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Abstract 
That higher education systems is anticipated to prepare students for a productive life in respective 
professions after graduation has become a general expectation amongst intelligentsia. Depending on 
the social, economic, technological, and governmental objectives within the educational system, a 
deliberate pedagogical approach as well as educational tools and systems are key to this process. More 
so, is the curricula mix, which is the operational blue-print towards the desired educational outcomes. 
The 4th Industrial Revolution (4IR) context however, adds an excitingly innovative twist. Big data, data 
analytics, information and its innovative exploitation are the epitome of the 4th industrial revolution. 
Rationale/problem/need: In the 4IR economic age, multi-level customer interactions and customer 
profiling, literacies in augmented reality and 3D printing, mobile devices and big data analytics, location 
detection for mobile learners, interactive trans-border learning collaborations, electronic authentication 
and fraud detection in case of remote participation and collaborations, define the learning environment 
of a student in the 4IR era. Meaning that capacity to develop, exploit, exchange, and to transform data 
into information cannot be ignored in HE learning solutions, if competitive learning outcomes are to be 
realized. For this purpose, the significance of solid data facilitative resources cannot be over-
emphasized. Cloud computing and similar solutions emerge as useful data-facilitative enablers in this 
respect. With this background in the hindsight, we wanted to understand the readiness of higher 
education institutions in the developing world, to meet the ever increasing data handling realities of the 
4IR educational system. Focus area: Emphasis was placed on the potential of cloud-computing solutions 
in facilitating digital content delivery (and exchange) across universities in the Southern African 
Developing Economic Community (SADEC) region. Methodology: we drew on a qualitative exploratory 
research work on pressing educational data handling challenges of students and staff in 4 Zimbabwean 
universities to unpack the status of the problem, and to explore a subsequent technical solution. A rich 
body of literature further pointed us to the reality of data handling needs on the educational system 
within the 4IR – the insight that guided our findings and recommendations. In essence, we used a mixed 
methods approach: incorporating a combination of qualitative, literature analysis and a design science 
methodology. In a survey to gauge learner practices, and to understand electronic tools in use by a 
modern student in South Africa and Zimbabwe university, Findings point to sub-marginal institutional 
adaptions to technological evolutions of the modern era, with non-collaborative institutional approaches 
to e-Learning, and practices to using Learning management system (LMS) in Southern African 
universities. Our Recommendations – are that the university system has to adapt to exigencies of the 
4IR. Not only its pedagogies and curricula, but also relevant enablers (tools and systems) towards 
enhancing relevant educational outcomes, urgently. A shift in computer assisted learning discourse, 
from trivial questions of educational technology adoption, into theories of innovative learning through 
creative harvesting and engagement of big data also seems over-due. An innovative touch to computer-
assisted learning practices in the 4IR era is needed. For, in the digitisation era of advanced human-
machine interfaces, enablers of mobility, independent, collaborative, interactive, experiential and 
innovative engagements with knowledge in contemporary learning solutions are suffocated by traditional 
isolationist e-Learning practices and rigid LMS deployments in universities within the peripheral 
environments. A cloud based solution to regional collaboration over institutional learning management 
systems is the initial recommendation to educational data management process enhancements in these 
contexts. 
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1 INTRODUCTION 
The argument that “Education has problems. Technology has solutions looking for problems” [1], is just 
as true today, as it was in its first publication back in 2008. Even more fitting is a subsequent conclusion 
to the hypothesis, to the effect that as such, “the two should fit”, which is a conviction that should, 
logically, “fuel the continuing interest in technology-enhanced learning” [1].  

In the knowledge-based economic context of the 21st century information society – where technology is 
the nucleus of all life compartments, be it work, learning or play [2] however, the logic should transcend 
educational boundaries, fittingly extending to all modern life contexts. For, just as the thought was 
revolutionary in the 3rd generation technological era of computer-led robotics and automation [3], has 
become increasingly relevant in the 4th industrial revolution (4IR) of the innovative cyber physical 
systems [3].  

The 4th industrial revolution is outlined in a comparative context to preceding industrial revolutions in 
Figure 1. 

 
Figure 1. Technology-Centric Industrial Revolutions – Case of University Readiness  

From the 1st to the 3rd industrial revolutions however, education systems have always been anticipated 
to prepare students for a productive life in respective professions, be it in academia, science, public 
service or in business and industry [4]. The needs of the industrialisation structure in each innovation 
era relied on the ability and readiness of the university to advance relevant research, teaching, and to 
supply appropriate skills.  

Depending on the social, economic, technological, and governmental objectives of an educational 
system in any of the industrial revolutions, a deliberate pedagogical approach, tools and systems are 
always key. More so, is the curricula mix, which is the operational blue-print towards the desired 
educational outcomes. The 4th Industrial Revolution (4IR) context however, adds a new innovative twist. 
For, the defining data-centric cyber physical systems of this economic age are demanding of the higher 
education system, urgent innovative responses – both in terms of curricula focus and related supporting 
pedagogies. Data-centrism for example, talks to fluency with big data, data analytics, information and 
its innovative exploitation literacies, and to the underlying learning approaches. For, these have proven 
to be the epitome of the 4th industrial revolution, with defining implications to educational systems.  

The building blocks of this rationale are widespread. In the 4IR for example, multi-level customer 
interactions and customer profiling, literacies in augmented reality and 3D printing, mobile devices and 
big data analytics, location detection for mobile learners, interactive trans-border learning activities, 
electronic authentication and fraud detection in case of remote participation and collaborations, define 
the learning environment and the necessary learning tools commensurate with the HE context of a 
modern university [5]. To this effect, we explored e-Learning practices – with particular emphasis on 
adoptions and deployments of Learning management Systems in local higher education institutions. 
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2 E-LEARNING AND LEARNING MANAGEMENT SYSTEM ADOPTIONS IN THE 
4IR 

In the reading process towards conceptualisation of this study, we became curious of the current 
practices in which educational technology was being used in modern Southern African universities, with 
literature observations igniting a considerable level of suspicion in prevailing practices.  

In essence, e-Learning have come to imply a mere presence (and undefined use) of a learning 
management system in many universities. The pattern appeared to be stand-alone (none-collaborative) 
adoptions of learning management systems (LMSs) such as Blackboard, Moodle, Vula, etc, and learning 
practices - with research still stuck at the trivial adoption and use debate. Researchers appeared “only 
too pleased” (content) with knowing if LMSs are being used, by whom, and sometimes, also for what 
purposes – with very little concern on the questions of relevance and appropriateness. It leaves you 
wondering about the purpose of the very research. For, there is a difference between research, and a 
popularity contest towards outdoing other researchers, or pitching the “publish or perish” push - without 
interest on issues that really matter to the quality of educational outcomes. Key issues of bandwidth, 
access, connectivity, literacies, data sharing infrastructure, collaborative learning platforms, and 
attempts to link current e-Learning practices with education outcomes, are not adequately evident in 
research agendas of these suspiciously-intentioned “armchair analysts”.  

2.1 Storm in a Tea-Cup! 
Instead of educators and curriculum specialist talking about the readiness of the modern university to 
the demands of the 4IR, the 4IR is left to fend for itself. Indeed, the 4IR has begun to question readiness 
of universities’ curricula and pedagogical approaches to the educational demands of the data-centric 
revolution [9]. Questions are: if an LMS is adopted and used as a technological solution, how relevant 
are current uses to the learning demands that the 4IR has on the 21st century university?  

It further asks of universities, standpoints on a collaborative teaching and learning route. The 4IR is 
demanding answers on data handling capacity efforts to support innovative learning, and more 
significantly, it asks of relevant infrastructural readiness to facilitate high-end technological innovations 
needed to produce a 4IR ready graduate.  

Yes, these seem to be technical questions, but also demand strategic reflections and decisive policy 
stand points on university decision-makers. Curriculum developers are not spared the critique either. 
Pedagogical questions of trans-border collaborations and infrastructure capacity for educational data 
storage and exchanges also begs for a balanced socio-technical discourse to the leadership of HE 
institutions.  

However, the cloud computing innovation, outlined in subsequent sections below, offers a useful 
innovative option on data storage and exchange solutions for universities in the 4IR. The focal points 
(elements) of innovative disciplines that are high-end computer-dependent, be it for the industrial, 
economic, social, and educational support in the 4IR, adequately mitigate the case of their own data-
storage efficiencies (Figure 2). 

 
Figure 2. The Cyber Physical World (Source: Grill, 2018) 
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Clearly, whilst a convergence between the cyber, the biological and the physical worlds summarises the 
characteristics of the 4IR in Figure 2, data and its facilitative skills is the nucleus. Big-data and the 
internet of things in particular, cries for the ability to access and work with stacks of data, anytime, 
anywhere, and effortlessly, with minimal quality compromises. The question then is, how can a university 
that disregards this link (at the expense of such evident 4IR exigencies), facilitate the 4IR ready learning 
outcomes in its academic throughputs – with relevant proficiency?  

Argumentatively, indeed the capacity to develop, exploit, exchange, and to transform data into 
information cannot be ignored in the 4IR higher education (HE) learning solutions if competitive learning 
outcomes are to be realized. Notably, the positioning of cloud computing at the top-centre of Figure 2 
emphasizes its’ usefulness as a data exchange enabler in many contexts. There are other solutions, 
and even more alternative solutions may continue to emerge in time. As things stand however, cloud 
computing has proven itself as the ultimate option. 

From the cyber-physical world phenomenon in Figure 1, we observe the evident significance of 
collaborative engagements, even in HE teaching and learning processes. From this observation, 
questions of pedagogical responses in local universities’ deployments of e-Learning technologies and 
systems emerged among the authors – with anecdotal and scientific evidence suggesting a cause for 
suspicion. In terms of the enabling environment to supporting optimal data sharing across learning 
systems, we could immediately smell a rat (figuratively speaking). Hence, we wanted to understand the 
readiness of higher education institutions in the developing world, to meet the ever increasing data 
handling realities of the 4IR educational system. Emphasis was placed on the potential of cloud-
computing solutions in facilitating digital content delivery (and exchange) across universities in the 
Southern African Developing Economic Community (SADEC) region.  

3 WHY CLOUD COMPUTING? 
Technology clearly presents itself as a deliberately devised response to a specific life problem. Indeed, 
as you will appreciate in the discussion below, the historical background of cloud computing in particular, 
suggests a purpose-specific model of evolution. Effective data storage & exchange capabilities across 
(and beyond) institutional boundaries, being this very specific purpose. 

A channelled practical response to the challenges of data storage and exchanges is evident in the 
historical accounts of the cloud computing innovation in Figure 3 and Figure 4.  

 
Figure 3. Summarized Historical Background of Cloud Computing 

Starting from John McCarthy’s early concepts in 1960/1, a problem solving thought is clearly embedded 
in conceptual formations of the cloud innovation that eventually, yielded research towards the 
advancement of data storage and access practices, using reliable data applications on demand, 
efficiently, and flexibly over remote platforms [6].  
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A  need to store, access and exchange the uncompromised quality of data – rapidly, and cost effectively 
became visibly important from as early as in the pre-WWW mainframe computing period, growing in 
priority during the mini-computer and the personal computer age, and ultimately, bringing to birth the 
cloud phenomenon as we have come to know in post WWW era [7]. The WWW based internet thus, 
became a major enabler of remote access and flexibility [8]. In this version, flexibility, user mobility 
through remote access, easy deployment, cost-efficiency, scalability and environmental friendliness – 
are the most commonly cited advantages of cloud computing in the literature [7].  

Evident in figure 4, is a combination of a specific cluster of interested pioneers in the cloud computing 
evolution. Indeed, specific initiatives in respective phases supports the argument of technology as a 
deliberate, interest directed, problem-based development and intervention, an observation of note to 
research and skills development stakeholders in the higher education sector (if the 4IR relevance is to 
be ensured). 

 
Figure 4. Expanded Reflective History of Cloud Computing 

Figure 4 offers a contextual background of the evolution of the cloud computing innovation – over 
different industrial revolutions and stages of technological innovations. The role of industrial and 
economic champions in the process elevates the argument of technology evolution as a deliberate, 
problem-based, solution enhancing effort. Starting with an understanding of “higher education in a 
cloud”, renewed strategic presuppositions can be drawn from this reality in higher education strategic 
spaces.  

3.1 Higher Education in a Cloud 
Higher education is more dependent on technological innovations in the 4IR than it has ever been. Both 
in terms of the modern skills sets demanded by the economic and social systems of the time, and the 
technology centred learning needs of a modern leaner [11; 12]. Subsequently, a need for appropriate 
technology becomes essential for a university to prepare the genre of students, for the 4IR careers [11; 
13].  

The reality of the modern learner is the urgency to enhance higher order learning experiences, for a 
changing knowledge and communication-based society readiness [11].  
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As a metaphor for the internet, cloud computing is a data storage and management platform that resides 
in a service provider’s large data centre [12]. It is a “computing paradigm, structured as a network of 
servers and connections, through which tasks are assigned to a combination of connections, software 
and services accessed over a network” [11; 12; 13], to facilitate delivery of virtual worlds, social 
networks, and many other web-browser transmitting IT services [11; 14; 15]. It offers a reliable data-
storage and exchange solution, which is a considerable promise for higher education. The advantage 
for the user is being able access this super-computing data storage power from a service provider at a 
fee, only for what you use (be it for personal, teaching, learning or work purposes), without having to 
own such infrastructure [11; 16]. It also helps eliminate a need to back-up files while working under 
unreliable energy supply environments –which is ideal for institutions in limited development terrains. 
Cloud computing offers a promise to HE institutions to facilitate ubiquitous computing solutions and 
powered learning environments - as an alternative to isolated university LMS practices.   

The cloud computing concept is not foreign to forward-thinking higher education facilitators. In effect, 
best-practice research highlights the potential for the innovation to “replace existing complex IT 
configurations and software systems, thus enabling institutions of higher learning to be more focused 
on teaching and research than on IT management” [17]. It offers an agile platform for joint access, 
storage, and sharing data for collaborative teaching and learning, within and across borders at a reduced 
cost and effort [18]. As a www based platform however, effective functionality solution depends on 
reliable internet access, without which, the solution would remain a distant reality.  

Obviously, the general computer security precautions (i.e. data encryption, firewalls, data masking, and 
precautions with password) should apply in cloud computing services, as it should in all networked 
computer systems, both in higher education institutions, and places of work.  

Otherwise, a brief outline of a research methodology behind this project publication is presented in 
section 4 below. 

4 METHODOLOGY 
In this study, we investigate the relevance of the current adoptions of LMS in local universities in the 
Southern African Developing Economic Countries (SADC), with a particular focus on the 4 universities 
in Zimbabwe:  

- Chinhoyi University of Technology (CUT); 
- National University of Technology (NUT); 
-  Midlands State University (MSU); and  
- Great Zimbabwe University (GZU) 

Using a qualitative depth interview process, we interrogated the perspectives of students and educators 
on prevailing uses of LMS in their institutions – relative to the learning demands in universities within 
the 4th Industrial Revolution (4IR). To our astonishment, our data-sources were extremely opinionated 
on the essence of the relevant type of learning in the 4IR. Sentiments pointed to the ability to access 
and exploit big data, to foster innovative solutions to various life problems as mission critical capabilities. 
Similarly, data handling enablers emerged as a major issue for collaborative teaching and learning for 
innovative university programmes. Ultimately, relevant educational solutions would thus, require agile 
data management, storage and exchange solutions.  

We further undertook a qualitative synopsis of the literature, to further explore the potential of alternative 
solutions to current practices. Again, cloud computing solutions emerged as the most viable innovation.  

It was enough from this basis, to explore a practical technical alternative that would adequately, from a 
conceptual perspective, facilitate collaborative learning over trans-institutional LMS platforms. A design 
science methodology was followed in the latter task – thereby defining a research methodology to fit the 
“mixed – Methods” description. Findings and recommendations are presented in sections that follow. 

5 FINDINGS 
With the literature background in support of the interview findings, the strength and benefits of cloud 
computing in facilitating data storage, management and sharing became evident.  
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A total of 240 university students had been interviewed to ascertain their technology usage patterns, as 
well as experiences with LMS system solutions provided by their institutions. Here, insight on the current 
learning technology usage solutions in the 4 universities in Zimbabwe clearly demanded a need for 
alternative solutions to current LMS deployments. 

Findings suggests that learners are alert, and are already part of the 4IR. However, they are hindered 
from full integration –by institutional development limitations–: 

• According to the survey, 40% of the sample are using their own mobile computer tools such as 
laptops and smartphones, whilst only 1% was still stuck in traditional fixed desktops [9].  

• However, 82.3% of students were frustrated with issues of access and data quality – when 
attempting to use institutional LMSs. Mostly, due to limited power capacity, bandwidth and data 
handing solutions in their universities [9].  

• Most frustratingly for over 50% of the students was that the current technology solutions did not 
afford them capacity to work with as diverse the formats of data, as they would prefer. For 
example, it remains a challenge for students to access and manipulate a combination of video, 
text, pictures and audio data formats in the current systems [9]; 

• Finally, 87.4% of the sample highlighted a pressing need to access learning resources in their 
state universities – every time and everywhere. Emphasis were that they need to learn even when 
they are not on campus, a task which remains difficult under the current data management 
infrastructure challenges in the institutions [9]. 

From this insight, the authors proposed a cloud-based technical solution: A Cloud-based learning 
management system, to address the access question, as well as the data handling and exchange 
capacity limitations. 

Given the collaborative emphasis, and a push for remote access (without compromising data quality), 
and with a need access and work with unlimited data formats, we explored a Cloud-Based LMS (CB-
LMS) prototype design – with a collaborative capability as focus. 

 
Figure 5. Proposal Design of Cloud-Based Learning Management System (CB-LMS) for Higher Education [9] 

In essence, a proposed CB-LMS is centrally located, with collaborative agreements on infrastructure 
management and maintenance arrangements. The framework is built on a Spring Boot App., JQuery, 
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Ajax, Ajax, Java Application – and the MySQL database to facilitate interconnectivity with respective 
institutional databases [9].  

An institutional database serves as the basic unit of the CB-LMS, on a cloud web-based front end – with 
a MySQL data store backend [9]. That is, a database in a partnering university interfaces with the cloud 
portal, via a web service layer, which serves to expose data for programmatic consumption by other 
applications. This explains the a dual process of A and B, or C and D, etc, in each respective university 
connectivity [9]. The proposed CB-LMS only recognises the IP address of a collaborating university (not 
the state of the database), meaning that the 2 systems are loosely coupled via web services.  

The CB-LMS core task thus, is to authenticate, and provide access each student to a comprehensive 
set of resources across a wide repertoire of resources in a collaborative network. The proposed CB-
LMS further addresses limitations of access outside the institution, in the sense that it does not limit the 
frequency, the type, quantity and a mix of data formats that can be opened for student access [9].  

It also addresses limitations of the current LMSs where courses are always walled from each other – 
making it impossible to take advantage of the www features - viz., to share content across LMSs (of 
similar or different make and design), within or even across institutions. When the user logs into CB-
LMS, that user is encrypted with credentials passed on to the home university. For the proposed system 
to truly open up learning collaborations in the region therefore, institutions need to consider opening a 
full set of resources in the collaborative network – to all registered students in respective partnering 
institutions.  

6 CONCLUSION/ RECOMMENDATIONS 
In the proposed CB-LMS arrangement, we are mindful of the dire challenges of universities in the rest 
of the Southern African region. We propose the expansion of the CB-LMS framework as a trans-regional 
network of LMSs across SADC universities. As much as it remains a technical solution, we propose a 
policy framework within the regional governance structure to accommodate this innovative evolution, for 
the benefit of the South African learner.  

We are aware however, that there is more to 4IR than a mere LMS collaborative innovation. Combined 
with added upgrades on the actual LMS frameworks, the mild development could go a long way in 
supporting further technological advancement towards the 4IR readiness of the SADC universities. 
Indeed, the innovation remains a development that can be adopted elsewhere – in time.  
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