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Abstract. Organizations have been witnessing several transformations due to the integration
of new technologies and concepts in the Industry 4.0 era. With these transformations come
several challenges such as financial investments for organizations desiring to adopt Industry
4.0 related methods and tools and most importantly finding engineering and project managers
who are well equipped with the right competencies to be able to pilot industry transformation
projects. The current paper studies learning requirements in the field of project and
engineering management within Industry 4.0 Era. A combined literature analysis and
interview method is adopted in order to overcome the lack of state of the art. The results
underline the key role of project and engineering manager as integrators.
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1 Introduction

In recent years we have witness a new transformation in organizations due to the integration of
new technologies in what is known as the Industry 4.0 Era. With this transformation comes a lot
of challenges, mainly financial investments for organizations desiring to adopt Industry 4.0
related methods and tools. However, the major challenge firms are faced with relates to their
ability to find project and engineering managers who are well equipped with the right
competencies to manage the transformation of the organization. Yet these competencies are to be
identified and categorized in order to adapt training programmes in the broad field of project and
engineering management. While several initiatives have arisen throughout the recent years, there
are still efforts to be conducted for two main reasons. First, most of the initiatives dealing with
Industry 4.0 competencies are focusing on specific disciplines. Second, no previous research has
specifically addressed the state of the art in this topic.

The current paper studies learning requirements in the field of project and engineering
management within Industry 4.0 Era. A combined literature analysis and interview method is
adopted in order to overcome the lack of state of the art. The interviews underline the key role of
project and engineering manager as integrators. More generally, the results are expected to
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contribute to develop academic and continuous professional training to prepare the next

generation of engineers to better handle the Industry 4.0 transformation. The remainder of the
paper is organised as follows, section 2 provides an overview of the key concepts namely project
management, engineering management and Industry 4.0. Section 3 draws insights into required
skills to deal with the intersecting areas of project and engineering management and Industry 4.0.
Section 4 reports on the results from the interviews conducted among experts. The paper ends
with concluding remarks in Section 5.

2  Concepts overview

2.1 Industry 4.0

Industry 4.0 can be defined as a collective term for digitalization technologies and concepts of
value chain organization, which enable modular structured Smart Factories based on Cyber
Physical Systems (CPS). They monitor physical processes, interact with the physical world and
make decentralized decisions. Embedded in the Internet of Things (IoT), CPS communicate and
cooperate with each other and humans in real time, creating a Digital Twin of assets and processes.
This facilitates fundamental improvements and flexibility to the industrial processes of the value
chain. In addition products become smart and identifiable with a known history and a real time
tracking due to identification technologies such as RFID tags and Big Data analysis (Calisir and
Akdag, 2017).

However, Industry 4.0 adds complexity within and beyond the organization. For implementation,
six design principles should be taken into consideration (Hermann et al., 2016).
e Interoperability: the ability of CPS to exchange with each other and make use of

information through standardization.

e Virtualization: creating a virtual copy of the physical world.

e Decentralization: working autonomously thanks to embedded computers and
technologies allowing for more agility.

¢ Real time capability: the ability to collect and analyse data in real time by using loT and
its supporting technologies (RFID tags, sensors, actuators...).

e Service orientation: enabling the services of companies, CPS, and humans to be made
available to use by other participants (other CPS, companies...).

e Modularity: ability to adapt rapidly to changes in demand such as seasonal fluctuations
or changes in products’ characteristics by replacing or expanding individual modules.

While each Industry 4.0 design principle delivers value in its own right, that value is amplified
when multiple design principles work together to support new, more efficient and more flexible
processes. A hands-on example is a production line where a product interacts with different
machines, intelligence must be decentralized across the various machines used in the process and
all process components must be interoperable and able to respond in real-time to requests from
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the product. In addition, the process must be modular to support customization and may be

monitored through virtualization. Finally, service orientation enables the approach by which
products can access the services of machines.

2.2 Engineering management

Engineering management (EM) in general is the process of designing and maintaining an
environment for technological problem solving of engineering and organizational, administrative
and planning abilities of management (Kopacek, 2019). Successful EM requires experience in
both engineering and business, with a focus on three areas:

e Information Technologies (IT), such as software design, data mining, etc. as well as
organizational issues related to the use of these technologies, to support effective
decision making.

e Supply chain management for planning the good, services and related information.

e Operations research to support decision making.

Four functions characterize the work of an engineering manager: planning, organizing, leading
and controlling (Essila, 2018). Planning is a process of setting objectives and making decisions
to achieve them. The decision making process relies heavily on the way the problem is structured
and is affected by the conditions regarding the outcome of each alternative (certain, risky or
uncertain) and the decision maker’s own style (Essila, 2018). The second major function is
organizing, which refers to the process of assigning tasks to employees, allocating resources and
arranging coordinated activities to implement plans. This function requires qualities such as self-
awareness, self-regulation, motivation, empathy and social skills. The last function of an
engineering manager is controlling, which means evaluating performances and taking actions to
meet the targets. Indeed, throughout the process, conditions can change and the objectives should
be adapted to reflect new conditions or there might be some deviations that must be addressed to
get back on track.

2.3 Project management

Project management and engineering management are often confused. However, they differ in
terms of environment and scope, meaning they vary by who and what they manage, and the length
of the position (Keys, 2021). Project management is concerned with increasing project success
and sustaining their benefits. In this sense, project management can be seen as one of the key
areas of engineering management.

Project management is the application of knowledge, skills, tools and techniques to project
activities and tasks to meet the project requirements. The main functions of a project manager are
initiating, planning, executing, monitoring and controlling, and closing (Heagney, 2012). The role
of a project manager (PM) is that of an enabler (who helps the team get the job done and provides
them with the needed resources), and also of a leader who ensures that everyone in the team



4
shared the same goal to be achieved at the end of the project, and to identify all the work to be

done by constructing a good work breakdown structure (WBS).

The PM should be an integrator and coordinate every activity with the team in order to achieve
the desired project outcomes. He/she also needs to be a scope manager defining the project
boundaries, subdividing the work into manageable components with deliverables, verifying that
the amount of work planned has been achieved, and specifying scope change control procedures.
Time management skills are also required to define a schedule for the project and ensure the work
is done according to that schedule, as well as cost management skills which involves estimating
the cost of resources and tracking it to respect the budget. A PM must also possess some quality-
based knowledge to ensure quality and ability to deal with risks systematically, to be a good
human resource allocator and a good communicator to share information with all project
stakeholders during the whole life cycle. He/she should not handle technical issues. Instead, he
must ensure that the Performance requirements, Cost, Time and Scope targets are met. A PM is
proactive i.e. he/she observes what needs to be done and does it, under the condition of a complete
understanding of the vision set by the organization (PMI, 2017).

3 Industry 4.0 and engineering and project management

Project and engineering management in the Era of Industry 4.0 is becoming more and more
challenging, because of the mentioned transformations and emerging technologies (Win and
Kham, 2018). In fact, it is no longer a question of managing people or machines separately,
because new connections will be created within and beyond the organization, forming a socio-
technical system of humans and machines. This requires a different level of management based
on a huge amount of data that will need to be collected and analyzed (Hirman et al., 2019).
Furthermore, in Industry 4.0 all stakeholders are involved in decision making (lbrahim et al.,
2017). Moreover, production will be configured dynamically based on the current demand, which
means that the original design may change at any time. As a result, the integrated management of
the projects will become increasingly important in order to ensure agility and efficiency towards
organization’s goals. Therefore, project managers and teams will require additional soft and hard
skills than those needed in the past and a greater degree of autonomy. Project teams will be
increasingly distributed in different places of the world and have their own cultural and
professional identity that needs to be integrated.

A literature review by Ibrahim et al. (2017) delivers a nonexclusive list of characteristics, which
include soft skills and hard skills. Because of the new interactions with stakeholders, project and
engineering managers require new soft skills, such as communication skills (information sharing
in real time with stakeholders), team management (e.g. empower team), and management of
unforeseen events. In addition to the traditional hard skills, Industry 4.0 projects require a full
comprehension of the Cyber-Physical concept from the project and engineering managers along
with deep domain knowledge. The most important hard skill for project and engineering managers



5
is experience with innovative technologies and projects, predictive algorithms and big data

analysis that will help them manage projects correctly and stay focused on the objectives to be
achieved.

An output oriented model was proposed, which considers that competencies are related to certain
tasks. The model classifies competencies into Personal, Social and Domain related (Erol et al.,
2016). Furthermore, several articles insist on the necessity to adopt new ways of learning to
succeed this transformation and enable future engineers to acquire the knowledge and skills
needed. One of the teaching demonstration formats that was repeatedly mentioned is learning
factories for the results they have shown in disseminating Industry 4.0 technologies and the
development of new competencies (Leal et al., 2020).

4 Interviews and results discussion

4.1  Questionnaire design

A questionnaire on Industry 4.0 and engineering and project management was designed based on
findings from the literature. The questionnaire was prepared in order to ask respondents (experts
and researchers) about the most required skills and competencies required for an engineer
specialized in project and engineering management to successfully pilot projects within industry
4.0. The information from the questionnaire is collected and analysed in order to design a
comprehensive framework to serve as a support or guide for future engineers and professionals
desiring to adopt industry 4.0 paradigm. The guestionnaire is composed of the following sections:
respondent profile; design principles knowledge to assess the degree of attention needed for
technical competencies and soft skills required within curriculum dedicated to industry 4.0;
teaching and learning formats that are best suited to developed engineers and projects
managements’ competencies, knowledge and skills.

To ensure that the questionnaire is suitable and covers the most complete spectrum possible, we
pre-tested it with five Industry 4.0 experts acting as respondents. More precisely, these experts
have different functions and positions increasing the diversity of their points of view: two
researchers actively leading and participating to 14.0 initiatives, two consultants with experience
in 14.0 and one manager, all of the experts have background in areas closely related to project and
engineering management.

4.2  Technical competencies requirements

The first set of questions aims to identify, among nine categories of technologies, those which are
considered to be the most relevant and the level of mastery to be acquired by project and
engineering managers. Our respondents are particularly unanimous in indicating that data
communication, networks and system automation (embedded systems, Internet of Thing, Cloud
Systems...) are crucial technologies and that a particular importance should be given to them.
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Then follow technologies related to novel human-machine interfaces (technology-assisted work

systems, VR/AR technologies, human-robot collaboration...), as well as data science and
advanced (big data) analytics. Nevertheless, according to the respondents, automatic robots as
well as “real time” are not necessarily to be prioritized insofar as these are specific technologies
which will probably not concern all organizations.

In terms of level of mastery, the ranking of priorities is changing. Indeed, project and engineering
managers are expected to have an experience level of mastery when it comes to technologies
relating to closed-loop integrated products even though the degree of importance to be given to
them was relatively moderate. The classification made by our Industry 4.0 experts, however,
shows the same two technologies (hamely autonomous robots and real-time inventory and
logistics optimization systems) as being those requiring a lower level of mastery compared to the
other ones.

Figure 1 highlights the measurement scales evaluated by the respondents allowing a better
visualization of the levels of importance and mastery to be granted to the various technologies of
Industry 4.0.
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Fig. 1. Level of importance of the Industry 4.0 technologies and their required degree of mastery

The fact that the experts did not assign an “expert” level of proficiency to the various areas of
Industry 4.0 is consistent with the answers they provided to the following question. It relates to
the differences they established between project and engineering managers on the one hand, and
experts on the other. According to the respondents, a project and engineering manager brings a
generalist approach, scientific and technical knowledge, which should allow understanding and
dialogue with experts. They have the ability to understand the different functions of the
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organization through a transversal approach to be able to pilot, supervise and coordinate various

projects and missions. Consequently, they will have to integrate and implement the solutions
defined by the expert. In addition, thanks to their transversal knowledge, engineers are equipped
to identify the right people to turn to, in particular experts who can solve problems. Another
distinction raised relates to the level of autonomy to be achieved for project and engineering
managers, which should enable them to understand the need (in particular of the customer or of a
function of the organization) and be able to transcribe this need to the expert who will then be
responsible for finding the appropriate solution.

4.3  Soft skills and learning modes requirements

The next set of questions relate to industry 4.0 competencies in terms of personal/soft skills. As
mentioned previously, the literature provides a wide variety of them, that we have consequently
sequenced within our gquestionnaire by clustering them into the following categories. Individual
skills that are based on a critical attitude, one’s flexibility at work, and the ability to transform
one's way of managing; the social skills of mediator on the one hand, and one’s ability to mobilize
social media to facilitate cooperation among a team or a network; and finally larger categories of
soft skills such as leadership, communication, problem solving, or even entrepreneurial skills.

Our results show that that the skills expected of an engineer or project manager in the context of
Industry 4.0 are based on their ability to solve problems and to play the role of integrator.
Although problem solving is the expert’s prerogative (according to the distinction made
previously), the ability of the project and engineering manager to identify the right interlocutor
who will know how to design an adapted solution is fundamental. Given the uncertainty that
organizations can find themselves in when faced with major technological changes in their
production system, this problem-solving skill (regardless of its nature) must be nurtured
throughout project and engineering manager’s education.

As mentioned earlier, project and engineering managers are a key to create links within a network,
serving as integrators or mediators. To address this ability, their communication skills are
considered by the respondents to be of the utmost importance. Indeed, thanks to their training,
these individuals acquire strong notions in various areas that they must be able to relate to each
other. In addition, it helps them connect domains that would otherwise have difficulties
understanding each other. This interdisciplinary characteristic is fundamental in developing a
solid network on which the company can rely to further expand its evolution towards Industry
4.0.

The final part of our questionnaire aimed to identify ways of teaching students and practitioners
to prepare them for the reality and complexity of the field. Providing access to learning factories
seems to be the most effective way according to the respondents. Following this teaching format,
we find the use of flexible physical production systems laboratory, and then the cooperation with



8
industrials within concrete projects to be developed. By highlighting these three formats as the

most relevant, our experts highlight the underlying idea that students and practitioners learn best
by doing (Maytorena et al., 2007; Savelsbergh et al., 2016). It is therefore necessary to move from
traditional curriculum towards more frequent problem oriented experimental learning through
industry/university or student/industry collaborations.

5 Conclusion and perspectives

This paper has sought to investigate the implications of industry 4.0 for project and engineering
management learning requirements. The results reported in this paper are based on the literature
and on interviews carried out with five experts. The main objective of these interviews was to test
our questions and identify gaps or misunderstandings in the way we formulated them. The
administration of this questionnaire on a much larger sample and scale (at the international level)
should make it possible to consolidate the opinions of the respondents (or to refute them). In the
meantime, it will allow us to present a roadmap for academics in order to help them offer trainings
in line with the expectations of the industry 4.0.
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