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Abstract: The Fourth Industrial Revolution requires global, structural, and technological changes in
all economic and production fields. The most apparent adaptation requirements fall on Generation Z
individuals, who will have more and more responsibilities within organizations. The international
reports of the World Economic Forum and the Organization for Economic Co-operation and Develop-
ment indicate that this training will mainly require a strong development of thinking diversity and
lifelong learning skills. This study presents an analysis of the education in these future skills that
these individuals will need to work successfully throughout their careers, taking into account the
evolution of conditions toward the changes expected in the following years. The methodology used
in this research belongs to the field of futures studies. Through strategies in the field of foresight,
various scenarios are proposed that involve the expected changes in the short, medium, and long
term, both in higher education institutions and in industries and companies, to ensure the adaptation
of Generation Z individuals to changes in work, workplace, and workforce. The findings show the
strong influence that other skills and attitudes, such as self-esteem, self-efficacy, initiative, emotions,
and motivation, have on the capacity for self-managed development throughout professional life.

Keywords: educational innovation; higher education; Industry 4.0; future skills; lifelong learning;
thinking diversity; Generation Z

1. Introduction

The Law of Requisite Variety states that the greater the diversity of a system, the
more it can control the ambiguities of its environment [1]. This means that whenever it
comes to solving highly complex and dynamic situations, there must be at least the same
complexity and dynamics as the system. In the case of the ecosystem that makes up the
Fourth Industrial Revolution, as the system continues to network, it becomes increasingly
important to promote the creation of free networks within the companies that can react
concretely to the industry’s requirements [2].

Although a hierarchical management style ensures an orderly and calculable approach,
the Law of Requisite Variety explains that there are more recommended responses to the
complex dynamics of Industry 4.0. Achieving leadership no longer means directing and
controlling the activities of employees but rather ensuring that people in the company
can develop a thinking diversity and those lifelong learning skills necessary to recognize
interrelationships and thus be able to be organized according to the changing requirements
of the workplace [3].

Before the emergence of Industry 4.0, it was anticipated that human capital would be
so necessary, in addition to and in conjunction with technological advances, that human
resources departments would also have to perform employee education tasks. This led
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to the emergence of Education 4.0, as the skills and qualifications of the workforce would
be key to transferring less responsibility to central management structures [4]. Today,
this transfer of responsibilities brought a culture of self-management of the skills of the
future learning process, depending on the personal context, which would culminate in the
personal successful development into a “network organization” [5]. Although this culture
of lifelong learning can be seen as an imposition of industry, and of the new political and
economic discourse, the truth is that it not only fulfills an economic and personal function
but goes further in achieving a more democratic and just society [6].

Currently, the development of the necessary skills is so volatile and constantly chang-
ing that most of the required learning takes place on the job. The traditional training—
formal and theoretical—that takes place in higher education plays an increasingly less
important role [7]. According to estimates from international reports, 90% of opinions
about what employees need and where they can learn the necessary skills take place on
their initiative [8,9]. Industry 4.0 requires future workers to have the following:

• An individual and self-organized ability to act efficiently in a network organization,
which implies a significant development of their self-esteem.

• Thinking diversity to increase the creative potential necessary to solve complex prob-
lems and challenges, which implies the development of their self-awareness through
the exercise of initiative, emotions, and motivation.

• A lifelong learning culture to make them capable of acting with self-efficacy in new,
unknown, and unprepared circumstances.

Studies on the development of skills for the workforce have been conducted consider-
ing the characteristics of millennial workers or even previous cohorts [10,11]. Some studies
analyze the arrival of individuals from Generation Z (born from the mid-1990s to early
2010s) to higher education and their learning characteristics and cognitive styles [12–14].
Generation Z individuals (Gen Zers) are characterized by personal and ideological aspects,
learning preferences, community engagement, professional aspirations, and unique or
particular emotional needs [12]. However, few studies are related to the specific training of
Gen Zers in Industry 4.0 skills.

The current demographic composition of society ensures that Generation Z is even
more diverse than the previous ones [15]. In addition to their racial and ethnic makeup,
Gen Zers also differ in work behaviors, shaped by values and economic circumstances, very
different from those of the generations that preceded them. Some measures of economic
well-being indicate that Gen Zers are growing up in more affluent circumstances than
previous generations. Early benchmarks suggest they are on their way to becoming the
most diverse and best-educated generation yet [16].

From recent studies, it is possible to analyze the job profile of Gen Zers, their at-
titudes, weaknesses, and strengths to joining work teams and how they adapt to job
positions [17–19]. It is also possible to distinguish the intragenerational variants within this
cohort, and their similarities and differences with millennials, which helps to understand
the cohesion and cooperation between generations and plan future efficient environments
in the workplace [20,21].

The literature review in the SCOPUS database with the keyword “Generation Z”
showed 1567 document results in the period of the last ten years (2013–2022) with a trend
of publications that went from only six articles in 2013 to reaching 474 articles in 2022.

Regarding the distribution according to subject areas, it was verified that 24.5%
(727 documents) are classified in the social sciences area, 15.6% (464 documents) in the
business and management area, and 6.3% (192 documents) in the area of economics. These
data demonstrate the strong interest in rigorous research of the factors that characterize the
passage of Generation Z individuals from higher education to their incorporation into the
labor market [22].

While most of the publications on Generation Z in the period 2013–2017 focused on
students, it can be seen that from 2018 the documents present research on the challenge of
predicting their behavior in the workplace. Some studies in recent years attempt to provide
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organizations and professionals with guidelines to be prepared with the expectations
of Generation Z as they enter the workplace [17]. Other studies show that companies’
experiences with millennials entering the workforce have not prepared them to address
Gen Zers, because Generation Z is different from previous cohorts in its relationship to the
workplace [23,24].

Although many early studies investigated the expectations of Gen Zers in the work-
place without using any solid theoretical underpinnings of human resource management,
more recent studies use instrumental frameworks and validated theoretical approaches
to help employers rethink how they will design their policies to attract and integrate
Generation Z into the workplace [25].

In undertaking this study, the findings about the unique behavioral differences of
Gen Zers were considered, and the decision was made to limit the analysis of the behavior
of these individuals, their needs to perform successfully throughout their career, and the
evolution of the conditions towards the expected changes in the coming years.

Although lifelong learning culture is influenced by all other experiences and other
educational levels, this research has focused only on higher education level instead of
other educational stages since, after this level, the individuals will face for the first time a
professional and personal life, in most cases, which they will require reflection on, and they
would have to be responsible about their own future learning. For these reasons, HE is the
selected educational stage to equip with the thinking diversity skills and those required to
the new professionals.

The present study considers three research questions on the way to identifying the
most effective future strategies (in the short, medium, and long term) for Gen Zers to
acquire a lifelong learning culture:

RQ1: How can a lifelong learning culture be achieved by 2050 (when the oldest Gen Zers
are 55 years old)?

RQ2: What would be the ideal conditions so that in 2030 a higher level of thinking di-
versity can be achieved among Industry 4.0 workers (when the oldest Gen Zers are
35 years old)?

RQ3: What would higher education institutions need to start doing now and keep doing for
five more years (because the youngest Gen Zers will be entering university in 2028) to
contribute considerably to the requirements of Industry 4.0?

This study seeks to highlight the importance of thinking diversity in higher education
as a means for lifelong learning of Generation Z in the face of the needs of the Fourth
Industrial Revolution. The document is organized as follows:

Firstly, the Introduction section describes the context of Industry 4.0 in the workplace,
its demands and needs, and the profile of the individuals of Generation Z, which is the
youngest cohort that is entering the labor market. At the end of the section, the relevant
research questions to be answered in this investigation are defined.

Next, in the Materials and Methods section, the general methodological approach
for the research is indicated, and in Section 2.1. and Section 2.2. the analysis of the
current approaches related to the culture of lifelong learning and the imperative of thinking
diversity in Industry 4.0 are carried out. Section 2.3. describes the methodology used
and the way in which data were collected and analyzed in the SCOPUS database. Each
subsection tries to answer one of the corresponding research questions.

Finally, in the Findings and Discussion section, the findings of those analyses are also
shown in three subsections: the first subsection discusses the main skills required for Gen
Zers; the second subsection discusses thinking diversity skills and their relationship with
skills related to emotions and motivation; and in the third subsection, emphasis is made on
how to achieve this thinking diversity, and the important role of higher education for the
development of a lasting culture of lifelong learning.
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2. Materials and Methods

The methodology used in this research belongs to the field of futures studies. Futures
studies are comparatively new approaches, so it is necessary to distinguish the fundamen-
tals of their theoretical framework [26]. Future-oriented thinking includes the predictions
and construction of possible scenarios of future results and, in many cases, has the po-
tential to determine present behavior. Efforts to know the future or “anticipation” allow
researchers to reflect on the possible consequences of decisions and evaluate future options.
Anticipation encompasses all ways of knowing the “later than now” and focuses on how
the later enters reality [27]. Anticipation is a cognitive process associated with exploratory
and predictive ways of thinking, and its methodology includes the following actions:

1. Anticipate future situations and their possible impacts.
2. Decide on current actions, taking into account possible future scenarios.
3. Balance short-term and long-term interests to achieve established goals.
4. Determine and control the causes of significant events.
5. Strengthen motivation, assuming it is possible to improve the current situation.

Anticipation allows the future to be represented through a limited number of possible
scenarios and end states, since future-oriented agents continuously build and expand the
future [28]. Therefore, making sense of these anticipatory processes of future creation
would mean that the desired futures can be pursued through planning, reformulation, and
redefinition of phenomena through any of the following:

• The proference, or descriptive prognosis, which is the intention to know a future that
is possible (the “futurible”), that is, the future that might happen.

• The prospective, which is the intention to know a desirable future (the “futurable”),
that is, the future wanted to happen.

Figure 1 shows how each “arm” of the prospective is supported by a specific one
of the proference. This is because prospective requires a “futurible” configuration of the
phenomena under study, and once the comparison has been made, it guides the result
towards a “futurable”, that is, a specific objective is achieved in a supposed future.

• The long-term arm of foresight (used for lifelong learning anticipation) is supported
by the prediction arm (which gives information about the trajectory of the target,
assuming the continuity of the historical pattern).

• The medium-term arm of foresight (used for thinking diversity in Industry 4.0 antici-
pation) is supported by the “foresighting” arm (which gives an idea of the probable
events to which it will be necessary to adapt).

• The short-term arm of foresight (used to anticipate the paradigm in higher education)
is supported by the forecasting arm (which represents reasoned judgments about the
objective that is believed to be the most appropriate as the basis for an action program).

Proference means to bring forward. This technique is intended to extrapolate the past
and present into the future: it looks at the variations that have occurred from the past to
the present and then extrapolates those trends into the future [29]. It is a description of the
future based on the category of causality and is limited to pointing out latent trends in the
present that will be realized in the future. Some of the most-used methods of proference
are forecasting, trend analysis, foresight, projection, prediction, environmental scanning,
visioning, futures biographies, and Delphi methodology, among others [30]. The main
criticisms of the proference method can be summarized in the following aspects [27]:

1. Social reality is constantly changing in a non-repetitive way.
2. Scientific predictions can only be applied to isolated, stationary, and recurrent systems,

but social systems are open systems.
3. The prediction is usually derived from present factors that may change or become

irrelevant in the future and, as a result, cause false assumptions about the future.
4. Predictions accurately derived from the present are rather synthetic and therefore

irrelevant.
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5. The adaptation of future techniques creates the possibility of confusing the analogy
with the causal relationship, thus finding a non-existent causal relationship between
the variables.
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Prospective means to bring back. It is a methodology based on the fact that there is no
single determining future, but instead that it is always open to multiple outcomes, which
are called future scenarios. Prospective studies aim to identify potential future scenarios to
reduce uncertainty conditions to make decisions with the highest probability of success for
an organization [30]. Prospective is the effort to make the most desirable future probable,
imagining it from the future and not from the present, through a trajectory from the future
to the present (to know the desirable futures).

The primary purpose of this study is to prepare the path for the future, adopting it as
a goal (desirable and possible). Taking into account the proposed research questions, it can
be seen that the prospective method can be used “to bring back” three anticipations:

• The first anticipation—related to RQ1—involves achieving a culture of lifelong learn-
ing by 2050.

• The second anticipation—related to RQ2—involves how to achieve a thinking diversity
suitable for the needs of Industry 4.0, starting in 2030.

• The third anticipation—related to RQ3—implies what strategies should be imple-
mented in 2028 so that higher education Institutions offer Gen Zers the appropriate
training (so that anticipations one and two are possible).

Voros’ taxonomy of potential futures is part of a more generic framework for anticipat-
ing uncertain future developments [31,32]. The Voros taxonomy starts with each potentially
available future and gradually approaches the most probable and/or desired ones. Their
future types are defined as follows:
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Potential: Everything beyond the present moment is a potential future. This stems from the
assumption that the future is indeterminate and “open,” not inevitable or “fixed.”
Possible: Those futures that we think “may” happen, based on some future knowledge that
we do not yet possess but might one day possess.
Preferable: Those futures that we think “should” happen.

Under this vision, the current research presents a documental analysis through three
key aspects or areas in development, which are establishing the trends toward which cre-
ative thinking is sought to be oriented, analyzing their central significance, characteristics,
and expectations for each one and in consequence the identification of the factors molding
the prospective and how it impacts the formation of the futures scenarios. In the following
subsections, the necessary conditions are presented so that those potential futures are
preferable and possible.

In order to explain what approaches and designs were carried out in this analytical
study, Sections 2.1 and 2.2 are included below. There, the descriptive scope of the research
is detailed to answer the research questions RQ1 and RQ2, respectively: the dimension of
futures studies related to lifelong learning and the dimension of futures studies related to
thinking diversity in Industry 4.0.

2.1. Futures Studies for a Culture of Lifelong Learning

In this subsection, the answers to RQ1 will be sought by applying the Voros taxonomy
to find the futures scenario of the first anticipation. Until a few years ago, millennial
graduates considered that a degree awarded by recognized universities in their countries
was a guarantee of success in professional life. The value of education was given by
the reputation of the university that awarded the degree, which lasted throughout their
professional careers [33]. The Fourth Industrial Revolution caused the workplace to develop
in an environment where the problems to be solved are more complex; the solutions can
have multiple connotations; therefore, it is necessary to have a creative outlook to face these
new challenges. The challenges of Industry 4.0 involve, in many cases, ethical aspects that
confront the professional to give a social and not only economic response.

The current workforce situation means that the training of Gen Zers is immersed, like
never before, in the uncertainty of a changing world [34]. It is not only technology that
drives change but also the global culture, the awareness of business sustainability, and
the agents’ diversity. This change generates an innovative vision in which what has been
learned ceases to be valid in increasingly shorter periods, and the culture of lifelong learning
becomes essential for action. This cultural shift to reimagine people as eternal learners has
profoundly changed societies worldwide to become more flexible and resilient [35].

During the last two decades, it was considered that technological reskilling was
enough to continue updating in a career. However, it is recognized that the most significant
contribution in organizations is in innovation, both in production processes and in product
development, since both include the ability to work as a team. The level of sophistication
of the development implies managing a variety of knowledge that cannot be possessed by
a single individual but requires the participation of diversified creative teams that work in
the culture of lifelong learning [36]. Therefore, developing social and emotional skills such
as advanced communication and negotiation, interpersonal relationships and self-esteem,
leadership, and self-efficacy must be ensured in higher education [37].

In 1996, Kuhn described a paradigm as a set of practices that define a scientific
discipline over a given period, resulting in a widely accepted conceptual model of best
practice [38]. Currently, lifelong learning represents one of Industry 4.0’s paradigms
for professional intervention: obtaining a university degree does not represent an eternal
certificate of knowledge of a discipline or the permanent acquisition of a skill. The challenge
is how to motivate Gen Zers today to envision a long-term future (which in this study has
been considered in 2050) in a new paradigm that is not yet established.

The challenge of promoting a culture of lifelong learning among Gen Zers is possible
through experiences (formal and informal) that strengthen curiosity, transfer, independence,
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initiative, and reflection [39,40]. Futures studies conducted using prospective techniques
show that Gen Zers’ expectations of happiness and satisfaction are not only related to
performance in the workplace or making retirement plans but are feelings that can be
exercised and acquired gradually. Opinion polls and the conclusions of international
reports also show that the strategies for promoting the lifelong learning culture in Industry
4.0 no longer fall solely on companies and governments but can be trained individually
through the exercise of related skills such as self-efficacy and self-esteem [20]. For this,
Gen Zers must be convinced that acquiring these new skills is a driver of change to make
better personal and family futures possible [17]. An example of a rubric for assessing
lifelong learning dispositions is shown in Table 1. The rubric is based on that developed by
the Association of American Colleges and Universities (AAC&U) as part of the VALUE
initiative (Valid Assessment of Learning in Undergraduate Education) [41].

Table 1. Skills for lifelong learning VALUE rubric.

Lifelong Learning
Dispositions Capstone Milestone Benchmark

Curiosity
Explores topics in depth, generating
high self-awareness and indicating

intense interest and motivation.

Explores a topic with some
evidence of depth, providing

a perspective with a mild
interest in the topic.

Explore a topic at a superficial
level, showing little

understanding beyond very
basic facts.

Initiative
Generates and seeks opportunities

to expand knowledge, skills,
and abilities.

Identifies opportunities to
expand knowledge, skills,

and abilities.

Completes only required
works.

Self-efficacy Organize activities beyond those
required in the workplace.

Seeks additional knowledge
beyond job requirements.

Occasionally shows interest in
independent pursuit of

knowledge.

Thinking Diversity

Explicitly uses prior learning and
applies in an innovative (new and
creative) way that knowledge in

novel situations.

Shows evidence of attempting
to apply previously acquired
knowledge in new situations.

Makes vague references to
prior learning but is unable to
apply different knowledge in

novel situations.

Reflection

It reviews previous learning in
depth to reveal significantly

different perspectives on
experiences and strengthen growth

and maturity over time.

It reviews previous learning in
some depth, revealing unclear
meanings about past events.

Reviews prior learning at a
superficial level, without

revealing clarified meanings
about past experiences.

2.2. Futures Studies for a Thinking Diversity in Industry 4.0

In this subsection, the answers to RQ2 will be sought by applying the Voros taxonomy
to find the futures scenario of the second anticipation. Industrial revolutions in human
history are synonyms of significant transformations. A common feature of all industrial
revolutions is the emergence of new technology. Industry 4.0 is characterized by integrat-
ing value chains and digitizing the entire production process [42]. With Industry 4.0, the
execution of non-routine tasks will be widespread, and an additional concept differentiates
it from the rest: the innovation ecosystems [43,44]. Industry 4.0 is characterized by the con-
solidation of emerging technologies, including artificial intelligence, the Internet of Things
(IoT), advanced data analytics, cloud computing, virtual and augmented reality, blockchain,
and many other digital technologies [2]. The massive adoption of these technologies in
all industrial processes (administrative, management, and production) offers potential
growth opportunities. It can even help companies in difficult times: providing competitive
advantages, creating new sources of income, and accelerating product research and devel-
opment. In recent years, and especially during the COVID-19 crisis, the impact of Industry
4.0-related technologies has increased the value of products and services and provided new
possibilities in the customer experience [45]. However, not all companies are prepared for
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the workforce implications due to the need for an employee skills transformation strategy,
including upskilling and reskilling [37].

The strength of the innovation ecosystem is directly connected to the close collabora-
tion between academics, research institutes, and commercial businesses. In this premise,
it is expected that Gen Zers require thinking diversity (creativity and critical thinking) to
integrate themselves productively and integrally into new work situations or non-routine
job activities. But, proving that these are included in the demands of Industry 4.0 must first
be checked. Expected skills of future employees may be reviewed in the literature related
to Industry 4.0 needs and prospection analysis of the World Economic Forum. Different
studies agree that the new technological challenges of Industry 4.0 are causing deep gaps
in the soft skills that exist in the current workforce, especially in those skills related to
thinking diversity and higher cognitive skills [46], such as:

• Advanced literacy and writing.
• Quantitative and statistical skills.
• Critical thinking and decision making.
• Project management.
• Complex information processing and interpretation.

The Programme for the International Assessment of Adult Competencies (PIAAC) is
a program of assessment and analysis of adult skills [47]. The Survey of Adult Skills is a
major survey conducted as part of PIAAC. One of the most interesting findings from the
PIAAC was that the demand for higher cognitive skills, including thinking diversity and
complex information processing, will grow through 2030 at cumulative double-digit rates.
Based on currently observed baselines, demand for these skill categories is estimated to
increase by 19% in the United States and 14% in Europe. These data confirm the hypotheses
of this study related to the Law of Requisite Variety and, at the same time, validate the use
of prospective techniques to find the answer to RQ2.

2.3. Future Studies for Training Gen Zers Using the Education 4.0 Framework

In this subsection, the answers to RQ3 will be sought by applying the Voros taxonomy
to find the futures scenario of the third anticipation. This is what higher education strategies,
as preferable, should be implemented now and for five more years so that in 2028 Gen Zers
receive appropriate training to contribute considerably to the requirements of Industry 4.0.

Today, the term Education 4.0 is shouted from the rooftops. It is a common term that
has penetrated the literature in the educational field. However, it is not easy to know its
meaning, having many definitions in the literature. The simplest definition of Education
4.0 is: preparing students for the 4th Industrial Revolution [48]. The framework is all that
constitutes this preparation.

To identify what comprises the Education 4.0 framework, a mapping of the related
literature was made, using the SCOPUS database, since it is the literature search engine
with the largest number of curated publications in the world (https://www.elsevier.com/
solutions/scopus/how-scopus-works/content, accessed on 1 November 2022). The search
term used until 1 November 2022 was “Education 4.0”, obtaining 423 results. We limited
results to empirical and conference articles (no reviews (n = 25), book chapters (n = 26), notes
(n = 1), or books (n = 2)) and discarding non-English articles (n = 19). Those articles that did
not correspond to the theme related to Industry 4.0 or Education 4.0 (n = 1) were eliminated.
We worked with the remaining 347 results, of which the keywords (author and index)
were exported to an Excel document. This document was manipulated using Microsoft’s
Notepad, removing white space and placing one keyword per cell. Using Excel’s data
analysis tool, a pivot table was generated with the number of keyword counts. About
1850 keywords were obtained, of which, in this document, the first Top40 are presented,
without considering the words Education 4.0 (251 counts) or Industry 4.0 (102 counts).

The first mention in the literature of the Education 4.0 framework, according to our
search in SCOPUS, was in 2017, in the proceedings of the International Conference on
Flexible Automation and Intelligent Manufacturing. At that time, there was a lack of

https://www.elsevier.com/solutions/scopus/how-scopus-works/content
https://www.elsevier.com/solutions/scopus/how-scopus-works/content
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qualified employees for Industry 4.0 [4]; some of the characteristics of what Education 4.0
would bring at that time were:

• Enhancement of higher education.
• Increase in the cost of this type of education.
• Privatization of some institutions of higher education.
• Establishing high schools by big companies.
• Combine real- and virtual-world information.
• Virtual resources used for teaching.
• Implementation of augmented reality in the real environment.
• Virtual learning environments (VLEs) are used for the transfer of developed knowledge

and skills.

Today, many of them are already true, which happened in just five years. As observed
in Figure 2, each industrial revolution has lasted shorter and employed more resources than
the previous one (vertical axes are not shown in Figure 2). As is represented, the intensity
of the use of resources has passed from one revolution to another, being that today is the
time to anticipate a 5th Industrial Revolution, whether resource intensive.
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For the above reason, higher education must acquire a more accelerated form of
adaptation. Returning to the Law of Requisite Variety, the only way is to allow students
to be responsible for their learning. In this regard, hints may be obtained from the trends
marked by the keywords of the literary documents (insert of Figures 2 and 3) that speak of
artificial intelligence, innovation, digitization, personalization, adaptation, and sustainable
development, among others.

The accomplishment of an education framework in higher education allows the antici-
pation of the future industry in a transversal way. For example, there are currently so-called
schools of the future [43], in which children from the age of 6 are served, teaching them
about topics such as programming, robotics, sustainability, global citizenship, or inclusion
(Table 2).
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Table 2. Example of schools of the future, according to the World Economic Forum.

Initiative School Design Curricular Focus

The Green School (Indonesia) Wall-less, open-air Sustainability and real-world
application

The Kakuma Project,
Innovation Lab Schools

(Kenya)
Lessons via Skype Based on the Sustainable

Development Goals

The Knowledge Society
(Canada) After School Program

Mirroring learning and
working environments of

technology companies

TEKY STEAM (Vietnam) Network of labs Offers children ages 6–18
courses in STEM fields

iEARN (Spain) A global platform for
exchange

Projects promoting global
citizenship through a digital

platform
Prospect Schools (USA) Network of schools Inclusion
Tallahassee Community

College, Digital Rail Project
(USA)

Eight-meter-long trailers fully
equipped with the latest

technologies

Digital skills passports
connecting the skills learned

with future careers

Innova Schools
(Peru/Mexico)

Education via online and
physical spaces

Blended learning model to
tailor education for each

student

According to the World Economic Forum, the framework of Education 4.0 is amid
the content (construction of mechanisms for the adaptation of skills) and the experiences
(balancing innovative pedagogies) that will allow a change in the educational paradigm
(model) through four main elements of learning and four groups of skills [43] (Figure 4).
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Figure 4 constitutes one framework for Education 4.0. However, multiple frameworks
arise from iterative discussions between governments, companies, educators, learners,
and society. There is, for example, the Organization for Economic Co-operation and
Development Learning Framework 2030 [49], which represents the changes that must occur
in education so that not only a few can access job opportunities in the context of a changing
economy based on Industry 4.0. This framework is represented by a compass in which
the core is basic (health, data, and digital literacy and numeracy) and transformational
competencies (taking responsibility, reconciling tensions and dilemmas, creating new
value), which change according to the times. Therefore, they are within an educational
model that acts, reflects, and anticipates iteratively and considers stakeholders with a view
to individual and social well-being [49]. Thus, the Education 4.0 framework applicable to
each case may depend on each university or setting [50], each country [51,52], or each area
of knowledge [53,54]. However, elements such as diversity in personality and individual
differences have been left behind in the study of the Education 4.0 framework. The most-
studied topics are [55]:

1. Application of modern technologies.
2. Effects of Industry 4.0 on teaching and learning activities.
3. Engineering education.
4. Education innovations.
5. Empirical research and quantitative analyses using questionnaires on aspects of

Education 4.0.

To achieve lifelong learning, learning must first be meaningful, allowing adequate
critical thinking that seeks the construction of new ideas [56]. In addition, it should
have real-world content and not pursue skill attainment as a stylized fact [57]. Finally, it
must promote curiosity, motivation, and perseverance; for this, it must be accompanied
by feedback in a way of reflection and confidence [58]. None of this would be possible
without acknowledging, embracing, and, why not, celebrating the diversity of thinking
in society and higher education students, particularly. Only in this way can education be
personalized.

Based on the above, today more than ever, it is necessary that the education frame-
works consider thinking diversity so that Generation Z students can be properly trained in
Industry 4.0, and the uncertain steps towards Industry 5.0 can be given in a sustainable way.
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3. Findings and Discussion
3.1. The Role of Self-Esteem and Self-Efficacy for Gen Zers

Self-esteem, self-efficacy, self-confidence, autonomy, and commitment are skills in-
dividuals will need to perform successfully in this changing society [7]. Self-efficacy is
a competence that enables individuals to face emergencies and uncertain environments.
To decide on solutions for a problem, a learner or worker must be able to execute the
actions required to solve it successfully. Self-efficacy alludes to the belief and confidence
in being able to master tasks relying on one’s abilities and taking responsibility for one’s
decisions [59]. Self-esteem is understood as the awareness of the significance and value of
one’s individuality; it is an emotional assessment of one’s value.

Present and future education must promote self-esteem, self-efficacy, and other self-
competences since they are personal characteristics required for creative problem solving,
goal achievement, and adaptability [60]. People who believe in their strength also show
self-regulation, are more persistent, and develop a lower risk of anxiety disorders. Self-
efficacy determines how people feel, think, motivate, and perform professionally, socially,
or personally.

The future demands define a new paradigm of education as the interconnection of
three elements that continuously redefine and build an individual: a relationship to oneself,
a relationship to the surroundings, and an object.

The process of emotional development as forming a relationship with oneself, i.e.,
self-competences, evolves along different life stages, including parental education, formal,
non-formal, and informal learning. Schools and families promote learners’ self-efficacy
and self-esteem during early childhood and adolescence by creating environments with
increasingly difficult tasks and recognizing their achievements. Formal education pro-
motes these and other subjective abilities through student-centered learning. By making
learners responsible for their learning and continuously exposing them to increasing
uncertainty, educational experiences such as learning by doing, inquiry-based learning,
problem-based learning, challenge-based learning, and research-based learning improve
self-competences [5]. Organizations also promote the development of these competencies
by training their employees in collaborative work, innovation tools, and problem-solving
strategies, e.g., design thinking or growth thinking.

3.2. The Imperatives of Initiative, Emotions, and Motivation for Gen Zers

In response to RQ2, the transversal competencies above the disciplinary ones have
attracted the attention of labor demands in recent years. These competencies are considered
the ones that allow effective communication, negotiation, critical thinking, collaborative
work, and decision making within the complexity of today’s competitiveness [61,62]. To
clarify the demand of Industry 4.0 on the most important competencies to be developed by
citizens, in the literature, there are some proposals for identification, definition, and hier-
archical ranking for competencies and areas of interest [63,64]. The various classification
proposals point to some of the most relevant ones: active learning and learning strate-
gies, analytical thinking and innovation, attention to detail and trustworthiness, complex
problem solving, coordination and time management, creativity, originality and initiative,
critical thinking and analysis, and emotional intelligence, to mention the most relevant.
These competencies are visualized as highly important to cover the work involved in the
following areas of high interest in the Industrial Revolution 4.0: 3D-printing manufacturing
and production, agile governance, artificial intelligence and robotics, arts and culture, be-
havioral sciences, biotechnology, blockchain, and circular economy. Creativity and critical
thinking, which integrate thinking diversity, are essential to consider.

In this same line, resilience, stress tolerance, and flexibility are skills that the World
Economic Forum has included as part of the most critical job skills in the self-management
of tomorrow [60], which are widely correlated to the emotions of Gen Zers. These last
would be desired to be present in the oldest Gen Zers as active workers for 2030 and may
help achieve the thinking diversity expected in those professionals simultaneously.
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As a complement of these preferred skills, self-esteem, self-efficacy, self-confidence,
autonomy, and commitment skills of future professionals are secondary skills supporting
the first and encouraging motivation. This element should be noticed since there is a whole
complex process that must be understood from the educational formation and continue
being exercised during labor life.

Figure 5 shows a summary of desired skills for Industry 4.0 workers. These multiple
skills are not isolated, many are related to each other, and even some are complementary.
For example, critical thinking is very related to analytical thinking and problem solving,
while creativity is very close to originality and innovation. In counterpart, trustworthiness,
self-esteem, self-efficacy, and self-confidence are linked between them, and their joint
development may help to achieve creativity. On the other side, communication, decision
making, commitment, and emotional intelligence may promote collaborative work.
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3.3. The Paradigm Shift in Higher Education

A concept that will lead to embracing a dynamic thinking diversity in Industry 4.0
is the paradigm shift in future education. Education and society have intensified the
dynamics of change due to the current challenges and the new skills required by employers.
In many cases, university programs have remained a solid base without granting all the
necessary and existing skills. Undoubtedly, the paradigm of learning not only based on
content and specialization in a single field of study has been left behind, and increasingly
transversal skills that require multidisciplinarity are more in demand [65]. The concept of
lifelong learning began to gain ground approximately 60 years ago when UNESCO, in the
early 1960s, declared “lifelong learning” to be the central concept of all its planning, policy
formulation, and educational practices for the future, whose aim was to reconceptualize
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education in its entirety as a lifelong process when, in modern times, it has been commonly
associated with and even defined as schooling. However, today the idea of schooling has
been identified as a mere constitutive phase of a systematic education within a classroom
or “schooled” system. In this way, the concept of lifelong learning was established by
reconceptualizing education in terms of a learning society. From now on, sites other
than the school (home, church, workplace, neighborhood, etc.) would be recognized as
educationally relevant or potentially educational sites and different modes of learning other
than schooling, including informal learning, as academic modes of learning [49,66,67].

A culture of lifelong learning can be defined as a set of beliefs, values, and attitudes
and the resulting behaviors that promote learning shared by a group throughout life. A
strong culture of lifelong learning is essential for a nation to thrive in an increasingly
complex world, changing and exposed to unexpected challenges such as the COVID-
19 pandemic [68–70]. While the exact skills needed for the future are unclear, a strong
culture of lifelong learning ensures that people are prepared to upgrade existing skills
or learn new skills to adapt to new challenges and opportunities. New information and
communication technologies (ICTs) have increased the speed of information exchange. They
also allow users to actively participate in virtual networks that can be quickly mobilized to
shape public opinion. Globalization means that large numbers of individuals and families
move across national borders. They and the societies that accept them must learn new
ways of living together that consider cultural differences. These changes emphasize the
importance of general learning and require adults to continue to acquire more information,
improve their skills, and re-examine their values. The crucial role of adult education in
social development has long been recognized. Thus, education is no longer necessarily
related to teachers and teaching or formal teaching/learning situations but can be acquired
through experience in the environment. One of the most recent approaches is to take
education out of society or insert society into educational programs in schools through an
innovative scheme of the combination of an educational strategy of experiential learning
called “Challenge-Based Learning” and the theoretical framework for “Socially -Oriented
Interdisciplinary STEM Education” [71,72]. The paradigm has changed, and it is necessary
to develop increasingly complex, more technological skills to the demands of Industry 4.0.

4. Conclusions

The Fourth Industrial Revolution places essential training requirements on Generation
Z individuals, mainly in thinking diversity and lifelong learning skills. This study analyzed
the characteristics of this training in futures skills, considering the possible scenarios in the
coming years. The methodology of futures studies allowed the identification of potential
and possible scenarios and the proposal of strategies for desirable futures in the short,
medium, and long term. The issues discussed and analyzed in this study include different
recommendations for monitoring the development of Generation Z individuals during their
time in higher education, their incorporation into labor markets, and the full development
of their careers in Industry 4.0 to contribute to a considerable impact on the development of
the skills of the future of the students of Generation Z for the requirements of Industry 4.0.
The final discussions raise the relevance of the approaches to the paradigm shifts involved
in achieving a culture of lifelong learning.

Author Contributions: Conceptualization, L.A.M.-M. and P.C.; methodology, P.C.; software, L.A.M.-
M.; validation, P.V.-V.; formal analysis, J.M.-H.; investigation, G.S., J.-C.R., K.G. and C.C.-Z.; resources,
L.A.M.-M.; data curation, P.C.; writing—original draft preparation, L.A.M.-M.; writing—review
and editing, P.C.; visualization, J.-C.R.; supervision, P.V.-V.; project administration, P.C.; funding
acquisition, P.C. All authors have read and agreed to the published version of the manuscript.

Funding: This research was funded by the Challenge-Based Research Funding Program, Institute for
the Future of Education, Tecnologico de Monterrey, Mexico, grant number IJXT070-22EG51001.

Institutional Review Board Statement: Not applicable.

Informed Consent Statement: Not applicable.



Educ. Sci. 2022, 12, 913 15 of 17

Acknowledgments: The authors would like to acknowledge the financial support of Writing Lab, In-
stitute for the Future of Education, Tecnologico de Monterrey, Mexico, in the production of this work.

Conflicts of Interest: The authors declare no conflict of interest. The funders had no role in the design
of the study; in the collection, analyses, or interpretation of data; in the writing of the manuscript; or
in the decision to publish the results.

References
1. Hirose, T.; Nomoto, H.; Michiura, Y.; Iino, S. Functional Analysis of Law of Requisite Variety: Envisioning How Systems Variety

Affects Their Resilience Based on FRAM. IFAC-Pap. 2022, 55, 55–60. [CrossRef]
2. Koizumi, S. The Light and Shadow of the Fourth Industrial Revolution. In Innovation Beyond Technology: Science for Society and

Interdisciplinary Approaches; Lechevalier, S., Ed.; Creative Economy; Springer: Singapore, 2019; pp. 63–86, ISBN 9789811390531.
3. Ford, J.; Ford, L.; Polin, B. Leadership in the Implementation of Change: Functions, Sources, and Requisite Variety. J. Chang.

Manag. 2021, 21, 87–119. [CrossRef]
4. Benešová, A.; Tupa, J. Requirements for Education and Qualification of People in Industry 4.0. Procedia Manuf. 2017, 11, 2195–2202.

[CrossRef]
5. Kargas, A.; Giannakis, A.; Foukas, I. Recognizing Skills and Competencies Required Under Industry 4.0′s Framework for Achieving

Business Digital Transformation; IGI Global: Hershey, PE, USA, 2022; pp. 1–34, ISBN 9781799877936.
6. Biesta, G. What’s the Point of Lifelong Learning If Lifelong Learning Has No Point? On the Democratic Deficit of Policies for

Lifelong Learning. Eur. Educ. Res. J. 2006, 5, 169–180. [CrossRef]
7. Ehlers, U.-D. Future Skills: The Future of Learning and Higher Education; Norderstedt Books: Karlsruhe, Germany, 2020.
8. Ratcheva, V.; Leopold, T.A.; Zahidi, S. Jobs of Tomorrow: Mapping Opportunity in the New Economy. In Proceedings of the

World Economic Forum, Cologny, Switzerland, 21–24 January 2020; pp. 1–29.
9. World Economic Forum Towards a Reskilling Revolution: A Future of Jobs for All. Available online: https://www.weforum.org/

reports/towards-a-reskilling-revolution/ (accessed on 8 May 2022).
10. Sindhuja, C.V.; Akhilesh, K.B. Millennials at Industry 4.0—Opportunities and Challenges. In Smart Technologies: Scope and

Applications; Akhilesh, K.B., Möller, D.P.F., Eds.; Springer: Singapore, 2020; pp. 121–136, ISBN 9789811371394.
11. Nabawanuka, H.; Ekmekcioglu, E.B. Millennials in the Workplace: Perceived Supervisor Support, Work–Life Balance and

Employee Well–Being. Ind. Commer. Train. 2021, 54, 123–144. [CrossRef]
12. Seemiller, C.; Grace, M. Generation Z Goes to College; John Wiley & Sons: Hoboken, NJ, USA, 2016; ISBN 978-1-119-14345-1.
13. Cilliers, E.J. The Challenge of Teaching Generation Z. PEOPLE Int. J. Soc. Sci. 2017, 3, 188–198. [CrossRef]
14. Bogomaz, I.V.; Peskovsky, E.A.; Stepanov, E.A. Digital Didactic Products for “Generation Z” Specialized Education. J. Phys. Conf.

Ser. 2020, 1691, 012105. [CrossRef]
15. Wuttaphan, N. Diversity Management: When Generation Z Comes to the Workplace and How Human Resources Can Man-

age. In Proceedings of the 7th Business, Economics and Communications International Conference, Phitsanulok, Thailand,
29–30 November 2018; pp. 51–59.

16. Benítez-Márquez, M.D.; Sánchez-Teba, E.M.; Bermúdez-González, G.; Núñez-Rydman, E.S. Generation Z Within the Workforce
and in the Workplace: A Bibliometric Analysis. Front. Psychol. 2022, 12. [CrossRef]

17. Barhate, B.; Dirani, K.M. Career Aspirations of Generation Z: A Systematic Literature Review. Eur. J. Train. Dev. 2021, 46, 139–157.
[CrossRef]

18. Chillakuri, B. Understanding Generation Z Expectations for Effective Onboarding. J. Organ. Chang. Manag. 2020, 33, 1277–1296.
[CrossRef]

19. Caratozzolo, P.; Bravo, E.; Garay-Rondero, C.; Membrillo-Hernandez, J. Educational Innovation: Focusing on Enhancing the
Skills of Generation Z Workforce in STEM. In Proceedings of the 2021 World Engineering Education Forum/Global Engineering
Deans Council (WEEF/GEDC), Madrid, Spain, 15–18 November 2021; pp. 488–495.

20. Leslie, B.; Anderson, C.; Bickham, C.; Horman, J.; Overly, A.; Gentry, C.; Callahan, C.; King, J. Generation Z Perceptions of a
Positive Workplace Environment. Employ. Respons. Rights J. 2021, 33, 171–187. [CrossRef]

21. Raslie, H. Gen Y and Gen Z Communication Style. Stud. Appl. Econ. 2021, 39. [CrossRef]
22. Lee, C.C.; Lim, H.S.; Seo, D.J.; Kwak, D.-H.A. Examining Employee Retention and Motivation: The Moderating Effect of Employee

Generation. Evid. -Based HRM 2022, 10, 385–402. [CrossRef]
23. Pandita, D. Innovation in Talent Management Practices: Creating an Innovative Employer Branding Strategy to Attract Generation

Z. Int. J. Innov. Sci. 2022, 14, 556–569. [CrossRef]
24. Aggarwal, A.; Sadhna, P.; Gupta, S.; Mittal, A.; Rastogi, S. Gen Z Entering the Workforce: Restructuring HR Policies and Practices

for Fostering the Task Performance and Organizational Commitment. J. Public Aff. 2022, 22. [CrossRef]
25. Nguyen Ngoc, T.; Viet Dung, M.; Rowley, C.; Pejić Bach, M. Generation Z Job Seekers’ Expectations and Their Job Pursuit

Intention: Evidence from Transition and Emerging Economy. Int. J. Eng. Bus. Manag. 2022, 14. [CrossRef]
26. Minkkinen, M. Theories in Futures Studies: Examining the Theory Base of the Futures Field in Light of Survey Results. World

Future Rev. 2020, 12, 12–25. [CrossRef]

http://doi.org/10.1016/j.ifacol.2022.10.231
http://doi.org/10.1080/14697017.2021.1861697
http://doi.org/10.1016/j.promfg.2017.07.366
http://doi.org/10.2304/eerj.2006.5.3.169
https://www.weforum.org/reports/towards-a-reskilling-revolution/
https://www.weforum.org/reports/towards-a-reskilling-revolution/
http://doi.org/10.1108/ICT-05-2021-0041
http://doi.org/10.20319/pijss.2017.31.188198
http://doi.org/10.1088/1742-6596/1691/1/012105
http://doi.org/10.3389/fpsyg.2021.736820
http://doi.org/10.1108/EJTD-07-2020-0124
http://doi.org/10.1108/JOCM-02-2020-0058
http://doi.org/10.1007/s10672-021-09366-2
http://doi.org/10.25115/eea.v39i1.4268
http://doi.org/10.1108/EBHRM-05-2021-0101
http://doi.org/10.1108/IJIS-10-2020-0217
http://doi.org/10.1002/pa.2535
http://doi.org/10.1177/18479790221112548
http://doi.org/10.1177/1946756719887717


Educ. Sci. 2022, 12, 913 16 of 17

27. Melnikovas Towards an Explicit Research Methodology: Adapting Research Onion Model for Futures Studies. J. Future Stud.
2018, 23. [CrossRef]

28. Tuomi, I. Foresight in an Unpredictable World. Technol. Anal. Strateg. Manag. 2012, 24, 735–751. [CrossRef]
29. Emil, D. Proference: Behavioural Mix Between Propensity and Preference on Financial Market. Eur. J. Interdiscip. Stud. 2022, 1,

207–216.
30. van Dorsser, C.; Walker, W.E.; Taneja, P.; Marchau, V.A.W.J. Improving the Link between the Futures Field and Policymaking.

Futures 2018, 104, 75–84. [CrossRef]
31. Voros, J. A Generic Foresight Process Framework. Foresight 2003, 5, 10–21. [CrossRef]
32. Voros, J. Big History and Anticipation. In Handbook of Anticipation: Theoretical and Applied Aspects of the Use of Future in Decision

Making; Poli, R., Ed.; Springer International Publishing: Cham, Switzerland, 2017; pp. 1–40, ISBN 978-3-319-31737-3.
33. Nimon, S. Generation Y and Higher Education: The “Other” Y2K. J. Inst. Res. 2007, 13, 24–41.
34. Mitchell, T. Early Benchmarks Show ‘Post-Millennials’ on Track to Be Most Diverse, Best-Educated Generation Yet. In Pew

Research Center’s Social & Demographic Trends Project. Available online: https://www.pewresearch.org/social-trends/2018
/11/15/early-benchmarks-show-post-millennials-on-track-to-be-most-diverse-best-educated-generation-yet/ (accessed on
4 November 2022).

35. UNESCO Embracing a Culture of Lifelong Learning | UIL. Available online: https://uil.unesco.org/lifelong-learning/embracing-
culture-lifelong-learning (accessed on 8 November 2022).

36. Caratozzolo, P.; Alvarez-Delgado, A.; Hosseini, S. Metacognitive Awareness and Creative Thinking: The Capacity to Cope with
Uncertainty in Engineering. In Proceedings of the 2020 IEEE Global Engineering Education Conference (EDUCON), Porto,
Portugal, 1 April 2020; pp. 638–643.

37. McKinsey Global Skills Shift: Automation and the Workforce of the Future. Available online: https://www.mckinsey.com/
featured-insights/future-of-work/skill-shift-automation-and-the-future-of-the-workforce (accessed on 8 May 2022).

38. Kuhn, T.S. The Structure of Scientific Revolutions; International Encyclopedia of Unified Science; Foundations of the Unity of
Science, University of Chicago Press: Chicago, IL, USA, 1996; ISBN 978-0-226-45803-8.

39. Liu, F.; Ma, J.; Li, R. Which Role Model Is More Effective in Entrepreneurship Education? An Investigation of Storytelling on
Individual’s Entrepreneurial Intention. Front. Psychol. 2019, 10, 837. [CrossRef]

40. Rhodes, T.; Finley, A. Using the VALUE Rubrics for Improvement of Learning and Authentic Assessment. Peer Rev. 2013, 15,
32–33.

41. David, M.G. Using Rubrics to Grade, Assess, and Improve Student Learning; Academic Press: Cambridge, MA, USA, 2012.
42. Hernandez-de-Menendez, M.; Morales-Menendez, R.; Escobar, C.A.; McGovern, M. Competencies for Industry 4.0. Int. J. Interact.

Des. Manuf. 2020, 14, 1511–1524. [CrossRef]
43. World Economic Forum Global Competitiveness Report. 2020. Available online: https://www.weforum.org/reports/the-global-

competitiveness-report-2020/ (accessed on 20 October 2022).
44. World Economic Forum Jobs of Tomorrow: The Triple Returns of Social Jobs in the Economic Recovery. Available online:

https://www.weforum.org/reports/jobs-of-tomorrow-2022/ (accessed on 20 October 2022).
45. Nayak, J.; Mishra, M.; Naik, B.; Swapnarekha, H.; Cengiz, K.; Shanmuganathan, V. An Impact Study of COVID-19 on Six Different

Industries: Automobile, Energy and Power, Agriculture, Education, Travel and Tourism and Consumer Electronics. Expert Syst.
2022, 39, e12677. [CrossRef]

46. Petrick, I. Creating Lasting Value in the Age of AI+IoT—Futureproofing Your Business; Internet of Things Group: San Diego, CA, USA,
2019; p. 9.

47. OECD. Programme for the International Assessment of Adult Competencies (PIAAC). Available online: https://www.oecd.org/
skills/piaac/ (accessed on 8 May 2022).

48. Ciolacu, M.; Tehrani, A.F.; Beer, R.; Popp, H. Education 4.0: Fostering student’s performance with machine learning methods.
In Proceedings of the 2017 IEEE 23rd International Symposium for Design and Technology in Electronic Packaging (SIITME),
Constanta, Romania, 26–29 October 2017; pp. 438–443.

49. Hughson, T.A.; Wood, B.E. The OECD Learning Compass 2030 and the Future of Disciplinary Learning: A Bernsteinian Critique.
J. Educ. Policy 2020, 37, 1–21. [CrossRef]

50. Vrana, R. Is There a Librarian 4.0 in the Library? A View on Librarians’ Knowledge and Skills in Light of Industry 4.0 and
Education 4.0 Paradigms. In Proceedings of the Information Literacy in a Post-Truth Era, Tunis, Tunisia, 28–31 March 2022;
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