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ABSTRACT  
Background: Socioeconomic transformation driven by technological advancement has become more 
significant in scale, scope, and complexity, so much so that the term fourth industrial revolution (4IR) has been 
ascribed to this era. The velocity, breadth and depth, and systems impact of the 4IR is unlike anything 
humankind has experienced. Thus, how should organisational leaders orientate themselves to navigate through 
the 4IR, which includes a future characterised by ever-increasing technological advancement? 
Purpose of the study: Leadership and management practices are not keeping pace with advancements in 
theory and application comparable to the 4IR’s exponential advancement. Although various studies related to 
leadership and management in the 4IR have emerged in recent times, a theory and practice gap from a top-
management intelligence (cognitive disposition) perspective remains. This paper aims to establish an integrated 
intelligence taxonomy for top management to navigate the 4IR. 
Design/methodology/approach: Drawing on insights of global experts, the Delphi method was applied to 
develop categories of intelligence that reveal the essence of what is required to address the challenges of the 
4IR. Accordingly, three iterative rounds of inquiry were conducted with experts until a consensus was achieved. 
Findings: Nine themes emerged from the Delphi study that constitute a 4IR integrated intelligence taxonomy. 
These were categorised by means of a conceptualised intelligence theme descriptor: complexity intelligence; 
inquiry intelligence; critical intelligence; futures intelligence; adaptive intelligence; creative intelligence; 
emotional intelligence; ethical intelligence; and collaborative intelligence. 
Managerial implications: This study offers insight to practitioners concerning the context and critical issues 
associated with the 4IR and the cognitive disposition required from a management and leadership practice 
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perspective so as to effectively navigate the 4IR. It further contributes to serving as a reference point to measure 
performance in relation to the nine integrated intelligence typologies. This allows for the identification of 
competence gaps and need-specific developmental interventions.  

 

Keywords 
Cognitive disposition; Fourth industrial revolution; Intelligence; Top management  

 

JEL Classification: M0 

1. INTRODUCTION  

The socioeconomic transformation driven by technological advancement has been so 

significant in scale, scope, and complexity that the term fourth industrial revolution (henceforth 

referred to as 4IR) has been adopted to describe this era that is unlike anything humankind 

has previously experienced (Schwab, 2016). Leadership and management practice, however, 

are not keeping pace with advancements in terms of theory and application comparable to the 

4IR’s exponential advancements (Alvesson & Sandberg, 2013; Cai, 2014; McAfee et al., 2014; 

Mongeau, 2014). In fact, criticism towards outdated leadership and management theory and 

practice was highlighted during the 2008 financial crisis, with ‘responsible leadership’ (Falk & 

Blaylock, 2012; Pless & Maak, 2011; Storsletten & Jakobsen, 2015; Waldman & Galvin, 2008), 

and ‘crisis leadership’ (James & Wooten, 2011; Walker et al., 2016), gaining prominence, 

among others.  

Muff et al. (2020) posited that, since the 2008 financial crisis, the call for responsible leaders 

in and beyond business was amplified as corporate scandals continued unabatedly. Maak et 

al. (2021:67) further argued a case for two major “fault lines of leadership” highlighted by the 

COVID-19 pandemic: narcissism and ideological rigidity. The COVID-19 pandemic 

emphasised the role of leadership in times of crisis, with Maak et al. (2021) further proffering 

that many leaders failed to instil hope, but rather engaged in acts of selfish, destructive, and 

‘toxic leadership’ to the detriment of numerous people around the world. The COVID-19 crisis 

highlighted the intellectual qualities expected from leaders: 

systemic thinking and the ability to mirror environmental complexity; reflective and 

critical thinking, and the ability to update one’s views when evidence changes; 

reasoning and ethical skills, and thus the ability to evaluate and judge one’s decisions 

in the context of the greater good.” (Maak et al., 2021:81) 
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In addition, Kwiotkowska et al. (2022) argued that the 4IR has resulted in the emergence of 

new forms of leadership (e.g., digital leadership, virtual leadership, e-leadership); thus, leaders 

need to reorient themselves to navigate the changes introduced by Industry 4.0 technology. 

How then should organisational leaders orientate themselves to navigate the 4IR with a 

potential future characterised by ever-increasing technological advancement? How should 

leaders prepare and approach a future where the timelines for the adoption of key disruptive 

trends are indeterminate, as is the degree of certainty with respect to these advancements? 

Mongeau (2014) asserted that management practice will progressively need to become more 

innovative in terms of affirming its value proposition in relation to emerging advanced decision 

technology systems. Although top managers are far from obsolete, machine learning is 

progressing at a rapid pace; thus, executives need to become adept in creating innovative 

new organisational forms required to manage in an age of machine intelligence, accentuating 

creative abilities, leadership skills, and strategic thinking (McAfee et al., 2014). Chui et al. 

(2015) posited that the organisational and leadership implications are profound and that 

leaders to front-line managers will need to redefine jobs and processes to ensure 

organisational longevity. This attests to the inadequacy and outdatedness of the prevalent 

leadership and management practice ‘intelligence configuration’, thereby highlighting the need 

to understand the requisite ‘intelligence configuration’ needed by top management to 

effectively navigate 4IR.   

Various studies related to leadership and management in the 4IR emerged as the 4IR 

narrative became popular among management scholars, which, amongst others, are: 

• Pollitzer (2019), who conceptualised a framework for connecting drivers of plausible digital 

futures to sustainable development goals (SDGs);  

• Markowitz (2019), who studied the roles of policymakers in harnessing the 4IR in SADC;  

• Alade and Windapo (2020a), who studied 4IR leadership effectiveness in construction 

companies and developed an effective 4IR leadership framework for construction 

organisations (Alade & Windapo, 2020b);  

• Adekanmbi and Ukpere (2022), who evaluated the correlational effects of perceived 

leadership 4.0, workplace ostracism, innovative work behaviour, and organisational 

performance in Nigeria; and  

• Kwiotkowska et al. (2022), who investigated leadership competency shortages and its 

configurations in relation to low leadership effectiveness of Industry 4.0 in Poland.  

Nonetheless, there still remains a theoretical and practice gap from a top-management 

intelligence (cognitive disposition) perspective. Drawing on the non-unitary theory of 



  
JH OOSTHUIZEN  
M UNGERER  
J VOLSCHENK 

A fourth industrial revolution integrated intelligence taxonomy for top 
management 

 

 

 

 
Journal of Contemporary Management 
DHET accredited 
ISSN 1815-7440 

Volume 20 Issue 1 
2023 

Pages 404-443 

Page 4  

 
 

intelligence developed by Sternberg (1985), this paper aims to establish an integrated 

intelligence taxonomy for top management to navigate the 4IR. Top management refers to the 

highest level in the managerial hierarchy and the decisive source of authority within the 

organisation. These individuals are accountable to the owners and responsible for the overall 

management of the organisation (Darr, 2011; Du Toit et al., 2007; Murugan, 2008), and have 

a direct influence on the formulation of the organisation’s strategy (Nielsen, 2010).      

2. LITERATURE REVIEW 

With the disruption ushered in by 4IR, humanity is faced with a range of complex and wicked 

problems that require innovative and adaptive solutions. The reconfiguration of leadership and 

management practice’s cognitive disposition is at the heart of navigating these complexities 

and associated wicked problems. In the quest for understanding the appropriate cognitive 

disposition, non-unitary theories of intelligence and other typologies need to be drawn upon, 

and the literature review that follows will subsequently explore these themes, highlighting key 

research and findings that have emerged in these areas. 

2.1 Background  

Machine algorithms have been increasingly applied to intellectual tasks that were once an 

exclusively human domain, tasks which are ex post facto redefined as “not requiring true 

intelligence” (Armstrong, 2014:10). Both ends of the occupational spectrum will likely be 

impacted as software automation and machine learning advances (Ford, 2013). Davenport 

and Ronanki (2018) agreed that job losses are expected as smart machines assume certain 

tasks traditionally completed by humans; however, they believe this fear is overrated because 

cognitive systems perform specific tasks, not entire jobs.  

Across sectors, leadership and an understanding of the unfolding changes are limited when 

considering the need to rethink economic, social, and political systems in response to the 4IR 

(Schwab, 2016). This rapid rate of change has necessitated a re-evaluation of corporate 

structure and workplace business practices, particularly within the leadership realm. At its 

core, the 4IR strives to reduce the need for human labour; thus, leaders are grappling with 

how these changes are impacting business dynamics, strategies, and their own leadership 

roles. The effects of the 4IR and the importance of the right leadership style during this decisive 

time cannot be underestimated (Herold, 2016). However, Daud et al. (2021) argued that many 

senior executives are not appropriately prepared to embrace the changes perpetuated by the 

4IR. Moreover, Kwiotkowska et al. (2022) posited that leaders will have to be more open and 

daring toward the changes the 4IR present. Schwab (2016) argued that the challenges of the 
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4IR can only be meaningfully addressed by means of nurturing and applying four different 

types of intelligence: (1) contextual (how we understand and apply our knowledge); (2) 

emotional (how we process and integrate our thoughts and feelings and relate to ourselves 

and to one another); (3) inspired (how we use a sense of individual and shared purpose, trust, 

and other virtues to effect change and act towards the common good); and (4) physical (how 

we cultivate and maintain our personal health and well-being and that of those around us to 

be in a position to apply the energy required for both individual and systems transformation). 

In view of the complexity, multiplicity, and uncertainty of the 4IR, the demand to become more 

flexible, adaptable, and capable of leading and managing under conditions of severe 

uncertainty becomes evident. Solutions provided by modernity and the drivers of progress 

appear, in many instances, to have become problems of post-normal times (Montuori, 2012). 

Sardar and Sweeney (2016) are of the view that the changes we are facing are not incremental 

and isolated, but occur simultaneously and are both connected and interconnected. This 

constitutes a complex system that Probst and Bassi (2014) view as being dominated by 

dynamics beyond human control, which are the result of multiple interactions between 

variables. However, these variables do not follow a regular pattern, but their dynamic interplay 

can lead to unexpected consequences. In terms of leadership and management as two forms 

of authority rooted in the distinction between uncertainty and certainty, Grint (2008) posited 

that it can also be related to Rittel and Webber’s (1973) typology of ‘tame and wicked 

problems’. Whilst a tame problem may be complicated, it is resolvable through one-sided acts 

and is likely to have occurred previously. However, a wicked problem is more complex as it 

cannot be removed from its environment, solved, and returned without affecting the 

environment (Grint, 2008). It is subsequently argued that the nature of the 4IR presents top 

management with challenges inherent to complex systems and wicked problems.  

2.2 Complexity and the 4IR  

Complex systems exhibit nonlinear behaviour (Anderson, 1999), and organisation theory has 

not yet caught up with the sophisticated tools that have emerged for analysing the behaviour 

of complex adaptive systems (Anderson, 1999). Complexity theory assumes that a system 

can be comprised of living parts that are intelligent and capable of adapting to their 

environment through interactions, communication, and coordinated activities (McGregor, 

2012). Complex behaviour subsequently arises from the inter-relationship, interaction, and 

inter-connectivity of the elements within a system and between a system and its environment 

(Mitleton-Kelly, 2003). The implication in a connected and interdependent human system is a 
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decision or action by any individual (group, organisation, institution, or human system) that 

may affect related individuals and systems (Mitleton-Kelly, 2003). 

Because of the velocity, breadth and depth, and systems impact of the 4IR, Schwab (2016) 

asserted that complex problem-solving, social, and system skills will become increasingly 

more in demand (Schwab, 2016). Mitleton-Kelly (2003:23) argued as follows: 

if organisations are seen as complex evolving systems, co-evolving within a social 

‘ecosystem’, then our thinking about strategy and management changes. With the 

changed perspective comes a different way of acting and relating which could lead to 

a different way of working. In turn, the new types of relationship and approaches to 

work could well provide the conditions for the emergence of new organisational forms.  

Operating in an increasingly complex and disruptive environment requires intellectual and 

social agility, rather than a fixed and narrow focus. In practical terms, this implies that leaders 

cannot afford to think with a silo mentality. The approach to problems and challenges must be 

holistic, flexible, and adaptive, while continuously integrating many diverse interests and 

opinions (Schwab, 2016). 

2.3 Wicked problems and 4IR  

“Wicked Problems” “are those complex, ever-changing societal and organisational planning 

problems that you haven’t been able to treat with much success, because they are not static. 

They’re messy, devious, and they fight back when you try to deal with them" (Ritchey, 2013:1). 

In contrast, ‘tame problems’  only have a limited degree of uncertainty and are, thus, 

associated with management (Grint, 2010). The concept of wicked problems has its origin with 

Rittel and Webber (1973), who argued that the types of problems encountered in policy and 

planning are qualitatively different from those of ‘science’ and must, therefore, be treated as 

such (Morrison, 2013). Rittel and Webber (1973:160) are not calling them “wicked” because 

these properties are themselves ethically deplorable, but they use the term “wicked” as an  

expression similar to that of “malignant”, “vicious”, “tricky” or “aggressive.” When considering 

the 4IR’s associated complexities, a single scientific solution that adapts, shapes, and 

harnesses the potential of disruption appears to be impossible for top management. In terms 

of creating strategy, Camillus (2008) proffered that contemporary strategic-planning 

processes do not help companies cope with the serious problems they face. According to 

Camillus (2008:100), numerous strategy issues are not merely tough or persistent – they are 

“wicked.” These types of problems tend to reveal themselves when organisations are faced 

with constant change or unprecedented challenges (such as those presented by the 4IR). In 
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fact, Camillus (2008:100) argued, “it’s the social complexity of wicked problems as much as 

the technical difficulties that make them tough to manage.” 

Grint (2010) noted the importance of the collective in addressing wicked problems. Since 

wicked problems are partly characterised by the absence of an answer on the part of the 

leader, it benefits the leader to involve the collective to come to terms with the problem. 

Subsequently, Grint (2010) posited that wicked problems necessitate the transfer of authority 

from the individual to the collective, as only collective engagement can appropriately address 

the problem. Due to the degree of uncertainty involved in wicked problems, it is, unavoidably, 

associated with leadership, which, according to Grint (2010:13), implies that leadership is “not 

a science but an art – the art of engaging a community in facing up to complex problems.” 

2.4 Leadership and management in the 4IR  

Leadership and management practices in the 4IR subsequently appear as having to embrace 

Morin’s (2008:5 notion of “complex thought”, but tend to steer away from the paradigm of 

simplification driven by “blind intelligence” (domination of principles of disjunction, reduction, 

and abstraction). Moreover, Gottfredson’s (1997:13) definition of intelligence references “a 

very general mental capability that, among other things, involves the ability to reason, plan, 

solve problems, think abstractly, comprehend complex ideas, learn quickly and learn from 

experience.” This definition provides a sound basis for pursuing reconfiguring leadership and 

management thinking to reflect a broader and deeper capability for comprehending and 

navigating the 4IR. 

Schwab (2016) listed four intelligence types: contextual (the mind); emotional (the heart); 

inspired (the soul); and physical (the body), to be nurtured and applied to meaningfully address 

the challenges of the 4IR. Building on these four intelligence types, Oosthuizen (2017) 

conceptualised six additional types: entrepreneurial (the disposition); strategic (the 

orientation); transdisciplinary (the perspective); ecosystem (the coalescence); Socratic (the 

philosophy); and ethical (the morals). Arguing the case for a more comprehensive intelligence 

framework, Oosthuizen (2017) stated that the organisational and management practice 

implications of the 4IR are profound; thus, leaders will need to redefine their management 

orientation to ensure organisational longevity. 

What is implied by ‘intelligence’ in the context of this paper? It is important to note that this 

study does not intend to explore intelligence from a psychological, biological, or neurological 

perspective per se. Contrariwise, this paper aims to investigate the term intelligence as a 

broad descriptor for the following: collective thinking (the systematic transformation of mental 
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representations of knowledge to characterise actual or possible states of the world); reasoning 

(drawing inferences); judgement (assessment of the value of an option); decision-making 

(choice among alternatives); and problem-solving (construction of a course of action to 

achieve a goal) (Holyoak & Morrison, 2005). 

Since leadership and management behaviour can be deemed as originating from cognitive 

processes, the intelligence paradigm is argued as being vital when considering the appropriate 

mindset to navigate the 4IR. Drawing on the postulate of intelligence as a general mental 

capability involving the ability to reason, plan, solve problems, think abstractly, comprehend 

complex ideas, learn quickly, and learn from experience (Gottfredson, 1997), non-unitary 

theories proved best suited as theoretical grounding for this study due to its acknowledgement 

of diverse cognitive functioning. 

2.5 Non-unitary theories of intelligence  

According to Anderson and Reid (2005), Gardner's theory of multiple intelligences accounts 

for the diverse range of central adult capacities by considering a diverse range of abilities, 

each regarded as a traditional conception of ‘intelligence’. Gardner listed autonomous 

intelligence as linguistic, musical, logical–mathematical, spatial, bodily–kinaesthetic, personal, 

naturalist and spiritualist, manifesting itself in culturally relevant ‘intelligent’ behaviours 

(Anderson & Reid, 2005). Nevid (2013), however, postulated that although Gardner’s theory 

has popular appeal, it does not account for the interrelationships among the different kinds of 

intelligence, nor does it make a determination on how many separate intelligences are 

required to account for the full range of mental abilities. 

Sternberg’s theory proposed several types of intelligence: analytical intelligence; creative 

intelligence (which involves insight, synthesis, and the ability to respond to new situations); 

and practical intelligence (which involves the ability to solve real-life problems). In terms of 

how it manifests, it is suggested that each kind of intelligence involves a control hierarchy of 

cognitive components that contribute to our ‘mental self-management, which include 

performance components, knowledge acquisition components and meta-components 

(Anderson & Reid, 2005). Nevid (2013) posited that Sternberg’s triarchic theory is significant 

as it provides a much-needed focus on how people use their intelligence in everyday life. 

Sternberg’s (1999) triarchic theory of intelligence (referred to as a theory of ‘successful 

intelligence’ to distinguish the theory from theories of strictly academic intelligence) consists 

of three distinctive domains: (1) practical intelligence; (2) analytical intelligence; and (3) 

creative intelligence. Practical intelligence is concerned with individuals applying their abilities 
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to the kinds of problems that confront them in daily life, such as at work or home. Thus, 

practical intelligence involves applying the components of intelligence to adapt to, shape, and 

select environments (Sternberg, 2005). In terms of analytical intelligence, Sternberg (2005) 

explained this as the information processing components of intelligence; as such, they are 

applied to analyse, evaluate, judge, and contrast. Moreover, these are typically involved when 

components are applied to relatively familiar kinds of problems where the judgments to be 

made are of an abstract nature. Creative intelligence, as per Sternberg (2005), has to do with 

how well an individual copes with relative novelty (i.e., as Sternberg (2003:55) highlights, “the 

efficiency with which an individual is able to transition between conventional and 

unconventional ways of thinking.” 

2.6 Other intelligence typologies  

Noteworthy is that the ‘intelligence’ theme has seen multiple new ‘configurations’ as it relates 

to various disciplinary orientations. In systematically reviewing qualitative and quantitative 

empirical work: editorial commentaries and theoretical work; case studies; evaluative, 

descriptive, sociological, psychological, management, and economics papers, the following 

'intelligence typologies' were also identified. These ‘intelligence typologies’ include the 

following: contextual intelligence (Brown et al., 2005; Schwab, 2016); emotional intelligence 

(Goleman, 2004; Schwab, 2016); inspired intelligence (Schwab, 2016); physical intelligence 

(Postle, 1989; Schwab, 2016); cultural intelligence (Ang et al., 2006; Livermore & Van Dyne, 

2015); social intelligence (Goleman & Boyatzis, 2008); strategic intelligence (Djekic, 2014; 

Wells, 2012); ethical intelligence (Belohlavek, 2007; Coyne et al., 2013); digital intelligence 

(Adams, 2004; Waller, 2015); entrepreneurial intelligence (Oosthuizen, 2016); 

transdisciplinary intelligence (Oosthuizen, 2017); ecosystemic intelligence (Oosthuizen, 

2017); and Socratic intelligence (Oosthuizen, 2017). 

3. METHODOLOGY AND FINDINGS 

The Delphi method was applied to develop categories of intelligence to reveal the essence of 

what is required to meaningfully address the challenges of the 4IR. Dalkey et al. (1969:v) 

conceived of the Delphi technique as “a method of eliciting and refining group judgements”, 

which Grime and Wright (2016:11) referred to as “facilitating structured group communication 

in order to gather a consensus of expert opinions in the face of complex problems, expensive 

endeavours, and uncertain outcomes.” 

Chen et al. (2014) argued that the Delphi method is superior to traditional surveys or literature 

reviews for classifying items into categories through content analysis, because it involves 
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rigorous queries from experts and stakeholders. A Delphi study attempts to obtain consensus 

from a group of experts by employing repeated responses on questionnaires and controlled 

feedback (Nevo & Chan, 2007). A key advantage of this approach is that it avoids direct 

confrontation among experts (Chen et al., 2014). Characterised by anonymity (expert 

participants are approached individually), iteration (several rounds) and feedback (results are 

clustered and sent back to all participants) (Woudenberg, 1991), the Delphi method is a 

systematic and interactive research technique for procuring the judgment of a panel of 

independent experts relevant to a specific topic (Hallowell & Gambatese, 2010). 

In terms of whom is deemed an ‘expert’, Gläser and Laudel (2009) described experts as 

individuals who possess special knowledge of a social phenomenon in which the interviewer 

is interested. Pfadenhauer (2009) further elaborated that an expert typically knows the 

knowledge stock that is ‘characteristic’ of or ‘relevant’ to a certain field and is responsible for 

solving related issues. For the purposes of this study, the Delphi panel criteria comprised local 

and international individuals that have demonstrated thought leadership related to the 4IR and 

its permutations as it is associated with leadership, management, strategy, the world of work, 

and society through publications and seminal works, expert panel participation, and keynote 

addresses, which are integral to their day-to-day careers. 

In terms of process, Anheier and Katz (2009) posited that the Delphi method typically involves 

five steps: (1) selection of Delphi participants; (2) decision on the form of communication; (3) 

development of a questionnaire or interview; (4) analysis of initial returns; and (5) second (and 

subsequently third, and so on) Delphi round and analysis. Drawing on Gordon (2009), the 

following high-level process was followed for the Delphi study: 

• Experts on leadership and the 4IR were identified and asked to participate in the inquiry. 

The key to a successful Delphi study lies in the selection of participants (Gordon, 2009; 

Okoli & Pawlowski, 2004). At this initial contact, the nominated persons were informed 

about the Delphi study and invited to participate while being assured of anonymity. 

• In the first-round questionnaire, participants were asked to provide their judgements on 

what leaders require to lead in the 4IR. The content analysis identified a range of themes 

regarding skills, competencies, capabilities, disposition, orientation, mind-set, and the like 

that emerged. 

• In the second-round questionnaire, the themes that emerged were presented to the group 

along with the request to rate the themes in terms of their importance for the “2030-and-

beyond” leader on a scale of 1 (Not essential) to 10 (Absolutely essential). Descriptive 
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statistical analysis was applied, and a consensus was reached on six of the fifteen themes 

that emerged. 

• In the third round (final) questionnaire, participants were presented with the second-round 

results and requested to reassess their opinion based on the themes in which a consensus 

was not reached. Descriptive statistical analysis was again applied, and a consensus was 

reached on three more of the fifteen emerged themes, which totalled a consensus on nine 

themes. 

Essentially, the administration procedure, therefore, involved three general steps: (1) 

brainstorming for important factors; (2) narrowing down the original list to the most important 

ones; and (3) ranking the list of important factors (Okoli & Pawlowski, 2004). The detailed 

process follows next. 

3.1 Data collection 

Securing respondents proved to be challenging amidst second and third follow-ups. Seventy-

eight individuals were initially approached (Australia = 1; Canada = 2; China = 1; Germany = 

1; Hong Kong = 1; India = 1; Korea = 1; Mexico = 1; Netherlands = 2; New Zealand = 1; South 

Africa = 28; Singapore = 1; Slovak Republic = 1; Spain = 2; Sweden = 1; Switzerland = 3; UAE 

= 1; UK = 7; USA = 22). 

As far as Delphi panel sizes are concerned, literature on the optimum size of Delphi groups 

varies considerably (Aichholzer, 2009; Sandrey & Bulger, 2008), and there is no set standard, 

nor has it ever been established what constitutes a large or small panel (Avella, 2016). Keeney 

et al. (2011) and Giannarou and Zervas (2014) also indicated that there are no strict rules 

regarding panel size and the response rate, but that it is rather related to the purpose of the 

investigation. 

Ziglio (1996) asserted that the criterion for deciding on the sample size of a Delphi panel is 

not (and cannot be) a statistical one and further stated that useful results can be obtained from 

small-sized, homogeneous groups of 10-15 experts. However, Day and Bobeva (2005), 

referring to Dalkey et al. (1969), posited that seven is a suitable minimum panel size. Okoli 

and Pawlowski (2004), on the other hand, suggested the size of a Delphi panel should be 

between 10 and 18 participants. Sandrey and Bulger (2008) also argued that a panel should 

include at least 10 members and conveyed that little improvement in results can be expected 

when a panel increases beyond 25-30 members. Furthermore, Franc (2016) recommended 

8-12 members for a Delphi panel and emphasised that diminishing returns occur if more 

members are added. 
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For the purposes of this study, a 12-member panel was established as the objective. Potential 

experts were shortlisted from a pool of people, both internationally and locally, who were 

deemed to meet the criteria.  

Emails explaining the purpose of the study, along with informed consent and a link to the 

online questionnaire, were sent to the 78 shortlisted individuals. The self-administered 

questionnaire was designed using Google Forms, which enabled capturing the data in a 

spreadsheet output form, indicating the timestamp (when the questionnaire was done), unique 

participant identification number, consent indicator, and responses to the questionnaire. Of 

the 78 individuals approached and invitations extended, only 15 experts volunteered to 

participate. Table 1 below reflects the cryptic biographies of the 15 participants. 

Table 1: Delphi experts’ cryptic biographies 

# Expert Cryptic Bio  

1 Renowned author and speaker on technology trends | Researches Internet access, mobile trends, e-
commerce, social media, cloud computing and trends shaping business and consumer use of technology. 

2 
Practising neurosurgeon and a pioneer in the application of psychoneuro-immunology. Studies include human 
consciousness and its enhancement based on the integration of the neurosciences with PNI, designed to 
enhance wellness, performance and leadership in personal, clinical and corporate environments.  

3 

Up to 2017 GM for Product & Digital at large mobile network | Now Associate Professor | Business 
transformation, knowledge management and behavioural change management | Business performance 
improvement and operating model optimisation to deliver consistent, customer relevance across all digital 
touch points (PhD Information Systems) 

4 
Head of Digital for Wealth at large financial institution | Specialises in developing organisational strategies that 
connect digital capabilities with products and services and optimise customer experience to increase revenue 
through digital instruments (PhD) 

5 Theoretical Physicist, Head of Innovation at a large ERP firm and Astronaut Candidate for Mars One - Human 
Settlement on Mars (PhD Quantum Biology) 

6 MD of various entrepreneurial ventures, published author, expert and consultant in futures studies and scenario 
planning (PhD, DBA) 

7 Director on numerous boards and highly experienced in the leadership development industry I Executive 
Development, Management Practice, and Organisational Development (MA) 

8 
Director at large consulting firm: Skilled in large-scale Business Transformation, Organisational Design, Human 
Capital Management, Performance Improvement, Culture Change and Leadership and Executive Team 
Development 

9 Professor of Computing Sciences | 600+ citations | Business Intelligence, User Experience, Big Data, Project 
Management (PhD, DBA) 
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10 
Professor, Top Research Scientist and Scientific Project Manager at the Centre for Innovation in Design and 
Technology at a University in Mexico, as well as National Academia Representative and Coach for the Regional 
Secretariat of Intelligent Manufacturing Systems in Mexico (PhD Information & Communication Tech) 

11 
UNESCO Chair in Futures Studies; Professor, Graduate Institute of Futures Studies, Tamkang University; 
Associate, Melbourne Business School, University of Melbourne; Adjunct Professor, Faculty of Arts and Social 
Sciences, University of the Sunshine Coast; Co-Director of Metafuture.org (PhD) 

12 Editor-in-Chief, Strategy+Business; Managing Director PwC Global; Writer; Editorial Director of Fifth Discipline 
Fieldbook Project; Research member of Society of Organizational Learning (MA) 

13 
Business owner and healthcare entrepreneur. Founder of a healthcare company with more than 10 000 
employees; featured in the book “Reinventing Organizatons” and among the most cited and cherished 
examples of Teal organisations and practices (MBA) 

14 Managing Director Engaging Futures | Futurist | Futures Strategy | Stakeholder Engagement | Keynote 
Presenter (PhD) 

15 
Executive Director for Public Relations and Legal in the South Pacific. Specialise amongst others in stress 
management and spiritual intelligence (SI). Assists companies to take work health and safety from compliance 
to best practice with regard to personal development, stress management and work-life strategies. 

Source: Authors’ own compilation 

Round 1 

Following the invitation to participate, panel members were presented with an initiating 

questionnaire, along with a science fiction angle utilised to create a future-oriented focus. The 

brief was as follows: 

“A group of world-renowned neuro- and techno-scientists have created a mechanism 

(hardware) and process to re-program the human brain. They are now approaching 

experts to develop various programs (software) for a variety of human jobs requiring 

re-programming to deal with the unprecedented technological advancements driven 

by 4IR and shaping a disruptive future. 

You have been specially selected to contribute to the development of a software 

program called “The 2030-and-Beyond Intelligent Leader” for specific application on 

top management of organisations to enable them to effectively navigate 4IR. 

Drawing on the postulate of intelligence as general mental capability involving the 

ability to reason, plan, solve problems, think abstractly, comprehend complex ideas, 

learn quickly and learn from experience, you are required to approach this future-fit 

state of top managers holistically, considerate of skills, competencies, capabilities, 

disposition, orientation, mind-set and the like... [Pause and reflect]” 
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After the brief, participants were presented with the assignment, emphasising a ‘clean slate’: 

“With 2030 and beyond in mind, in the space provided below, list the collection of skills, 

competencies, capabilities, disposition, orientation, mind-set and the like you believe 

should be “programmed” into top-management practitioners of the future.  Along with 

each listing, also provide an explanation / description so that the programmers of “The 

2030-and-Beyond Intelligent Leader” program will understand what is implied. 

Example: Emotional intelligence – how we process and integrate our thoughts and 

feelings and relate to ourselves and to one another.” 

At the end of the questionnaire, participants were then given the option to share any other 

insights, views, or opinions they considered significant to the study under the heading, 

‘General’. 

Thematic analysis was adopted to analyse the responses of Round 1 in pursuit of generating 

themes and taxonomy. Braun and Clarke (2006:79) described a thematic analysis as “a 

method for identifying, analysing, and reporting patterns (themes) within data” that, at a 

minimum, organises and describes data in rich detail. Referring to Ayres et al. (2003), 

Vaismoradi et al. (2016) posited that ‘theme’ is used as an attribute, descriptor, element, and 

concept (i.e., an implied topic that organises a collection of repeating ideas). Bradley et al. 

(2007) perceived themes as general propositions that emerge from diverse and detail-rich 

data and provide recurring and unifying concepts regarding the subject of inquiry. Taxonomy, 

on the other hand, is “a system for classifying multifaceted, complex phenomena according to 

common conceptual domains and dimensions” (Bradley et al., 2007:1765). The details of each 

theme were refined through continuous analysis, after which names and descriptions for each 

theme were generated. Analysis of the extracts was related back to the research question and 

literature, and from Round 1, 15 themes emerged: (1) Complex Problem Solving / Decision-

making / Judgement; (2) Communication / Negotiation / Collaboration; (3) Emotional 

Intelligence; (4) Creativity / Innovation; (5) Critical Thinking; (6) Cognitive Agility; (7) Human, 

Artificial Intelligent Agent & Data Interface; (8) Continuous Learning; (9) Cultural Intelligence; 

(10) Ethics; (11) Strategic Foresight / Strategic Orientation / Futures; (12) Adaptability; (13) 

Integrated Intelligence; (14) Spirituality; and (15) Neohumanism. 

Round 2 

For Round 2, respondents were provided with the 15 themes that emerged from Round 1 and 

asked to rate the importance of each on a scale of 1 (not essential) to 10 (absolutely essential). 

Each theme included a description for respondents to interpret the theme appropriately, and 
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in preparation for determining consensus, descriptive statistics were calculated with the results 

presented below in Table 2. 

Table 2: Descriptive statistics of Round 2 responses 

 N Median Q1 Q3 IQR Mode Mean 
% 

8-10 
SD CV 

Complex Problem Solving / 
Decision-making / Judgement 13 9 8 10 2,00 10 8,923 91,6 1,038 0,116 

Communication / Negotiation / 
Collaboration 13 8 8 9 1,00 8 8,462 75 1,127 0,133 

Emotional Intelligence 13 8 8 10 2,00 8 8,462 83 1,330 0,157 

Creativity / Innovation 13 8 8 10 2,00 10 8,231 75 1,833 0,223 

Critical Thinking 13 9 8 10 2,00 10 8,615 75 1,758 0,204 

Cognitive Agility 13 9 7 9 2,00 9 7,846 83 2,075 0,265 

Directing Human and Artificial 
Intelligent Agent Symbiosis 13 8 6 9 3,00 8 7,231 50 2,279 0,315 

Continuous Learning 13 9 8 9 1,00 9 8,692 91,6 0,751 0,086 

Cultural Intelligence 13 7 7 9 2,00 7 7,692 50 1,797 0,234 

Ethics 13 9 8 10 2,00 10 8,385 83 1,850 0,221 

Strategic Foresight / Strategic 
Orientation / Futures 13 9 8 9 1,00 9 8,385 83 1,325 0,158 

Adaptability 13 9 8 9 1,00 9 8,615 83 1,193 0,138 

Integrated Intelligence 13 9 8 9 1,00 9 8,154 83 1,676 0,206 

Spirituality 13 8 5 10 5,00 10 7,462 58 2,470 0,331 

Neohumanism 13 7 4 9 5,00 9 6,462 50 3,230 0,500 

Source: Authors’ own compilation 

The median (centre value) is a measure to determine the average or the middle value of a set 

of data which has been arranged (Wisniewski, 1997). Moore et al. (2011), however, argued 

that measuring the centre alone can be misleading since two themes with the same median 

rating can actually be very different in theory and in practice. Hence, measuring the spread by 

means of percentiles is particularly appropriate. According to Moore et al. (2011), the most 

frequently used percentiles, other than the median, are quartiles. The first quartile represents 

the 25th percentile, while the third quartile is the 75th percentile (i.e., the first and third quartiles 

show the spread of the middle half of the data). In calculating the quartiles, Waters (2011) 
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stated that data are arranged in ascending value/size. Subsequently, the first quartile, Q1, 

represents the value a quarter of the way through the data, with 25 per cent of the values 

smaller and 75 per cent larger (value number (n + 1) / 4). Furthermore, the third quartile, Q3, 

represents the value three-quarters of the way through the data, with 75 per cent of the values 

smaller and 25 per cent larger (3(n + 1) / 4). 

The quartiles are then used to define a more narrow range (Q3 − Q1) that contains 50 per 

cent of the values, namely, the interquartile range (IQR). According to Wisniewski (1997), 

ceteris paribus, which is a lower value for the IQR, produces less variability in the central part 

of the data set. Thus, the lower the IQR, the closer Q1 and Q3 are to each other. Mode is 

simply the value that occurs most frequently (Waters, 2011) and relies more on observation 

than calculation (i.e., identifying the most frequent value). 

An explanation of a distribution mostly includes a measure of its centre, which is commonly 

the mathematical average or mean (Moore et al., 2011). The mean of a set of values is derived 

by adding all the values together to arrive at the sum and dividing the sum by the number of 

values (Waters, 2011), or, in a more compact notation  𝑥𝑥 = 1
𝑛𝑛
∑ 𝑥𝑥𝑖𝑖. The column “% 8-10” simply 

refers to the frequency of responses between the values eight and ten expressed as a 

percentage. Furthermore, standard deviation measures the distribution by means of 

calculating how far the observations are from their mean (Moore et al., 2011), which is the 

most common measure of distribution (Tiemann, 2010; Waters, 2011). The standard deviation 

(s) is the square root of the variance (s2): 𝑠𝑠 =  � 1
𝑛𝑛−1

∑(𝑥𝑥𝑖𝑖 − 𝑥𝑥)2. 

The last column in the table reflects the coefficient of variation (CV), which is helpful to assess 

comparative relative variability rather than the absolute variability (Wisniewski, 1997). CV is 

defined as the ratio of standard deviation over the mean (Waters, 2011) or 𝐶𝐶𝐶𝐶 = 𝑠𝑠
𝑥𝑥
. 

In our study, ‘Continuous Learning’, for example, had a standard deviation of 8,6 per cent of 

the mean value. The relatively low coefficient of variation suggests more consistency between 

the responses as comparable to ‘Neohumanism’ with a standard deviation of 50 per cent to 

the mean value. 

Finally, the reliability of the 10-point semantic differential scale was measured using 

Cronbach’s Alpha to assess internal consistency. The greater the Cronbach alpha coefficient, 

the more reliable the scale. George and Mallery (2003:231 provided the following rules of 

thumb: “ɑ > .9 – Excellent, ɑ > .8 – Good, ɑ > .7 – Acceptable, ɑ > .6 – Questionable, ɑ > .5 – 

Poor, and ɑ < .5 – Unacceptable.” All 13 participants’ responses were used to determine the 
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reliability of the scale (Table 3). The results indicate that all 15 themes measured have an 

acceptable reliability with Cronbach Alpha values above the customary cut-off value of 0.70 

as suggested for internal consistency (Nunnally & Bernstein, 1994). 

Table 3: Reliability of measuring scale 

Items Cronbach Alpha 

All items 0.8442 

Complex Problem Solving / Decision-making / Judgement 0.8371 

Communication / Negotiation / Collaboration 0.8311 

Emotional Intelligence 0.8541 

Creativity / Innovation 0.8383 

Critical Thinking 0.8369 

Cognitive Agility 0.8371 

Directing Human and Artificial Intelligent Agent Symbiosis 0.8321 

Continuous Learning 0.8496 

Cultural Intelligence 0.8316 

Ethics 0.8224 

Strategic Foresight / Strategic Orientation / Futures 0.8276 

Adaptability 0.8326 

Integrated Intelligence 0.8396 

Spirituality 0.8268 

Neohumanism 0.8181 

Source: Authors’ own compilation 

Measuring consensus 

According to Keeney et al. (2011), there is no general agreement on what an appropriate level 

of consensus for a Delphi should be, or how this level of consensus should be determined. It 

is also noteworthy that consensus does not mean a 100 per cent agreement, as it is unlikely 

for a diverse group of people with different viewpoints to reach unanimity (Avella, 2016). Citing 

Vernon (2009), Avella (2016) added that consensus in Delphi typically ranges from a 55 to 

100 per cent agreement, with 70 per cent considered the standard. 

Giannarou and Zervas (2014) stated that there are studies that measure consensus through 

frequency distributions and others using the standard deviation or the interquartile range. 
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Citing Binning et al. (1972), Gupta and Waymire (2008), Kittell-Limerich (2005), and Saunders 

et al. (2009), Giannarou and Zervas (2014) further posited that each analysis should also 

contain the calculation of the mean and median, since these are utilised to describe the middle 

and most distinctive response, depicting the central tendency. It is also used to describe the 

coefficient of variation, signifying the observations’ homogeneity, and the mode, representing 

the most frequently occurred value. Hsu and Sandford (2007) concurred that the primary 

statistics applied in Delphi studies are measures of central tendency (means, median, and 

mode) and levels of dispersion (standard deviation and inter-quartile range) to present 

information concerning the collective judgments of respondents. 

There are also some comparable studies where the scope of a Delphi study was to assess 

and demonstrate the importance of variables. For example, Giannarou and Zervas (2014) 

referred to a study by Hayne and Pollard (2000), where the importance of 23 issues in 

information systems (IS) management was evaluated. Moreover, in another study conducted 

by Nakatsu and Iacovou (2009), they assessed the importance of 25 risk factors of outsourced 

software development from a client perspective in domestic and offshore settings. To illustrate 

applicability, Giannarou and Zervas (2014) provided a case that used a Likert scale of 0-10 

(respectively for non- and high-importance) (Asonitis & Kostagiolas, 2010; Ishikawa et al., 

1993; Mullen, 2003; Nerantzidis, 2013), and the opinion of 12 experts. Similarly, this study 

made use of three combinatory measures to determine consensus: 

(i) 51 per cent and more responded to the category ‘absolutely essential’, which 

translates into values between 8 and 10 on the 10-point Likert scale (Hackett et al., 

2006); 

(ii) an interquartile range below 2.5 (Kittell-Limerick, 2005); and  

(iii) a standard deviation below 1.5 (Christie & Barela, 2005).  

Based on the assessment of Round 2, a consensus on the importance of themes was 

achieved on six of the fifteen themes, as depicted in Table 4 below. 
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Table 4: Round 2 themes achieving consensus 

 N Median Q1 Q3 IQR Mode Mean 
% 

8-10 
SD CV 

Complex Problem Solving / 
Decision-making / 
Judgement 

13 9 8 10 2,00 10 8,923 91,6 1,038 0,116 

Communication / 
Negotiation / Collaboration 13 8 8 9 1,00 8 8,462 75 1,127 0,133 

Emotional Intelligence 13 8 8 10 2,00 8 8,462 83 1,330 0,157 

Continuous Learning 13 9 8 9 1,00 9 8,692 91,6 0,751 0,086 

Strategic Foresight / 
Strategic Orientation / 
Futures 

13 9 8 9 1,00 9 8,385 83 1,325 0,158 

Adaptability 13 9 8 9 1,00 9 8,615 83 1,193 0,138 

Source: Authors’ own compilation 

Round 3 

For Round 3, respondents were informed that six of the fifteen themes that emerged from 

Round 1 achieved consensus, and an explanation was offered on how it was achieved (i.e., 

the statistical measures used). Respondents were also provided with a list of the nine themes 

where consensus was not reached. A table containing the descriptive statistics was also 

provided to give participants a sense of the group’s responses to assist in their personal 

reflection on the nine themes. During Round 3, 12 responses were received, achieving the 

objective of 12 participants. From the data received, a consensus was achieved on three of 

the nine themes. A detailed explanation of the procedure is discussed. 

For Round 3, respondents were provided with the results of Round 2, highlighting the six 

themes on which consensus was reached: (1) Complex Problem Solving / Decision-making / 

Judgement; (2) Communication / Negotiation / Collaboration; (3) Emotional Intelligence; (4) 

Continuous Learning; (5) Strategic Foresight / Strategic Orientation / Futures; and (6) 

Adaptability. Respondents were then requested to re-evaluate their individual ratings on the 

remaining nine themes: (1) Creativity / Innovation; (2) Critical Thinking; (3) Cognitive Agility; 

(4) Human + Intelligent Agent + Data Interface Management; (5) Cultural Intelligence; (6) 

Ethics; (7) Integrated Intelligence; (8) Spirituality; and (9) Neohumanism. 
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In determining consensus, descriptive statistics were again calculated and, from Round 3’s 

assessment, a consensus on the importance of themes was achieved on three of the nine 

themes, as depicted in Table 5. 

Table 5: Round 3 themes achieving consensus 

 N Median Q1 Q3 IQR Mode Mean 
% 

8-10 
SD CV 

Creativity / Innovation 12 9 8 9,25 1,25 9 8,667 75 1,073 0,124 

Critical Thinking 12 9,5 8,75 10 1,25 10 9,250 75 0,866 0,094 

Ethics 12 10 8,75 10 1,25 10 9,167 83 1,267 0,138 

Source: Authors’ own compilation 

The results of Round 3 were incorporated with the other themes on which consensus was 

reached, resulting in nine themes as the final list. Table 6 contains the final list of themes on 

which consensus was reached. 

Table 6: Final list of themes achieving consensus 

 N Median Q1 Q3 IQR Mode Mean 
% 

8-10 
SD CV 

Complex Problem Solving / 
Decision-making / Judgement 13 9 8 10 2,00 10 8,923 91,6 1,038 0,116 

Communication / Negotiation / 
Collaboration 13 8 8 9 1,00 8 8,462 75 1,127 0,133 

Emotional Intelligence 13 8 8 10 2,00 8 8,462 83 1,330 0,157 

Continuous Learning 13 9 8 9 1,00 9 8,692 91,6 0,751 0,086 

Strategic Foresight / Strategic 
Orientation / Futures 13 9 8 9 1,00 9 8,385 83 1,325 0,158 

Adaptability 13 9 8 9 1,00 9 8,615 83 1,193 0,138 

Creativity / Innovation 12 9 8 9,25 1,25 9 8,667 75 1,073 0,124 

Critical Thinking 12 9,5 8,75 10 1,25 10 9,250 75 0,866 0,094 

Ethics 12 10 8,75 10 1,25 10 9,167 83 1,267 0,138 

Source: Authors’ own compilation 



  
JH OOSTHUIZEN  
M UNGERER  
J VOLSCHENK 

A fourth industrial revolution integrated intelligence taxonomy for top 
management 

 

 

 

 
Journal of Contemporary Management 
DHET accredited 
ISSN 1815-7440 

Volume 20 Issue 1 
2023 

Pages 404-443 

Page 21  

 
 

4. DISCUSSION 

The nine themes that emerged from the Delphi study subsequently constitute the 4IR-

integrated intelligence taxonomy the study set out to determine. These were categorised by 

means of a conceptualised intelligence theme descriptor: 

1. Complexity Intelligence (Complex Problem Solving / Decision-making / Judgement)  

2. Collaborative Intelligence (Communication / Negotiation / Collaboration)  

3. Emotional Intelligence 

4. Inquiry Intelligence (Continuous Learning)  

5. Futures Intelligence (Strategic Foresight / Strategic Orientation / Futures)  

6. Adaptive Intelligence (Adaptability)  

7. Creative Intelligence (Creativity / Innovation)  

8. Critical Intelligence (Critical Thinking)  

9. Ethical Intelligence (Ethics)  

Graphically the integrated taxonomy is illustrated in an enneagon, as depicted in Figure 1 

below.  

Figure 1: 4IR Integrated Intelligence Taxonomy 

 

Source: Authors’ own compilation 
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A discussion of each descriptor ensues as informed by the literature. Apart from the initial 

literature review, it was deemed necessary to further consult literature that specifically 

emphasised the nine themes that emerged from the Delphi study. In so doing, each theme 

has been comprehensively described, cognisant of seminal works, further theoretical 

developments, and how it ultimately relates to the 4IR, which is the focus of this study. 

4.1 Complexity intelligence 
Problem-solving refers to the process whereby a gap between a current situation and a 

desired state is perceived, after which a person aims to resolve this gap and navigate a path 

to a desired state obscured by known or unknown barriers (Funke, 2012; Huit,1992). Dörner 

and Funke (2017:6) further deduced complex problem-solving as “a collection of self-regulated 

psychological processes and activities necessary in dynamic environments to achieve ill-

defined goals that cannot be reached by routine actions.” Talanker (2016), however, proffered 

that problem-solving and decision-making are simply diverse aspects of the same multi-stage 

goal-oriented cognitive process. 

Complexity is interpreted by Morin (2008) as a fabric of heterogeneous elements that are 

inseparably associated (i.e., the fabric of events, actions, interactions, retroactions, 

determinations, and ‘chance’ that constitutes our phenomenal world). In examining judgement, 

Shotter and Tsoukas (2014) highlighted the importance of emotions, moral agency, language 

use, and, especially, the selective and integrative nature of perceptual processes. In critiquing 

currently dominant approaches to judgment, they argued a compelling case for a concept of 

judgment known as “phronesis” (practical wisdom, an intellectual virtue that implies ethics) 

based on Aristotle's thinking. This involves deliberation grounded in values, concerned with 

practical judgement and informed by reflection, and is pragmatic, variable, context-dependent, 

and oriented toward action (Shotter & Tsoukas, 2014). In earlier work on the concept, 

Flyvbjerg (2006) stated that phronesis concerns values and goes beyond analytical, scientific 

knowledge (episteme) and technical knowledge or know-how (techne), and it involves 

judgements and decisions made in the manner of a skilful social actor. Phronetic leaders, 

Shotter and Tsoukas (2014:225) posited…  

are people who have developed a refined capacity to come to an intuitive grasp of the 

most salient features of an ambiguous situation and, in their search for a way out of 

their difficulties, to craft a particular path of response in moving through them, while 

driven by the pursuit of the common good. 
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According to Nonaka and Toyama (2007:378), phronesis is the synthesises of “knowing why” 

as in scientific theory, with “knowing how” as in practical skill, and “knowing what” as a goal to 

be achieved. Identifying complex problems and reviewing related information to develop and 

evaluate options and implement solutions are essential in the 4IR (WEF, 2018). Moreover, 

Schwab (2016) emphasised complexity in relation to the 4IR as well as the subsequent need 

for complex problem-solving to increase. 

4.2 Collaborative intelligence 

In times of crisis (similarly in the 4IR), leaders should relate to the skills of negotiating as a 

“strategic calculus” through open communication and a formal process of searching for the 

best solution to mitigate the effects of the crisis and to acquire an effective solution (Puscas, 

2010). Appley and Winder (1977:281) considered collaboration as a… 

relational system in which (1) individuals in a group share mutual aspirations and a 

common conceptual framework; (2) the interactions among individuals are 

characterised by “justice as fairness”; and (3) these aspirations and conceptualisations 

are characterised by each individual's consciousness of his/her motives toward the 

other…  

According to Schwab (2016), it is how we use our sense of individual and shared purpose, 

trust, and other virtues to effect change and act towards the common good in the 4IR. 

Collaboration is strongly correlated to trust, communication, commitment, knowledge sharing, 

information exchange, and acting with a high level of transparency (Schöttle et al., 2014). 

Furthermore, this drives the process of shared creation (Camarihna-Matos & Afsarmanesh, 

2018). Massingham (2019a) proposed that the practical wisdom of professional practice is to 

execute tasks or resolve problems through collaboration and knowledge sharing. 

In the 4IR, a capacity for agility will not only be crucial for setting business priorities and 

managing physical assets, but is also focused on employee motivation and communication. 

Collaboration is, therefore, essential to generate positive, common, and hope-filled narratives, 

enabling individuals and groups to participate in, and benefit from, the ongoing transformations 

(Schwab, 2016). Additionally, Manda and Dhaou (2019) concluded that the integration and 

interoperability of cyber-physical systems are critical for enhancing communication and 

collaboration between man and machine. Moreover, collaboration is crucial during 

transformation and change, especially between the various actors in the 4IR to ensure a broad 

participation in this new era, which will not only disrupt business but also government and 

society (Manda & Dhaou, 2019). The complexity of the transformation that is unfolding 
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demands new forms of multi-stakeholder collaborations, implying that engaging partners 

outside the organisation and challenging traditional boundaries are no longer adequate for 

longevity in the 4IR (WEF, 2018). 

4.3 Emotional intelligence 

Salovey and Mayer (1990:189) defined emotional intelligence as “the subset of social 

intelligence that involves the ability to monitor one’s own and other’s feelings and emotions, 

to discriminate among them and to use this information to guide one’s thinking and actions.” 

Goleman (2004) highlighted five components of emotional intelligence: (1) self-awareness; (2) 

self-regulation; (3) motivation; (4) empathy; and (5) social skills. Lazovic (2012) perceived it 

as developing positive relations and achieving emotional commitment from followers, which 

strengthens organisational culture, improves resilience, and increases flexibility. ‘Central’, 

Lazovic (2012) argued, is the adaptation of creating conscious and intelligent actions 

regarding one’s own emotional responses as well as managing other people’s reactions to a 

situation. It enables managers to enhance their collective intelligence, thereby yielding higher 

levels of productivity. Moreover, managers with high social intelligence, as referenced by 

Beheshtifar and Roasaei (2012), appear to be adept in effective cooperation, problem-solving, 

and increasing creativity. 

From a practical wisdom perspective, Lindebaum et al. (2018) referred to emotional 

equanimity and emotional stability, whilst Massingham (2019b) elaborated on emotional 

control and emotional regulation. Additionally, Likierman (2020) denoted recognising one’s 

own emotions and biases and removing them from the equation. Thus, understanding centres 

more on emotional experiences than on cognitive and intellectual structures alone (Bachmann 

et al., 2018). The 4IR also involves the emotional strength to exercise the will to accomplish 

goals in the face of opposition, predicated on the ability to recognise and regulate emotions in 

oneself and others (Sosik & Zhu, 2020), and to process and integrate our thoughts and 

feelings relevant to ourselves and others (Schwab, 2016). For business leaders and 

policymakers, emotional intelligence is the vital underpinning for skills critical to succeed in 

the 4IR paradigm (Schwab, 2016). 

4.4 Inquiry intelligence 

Lifelong (continuous) learning, Fischer (2000) argued, is essential for inventing the future of 

societies and has a bearing on dimensions of learning: (1) self-directed learning; (2) learning 

on demand; (3) collaborative learning; and (4) organisational learning. Continuous learning, 

however, does not refer to only formal, informal and non-formal learning; it also includes the 
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skills, knowledge, attitudes, and behaviours one acquires during day-to-day experiences 

(Dunn, 2003). The following aspects all underline the relevance of lifelong learning: 

exponential growth; the changing nature of information in the digital age; the difficulty of 

foreseeing the skill sets required for knowledge-based economies; demographic shifts and 

increased mobility; and the growing concern for unsustainable patterns of consumption and 

production (UIL, 2010). Dağgöl (2017) added that problem-solving skills and lifelong learning 

are related to each other, and coping competence completes the process of lifelong learning. 

Commitment to lifelong learning in a transformational and deep way relates to practical 

wisdom (Ames & Serafim, 2019; Hays, 2013), involving, among others, learning to “consider 

what is appropriate to the occasion” and acting accordingly and learning from real-life 

challenges (Carter et al., 2017). Continuous learning, in this regard, is also about relearning 

(Massingham, 2019b) and turning knowledge into understanding (Likierman, 2020). 

Hence, more than anything, the 4IR places a premium on self-directed learning and thinking 

(Penprase, 2018). To remain relevant as well as improve employability, a commitment to 

continuous learning is essential. Accordingly, continuous learning has become not only a key 

enabler for social inclusiveness and equality, but also a prerequisite for innovation and 

sustainable growth (WEF, 2018). 

4.5 Futures intelligence 

Carleton et al. (2013) proffered that foresight is the ability to plan by means of a view of the 

future, essentially, the practice of looking forward based on a combination of mindset and 

methodology. It, however, acknowledges that the future is ambiguous in aiming to prepare 

decision-makers for how the future may unfold. Hence, foresight, as posited by Conway 

(2015), is the capacity to think systematically about the future to enhance decision-making 

today. Conway (2015) further elaborated that foresight is a cognitive capacity, which 

permeates existing processes with a future perspective to a degree that is not formalistically 

akin to conventional strategic planning. In a volatile, uncertain, and complex world 

(characteristic of the 4IR), emergent strategic planning processes are increasingly useful, 

thereby emphasising foresight as an important skill to master (Tully, 2016). Of further 

significance is the ability to consider what may happen (Possible Futures), what could happen 

(Plausible Futures), what will likely happen (Probable Futures), and what we want to happen 

(Preferred Futures) (Hancock & Bezold, 1994). 

The world has become increasingly diverse, as is the case with the 4IR and other happenings 

across the planet; these changes impact the way people live, work, travel and communicate; 



  
JH OOSTHUIZEN  
M UNGERER  
J VOLSCHENK 

A fourth industrial revolution integrated intelligence taxonomy for top 
management 

 

 

 

 
Journal of Contemporary Management 
DHET accredited 
ISSN 1815-7440 

Volume 20 Issue 1 
2023 

Pages 404-443 

Page 26  

 
 

thus, foresight and futures are necessary to “help us recover our agency” (Inayatullah, 

2008:20). Pragmatically speaking, Inayatullah (2008) proposed to map the past, present and 

future, so as to anticipate future problems and their consequences. Moreover, we should be 

acutely aware of the grand patterns of change to extend the analysis to include worldviews, 

myths, and metaphors. Moreover, we should learn to create alternative futures, choose a 

preferred future, and also perform “backcasting” to realise the preferred future (Inayatullah, 

2008). As the realities of the 4IR unfold, Schwab (2016) emphasised the need for strategic 

dialogue to be far more constructive than is presently the case, and it should be infused with 

the foresight to maximise room for innovation to emerge (Schwab, 2016). In the practical 

wisdom literature, Cowan (2017) also highlighted foresight and futures, and Bachmann et al. 

(2018) regarded practical wisdom as a form of foresight. 

4.6 Adaptive intelligence 

Adaptability (also referred to as cognitive agility) is “the ability to deal adaptively with 

unanticipated situations” (Fletcher & Wind, 2014: 36) or an “effective change in response to 

an altered situation” (Mueller-Hanson et al., 2005:2). It is important to note that adaptability is 

not the change itself, nor merely a latent human quality, but rather a meta-skill that draws on 

the combination of both cognitive and relational skills as well as pattern recognition, adjusting 

solutions, and implementing plans of action (Burns & Freeman, 2008). Learning to adapt within 

the dynamic flow of real-time tasks in the 4IR is important, as external influences continue to 

transform apparent static situations into complex environments (Good & Yeganeh, 2012). 

Therefore, it also pertains to anticipating change rather than merely reacting to change 

(Nelson et al., 2010).  

Practical wisdom also enables a leader to adapt his/her personality to the perpetual principles 

of existence, namely, the ability to adapt it to a new context (Bachmann et al., 2018). Thus, 

practical and wise leaders should be proficient at adaptation (Massingham, 2019b; Sternberg, 

2005). The 4IR demands adaptability (Penprase, 2018); thus, the leader’s adaptability to the 

changes in the internal and external environment, along with the leader’s adaptability to the 

strategic orientation in determining the organisation’s behaviour, is key (Temelkova, 2018). 

Adaptability shapes familiarity with change-related situations and improves the ease with 

which change is performed in similar situations in the future. Adaptable leaders have a high 

tolerance for uncertainty and are able to cope with new and challenging situations spawned 

by the 4IR (Ingusci et al., 2019). 
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4.7 Creative intelligence 

Creativity is the result of a process that realises … 

a novel work that is accepted as tenable or useful or satisfying by a group at some 

point in time. By ‘novel’ I mean that the creative product did not exist previously in 

precisely the same form. It arises from a reintegration of already existing materials or 

knowledge, but when it is completed, it contains elements that are new. The extent to 

which a work is novel depends on the extent to which it deviates from the traditional or 

status quo.” (Stein, 1953: 311)  

De Sousa et al. (2012) made a distinction between the two constructs, namely, creativity and 

innovation, emphasising cognitive and emotional processes when speaking of creativity and 

power and communication when it comes to innovation. Nonaka and Zhu (2012) stated that 

wisdom-based organisational strategies foster innovation and effectiveness by introducing a 

moral foundation. 

Drawing on a social view of creativity and innovation, Perry-Smith and Mannucci (2017) 

articulated four distinct phases of an idea journey: 

• Idea generation (Generating different creative ideas and selecting the most promising one. 

Cognitive flexibility is the key requirement for this phase.).  

• Idea elaboration (Systematically evaluating the novel idea's potential and further clarifying 

and developing it. Support is the key requirement for this phase).  

• Idea championing (Promotion of the novel idea, aimed at approval and, consequently, the 

resources to implement it. Influence and legitimacy are the key requirements for this 

phase).  

• Idea implementation (Converting the idea into a tangible outcome that can subsequently 

be diffused and adopted. A shared vision and understanding are the key requirements for 

this phase).  

Referring to Sternberg and Lubart’s (1991, 1995) investment theory of creativity, Sternberg 

(2005) asserted that creativity requires a confluence of six distinct yet interrelated sources: 

intellectual abilities (non-conventional thinking, analytic skills, practical-contextual skill); 

knowledge (knowing enough about a field to move it forward); thinking styles (preferred way 

of using one’s skills); personality (willingness to overcome obstacles, take sensible risks, 

tolerate ambiguity, and self-efficacy); motivation (intrinsic and task-focused); and environment 

(supportive and rewarding). Sternberg (2018) further proffered that creativity is not merely an 
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ability, but partly an attitude toward life; it always takes place within a system and can provide 

part of the answer to creating a better world. 

Taylor (2017:131) evaluated multiple definitions of innovation from literature and developed a 

composite definition, namely that innovation is “the creative process whereby new or improved 

ideas are successfully developed and applied to produce outcomes that are practical and of 

value.” Creativity and innovation are essential in the 4IR (Massingham, 2019b), albeit it is 

important to note that innovative leaders must be able to balance creativity and discipline (Ding 

et al., 2019) to ensure creativity is managed in a responsible manner that produces outcomes 

that are practical and of value. Creativity, originality, and initiative to drive innovation in the 

4IR require alternative thinking to develop new ideas for and answers to the opportunities and 

challenges associated with the 4IR  (WEF, 2018). As such, the rapid pace of technology and 

business model innovation requires a culture of experimentation that tolerates failure and links 

innovation to a new purpose (WEF, 2018). 

4.8 Critical intelligence 

Critical thinking is “thinking about your thinking, while you are thinking, in order to make your 

thinking better” (Paul, 1993:91). Prominent features of critical thinking are as follows: (1) 

reflective (It is metacognitive – it involves thinking about your thinking.); (2) involves standards 

(Accuracy, relevance, and depth are examples of standards or criteria.); (3) authentic (thinking 

about real problems); and (4) being reasonable. There are three parts to critical thinking: 

asking questions, attempting to answer those questions by reasoning them out, and believing 

the results of such reasoning (Paul, 1993). 

Leadership in the 4IR should be goal-directed while knowing what is required next in a 

sequence of events that leads to the achievement of the objectives, which is the desired 

outcome of a leader’s critical thought process. Thus, “critical thinking” is knowing what to do 

next or simply taking a “common sense” approach (McVey, 1995:89). Sanders and 

Moulenbelt's (2011) chronological mapping of the more influential definitions of critical thinking 

posits that the seminal work of Dewey (1910:6) defined reflective thought as: "active, 

persistent, and careful consideration of any belief or supposed form of knowledge in the light 

of the grounds that support it, and the further conclusions to which it tends, constitutes."  

Critical thinking is, therefore, careful and pragmatic goal-oriented thinking (Hitchcock, 2018). 

It includes the component skills of analysing arguments, making inferences by using inductive 

or deductive reasoning, judging or evaluating, and making decisions or solving problems (Lai 

et al., 2011). Leadership praxis is a form of leadership practice that is ethically informed, 
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committed, and guided by the critical reflection of fundamental practice traditions and one’s 

own practice (Higgs, 2012). Critical thinking relates to practical wisdom, as the realisation of 

the multi-layered facets of a particular situation’s complex realities requiring deliberation, the 

passing of judgment, balancing of tensions, and critical reflection directed towards practice 

(Bachmann et al., 2018). Critical thinking in the context of the 4IR is, thus, related to using 

logic and reasoning to identify the strengths and weaknesses of alternative solutions, 

conclusions or approaches to problems (WEF, 2018). Hence, leadership in the 4IR demands 

critical reflection on assumptions relevant to technology’s impact on jobs, the future skills 

required, what workforce agility entails, and effective approaches to continuous, sustainable 

learning (WEF, 2018). 

4.9 Ethical intelligence 

Ethical leadership is “the demonstration of normatively appropriate conduct through personal 

actions and interpersonal relationships, and the promotion of such conduct to followers 

through two-way communication, reinforcement, and decision making” (Brown et al., 

2005:120). Ethical leaders are honest, caring, and principled individuals who render fair and 

balanced decisions (Brown & Treviño, 2006). They tend to pragmatically evaluate the long-

term consequences, drawbacks, and benefits of the decisions they make. They are generally 

humble, have concern for the greater good, strive for fairness, assume responsibility, and 

show respect for others (Mihelič et al., 2010). 

Ethical leadership creates a principled and ethical climate in the workplace predicated on 

social learning principles (modelling the way (Kouzes & Posner, 2009)) and intervening 

processes (shared aspirations (Kouzes & Posner, 2009)) (Shin, 2012). In the 4IR, 

management and leadership practitioners need to be ethically reflexive (i.e., informed by but 

not dependent on formal ethical principles and practising awareness and insight) and always 

responsive to problematic situations (Carter et al., 2017). Another noteworthy aspect of 

leadership is that virtue ethicists perceive practical wisdom as essential for becoming a 

virtuous leader, since it is aligned with right thinking, right desire, and right action, which create 

harmony correlated to reason, emotions, and behaviour (Hartman, 2013; Sison & Ferrero 

2015). Bachmann et al. (2018) also posited that a wise leader should be capable of integrating 

ethical considerations with instrumental concerns and wisdom, thereby prompting ethical 

action that is characterised by a sense of community and the greater good instead of self-

interest (Massingham, 2019b). 
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Therefore, in the 4IR, it is not enough that leaders are cognitively disposed to demonstrate 

ethical behaviours, but they should be attentive to moral issues based on cognitive 

reflectiveness concerning morality and moral issues (Babalola et al., 2019). With the unfolding 

of the 4IR, leaders must become alert to current or potential moral issues, especially those 

where adequate morality guidelines have yet to be established. Thus, leaders must establish 

the organisation’s moral identity to develop a new ethical norm based on a vision of how and 

why the norm contributes to a better society within the 4IR. Moreover, they should commit to 

adhering to the organisation’s moral precepts and generate support for this new norm 

(Kaptein, 2019). Also, ethical responsibility and accountability are at the heart of leadership in 

the 4IR, since a response to disruptive change must ensure a human-centred approach to the 

challenges of the 4IR (WEF, 2018). 

5. MANAGEMENT IMPLICATIONS 

It is essential for top-management practitioners to acknowledge the importance of the requisite 

cognitive disposition in themselves and their followers to effectively navigate the 4IR. They 

must ensure that they and their followers are equipped to meet the challenges of the 4IR and 

be capable of managing in an environment marked by constant disruptive change. Thus, top 

management must create an environment underpinned by a strong organisational vision and 

mission aimed at promoting the 4IR-mindset development. Accordingly, their managerial 

attributes and learning should be related to the following: Complexity Intelligence; Inquiry 

Intelligence; Critical Intelligence; Futures Intelligence; Adaptive Intelligence; Creative 

Intelligence; Emotional Intelligence; Ethical Intelligence; and Collaborative Intelligence. If 

employees are not philosophically and technically on board, even a cutting-edge learning-

focused plan will not help. If top management has priorities focused only on revenue and the 

bottom line, the resources for promoting the 4IR-mindset developmental interventions will not 

be made available. 

It is evident that in most organisations, traditional leadership mindsets, styles, and ways of 

working are not adequate to cope with the challenges of the 4IR operating environment; 

hence, a new approach to leadership development is necessary. The 4IR calls for a ‘new 

breed’ of leaders able to thrive in a rapidly changing environment, implying that leaders now 

require a broader skill set, with adaptability and the ability to embrace, understand and 

respond to complexity being essential. Management theories related to informed practice, up 

to now, are no longer practical in this era of uncertainty and unpredictability. Therefore, this 

study attempts to contribute to the gap in relation to the cognitive disposition required to 

effectively navigate the 4IR. In addressing the need for a new breed of leaders who are able 
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to thrive in a rapidly changing environment, the 4IR Integrated Intelligence Taxonomy can 

serve as a blueprint from a deficit identification and developmental intervention perspective. 

Moreover, this type of intervention can serve as a reference point with which to measure 

performance in relation to the nine integrated intelligence typologies. This allows for the 

identification of competence gaps and need-specific developmental interventions. 
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