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Abstract: Digitalization is rushing throughout the world, namely, in industrial and societal infras-
tructures. Hence, digital transformation becomes a pillar of industrial policy, known in Europe as
“Industry 4.0,” in China as “made in China 2025,” in Asia as “Smart Cities,” in Japan as “Society
5.0,” and in North America as “Industrial Internet.” These transformations will change the industrial
landscape, toward Quality 4.0 and therefore, our lives. The presented research was conducted
on quality management employees in Portugal and it aims to analyze if such employees have the
perception of the impact of Industry 4.0 in the quality management profession and the required and
needed skills. After analyzing the answered questionnaires, 90 results were considered valid. This
is the sample of our study. Simultaneously, the goal of this research is also to review and analyze
the main topics in progress related to quality management for the fourth industrial revolution and
how quality emerges of this change. The professionals that work on quality management must have
creative thinking, be leaders, know how to communicate and work as a team, as well as, to have
knowledge and understanding of ICT (Information and Communications Technology), and main
pillars of Industry 4.0. These are the main findings. Besides that, they must know how to motivate
their work teams, be open to change, know how to use Big Data to make decisions and above all,
they must know how to manage conflicts. In addition, quality professionals must promote the design
and production of first class products, be the defenders of their customers within the organization,
and finally, they must create value for the stakeholders.

Keywords: quality management skills; digitalization; industry 4.0; quality 4.0; sustainability

1. Introduction

The fourth industrial revolution, also called Industry 4.0 [1] is now a reality and is
propelling major changes in industries, with machines redefining and adapting themselves.
Quality 4.0 is a reference to Industry 4.0. Consequently, new quality-management skills
are needed for Quality 4.0 managers [2]. According to Dan Jacob [3] and other authors,
Quality 4.0 connects new technologies with traditional quality methods to achieve new
optimums in performance, operational excellence, and innovation. The fourth Industrial
Revolution is changing business models, firms’ strategies, enterprise organization, value
and supply chains, products, and as such, production processes, skills [4–6] and it presents
significant challenges to manufacturing companies from the organizational, technological,
economic, social, and management points of view [7–9], where Made-in-China 2025 [10]
also appears in this challenge of change. Hence, this new industrial paradigm also comes
with new standards and promotes the redefinition of current jobs [11] and the consequent
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skills [12,13] including changes in society [14], as it is also a response to the nowadays
challenges emerging in fast-changing environments. According to Aldag and Eker [15],
Quality 4.0 combines new technologies with common quality methods and tools, to achieve
new optimums in performance, operational excellence, and also, in innovation. The new
technologies include, among others, Big Data, cloud computing, machine learning, artificial
intelligence, IoT-connected operations with devices. Moreover, new forms of collaboration
and traceability, such as, block chain, are very important in this period, especially when
factors affecting competitiveness can vary. Such quality systems lead companies to perform
better, to greater operational excellence, and consequently, to process innovation. Real-
time control of machines, APP-driven process control, Big Data, real-time scorecards,
cloud computing, artificial intelligence, block chain, and new apps, such as, Augmented
Reality (AR)/Virtual Reality (VR) provide new forms of collaboration among all parts
of a production cycle and, also, in a supply chain [16,17]. The factory of the future is
characterized by smart and interconnected real-time functions, processes, and services [18].
Hence, the workplace is in a fast process of change and business leaders need to solve the
challenges that the near future will bring to enterprises [12]. Does this mean the need for
changes regarding the quality profession and the quality professionals’ skills? The use of
new technologies and the redefinition of industrial processes are fundamental to claim
the use of Industry 4.0. However, people are also an important factor to guarantee the
success of this industrial revolution. Thus, employees in all areas, but especially in the
quality area, must have the appropriate competencies and skills. The Industry 4.0 trend is
here to stay and to change the way we work and live, posing challenges to companies and
employees. According to Lages [19], similar to animal life and plant species, enterprises and
human society also must adapt to new challenges, or they can disappear. This adaptation
process implies solving hard problems, overcoming possible crises, and addressing constant
changes. Although quality management system became popular in the last 1980s and
1990s, the 21st-century companies in the era of Industry 4.0 are improving, considerably,
that concept. So, some important questions arise: (1) How will the quality certifications be
in the future? Will quality management take on a new meaning regarding Industry 4.0?
What kind of skills are needed by quality managers to prepare their organizations for the
so-called Industry 4.0?

Having that into consideration, the present research, conducted on quality manage-
ment employees, aims to analyze if such employees have the perception of the impact of
Industry 4.0 in the quality management profession and the required skills. Simultaneously,
the goal of this research is also to review and analyze the main topics in progress related to
quality management for the fourth industrial revolution and how quality can emerge of
this change.

2. Literature Review

The Fourth Industrial Revolution, also known as Industry 4.0 integrating Quality 4.0,
is a “mental model” for understanding and influencing how society and emerging technolo-
gies are changing, how value is created, exchanged, and distributed across economic and
social systems. Industry 4.0, which started off as a brainchild of Germany, is being adopted
by countries around the world [20], where the “real” and the “virtual” world are to be
seamlessly connected, giving rise to what are known as cyber-physical production systems.
Thus, traditional manufacturing processes are undergoing an enormous transformation
where new technologies will be included such as, among others, artificial intelligence,
machine learning, intelligent process automation, connected devices, and operations, 5G
technology, new forms of collaboration, Big Data analytics, cloud computing, cybersecurity,
social media, and block chain.

These are all related to the transformation of production processes caused, simul-
taneously, by the use of existing technologies and the new ones, which work together
leading to new opportunities for enterprises [21], as well as, challenges. Such technologies
include: Internet of Things (IoT), Machine Learning, Artificial Intelligence, Data Mining,
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and Cyber-Physical Systems (CPS) [22,23]. In Industry 4.0, repetitive work will not be
executed by workers, but by robots or advanced multi-function manufacturing machines.
People will be more focused on integrating, managing, and controlling those machines’
work and tasks, and will also need to analyze large amounts of data, using the newest
and smartest available technologies, but new educational approaches and competences
will be needed [24]. These features will propel the introduction of the Quality 4.0 con-
cept [2,3,25,26] that, and as a reference to the Industry 4.0, can be considered as the use of
new artificial intelligence technologies, and other technologies from Industry 4.0 toolbox,
together with traditional quality management methods. Quality 4.0 leads us to the digi-
talization of Total Quality Management and its impact on quality technology, production
processes, and people that work. It builds upon common quality tools and also considers,
automation and artificial intelligence for improving performance. After this, it is necessary
making timely data-driven decisions of various scenario, involving all the possible stake-
holders and providing transparency, visibility, and connectedness [27]. As everything will
be smart in the near future, we will see a disruptive impact on manufacturing companies,
that is, a new paradigm will emerge. Industry 4.0 is the new challenge and, at the same
time, we will see the tipping point for the decline of conventional applications [28].

The Fourth Industrial Revolution is enabled by the digital technologies of the third one,
and is represented by breakthroughs in fields as diverse as: advanced robotics and drones;
artificial intelligence and machine learning; biotechnologies and precision medicine; vir-
tual, augmented and mixed reality systems; new approaches to energy generation storage;
multidimensional printing; new materials, etc. These, and others to come, are combined
in ways that will once again transform how human beings communicate, produce things,
transport people and goods, and interact [29]. As regards to our digital presence, by
2025, 80% of people across the world will have a digital presence, according to 84% of
800 technologies executives surveyed [30]. Hence, Industry 4.0 leads to the digitalization
era. Everything is digital: production systems, business models, environments, operators,
machines, products and services. It is all interconnected inside the digital scene with
the corresponding virtual representation. The physical flows will be mapped on digital
platforms in a continuous and seamless manner [28]. Thus, the modern industry requires
the intelligent development of the product throughout its entire life cycle, from concept
to recycling. These intelligent/smart products have information about their production
processes, quality management, future application, and recycling. The referred products
support active manufacturing processes (when will be produced, with what parameters,
with what materials should be produced, when, what kind of modifications, etc.). Under
these conditions, the management of quality has to meet new requirements imposed by
the fourth industrial revolution [31]. Hence, quality teams must take an active leadership
role in these initiatives because while Quality 4.0 is fueled by technology, the true trans-
formation occurs in culture of quality, leadership, and quality processes. Success with
Quality 4.0 requires a solid traditional quality foundation. Quality 4.0 does not replace
traditional quality methods, but according to [3], rather builds and improves upon them.
Blass and Hackston [12] claim that future skills are encompassed by 52 skills and personal
attributes, 43 work-related abilities, and 43 subjects and knowledge bases. With regard
to personal skills and attributes, the most important in the next 10 years, agreed by the
surveyed respondents, would be: the ability to empower others; ability to learn; commit-
ment to lifelong learning; creativity (generation of ideas); flexibility (willingness to change);
foresightedness (ability to predict future occurrences); holistic thinking abilities (ability
to see the whole situation and its consequences); taking initiatives (ability to start things
themselves); integrative thinking abilities (thinking outside of functional areas); visionary
(knowing where you are going). According to Gunasekaran and Subramanian [32], the
main aspects related to human aspects in quality in the era of Industry 4.0 are: capturing
message credibility and supplier involvement aspects in qualify function deployment;
leadership emphasis and process flexibility in achieving economic sustainability; business
models and tactics for peer involvement of employees within enterprises; business mod-
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els that study quality management influence in a multi-cultural environment. The same
authors state that the main technological aspects of quality in the era of Industry 4.0 are:
role of technology, automation, and IT/IS in quality management and its relationship with
employee empowerment. Other authors such as Araújo et al. [33] Bravi et al. [34] Santos
et al. [35], Sá et al. [36] state that increasing customer forecast, demanding, global competi-
tion, and the continuous complexity of products are very important reasons why quality
management has become indispensable in nowadays companies and quality of process
and product [37], became an integral part of corporate strategies and policies [38]. Hence,
the notion of employee empowerment is a core principle of quality and organizations need
to identify the core competencies required for the next step of quality. The opportunity
to delight and wow customers will be, certainly, a very important source of competitive
advantage [39].

According to the WEF (World Economic Forum) [40], key skills demand trends in-
clude, on the one hand, a continued fall in demand for manual skills and physical abilities
and, on the other hand, a decrease in demand for skills related to the management of
financial and other resources, as well as, basic technology installation and maintenance
skills (Figure 1). Skills continuing to grow in prominence by 2022 include two important
topics, such as, “Analytical thinking and innovation” as well as “Active learning and
learning strategies.” The sharply increased importance of skills, such as technology de-
sign and programming highlights the growing demand for various forms of technology
competencies identified by employers surveyed for this report [40]. Proficiency in new
technologies is only one part of the 2022 skills equation, however, as “human” skills such
as “creativity, originality, and initiative,” “critical thinking,” persuasion, and negotiation
will likewise retain or increase their value, as will attention to detail, resilience, flexibility,
and “complex problem-solving.” “Leadership and social influence” as well as “emotional
intelligence” and service orientation, also will see an outsized increase in demand relative
to their current prominence [40].

Figure 1. Trending skills demand to 2022 [40].

In a general way, trending skills demand to 2022 such as presented in Figure 1 [40],
are necessary. With the arrival of the Industry 4.0 paradigm, companies will face not
only challenges in finding the skilled employees, but also other challenges related to their
existing workforce, that must be adapted and helped with skill development programs [20]
namely: (1) up-skilling: companies will have to up-skill their workforce via in-house or
external training centers. For example, an assembly line, or production worker involved
in manually fitting a part will be required to operate other tools or to command a robot.
He must develop the other skills to be able to operate the new tools and new machines
efficiently; (2) re-skilling: Industry 4.0 is expected to result in some job displacement. A
great number of jobs will disappear, but a number of new jobs will appear. It was like that,
with the carts, the horses, and the cars; (3) continuous learning: technologies will become
quickly obsolete at a fast rate. New strategies for continuous professional development
will be required, namely, to adapt to the enormous changes that technological advance-
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ment will need; (4) mind set change: the labor force will have to adapt to many changes,
knowing that some of them will resist and will be against the implementation of newer
technologies. This will require companies to plan for mind-set change of its employees. As
such, it will be necessary to help them in a smooth transition to technologically advanced
manufacturing processes.

To be competitive, today’s companies must manufacture products of the highest qual-
ity in order to satisfy the increasing customer requirements, not only in relation to quality,
but also in relation to the environment, sustainability, and social responsibility [18,41,42].
Thus, nowadays and in the future, quality of products, services, and processes is essential
to creating value for organizations [43–45] and also, to achieving sustainable economic
success and to ensure competitiveness [46–48] where the application of lean tools is im-
portant [49,50]. Hence, quality management has attracted the interest of many people,
namely, quality professionals, managers, and academics [51], as a very important area
of research [18] toward sustainability [52–54] and efficiency, where some problems may
appear [55]. Hence, for any company, an important key to sustainable economic success
is giving emphasis on quality management [56–58] today and in the future. Thus, re-
lated to its main concepts, such as, among others, Smart Factory, Cyber-Physical System,
Internet of Things and Services, Industry 4.0 provides great opportunities for quality man-
agement [18,31], namely, Quality 4.0. Growing demand for products with quality above
average and services at more competitive prices is directed to an increasingly competitive
global marketplace reasoned by adaptability, agility, flexibility, and innovativeness. Over
the past decades, businessmen have adopted quality management (QM) approaches, such
as, initially, ISO 9001 and later, TQM, Six Sigma, lean production and in the near future, they
must adopt Quality 4.0. Different QM awards were created in the USA, Europe, and Japan,
to foster quality improvement by recognizing companies with quality excellence [59,60].
This recognition will remain, and is likely to increase, in Industry 4.0, and therefore with
Quality 4.0. A dynamic stakeholder orientation wheel provides permanent inputs to the
problem-solving process. The work environment that enhances intrinsic motivation leads
to obtaining creativity benefits from all stakeholders. Hence, businessmen and managers
should endeavor to match partner’s and people’s skills, interests, and personality types
to the right work [61]. With this, a new paradigm emerges, that is, an emergent quality
management (EQM) paradigm [62] which has already started to be called, by many profes-
sionals, as Quality 4.0. In their journey to adopt Industry 4.0 they are expected to encounter
a number of challenges related to the skills level of their workforce. The skills which are
important today will cease to be so in the future and it is expected that the workforce
must possess new skills in the domain of information technology, data analytics, etc. A
higher percentage of the actual and new jobs will give importance to cognitive abilities and
system skills over physical abilities while defining core work-related skill sets [20], where
emotional intelligence and its relationship to employability skills can play an important
role [63]. But the skills gap across all industries are poised to grow in the so-called “Fourth
Industrial Revolution.” Rapid advances in artificial intelligence (AI), robotics, and other
emerging technologies are happening in ever shorter cycles, changing the very nature of
the jobs that need to be done and consequently, the skills needed to perform them faster
than ever before [64].

As regards challenges related to skills, many developing countries have realized the
importance of skills development in achieving economic development in the future and
they have taken various measures to overtake the skill gap. From increasing education
expenditure to an increasing network of vocational trainers by launching nation-wide
programs, initiatives have been promoted to make the labor force industry-ready [20]
for the next challenges where profitability, with help of Quality 4.0, is improved within
Industry 4.0 route due to reduction in labor cost and in enhanced asset utilization rate.
Profit margins are also improved, essentially due to the increase in the value of products
as a result of the improvement in quality and flexibility of customization, as well as the
decrease in labor costs. But according to PwC [65] adaptability is the key to the future.
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Adaptability—in organizations, individuals, and society—is essential for navigating the
changes ahead. The skills needs are changing [66] and it is very difficult to predict exactly
the skills that will be needed even five years from now.

Hence, workers, companies, and organizations need to be ready to quickly adapt,
in each of the world we envisage. Inevitably, much of the responsibility will be on the
individual businessperson, and also, on the worker. They must be willing to not only adapt
to organizational change, but also to acquiring new skills and experiences throughout
their lifetime, trying new jobs, new tasks, and even re-thinking and retraining mid-career.
Governments and leaders of organizations of all kinds must do much to help: easing the
routes to training and retraining, and encouraging and incentivizing adaptability and the
critical and increasingly valued skills of leadership, creativity, and innovation [65].

3. Methodology

The main research question of the presented research is: Do quality management
employees, of Portugal’s North West region, have the perception of the impact of Industry
4.0 in the quality management profession and in the required and needed skills?

The research approach followed to attain the objectives of this work was the inductive
one. Thus, researchers begin with important and specific observations, which are used to
conceive some theories and conclusions. The reason for occupying the inductive approach
was that it takes into account the work context where research is more active.

To make an exploratory analysis, it was used as the primary method of data compi-
lation, a structured questionnaire. The selection of the respondents is representative of
the population that works in some field of quality management. Thus, it was allowed to
develop a descriptive research design. As referred by Kothari [67] and Michener [68], a
structured survey allows us to quantify a multitude of data for further analysis. The use of
the survey, as well as, the use of quantitative analysis of the data, with help of different
statistical tools and methods, can be verified in a great variety of research work carried out
under various studies about quality management, as well as, of its needs [69,70].

The main objectives of the survey are defined in this way: (1) To verify the importance
of the implementation of the ISO 9001 standard and to know the main activities related to
quality developed in the surveyed companies; (2) to characterize the identification of the
main skills according to various factors such as age, level of education, gender, number
of workers, degree of experience, and company size; and (3) to determine the main skills
associated with quality management professionals. All the respondents were professionals
who worked in quality management and develop their professional activity in various
enterprises of Northern Portugal. It also must be noticed that the respondents’ overall level
of knowledge concerning Industry 4.0 was, at the time the survey, very much incipient,
namely, lack of knowledge on the development and implementation of technologies in
the production systems about Industry 4.0. Furthermore, we think it is at the global level,
namely in Italy [71] and France [72], among other countries.

4. The Survey Design

A quantitative research design involving a questionnaire of this survey was distributed
to a group of workers participating in a forum related to the management of quality.

The participants represent various types of companies and institutions. The question-
naire of the survey included different scales. The following objectives were highlighted:
(1) Professional profile description of the workers, with the information based on years
of experience in quality management, number of workers of the enterprise, and if there
are different certifications at the enterprise; (2) the perception of the importance having
implemented the ISO 9001 standard (Likert scale, classifying from “not so much important”
to “very important”); (3) the most important and used quality techniques and tools by the
professional workers (Binary scale, classing “0” as not using and “1” as using); and (4) the
most relevant perceived competencies for future quality management professionals (Likert
scale, classifying from to “no so much important” to “very important”). The analyzed
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sample was a more convenient possible sample of quality management workers, rather
than, for instance, a random representative sample (a probability sample), due to, namely,
budget and time constraints. After analyzing the answered questionnaires, 90 results
were considered valid, reaching a confidence level of 95% with an error margin of 5%.
The surveys were conducted on men (43%) and women (57%) aged 20 to 60, maintaining
the confidentiality and the personal anonymity of each participant. The sample mirrors,
reasonably well, the universe of professionals that work in quality management.

5. Results

It is known that the main pillars of Industry 4.0 are (Figure 2), among others, Big
Data and Analytics, Autonomous Robots, The Industrial Internet of Things, The Cloud
Additive Manufacturing. Hence is necessary to have knowledge and understanding of ICT
(Information and Communications Technology).

Figure 2. Main pillars of Industry 4.0.

To manage the Industry 4.0 quality requirements are necessary and fundamental,
such as Conformity, Capability, Traceability, Nonconformity, Defect analysis (Figure 2).
In Figure 3 the more important activities developed in the companies are represented,
in which work, the people who responded to the survey. Most of the respondents are
active workers in the Quality Management System, namely, among others, in quality
auditing, continuous process improvement, 5S implementation, ISO 9001:2015, metrology,
standardized work, application of quality tools, and statistical process control.
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Figure 3. Main activities related to quality, developed in the surveyed companies [36].

This emphasizes the fact that the answers were given by people that work with other
important quality tools in their enterprises and are able to understand the importance
that the certification of Quality Management System, according to the ISO 9001, has
on their everyday work. Next, we focus our attention on the QMS skills necessary to
Industry 4.0. For such research, an index from 1 to 5, based on a Likert scale, where
1 represents “Not important” and 5 represents “Very important” was created. Thus, it
was intended to choose good indicators. As such, the average of the index in each one
of the activities of the enterprise, may be a good indicator on the global perception of
the main elements of the sample, related to each one of the activities. Quality audits,
5S, continuous improvement, metrology and standard works are daily activities in the
surveyed companies. We found that the majority are production only companies, which is
why creativity and other activities, so important for the design of products, appear little
valued in our study.

From our point of view, when we look at skills, we must understand that identifying
the most important skills can give us some indication of how the standard can evolve.

According to our survey (Table 1) females choose communication, critical thinking,
and teamwork as the most important skills. Male believe that the most important skills
are leadership, openness to change, and teamwork. It is also possible to conclude that, in
total average, the most important skill for male and female is communication, followed
by critical thinking and teamwork. We found that, in our study, the skill “creativity” is
little valued and appears in the last places. When the results presented are compared
with the survey promoted by World Economic Forum [40], where “Analytical thinking
and innovation” is the main trend for the most important skills for 2022, with creativity
ranking as the third overall skill. The question is if developing countries only produce
what developed countries conceive, for the production of goods creativity is less important
than for their design and development.
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Table 1. Report about the main skills perceived by female and male.

Female Male Total

Communication 4.67 4.42 4.56
Critical Thinking 4.59 4.36 4.49

Teamwork 4.57 4.47 4.52
Leadership 4.39 4.53 4.45

Openness to change 4.48 4.53 4.50
Motivation 4.46 4.41 4.43

Decision-making 4.35 4.35 4.35
Efficiency 4.17 4.32 4.24

Ethic 4.22 4.11 4.17
Customer orientation 4.30 4.00 4.17
Conflict management 4.26 4.03 4.16

Commitment 4.13 4.14 4.13
Assertiveness 4.41 3.78 4.13

Creativity 3.98 4.27 4.11
Emotional intelligence 4.11 4.06 4.09

Focus on results 4.13 3.89 4.02
Flexibility 4.02 3.86 3.95

Negotiation 3.80 3.83 3.82

Concerning “Critical thinking,” this skill is also in line with the ISO 9001 standard,
because whenever it is important to improve the product or the process, it is also necessary
to take into account the critical thinking when analyzing problems, thus allowing to
find the correct solutions. The big difference is whether innovation refers to production
processes, very common in developing countries, or to product innovation, more common
in developed countries.

Chi-square tests were performed to see if any of the variables influenced the im-
portance attributed to skills in quality management. It was found that gender does not
significantly influence (α = 0.1) the valuation of the different quality management skills.

With regard to schooling, we can see (Table 2) that non-graduates choose critical think-
ing, leadership, and decision-making as the most important skills. Graduate employees
choose critical thinking, communication, and teamwork as the most important skills and
postgraduate employees choose motivation, efficiency, and openness to change as the most
important skills.

Table 2. Report about the main skills perceived by employers according to education level.

No
Graduation

Graduate
Studies

Postgraduate
Studies Total

Critical Thinking 4.64 4.31 4.61 4.49
Creativity 4.14 4.26 3.94 4.11

Leadership 4.64 4.34 4.48 4.45
Emotional intelligence 4.36 4.03 4.03 4.09

Decision-making 4.57 4.31 4.29 4.35
Negotiation 3.50 4.09 3.67 3.82

Customer orientation 3.93 4.34 4.09 4.17
Communication 4.50 4.46 4.70 4.56

Teamwork 4.50 4.40 4.67 4.52
Focus on results 3.79 4.03 4.12 4.02

Conflict management 3.93 4.29 4.12 4.16
Ethic 3.86 4.34 4.12 4.17

Assertiveness 4.07 4.29 4.00 4.13
Commitment 4.21 4.17 4.06 4.13
Motivation 4.50 4.54 4.29 4.43
Flexibility 4.07 4.06 3.79 3.95
Efficiency 4.36 4.40 4.03 4.24

Openness to change 4.64 4.54 4.39 4.50
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Concerning the education levels, we already have statistical evidence of their depen-
dence on the value given to customer orientation. According to Table 3, we can see that
this dependence comes from the fact that people with higher qualifications and training
give greater importance to this skill.

Table 3. Chi-square test about the main skills perceived by employers according to different schooling.

Education Levels
Total

Not Graduate Graduate Postgraduate

Customer
Orientation

3.00 4 6 7 17
4.00 7 7 13 27
5.00 3 22 14 39

Total 14 35 34 83

According to Table 4, it is interesting to note that the highest values of the competence
importance index are attributed to people with less experience. In addition, we can see
that people with more experience have higher rates than those with experience between 3
and 5 years. On the other hand, the most important skills for people with less than 3 years
of experience are: communication, teamwork, and openness to change. For people with
experience between 3 and 5 years, the most important skills are: leadership, communication,
and motivation. For people with more than 5 years of experience, the most important skills
are: critical thinking and openness to change.

Table 4. Report about the main skills perceived by employers according to different years of experience.

Less than 3
Years

Between 3 and 5
Years

More than 5
Years Total

Critical Thinking 4.59 4.00 4.50 4.49
Creativity 4.32 3.64 3.86 4.11

Leadership 4.51 4.45 4.32 4.45
Emotional intelligence 4.14 3.64 4.18 4.09

Decision-making 4.50 4.00 4.18 4.35
Negotiation 3.94 3.27 3.82 3.82

Customer orientation 4.10 4.18 4.32 4.17
Communication 4.61 4.64 4.41 4.56

Teamwork 4.63 4.27 4.41 4.52
Focus on results 4.20 3.18 4.05 4.02

Conflict management 4.22 3.82 4.18 4.16
Ethic 4.24 4.00 4.09 4.17

Assertiveness 4.20 3.91 4.09 4.13
Commitment 4.37 3.73 3.82 4.13
Motivation 4.50 4.36 4.32 4.43
Flexibility 4.06 3.27 4.05 3.95
Efficiency 4.44 3.73 4.05 4.24

Openness to change 4.63 4.18 4.36 4.50

It was verified that there exists a dependence between the number of years of experi-
ence in the company and the importance given to focus on results. By analyzing Table 5, it
is possible to see that people with less experience value this competence more. By analyzing
Table 6, it is possible to understand motivation perceived by employers.
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Table 5. Chi-square test about the skill “Focus on results” perceived by employers according to
different years of experience.

Experience

Less than 3 Years More than 3 Years Total

Focus on results
3.00 6 10 16
4.00 22 9 31
5.00 21 14 35

Total 49 33 82

Table 6. Chi-square test about the skill “Motivation” perceived by employers according to different
years of experience.

Experience

1.00 2.00 Total

Motivation
3.00 4 6 10
4.00 15 4 19
5.00 31 23 54

Total 50 33 83

Motivation also has a dependency on years of working experience and through the
table, we can see that people with more experience are those who most value this skill.

Regarding the number of employees in the company, as shown by Table 7, we can see
that the skills most valued in small businesses are efficiency, openness to change, and critical
thinking (these companies may have a greater need for adaptation). For companies that
have between 11 and 49 employees, the skills most valued are communication, openness
to change, and critical thinking (the same as small companies). For companies with
between 50 and 250 employees, the skills most valued are motivation, communication,
and teamwork. In companies with more than 250 employees the skills most valued are
decision-making, teamwork, and critical thinking.

Table 7. Report about the main skills perceived by employers according to the number of com-
pany workers.

Number of Company Workers

Less than
10

Between 11
and 49

Between
50 and 250

More than
250 Total

Critical Thinking 4.64 4.56 4.35 4.49 4.49
Creativity 4.27 4.06 4.45 3.89 4.11

Leadership 4.45 4.31 4.60 4.43 4.45
Emotional intelligence 4.27 3.94 3.90 4.20 4.09

Decision-making 4.55 4.13 4.05 4.56 4.35
Negotiation 4.36 3.75 3.55 3.83 3.82

Customer orientation 4.45 3.94 4.20 4.17 4.17
Communication 4.45 4.75 4.70 4.43 4.56

Teamwork 4.45 4.38 4.70 4.51 4.52
Focus on results 4.27 3.88 3.80 4.14 4.02

Conflict management 4.45 3.81 4.30 4.14 4.16
Ethic 4.55 4.31 4.05 4.06 4.17

Assertiveness 4.55 4.19 4.30 3.89 4.13
Commitment 4.36 4.19 3.75 4.26 4.13
Motivation 4.45 4.25 4.75 4.33 4.43
Flexibility 4.00 3.81 3.85 4.06 3.95
Efficiency 4.73 4.06 4.00 4.31 4.24

Openness to change 4.73 4.69 4.45 4.37 4.50
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Chi-square test, according to the number of employees in the company, does not show
any dependence on the importance given to each of the skills.

According to Table 8, it is possible to conclude that the most important skills for
people that work in companies without ISO 9001 certification are Assertiveness, Critical
Thinking and Openness to change. Regarding people that work in companies with ISO
9001 certification, the most important skills are Communication, Teamwork, and Openness
to change.

Table 8. Report about the main skills perceived by employers according to if the company is ISO
9001 certified or not.

The Company Is ISO 9001 Certified

No Yes Total

Critical Thinking 4.50 4.48 4.49
Creativity 4.18 4.06 4.11

Leadership 4.35 4.52 4.45
Emotional intelligence 3.97 4.17 4.09

Decision-making 4.18 4.47 4.35
Negotiation 3.82 3.81 3.82

Customer orientation 4.09 4.22 4.17
Communication 4.35 4.71 4.56

Teamwork 4.32 4.67 4.52
Focus on results 3.68 4.27 4.02

Conflict management 4.00 4.27 4.16
Ethic 4.18 4.17 4.17

Assertiveness 4.53 3.85 4.13
Commitment 4.12 4.15 4.13
Motivation 4.29 4.53 4.43
Flexibility 3.62 4.19 3.95
Efficiency 4.03 4.39 4.24

Openness to change 4.41 4.56 4.50

From Table 9, it is possible to observe that the company’s certification is dependent on
the importance given to focus on results. In this case, there is a clear tendency for people
who are part of certified companies to attach greater importance to this skill.

Table 9. Chi-square test about the skill “Focus on results” perceived by employers according to if the
company is ISO 9001 certified.

The Company Is ISO 9001 Certified

No Yes Total

Focus on results
3.00 11 5 16
4.00 11 20 31
5.00 12 23 35

Total 34 48 82

Also, concerning the motivation skill (Table 10), there is a dependence between the
existence of ISO 9001 certification. Although highly valued in both groups, it is in the group
of people who work in certified companies that greater importance is given to this skill.
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Table 10. Chi-square test about the skill “Motivation” perceived by employers according to if the
company is ISO 9001 certified.

The Company Is ISO 9001 Certified 9001

No Yes Total

Motivation
3.00 7 3 10
4.00 5 14 19
5.00 22 32 54

Total 34 49 83

Among the people who work in companies with ISO 9001 certification, according
to Table 11, we can see that the duration of the certification has little influence on the
importance attributed to each one of the skills.

Table 11. Report about the main skills perceived by employers according to the Number of years of
ISO 9001 certification.

Number of Years of ISO 9001 Certification

Less than 3
Years

Between 3
and 5 Years

Between 6
and 10 Years

More than
10 Years Total

Critical
Thinking 4.63 4.29 4.44 4.63 4.53

Creativity 4.50 4.00 4.33 3.85 4.09
Leadership 4.50 4.14 4.56 4.63 4.51
Emotional

intelligence 4.38 3.86 4.11 4.32 4.21

Decision-
making 4.75 4.00 4.67 4.50 4.50

Negotiation 4.25 3.29 4.33 3.68 3.86
Customer

orientation 4.00 3.86 4.78 4.30 4.27

Communication 5.00 4.57 5.00 4.63 4.77
Teamwork 4.88 4.57 4.89 4.68 4.74
Focus on

results 3.75 3.57 4.78 4.53 4.28

Conflict
management 4.00 4.00 4.67 4.42 4.33

Ethic 4.13 4.43 4.33 4.05 4.19
Assertiveness 3.75 3.43 4.44 3.84 3.88
Commitment 4.13 3.43 4.44 4.21 4.12
Motivation 4.75 4.71 4.67 4.40 4.57
Flexibility 4.25 3.71 4.67 4.21 4.23
Efficiency 4.38 4.29 4.56 4.35 4.39

Openness to
change 4.75 4.57 4.78 4.47 4.60

It is also possible to conclude, according to Table 12, that the skills most valued by
people who work in companies that do not have other certifications are Communication,
Teamwork, Motivation, and Openness for Change. Among the people who work in
companies that do have additional certifications, the most valued skills are Leadership,
Critical Thinking, and Decision Making.
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Table 12. Report about the main skills perceived by employers according to if there are others certifi-
cations.

Companies Have Other Certifications

No Yes Total

Critical Thinking 4.41 4.62 4.49
Creativity 4.24 3.88 4.10

Leadership 4.29 4.69 4.44
Emotional intelligence 3.94 4.31 4.09

Decision-making 4.18 4.61 4.35
Negotiation 3.82 3.81 3.81

Customer orientation 4.02 4.42 4.18
Communication 4.53 4.59 4.56

Teamwork 4.51 4.56 4.53
Focus on results 3.86 4.25 4.01

Conflict management 4.08 4.28 4.16
Ethic 4.27 4.06 4.19

Assertiveness 4.27 3.94 4.14
Commitment 4.04 4.25 4.12
Motivation 4.51 4.33 4.44
Flexibility 3.84 4.16 3.96
Efficiency 4.18 4.30 4.23

Openness to change 4.55 4.41 4.49

According to Table 13, the existence of other certifications is dependent on the im-
portance attributed to Ethics, and it is in companies without other certifications that the
greatest importance is given to this competence.

Table 13. Chi-square test about the skill “Ethic” perceived by employers according to if companies
have other certifications.

Companies Have Other Certifications

Yes No Total

Ethic
3.00 9 6 15
4.00 9 14 23
5.00 31 12 43

Total 49 32 81

There is also a dependency between the existence of other certifications and the
importance attached to Flexibility. Table 14 shows that it is in companies with other
certifications that the highest importance is attached to this competence.

Table 14. Chi-square test about the skill “Flexibility” perceived by employers according if companies
have other certifications.

Companies That Have Other Certifications

Not Yes Total

Flexibility
3.00 17 5 22
4.00 12 15 27
5.00 20 12 32

Total 49 32 81

6. Discussion

Industry 4.0, is also known as the fourth industrial revolution. Many people still
do not understand it, namely how it will impact our life. Quality Management is no
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exception and it will be, also, a challenge. Hence, Quality 4.0 strategy appear as an
excellent opportunity to realign quality to corporate strategy. Many enterprises have
strategic objectives related, namely, to Big Data and Industry 4.0, often showing quality
improvement use cases [3]. In a general way, trending skills demand to 2022 such as
presented in Figure 1, [40], are necessary. But for Quality 4.0, in addition, it is necessary to
have skills in new technologies such as, for instance Big Data and to know how to collect
and filter all information and make the best decisions according to the information that
these data provide. For that, it is necessary to be a leader, to have analytical thinking,
to have creativity, originality and initiative, and sometimes to be capable of complex
problem-solving with emotional intelligence.

Many things were exposed about the need for innovation in all type of organizations.
It is known that quality management can play an important role in the way of improvement,
namely identifying innovative paths to provide a better workplace culture [39]. Thus, it is
known that traditional QM practices showed to be inefficient when applied in the context
of complex processes [73]. Hence, some authors, such as Brown [39], Antony [74], Shin
et al. [75], among others, explore the future direction of the quality movement, which will
have to take into account the quality of products manufactured [76] in the era of the digital
economy [77,78], that is related to Industry 4.0 [31,79–83], with a lot of influence on the
future of employment [11].Thus, the direction of quality in the future is then explored
by identifying a big number of questions that have probably a great impact on quality
in most of the organizations. But according to others researchers, such as Liao et al. [84],
the main research directions of quality management and the current research efforts,
allow us to disclose this state-of-the-art: if on the one hand, (1) the research directions
that have already attracted more research efforts, such as, Reference Architecture and
Standardization, Vertical and Horizontal Integration; and for on the other hand (2) the
research directions that refer insufficient, or even the lack of skills research efforts, such
as the End-to-End Digital Integration, or even Regulatory Framework. Thus, according
to Xu et al. [59], Quality Management (QM) research has been many times directed to
investigating the QM system, while a collective approach of the effects of individual QM
practices on organizational performance remains as a poor area of research.

Brown [39] states that a challenge for the quality movement in the future, will be a
market of ideas, but many workers and managers will see quality management, only as
compliance. With regards to Big Data, it will be an important change for the way much of
the world’s commercial relationships of companies are done and it could be a challenge to
human behavior similar to the industrial revolution of the nineteenth century. The future
professionals of quality should be leaders who understand how Big Data is evaluated and
analyzed. Certainly there will appear new tools of data analysis and inference required
to use Big Data effectively. Quality education programs must recognize this and modify
their curricula according to the new needs. Top management must offer workplaces
that provide empowerment, encourage and facilitate creativity and personal initiative, as
well as, continuous improvement that will be fundamental in this issue [39]. As quality
professionals will go into this new era, it is very important to have a solid understanding
of the main aspects of Industry 4.0, as well as, Smart Factory 4.0, its implications in all
aspect of production, the extended supply chain and therefore, their Quality Management
System [85]. When quality professionals will go into this new era, it is very important to
have a solid understanding of the main aspects of Industry 4.0, as well as, Smart Factory
4.0 and respective implications in all aspect of production, in the extended supply chain
and therefore, in their Quality Management System [85].

Our study is in line with Murugiah’s [86], where it is stated that the shift required in
education for sustainable development is to catch up the need for the 21st century skills
(21CS) competencies in problem-solving, collaboration, critical thinking, and communi-
cation. It is also in line with Blanchet et al. [87], when they state that regarding skills,
interdisciplinary thinking is the key. The dominant technologies of Industry 4.0 will be
information and communication technologies (ICT), electronics and robotics in embedded



Sustainability 2021, 13, 6149 16 of 22

systems. But it will, clearly, also embrace other knowledge areas such as biotech and
nanotech. It is to be expected that businesses in Industry 4.0 need both enhanced social
and technical skills. There will be a shift in design thinking instead of production thinking.
Our study is also in line with Cotet et al.’s [88], where these authors state that the three
top employees’ soft skills required in an Industry 4.0 are creativity, emotional intelligence,
and proactive thinking. The authors’ understanding is that those three top skills assist an
employee to adapt easily to the incremental changes that are a full characteristic of the
nature of Industry 4.0 technologies. Our study is also in line with other studies such as
Maisiri et al. [89] and Jacob [3], where it is stated that Quality leaders should give priority
to Quality 4.0 plans. Our study also reveals, that, while the respondents are not very famil-
iarized with the Industry 4.0, these quality management professionals perceive that the
skills needed and required for their profession must be adapted to the new digitalization
era, allowing the sustainable development of smart industries and the Industry 4.0, and
the introduction of the Quality 4.0 concept within their companies.

According to Antony [74] “as the global economic forces were radically changing,
it is essential that quality managers face the future with quality-based integrated man-
agement programmes that fit the new business era rather than continuing with systems
that may have worked in the past”. Employees are intelligent and they have seen it all
before. Sometimes, it is difficult to involve them. But the beacon of light is that there are
organizations that have quality as integral to their culture and look for success in their
respective markets [33,90–93]. There are organizations that have found niche markets
where their quality policies pay dividends. These are the smart ones [39]. According to
Antony [74] for this, quality professionals should maintain cross-disciplinary networks,
including great collaboration with stakeholders, science world, expertise communities,
standardization organizations, benchmarking partners, and national quality movements.

The era of Industry 4.0 is coming, and its quality equivalent, Quality 4.0, is going to
leave important marks on the industry. Quality’s participation in Industry 4.0 has impor-
tant benefits. It has been estimated that by embracing and participating in the technologies,
data availability, and other elements of Industry 4.0, Quality 4.0, and the practical quality
management application, EQM 4.0, manufacturers can potentially reduce their total cost
of quality by 22 to 50% [85]. Big Data and analytics will help in decision-making support
and will allow to optimize quality of production, save energy, and improve equipment
efficiency. Augmented reality systems are based on supporting a variety of services, such
as, for example, selecting parts in a warehouse or in supporting equipment maintenance.
This technology at the service of production management is at an early stage. In the future,
companies will give augmented reality broader importance, to provide workers with real-
time information in order to improve decision-making and work procedures. Additive
manufacturing, supported in 3D printing, is currently used mainly for the creation of
prototypes and the production of individual components. With Industry 4.0, all the cited
technology will be largely used to produce small batches of special products, namely the
customized ones. It will be possible to have decentralized, high-quality additive production
systems, reducing transport and storage distances. But what about cost? It is known that
there are number of drivers and barriers in the implementation of the concept of Industry
4.0. One of the major strategic driver is a cost reduction [94]. On the other hand, one of
the main barriers from managerial perspective is shortage of financial [95] and human
resources. Different authors, such as Tortora et al. [71] and Chengula et al. [72], also men-
tioned that another important barrier is lack of qualified work force and lack of knowledge
on the development and implementation of technologies in the production systems about
Industry 4.0. According to different researches and experiences in implementation of the
complex systems such as technologies, as well as concept described as Industry 4.0 two
things are necessary [96]: investment in technologies, as well as investment in human
resources and knowledge. It is clear that for both target, investments are needed and it is
especially sensitive when it comes to small- and medium-sized companies. Generally, all
over the world, small- and medium-sized enterprises often do not have sufficient funds to
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invest in the latest technologies and must allocate capital very effectively and carefully [96].
Another problem for all companies is the cost of obtaining funds for a specific investment
in Industry 4.0 technologies. When it comes to Industry 4.0 the costs of technology de-
crease. For instance, one of the important components, IoT, is expected to grow rapidly,
enabled by decrease in sensor costs [97]. These new technologies that form the main pillars
of Industry 4.0 are among others [98,99]: Big Data and Analytics, Autonomous Robots,
Simulation, Horizontal and Vertical System Integration, The Industrial Internet of Things,
Cybersecurity, The Cloud, Additive Manufacturing, Augmented Reality, also have been
decreasing in price. The second important cluster of costs is human resources. Generally,
most of the projects of implementation of ISO 9001 starts with training the staff, starting
from the general managers, quality managers and engineers and ending with training the
complete working staff. The proper implementation of ISO standards reduces operating
costs in an organization by an average of 10 per cent (according to British Standards In-
stitution). In period of transition and implementation of the new technologies or the new
concepts, companies often face different issues concerning human resources: employees
need to acquire new competences and knowledge, there is usually lack of specific profiles
of employees in the labor market. We believe that transformation from the existing systems
to the advanced systems such as Industry 4.0 and in this case Quality 4.0 should start from
defining and acquiring the needed quality management skills for quality managers 4.0.
This approach demands the first investments should go to the upgrade of specific skills
for quality managers, then they will have the opportunity to perform both organizational
transformation based on the process approach as well as selection of the new technologies
more efficiently having in mind the right goals. For sure the companies will face increasing
investments in the first step (we are suggesting the investments in human resources, in this
case quality manager, with the aim to get new knowledge and skills necessary for needed
industrial transformation). In the second step companies will have investments in technol-
ogy [100] (we are witnessing the cost of needed technology decreases), also all companies,
especially SME will have difficulties obtaining financial resources but benefits coming
from Industry 4.0 implementation are: reduced waste in operation costs, reduced labor
costs, higher level of productivity, more efficient supply chains, Big Data management,
improvement of product quality [101], and therefore increased revenues and profits [102].

The coming opportunity is very exciting. While the results are not achieved easily,
now is time to determine if the organization’s Quality investments are in line with its
Industry 4.0 and Quality 4.0 strategies. Getting organizational support for investments in
Quality Management and EQM 4.0 technologies, by demonstrating how those technologies
will improve quality in the production, is critical to success [85] of the industry and of
quality. However, some questions arise, for example, how do different cultures see the
future of quality? How do organizations operating in diverse cultural contexts adopt
quality principles? Can the same tools, processes, and techniques which work well in
companies in the USA or Europe, be applied with good results in China? These are also
some important challenges, among others [103] faced by multinational companies. Many
have found that works, tools, and ideas, in the home country fail when are introduced in
other countries [39]. As limitations of this research, we can highlight the low number of
responses from quality professionals covering only the northern area of Portugal. In the
future it should be extended to more quality professionals, working in other countries.

7. Conclusions

The world is more and more dynamic and things are nowadays rapidly changing.
The only permanent situation over time is changes. The skills needs are changing [66] and
it is very difficult to foresee the skills that will be necessary for people that will work in
quality management, in even five or seven years from now, but we try to see something
forward. Hence, people that work as professionals of quality management, must be seen as
an important part of the change. This is an ongoing challenge. If an organization wishes to
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compete on quality and innovation as an important strategic weapon in the future, then it
is very important to ensure that the top management supports the quality professionals.

According to our survey, and also in line with the WEF [40], quality professionals in
the future, that is, Quality 4.0 professionals must have skills such as, creative thinking, be
leaders, know how to communicate, and work as a team. Besides that, they must have
knowledge of new technologies, that is cyber-physical production systems and combine
that with the best quality management practices, where their decisions will be based on
Big Data.

They must know how to motivate their work teams, be open to change, know how
to make decisions and above all, they must know how to manage conflicts and they have
to understand how to control their own emotions. It also must be noticed that in the
future, the exchange of ideas will take precedence over the exchange of goods. Hence,
one of the main skills of any quality professional for Quality 4.0 will be creativity. They
must have the ability to adapt to changes and challenges that arise. In addition, they
should acquire knowledge about new technologies, as they appear. Thus, top management
must provide an environment in the organization where quality professionals are able to
become excellent professionals in the process, who are able to make right decisions based
on and supported by data analysis. In addition, quality professionals must promote the
design and production of first-class products, be the defenders of their customers within
the organization and, finally, they must create value for the stakeholders. As direction
of future works, the authors have the idea of extending it to more quality professionals
in more countries, in order to know better and consolidate the skills needed for quality
professionals in the future of a changing world.
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