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1. Introduction 
In recent years, higher education has started to face a combination of challenges: 
economic uncertainty, accountability, globalization and emerging technologies that 
are daunting to learn and intimidating to implement (Waller et al. 2019). Universities 
are confronted with a world in which continuous change has become the new normal, 
characterised by Volatility, Uncertainty, Complexity and Ambiguity (VUCA) (Kamp 
2020). From 2020 onwards, with the coronavirus pandemic, geopolitical 
developments and new options for AI text generation, the changes seem to become 
even more unexpected, quick and drastic. The changes in our VUCA world affect the 
required competencies of all university graduates, especially engineering graduates, 
as their jobs deal with the changes in the world. In addition, universities and their 
educational environments are directly influenced by the changes as well. Several 
scholars suggest that different types of drivers fuel change and innovation at general 
and engineering universities (Den Brok 2018), (Kamp 2020), (Lemmens 2015). In the 
present study, following these scholars, we distinguish between the following types 
of change drivers: 

• Trends demanding different graduate profiles 

Trends like rising population and urbanization, globalisation and digitalisation, 
geopolitical shifts and the need to reach Sustainable Development Goals, 
demand for change in graduate profiles. 

● Need for different/new competencies. 

Graduates need to contribute to solutions for the grand challenges of the 
world, which require new types of competencies, like being able to work in 
complex, uncertain, dynamic, and multifaceted work environments. 

●  Developments in the population of learners. 

The new students are often referred to as “Generation Z” and show 
characteristics such as more visually than verbally oriented, more inclined to 
‘try and see’ than to ‘sit and listen’, more used to facilitators than to teachers, 
more used to flexibility than to job security, more used to collaborate than to 
be commanded, more used to learner centrism and the open book world, and 
more used to devices than to paper. And at some universities, the student 
population becomes more diverse in cultural values, language proficiency, 
religion, economic background, and prior knowledge. 
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• New options for the design of learning. 

Learning management systems and blended learning offer universities various 
teaching and learning activities (TLAs). Students prefer different forms of 
TLAs, such as face-to-face or online. The challenge is to use well-designed TLA 
combinations geared towards the needs of Generation Z students, offer 
flexible learning paths, activate learning, and stimulate student-centred 
learning. 

• Change within science and research. 

Science developments can affect education; examples are the focus on 
nanotechnology, artificial intelligence, increasing use of robots, convergence of 
disciplines – such as computing and communication -and the link between 
science and ethics. This demands more diverse specialized experts. Also, 
complex problems require graduates to work in interdisciplinary teams, where 
organisations, like companies and governmental or civic agencies, collaborate. 
Science is becoming a ‘contested’ domain, with actors next to scientists. 
Citizen science is a new trend, with citizens involved in the collection of 
research data and analysis – think of insect and bird counting days. 

•  New societal roles for universities 

Opportunities like Impact-focused education need to be addressed in 
university strategies. Important aspects are the balance between societal roles 
and interaction with employers and industry, criticism by anti-science and anti-
education populism and options and threads to the university role in 
continuous/lifetime education.  

The challenges of the VUCA world require universities to innovate (Waller et al. 
2019). This raises the question of which innovations can be an answer to which 
drivers/developments? This paper reviews the literature on each driver’s impact on 
universities and analyses the combined result. It uses an underpinned conceptual 
approach to answer the following research questions: 

• Which trends are mentioned in the literature for each type of driver that 
requires universities to innovate in their education? 

• Which changes are proposed for universities in response to the 
drivers/changes? 
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2. Methods 
We performed a thematic literature review on the effects of the change drivers on 
university education. Searches were done on two research-focused databases 
containing articles in this field: Scopus and SSCI. The searches were limited to English 
articles published from 2017 onwards with (“higher education” OR universit*) in the 
title. Within those limits, search words were used to scan titles. The search words 
were derived from the six change drivers, and general educational change search 
words were added, leading to the following list: 

future trend*, future competenc*, future graduates, learning goals, “types of students”, 
student characterisation, ICT in education, chang* science, future transition, vision 
education, “future education”, “future skills”, societal, world trends, “innovation of 
education”, “educational ecosystem*” 

Only one of the search words was required for a result to show up: the search words 
were separated with “OR”. The results of both database searches were imported into 
a reference manager database, and the complete set was undoubled and stored. A 
copy of that base database was created from which irrelevant records were removed 
by studying papers' titles, abstracts and content. The exclusion criteria were topics 
not relevant to the subjects discussed in the introduction and articles that were too 
specific for one institute, country, or study program without options for broader use. 

Kamp (2020), Lemmens (2015), and Den Brok (2018) see that future world challenges 
require answers from new types of engineers. To address that in the next step, 
articles focussing on that were added using the publication website of the 
4TU.Centre for Engineering Education (4TU.CEE 2023), which focuses on that 
subject. Key papers referenced in the search results were also added. 
 After undoubling, removing irrelevant records and adding the key papers, 60 articles 
remained, as shown in Table 1.   

Table 1: the number of papers found and selected in each step 

Step Number of papers 
Scopus search 286 
SSCI search 80 
Both searches combined and undoubled 319 
Remaining after removing irrelevant papers 32 
Total after adding key papers 60 

After that, as shown in the results section, each paper was grouped according to the 
change drivers. Within most drivers, the papers showed similarity in subgroups, which 
we labelled as subdrivers. The results were discussed at the subdriver and driver 
levels, and conclusions on the design needed for the educational setup of universities 
in the following decades were formulated.  
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3. Results  
The 60 resulting papers were grouped into the change drivers. Within those groups, 
the papers showed a focus on a few common subjects, labelled as subdrivers in Table 
2 below. The only exception is the change driver, “Change within science and 
research”, which had just one paper reporting education impact. The articles used to 
make the driver list and those of the first driver focused on future vision and 
contained policy papers. Some papers are relevant for more than one (sub)driver, 
which explains the larger sum than 60. 

Table 2: drivers and subdrivers found, with the number of articles in them. 

Driver Subdrivers papers 
Trends demanding different graduate profiles   11 
  Rising population and urbanisation 3 
  Societal trends 1 
  Change due to geopolitical shifts 3 
  Reaching Sustainable Development Goals 4 
Need for different/new competencies   22 
  T shape skills 6 
  Development of the T shape skills 5 
  Sustainability Skills 6 
  Participating in solving wicked problems 4 
  Well-being and life skills 3 
Developments in the population of learners   3 
  Sense of belonging 2 
  More diversity among students 1 
New options for design of learning   18 
  New curriculum design 3 
  Increasing role of ICT and digital 

resources 
3 

  Student-Centred Learning 9 
  Boundary crossing 2 
  Alternative Credentials 1 
  Team role of teachers 2 
Change within science and research   1 
New societal roles for universities   18 
  Development of societal roles of 

universities 
3 

  Impact-focused education 4 
  Societal roles and interaction with 

employers and industry 
4 

  Lifelong learning: upskilling & relearning 2 
  Influence national higher education policy 4 
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Trends demanding different graduate profiles 

The articles showed four types of global trends which have consequences for future 
graduates, as discussed below. 

Rising population and urbanisation 

In the 21st century, we face major global challenges. Humanity overconsumes the 
planet’s natural resources; malnutrition continues worldwide, urban centres become 
overpopulated, and the climate changes rapidly. Globally, 800 million people suffer 
from chronic hunger and about two billion from malnutrition. In contrast, obesity and 
related illnesses dominate the Western world. In addition, we are increasingly 
confronted with the global spread of infectious diseases. (Wageningen University & 
Research, 2019). In 2050, 9.7 billion people will inhabit the earth (United Nations 
Department of Economic Social Affairs 2022). At that time, 68 per cent of that 
population will live in urban areas (United Nations 2019). These overpopulated urban 
centres are now already confronted with degraded air quality, reduced water 
availability and green space, problems with waste removal, and food and energy 
supply. Rising sea levels will strongly add to these problems in many highly populated 
areas, and extreme weather is increasingly causing severe problems worldwide. 

Societal trends 

Adding to this are three societal trends that, according to Kamp (2016), have made 
our world become VUCA: 

Globalisation and digitalisation can blur boundaries – between nations, 
disciplines, and professions, between academia and industry, and between 
applied science and engineering. 

 
The horizontalization of the socio-economic world transfers power to consumers 
and end-users. 

 
The blending of technical, economic and societal structures leads to business and 
innovation approaches where technology-driven innovation is replaced by client- 
and consumer-driven approaches. 

Change due to geopolitical shifts 

From 2022 onwards, geopolitical shifts resulted in even quicker change. And that 
contributes to global challenges which have become more urgent, such as climate 
change, healthy food and living, biodiversity, nitrogen crisis, circularity, and 
competing claims for space (Wageningen University & Research 2022). In addition to 
this, Graham (2018) sees a tilting of the global axis of engineering education 
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leadership from north to south and from high-income countries to emerging 
economic powerhouses in Asia and South America. Such a shift can also be seen in 
digital platforms: multisided markets that facilitate value‐creating exchanges among 
users, such as social media, e‐commerce, software, application downloads, search, 
email, and cloud services, according to Mueller and Farhat (2022). They show that the 
United States and China headquarters all but one of the world’s top 20 platforms. 
Their analysis is that geopolitical choices can lead to a digital economy split between 
those countries, causing diverging standards and rules, diminished trust, and barriers 
to market entry and technology transfer. Given the global character of this, higher 
education graduates must be able to operate between and on both sides of that split. 
In general, geopolitical shifts pose challenges for future workers. 

Reaching the Sustainable Development Goals (SDG) 

These trends are emerging in a world that needs improvement to reach the SDG 
formulated by United Nations (2015). No poverty, zero hunger, good health and well-
being for people, quality education, gender equality, clean water and sanitation, 
affordable and clean energy, decent work and economic growth, industry innovation 
and infrastructure, reduced inequalities, sustainable cities and communities, 
responsible consumption and production, climate change, ensuring life below water 
and on land, peace justice and strong institutions. Technology dimensions of such 
goals include, amongst others: make solar energy economical, manage the nitrogen 
cycle, improve urban infrastructure, engineer better medicines, prevent nuclear 
terror, secure cyberspace and advance personalized learning (NAE 2017). Kamp 
(2019) states that engineers will play a key role in tackling these challenges and 
delivering on the SDG. Likewise, Pelletier et al. (2022) see environmental and 
sustainability goals as important future trends for education. 

Need for different/new competencies  

These trends have consequences for the competencies required of future graduates. 
The articles found on the consequences showed five subgroups, as discussed below. 

T shape skills 

Hüsing et al. (2020) see strong effects of digitalisation on industry. They analysed 
digitalisation trends and concluded that future workers in industry need T-shaped 
skills as defined by Michigan-state-University (2022). The “deep” (vertical) part has at 
least one discipline and also at least one system. The broad/ horizontal skills are 
summarised as “Boundary crossing competencies”. This model is for all workers. 
Kamp (2020) gives details for technical university graduates. He states that a 
successful career will depend on mastering literacies (technical, data and human) and, 
to a larger extent, on non-cognitive capacities such as consciousness, self-discipline, 
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grit, the ability to face challenges and overcome failure, and social skills. These are 
higher-order mental skills, personal mindsets and ways of thinking/beliefs about the 
world. They allow students to look beyond short-term concerns to longer-term or 
higher-order goals and help to overcome challenges and setbacks in their pursuit of 
these goals. He sees multiple important mindsets: critical thinking, holistic and 
systems thinking, entrepreneurial thinking, interdisciplinary thinking, cultural agility, 
value learning over knowing, design thinking, the use of a data-driven approach, 
coalition building, taking the lead and playing to one’s strengths, dissatisfaction with 
the status quo, a willingness to take risks and learn from failures, or simply a “getting 
things done” attitude.  Lemmens (2015) also sees a need for T shape skills: combining 
a firm disciplinary basis with skills like collaboration, communication, information and 
ICT literacy, social and cross-cultural skills, creativity, innovation, critical thinking, 
decision making, flexible problem solving, adaptability, openness, learning to learn 
and entrepreneurial skills. He adds professional skills: the ability to communicate, 
collaborate, reflect, plan and organize, and deal with information. These skills are 
related: Donoso-González, Pedraza-Navarro, and Palferro-Fernández (2022) advise 
that entrepreneurship training should improve personal competence like leadership, 
creativity, autonomy and initiative. McPhillips and Licznerska (2021) point to the 
importance of competencies to accelerate the inflow and outflow of knowledge: 
creativity, entrepreneurship, and cooperation. 

Development of these T shape skills 

There are many options for developing T-shaped skills. Geertshuis, Wass, and Liu 
(2022) state that to develop future-ready generic graduate capabilities, students need 
to 1) be enthused to develop personally relevant generic capabilities, 2) have 
opportunities to explore by intellectually and emotionally connecting learning to 
processes, topics and situations, 3) develop by purposefully extending their 
capabilities within varied and progressively more complex contexts, and 4) have 
opportunities to exhibit their capabilities. Green, Hertzman, and Banderlipe (2021) 
demonstrate that a university can play a major role in future-proofing the workforce 
by offering interdisciplinary and multidisciplinary programs, learner-centred pedagogy 
and activities, and expanded lifelong learning opportunities among graduates and 
society. Bezanilla, Galindo-Domínguez, and Poblete (2021) found that teachers 
consider teaching critical thinking at university important, mainly for students to 
become good professionals in a complex world. Islam and Stamp (2020) see the 
importance of Global, International, and Intercultural (GII) competencies. Acquiring 
these competencies requires GII learning opportunities while achieving academic 
goals. Students, faculty members, and support staff must adopt different cultural 
perspectives and practices to multiculturalism. Van Puffelen and van Oppen (2020) 
give an example of aligned policy, activities, support, and training needed for that. 
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Sustainability Skills 

Žalėnienė and Pereira (2021) concluded that “Higher education institutions have a 
great responsibility to form future sustainability leaders and support the SDGs targets 
implementation. Higher education establishes the mindset of adult people and is 
considered a “changing agent” towards sustainability development”. Riuttanen et al. 
(2021) found that basic academic competencies were more familiar than sustainability 
competencies. That might be because sustainability competencies have not yet been 
included in curricula for long. Stephens, Palchak, and Reese (2017) found a large 
variation in how universities apply financial decisions towards their sustainability 
commitment. They also found that the impact of universities’ investments is 
inconsequential toward the change required to deal with the world’s most complex 
problems. Besides priority, the question is how to foster sustainability skills. Gáspár, 
Hideg, and Köves (2021) show a course approach to raise awareness and induce the 
feeling of responsibility for the future by offering the students concepts and methods 
to become active and reflective citizens. Nölting et al. (2020) suggest sustainability 
transfer using a mix of exploratory workshops, expert interviews, and a case study of 
transfer in teaching. They define sustainability transfer as practitioner–university 
partnerships that strive for sustainable development in society and formulate 
characteristics of sustainability transfer. Wals (2015) sees sustainability as a wicked 
problem that, in a sense, cannot be taught. At best, teachers can create environments 
conducive to exploring sustainability issues around climate change, poverty, food 
security, biodiversity, etc. As such, teaching sustainability is an educational design 
challenge with a need for a didactical orientation that enables learners to grapple with 
wicked problems. 

Participating in solving wicked problems 

This all shows that graduates will face many problems. Wals (2015) and Fox (2018) 
distinguish between simple, complex, and wicked problems. Simple problems have 
predictable, straightforward solutions. Complex problems are less clear but can be 
resolved over time. They contain many familiar elements, but they also contain 
hidden, non-linear, and inter-operating elements. Many problems are without 
precedent and have no proven recipes that can guarantee a good solution. According 
to Schiefloe (2021), that type of problem can be labelled “wicked”. Rittel and Webber 
(1973) defined wicked problems using ten characteristics. 
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 For a recent major problem, Schiefloe (2021) sees relevance of five of those 
characteristics: 

1.      There is no definitive formulation of a wicked problem 

2.      Solutions to wicked problems are not true-or-false but good-or-bad 

3.      There is no immediate and no ultimate test of a solution to a wicked problem 

4.      Every solution to a wicked problem is a “one-shot operation”; because there is 
no opportunity to learn by trial-and-error, every attempt counts significantly 

5.      Every wicked problem is essentially unique 

Many of our world's problems have these characteristics, and our graduates have to 
participate in solving wicked problems using their T-shaped skills. 

Well-being and life skills 

Grosemans, Coertjens, and Kyndt (2020) found that the transition from higher 
education to work increased self-efficacy, learning goals, and performance-approach 
orientation. Performance-avoidance decreased on average. So it might be better to 
foster these skills in university education. Gan et al. (2022) found that teaching well-
being and life skills provides students valuable personal growth resources. That 
approach was well-received at their university, and they hope for future benefits by 
positively impacting skills, behaviours, attitudes, and values. Kleimola and Leppisaari 
(2022) found that 19 teachers identified reflective competence, self-awareness and 
self-management, learning literacy, personal agency, self-efficacy, changeability, 
digital competence, cooperation and communication competence as necessary for 
the future. They also see the potential of learning analytics as a means to reflect on 
learning, develop competence, and increase self-awareness of strengths and 
weaknesses. 

Developments in the population of learners 

The articles found on this change driver focused on two subgroup topics, as shown 
below. 

Sense of belonging 

Moscardini, Strachan, and Vlasova (2022) conclude that the purpose of the university 
must be re-evaluated to account for the anticipated changes in employment. They 
suggest that the emphasis should move from savoir-faire (teaching how to make 
things) to savoir vivre (how to live one’s life with a different employment pattern). 
The university will be seen as a means to create a social network of friends and 
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colleagues, to generate respect, self-esteem, and self-efficacy from doing something 
one enjoys, a sense of being needed and a meaning to life in being a part of 
something larger than oneself. Pedler, Willis, and Nieuwoudt (2022) found that 
university students’ sense of belonging is of high importance as it increases students’ 
academic motivation and enjoyment in their studies, which can impact student 
achievement and reduces the likelihood of students considering leaving university 
before completing their studies, thus contributing to student retention. 

More diversity among students 

Mishra and Braun (2021) state that the link of higher education to economic benefits 
is recognized in policy documents, resulting in wider participation in higher education. 
They see that with the massification of higher education, the students entering are 
more diverse and teaching and assessment methods must consider this. Not all 
students may have the same skills and competencies when entering higher education. 
They conclude that emphasis should be on the learning experience and personal gains 
over time. 

New options for the design of learning 

There are new options for the design of learning that can improve education. 

New curriculum design 

Graham (2018) concludes that five curricular themes will have to become increasingly 
prominent for future engineering education: 

-      Student choice and flexibility (educating students more oriented to their 
ambition, aspiration, future career); 

-      Multi- and interdisciplinary learning (in collaborative design or applied-research 
projects); 

-      The role, responsibilities and ethics of engineers in society (solving challenges 
and problems facing society); 

-      Global outlook and experience (working across nationalities, cultures and 
disciplines); 

-      Breadth of student experience (more choice, learning beyond the engineering 
disciplines). 

She sees that new world leaders in engineering education will likely be institutions 
that deliver an integrated and coherent student-centred curriculum to large student 
cohorts under constrained budgets. That curriculum should develop meta-cognitive 



 

     12 

skills and the capacity for transfer and synthesis, as described by Van Damme (2022). 
Especially in the context of AI, advanced horizontal skills, such as high-level synthesis 
and decision-making in uncertain circumstances, become important. A massive 
curriculum redesign is needed to build those skills into university education. Lessons 
learned from introducing online learning in the past years should be considered. Such 
curricula can best be embedded within a well-designed modern educational 
ecosystem, as Den Brok (2018) described, using the dimensions of structure, 
connection, space and pedagogy. 

The increasing role of ICT and digital resources in education 

Van Damme (2022) sees that the pandemic has accelerated the development of 
distance education, online learning and hybrid approaches. He sees growing 
consensus that MOOCs can play a role for underserved populations and lifelong 
learners but not as an alternative to university education. In addition, the experience 
with online learning has not been overwhelmingly positive; research has indicated 
many negative outcomes. Students seem to value traditional formats such as in-
person lectures and seminars. Wannemacher et al. (2022) discuss that the rapid 
conversion to digital teaching at the beginning of the pandemic shows that 
universities still have a long way to go. They explain this as the digital transformation 
affects the entire institution of higher education and its context, while many detailed 
questions and integrating approaches are still missing. van Puffelen et al. (2022) 
conclude that we should optimize blended education while remaining prepared for 
forced remote teaching. That requires a focus on well-being, a sense of 
connectedness between students and staff, and having online versions of courses 
available. 
 In addition, it is essential to recognize that students differ in preferences towards 
online and face-to-face Teaching and Learning Activities (TLA’s). A carefully designed 
mix of TLA’s is needed to activate most students. 
 It is not simply flipping one kind of TLA for another. In general, campus education 
remains essential and helps with a sense of connectedness and well-designed face-
to-face TLA's, including a lecture, might help with that. 

A new development is generating text using artificial intelligence. Baidoo-Anu and 
Owusu Ansah (2023) describe educational benefits of ChatGPT, like promoting 
personalized and interactive learning and generating prompts for formative 
assessment activities ongoing feedback to inform teaching and learning. They also 
highlight limitations like generating wrong information, biases in data training, which 
may augment existing biases and privacy issues. In addition, ChatGPT's high 
electricity consumption might be a concern (Ludvigsen 2023). Generally, a “we should 
not ignore but limit the use wisely” might be prudent at this stage. 
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Student-Centred Learning (SCL) 

Graham (2018) and Green, Hertzman, and Banderlipe (2021) see an important role for 
SCL in reaching the required competencies of graduates. The question is how the 
student mindset needed for SCL can be achieved. Constantinou (2020) proposes an 
approach focusing on Goals, Organization, Actions, and Learning to achieve SCL. 
Forsythe and Jellicoe (2018) argue that the key to measuring learning gains might be 
to evaluate student progress by measuring self-reported positive changes in student 
behaviour rather than incremental changes in their grades. Martinie et al. (2022) 
focus on a potential problem for SCL: procrastination. They see procrastination as a 
self-regulation failure, especially in learning, such as effort regulation management. 
Mendo-Lázaro et al. (2022) found that using cooperative learning increases students' 
perceptions of autonomy and competence, and motivation for competence, intrinsic 
motivation, and learning control are boosted. Sun et al. (2022) found that the 
perceived value of knowing learning goals is a critical factor influencing online 
learning engagement. Learners who perceive that they know the learning goals are 
more likely to engage in online learning. Mishra and Braun (2021) advise project work, 
games, and simulations within the classroom to provide students with a broad range 
of skills and competencies and allow them to control their learning. Jivet et al. (2020) 
propose a tool that supports students in understanding their learning behaviour while 
starting to study. Students would get immediate feedback on their learning 
performance, be able to identify their strengths or weaknesses, gain insight into their 
learning strategies, build and refine their personal learner model, and develop self-
regulated learning skills. 

Boundary crossing (BC) 

Michigan-state-University (2022) labels all broad/ horizontal skills needed for future 
workers as BC competencies. The many broad/horizontal skills seen as important in 
the articles referenced in this paper (see annex 1) would thus be BC competencies. 
Specific advice on how to train students to cross boundaries between disciplines, 
cultures and between university and society is given by Fortuin et al. (2020). They 
state that BC competence needs to be explicated, trained, practised and developed 
throughout a university study programme. That requires learning in situations that 
differ in the type of boundaries to cross, the number of boundaries, the ‘difficulty’ of 
(crossing) the boundaries, and focus on Identification, Coordination, Reflection, or 
Transformation. 

Challenged based learning 

Axelsson (2023) quotes Challenged based learning as a way to foster Innovative 
thinking abilities, improve interaction in the group and make students more involved. 
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As such, it could effectively train the horizontal part of the desired T-shape skills and 
stimulate BC. 

Alternative credentials (AC) 

Kato, Galán-Muros, and Weko (2020) noted that Higher Education Institutes, 
businesses and other institutions offer AC-like certificates, badges, and micro-
credentials. The AC helps learners acquire skills and signal already-established 
competencies. They see that AC may have potential for some formal postsecondary 
education qualifications in selected sectors where AC are well known and recognised 
and are successful at attracting non-traditional learners, such as the IT sector. 
Likewise, micro-credentials that attempt to substitute substantial parts of 
postgraduate education programmes – such as MicroMasters credentials – may 
provide learners with skills and quality signals faster and cheaper than traditional 
programmes. This is limited by employers' unfamiliarity with these credentials, 
confusing signals caused by lack of standardisation, absence of validation procedures, 
and relative value of these credentials compared to other factors, such as 
professional experiences. McGreal and Olcott (2022) conclude that “micro-
credentials are not a panacea for resolving institutional challenges, and they are 
unlikely to become a major revenue enhancement. They may provide strategic value 
in their integration with other major institutional initiatives”. 

Team role of teachers 

The new education design causes teaching to become a team effort due to blended 
education and the new didactics, skills and tools needed for that (Wageningen 
University & Research 2022). It also makes it helpful to work and learn in teachers' 
network improvement community concentrating on Curriculum, Instruction, and 
Coherence, as described by Stone-Johnson and Hayes (2021). The participants grow 
in understanding of what quality curriculum and instruction coherence should be in a 
leadership preparation program. 

Change within science and research 

While changes within science and research can affect universities' research tasks in 
many ways, only one impact was found on education: the options created by the 
emergence of citizen science. Mitchell et al. (2017) combined citizen science with 
inquiry-based learning to offer first-year university students an authentic research 
experience. 
A partnership with a citizen science program enabled biology students to contribute 
phenological data on plants and animals and conduct the first research on unvalidated 
species datasets from public and university participants. Students wrote scientific 
articles on their findings, peer-reviewed each other's work and published the best 
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articles online in a student journal. Surveys of more than 1500 students showed that 
their environmental engagement increased significantly after participating in data 
collection and data analysis. This seems a promising approach as it helps to reach 
multiple important parts of the T-shape skills, connects to a Citizen science 
community and increases the odds that graduates will remain connected to the 
university. 

New societal roles for universities 

Thirteen of the articles found discussed new societal roles for universities; the effect 
of those new roles on education can be expected but is not always clearly reported 
and might be indirect. 

Development of societal roles of universities 

Schofer, Ramirez, and Meyer (2021) point to the strong effects Higher Education has 
on this world. They found that higher-education enrolments are associated with key 
dimensions of rationalization, globalization, societal mobilization, and expansion of 
the service economy. They see that central features of modern society hinge on the 
distinctive form of higher education that has become institutionalized worldwide. 
Soysal and Baltaru (2021) showed that UK higher education embeds three 
institutional logics, knowledge production, economic value, and global actor-hood, 
which are linked with the broader transformations of the university toward proactive 
and societally engaged rational organization. Also, the global script of higher 
education might be pressured by the resurgence of anti-science and anti-education 
populism and nationalist politics. Ashwin (2022) wants to stop inequalities 
perpetuated by differences in higher education forms students gain access to. He 
sees the need to shift from focusing on the educational idea of 'the University' to the 
educational purposes of higher education systems. 

Impact-focused education 

According to Kamp (2019), Science & Technology universities must become more 
socially engaged and culturally open to remain relevant and take the lead. They have 
to become more active in the world. Universities should Intensify collaboration with 
industrial partners and promote impact-focused education through interdisciplinary 
student-centred projects with societal relevance. Graham (2022a) formulates this as a 
move towards socially relevant and outward-facing curricula. These curricula will 
emphasize student choice, multidisciplinary learning and societal impact and expose 
students to experiences outside the classroom, outside traditional engineering 
disciplines and across the world. Tassone et al. (2018) point to the urgent need to 
address the grand sustainability challenges of our time and conclude that it is 
important for Higher Education to focus on being relevant, responsive, and reflexive 
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(e.g., questioning the underlying normalized assumptions and values of one’s 
endeavours) and to foster ethics of care (e.g., considering perspectives and needs of 
others and the ethical implications of endeavours). Sørensen et al. (2019) see an 
important role for a responsible university, which they define as an institution that 
carries out quality research and teaching, responds to the needs of society through 
basic tasks and aims at solving certain global problems while venerating the 
fundamental freedom of science. Compared to the present situation at many 
universities, this might mean an increase in societal tasks. 

Balance between societal roles and interaction with employers and industry 

The university plays an essential role in the education and social development of 
professionals, according to Sexson and Wilson (2021). They see that this role is 
vulnerable because state support is required to foster sustainability and resilience. 
Göransson, Chaminade, and Bayuo (2022) point to the financial autonomy of 
universities; pushing universities to be self-financed, gives a high risk that commercial 
innovations will be prioritised. Kusmin, Tammets, and Ley (2018) focus on how higher 
education institutions could engage employers and industry representatives into 
more systematic collaboration by creating environments for developing future 
workforce skills needed for Industry 4.0. They propose that a dynamic work-
integrated curriculum might allow learners to quickly contextualize study content and 
develop field-specific and self-regulated learning competences through work 
integrated learning study process. Géring et al. (2018) found two issues on which 
students and staff differed in opinion for their university: 

1. Openness to market forces and demands, as it might enhance the employability of 
students (student vision), it also undermines the idea of the university as a relatively 
independent and autonomous entity (teachers' vision). 

2. The composition of the student body. While teachers, considering a dwindling 
number of young students, opt for lower barriers to HE and a more diverse student 
body, students emphasise the need to select the most motivated, committed and 
dedicated students who create a favourable learning environment for each other. 

Continuous/lifetime education: upskilling and relearning 

Van Damme (2022) states that we need flexible lifelong learning because the half-life 
time of skills is shortening. That requires a shorter initial education with more flexible 
combinations of part-time study and work later in life. Universities have no monopoly 
on lifelong learning but can play a role with innovative approaches. 
 They will retain an important role in research-based education in a 'network 
education arrangement': educational programmes offered in cooperation, for 
instance, joint degrees and executive master programmes with industry and European 
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University alliances. Kamp (2020) sees options for lifelong partnerships with students: 
“For companies, lifelong learning programmes need to provide state-of-the-art 
knowledge and perspectives to their employees. The need for workforce agility in the 
gig economy increases the demand for continuous development. Continuous learners 
have different demands and expectations than regular students. New-age learners 
are more "consumerised", want a quick return on investment and full control of their 
learning path. They want learning that is learner-centred, affordable, technology-
enabled, and preferably creative and innovative. They want packages delivered by the 
best lecturers and available from a pool of modules. They re-bundle them into 
personalized curricula and stack credits gained from on-campus courses and lab work 
with new credentials such as open badges, nano degrees or micro-credentials. 
Universities that aim to make continuous education part of their mainstream activities 
must co-design curricula and courses in partnership with employers and students”. 

The influence of national higher education policy 

Vabø and Langfeldt (2020) conclude that state ownership may be important in 
maintaining their university and its technology teams' high social and scientific 
standing – both as a protector against cyclical fluctuations in the student market and 
through specific national initiatives and measures to strengthen these subjects. 
Another example of state influence are three goals for higher education set by the 
Dutch government (OCW, 2022): 

1.      Strengthening a healthy and strong foundation for the system of higher 
education and science, with peace and space for students, researchers and 
lecturers and profiling of institutions. 

2.      On that basis, giving space to diverse talent. As a result, the country can 
further distinguish itself internationally on many themes. 

3.      Increasing the social impact of higher education and research and public 
recognition of this. 

Such a policy aligns with global trends, but national policies change every few years, 
driving uncertainty in Higher Education (Pelletier et al. 2022). This makes it difficult to 
anticipate the impact of policy in the long run. 
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4. Discussion 
For four change drivers, the search resulted in a number of papers within the 11 to 
22 range. Two drivers returned few papers: “Change within science and research”: 
only one paper and “The population of learners and changes therein”: three papers.             
For both these drivers, relevant search terms were used. These were (shown between 
brackets): [chang* science] respectively [“future graduates”], [“types of students”] and 
[student characterisation]. However, the terms might have been too restrictive.          
For instance, the driver “changes in population of learners” had the first two search 
terms between quotes, requiring finding the exact given word sequence. In future 
research, other or less restrictive search terms could be used to determine if that was 
the case. Certainly, “The population of learners and changes therein” seems worth 
more focus in future research, with the challenge of discovering the difference in 
local and global shifts. Apart from that, the chosen drivers fit the articles' content 
well. 

In general, it is difficult to relate the number of papers found to the importance of a 
topic. Most papers are at least partly empirically based, but as we look for vision of 
the future, personal opinion might play a role in the entire process, from selecting a 
research topic to formulating conclusions. That might cause important topics to be 
chosen less; for instance, the tendency of university staff to focus on science itself 
(Graham 2022b) might lower focus on the effect that changing science could have on 
education. So, the results cannot lead to the selection of a few most important trends, 
but they should be taken into account together to provide a broad view of important 
developments for the future. Most papers focus on general advice and are not very 
specific on how to implement solutions for the challenges. This is an area in which 
more research is needed. 
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5. Conclusions 
The articles found point to many topics with common ideas: change is needed due to 
strong developments, as shown below. 

Future graduates of universities will face problems that change more quickly and 
are complex. This is caused by rising population and urbanisation, societal trends, 
changes due to geopolitical shifts, and strong challenges to reaching sustainable 
development goals. 

 

The articles found showed consensus that future graduates need T-shaped skills 
to tackle the uncertain future and the high speed at which new complex problems 
develop. The type of these challenges gives extra importance to two horizontal 
competencies of that “T”: sustainability, competence, and the ability to 
successfully participate in solving wicked problems. The discussion above gives 
suggestions on how to train the horizontal “T” part of competencies; embedding 
students within complex real-world challenges often features in them. 

 

Universities should anticipate changes in the population of learners. Curricula 
must be suitable for diversity in entry-level learning skills and international 
backgrounds and provide students with a sense of belonging. 

 

The new options for the design of learning are needed to reach the new learning 
goals and allow new roles and position of the university. The discussion section 
gives ideas for new curriculum design, increasing role of ICT and digital resources, 
student-centred Learning, boundary crossing, alternative credentials and the 
team role of teachers. Implementing these options, focusing on T-shaped skills, 
including sustainability and wicked problems, requires an integrated approach. 
Well-designed educational ecosystems can offer an essential part of that 
approach, as described by Den Brok (2018). Such an ecosystem has emphasis on 
the system as a whole and how the different parts interact with each other. 

 

Citizen science can be combined with university education, creating a rich 
learning environment that helps foster multiple T-shaped skills (Mitchell et al. 
2017). 

 

Universities should more actively take their share of the market for lifetime 
education: upskilling & relearning to retain their central educational role in 
society. 

 

Universities should increase their societal impact to remain relevant and to 
introduce more options for real-life (wicked) problem-oriented education. 
Education has to be partly impact-focused. Independence and societal roles 
should be well balanced with interaction with employers and industry. It becomes 
even more critical that national policy stimulate universities to have societal roles 
independent from finance. That stimulation can also help universities anticipate 
new challenges, but universities should do that without policy stimulation as well. 
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As indicated in the introduction, the advice searched for is relevant for future 
graduates working on societal or corporate challenges using Beta and Gamma 
sciences. But except for parts of the discussed “competencies of future graduates”, 
the trends might also be relevant for Alpha Sciences. Generally, most Universities can 
use the (sub) drivers and the advice to check and formulate their policies. 

The extensive list of horizontal competences of the “T” found in this study (annex 1) 
raises the question which of them should be introduced into curricula. And a related 
question is presented by the wicked problems of our VUCA world and the recent 
acceleration of world developments. Should universities shift focus to educating 
resilience for quick changes, sense of belonging, well-being and life skills? The 
traditional role of universities might not allow a complete move from savoir-faire 
(teaching how to make things) to savoir-vivre (how to live one’s life with a different 
employment pattern), as suggested by Moscardini et al. (2022). Still, a small move in 
that direction is an option. 

In most articles, the advice for change does not include estimates on how far 
universities' more traditional science and knowledge roles will be affected. There is 
consensus that the vertical and horizontal parts of education towards “T” shaped 
skills could at least be partly integrated within complex real-world challenges, but 
detailed curriculum advice on the balance between fundamental science education 
versus integrated skills education is not given. More research on this is needed, which 
might have to be study program title-specific. 

Universities might already anticipate some of the trends. However, all the trends 
together suggest the need for change at the three educational levels: system, 
curricula, and courses. The literature scan yielded no articles on the combined effect 
of trends and the combined changes needed at the three educational levels. This area 
requires more research: a more specific literature scan and more research leading to 
articles on this topic. A first idea can be obtained by using the system-level change in 
terms of educational ecosystems, as discussed by Den Brok (2018). He advises on 
education design for Structure, Connections, Culture, Pedagogy and Spaces. When 
there is a clear definition of the required T-shape skills of graduates available, the 
curriculum and courses can be drafted by integrating them into that educational 
ecosystem while using ideas found in the results section: Developments in the 
population of learners and in: New options for the design of learning. Additional 
considerations with details in the result section are the effect of changes within 
science and research and new societal roles for universities. 
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10. Appendix 1 
Overview of horizontal parts of T-shaped competencies/skills for future graduates found. 

Article Horizontal Competencies/skills for Future Graduates 

Acosta Castellanos and Queiruga-Dios (2022) Need to shift from environmental focus to focus on sustainable development. 

Bezanilla, Galindo-Domínguez, and Poblete (2021) Critical thinking 

Donoso-González, Pedraza-Navarro, and Palferro-
Fernández (2022) 

Entrepreneurial identity: leadership, creativity, autonomy, initiative, 
entrepreneurial knowledge and skills  

Gan et al. (2022) Well-being and life skills 

Gáspár, Hideg, and Köves (2021) Foresight competence: forward-looking thinking and back-casting; more 
responsible and future-conscious economic actors 

Geertshuis, Wass, and Liu (2022) Generic capabilities for students for an uncertain future 

Green, Hertzman, and Banderlipe (2021) Independent thinking and global citizens who will make a difference also in future 

Grosemans, Coertjens, and Kyndt (2020) Self-efficacy and achievement goal orientation 

Hüsing et al. (2020) T-shaped and ready for new high-tech jobs and advanced service 

Islam and Stamp (2020) Global, International, and Intercultural (GII) competencies 

Kamp (2020) Technical and data literacy, agile and resilient, critical and holistic thinkers, can 
work outside their comfort zones, interdisciplinary global team worker, ethical 
leader 

Kleimola and Leppisaari (2022) Reflective competence, self-awareness and self-management, learning literacy, 
personal agency and self-efficacy, digital competence 

Lemmens (2015) Disciplinary basis and broad skills: collaboration, communication, information and 
ICT literacy, social and cross-cultural skills, creativity, innovation, critical thinking, 
decision making, flexible problem solving, adaptability, openness, learning to learn 
and entrepreneurial skills 

McPhillips and Licznerska (2021) Creativity, Entrepreneurship, and Cooperation as parts of Open Innovation 
Competence 

Michigan-state-University (2022) T-shape, Boundary Crossing Competencies (Teamwork, communication, 
perspective, networks, critical thinking, global understanding, project 
management, etc) 

Van Puffelen and van Oppen (2020) A global mindset and the ability to effectively operate in a multicultural 
environment 

Wals (2015) Can handle wicked problems and boundary crossing. Sustainability competence 
examples: Sustainability literacy, Systems thinking, Adopting an integral view, 
Learning to know, Questioning hegemony and routines, Analysing normativity, 
Disruptiveness, transgression, Learning to critique, leadership and 
entrepreneurship, Unlocking creativity, utilizing diversity, Appreciating chaos & 
complexity, Adaptation, resilience Empowerment and collective change, Learning 
to make change, Connecting with people, places and other species, Passion, values 
and meaning-making, Moral positioning, considering ethics, boundaries and limits, 
Learning to be, learning to care 
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