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Abstract 

Leadership is essential in organizations to successfully promote a culture of innovation. Consequently, leaders assume a crucial 
role in the paradigm shift towards Industry 4.0. This paper aims to present key leadership characteristics and skills in the context 
of Industry 4.0. It was based mainly on a literature review about leadership and Industry 4.0. This work results in 10 leadership 
characteristics found for industry 4.0 and their relationship with 4 leadership skills groups: cognitive skills, interpersonal skills, 
business skills, and strategic skills. The organizations might consider these skills as requirements for the leaders in the transition 
process towards Industry 4.0. 
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1. Introduction 

Industry 4.0 (I4.0) is the term to describe the current movement toward a highly connected and automated 
manufacturing system, or Smart Factory [1]. In a smart factory, human, machines, and resources involved in 
manufacturing communicate with each other as naturally as in a social network [2]. The smart-manufacturing 
application depends on real-time data acquisition obtained from sensors and the inclusion of connectivity in discrete 
industrial components [3]. In addition, the investments related to I4.0 implantation, digital technologies, like 
sensors, connectivity devices, software and applications as manufacturing execution system (MES) [4] play a 
particularly important role. 
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I4.0 can be considered as the movement toward a digital revolution in manufacturing [1]. In this context, the 
digital environment embraces the fusion of the virtual and real world and the digitalization of processes [5]. The 
digital industrial revolution promises to improve the flexibility in the manufacturing systems, the mass 
customization, the increase in the velocity and the upgrading of quality and productivity [6]. Meanwhile, to reach 
these benefits, the companies will need to invest in equipment, information and communication technologies, data 
analyses, as well as in the integration of all data through the value chain [6]. Not only are these investments can be 
expensive, but the changes and interventions in processes at all levels of value creation involve the risk that stable 
process chains may get out of balance or get significantly disturbed. 

For organizations, leadership plays an important role in I4.0, as the change mode of production calls for far-
reaching strategic decisions at all levels of the organization. [1]. In this context, future leaders will need to be more 
responsive to perceive the patterns and signals shown by network data [7]. They should estimate a collaborated 
direction from multiple agents in a constant field of growth, change, and opportunity [7]. These leaders will need to 
cultivate connected organizations and networks to understand the science of connectivity and organizational 
network learning [7]. 

R. Kelly [7] shows phases to characterize leadership for each Industrial Revolution (IR). For the first IR, 
charismatic leadership [7] is related to how leader act and mobilize an organization through actions and personal 
characteristics [8]. The second IR was strongly shaped by scientific management, in which leaders assume a top-
down style, while they could be characterized as a directive leadership [7]. For the third IR, leadership is 
characterized by relational leadership, considering the theories of transformational leadership [7] to stimulate the 
autonomy of followers for new ideas, collaboration among them [9]. The third IR is also characterized by 
transactional leadership more conducted and recognized by the achievements of followers’ goals [10]. The fourth 
IR requires both existing characteristics and new required characteristics from leadership, that will be approached 
through this study. 

Further, I4.0 needs more than a transformational leadership. It needs also a more specific focus on learning and 
innovation [11]. A. Haddud and D. McAllen [12] emphasize the importance to know and to understand more about 
characteristics and skills of leaders in managing effectively digital environments and the alignment of leadership 
styles with the requirements set by the digital environments. [12]. Thereby, considering that a characteristic of 
someone is "a prominent attribute or aspect of something" [13], the identification of leadership characteristics in I4.0 
context becomes an important issue. It can help leaders to deal with the disruptive changes that arise with smart 
production systems and support the transition process of I4.0, making them understand better how they should act in 
such an environment.  

The term skill is the ability to do something well, embraces the physical, and mental proficiency, that is related to 
understanding or knowledge of something [14]. Own a skill means a relevant knowledge [15] acquired by training 
[16], practice and experience [17]. In a digital environment, leaders need to adapt or enhance their skills to act, to 
anticipate markets and trends, to make an experienced business decision, and to change the plan, if technology and 
market environment emerge in unexpected ways [18]. However, the leaders need to prepare themselves, updating 
knowledge, skills and understanding more about which characteristics could contribute to their work in a digital and 
responsive environment, as expected by the I4.0. 

Thus, this paper has as objective to present the main characteristics for leadership in the I4.0 context and the 
respective skills, which could contribute to develop these characteristics based on a subjective theoretical analysis. 
For that, exploratory research is noted in this paper. This is because the subject is still ongoing and the knowledge is 
not consolidated in the area yet. We also believe that a theoretical analysis in the area will contribute to put the paper 
objective into practice in forward research initiatives. The exploratory review used different bibliographies 
databases from Web of Science (WoS) and Scopus. Thereby, the structure of this paper is composed of five sections. 
This first section is for introduction. The second section presents a literature review on I4.0, the characteristics of 
leadership in I4.0 context and the recommended skills of leaders. The third section shows the methodology of this 
research, based on a theoretical contribution, and the fourth section presents the results and the discussion of the 
analysis. Finally, the fifth section refers to the conclusion and potential future research. 
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2. Literature Review 

2.1 Industry 4.0 
 
I4.0 is known as the fourth industrial revolution [4]. Although simple digitalization characterized already the 

third industrial revolution, the fourth industrial revolution has an inexorable change of this simple digitalization, in 
which a boost of innovation results from many combinations of technologies in new forms [19]. There are three 
reasons that can distinguish the fourth industrial revolution from the other ones: first, the velocity, about the world’s 
interconnection in an exponential rhythm and the emergence of new technologies, that generate further innovation. 
The second reason, breadth, and depth, considering the third industrial revolution as a referential, combined with 
various technologies. And the third, the systemic impact, refers to the transformation of the entire systems, inside the 
countries, companies, value creation networks or in the society at all [19]. 

I4.0 is a collective term for technologies and concepts of organizations in smart connected value creation chains. 
In the modular structure of smart companies, the Cyber-Physical System (CPS) monitor the physical process to 
create a virtual copy of the physical world and making decentralized decisions [20]. The Internet of thing (IoT) is 
considered as the main bridge between physical and digital applications, connecting uniquely identifiable physical 
objects (things) with a virtual representation in an Internet-like structure. It is no longer just human participants, but 
things [19]. Hence, through IoT, the CPS communicates and cooperates with the people in real time. In addition, the 
Internet of Services (IoS) contribute to the internal and cross-organizational services offered for the use of value 
chain participants [20]. 

The set of changes on manufacture process, design, product, operation and systems related to the production, is 
increasing the complexity of products lifecycle and value creation chains [21]. For example, sensors, transmitter or 
radio frequency identification systems (RFID) at many points along the value creation chain are constantly sending 
information through the IoT that allows organizations to monitor their processes. [19]. This can be the tracking of 
transports, material, or equipment but also process parameters or key performance indicators (KPIs). 

In the context of the digital era and the cyber-physical systems, customer requirements and the expectation of 
constant innovation lead to shorter product life cycles and, therefore, present a special challenge for many 
companies [22]. The technology integration, organizational transformation, data security [22], the incentive of 
experimentation of new ideas in workplace, acquisition, and implantation of right technologies, and decision-making 
distribution are examples of challenges in I4.0 environment [23]. To promote cooperation between people, leaders 
must guide with confidence and agility, focus on communication, and people’s capacity to transcribe a vision into 
something tangible and inspiring [24]. This leadership has to act in and support an agile environment, which is the 
basis to drive innovations, and to create higher customer satisfaction [25]. Innovative approaches need to create 
values from digitalization, connected smart devices, and establish new ways of communication and collaboration. 
These challenges require guided decisions and leadership. 

 
2.2 The Leadership in Industry 4.0 context 
 
Besides the administration of ongoing processes, leadership has to deal with change. It means leading groups or 

organization to constructive transformation by setting a direction and by aligning people with the strategies needed 
to achieve a vision [26]. Thereafter, leadership assumes an important role to support this transition towards I4.0. 
That is the reason why this section presents the approach of leadership in I4.0 context. The term leadership will be 
known as leadership 4.0, as some authors [7, 25, 28, 39] have been already nominating it. 

The implementation of leadership 4.0 requires investment and openness to cultural change. Leadership role 
assumes a crucial point, since the digitalization is not just through the application of new technologies, but also their 
correct use [25]. So leadership styles for I4.0 need to be open guiding to a learning and innovation-oriented culture, 
focusing on improving the knowledge and the out-of-box thinking [27]. Also, the fourth IR will be characterized by 
a responsive leadership that is able to respond to situations in an adaptive way [7]. 

A leader 4.0 is different from a technological leader, who has the ability to estimate just how new technologies 
can be used to deliver value, leaving aside focus on people. Alternatively, from a social leader who has the ability to 
create a friendly environment, putting aside the technologies and innovation approach [28]. According to B. Oberer 
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and A. Erkollar [28], an ideal style of 4.0 leadership based on their "4.0 Leadership Matrix" is the digital leader, who 
knows about the importance of people, technologies and innovations. This leader focuses on innovation and 
technologies, understanding also how technologies impact people and about the alignment of the organizational 
model with human nature [28]. 

The leadership 4.0 (or digital leadership) is fast, cross-hierarchical, team-oriented, and with a cooperative 
approach, with a strong innovation focus [28]. Personal skills, open mindsets or the ability to apply new instruments 
are essential in an I4.0 scenario [28]. The digital leadership refers to make the right thing into the strategic success 
of digitalization of the company and in its business ecosystem [29]. Digital leadership means thinking differently 
about business strategy (combining digital and business strategy), business model (considering digital business 
strategy and collaborative ecosystem platforms), the IT function (rethinking role of corporate function of IT), 
enterprise platforms (as adaptive and responsive platforms), mindset and skill set (referring to experiment and 
innovate with appropriate skills and digital know-how), and workplace (considering a “humanized” environment, 
flexibility of work) [29]. 

As the world operates into a digital state highly connected, with emerging digital trends like Big Data, mobile 
technologies, artificial intelligence or network learning [7], so the leadership of the future has to be more connected, 
responsive, collaborative and network-experienced to deal with such external influences [7]. Also, some highlighted 
requirements of leadership in the digital age are providing vision and objective, creating conditions to experiment, 
empowering people to think in different ways and getting the people to collaborate beyond the limits [23]. In this 
way, it is critical that leadership, even more, encourages learning and innovation [11].  

In digital 4.0 environments, so-called swarming could be increasingly required. Swarm is defined as “a moving 
crowd” [30]. A swarm leadership is required to navigate in complex adaptive systems, where a decision, innovation, 
and direction come up from the own system [7]. Swarm leadership is responsive, because leaders act in an agile 
environment, operating at a systemic level and following the uncertainty and the volatility of the I4.0 [7]. This 
leadership is part of a network system, characterized as adaptive, collaborative, complex and self-organized [7]. In 
addition, leaders could also consider the swarm intelligence term to practice in I4.0 environments. The term resulted 
from the collective behavior that emerges from a social insect group [31]. The advantages to “practice” swarm 
intelligence could encourage individuals for the flexibility, robustness and self-organization in companies [31].  

Additionally, T. Petry [32] mentions main characteristics of the digital leadership (or leadership styles) that need 
to be considered in the VUCA environment [33] (volatility, uncertainty, complexity, and ambiguity), which are: 
agile leadership (it describes the leader who thinks in different scenarios, considering different options, 
experiencing distinct ideas); participative leadership (that should consider more the decentralization and sharing), 
network leadership (that gives support to internal and external connections), open leadership (being able to 
communicate, giving and receiving feedback) and, as a complement of these characteristics, the trust-based 
leadership (that considers leaders support showing confidence within the employees) [32]. 

Based on the theoretical approach of leadership in the I4.0 context sourced in databases such as WoS and Scopus, 
we chose and analyzed key terms that could represent the “characteristics” of leadership 4.0. For this, we considered 
the associated relevance and possible definitions of referenced authors regarding leadership 4.0 or leadership in the 
I4.0 context, since a consolidated definition of this subject is still ongoing. Thus, the synthesis of these 
characteristics include: 1) responsive leadership, 2) swarm leadership, 3) learning and innovation leadership, 4) 
open leadership, 5) agile leadership, 6) participative leadership, 7) network leadership, 8) trust leadership, 9) 
digital leadership, and 10) collaborative leadership. The leadership 4.0 characteristics identified will be used in the 
methodology section. The next section approaches the importance of leadership skills in organizations. 

 
2.3 Skills of leadership 
 
Understanding which leadership skills are necessary to relate them as the drivers for the main characteristics 

required by the leadership 4.0 presented in the previous section is paramount to define how to development leaders 
for I4.0. The acquisition and improvement of leadership skills are influenced by individual differences in cognitive 
capacities, personalities, temperaments, abilities to control emotions, identities and values resulting from both, 
cultural context and personal experience [34]. 
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The authors T. Mumford, M. Campion, and F. Morgeson [35] developed a model in order to organize leadership 
skills. They classified these skills in four groups: 1) the cognitive skills, which are needed by executive leaders to 
understand the required complex behavior of patterns, involving creative thinking, decision making and strategic 
problem solving [36]; 2) the interpersonal skills, which are defined as “goal-directed behaviors used in face to face 
interactions, in order to bring about a desired state of affairs” [37]; 3) the business skills include organization, 
negotiation and management of personal, financial, and material resources [38]; 4) and the strategic skills are 
associated with the conceptualization of mission and vision of organization [39]. These four leadership skill groups 
are composed of other respective skills [35], as presented in Table 1. 
Table 1- Four Groups of Leadership Skills 

Cognitive Skill (CS) Business Skill (BS) Interpersonal Skill (IS) Strategic Skill (SS) 
CS1: speaking 
CS2: active listening 
CS3: writing 
CS4: reading 
comprehension 
CS5: active learning 
CS6: critical thinking 

BS1: operations analysis 
BS2: management of personnel 
resources 
BS3: management of financial 
resources 
BS4: management of material 
resources 

IS1: social perceptiveness 
IS2: coordination 
IS3: negotiation 
IS4: persuasion 

SS1: visioning 
SS2: systems perception 
SS3: system evaluation 
SS4: identification of downstream 
consequences 
SS5: identification of key causes 
SS6: problem identification 
SS7: solution appraisal 

Source: adapted from [35] 

R. Ashkenas and B. Manville [17] identified six leadership skills, based on interviews of successful leaders of 
large corporations, startups, and non-profits companies to get to know their view about what it takes to become a 
leader. Based on their research, these skills are: 1) shaping a vision for focusing and challenging the team; 2) 
translating the vision into clear strategy about what action to take and what not; 3) recruiting, developing and 
rewarding a team of great people; 4) focusing on measurable results; 5) promoting innovation and learning to sustain 
the team or organization and 6) leading yourself. According to the authors the main points to develop proficiency of 
these leader skills are based on continual practice and real experience, rather than just reading books or attending 
courses or seminars [17]. 

M. J. Sousa et al.[40] identified two skills set profiles of 4.0 leadership for the hospitality sector: one was more 
related to the relationship among people, and the other one more related to knowledge about the use of technologies. 
The main leadership skills are customer attendance service, listening ability, teamwork, relationship with customers, 
relationship with subordinates, proper personal image, use of digital tools in their function, management of customer 
complaints, and ability to deal with change [40]. The identification of two 4.0 leadership skills profiles, as well as 
the respective skill itself, will incentive hospitality organizations to design new leadership training to contribute to 
the business success [40]. 

A survey carried out by the MIT Sloan in partnership with the Deloitte about jobs in the digital era reported that 
more than 90% of the interviewed people, including managers, analysts, and executives emphasized the need of 
upgrading skills at least once in a year, to be able to work in a digital world [23]. In this context, training and 
preparation is essential to adopt skills that contribute to the fourth industrial revolution environment. Therefore, new 
skills can lead to a new organizational culture in the work environment [40]. 

3. Methodology 

As presented in first section, the objective of this research is to identify key leadership characteristics and skills in 
I4.0; for that we develop the next steps 1) a theoretical approach of leadership in I4.0 context based on key terms to 
represent the leadership characteristics in I4.0 described in section 2.2; 2) leadership skills were searched to support 
leadership characteristics in I4.0 considering the use of leadership skill proposed by [35]; 3) therefore, a subjective 
interpretation analysis was carried out to develop a relationship between leadership skills groups and leaders 4.0 
characteristics. The relation and construct of each step is explained below. 

This study defined the expected characteristics for leadership 4.0 based on a literature review in the following 
publications’ databases: WoS and Scopus. As drivers for acquiring these characteristics, skills demanded by leaders 
to interact in I4.0 environments were also identified. As mentioned by [23] and [40], the leadership skills in I4.0 
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context are essential to support the role of leaders, so the hypothesis here is that leadership skills could drive the 
development of the identified leadership 4.0 characteristics. Therefore, it is important to identify which skills should 
be pursued to promote each leadership characteristic related to I4.0. The relationship of those leadership skills with 
the leadership characteristics was established considering the model of T. Mumford, M. Campion, and F. Morgeson 
[35]. The authors named the construction of the leadership skills in all organizational levels as “Straplex”: the term 
derived from “stratify” related to the number of levels in an organized system, and “plex” resulted from “complex” 
word that means divided in specified numbers of parts [35]. 

The required leadership skills were codified (as already shown in Table 1) for each group [35]. For example, 
negotiation from the interpersonal skills group was codified as IS3, and then it was associated with the leadership 
4.0 characteristic. For this present study, we analyzed the leadership skills from Table 1 considering a subjective 
interpretation based on the role description of each skill referenced by [35] and linked them to those characteristics 
related to leadership 4.0 based on their context and description. Thus, the skills chosen for each characteristic allow 
the understanding of the skills role when putting into practice. The selection of skills is based on the number of 
times that each skill was linked with the characteristics of leaders in I4.0. The criteria to explain this link was based 
on skills with higher connections rates (linked to five or more frequency of the ten leadership 4.0 characteristics). 
The relationship between leadership 4.0 characteristics and leadership skills is illustrated in the next section 
explaining the main results. 
 
4. Results and Discussion 
 

Figure 1 shows the relationship of the ten leadership characteristics (that represent the Leadership 4.0 or leader’s 
characteristics in an I4.0 environment summarized in section 2.2), with the required skills (Table 1) that are 
aggregated and codified in four groups: cognitive skills, interpersonal skills, business skills, and strategic skills [35]. 
Figure 1- The network of characteristics and skill requirements for Leadership 4.0  

Source: created by the author 
 

For the cognitive group (CS), the important skills are: speaking (CS1): it is needed for leaders to communicate 
and to disseminate the information in a digital and agile environment for a better connection among all involved 
people, promoting learning and innovation, constructing a network environment and stimulating higher 
participation. Active listening (CS2): encouraging the collaboration, constructing feedbacks culture and the openness 
given to people for suggestions of ideas. Active learning (CS5): to prepare and act in new digital scenarios and to 
incentive the experimentation for learning and innovating with the use of different technologies, driven by a digital 
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mindset. And critical thinking (CS6): required by leaders in order to evaluate the digital environment and the 
challenges to apply the new favorable technologies in their companies. 

In the group of interpersonal leadership (IS), the more distinguished skills are: negotiation (IS3): it becomes 
important for leaders to establish agreements for common benefits to everybody in their companies, creating a more 
collaborative and participative environment, stimulating workers to experiment and contributing with new ideas. 
Persuasion (IS4): it is important to build a learning and innovation environment that encourages the decision-
making of collaborators and, therefore, persuading people to adopt a more open and digital mindset. And finally, the 
social perception (IS1): it is important for leaders to understand how to prepare and develop the people to act in 
digital environments, and to assure participation, trust and collaboration, promoting a more participative culture. 

For a group of strategic leadership (SS), the more highlighted skills are: visioning (SS1): that becomes relevant 
for a leader in formulating a vision and a direction for the construction of an innovative and learning culture that is 
also more collaborative, participated and decentralized. The identification of key causes (SS5): verifying the 
requirements that could contribute with the incentive of experimentation, dissemination of a more collaborative, 
participative and networked culture, as well as, the use of main technologies related to I4.0. Moreover, the system 
evaluation (SS3) and solution appraisal (SS7) were also distinguished skills for leaders allowing them to analyze the 
acquired technologies by companies, besides evaluation for the use of internal and external network communication 
platforms, and, therefore, identifying gaps and challenges that require immediate solutions. 

In contrast, the estimated relationship between the business leadership skills group (BS) and the leadership 4.0 
characteristic was lower. One explanation could be that these skills support the management of personnel resources 
(BS2), the management of financial resources (BS3) and the management of material resources (BS4) are less 
demanded. If the leadership styles characterized for I4.0 are more collaborative, participative and decentralized, 
people feel more stimulated to make decision and experiment to create an agile and responsive network culture. 
However, the operations analysis skill (BS1) was more related to the characteristics of leadership 4.0, because it 
benefits in evaluating the digital, responsive and agile scenarios demanded by the I4.0 environments. To relate the 
leadership skills with leadership 4.0 characteristics, the contribution of technical skills was not mentioned, because 
the analysis concentrated on the four leadership skills groups [35]. However, technical skills could also be 
considered in the next studies, since leaders have to deal and use technologies demanded by I4.0. 

Although much effort has been put in connecting specific leadership skills with characteristics of the leadership 
4.0, this paper main contribution may be considered as the systematization of the ten leadership characteristics for 
I4.0 based with literature, as previously shown in Figure 1. Each leadership 4.0 characteristic may be better 
understood by means of the relationship of each of them with the leadership skills proposed by [35]. Therefore, we 
believe that the development of these characteristics and skills when put into practice will enable leaders to execute 
a better transition toward I4.0. 

5. Conclusion and Future Research 

The objective of this research was to present a relationship between the characteristics of leadership 4.0 and 
specific leadership skills, considering a theoretical approach. Based on this association, the main skills that could 
best contribute I4.0 context are based on the following groups of skills: cognitive skills, interpersonal skills, and 
strategic skills. The result of this research can contribute with the development of leaders in digital environment, in 
order to better understand and to enable the development of these skills, putting them into practice, therefore, 
sustaining and building the ten characteristics of leaders 4.0 summarized in this study. In addition, this paper could 
contribute with understandable content to people of different areas and not only experts. Also, an academic 
contribution of this paper refers to the investigated literature, since it approaches leadership and skills in I4.0 
context, which, in turn, are important subjects to be considered for the implantation of new technologies, and also 
are subjects on development, without yet a consolidated knowledge in the area. The present paper can be considered 
as a theoretical contribution. Theoretical contribution contemplates the factors description to be analyzed (what), the 
relationship between these factors (how) and explanation importance of these relationship factors (why) [41]. For 
this reason, we presented in the literature review the leadership 4.0 characteristics and leadership skills (i.e., the 
factors to be analyzed). After that, we illustrated the relationship and the relevance between these factors. 
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A limitation of this paper is not to consider other factors such as the challenges of I4.0 and leadership 4.0. The 
use of leadership model proposed by [35] was another limitation because other leadership skills could be considered, 
as the technical skill set, for example. Finally, a subjective analysis carried out only by the authors and the absence 
of industry experts’ validation were also a limitation of this paper. For future research, we plan to expand the 
literature review and to carry out a field research with industrial and academic experts, and compare the data to 
consequently improve and show the relevance and applicability of the leadership 4.0 characteristics and their 
respective skills. 
Acknowledgements: We would like to thank the reviewers for their valuable comments and the financial support in this research project by CAPES. 
 
References 
[1] O. A. Kasapoğlu, Leadership and Organization for the Companies in 
the Process of Industry 4.0 Transformation. International Journal of 
Organizational Leadership, 7 (2018) 300-308. 
[2] H. Kagermann, W. Wahlster, J. Helbig, eds.: Recommendations for 
implementing the strategic initiative Industrie 4.0: Final report of the 
Industrie 4.0 Working Group, 2013. 
[3] W. Hurts, N. Shone, D. Tully, Q. Shi, C. Chalmers, J. Hulse, D. O’ 
Hare, Developing a Productivity Accelerator Platform to Support UK 
Businesses in the Industry 4.0 Revolution, (2019) 517-525. 
[4] M. Lee, Y. Lee, C. Chou, Essential Implication of the Digital 
Transformation in Industry 4.0, Journal of Scientific & Industrial 
Research, 76 (2017) 465-467.  
[5] T. Stock, M. Obenaus, S. Kunz, H. Kohl, Industry 4.0 as enabler for 
a sustainable development: A qualitative assessment of its ecological 
and social potential, 118 (2018) 245-267. 
[6] R. Davies, Industry 4.0 Digitalisation for productivity and growth, 
European Parliamentary Research Service- EPRS, (2015).  
[7] R. Kelly, Constructing leadership 4.0. Swarm Leadership and the 
Fourth Industrial Revolution, Palgrave Macmillan, (2018).  
[8] M. L Tushman, D. A. Nadler, Beyond the charismatic leader: 
Leadership and organizational change. California management review, 
32(1990), 77-97. 
[9] B. Afsar, F. Badir, B. Saeed, Transformational leadership and 
innovative work behavior. Industrial Management & Data Systems, 114 
(2014) 1270-1300. 
[10] B. M. Bass, B. J Avolio, D. I Jung, Y. Berson, Predicting unit 
performance by assessing transformational and transactional leadership. 
Journal of applied psychology, 88(2003).  
[11] S. Shamim, S. Cang, H.Yu1, Y. Li, Management Approaches for 
Industry 4.0, IEEE CEC (2016) 5309-5316.  
[12] A. Haddud, D. McAllen, Digital Workplace Management: 
Exploring Aspects Related to Culture, Innovation, and Leadership, 
Procedia PICMET, 18 (2018).  
[13] Princeton University "Characteristic" WordNet. Princeton 
University. 2010 
[14] P. Attewell, What is skill?, Work and occupations, 17 (1990) 422-
448. 
[15] International Project Management Association, Individual 
Competence Baseline: For Project, Programme & Portfolio 
Management, International Project Management Association (IPMA), 4 
(2015). 
[16] Princeton University "Skill." WordNet. Princeton University. 2010. 
[17] R. Ashkenas, B. Manville,The Six fundamental Skills Every 
Leader Should Practice, Harvard Business Review (2018).  
[18] G. C. Kane, A. N. Phillips, J. Copulsky, G. Andrus. How Digital 
Leadership Is (not) different Leading Digital Change Companies. MIT 
Sloan Management Review and Deloitte , (2019) 11-16. 
[19] K. Schwab, A Quarta Revolução Industrial. Trad. Daniel Moreira, 
São Paulo: Edipro, (2016).  
[20] M. Hermann, T. Pentek, B. Otto. Design Principles for Industrie 
4.0 Scenarios: A Literature Review. Technische Universität Dortmund, 
working paper 1 (2015). 

[21] Firjan, Panorama da Inovação: Indústria 4.0. Publicações FIRJAN: 
Cadernos SENAI de Inovação (2016).  
[22] D.Kiel, J. M. Muller, C. Arnold.  Sustainable Industrial Value 
Creation: Benefits And Challenges Of Industry 4.0, International 
Journal of Innovation Management (2017). 
[23] G.C. Kane, D. Palmer, A.N. Phillips, D. Kiron, N. Buckley, 
Coming of Age Digitally, MIT Sloan Management Review and Deloitte 
Insights, (2018). 
[24] World Economic Forum, Leading through the Fourth Industrial 
Revolution Putting People at the Centre (2019) 5-23. 
[25] S. Bolte, J. Dehmer, J. Niemann, Digital Leadership 4.0, 61 (2018) 
637–646. 
[26] J. Kotter, What Leaders Really Do? Harvard Business Review 
(2001). 
[27] B. Sivathanu, R. Pillai, Smart HR 4.0 – how industry 4.0 is 
disrupting HR, Human Resource Management International Digest, 26 
(2018) 7-11.  
[28] B. Oberer, A. Erkollar, Leadership 4.0: Digital Leaders in the Age 
of Industry 4.0. International Journal of Organizational Leadership, 7 
(2018) 404–412.  
[29] O. El Sawy, P. Kræmmergaard, H, Amsinck, A. Vinther, How 
LEGO built the foundations and enterprise capabilities for digital 
leadership. Mis Quarterly Executive, 15:2 (2016). 
[30] Princeton University "Swarm" WordNet. Princeton University. 
2010. 
[31] E. Bonabeau, C.Meyer. "Swarm intelligence: A whole new way to 
think about business."Harvard business review"79 (2001): 106-115. 
[32] T. Petry, Digital leadership. In Knowledge Management in Digital 
Change, Springer, Cham, (2018) 209-218.  
[33] N. Bennett, J. Lemoine, What Vuca really means for you, Harvard 
Business Review, 92 (2014). 
[34] R. Lord, R. H, Identity, deep structure and the development of 
leadership skill, The leadership Quarterly, 16 (2005) 591-615. 
[35] T. Mumford, M. Campion, F. Morgeson, The leadership skills 
strataplex: Leadership skill requirements across organizational levels, 
The Leadership Quarterly, 18 (2007) 154-166.  
 [36] S. Zaccaro, The nature of executive leadership: A conceptual and 
empirical analysis of success. American Psychological Association 
(2001). 
[37] J. Hayes, Interpersonal Skills at work, Routledge (2002).  
[38]. K. Kearns, J. Livingston, S. Scherer, L. McShane, Leadership 
skills as construed by nonprofit chief executives, Leadership & 
Organization Development Journal, 36 (2015) 712-727. 
[39] V. Kalargyrou, A. Pescosolido, E. Kalargiros, Leadership Skills In 
Management Education, Academy of Educational Leadership Journal, 
16 (2012) 39-63. 
[40] M.J. Sousa, V. Santo, A. Sacavém, I.P. dos Reis, M.C Sampaio. 4.0 
Leadership Skills in Hospitality Sector. Journal of Reviews on Global 
Economics, 8 (2019) 105–117.  
[41] D. Whetten. What Constitutes a Theoretical Contribution?, 
Academy of Management Review, 14 (1989) 490-495. 


