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Abstract

:

An identification of strengths, weakness, opportunities, and threats (SWOT) factors remains imperative for enabling a successful Smart Campus transition. The absence of a structured approach for analyzing the relationships between these SWOT factors and the influence thereof on Smart Campus transitions negate effective implementation. This study leverages a systems thinking approach to bridge this gap. Data were collected through a stakeholder workshop within a University of Technology case study and analyzed using qualitative content analysis (QCA). This resulted in the establishment of SWOT factors affecting Smart Campus transitions. Systems thinking was utilized to analyze the relationships between these SWOT factors resulting in a causal loop diagram (CLD) highlighting extant interrelationships. A panel of experts drawn from the United Kingdom, New Zealand, and South Africa validated the relationships between the SWOT factors as elucidated in the CLD. Subsequently, a Smart Campus transition framework predicated on the CLD archetypes was developed. The framework provided a holistic approach to understanding the interrelationships between various SWOT factors influencing Smart Campus transitions. This framework remains a valuable tool for facilitating optimal strategic planning and management approaches by policy makers, academics, and implementers within the global Higher Education Institution (HEI) landscape for managing successful Smart Campus transition at the South African University of Technology (SAUoT) and beyond.
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1. Introduction


Smart City development and operation efforts have recorded varied performance, globally. However, similar attempts in Africa have been met with challenges attributed to contextual peculiarities [1,2,3,4,5]. For instance, there seems to be a palpable fear that the adoption of ICT technologies for Smart Cities will deepen the technology and poverty divide in these contexts [5]. Moreover, it is believed that these cities will promote exclusion and inequality instead of inclusion. Furthermore, it is feared that the expenditure towards Smart City development cannot be reasonably justified in the face of other societal challenges like hunger, strife, and outbreaks of different diseases [5,6]. Aside from elucidating communal perceptions which negate Smart City transitions in such climes, these perceptions render the consideration of contextual peculiarities during the planning, design, and development of Smart Cities imperative. Therefore, there is need to develop Smart Cities that support high levels of economic inclusivity and security in the developing world context [7]. Proponents of Smart Cities have advocated for its initiation at a micro level and scaling up upon acceptance by the populace based on increased appreciation and awareness concerning the modalities of such cities [8,9,10,11]. This line of thought has given a fillip to the Smart Campus initiative.



Universities have been described as living or real-world laboratories where innovative solutions are designed, developed, and tested for efficacy prior to eventual deployment at city-level [12,13,14,15]. These roles extend beyond the conventional boundaries of knowledge creation for Smart Cities. Society expects these institutions to, relying on multi-, inter-, and transdisciplinary (MIT) skill-sets available to them, serve as living laboratories for experimenting on Smart City components [15,16]. Accordingly, reverberations of the achievements recorded within Smart Campuses are expected to be felt across multiple scales within Smart Cities [17,18].



As part of the Smart Campus agenda, universities are transforming into Smart Communities imbued with Smart City attributes and vice versa [14,15,19,20,21]. Universities in South Africa are not left out as a cursory look at their websites and associated marketing paraphernalia reveals their aspirations to leverage digital technologies in transforming their operations, pedagogy, and research. These efforts are aimed at process optimization and efficiency savings and transforming learner-experiences [22].



Although these transitions are on-going, there is little evidence to show that the views of the users are being incorporated during the decision-making processes which govern its conceptualization, design, and implementation stages [23]. Scholars have observed the unidirectional nature of the Smart City implementation programs [24,25]. This is despite the need for Smart Campus projects to be mostly human-centered and user driven [26,27].



The South African University of Technology (SAUoT) is an institution where the systemic transition to a Smart Campus status is at an embryonic stage [28]. The desire to make a success of this initiative has necessitated the program proponents/designers to elicit the views of relevant stakeholder categories to foster effective decision-making and the prioritization of actionable ideas at this stage. The study on the transition process at SAUoT has been reported by the authors in previous studies [27,29]. In the study by Ngowi and Awuzie [27], the significant contribution of user-centric design to the development of a common ontology concerning various stakeholder categories was articulated. In a subsequent study [29], Ngowi and Awuzie collated the perceptions of relevant stakeholder categories concerning the potential strengths, weaknesses, opportunities, and threats associated with the on-going transformation into a Smart Campus status at SAUoT. However, the information drawn from the studies reported in these studies, particularly [29], have only provided a foundation for strategic planning of the institution’s Smart Campus transition without considering the nature of interrelationships existing between these strengths, weakness, opportunities, and threats (SWOT) factors. Such an analysis will highlight how these relationships can be harnessed in planning for successful transitions in the SAUoT context where such transitions are still nascent and viewed with apprehension. In this study, the findings from the systems’ thinking-enabled SWOT analysis will be used to a develop Smart Campus transition framework.



The contribution of SWOT analysis to the field of strategic management within the university context has been reported [30]. Srivastava et al. [31] reiterated its utility in eliciting community perception and participation in the development of a strategy for municipal solid waste management system in India. Furthermore, studies have highlighted the salient potential to be drawn from the juxtaposition of various multi-criteria-decision methods (MCDM) like analytic hierarchy process (AHP), analytic network process (ANP) [32,33,34,35,36], and fuzzy logic [37,38] for strategic planning and management. However, limited studies have shown the usefulness of systems thinking in fostering a comprehensive SWOT analysis.



Summarily, this study can be described as having two distinct yet interrelated objectives, namely: (a) to carry out a SWOT analysis of stakeholders’ perceptions concerning the Smart Campus transition for the purposes of strategic planning and management using a systems-thinking methodology and an SAUoT exemplar, and (b) to propose a framework for effective Smart Campus transition based on the SWOT archetypes emerging from (a). It is expected that this paper will provide an insight into the utility of systems thinking in carrying out SWOT analysis.



The rest of the paper is structured as follows: a brief literature review of the Smart Campus agenda, a justification of the research design adopted, a presentation and discussion of the research findings, and the conclusion.




2. Literature Review


2.1. Defining the Smart Campus


The evolution of the Smart Campus initiative has been traced to the last two decades [21]. Yet, a widely accepted definition for the Smart Campus concept is lacking despite its increasingly topical nature. According to Muhammad et al. [39], extant Smart Campus definitions have been categorized into three, namely, as a technology-driven concept; a Smart City adoption concept; and/or, based on the development of an organizational or business process for enabling resource efficiency within such organizations. Furthermore, definitions under the technology-driven category posit the significance of the availability and the deployment of digital technologies towards the attainment of Smart Campus deliverables. However, definitions belonging to the Smart City adoption category appreciate the similarities existing between cities and campuses, especially as it pertains to production and consumption patterns. The Smart City dimensions are applicable to the Smart Campus albeit at a smaller scale and as such, similar measures can be deployed in enabling their occurrence and sustenance in either context [21].



Min-Allah and Alrashed [21] mapped the dominant themes of the Smart Cities against the Smart Campus themes to buttress the similarities therein. This mapping was based on five (5) dimensions; social, environmental, and economic sustainability, governance, and propagation. For more on this mapping, see Min-Allah and Alrashed [21]. Definitions in this category encapsulate the Smart Campus concept relying on the notion of the university serving as a microcosm of the city. Furthermore, such definitions attempt to elucidate the role of universities in facilitating the development of the right skillsets required by individuals to function optimally within the Smart City context was highlighted through the direct deployment of the right mix of information and communication technology (ICT) infrastructure in teaching and learning as well as research facets. These skills are deemed essential in developing smart citizens—a fundamental resource for the Smart City. Muhammad et al. [39] emphasized that definitions belonging to the last category focused on driving resource efficiencies within organizations using ICT infrastructure.



Corroborating the categorization by Muhammad et al. [39], Dong et al. [40] reiterated the need for Smart Campus definitions to be based on an articulation of the prime function of the university as an educational institution with emphasis on meeting the expectations of relevant stakeholders. They defined a Smart Campus as “an educational environment that is penetrated with enabling technologies for smart services to enhance educational performance while meeting stakeholders’ interests, with broad interactions with other interdisciplinary domains in the Smart City context” (p4). Similarly, Min-Allah and Alrashed [21] defined the Smart Campus as a campus “that utilises and integrates smart physical and digital spaces to establish responsive, intelligent, and improved services for creating productive, creative, and sustainable environment” (pp. 3–4). This study adopts both definitions. As such, a Smart Campus is presented as an efficient, safe, sustainable, responsive, and enjoyable place to learn and work, underpinned and enhanced by the availability of digital/internet-based technologies [41]. Its evolution has been linked to the need to foster a new paradigm in higher education due to the overt reliance on the information and communication technologies [25]. To Zhang et al. [26], the Smart Campus provides a smart environment for training citizens to become more productive within an evolving Smart City framework.




2.2. Characteristics of a Smart Campus


Certain characteristics are expected to be present in a campus before it can be described as a Smart Campus. As with the definition of the Smart Campus concept, there is a lack of a uniform framework for identifying these characteristics.



For instance, Davies [42] identified three elements which need to be present before a campus can be labelled as a Smart Campus. These elements include the concept of the university as a collection of people, amenities, and assets which respond to and are shaped by the values, expectations, and shifting demands of its “citizens”. The availability of a robust connectivity between the operational and transactional capabilities associated with such campuses was identified as the second element. Such capabilities include sensor-based smart parking facilities and interactive learning spaces, more accessible and safer facilities through the deployment of digital lighting, and the use of relevant technologies to enhance spaces for brokering new and more nuanced relationships between students and staff, alumni, business, and community partners. These capabilities are comprised of skills required to build and sustain more complex co-design and co-production relationships across the campus or multiple campuses and beyond the campus with business, government, and start-up or innovation hubs.



According to Davies [42], the third element involves significant investment in infrastructure and services upon which the other elements are premised. Reiterating the significance of the third element, Dong et al. [40] maintained that aside from the stakeholder, a Smart Campus was mainly underpinned by the infrastructure, technology, and service layers, respectively. Any attempt at the design of a Smart Campus must consider the interplay between these layers and the influence thereof on the ability of the Smart Campus to meet stakeholder expectations. The presence of relevant technologies and infrastructure remains critical to Smart Campus transitions. Although there is a plethora of technologies available to universities for this purpose, there seems to be a consensus among scholars on the criticality of the following technologies: Cloud computing, sensor networks, Internet-of-things (IoTs), augmented and virtual reality, and artificial intelligence in Smart Campus development [21,39,40].



Similarly, Muhammad et al. [39] identify a set of Smart Campus characteristics, namely the ability to rapidly adapt and respond to changes in a manner that allows for meeting stakeholders’ expectations leveraging on the intelligence embedded in the plethora of supporting systems. Furthermore, Muhammad et al. [39] assert that aside from providing an intelligent learning environment, a Smart Campus should be supportive of the customization of services based on user roles and attributes. For Dong et al. [40], a Smart Campus should be context-aware, data-driven, imbued with forecasting capabilities, immersive, collaborative, and ubiquitous. To achieve these features within the Smart Campus context, the authors highlight the salience of certain considerations during the design and implementation phase. They posit that successful Smart Campuses must be human-centered, learning-oriented, and with appropriate structures to support interdisciplinarity [40].



Therefore, a Smart Campus can be described as a campus which enables an alignment of “university as city or collective” aspirations and stronger connections across and outside the campus with the necessary investments in requisite technology assets and capabilities to bring about value creation and capture for its stakeholders. This will involve a combination of the physical and digital assets, services, and platforms to improve the total university experience across the following facets: iLearning, iGovernance, iGreen, iHealth, iSocial, and iManagement [39]. However, Zhang et al. [26] opine that the iLearning facet was most critical considering the fundamental role of universities as purveyors of knowledge.



Based on the foregoing, the rationale behind the increasing financial commitment by universities [43] towards Smart Campus transitions can be discerned. Scholars opine that such investments are predicated on the potential of the Smart Campus to transform the higher education sector through the institution of effectiveness in service delivery to relevant stakeholders [21,40,43]. Moreover, the potential of universities with Smart Campuses to fare better in terms of cost and time savings, protection of the environment, effective monitoring of attendance of staff and students as well as effective space planning and utilization efforts has been reiterated by these studies. The implementation of Smart Campus projects in universities enables the collection of critical data about operational facets for optimal decision-making.



The absence of a generic model for Smart Campus design and implementation has been highlighted [21]. This has made the appraisal of Smart Campus performance in a whole-of-campus manner by stakeholders challenging. In fact, scholars have attributed the lack of comprehensive Smart Campus projects to the absence of a generic design and implementation model [21,40]. This has led to the determination of relevant key performance indicators (KPIs) for measuring Smart Campus performance [44]. Usually, the Smart Campus is implemented according to six different work streams, namely, smart micro grid, smart utility, resource management, improved services, people management, and educational services [21]. In addition, most attempts at developing KPIs for Smart Campus are dependent on the indicators for each of these work-streams [44,45]. This is evident in the Smart Campus project reportage in extant literature. Examples of such projects include the development of an anytime-anywhere learning within a Smart Campus environment [46], Smart parking [11,47,48], frameworks for modeling movements on a Smart Campus [49], development of platforms for energy management and optimization on campuses [50,51,52], dynamic timetabling systems [53], the use of apps for location directions and information dissemination purposes [54], real-time space utilization measurement [55], development of a context-aware Smart classroom [56,57,58,59], and the use of digital platforms for IoT-based disaster management [60].



Although various studies have sought to explore the utility of stakeholder perspectives during the design and implementation of Smart Cities [61,62,63,64,65,66,67,68], limited studies have attempted to explore and incorporate these views in designing for successful Smart Campus transitions [29]. Obviously, eliciting such perspectives will enable better articulation of the potential challenges and enablers of such successful transitions. Obviously, such elicitation leads to the establishment of the SWOT factors and subsequent understanding of the relationship between these factors through a SWOT analysis. The accruing information from both processes will facilitate the development of a framework for managing Smart Campus transitions in a holistic and comprehensive manner. This is the contribution which this study seeks to make, leveraging multi-stakeholder perspectives within SAUoT and a panel of experts.





3. Materials and Methods


A case study research design was adopted for this study due to its provenance in enabling an in-depth investigation into a phenomenon in its natural context [69]. SAUoT was used as the case study for this research, as the background data for the systems thinking-led SWOT analysis were derived from the perceptions of various stakeholders in the university.



3.1. Description of Case Study Context (SAUoT)


SAUoT is a University of Technology which is situated in the central region of South Africa. It operates from two distinct yet interlinked campuses across two locations. SAUoT has been in operation for nearly four decades, transforming from a Technikon into a full-fledged University of Technology in 2004. Going by SAUoT’s vision 2030, which declares its aspiration to be “a leading African University of Technology, shaping the future through innovation” [28], the drive for improved productivity through enabling resource efficiency during the delivery of its core mandate and the provision of a digital experience for its students and staff remains critical to this vision. Beyond this immediate focus, SAUoT has always relayed its intention to provide relevant knowledge and competencies to the region within which it is domiciled.



The SAUoT’s host city, Bloemfontein, has been involved in Smart City transitions for the past decade. This aspiration has been reported in several studies [70,71,72]. However, limited progress has been made in this direction due to challenges identified by Das [5].



SAUoT’s campus potential to serve as an ideal living, real-world laboratory to develop and evaluate a range of Smart Campus and potentially Smart City concepts have been reported by Ngowi and Awuzie [29]. Accordingly, SAUoT in articulating an institutional Smart Campus strategy is seeking to leverage this potential to provide Smart City solutions to the city of Bloemfontein. However, such contribution will be predicated on the institution’s ability to successfully transition into a Smart Campus in itself. To do this, the institution needs to manage the complexities associated with such transitions in manner that is “people” oriented rather than solely “hardware-centered” [27]. This managerial approach will culminate in the avoidance of simply finding uses for new technologies and data, rather than focusing on the actual needs of those that use and service the city and campus [27,73].



This study draws on this imperative to build upon the perspectives of various stakeholders within SAUoT concerning the SWOT factors influencing the institution’s Smart Campus transition with adequate consideration of relevant contextual peculiarities as reported by Ngowi and Awuzie [29]. It investigates the nature of the causal relationships existing between these SWOT factors. Furthermore, it proposes a framework, which details the nature of these interrelationships, which can be relied upon by university administrators for planning and managing Smart Campus transitions at a strategic level.




3.2. Data Collection


The collection and analysis of data for this study occurred in two phases. The first phase comprised of a brainstorming workshop whereas the second phase concerned the validation of the archetypes depicting the nature of the relationships existing between the SWOT factors identified during the brainstorming session by a panel of experts.



The brainstorming workshop session was convened and facilitated by the first and second author to elicit viewpoints from various stakeholder categories within SAUoT concerning the design and implementation of the Smart Campus initiative. An effort was made to identify and recruit discussants purposively from the different stakeholder groups present on campus [74]. The import of this selection was premised on the need to provide these groups with the opportunity to participate in the development of a protocol for SAUoT’s Smart Campus transition. In total, 19 participants were recruited aside from the authors who acted as facilitators. Stakeholder groups from which these participants were drawn included: non-academic personnel from the Registry, Finance/Accounts, Procurement, Facilities, and Information and Communication Technology (ICT) departments. Members of academic staff representing different disciplines and a select number of students from the Student Representative Council (SRC) participated in the workshop. The distribution of the discussants is provided for in Table 1.



In summary, the workshop featured a truly representative audience comprising of the internal stakeholders of the university community.



The facilitators had requested for researchers in the audience to make presentations on the utility and application of the Smart ideology according to their different specialisms. These presentations lasted for 10 minutes each on average. PowerPoint presentations on themes such as Smart Buildings, Smart Energy, Smart Water, Smart Mobility, and the Internet of things (IoT) was carried out. In the aftermath of these presentations, questions around salient issues were posed by the facilitators to achieve the objective of the workshop—the development of a common ontology among different stakeholder categories concerning a Smart Campus and identification of priority areas where the incorporation of smart features were deemed imminent.



Questions posed to the audience during the deliberations were centered on the following thematic areas:




	
A context-specific definition of the Smart Campus;



	
Stakeholders’ expectations of a Smart Campus environment;



	
An appraisal of the state-of-art Smart infrastructure at SAUoT; and



	
A SWOT analysis concerning the transition towards a Smart Campus environment.








However, for this study, the focus will be on the analysis of the causal relationships existing between the SWOT factors emanating from the last objective of the brainstorming session. Findings from these objectives have been reported elsewhere [27,29].



Discussants were requested to write down their answers on a notepad once a question was posed. A round of discussion ensued upon receipt of the notepads and the facilitator tried to achieve a consensus among participants on key issues concerning that question. This process lasted for three hours with breaks in between. The facilitators thematically analyzed the texts provided by the participants during the workshop. A comprehensive document outlining the details of the workshop was compiled by the authors and subsequently shared with the participants later. At this point, these participants were availed with a one-week window to either express their reservations on the information provided or make clarifications where necessary concerning the emerging implementation objectives included in the document. At the end of this period, all participants agreed that the content of the compilation as it pertained to the SWOT factors was a valid reflection of their contributions.



Subsequently, the systems thinking methodology was applied to establish the interrelationships between these factors using causal loop diagrams (CLD). The emergent CLD representation of the interrelationships between these factors, see Figure 1, was shared with five experts for validation.




3.3. Validation of SWOT Causal Loop Diagram


In validating the initial SWOT causal loop diagram in Figure 1, structured interview questions as stated below were sent to five different experts in three continents and five countries. The interview questions covered the content, structure, practicability, and acceptability of the SWOT causal loop diagram in Figure 1. Thus, the interview questions were:




	(1)

	
Are there any missing variables from the list?




	(2)

	
Please can you briefly indicate any variable that should be linked to each other?




	(3)

	
Considering the structure of the causal loop diagram, do you think this diagram represents a SWOT for a Smart Campus implementation?




	(4)

	
Do you think the causal loop diagram is simple enough?




	(5)

	
Are there any ambiguities in the causal loop diagram above?









The experts contacted for the purpose of validation of the SWOT causal loop diagram were mainly academics in built environment schools in South Africa, the United Kingdom, and New Zealand with an interest in Smart Cities, Smart Campus, and systems thinking research. The feedback from these experts who are situated in Africa, Europe, and Oceania provided a multi-dimensional overview of how Smart Campuses are perceived in other regions of the world. The experts’ demographics are provided in Table 2.





4. Results


4.1. A SWOT Analysis Concerning the Transition Towards a Smart Campus Environment


Table 3 provides a summary of the responses of the stakeholders, categorized according to SWOT of SAUoT’s Smart Campus transition as elicited from the workshop session at the institution.




4.2. Systems Thinking: SWOT Causal Loop Diagram


Systems thinking enables an articulation of causes and effect, action, and impact of cybernetic decisions [75,76,77,78]. It contains loops which result in archetypes of causalities derived from prevailing attributes of a system [79,80]. Thus, systems thinking aims to understand why and how one attribute influences another [79,81]. In the application of systems thinking in organizational studies and management, the causal loop diagrams reveal other attributes of the systems during their development [81]. In a loop with all positive influences of the attributes on each other, there will be a reinforcing loop. Each arrow in a loop indicates the direction of the relationship. The positive (+) and (-) signs on the arrows reveal the nature of the impact of one attribute on another. When there is an odd number of negative loops in the system, a balancing loop will be noted. Within a system, there will be reinforcing and balancing loops.



The SWOT causal loop diagram in Figure 1 applied the SWOT analysis in Table 3 to present an understanding of how campuses can transit into a Smart community within a city. The attributes with green, black, blue, and red, all represent strengths, opportunities, weaknesses, and threats, respectively. The initial causal loop diagram produces reinforcing loops R1, R2, R3, R4, and balancing loop B1. Some variables emerged during the development of the initial SWOT causal loop diagram. These are government policies on Smart Campuses (S); funding issues (W); economic issues (T); Smart Campus development strategy (S); and revenue generation (O). In order to develop a realistic SWOT causal loop diagram for Smart Campuses, the initial SWOT causal loop diagram in Figure 1 was validated through the expert interviews.



Table 4 highlights a summary of the feedback obtained from the expert panel based on the questions posed. These responses were instrumental to the restructuring of the SWOT causal loop diagram and the SWOT archetypes.



Considerable changes were made to the initial SWOT causal loop diagram. The summary of SA-EXP1 view’s elucidated new SWOT sets for the causal loop diagram. These included international incentive (S); campus user engagement (S); local examples (W); SAUoT’s location in a potentially Smart City was stated (O); existing interests for benchmarking (O); similar international guidelines (O); platform for implementing sustainable campus objective (O); University curriculum (O); and executive management (T). SA-EXP2 provided suggestions on the polarities, structures, separation, and balancing loop. He observed an error in balancing loop B1 as B1 was observed to be another reinforcing loop. The polarities of the loops were reconsidered.



Other suggestions from UK-EXP1, UK-EXP2, and NZ-EXP1 were incorporated into the validated SWOT causal loop diagram in Figure 2.



The archetypes extracted from Figure 2 expunged the required reinforcing and balancing loops for the attainment of a successful Smart Campus transition. The experts’ feedback was used to create a non-regional SWOT causal loop system as illustrated in Figure 2. Consequently, the outcome of each archetype described in the subsection below can be transferred to many campuses in developing countries where holistic Smart Campus transitions are at embryonic phases due to lack of awareness and knowledge. This challenge is further exacerbated by the lack of relevant literature detailing the evidence of successful holistic Smart Campus transitions and/or guidelines for achieving same, globally [23]. This is a gap where this study seeks to make a salient contribution towards bridging. An improved knowledge base concerning the procedure for eliciting and applying stakeholder perspectives through a systems-led SWOT analysis will assist university administrators, particularly in developing countries, to embark on such transitions.





5. Discussion


5.1. Archetypes for Smart Campus Transitioning


Reinforcing loop R1 emerged from the “strength” category of the SWOT causal loop diagram in Figure 3. In R1, stakeholders’ willingness to create a Smart Campus depends on revenue generated and international incentives. If the stakeholders managing the campus have enough revenue to create a Smart Campus, coupled with international incentives, stakeholder engagements will utilize existing knowledge capabilities at SAUoT to understand the requirements for a Smart Campus. Hence, reinforcing loop R1 leads to a Smart Campus strategy in Figure 3. Several meetings and consultations must be held with relevant stakeholders such as the University’s governing council, information technology experts, and funding agencies. The realization of a Smart Campus development is linked to reinforcing loop R2.



The reinforcing loop R2, in Figure 4, engaged more with the strengths associated with the development of a Smart Campus. With a capable ICT infrastructure on campus, it will be very easy to transition into a Smart Campus with the inclusion of the campus end-users. The campus end-users, in this case, are the students and staff of the university. By harnessing data from all end-users, an understanding of what is required for a Smart Campus can be created. The existing ICT infrastructure on the SAUoT campuses can feed data into the reinforcing loop R3 for a Smart Campus development strategy.



Reinforcing loop R3 is an archetype that depends on R1 and R2. Reinforcing loop R3 illustrates the strengths of SAUoT where they have an existing ICT infrastructure on campus, a Smart Campus in a city has the capacity to enhance and create a Smart City. Consequently, a Smart Campus strategy can be incorporated into the city of Bloemfontein’s Smart City strategy. The existing ICT capabilities in many South African cities is a strength for the integration of digital platforms.



Reinforcing loop R4 and R5 as shown in Figure 5 and Figure 6, emerged from the opportunities section of SWOT causal loop diagram of Figure 2. In R4, revenues generated in SAUoT are opportunities for creating and implementing sustainable Smart Campus objectives. The Smart Campus objectives enhanced the smart knowledge co-creation at the micro-level. The knowledge created for Smart Campuses can further generate revenue for the campuses through grants, international collaboration, and incentives. The location of a university enhances the creation of a Smart Campus. In R5, a campus located in the heart of or near a city can spur the emergence of a Smart City. As such, if SAUoT is situated in a Smart City, this can enhance its agenda by merging with city values for a Smart Campus and City. Furthermore, it is easier to have a Smart Campus when the University is in a Smart City. The quest of SAUoT’s host city to transform into a Smart City has been reiterated previously. Accordingly, this quest holds salient potentials for exerting a positive influence on SAUoT’s Smart Campus transition.



Balancing loop B1 in Figure 7 emerged from the weaknesses section of the SWOT campus causal loop diagram in Figure 2. The existing of funded ICT capabilities and local examples will invariably encourage the utilization of knowledge capabilities on campus. However, lack of effective utilization of the knowledge and existing challenges of compartmentalization of University campuses can decrease the integration of digital platforms required as end-user interface for data harnessing. It becomes increasingly difficult to create a Smart Campus when there are funding issues and underutilization of the existing knowledge in the University. This scenario may result from University governance issues.



The major threats to Smart Campus transitions as expressed through balancing loop B2 in Figure 8 are economic and funding issues. Most universities have lower revenue and funding because of the current coronavirus disease 2019 (COVID-19) epidemic. The executive management will encourage grant applications for the development of a Smart Campus. However, negative feedback from the grant applications will hinder or deter the transitioning of campus into Smart Campus. Competition from universities situated within the same geographical location with the same Smart City agenda may delay or boost the transitioning process.




5.2. Developing a Framework for Managing SWOT Factors during Smart Campus Transitions


The archetypes in Figure 3, Figure 4, Figure 5, Figure 6, Figure 7 and Figure 8, culminated into the SWOT Smart Campus transition framework which is presented in Figure 9. The factors which are repeated in more than one category (presented in white-colored boxes in Figure 9) are considered key factors. These factors are the most critical of the range of SWOT factors identified and should be prioritized in the strategic planning and management process for Smart Campus transitions. For instance, revenue generation is a strength when there is a high level of revenue in the SAUoT. Moreover, it has the potential to pose as an opportunity when the transition is expected to contribute towards widening the revenue generation streams available to SAUoT. An example of this could be seen in the potential of the significant deployment of digital platforms and sensor networks for managing energy and water consumption on campus. Such deployment has the potential to bring about cost-effectiveness whilst allowing the institution to utilize this technology and knowledge to attract external funding from entities undergoing digital transformation. Therefore, administrators of SAUoT and other universities trying to engage in Smart City transitions should not concern themselves with enhancing revenue generation alone, but should also make sure that existing revenue streams are not negatively impacted upon by during such transition, lest it become a threat. This is the case with the COVID-19 pandemic.



The Smart Campus transition framework further buttresses the criticality of funding. SAUoT and universities globally depend on funding from the government, donor (agencies), and other relevant bodies. Funding ICT infrastructure remains a major challenge in universities, particularly in developing countries like South Africa. This funding challenge has become a major constraint in the present pandemic economy. Considering the social and fiscal constraints caused by the COVID-19 epidemic, lack of funding remains a weakness and a threat to the realization of Smart Campuses in South Africa and elsewhere. It is evident that the pandemic has led to a re-ordering of government fiscal priorities and this may impact negatively on the availability of funds for driving the transition, thereby constituting a weakness and a threat. University administrators need to prepare for such uncertainties, especially as it pertains to funding shortfalls during these transitions.



SAUoT-city values and plans for a Smart City have been shown as acting as an opportunity for Smart Campus development and a weakness. This is dependent on the availability of a Smart City development aspiration or plan within the host local government and/or municipality. The relationship between Smart Campuses and cities was studied by Villegas-Ch et al. [19]. In that study, the authors posited that local administration and governance were sacrosanct to achieving Smart Campuses. SAUoT is fortunate to be situated within a geographical context where the local and provincial government have successfully reiterated their desire to transform into a Smart City. In addition, these levels of government have established a partnership between themselves and the SAUoT to accentuate the actualization of this mandate.



To develop strategic blueprints for achieving Smart Campuses in SAUoT and other universities, the green- and grey-colored factors in Figure 9 should be focused on as the positive factors, while the blue and red factors must be monitored and reduced.





6. Conclusions


This study outlined the need to develop an appropriate a management framework for engendering successful Smart Campus transitions in universities as previous undertakings have not been able to purposefully capture and represent intrinsic system components and interrelationships. In this respect, several challenges were highlighted, including contextual positioning and archetypes. Acknowledging these challenges, this research engaged a systems theory-led SWOT analysis, relying on causal loop diagrams to unpack these issues, given the need to embrace interrelated and interdependent aspects, context, and operational dynamics. A framework approach could help provide additional clarity on how to plan and manage successful Smart Campus transitions.



Data from a case study research strategy involving a brainstorming session and expert opinions were used to develop a management framework for engendering successful Smart Campus transitions which was designed specifically to help the SAUoT’s leadership to manage the Smart Campus transition process successfully. This incorporated four key opportunities, ten areas of strengths, six areas of potential weaknesses, and four areas of potential threats. The framework standardizes transition management practice that provides a systematic “blueprint” for understanding how campuses can transit into a Smart community within a city. Core findings include the need to optimize and maximize ICT infrastructure, stakeholder engagement and management, location of universities, utilization of knowledge capabilities, and funding.



Universities in the developing country context have been reluctant to engage with Smart Campus transitions due to the paucity of knowledge concerning the subject. Moreover, relevant literature detailing procedures for enabling these transitions within universities are lacking and at best, nascent. The absence of this literature posed a limitation to this study as it negated an ability to compare the SWOT factors and the established interrelationships with the findings of similar studies from other institutions globally. However, from a contribution to knowledge perspective, this study provides an understanding of the archetypes and complex interrelationships between the SWOT factors associated with the Smart Campus transitioning process within the SAUoT context.



Finally, from a generalizability and repeatability perspective, whilst this framework was developed for the SAUoT-city methodologically, it is transferable to other contexts and particularly useful for universities trying to successfully transition into Smart Campuses. This feat was engendered using the views of subject-experts from different countries aside from South Africa. However, from an operationalization perspective, additional research to establish the areas needed to meet local context may be required. Another limitation of the proposed frameworks lies in its transferability, given the differences in universities. Universities are influenced by contextual peculiarities and other variables like size, location, ownership, leadership and governance systems, history, etc., all of which makes the development of a one-size-fits-all Smart Campus transition framework, challenging, if not impossible. However, administrators from other institutional contexts can adopt the steps taken in this study to articulate the SWOT factors and the interrelationships between them to develop a context-dependent Smart Campus transition framework. Therefore, future research imperatives include the need to involve multi-case studies to support external validity and reliability for different country settings.







Author Contributions


Conceptualization, B.A. and A.B.N.; methodology, B.A., T.O. and L.O.; software, T.O.; validation, B.A., A.B.N., L.O. and J.A.; formal analysis, T.O., B.A. and J.A.; investigation, A.B.N., B.A. and T.O.; resources, A.B.N.; data curation, B.A. and T.O.; writing—original draft preparation, B.A., A.B.N. and T.O.; writing—J.A. and L.O.; visualization, T.O.; supervision, A.B.N.; project administration, B.A. All authors have read and agreed to the published version of the manuscript.




Funding


This research received no external funding.




Data Availability Statement


The data used for the study is stored in a private database and is readily available to interested parties.




Acknowledgments


The authors would like to express their gratitude to the participants for their extensive contributions to the study upon request.




Conflicts of Interest


The authors report no conflict of interest.




References


	



Dos Santos, M.L.; Mota, M. Toward sustainable and smart cities in Africa: A review and challenges. In Bioclimatic Architecture in Warm Climates; Guedes, M.C., Cantuaria, G., Eds.; Springer: Cham, Switzerland, 2019; pp. 299–309. [Google Scholar]

	



Tan, S.Y.; Taeihagh, A. Smart city governance in developing countries: A systematic literature review. Sustainability 2020, 12, 899. [Google Scholar] [CrossRef]

	



Barro, P.A.; Deglia, J.; Zennaro, M.; Wamba, S.F. Towards smart and sustainable future cities based on Internet of things for developing countries: What approach for Africa? EAI Endorsed Trans. Internet Things 2018, 4, 8. [Google Scholar] [CrossRef]

	



Oke, A.E.; Aghimien, D.O.; Aigbavboa, C.O. Appraisal of the drivers of smart city development in South Africa. Constr. Economics Build. 2020, 20, 109–126. [Google Scholar] [CrossRef]

	



Das, D.K. Perspectives of smart cities in South Africa through applied systems analysis approach: A case of Bloemfontein. Constr. Econ. Build. 2020, 20, 65–88. [Google Scholar] [CrossRef]

	



Chirisa, I.; Matamanda, A.R. Smart cities in sub-saharan africa: Opportunities and challenges. In Industrial and Urban Growth Policies at the Sub-National, National, and Global Levels; Benna, U.G., Ed.; IGI Global: Hershey, PA, USA, 2019; pp. 83–99. [Google Scholar]

	



Du Plessis, H.; Marnewick, A.L. A roadmap for smart city services to address challenges faced by small businesses in South Africa. S. Afr. J. Econ. Manag. Sci. 2017, 20, 1–18. [Google Scholar] [CrossRef]

	



Giffinger, R.; Gudrun, H. Smart cities ranking: An effective instrument for the positioning of the cities? ACE Archit. City Environ. 2010, 4, 7–26. [Google Scholar]

	



Lombardi, P.; Giordano, S.; Farouh, H.; Yousef, W. Modelling the smart city performance. Innov. Eur. J. Soc. Sci. Res. 2012, 25, 137–149. [Google Scholar] [CrossRef]

	



Fernandez-Anez, V.; Fernández-Güell, J.M.; Giffinger, R. Smart City implementation and discourses: An integrated conceptual model. Case Vienna Cities 2018, 78, 4–16. [Google Scholar] [CrossRef]

	



Silva, B.N.; Khan, M.; Han, K. Towards sustainable smart cities: A review of trends, architectures, components, and open challenges in smart cities. Sustain. Cities Soc. 2018, 38, 697–713. [Google Scholar] [CrossRef]

	



Purcell, W.M.; Henriksen, H.; Spengler, J.D. Universities as the engine of transformational sustainability toward delivering the sustainable development goals: “Living labs” for sustainability. Int. J. Sustain. High. Educ. 2019, 20, 1343–1357. [Google Scholar] [CrossRef]

	



Findler, F.; Schönherr, N.; Lozano, R.; Reider, D.; Martinuzzi, A. The impacts of higher education institutions on sustainable development. Int. J. Sustain. High. Educ. 2019, 20, 23–38. [Google Scholar] [CrossRef]

	



Fortes, S.; Santoyo-Ramón, J.A.; Palacios, D.; Baena, E.; Mora-García, R.; Medina, M.; Mora, P.; Barco, R. The campus as a smart city: University of Málaga environmental, learning, and research approaches. Sensors 2019, 19, 1349. [Google Scholar] [CrossRef]

	



Ferraris, A.; Belyaeva, Z.; Bresciani, S. The role of universities in the Smart City innovation: Multistakeholder integration and engagement perspectives. J. Bus. Res. 2020, 119, 163–171. [Google Scholar] [CrossRef]

	



Verstaevel, N.; Boes, J.; Gleizes, M.-P. From smart campus to smart cities issues of the smart revolution. In Proceedings of the 2017 IEEE Smart World, Ubiquitous Intelligence & Computing, Advanced & Trusted Computed, Scalable Computing & Communications, Cloud & Big Data Computing, Internet of People and Smart City Innovation (SmartWorld/SCALCOM/UIC/ATC/CBDCom/IOP/SCI), San Francisco Bay, CA, USA, 4–8 August 2017. [Google Scholar]

	



Vasileva, R.; Rodrigues, L.; Hughes, N.; Greenhalgh, C.; Goulden, M.; Tennison, J. What smart campuses can teach us about smart cities: User experiences and open data. Information 2018, 9, 251. [Google Scholar] [CrossRef]

	



Ardito, L.; Ferraris, A.; Petruzzelli, A.M.; Bresciani, S.; Del Giudice, M. The role of universities in the knowledge management of smart city projects. Technol. Forecast. Soc. Chang. 2019, 142, 312–321. [Google Scholar] [CrossRef]

	



Villegas-Ch, W.; Palacios-Pacheco, X.; Luján-Mora, S. Application of a smart city model to a traditional university campus with a big data architecture: A sustainable smart campus. Sustainability 2019, 11, 2857. [Google Scholar] [CrossRef]

	



Prandi, C.; Monti, L.; Ceccarini, C.; Salomoni, P. Smart campus: Fostering the community awareness through an intelligent environment. Mob. Netw. Applications 2020, 25, 945–952. [Google Scholar] [CrossRef]

	



Min-Allah, N.; Alrashed, S. Smart campus—A sketch. Sustain. Cities Soc. 2020, 59, 102231. [Google Scholar] [CrossRef] [PubMed]

	



Malatji, E.M. The development of a smart campus-African universities point of view. In Proceedings of the 8th International Renewable Energy Congress (IREC), Dead Sea, Jordan, 21–23 March 2017. [Google Scholar]

	



Ahmed, V.; Alnaaj, K.A.; Saboor, S. An investigation into stakeholders’ perception of smart campus criteria: The American university of Sharjah as a case study. Sustainability 2020, 12, 5187. [Google Scholar] [CrossRef]

	



Némoz, S. Smart Campus: Recent advances and future challenges for action research on territorial sustainability. In Implementing Campus Greening Initiatives; Leal Filho, W., Muthu, N., Edwin, G., Sima, M., Eds.; Springer: Cham, Switzerland, 2015; pp. 313–323. [Google Scholar]

	



Rha, J.-Y.; Lee, J.M.; Li, H.Y.; Jo, E.B. From a literature review to a conceptual framework, issues and challenges for SMART Campus. J. Digit. Converg. 2016, 14, 19–31. [Google Scholar] [CrossRef]

	



Zhang, Y.; Dong, Z.Y.; Yip, C.; Swift, S. Smart campus: A user case study in Hong Kong. IET Smart Cities 2020, 2, 146–154. [Google Scholar] [CrossRef]

	



Ngowi, A.B.; Awuzie, B.O. A user-led approach to smart campus design at a university of technology. In Smart and Sustainable Cities and Buildings; Roggema, R., Roggema, A., Eds.; Springer: Cham, Switzerland, 2020; pp. 433–443. [Google Scholar]

	



Central University of Technology. Vision 2030; Central University of Technology: Bloemfontein, South Africa, 2020. [Google Scholar]

	



Ngowi, A.B.; Awuzie, B.O. Fostering successful smart campus transitions through consensus-building: A university of technology case study. In Designing Sustainable Cities; Roggema, R., Ed.; Springer: Cham, Switzerland, 2020; pp. 161–183. [Google Scholar]

	



Dyson, R.G. Strategic development and SWOT analysis at the University of Warwick. Eur. J. Oper. Res. 2004, 152, 631–640. [Google Scholar] [CrossRef]

	



Srivastava, P.; Kulshreshtha, K.; Mohanty, C.S.; Pushpangadan, P.; Singh, A. Stakeholder-based SWOT analysis for successful municipal solid waste management in Lucknow, India. Waste Manag. 2005, 25, 531–537. [Google Scholar] [CrossRef]

	



Abdel-Basset, M.; Mohamed, M.; Smarandache, F. An extension of neutrosophic AHP–SWOT analysis for strategic planning and decision-making. Symmetry 2018, 10, 116. [Google Scholar] [CrossRef]

	



Živković, Ž.; Nikolić, D.; Djordjević, P.; Mihajlović, I.; Savić, M. Analytical network process in the framework of SWOT analysis for strategic decision making (Case study: Technical faculty in Bor, University of Belgrade, Serbia). Acta Polytech. Hung. 2015, 12, 199–216. [Google Scholar]

	



Kajanus, M.; Leskinen, P.; Kurttila, M.; Kangas, J. Making use of MCDS methods in SWOT analysis—Lessons learnt in strategic natural resources management. For. Policy Econ. 2012, 20, 1–9. [Google Scholar] [CrossRef]

	



Yüksel, İ.; Dagdeviren, M. Using the analytic network process (ANP) in a SWOT analysis–A case study for a textile firm. Inf. Sci. 2007, 177, 3364–3382. [Google Scholar] [CrossRef]

	



Ghazinoory, S.; Abdi, M.; Azadegan-Mehr, M. SWOT methodology: A state-of-the-art review for the past, a framework for the future. J. Bus. Econ. Manag. 2011, 12, 24–48. [Google Scholar] [CrossRef]

	



Ghazinoory, S.; Zadeh, A.E.; Memariani, A. Fuzzy SWOT analysis. J. Intell. Fuzzy Syst. 2007, 18, 99–108. [Google Scholar]

	



Kheirkhah, A.S.; Esmailzadeh, A.; Ghazinoory, S. Developing strategies to reduce the risk of hazardous materials transportation in Iran using the method of fuzzy SWOT analysis. Transport 2009, 24, 325–332. [Google Scholar] [CrossRef]

	



Muhamad, W.; Kurniawan, N.B.; Yazid, S. Smart campus features, technologies, and applications: A systematic literature review. In International Conference on Information Technology Systems and Innovation (ICITSI); IEEE: Bandung, Indonesia, 23–24 October 2017. [Google Scholar]

	



Dong, Z.Y.; Zhang, Y.; Yip, C.; Swift, S.; Beswick, K. Smart campus: Definition, framework, technologies, and services. IET Smart Cities 2020, 2, 43–54. [Google Scholar] [CrossRef]

	



Hipwell, S. Developing smart campuses—A working model. In International Conference on Intelligent Green Building and Smart Grid (IGBSG); IEEE: Taipei, Taiwan, 23–25 April 2014. [Google Scholar]

	



Davies, B. Internet of everything ePowering the smart campus and the smart city. In IBM Institute for Business Value; IBM: New York, NY, USA, 2015. [Google Scholar]

	



Abuarqoub, A.; Abusaimeh, H.; Hammoudeh, M.; Uliyan, D.; Abu-Hashem, M.A.; Murad, S.; Al-Jarrah, M.; Al-Fayez, F. A survey on internet of things enabled smart campus applications. In Proceedings of the International Conference on Future Networks and Distributed Systems (ICFNDS); Association for Computing Machinery: Cambridge, UK, 19–20 July 2017. [Google Scholar]

	



Alrashed, S. Key Performance Indicators for Smart Campus and Microgrid. Sustain. Cities Soc. 2020, 60, 102264. [Google Scholar] [CrossRef]

	



Pompei, L.; Mattoni, B.; Bisegna, F.; Nardecchia, F.; Fichera, A.; Gagliano, A.; Pagano, A. Composite Indicators for Smart Campus: Data Analysis Method. In Proceedings of the 2018 IEEE International Conference on Environment and Electrical Engineering and 2018 IEEE Industrial and Commercial Power Systems Europe (EEEIC/I&CPS Europe), Palermo, Italy, 12–15 June 2018. [Google Scholar]

	



Hirsch, B.; Ng, J.W. Education beyond the cloud: Anytime-anywhere learning in a smart campus environment. In Proceedings of the 2011 International Conference for Internet Technology and Secured Transactions, Abu Dhabi, United Arab Emirates, 11–14 December 2011. [Google Scholar]

	



Shoup, D. Parking on a smart campus: Lessons for universities and cities. In California Policy Options; UCLA School of Public Affairs: Los Angeles, CA, USA, 2005; pp. 117–149. [Google Scholar]

	



Bandara, H.M.A.P.K.; Jayalath, J.D.C.; Rodrigo, A.R.S.P.; Bandaranayake, A.U.; Maraikar, Z.; Ragel, R.G. Smart campus phase one: Smart parking sensor network. In Proceedings of the 2016 Manufacturing & Industrial Engineering Symposium (MIES), Colombo, Sri Lanka, 22 October 2016. [Google Scholar]

	



Fan, J.; Stewart, K. An ontology-based framework for modeling movement on a smart campus. Analysis of Movement Data, GIScience Workshop, Vienna, Austria, 23 September 2014. [Google Scholar]

	



Barbato, A.; Bolchini, C.; Geronazzo, A.; Quintarelli, E.; Palamarciuc, A.; Pitì, A.; Rottondi, C.; Verticale, G. Energy optimization and management of demand response interactions in a smart campus. Energies 2016, 9, 398. [Google Scholar] [CrossRef]

	



Lazaroiu, G.C.; Dumbrava, V.; Costoiu, M.; Teliceanu, M.; Roscia, M. Smart campus-an energy integrated approach. In Proceedings of the 2015 International Conference on Renewable Energy Research and Applications (ICRERA), Palermo, Italy, 22–25 November 2015. [Google Scholar]

	



Pasetti, M.; Sisinni, E.; Ferrari, P.; Rinaldi, S.; Depari, A.; Bellagente, P.; Della Giustina, D.; Flammini, A. Evaluation of the Use of Class B LoRaWAN for the Coordination of Distributed Interface Protection Systems in Smart Grids. J. Sens. Actuator Netw. 2020, 9, 13. [Google Scholar] [CrossRef]

	



Campuzano, F.; Doumanis, I.; Smith, S.; Botia, J.A. Intelligent environments simulations, towards a smart campus. In Proceedings of the 2nd International Workshop on Smart University: The University as a Context Platform, University of West London, London, UK, 14 November 2014. [Google Scholar]

	



Dong, X.; Kong, X.; Zhang, F.; Chen, Z.; Kang, J. OnCampus: A mobile platform towards a smart campus. SpringerPlus 2016, 5, 974. [Google Scholar] [CrossRef]

	



Valks, B.; Arkesteijn, M.; den Heijer, A. Smart campus tools 2.0 exploring the use of real-time space use measurement at universities and organizations. Facilities 2019. ahead-of-print. [Google Scholar] [CrossRef]

	



Huang, L.-S.; Su, J.-Y.; Pao, T.-L. A context aware smart classroom architecture for smart campuses. Appl. Sci. 2019, 9, 1837. [Google Scholar] [CrossRef]

	



Gupta, S.K.; Ashwin, T.; Guddeti, R.M.R. Students’ affective content analysis in smart classroom environment using deep learning techniques. Multimed. Tools Appl. 2019, 78, 25321–25348. [Google Scholar] [CrossRef]

	



MacLeod, J.; Yang, H.H.; Zhu, S.; Li, Y. Understanding students’ preferences toward the smart classroom learning environment: Development and validation of an instrument. Comput. Educ. 2018, 122, 80–91. [Google Scholar] [CrossRef]

	



Li, B.P.; Kong, S.C.; Chen, G. A study on the development of the smart classroom scale. In Emerging Issues in Smart Learning; Springer: Cham, Switzerland, 2015; pp. 45–52. [Google Scholar]

	



Ali, Z.; Shah, M.A.; Almogren, A.; Ud Din, I.; Maple, C.; Khattak, H.A. Named Data Networking for Efficient IoT-based Disaster Management in a Smart Campus. Sustainability 2020, 12, 3088. [Google Scholar] [CrossRef]

	



Gohari, S.; Baer, D.; Nielsen, B.F.; Gilcher, E.; Situmorang, W.Z. Prevailing approaches and practices of citizen participation in smart city projects: Lessons from Trondheim Norway. Infrastructures 2020, 5, 36. [Google Scholar] [CrossRef]

	



Hudson, L.; Wolff, A.; Gooch, D.; Van Der Linden, J.; Kortuem, G.; Petre, M.; ten Veen, R.; O’Connor-Gotra, S. Supporting urban change: Using a MOOC to facilitate attitudinal learning and participation in smart cities. Comput. Educ. 2019, 129, 37–47. [Google Scholar] [CrossRef]

	



Mora, L.; Deakin, M.; Reid, A. Strategic principles for smart city development: A multiple case study analysis of European best practices. Technol. Forecast. Soc. Chang. 2019, 142, 70–97. [Google Scholar] [CrossRef]

	



Sepasgozar, S.M.; Hawken, S.; Sargolzaei, S.; Foroozanfa, M. Implementing citizen centric technology in developing smart cities: A model for predicting the acceptance of urban technologies. Technol. Forecast. Soc. Chang. 2019, 142, 105–116. [Google Scholar] [CrossRef]

	



van Waart, P.; Mulder, I.; de Bont, C. A participatory approach for envisioning a smart city. Soc. Sci. Comput. Rev. 2016, 34, 708–723. [Google Scholar] [CrossRef]

	



Paskaleva, K.; Cooper, I.; Linde, P.; Peterson, B.; Götz, C. Stakeholder Engagement in the Smart City: Making Living Labs Work, in Transforming City Governments for Successful Smart Cities; Rodríguez-Bolívar, M., Ed.; Springer: Cham, Switzerland, 2015; pp. 115–145. [Google Scholar]

	



Shelton, T.; Lodato, T. Actually existing smart citizens: Expertise and (non) participation in the making of the smart city. City 2019, 23, 35–52. [Google Scholar] [CrossRef]

	



Letaifa, S.B. How to strategize smart cities: Revealing the SMART model. J. Bus. Res. 2015, 68, 1414–1419. [Google Scholar] [CrossRef]

	



Yin, R.K. Case study Research and Applications; Sage: Thousand Oaks, CA, USA, 2018. [Google Scholar]

	



SmartCitiesWorld. South African City Upgrades to Smart City LED Lights. 2016. Available online: https://www.smartcitiesworld.net/news/news/south-african-city-upgrades-to-smart-city-led-lights-926 (accessed on 19 February 2021).

	



Das, D. Transforming Bloemfontein City to a smart city-A systems thinking approach. In Proceedings of the Smart and Sustainable Built Environment (SASBE) Conference, University of Pretoria, Pretoria, South Africa, 9–11 December 2015. [Google Scholar]

	



Das, D.; Emuze, F. Smart city perspectives of Bloemfontein, South Africa. J. Constr. Proj. Manag. Innov. 2014, 4, 930–949. [Google Scholar]

	



Andreani, S.; Kalchschmidt, M.; Pinto, R.; Sayegh, A. Reframing technologically enhanced urban scenarios: A design research model towards human centered smart cities. Technol. Forecast. Soc. Chang. 2019, 142, 15–25. [Google Scholar] [CrossRef]

	



Denscombe, M. The Good Research Guide: For Small-Scale Social Research Projects; McGraw-Hill Education: Maidenhead, Berkshire, UK, 2014. [Google Scholar]

	



Abbas, H.; Shaheen, S.; Elhoseny, M.; Singh, A.K.; Alkhambashi, M. Systems thinking for developing sustainable complex smart cities based on self-regulated agent systems and fog computing. Sustain. Comput. Inform. Syst. 2018, 19, 204–213. [Google Scholar] [CrossRef]

	



Khayut, B.; Fabri, L.; Avikhana, M. Modeling of intelligent system thinking in complex adaptive systems. Procedia Comput. Sci. 2014, 36, 93–100. [Google Scholar] [CrossRef]

	



Lich, K.H.; Urban, J.B.; Frerichs, L.; Dave, G. Extending systems thinking in planning and evaluation using group concept mapping and system dynamics to tackle complex problems. Eval. Program Plan. 2017, 60, 254–264. [Google Scholar] [CrossRef] [PubMed]

	



Miki, Y.; Kojiri, T.; Seta, K. “If Thinking” Support System for Training Historical Thinking. Procedia Comput. Sci. 2015, 60, 1542–1551. [Google Scholar] [CrossRef]

	



Omotayo, T.; Awuzie, B.; Egbelakin, T.; Obi, L.; Ogunnusi, M. AHP-Systems Thinking Analyses for Kaizen Costing Implementation in the Construction Industry. Buildings 2020, 10, 230. [Google Scholar] [CrossRef]

	



Cabrera, D.; Cabrera, L.; Powers, E.; Solin, J.; Kushner, J. Applying systems thinking models of organizational design and change in community operational research. Eur. J. Oper. Res. 2018, 268, 932–945. [Google Scholar] [CrossRef]

	



Omotayo, T.; Olanipekun, A.; Obi, L.; Boateng, P. A systems thinking approach for incremental reduction of non-physical waste. Built Environ. Proj. Asset Manag. 2020, 10, 509–528. [Google Scholar] [CrossRef]








[image: Applsci 11 02044 g001 550] 





Figure 1. Initial SWOT causal loop diagram (green—strengths; black—opportunities; blue—weaknesses; red—threats) Source: Authors’ construct (2020). 
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Figure 2. Validated SWOT causal loop diagram. 
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Figure 3. Reinforcing loop R1. 
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Figure 4. Reinforcing loops R2 and R3. 
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Figure 5. Reinforcing loop R4. 
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Figure 6. Reinforcing loop R5. 
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Figure 7. Reinforcing loop B1. 
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Figure 8. Reinforcing loop B2. 
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Figure 9. A framework for managing SWOT factors influencing Smart Campus transitions. 
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Table 1. Demographics of experts.
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	No.
	Sector
	Discussant Code
	Number of Discussants per Category





	1.
	Registry
	R1-2
	2



	2.
	Finance/Accounts
	F/A1
	1



	3.
	Procurement
	P1-2
	2



	4.
	Estates and Infrastructure (Facilities)
	FA1-2
	2



	5.
	Information and Communication Technology (ICT)
	ICT1-2
	2



	6.
	Student Representatives
	SR1-4
	4



	7.
	Academic staff
	AS1-6
	6



	
	Total
	
	19







Source: Compilation from author’s fieldwork (2018).
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Table 2. Features of expert involved in the validation phase.
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	Experts
	Country of Residence
	Profession





	EXP1
	South Africa
	Professor of Construction project management



	EXP2
	South Africa
	Senior researcher in built environment



	EXP3
	United Kingdom
	Senior Lecturer in Quantity Surveying



	EXP4
	United Kingdom
	Lecturer in Quantity Surveying



	EXP5
	New Zealand
	Post-doctoral fellow in construction project management
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Table 3. A strengths, weakness, opportunities, and threats (SWOT) analysis of the South Africa University of Technology (SAUoT)’s Smart Campus transition.
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	Strengths
	Weaknesses





	
	
The realization of the need to develop a Smart Campus;



	
The apparent willingness on the part of a sizeable number of stakeholders to be a part of the initiative;



	
The presence of an already existing ICT infrastructure at the university, hosting several platforms like the e-learning platform;



	
The presence of knowledge capabilities within the institution; and



	
Some faculties are already experiencing a transition towards Smartness (starting from going paperless).





	
	
Poor integration of extant e-platforms on the Information Technology Support (ITS);



	
Unwillingness on the part of relevant stakeholders to embrace the Smart Campus initiative;



	
Poor and inadequate funding issues;



	
Compartmentalized nature of the various pockets of knowledge; and



	
Inability to effectively utilize the knowledge capabilities present on campus.








	Opportunities
	Threats



	
	
Advantages conferred on the University by virtue of its location;



	
The location of SAUoT (within a city desirous of attaining a Smart City status) is considered an opportunity. SAUoT can provide the competencies required, if it becomes smart. This can provide opportunities for the co-production/co-creation of smart knowledge assets which can in turn bring about improved revenue for the institution.



	
Presence of similar interests in peer institutions, regionally, nationally, and internationally for benchmarking purposes.





	
	
Competition from peer institutions



	
Declining grants from external sources (Department of Higher Education and Training (DHET), Department of Science and Innovation (DSI) etc.)












Source: Ngowi and Awuzie [29].
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Table 4. Summary of findings from experts’ opinions.
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Expert Opinion Codes

	
Experts’ Comments

	
Changes Effected






	
SA-EXP1

	
Inclusion of new SWOT variables:

Strength

International incentive.

Engagement of campus end users.

	
Strength

International incentive.

Campus user’s engagement.




	
Weakness

Absence of local examples.

	
Weakness

Local examples.




	
Opportunities

Location of campus

SAUoT-city aligned values.

Presence of similar interests for benchmarking purposes.

Similar international guidelines.

Platform for implementing sustainable campus objective.

International grants.

Enhancement of university curriculum.

	
Opportunities

SAUoT’s location in a potentially Smart City was stated.

Existing interests for benchmarking.

Similar international guidelines.

Platform for implementing sustainable campus objective.

University curriculum.




	
Threat

Executive management’s interest.

	
Threat

Executive management.




	
SA-EXP2

	
Suggestions stated:

Separation of CLDs

The CLDs or conceptual models for each aspect may be made separately by considering the most influential parameters and their one way or two-way causalities.

	
The different models were separated according to the reinforcing loops and SWOT.




	
Structure

Think in terms of “information- decision-action- impact” on the system (environment) (information leading to a decision based on which actions are taken and the actions have an impact on the system), then the action will come back as the information as feedback.

	
The structure of the model was revised according to “information- decision-action- impact”.




	
Polarities

Polarities only influence two consecutive variables and succeeding or preceding to the two concerned consecutive variables are not impacted by the polarities assigned to the two variables. For example, IF there are four variables linked in a feedback loop A-B-C-D, then A influences the polarity of B but does not influence the polarity of C.

	
The polarities have been revised accordingly. This is evident in R1, R2, R3, and R4.




	
Balancing loops

Even number of negatives becomes positive and adds to become a reinforcing loop and odd number negative becomes negative and generates a balancing loop (ll balancing loops are not bad—they are needed to stabilize the system).

	
The change in structure and variables have led to new balancing loops.




	
UK-EXP1

	
Suggestion stated:

Description

The model is concise, and it described the issues associated with the transition to Smart Campus within the tertiary educational sector.

	
The positive feedback was used to enhance the structure and polarities.




	
UK-EXP2

	
Suggestion stated:

Clarity

The model is not very simple to understand in some respects as it is not clear to understand the connections in a few places. For example, it is not clear how stakeholders’ engagement leads to unwillingness of stakeholders as a weakness. Also, how can unwillingness of stakeholders, result in utilization of knowledge capabilities or do you mean underutilization? Not clear how Smart knowledge micro co creation is an opportunity for compartmentalization? Where possible the links can be better described for clarity.

	
More neutral words were used to describe the variables. “Unwillingness of stakeholders” has been renamed as “stakeholder willingness”. The connections of knowledge capabilities were revised.




	
NZ-EXP1

	
Suggestions stated:

Summary and further explanation

The reinforcing and balancing feedback loops are clearly indicated to enable experts understand the system. However, R1-R4; B1 needs to be summarized to increase clarity, especially for higher education stakeholders who do not have the knowledge of system dynamics.

	
Archetypes were produced in addition to the new structure. The archetypes will be explained individually.




	
Clarity on “government policy”

Government policy is linked to R1; R3; and R4. Any significance considering it is not one of the SWOT variables in Table 1? Same thing applicable to “economic issues” linked to R4!

	
There are new variables, reworded variables, and connections in the CLD has changed and there are new reinforcing and balancing loops which will be explained in a separate section.








Source: Authors’ compilation (2020)
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