeared in the educational
needs created by the Covid-19 invasion in humans’ lives. In addition, the authors
explored the concept and application of multi-professional and multidisciplinary
knowledge and its potential use as the most suitable and capable cyber-threats
prevention and e-learners’ protection mechanism.
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Security and privacy in e-learning (or distance mode delivery) are two concepts of
the same coin that raised interesting and topical points of controversy. After all, the
need to consider the use of the term e-learning -as whilst the issues raised with
regard to e-learners are relevant- is, arguably, redundant. This is so because
currently, during Covid-19 era, in many cases students have not, freely, chosen to
be e-learners and are not, sometimes, choosing to embark on a distance learning
course.

It has been unofficially supported that instead of the term e-learning, the alternative
“remote delivery” is the common term used in the UK as it denotes a context
where the timetable and engagement expectations are the same; it is just that staff
and students are not in the physical space(s). As soon as the physical spaces are
open for business the expectation is that face to face teaching will return with a few
variations in terms of potential hybrid delivery patterns.

The country context is also a factor that should further be considered in a more
careful examination. In the UK and Greece, for instance, people and online
learners have been locked down more severely than in many other countries like
e.g. Finland. Hence, the impact of engaging in the cyber worlds and e-learning
spaces may be more pronounced.

In addition, approaches to cyber-security and privacy appear to vary from
institution to institution and from country to which country. Hence this, and
perhaps other similar studies, indicate and summarise cybersecurity concerns to the
best of our knowledge of the situation and the country.

A more detailed account of these and other inter-related e-learning and
cybersecurity issues with more summary statistics and graph illustrations from the
international student survey can be found in Georgiadou et al. [38]. The latter is a
co-authored paper available in this tome of the British Computer Society INSPIRE
2021 annual international e-conference with e-proceedings online.

Regarding cyber-attacks in e-learning communities, complementary actions are
also the following: i) e-learners could and should, eventually, acquire useful socio-
technical skills and digital competencies, and ii) the Law and Justice could be able
to utilise predictive practical information, like for example the General Data
Protection Regulation GDPR body of knowledge issued by the European
Commission and utilised in many countries worldwide.

Learners’ awareness can act as a protection mechanism in the e-learning and social
context of information and knowledge society. Cyber-security protection
guidelines, multidisciplinary adult education and multi-level training programmes,
as well as simple trust management strategies can equip e-learners with proper
knowledge and skills for their online interaction.

Cyber protection-aware e-learners appreciate freedom of expression, privacy,
confidentiality, and other human rights. Empowered and knowledgeable e-learners,
in turn, can collaborate better with cyber-security professionals in supporting safe
social interaction and stability.

Timely awareness and multi-level knowledge can lead to secure and active
participation online as well as better readiness and preparedness. These are the first
steps towards consciousness and caring, which lead to reflective and critical
thinking [17, 29, 37] that are necessary skills for one’s cyber protection from e.g.
phishing emails and fake news.
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Combining and advancing multiprofessional knowledge and awareness can result
in better and timely protection of online learners’ vulnerabilities and privacy. A
trustworthy and multidisciplinary approach to cybersecurity along with multilevel
knowledge for problem solving could encourage learners’ active participation in a
safer e-society and could, eventually, have a long-term social impact. Such a policy
shaping approach could further prove to be the most cost-effective option for the
education organisation, the State as knowledge and e-learning provider, and the
cyber protection professionals.
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APPENDIX A

Training for Cyberprotection in e-Learning before and during Covid-19 crisis
(appearing also in the co-authored paper of reference [38])
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Figure Al: Phishing training before and during migration to e-learning
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Figure A2: Online privacy training before and during migration to e-learning

EEFORE HURINGG

et o " Y

Figure A3: Secure password training before and during migration to e-learning
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APPENDIX B —

Experienced problems caused by cybercriminals before migration to e-learning
(appearing also in the co-authored paper of reference [38])
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APPENDIX C

Experienced problems caused by cybercriminals during migration to e-learning
(appearing also in the co-authored paper of reference [38])
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Abstract

The growing levels of informality in employment directly
impact livelihood options which in turn lead to questions on the
position and value of e-Learning in Kenya. This paper argues
that the COVID-19 Pandemic calls for the prioritisation of
eLearning as it is key to achieving education goals. Education
plays a significant role in economic growth whereby the
cognitive skills of the populace play a fundamental role in the
drive towards realising sustainable development goals (SDGs).
The pandemic exposed the limitations of implementing
eLearning goals due to resource scarcity in impoverished
developing countries reflected in uneven ICT development in
the case for Kenya.

In Kenya, as was the case globally, schools closed to contain the
virus, and learning continuity meant a move to online learning.
However, although offered as the standard, in Kenya, online
education was only available to the advantaged few, with over
seventy per cent of disadvantaged school going students lacking
access. eLearning integration efforts failed to consider these
disadvantages resulting in limited impact and motivation which
were further exacerbated by suspension of examinations. Private
schools, however, were able to implement eLearning,
highlighting the prevailing inequalities. This paper argues that
the underlying reasons are two-pronged, with poor policy design
and implementation playing a role alongside lack of resources,
including ICT infrastructure.

This study utilises desktop studies of secondary data from
journals and policy documents. The global SDGs offer a
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framework for emphasising the importance of a holistic body of
goals and indicators that highlights the prominent role education
plays in development. It argues eLearning necessity for
education as both means and ends due to technology’s promise
and trajectory.

Keywords: Informality, E-Learning, Development, SDGs,
Education

1.0 Introduction

The COVID-19 pandemic forced countries to employ containment and
mitigation measures to prevent the surge in infections that was likely to
overwhelm available capacity [1, 2]. These measures failed to fully grasp the
impact of these directives on the large population of informally employed
citizens whose livelihoods would be affected. With this was, also to a large
extent, as argued in this paper, the reason for eLearning’s integration failures.
The measures included travel bans intra and inter-country by enforcing
curfews and quarantining measures and banning public gatherings and school
closures [3]. However, the number of cases in Africa remained low mostly
attributed to inadequate capacity to monitor and report. Mukherjee (2021) cites
the reasons for this include inefficient health systems, low or absent testing,
and insufficient medical staff. Thus, the reflection of cases is not so much the
actual situation, but that the countries lack the capacity to test and trace [4].
The implications of this are that the threat of disease is present and should not
be ignored, especially in Kenya, where resources to tackle such a crisis are
limited.

These efforts to slow the spread of COVID-19 directly impacted informal
livelihoods which constitute over three-quarters of the population [5, 6].
According to Schwettmann (2020), informal livelihoods are associated with
informal housing and slums characterised by poor housing, water, and
sanitation. These situations impact the containment measures; for example,
handwashing, a key component additional to minimising personal contact are
challenging to adhere to in these conditions. As a result, informal workers are
exposed both in their homes and at work where conditions are unsafe, crowded,
and unsanitary [5]. This situation becomes pertinent when working from home
[7, 8], and education means eLearning from home [9, 10].

Decades of state cutback and lack of funding in healthcare means a fragile
health system as is the case in Kenya [11, 12]. Furthermore, the low per capita
available beds and health professional ratios, high dependency on medical
imports and weak economies mean difficulties sustaining lockdown and health
costs [13]. Additionally, the prevalence of disease burden in comorbidities and
underlying medical conditions, including tuberculosis and HIV/AIDs is high
[13]. COVID-19 thus encounters a fragile health system that has required, and
was in the process of finding ways, to improve both locally and globally [14].
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For example, Universal Health Coverage (UHC) is a crucial agenda for the
World Health Organisation (WHO) and SDG3 as well as Kenya's Vision 2030,
which calls for ensuring healthy lives and promoting wellbeing for all at all
ages [13].

Informality with its links to poverty and the absence of social protection affects
access to health insurance [13]. Lack of access to quality and affordable
healthcare leaves many dependent on out-of-pocket payments [13]. In rural
areas, this situation plays out in a similar but slightly different pattern. For
example, they might be less crowded, but access to health services is on the
decline due to distance and erosion of purchasing power [13]. Over 70% of the
population live in slums in Nairobi, and over 70% are engaged in informal
livelihoods [15]. For example, some governments, Kenya, and South Africa
realised the people livelihoods, especially daily wage labourers, would be
impacted by lockdowns. They anticipated a push back and deployed military
and police to enforce lockdowns (stay at home) policies [14]. States may have
managed to enforce lockdown rules, but the moves have economic
consequences [14].

The coronavirus outbreak has resulted in a global economic downturn that is
likely to have a devastating impact on the already struggling informal economy
[5]. The realisation that lockdowns would impact people's livelihoods,
especially daily wage labourers, is that opportunities for everyday operations
shrink as they depend more on face-to-face interactions for daily earnings [15].
The resulting decline in revenues is estimated to be as high as 80% [5]. The
containment measures' impact on livelihoods and the economy led the
government to offer support, including fiscal stimuli, monetary interventions
and central bank intervention and efforts to assist her most vulnerable [5].
These efforts are, however, inaccessible for the vast majority of informal
workers, among whom are women and others experiencing intersectional
inequalities [16,17, 18, 19, 20].

This paper proceeds to analyse the impact of COVID-19 on the informal
economy, and the responses from the government, development partners and
other stakeholders in the informal economy. It then looks at ICT policy and its
knock-on effect on eLearning and education. Using SDGs as a framework, we
argue that eLearning integration contributes to a key global goal. We
summarise the barriers to integration and concludes by offering policy
recommendations focusing on informality's growth and pervasiveness. The
following section covers the development of informality in Kenya, setting the
scope for the paper.

2.0 Growing Informality

According to Schwettmann (2020), in Kenya, in 2018, 762,200 jobs were
created in the informal sector, ten times more than in the formal sector. In
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Africa, records indicate the highest incidence of informal labour participation
at 67.6 % average compared with the global 60.5% average. Non-agricultural
employment in the informal economy is as high as 76.8%, and with agriculture
89.2% [5]. For women, informality is even more pervasive due to existing
inequality [21, 22, 23]. The feminisation of poverty coupled with
discrimination by gender, age, ethnicity or disability means that the most
marginalised groups are represented more in the informal networks due to lack
of choice and the need to survive [21]. In general terms, informality links
poverty, low productivity, and the absence of social protection [13]. However,
Arvidsson et al. (2017) claim that the notion of informality, although loosely
understood as existing beyond the framework of state regulation, is a bit more
nuanced. Informality does not always mean a complete separation or parallel
system to formal activities [24]. Instead, they argue that the interrelationships
between the formal and informal are complex and complimentary, as seen in
analysis from various theoretical perspectives. These include modes of
production, regulation, neoliberalism [25] [26] income generation activities
[27], livelihood approaches [28] survivalist lived experiences and gender [22.
[21, 23].

An overview of issues that characterise the informal sector raises challenges to
eLearning integration [29, 20]. The economic context, the legal situation,
levels and scope of regulations and policy frameworks align causes of
informality [5]. At the micro-level, informality could result from low education
levels, discrimination, poverty or gender inequality. These result in a lack of
access to economic resources, property and finance, business services and
markets. Furthermore, high informality results in a challenging environment to
ensure human rights and decent working and living conditions [5]. It also
negatively impacts enterprises' growth, control, and maintenance of public
revenue, limiting the states' capacity to act. The soundness of institutions and
social justice is therefore in question [5]. As much as it is difficult to
homogenise the informal sectors, these are common characteristics that link
these informal spaces. Statistics reveal the core role that informal employment
plays in various forms within and across economies, and encompasses diverse
situations and phenomena based on the country's conditions [5]. These
characteristics include:

(1) Self-employment with particular vulnerabilities to health shocks and not
covered by the narrow social protection systems. The workers are
unrecognised as they are not registered, are unregulated, and do not fall into
categories subject to labour and social protection [15].

(2) Their income is often low, and irregular characterised by small and
undefined workspaces, unsafe working conditions, unhealthy working
conditions, and unregulated working hours that yield low or irregular incomes
([7]- Informality is also closely linked to slums (Austrian et al., 2020).
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(3) Poor representation in local and national governance structures and
vulnerable results in lacking labour laws protection ([7].

(4) Finally, they also lack continuity and access to education and training,
resulting in lack of access to training, markets, finance, and technology [15].

Due to COVID-19, governments established rescue packages for both citizens
and business survival [30]. Formal workers were, in some cases, furloughed
or allowed to work from home [18]. Still, these were less generous in low-
income countries, and opportunities to work were less applicable or available
[19]. Also, a large percentage of the population cannot work from home, which
undermines employment and income streams with implications during and
after the pandemic [8, 12]. Economic measures failed to target the informal
sector despite informal employment forming the more significant part of
countrywide employment and those involved being the most vulnerable [8,
12]. For example, social assistance funds designed for the vulnerable fail to
meet the criteria as the age group is between 15-60 years. The bulk of informal
sector workers are not considered needy, and in most cases, their businesses
are not considered enterprises. Other measures such as reducing billing rates
also do not impact the informally employed as they are not connected to the
grid anyway [19]. Many rely on self-help mechanisms and community-based
response strategies [19].

Informality is widespread in low and middle-income countries whereby in
some cases, such as Mogadishu, Kinshasa, and Addis Ababa, it accounts for
the bulk of economic activity where it is normal and mainstreamed and not
deviant [24]. The informal is thus complex, not homogenised, leading to
contestations of studies of informality association with poverty. Arfvidsson et
al. (2017) argue that simplistic understanding alludes to a dichotomy that leads
to misleading data, and ultimately to ill-informed policies and decision-
making. The need for better policies is ever more pertinent due to this growth
of informality and the implications regarding the realisation of SDGs, in this
case, education goals [24]. Additionally, political representation must consider
the voices and views of the growing complex network of people whose
wellbeing is centred on informal livelihoods [5, 12].

The trend towards informality poses important questions as technology
integration is pedagogically important to eLearning [11]. The government's
failure to tailor responses challenges the capacity to educate, among other
SDGs. These discrepancies have implications for ICT and eLearning, and tion
in general, as explored in the next section.

3.0 ICT integration, eLearning, and SDGs

ICT development, SDGs and growing informality are parallel evolving
discourses [14, 31]. For nearly three decades, authors such as Heeks and
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Ospina [32] among others have documented ICT's widespread impact and
solutions for developing countries. They include technology and knowledge
transfer, processes and socially embedded nature of actions, and transformative
interventions. These are critical areas of ICT that remain prevalent to date [33].
Included in these is democratising education, one of ICTs primary uses often
as an overlapping concept with blended learning, eLearning, online courses,
and online or distance education [34]. ICT integration has been sporadic and
uneven. Kenya’s strategic plan, Vision 2030, cites technology establishment
as one of its key aims. It boasts one of Africa's fastest-growing mobile and ICT
growth trajectories [35]. However, the growing inequality both globally and in
Kenya [25], reflecting educational outcomes and access to digital resources,
contributes to the ever-increasing digital divide [36, 37, 38, 39, 40]. The digital
divide is the gap between the digitally literate and those that are unexposed or
illiterate, sporadic users and non-users [36] [40]. The statistics are damning.
Only an estimated 22% of Kenyans in public primary schools have access to
digital learning [41]. Considerations of private schools shift the numbers to
48%, demonstrating evidence of the digital divide.

Integrating ICT falls mainly on the administration placing governments at the
fore of ICT integration [ 42, 43]. In Kenya, the state typically executes top-
down policy-making together with external influences from the mixed welfare
systems where the governments and international development organisations,
local NGOs and community development groups contribute to welfare [44].
The results can be problematic, including aid dependency and lack of dialogue
amongst the stakeholders, resulting in low and unequal ICT integration [43].
The digital dividends — a world bank assessment of development benefits on
ICT integration exemplifies this as efforts fail to meet expectations. Resources
and infrastructure fail to meet the expectations of reform strategies [ 45].
Government efforts have shown mixed results; for example, to fulfil the
Education for All (EFA) targets, the government introduced free primary
school education with ICT integration in 2003 [43, 44, 46]. The results were
high school enrolments but falling quality in education as the enrolment surge
overwhelmed the infrastructure [47, 48]. The Kenya Education Sector Support
Program (KESSP) and the National ICT Strategy for Education and Training
were mandated to achieve EFA [44]. However, both bodies have failed to gain
traction as ICT remains unavailable for the majority of the population,
especially those in the low-income bracket [42].

Reports indicate ICTs role in enabling universal access to education, boost
equity and enrich the delivery of quality learning and teaching [43]. However,
the achievement of this requires mindset changes from the stakeholders,
including educators, curriculum developers and administrators and
policymakers. For example, a few months into the pandemic, after insisting
that online learning was occurring, the Kenyan government realised that
eLearning failed across the board [49]. The failure led to the cancellation of
learning and exams resulting in learning loss for two-thirds of the population
who frequently experience suboptimal education delivery [10, 49, 50]. Indeed,
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as 0f 2019, a World Bank report noted the absence of standalone digital skills
as a standalone compulsory subject in Kenya [51]. In terms of resources and
access, some scholars cite the use of readily accessible and familiar gadgets
and tools to support modes of eLearning might serve certain populations better
[52]. There is an agenda on paper, but the digital learning policy is ineffective
in practice, especially for the poor who need it the most [53, 54]. COVID-19
is a healthcare-based disaster that brings together the failed ICT integration
agenda with growing informality which further challenges to digital
integration.

Investment in ICT infrastructure, technical expertise and psychological
preparedness summarise the areas that require attention [55]. ICT integration
has implications for eLearning and, ultimately, education outcomes [56].
These must be core policy considerations bearing in mind the overarching
growing informality. The importance of eLearning cannot be viewed in
isolation, as its direct links with education are in line with the extent of
cognitive skills in the achievement of sustainable development goals (SDGs)
economic growth [43, 56] and better humane societies. The following section
looks at SDGs goals, and their interrelationships with the lens focused on
SDG4.

4.0 SDGs

The Sustainable Development Goals (SDGs) replaced The Millennium
Development Goals (MDGs) [57]. MDGs focused on eliminating poverty in
poorer countries, while SDGs consist of 17 goals that apply to all countries
[58]. SDGs also recognise that the transition to global sustainability must
consider the interconnectedness and interdependence of our world [59]. This
interconnectedness requires commitments and substantive changes to the
status quo, country by country, irrespective of socioeconomic position [24].
For example, SDG4 quality education focuses on exclusive, equitable, quality,
and lifelong education [57]. Additionally, education plays a critical and
imperative role in achieving all the other goals [60]. SDG4 plan aims to
improve education outcomes, including access to early childhood development
and care and pre-primary education, improve equality of access for men and
women, access to quality technical, vocational, and tertiary education, the
elimination of gender disparities in education and equality of access for
persons with disabilities, vulnerable and indigenous groups; and the
achievement of literacy and numeracy for all youth and a large proportion of
adults [57]. The goal is to ensure all learners awareness, knowledge, and skills
to promote sustainable development through the development of sustainable
lifestyles, human rights, and equality. Additionally, it fosters a culture of peace
and non-violence, global citizenship, appreciation of cultural diversity, and
contribution to sustainable development [57].

Debates on how best to integrate ICT or deliver eLearning as a workable option
in low- and middle-income countries, in summary, includes (1) aligning
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stakeholders goals, for example, positioning goals with the delivery of SDGs,
or Human Rights [61] (2)embedding human development and capability
approaches [55, 62, 63, 64, 65], and considering the roles of multi and
transdisciplinary collaborations SDGs requirement for realisation due to their
range and scope [58, 66]

Scholars and practitioners criticise SDGs ambitious agenda [6, 11, 66, 67]. For
example, developing global indicators requires developing metrics that miss
many targets, especially inequality matters where substantive and not simply
distributive agendas are realised [68]. Moreover, the lack of robust and reliable
data hinders SDGs from becoming the envisioned powerful and effective tool
that argues for a data revolution on the one hand and the strengthening of
statistical systems from the local, national through to international levels,
which would allow comparative analyses on the other hand [65]).

Pervasive informality meets SDGs to offer a subnational goal that focuses on
undeniably important areas to the realisation of sustainable development [6, 8].
Highlighting these concerns seeks to raise awareness of informality's
challenge, and to realise the complexities of finding focused strategies for
building capacities for transitions towards sustainable development [24]. The
barriers to ICT implementation, which this paper argues reflect barriers to
eLearning, include infrastructure, technical expertise, and psychological
preparedness. Lack of representation in local and national political structures
have implications for education attainment and SDGs.

5.0 Summary: Barriers to eLearning

Informality is linked closely to low income and slums. School closures meant
eLearning from home for all. For the vast majority of Kenyans, informality
characterises this experience. Infrastructural challenges at the micro level
include low or lack of access to hardware, software and the internet. Lack of
computer equipment, access to electricity mains and alternatives in some cases,
undefined housing and workspaces, unsafe and unhealthy working conditions,
unregulated working hours mean a lack of capacity to ensure or support efforts
for eLearning integration. Parents and guardians, for example, play a role
through the management and direction of eLearning as they work from home
during the pandemic. This opportunity to work from home does not exist for
informal workers; hence, they cannot offer eLearning support to their children.

Additionally, loss of income means families struggle to get food and other
basic needs. The cost of electricity and the internet become secondary to more
basic requirements. At the macro level, failing state-led projects to provide ICT
integration at all levels means disadvantage across most of the population.
Computer literacy is low. The digital divide is evident with the wealthier, the
primarily urban population having access to digital resources and the capacity
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to support eLearning. At the same time, those in deprived areas lack at all
levels.

Technical expertise to design and deliver eLearning exhibits shortcomings at
the state level in as much as programmes were developed and delivered. There
are limits to access for the vast majority who lack the resources. Those in the
low-income bracket also have the added disadvantage of most probably not
being computer literate and, in some cases, even lacking basic literacy. The
low educational attainment characteristic of those in low-income brackets also
means the more inadequate capacity to access information on training,
markets, finance, and ICT technology. They cannot technically support the
access and dissemination of eLearning. The shortage of teaching capacity is
due to teachers not being computer literate.

Lack of psychological preparedness for the role of ICT and the role that
eLearning plays in education is evident. The state has continuously failed to
integrate ICT broadly and evenly, exacerbating the digital divide. The lack of
interaction with ICTs for those in the low-income bracket has ill-prepared them
for, at the minimum, equating eLearning with educational attainment and thus
prioritising eLearning.

6.0 Conclusion

This paper noted the development of ICT development, SDGs and growing
informality as parallel evolving discourses which now encounter a global
pandemic. The coronavirus outbreak in 2020 has resulted in a global economic
downturn that is likely to have a devastating impact on the already struggling
informal economy. In Kenya, informal employment constitutes nearly three-
quarters of the population, with direct implications on livelihood. The
government established rescue packages for the survival of both citizens and
businesses. However, the informally employed are unable to access offered
assistance or any of the social assistance packages due to the informality of
their enterprises and livelihoods. In addition, decades of state cutbacks and lack
of funding in healthcare means a fragile health system. Access to healthcare
has further implications for those in informal employment who cannot pay for
or access universal health insurance and therefore have to pay out of pocket for
costly medical care. Schools were closed to contain the virus and to prevent
overwhelming the capacity of a struggling health system.

The only way to realise learning continuity was to move to online learning.
Still, the move faces multiple challenges stemming from historical integration
issues, which leads to questions of the value and position of eLearning. Beyond
resources, technical expertise to design and deliver eLearning exhibits
shortcomings at the state level. As much as programmes were developed and
delivered, technology teaching professionals, teachers, and family support are
lacking. Teachers do not need technology qualifications; therefore, they can't
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provide or inspire eLearning. Lack of psychological preparedness for the role
of ICT and the role that eLearning plays in education is evident both from
teachers and students.

In line with Kenya's strategic plan Vision 2030, technology establishment as
broadly integrated ICTs is a core goal. However, the trend towards informality
poses essential questions as technology integration is pedagogically important
to eLearning. Reports indicate ICTs role in enabling universal access to
education, boosting equity and enriching the delivery of quality learning and
teaching. A plan exists on paper, but the digital learning policy is ineffective
in practice, especially for the poor who need it the most. An overview of issues
that characterise the informal sector raises challenges to eLearning integration.
In terms of representation, the inclusion and participation of informal sector
representatives in policy design relevant policies in the emergency policy
framework would realise solutions that cover the growing population.

The Sustainable Development Goals (SDGs) offer a framework for analysis of
ICT, education and elearning. Within this framework, ICT integration can be
part of realising SDG4: quality education focuses on exclusive, equitable,
quality, and lifelong education—the alignment of stakeholder’s goals, which
include positioning goals with the delivery of SDGs.

Additionally, embedding human development and capability approaches that
already inform SDGs and other critical development narratives serve the
realisation of SDGs. And finally, it is necessary to consider the roles of multi
and transdisciplinary collaborations that SDGs require for their realisation due
to their range and scope while simultaneously considering scholars and
practitioners' criticisms of SDGs ambitious agenda. When it comes to
eLearning in particular, the matters raised in this paper are underexplored and
should form the basis for future research and studies.
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Abstract

Emergence of COVID 19 pandemic has dramatically changed the
higher education landscape. Universities around the world have been
forced to embrace e-learning as a measure to contain the spread of the
virus. As much as there is expansive literature on the potential benefits
of e-learning, there is still a need to understand the user acceptance
process as the students have not fully embraced e-learning. Students
are expected to have the right attitude and perceive e-learning
positively for it to be effective, otherwise they may be reluctant to
adopt it. Student attitude plays a critical role in ensuring smooth
adoption of e-learning. This paper focused on assessing the
determinants of student attitude towards e-learning adoption.
Specifically the paper examined the effect of perceived usefulness,
perceived ease of use and challenges to adoption of E-learning. The
study was anchored on the Technology Acceptance Model (TAM)
which explained and predicted user behavior in regards to information
technology. Survey research methodology was used. An online
survey was conducted using Google forms to elicit the required
information. The study adopted a convenience sampling technique to
select a sample of 236 undergraduate students undertaking Bachelor
of Commerce, Bachelor of Science in Economics and Bachelor of
Science in Economics and Statistics from the School of Business and
Economics. Recommendations were drawn from the findings. The
study findings provide greater insight into the determinants of student
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attitude and provide valuable insights for policy makers, practitioners,
developers and designers in successful implementation of e-learning
systems. The research will contribute to the improvement of student
attitude towards adoption of E-learning.

Keywords: Adoption. E-learning, Perceived ease of use, Perceived
usefulness, Student attitude

1.0 Introduction

There has been a substantial growth in the utilization of E-learning platforms around
the world in higher education [1] Tremendous growth has been reported in several
countries such as Korea [2], Denmark[3], United States[4] and South Africa [56. E-
learning refers to instruction delivered through all electronic media in particular the
internet, extranets, intranets, audio/video tape, satellite broadcasts and CD-Rom and
interactive TV [6]. According to Abbad, Morris and De Nahlik [7], e-learning is any
learning that has been enabled electronically.

E-learning has come to be more and more important in institutions of higher
education. Decman, [8] and Glenn [9] pointed out that higher learning institutions
throughout the world have adopted e-learning to support and also enhance their
learning as well as teaching activities. Wagner, Hassanein and Head [10] emphasized
that e-learning availed extra prospects for interactivity during content delivery
between students and teachers. Amongst the many advantages of e-learning are that
it is self-paced, less expensive in terms of delivery, provides consistent content, it is
fast and can be used anywhere and anytime for the learners [11]. Moreover, in the
wake of COVID-19 e-learning has gained much prominence.

According to Aiken [12] attitude is a ‘learned predisposition that is learned so as to
respond either positively or negatively in regards to a particular object, institution or
even a person’. A student’s attitude may be affected in several ways and this depends
on the teaching method employed. Bertea [13] contends that attitude depicted the
possibility of adoption of certain behaviours. In regards to e-learning students’
favourable and positive attitude suggests a greater probability that they will accept
it. Grunwald [14] reported that the potential adopters ‘beliefs and attitudes, perceived
usefulness and ease of use influenced technology adoption. Similarly Yang and Lin
[15] reiterated that the learner’s attitude towards the internet was a determinant of
their motivation, interest and also performance in the online learning
environment. According to Lim, Hong and Tan [16] and Selim [17], students’
positive attitudes and behaviors towards e-learning are crucial for their e-learning
readiness and acceptance. Moreover, Ho and Kuo [18] argued that learner’s
computer attitudes played a critical role in regards to online learning usability. Thus
the students’ attitudes, beliefs and satisfaction with the technology are imperative
for the future success of e-learning initiatives.

252



In Kenya, public universities have mostly blended learning where online learning
and face to face learning are integrated though they have lagged behind in
implementing it fully [19]. Masinde Muliro University of Science and Technology
is a public university located in Kakamega County, Kenya. The University operates
in an environment experiencing rapid technological changes and amongst the key
changes include; internet, information sharing, e-learning modes of study and digital
technologies [20]. As much as the university has embraced e-learning, its effective
implementation is yet to see fruition.

1.1 Statement of the Problem

Literature has consistently suggested e-learning to be the best alternative to
managing constraints to accessing education [21]. Currently, COVID-19 has posed
a challenge with regards to access to education thus necessitating the adoption of e-
learning. However, successful implementation of e-learning in education relies
much on students ’ attitudes towards it as such studies have pointed out poor student
attitude as being a limiting factor in the adoption of e-learning in public universities
[22, 23]. Further previous studies have postulated that student attitude is a
determinant of e-learning adoption [16, 24, 17]. Students’ perceptions as well as
aspirations should be taken into consideration as it directly affected their learning
space including learning style [25, 26, 27, 28]. It had been argued that the
implementation of e-learning depended on having a positive attitude and it did not
matter how advanced or even how capable the technology used was [29].This paper
therefore intended to assess the determinants of student attitude towards e-learning
adoption at Masinde Muliro University of Science and Technology.

1.2 Research Obijectives
This research paper sought to address the following three main research problems:

i)To assess the levels of perceived usefulness, towards e-learning adoption at
Masinde Muliro University of Science and Technology

ii)To determine the levels of perceived ease of use towards E-learning adoption at
Masinde Muliro University of Science and Technology

iii)To ascertain the challenges towards E-learning adoption at Masinde Muliro
University of Science and Technology

2.0 Literature Review
2.1 Theoretical Framework

Davis [30] developed the technology acceptance model (TAM) which points out
perceived usefulness and ease of use as being determinants for developing a
particular attitude towards technology acceptance. The model demonstrates that
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technology adoption by students based on information technology can be explained
by perceived ease of use as well as the perceived usefulness. According to Park
[31], TAM is a well-known model linked to technology acceptance and use and it
is also used to explain and predict user behaviour with regards to information
technology. TAM explores the acceptance of information technology [30]. On the
same vein Al- Adwan, Al- Adwan and Smedley [32] alluded that the model
measured acceptance, usefulness and also use of technology. Perceived ease of use
is the extent to which a person believes that the technology can be used without
difficulty and perceived usefulness refers to the degree to which a person believes
the technology would enhance his job performance [30]. Ease of use results in better
performance and even greater perception of usefulness.

2.2 Empirical Literature Review

Parker [33] posited that learners who were comfortable in using technology and had
a positive attitude towards it were more likely to be successful within an e-learning
environment. Andersson [34] carried out a study on challenges for e-learning courses
in developing countries with specific focus in Sri Lanka. She found support,
flexibility, teaching activities, learning activities, academic confidence, access,
localization and attitudes as the major challenges. Masrom [35] found that perceived
usefulness has a significantly influenced attitude of students and their intention to
use the e-learning system. He explained that students may be willing to use e-
learning applications that were beneficial, thus suggesting that students tended to
dwell on the technology’s usefulness. He further suggested that e-learning training
as well as information sessions should emphasize on ways in which technology
could enhance productivity, effectiveness and efficiency of the students' learning
process.

Qteishat, Alshibly, Alqatawna and Al-Ma’aitah [36] conducted a study in Jordan’s
higher education institutions and they examined the factors that contributed to
student attitudes towards e-learning. The research utilized the Technology
Acceptance Model and established that perceived usefulness and ease of use of the
technology, extent of technological support and previous technological experience
influenced student attitudes towards their willingness to adopt E-Learning.
Almarabeh [37] conducted a study on Students’ Perceptions of e-learning at the
University of Jordan and established that the students were not only well acquainted
with the e-learning system but also had sufficient knowledge of its benefits.

Adewole-Odeshi [38] carried out a study in selected South West universities in
Nigeria on how student attitude influenced e-learning. The study used the
Technology Acceptance Model (TAM). Questionnaires were used to collect data and
for data analysis both descriptive and inferential statistics were employed. Findings
revealed that students perceived the system as being easy to use and also useful and
as such they had a positive attitude towards e-learning. Pilli, Fanaeian and Al-
Momani [39] investigated students’ attitude towards using E-learning system. The
study established that technological factors, student factors, perceived usefulness
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and ease of use influenced attitude towards use of e-learning. The technological
factors included the quality of the system, service quality and quality of information.
Student factors included technological experience and keenness and satisfaction
levels. Odero [23] established that public universities in Kenya experienced certain
challenges such as poor lecturer attitude, poor student attitude and perceptions,
increased workload, inadequate finances, poor infrastructure, inadequate technical
skills and insufficient internet connectivity. However, the study utilized a desktop
approach.

3.0 Research Methodology

This research wused survey methodology. Data was collected from
undergraduate learners by administering a structured questionnaire. This was done
while adhering to the objectives of the study. Given that COVID-19 pandemic spread
globally and for the purpose of safety, the researcher conducted an online survey
using the structured questionnaire developed.

3.1 Respondents

The study was conducted at Masinde Muliro university of Science and Technology,
Kenya. The study targeted 250 students. The respondents were a sample of 26
undergraduate students at the School of Business and Economics undertaking
Bachelor of Commerce, Bachelor of Science in Economics and Bachelor of Science
in Economics and Statistics and Bachelor of Science in Accounting.

3.2 Data Collection and Analysis

The researcher collected data using a Google form. This was chosen because it was
easy to create using the current Gmail account and its efficiency in collecting data.
The undergraduate students were also able to easily navigate the interface as they
have had several recent online surveys since the pandemic broke out. In addition,
feedback received was stored for analysis. Finally, it allowed for unlimited questions
and answers without minimal cost, compared to other survey tools requiring a
payment based on the number of questions and recipients.

Non-probability convenience sampling [40,41] was used in this study. Data was
collected using both structured and unstructured questionnaires. The structured
questionnaire used a 3-point Likert scale (Where 1 = Not at all; 2 = Small extent 3 =
Great extent) to measure students’ response. The research instrument for this study
contained items constructed by adapting items generated from the extant literature
which were previously validated tools that were used to investigate the perceived
usefulness ,ease of use and challenges of adoption to e-learning. The survey items
were spread across three sections: Section A contained 4 items that capture
demographic data of the respondents including: gender, age range, course
undertaken, year of study and self-reported previous use of e-learning systems
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(computers, e-mails, Web 2.0 tools, etc.). Section B had 30 items on perceived
usefulness and ease of use and Section C had items on challenges of adoption of e-
learning.

The students were asked to elaborate on what they would recommend to enable them
to have a positive attitude towards e learning and to comment on why or why not
they felt the course was well organized. Data was analysed using descriptive
statistics and content analysis. Results were presented in figures and tables.

4.0 Results and Discussion

4.1 Response Rate

The response rate was 94 % as 236 students responded out of the targeted 250. This
response rate is adequate as proposed by Kothari [42] who considered responses
above 70% as being excellent.

4.2 Validity and Reliability

Validity and reliability of the instrument was face-validated by the research
supervisor and also by a measurement and evaluation (test) expert in one of the
universities within the locality. This validation procedure was aimed at checking the
content and overall format of the research instrument, including individual items, the
wordings and statements used.

4.3 Demographic Characteristics of Respondents
Descriptive statistics was obtained on the respondents’ demographic details.
4.3.1 Gender of Respondents

According to figure I, out of the 236 respondents, 158 were male (66.95 per cent)
and 78 were female (33.05 per cent).
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Gender of the respondents

= Male

= Female

Figure 1: Gender of respondents
4.3.2 Age of Respondents

As indicated in figure 2, 38.08% were less than 20 years, 60.67% were between 21-
25 years and finally 1.26% were above 25 years.

Age in years

More than 25 years I 1.26

Less than 20 years
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Figure 2: Age of respondents
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4.3.3 Course Undertaken

The respondents were drawn from undergraduate programs in the School of Business
and Economics, whereby 40.25 % of the respondents are currently und