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Abstract—In 2020, Higher Education and industry across 
the globe were immersed in extreme, unpredictable 
environments. Given the devastating impacts and disruptions 
observed since the appearance of COVID-19, the question to 
ask Higher Education is how it can better prepare students 
who are capable of being agile and proactive, and who 
demonstrate effective decision-making capabilities in complex 
situations. This paper therefore seeks to explore how 
educational engineering programs can better prepare 5.0 
engineering students for their future workplace. It draws on 
the authors’ involvement in two European Union projects, to 
provide insights and recommendations, which suggest that the 
focus be on: revisiting the curriculum; developing transversal 
skills and V-shape Engineer workspaces; work-based learning; 
graduate employability; and strengthening ties between 
academia and industry. We are also increasingly moving 
towards a 5.0 era where the emphasis is on developing human-
centred IT soft-skills. This paper presents educational 
engineering-program leaders and managers, with suggestions 
for how to be responsible and proactive in ensuring that 5.0 
engineering students have not only a qualification, but the 
requisite skills to make a more meaningful impact in their 
future workplace. 

Keywords — engineering education, COVID-19, transversal 
skills, industry relations, workplace. 

I. INTRODUCTION 

In the job market, specific and extraordinary demands are 
anticipated. Cedefop’s skills forecast in 2018 already 
highlighted that in Europe, work environments in the near 
future are expected to feature more autonomy, less routine, 
more use of Information and Communications Technology, 
reduced physical effort and increased social and intellectual 
tasks [1]. The European labour market is challenged by 
changes in the demographic composition of the labour force 
and by increasing work complexity and processes.  

Most countries across the globe have been severely 
affected by COVID-19, with most workplaces in 2020 also 
experiencing the effects. Educational and professional 
practice in 2020 has been clearly characterized by high levels 
of Volatility, Uncertainty, Complexity, and Ambiguity 
(VUCA) [2]. Such impacts are predicted to continue beyond 
2020, in light of the severe consequences wrought by the 
COVID-19 pandemic in several sectors.  

The future of work, along with graduate students’ 
employability and careers, needs to be re-examined for the 

post-COVID era. A recent analysis carried out by Société des 
Ingénieurs et Scientifiques de France (www.iesf.fr) on 
competence assessment, illustrates that “the academic 
knowledge and the professional competence of French 
Alumni, holders of an Engineer’s degree, are of utmost 
importance in the present days, in order to actively contribute 
to the challenges of the post-COVID-19 era, tomorrow and 
thereafter” [3]. Engineers and scientists will have to actively 
contribute to new societal challenges. The younger 
generation of students and new graduates need to be 
adequately prepared for a range of possible world crises (e.g. 
economic, natural disasters, terrorism, biological warfare, 
pandemic, climate, etc.).  

This paper explores how Higher Engineering Education 
(HEE) program leaders and managers can best prepare 5.0 
engineering students for future changes in workplaces and a 
post-COVID-19 VUCA world. It is critical that HEE 
program leaders and curriculum designers learn from the 
2020 pandemic in order to proactively adapt and realign 
educational offerings and services, to ensure that new 
transversal and versatile 5.0 skills are developed and 
reinforced in engineering students. Engineering graduates, 
who are to be workplace ready, should be able to effectively 
deal with complex issues and make decisions instantly in 
professional situations characterised by higher levels of risks, 
uncertainty, and complexity.  

II. STUDY BACKGROUND AND APPROACH 

New curriculum guidelines were recently proposed, e.g. 
for Industry 4.0 [4], as well as numerous recommendations 
to University management that have to anticipate changes 
and make choices on how to adapt [5]. 

The paper draws on two Erasmus projects (DAhoy and 
EASTEM) to address the main question under investigation, 
namely, identifying ways in which HEEs can ensure that 
engineering students are appropriately trained to meet future 
challenges in the workplace. DAhoy is a strategic partnership 
focused on developing the decision-making skills of 
engineering and Science, Technology, Engineering and 
Mathematics (STEM) students. DAhoy is founded on an 
understanding of academia and industry’s perceptions and 
expectations of students, and is fully aligned with the 
strategic VUCA challenges to accelerate pedagogical 
innovations and revise their educational systems with 
transversal skills. The second project, EASTEM, is a 
capacity-building project within South-East Asia, facilitating 
a competency approach and University Business Industry This work was supported by the European Erasmus+ program under 

grants 2017-1-FR01-KA203-037301 and 2018-1-SE-EPPKA2-CBHE-JP. 



Collaboration models (UBICs) within STEM education 
programs in Europe and eastern Asia. 

Both projects have sought to transform Engineering 
students into technological-change-leaders and decision 
makers, specifically for a VUCA world. Student-centred 
learning approaches are employed. 

EASTEM enhanced STEM students’ employability in an 
unpredictable future by facilitating the exploration of 
multiple realities, in different cultural settings and contexts, 
at an international level. The broader context also highlighted 
how important it is that students, while still at HEEs, spend 
time in industry to be exposed the working world. Another 
important aspect to consider is that HEEs and other 
institutions should take responsibility in developing the 
entrepreneurial skills of students and where possibly, assist 
with small start-ups / incubators. The rationale is that 
students are not only developed to be mere employees who 
will be working for a boss or company. It is important to also 
bear in mind that a shift was made in some institutions to be 
entrepreneurial universities, whereby academics help 
students in this respect, rather than only be pure research 
universities. 

A major outcome of DAhoy is that seven decision-
making skills were identified as transversal skills (formerly 
known as transferable skills) and introduced to facilitate 
VUCA training. Key outcomes from the project include 
defined and evaluated innovative teaching and learning 
(T&L) activities to be integrated in educational frameworks 
at a systemic level; quality assurance and recommendations. 
DAhoy’s European partnerships resulted in positive and 
sustained effects in the participating organisations and their 
staff and students’ transversal skills integration, which is also 
now evident in other regional, national and European 
Institutions. 

Given their focus on VUCA and career preparation, these 
two projects – although emanating primarily from a 
European perspective – provide insights into how HEE 
managers and program leaders could better prepare 5.0 
engineering students for the future workplace and a post-
COVID-19 unpredictable world. This enhances academia’s 
capacity to be responsible and proactive in ensuring that 5.0 
engineering students have the requisite skills, as well as 
qualification, to make a more meaningful impact in the 
workplace.  

III. REVISITING CURRICULA FOR NEW CONTEXTS 

Through a 3-year design-based research, including 
qualitative and quantitative iterative analysis, DAhoy 
conceptualized and analyzed seven decision-making-skills 
statements [6], shared several constructively aligned T&L 
courses and investigated their mapping in some national 
qualification frameworks. Results offer some 
recommendations for adapting curricula in the short term, to 
incorporate greater emphasis on transversal skills, including 
V-shape perspectives. 

A. Transversal Skills 

New graduates are potential leaders and managers of the 
future and they should have the necessary skills and 
competencies to face the current, as well as future VUCA 
situations. HEE has to ensure that engineering graduates 
have effective transversal skills to more comfortably face 
VUCA-like situations while working in the new post-

COVID-19 VUCA world and also, along with professionals 
and graduates, to take advantage of the new landscape of 
career opportunities for a 5.0 future. Engineers need to 
develop 5.0 soft skills, such as Information Technology (IT) 
communication skills (working more online and less face-to-
face), adaptation to change, and empathy – some of the 24 
generic skills as highlighted in the work of Abdulwahed et al. 
[7]. 

As an illustration of the need for transversal skills, the 
COVID-19 crisis of 2020 has demonstrated that it is now 
critical to have effective judgment and decision-making 
capabilities. In 2005, the European Qualification Framework 
[8] indicated the importance of students at Bachelor level 6, 
being able to:  

“[take] responsibility for decision-making in 
unpredictable work or study contexts” and, at Master level 7, 
to “manage and transform work or study contexts that are 
complex, unpredictable and require new strategic 
approaches; take responsibility for contributing to 
professional knowledge and practice and/or for reviewing 
the strategic performance of teams”.  

In 2015, the European Network for Accreditation of 
Engineering Education, which sets program outcomes for 
engineering education accreditation in the EU, prioritized 
decision-making and judgement abilities among its ten 
outcomes [9]. In Europe it is expected that the learning 
process should enable Masters’ degree graduates to 
demonstrate the: 

 ability to manage complex technical or professional 
activities or projects that can require new strategic 
approaches, taking responsibility for decision-making; 

 ability to integrate knowledge and handle complexity, to 
formulate judgements with incomplete or limited 
information, that include reflecting on social and ethical 
responsibilities linked to the application of their 
knowledge and judgement. 

The needs of the economy have changed in 2020 as a 
result of COVID-19, with new workforce requirements and 
revised economic-growth strategies. Graduate attributes and 
core learning outcomes need to change so that they include 
transversal skills, such as decision-making, as conceptualized 
and analysed by DAhoy.  

Now, soon after the initial COVID-19 crisis, HEE 
programs should be realigned without waiting until the 
periodic quality evaluation processes or revised engineering 
program outcomes are formalized in qualification 
frameworks. The conventional periodic review and 
evaluation of engineering programs, often at four or five-year 
intervals (as with the US ABET or with CTI in France) [10], 
may need to be examined in light of 2020’s exceptional 
changing context and needs. 

B. V-shape 5.0 Engineers 

In 2018, Robin Karvo, Human Resources Consultant at 
Nokia France, indicated that, "today’s business world is 
changing more quickly than ever before: rapidly evolving 
markets, regulations, and technologies make it hard to see 
very far into the future” [11]. Before the crisis, technological 
universities were mainly focused on producing a 2020 STEM 
graduate, with ‘T-shape’ skills [12]. T-shaped scientists [13] 
are those who have good depth of knowledge and skill in one 



discipline, and a reasonable breadth of knowledge and skill 
across multiple disciplines, e.g. management, so have 
transferable skills for judgement and decision-making (T-
shaped were an evolution of ‘I-shaped’ graduates, who have 
developed good depth of knowledge and skill in a single 
discipline only).  

As the VUCA context is now prevalent in most sectors, 
engineering graduates should ideally be more ‘V-shaped’ 
[14], a quality reinforced as a result of a versatility-oriented 
curriculum. V-shaped individuals grow in knowledge and 
skill, and also in spiral fashion, both horizontally and 
vertically. A V-shaped graduate is neither a specialist nor a 
generalist [15]. V-shaped graduates have balanced 
knowledge and skills and can learn a new domain of skills 
easily; this is why in software engineering programs, ACM-
IEEE curricula recommendations include additional 
requirements about domain-specific knowledge [15]. More 
and more, it is evident that an engineer 5.0 era prevails [14], 
with human-centred IT soft-skills, and empathy requirements 
being at the forefront of the skills required. Society 5.0 
encompasses a combination of cyberspace and physical 
space and is "a human-centred society that balances 
economic advancement with the resolution of social 
problems by a system that highly integrates cyberspace and 
physical space" [16].  

For the post COVID-19 period in HEEs, transversal skills 
are required, and this context provides an opportunity for 
HEEs to revise program outcomes and aim for V-shaped 
perspectives for their graduates. V-shaped individuals are the 
kind of people needed post-COVID-19, with a focus on 
careers and competency development, both across and up, to 
grow tomorrow’s workforce. STEM graduates will need to 
implement decisions, knowledge and skills in order to be 
able to actively contribute to the post-COVID-19 era, to 
replicate the success of spontaneous and ongoing mission-
driven engagement. This engineer needs to embody the traits 
of a leader: decisive, bold yet humble, courageous, resilient, 
open to change and continuous learning, and able to be 
adaptable in various contexts.  

C. Flexible Curricula in the Digital Era 

The 2020 crisis is changing the nature of work, of 
workers, and of workplaces. Professional workplaces and 
communication technologies will need to change business 
practices, and companies will also need to adapt their 
approaches and processes [4]. The value of online learning 
platforms and video-conferencing procedures were 
reinforced all around the world in 2020, as they were for the 
HEE sector with the sudden, rapid shift to remote education. 
The new generation of STEM students (digital native) is 
open to distance education, e.g. Massive Open Online 
Courses and Small Private Online Courses. Most STEM 
students, especially engineering students, are already aware 
of ‘learning to learn’ in 2020 and are fairly independent.  

This new generation is therefore fertile ground for this 
VUCA-like environment of learning, but the monitoring of 
the learning process remains a concern for all. In 2020, 
society is in the midst of a cultural change, and is 
experiencing a transition towards a new generation of 
universities where technology-enhanced learning is 
becoming the norm, including diversity of learning paths.  

Nevertheless, as highlighted by Kamp [5], it is far easier 
to educate students for our past than for their future. The 

chaotic VUCA situation is not a predictable linear extension 
of the present. Long-term forecasts of discrete scenarios lead 
to billowing plumes of uncertainty. University leaders and 
HEE program managers need to revise their curricula to 
better prepare their students for an uncertain future. For the 
post-COVID-19 period, traditional recognition of learning 
and competence development will have to be revisited. 

D. Workspaces  

In 2020, the risk of virus transmission, resulting in 
COVID-19 infections, was greatest in places where large 
numbers of individuals congregate, such as universities. 
While it became apparent at the outset of the COVID-19 
crisis that ensuring continuity of study and work was made 
possible by enabling rapid external engagements, which 
relied in turn on supportive workspaces, managing the crisis 
required that the ideal workspace was balanced by mitigating 
the risk of unsafe crowding in university environments. 

Workspaces in universities need to be rethought, due to 
constraints pertaining to physical proximity. Innovative 
solutions to confined spaces, through the design of more 
space-driven intersection and student-working meeting 
places with industry were required for Vocational Education 
and Training education. Lots of campuses in 2020 were 
closed, semesters abroad have been cancelled, internships 
have been interrupted, and the European Schengen area will 
probably remain closed for a while until COVID-19 is 
perceived to be more manageable.  

Multiple and diverse impacts will be observed in the long 
run as a result of the COVID-19 period. On the one hand, 
HEEIs will have to consider various factors, such as 
international status, quality and certification, teachers’ 
confidence, students’ confidence, and financial reserves. On 
the other hand, students are more concerned with 
employability, quality of education and training, having a 
well-recognized diploma and social connection with peers.  

IV. PREPARING ENGINEERS FOR THE WORKPLACE 

EASTEM, with 13 technological universities, 
conceptualized eight UBICs via literature reviews and semi-
structured interviews [17]. Its analysis lay the foundation for 
a structured relationship model for STEM universities to be 
expanded later by shared good practices among partners 
thanks to a 3-days collaborative international and virtual 
meeting in October 2020, including industrial stakeholders. 
Requirements and maturity levels in UBIC models differ 
greatly between countries and institutions and are part of the 
international diversity of culture, educational and industry 
history, and national economic growth. One objective is that 
STEM programs will be more sustainable once partner 
institutions are better equipped to interact with corporate 
partners in the development of their STEM-university 
education. The results could echo strategic plans and policies 
of HEE and, in the short term, suggest some 
recommendations to reinforce cooperation with industry and 
companies. 

A. Work-based Learning Tensions and Recognition of 
Learning 

In 2020, professional work activities integrated into the 
engineering curricula were under pressure, mostly in 
countries where internships and apprenticeship models are in 
place for engineering education [18]. As a result of COVID-
19, many interns had to immediately leave their companies 



as some organizations were forced to close in some countries 
or sectors.  

For the post-COVID-19 period, recognition of student 
learning and competence development in companies will 
have to be revisited. Student engagements devised to 
practically assist society could perhaps include grading of 
portfolios of experiences, a process which may be applicable 
also as a means for universities to recognize 
accomplishments by informal dynamic learners, as well as 
their prior learning processes for VET. 

B. Graduate Employability and Professional Needs 

Graduate employment and employability analysis 
protocols in HEE will need to change. The recruitment 
market, nationally and internationally, will not be the same 
as before COVID-19. There is for example already change in 
how industry is being relocated in Europe, with some 
countries bring more adaptable than others. However, some 
sectors, currently under skills pressure, will offer growth 
opportunities, such as IT and telecommunications, some 
Industry 4.0 pillars, health, science and biomedical Research 
and Development, logistics and supply chains, or start-ups.  

For the post-COVID-19 period, the employment 
indicators will have to be revised alongside territorial, 
regional and national priorities. Institutions will need to 
organize and implement new actions and adapt processes to 
the VUCA situation.  

Students always need to be exposed more quickly to new 
career perspectives, so that they can navigate their career 
path with less anxiety in the short term. For the post COVID-
19 period, universities, along with industry, should provide 
more support to their students by setting personal, national 
and regional goals in preparation for their future careers. 
Students should reinforce their capabilities to analyze and 
judge the situation for career decision-making, in order to 
organize and implement actions to better prepare for the end 
of their studies in readiness for their first job [19]. Moreover, 
they may need to re-orient themselves in their chosen career 
path and personally take on that responsibility, for 
themselves and for the broader society. It is time to identify 
and motivate new role models, e.g. as future entrepreneurs, 
via high-potential recruitment programs.  

C. Strengthen Ties between Academia and Industry 

Engagement with industry has always been a crucial 
requirement for technological universities to support 
economic development since the 1st Industrial Revolution 
[20]. During the COVID-19 crisis, some university-industry 
engagement experiences around the world have shown the 
capacity of HEEI, and their students, to engage rapidly and 
flexibly. Ongoing collaboration will be critical to ensuring 
the recovery phases of both HEE and the economy. The 
magnitude of the 2020 economic crisis, at national and 
global levels, will require that HEE institutions rise above 
systemic passive inertia and reactively engage in the constant 
work of creating new forms of collaboration, models and 
processes. 

Cooperation between academia and industry will be 
critical for both parties during and after COVID-19. 
Academia can improve its curriculum and knowledge 
delivery whilst industry takes advantage of subjects 
developed by academia. Some universities have been slow to 
acknowledge the academia-industry divide. Reimers and 

Schleicher [21] proposed a checklist in their Organisation for 
Economic Co-operation and Development (OECD) report, 
aimed at supporting education decision-making to develop 
and implement effective educational responses to the 
COVID-19 global pandemic. The first task is to establish a 
task force or steering committee that will have the 
responsibility to develop and implement an educational 
response. It must be ensured that, where possible, those in 
the task force represent different constituents, including 
representatives of industry when relevant. 

Support structures are essential for enabling rapid 
external engagement; transdisciplinary, multi-sector 
strategies are necessary when seeking to solve complex 
problems that threaten global public health and safety [22]. 
Other tasks include exploring partnerships with the private 
sector and the community in securing the necessary 
resources to provide devices and connectivity. These issues 
are largely in the hands of HEEs. We need to have shared 
strategies with governments (national and regional), industry 
and business sectors, universities and their students. 
Students, as future professionals, need to assist in the short 
term with economic recovery, in order to have a more 
resilient future. 

V. DISCUSSION AND RECOMMENDATIONS 

The 2020 crisis has demonstrated just how fragile many 
systems actually are. Strategic leadership is required to create 
crisis-recovery groups, incorporating both analysts and 
skilled VUCA decision makers, to prepare for any future 
crises that may echo in STEM and engineering education. It 
is important to put plans (short, medium and long-term) in 
place but HEEs leaders will need to be responsive-ready and 
agile, should another crisis appear.  

HEEs structures, processes and policies need to be 
revisited on a regular basis, and the institutional culture has 
to be conducive to embracing change, rather than 
characterized by extreme bureaucracy and hierarchy, and the 
upholding of traditions. This is particularly relevant as the 
world struggles to pick up the pieces after being battered by 
the pandemic. It is important for HEEs transitioning to the 
new normal to be able to integrate social and societal aspects, 
even natural fundamentals and values which are far too 
neglected, and to encompass the concrete experiences 
learned from each crisis, to ensure development as reflective 
practitioners [23].  

This analysis may guide university leaders and managers 
to enhance and accelerate university-industry engagement 
alongside a V-shaped and more flexible curriculum. It is, 
however, important to avoid a mismatch in expectations [24]. 
Collaboration between these two sectors needs to be 
reinforced [8] but it is likely that there will be inhibiting 
factors which will remain – “Industry and academia have 
different cultures, different values, different needs and 
different expectations (Morell 2014: 2) [25]… the biggest 
barrier that may exist is the failure to recognize that each 
sector has different needs” (Morell 2014: 3) [25]. 

In 2020, the future is uncertain, and we have no clear 
directions as to how societies, economies, and the very way 
of life will be impacted. We also find ourselves in the midst 
of a human-centred society 5.0, which involves integrating 
cyberspace and physical spaces. Despite not having any 
certainties, HEE have a moral responsibility to ensure that 
graduates are not ill equipped for a VUCA future with a 5.0 



perspective. It is thus imperative that, without further delay, 
students are taught how to meaningfully contribute to a 
human-centred society that balances economic advancement 
with collaboration, nature and the resolution of social and 
societal problems.  

VI. CONCLUSION  

This paper sought to explore how HEE managers and 
educational program leaders can best prepare 5.0 engineering 
students for the workplace and a post-COVID VUCA world. 
Through analysis conducted in two EU projects, the first 
with four European universities and the second with thirteen 
technological universities, the authors recommend that HEE 
leaders focus on: revisiting the curriculum, emphasising 
transversal skills and V-shape Engineers’ workspaces, work-
based learning, graduate employability, and strengthening 
collaborations between academia and industry. To reinforce 
the adoption of transversal skills, a framework originating 
from DAhoy highlighted six Reference Models intended to 
guide university leaders in implementing the learning 
environment for decision-making skills in VUCA situations. 
The eight UBICs emanating from EASTEM form a 
foundation on which to foster collaborations with Industry, 
including several shared good practices per UBIC. 

With a society 5.0 vision in their curricula, HEE must 
now be ready to adapt themselves into learning spaces for V-
shaped students, to prepare their students to become flexible 
lifelong students, capable of facing VUCA post-COVID 
once they enter the workforce. The engineer 5.0 era involves 
a human-centred society which takes into account both the 
economic and the social, with human-centred IT soft-skills 
and empathy requirements being at the core. There is a clear 
shift towards realizing just how important traits and 
characteristics are, and not only technological know-how. 
Engineering educational leaders should lead the way in 
shaping Engineering graduates to thrive in VUCA situations. 
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