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Shaping the Future of the Engineering Profession
A necessary breakthrough in mindset and culture to future-proof our industry

M. M. Buhler
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Fig. 1. What are the most critical areas of transformation in the construction industry? [6]

„The illiterate of the 21st century will not be those who cannot 
read and write, but those who cannot learn, unlearn, and relearn" 
Alvin Toffler (1928-2016)
American writer, futurist and businessman

the engineering profession renews itself continuously, bet
ter promotes its accomplishments, and cultivates a future 
generation or engineers. This next generation of engineers 
must be well equipped to contribute to society, must lead 
and shape global issues, identify and solve not only techni
cal problems but find, articulate and pursue the societal op
portunities of tomorrow. Humankind in the 21st century' is 
faced with numerous global challenges and risks [4j, such 
as failure of climate-change mitigation and adaptation, fai
lure or increasing cyber vulnerability or critical infra
structure, water crises and failure of long-term strategic in
frastructure and urban planning. The civil engineering pro
fession needs to bear these challenges and lake on more re
sponsibility [5]. A business-as-usual altitude in the face of 
such cruel challenges will not be the responsible course of 
action.

1 Introduction and background

We cannot ignore that we already arrived amid the next in
dustrial revolution that fundamentally transforms our eco
nomies, our societies and even who we are as human 
beings. Thinking and acting around this Fourth Industrial 
Revolution (4IR) [l] - which is characterized by a range of 
new technologies [2] that are fusing the physical, digital and 
biological worlds - demand that we acquire new skills and a 
new style of leadership [5]. With these deep-seated changes 
impacting us, educational requirements for the engineering 
profession will be heavily in flux. To successfully meet the 
environmental, societal and financial challenges of an in
creasingly complex and hyper-connected world, we must 
gel together to rethink and reinvent our profession. Hence, 
we must ask ourselves how we can create a more integral 
engineering curriculum that will anticipate industrial dis
ruption and sufficiently prepare our young as well as estab
lished civil engineers for the future. The 4IR demands that

2 Transforming the engineering profession

When asked the top three most critical areas of transforma
tion in civil engineering, during the World Economic Fo
rum’s Annual Meeting 2018, Chief Executive Officers of the 
construction industry [6] prioritized the key areas as fol
lows: Attracting new talent and building up required skills, 
integrating and collaborating across the value chain and 
adopting advanced technologies on a large scale (Figure 1). 
Similarly, during the Annual Summit of McKinsey’s Global 
Infrastructure Initiative in the fall of 2018, construction exe
cutives were asked what the greatest challenges will be for 
project leaders in the next decade: Developing a culture of 
innovation that embraces disruptive technologies, at
tracting and retaining the right talent, moving to more col
laborative, less adversarial contractual arrangements and 
developing a more diverse and inclusive workforce [7j were 
the topmost challenges identified.
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Table 1. Impact of technological change on education paradigm [22]

Period Industrial changesName Educational changes

1" industrial 
revolution

Invention of steam engine, the transition from ma
nual labour to machine

Emergence of work specializations, establishment of 
professional schools, development of universities' 18,h to 19th century

Transition to electricity, development of transport, 
communications, development of high-tech 
industries

Development of multilevel training system for in
dustry, standardization of education, prestige 
growth of engineering education

19, h - beginning of
20, h century

2nd Industrial 
revolution

Integration and globalization of education, deve
lopment of academic mobility, transition to the in
ternational educational standards, increase in trai- 
ning specialists for services

2nd half of 20"' to be
ginning of 21" centu-

Transition to telecommunication technologies, 
automation of production, rapid development 
of services

3rd industrial 
revolution

ry

Individualization and virtualization of education, 
strengthening of project and multidisciplinary na
ture of engineering education, the development of 
interactive educational resources

The Internet of things, integration of 
"cyberphysical systems", or CPS, in production pro
cesses, neuronet

Beginning of 21" 
century

4*h industrial 
revolution

Engineering education is not yet sufficiently tailored to fos
ter and train for effective multidisciplinary collaboration to 
master the 4IR as well as prepare the engineer to lead, ne
gotiate and communicate in an increasingly complex and 
technology-driven construction ecosystem [8J. While there 
is a growing number of multi-disciplinary, user-centred and 
entrepreneurial curricula that point in the right direction 
and embrace active project-based learning as well as focus 
on rigor in the engineering fundamentals, a paradigm shift 
is required to fully be able to mitigate today’s challenges. As 
evidence shows, failure to educate for and to establish clear 
and efficient project-wide collaborative and multi-discipli
nary practices can be disastrous:
Most of the capital projects from numerous sectors still 
struggle to deliver on-time, on-budget and on-scope pro
jects, damaging business performance, reputation and fi
nancial sustainability |9J. Over 90% of mega projects face 
cost overruns [ 10], and across all capital project sectors, the 
cost of claims and commercial disputes is estimated to be 
approximately $ 870 billion globally [11].
To overcome these major challenges and the lack of colla
boration in capital projects, experts and practitioners are 
increasingly proposing more collaborative contractual and 
procurement frameworks that ensure success by reducing 
project complexity, incentivizing risk sharing, and promo
ting information sharing which is also becoming a key com
petitive requirement in the age of 4IR. In the United King
dom for instance, which is now leading globally in develo
ping and implementing collaborative contracting practices, 
the Latham Report [12] described the construction industry 
as ineffective, adversarial, fragmented and incapable of de
livering for its customers, proposing that there should be 
greater partnering and teamwork. The Egan Report [13], 
the UK Construction Strategy [14], and the Farmers Review 
[15] reinforced this message highlighting that society does 
not get full value from public sector construction, the con
struction sector under-performs, that there are poor and in
consistent procurement practices leading to waste and inef
ficiency and that there are low levels of standardisation, and 
fragmentation of the public-sector client base. There is wi
despread agreement that collaborative relationships combi
ned with a tolal-cost-of-ownership approach can deliver su
perior results, so long as they remain focused on mutual va
lue. There is general agreement that adversarial negotiati
on and unbalanced risk allocations damage the potential for

collaboration and that this, in turn, undermines innovation 
and realising value. Establishing collaborative practices is 
of importance on capital projects, as they are likely to invol
ve bringing together large number of diverse disciplines, 
many of whom will not have worked together before. They 
are also likely to involve the coordination and integration of 
a great deal of complex information, procedures and sys
tems.

3 Leading a paradigm shift in engineering education

The First Industrial Revolution used water and steam power 
to mechanize production. The Second used electric power 
to create mass production. The Third used electronics and 
information technology to automate production. Now a 
Fourth Industrial Revolution is building on the Third, the 
digital revolution that has been occurring since the middle 
of the last century. It is characterized by a fusion of techno
logies that is blurring the lines between the physical, digi
tal, and biological spheres. [16] As a consequence, we must 
educate engineering students for a future whose main cha
racteristic is ambiguous change. New 41R technologies will 
impact what the next generation of engineers need to learn, 
as well as how they learn. The First Industrial Revolution 
saw an emergence of work specializations and with it the 
proliferation of new educational models including the 
establishment of professional schools and the development 
of universities (Table 1), as society evolved its accommoda
tion with new’ technologies and the new economy they pro
duced. It is reasonable to expect something similar this time 
around, with a whole generation of engineering curricula 
reformers and ed tech entrepreneurs already experimen
ting with new learning tools and new educational priorities 
[17] suitable to help inspiring innovators redefine the indus
try [18]. As shown in a recent report, technology and globa
lization arc already significantly transforming the enginee
ring work [19J. However, engineering education and trai
ning systems, having remained mostly static and underin
vested in for decades, arc largely inadequate for the new 
4IR labour markets [20]. We must therefore rethink the way 
talent is developed and deployed in the world. This will re
quire breaking down old silos between education systems 
and labour markets, more agile approaches to regulation, 
new forms of public-private collaboration, and new norms 
and values [21].
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Fig. 2. Three pillars to solve the industry's talent and skills gap [32]

4 Closing the talent and skills gap in construction grammes, and adopt new technologies that will advance 
productivity and job satisfaction. Companies must also up
date their work culture to appeal to younger workers and 
become more diverse, including increasing the percentage 
of women in the industry. Industry organizations should run 
image campaigns to promote construction jobs, target pro
spective new pools of talent, such as employees with suitab
le skills from other industries like gaming, establish com
mon bodies of knowledge, make career paths more transpa
rent, and collaborate on training with academia and voca
tional training providers. Government must use its role as a 
regulator and major owner of public works projects to deve
lop regulations and sponsor initiatives that spur innovation 
and thereby increase the attractiveness of the industry. It 
must also harmonize building standards to make projects 
less complex and less labour intensive, update public-spon
sored apprenticeships and academic programmes to inclu
de trainings on new skills, and boost support for job ser
vices [51] (Figure 2).
The 4IR is transforming the world of work. Technology is 
advancing faster than humans, disrupting both jobs and the 
skills needed to compete [55]. Research by McKinsey [54] 
suggests that globally about half of the jobs performed by 
humans today will be disrupted by automation, and a survey 
of business leaders by the World Economic Forum [55] sug
gests that 42 % of the core job skills required today are set to 
change substantially by 2022. The OECD estimates that 
14% of existing jobs could disappear as a result of automa
tion in the next 15-20 years, and another 52% are likely to 
change radically as individual tasks are automated [56]. 
With the Fourth Industrial Revolution [57] advancing, em
ployers are demanding a greater mix of skills.

Skills gaps across all industries are poised to grow in the 
Fourth Industrial Revolution. Access to skilled workers is 
already a key factor that sets successful companies apart 
from failing ones, in an increasingly data-driven future - 
the European Commission believes there could be as many 
as 756 000 unfilled jobs in the European ICT sector by 2020 
[25] - this difference will become even more acute. Rapid 
advances in artificial intelligence (AI), robotics and other 
emerging technologies are happening in ever shorter cy
cles, changing the very nature of the jobs that need to be do
ne - and the skills needed to do them - faster than ever be
fore. At least 155 million new roles generated as a result of 
the new division of labour between humans, machines and 
algorithms may emerge globally by 2022, according to the 
World Economic Forum. There mil also be strong demand 
for technical skills like programming and app development, 
along with skills that computers can’t easily master such as 
creative thinking, problem-solving and negotiating [24]. 
According to recent studies [25] of the World Economic Fo
rum, in particular the construction industry urgently needs 
new talent and skills [26] to help in the adoption of new 
technologies that mil foster the sector’s transformation to 
be able to address global challenges such as climate 
change, resource scarcity, rapid urbanization, the housing 
crisis and the infrastructure gap. The challenges, however, 
continuously emerge and require every civil engineer lo le
arn in new ways, and lo think far beyond traditional boun
daries [27].
In the past 50 years, the construction industry has failed lo 
innovate as quickly as other sectors, resulting in stagnating 
productivity and negative effects on the economy, society 
and the environment [28]. An ongoing industry-wide shorta
ge of qualified workers is among the key reasons. This shor
tage has undermined project management and execution, 
adversely affecting cost, timelines and quality. It also has 
impeded the adoption of new digital technologies, such as 
building information modelling (BIM) [29], automated 
equipment and cloud-based collaboration tools, which 
could improve productivity [50].
To counter the current talent and skills gap, construction 
companies must strategically plan talent supply and de
mand, improve in-house learning and development pro-

5 Refocussing on future skills

A recent Pew Research Centre [58] survey of 1 408 technolo
gy and education professionals suggested that the most va
luable skills in the future will be those that machines can’t 
yet easily replicate, like creativity, critical thinking, emotio
nal intelligence, adaptability and collaboration. In short, 
people need lo learn how to leam, because the only hedge 
against a fast-changing world is the ability to think, adapt 
and collaborate well.
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According to analysis [39] from the world’s largest profes
sional-networking site Linkcdln, 2019’s employers are loo
king for a combination of both bard and even more impor
tantly soft skills, with creativity topping the list of desired at
tributes. According to Linkcdln CEO Jeff Weiner, the big
gest skills gap he sees is soft skills. After creativity, the lop 
soft skills were persuasion, collaboration, adaptability and 
time management. What most employers want, Weiner 
says, are written communication, oral communication, 
teambuilding, and leadership skills.
According to a recent World Economic Forum report |40j, 
the Top 10 Skills of 2020 arc all soft skills-with people and 
cognitive skills gaining precedence over others. A reported 
|41] 57% of leaders, including Sheryl Sandberg, Chief Ope
rating Officer of Faccbook, and Eric Schmidt, Executive 
Chairman of Google, agree that soft skills arc more impor
tant than hard skills in job candidates. As technologies like 
automation and algorithms create new high-quality jobs 
and wipe out others, demand for such competencies is only 
likely to increase. The findings chime with the World Eco
nomic Forum’s Future of.lobs report [42J, which concluded 
that “human” skills like originality, initiative and critical 
thinking arc likely to increase in value as technology and 
automation advances. The Forum looked at how the desira
bility of those attributes is likely to evolve over time, with 
active learning, creativity and social influence climbing up 
the list. “Strengthening a soft skill is one of the best invest
ments you can make in your career, as they never go out of 
style,” according to Linkcdln Learning Editor, Paul Petrone. 
“Plus, the rise of AI is only making soft skills increasingly 
important, as they are precisely the type of skills robots 
can’t automate.” The hard skills in demand also reflect the 
increasingly digital world, with cloud computing and AI co
ming out on top, with engineers in demand as more and 
more services and data migrate to the cloud, followed by 
analytical reasoning, since companies need to make decisi
ons based on the myriad of data that’s now accessible to 
them. People management came fourth, followed by user 
experience design - the process of making all these new 
technologies accessible and easy for humans to interact 
with.
Enlisting and managing talent has long been a challenge for 
the construction sector. As Brendan Bechtel, chairman and 
CEO of Bechtel Group, says: “Ours is a people business that 
depends on fielding the most capable project teams in the 
world.” It’s a challenge that’s only going to be more pressing 
in the years ahead - and not solely in construction. A recent 
World Economic Forum report [43] warns how troublesome 
coming employment trends might prove: the continuing vo
latility of workforce demand and composition; the scarcity 
of skilled labour, driven by demographic shifts; and the de
mand for new and broader skill sets at all levels, driven by 
surging technology.
In a recent construction-industry survey conducted for the 
World Economic Forum, with more than 100 respondents, 
77% of respondents agreed that the industry is not doing 
enough to attract and retain talent, and not one of the res
pondents fully agreed that the industry is investing enough 
in recruitment. To keep up, attracting new talent and im
proving the skills of the existing workforce were deemed 
priorities by 74% of industry CEOs at the 2018 World Eco
nomic Forum in Davos. Improving integration and collabo
ration along the value chain (65 %) and adopting advanced

technologies at scale (61 %) were other key actions they 
considered.

■ 6 Adopting novel approaches in engineering education

Today, thought leaders in engineering education agree col
lectively that the progress of students’ higher-order cogniti
ve and intellectual aptitudes is one of the most vital educa
tional tasks of engineering programs. These capabilities 
reinforce engineering students’ perceptions of the world 
and the subsequent decisions they make. Specifically, criti
cal thinking [44] is central to both personal development 
and societal needs. The capacity of engineering students to 
master good reasoning to problem solutions can be fostered 
by a didactic process aimed directly at developing students’ 
critical thinking skills [45].
The latest World Economic Forum's Future of Jobs Report 
[46] slates that half of all surveyed companies expect that 
their workforce will be reduced due to automation by 2022. 
The report revealed that at least 54 percent of employees 
will need to reskill or upskill to meet future demands. Shif
ting from being transmitters of knowledge to becoming en
vironments for students to develop the skills and qualities 
needed to thrive in the future and keep pace in a rapidly 
changing world. For the Forum, there’s also a “growing 
skills instability” where technology changes the profiles of 
many current jobs and different competencies are required. 
According to a recent study on “the global stale of the art in 
engineering education” conducted by the Massachusetts In
stitute of Technology’s (MIT) New Engineering Education 
TVansformation (NEET) initiative, a range of key barriers 
continue to constrain positive change in engineering educa
tion worldwide including but not limited to:

- Misalignment of government and higher education 
goals,

- Failure to deliver student-centred active learning [47] 
to large student cohorts,

- Siloed monodisciplinary structure of many enginee
ring schools, and

- Faculty appointment and promotion systems that are not 
perceived as rewarding teaching achievements [48].

However, some positive developments in changing the di
rection of the engineering education sector can be obser
ved. In this context, the NEET study identified a set of cur
rent and emerging education institutions that demonstrate 
good educational practices including

- user-centred design,
- technology-driven entrepreneurship,
- active project-based learning, and
- a focus on rigor in the engineering fundamentals.

A group of current [49] and emerging [50] institutions in en
gineering education introduced a new generation of engi
neering programmes, many of which were developed from 
a blank slate or the product of systemic educational reform, 
and which were ofien shaped by competitive pressure as 
well as specific regional needs and constraints. Distinctive 
educational features of these leading programmes include 
work-based learning, multidisciplinary programmes and a 
dual emphasis on engineering design and student self-re
flection. The study suggests that the novel programs have 
benefitted from strong and visionary academic leadership, a 
faculty culture of educational innovation and new tools that 
support educational exploration and student assessment. As

Jahresausgabe 2019/2020VDI-Bautechnik
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a key takeaway of the NEET study, A 
most successful engineering pro
grammes move towards socially rele
vant and outward-facing engineering ^ 
curricula. Such curricula emphasize wio- 
sludent choice, multidisciplinary 
learning and societal impact, coupled |? 
with a breadth of student experience §_ 
outside the classroom, outside tradi
tional engineering disciplines and 
across the world. Novel approaches 
of engineering education deliver dis
tinctive, student centred curricular
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been designed from scratch and Re

gressive curricula, for instance of

lowed an integral reform approach. Hands-on experiences 
such as work-based learning and societally relevant design 
projects are embedded into the programmes in a way that 
provides a solid platform for student self-reflection and a 
pathway for students to both contextualize and apply the 
knowledge and skills they have gained elsewhere in the 
curriculum. Clearly, a new generation of leaders in engi
neering education is currently emerging delivering integra
ted student-centred curricula at scale that include mullidis-

thod are more likely to grow and grasp the conceptual un
derstanding of a topic than those who sit through a traditio
nal lecture.
The case method promotes authentic situations and embed
ded scenarios that the students learn in the confines of the 
institution further bridging the gap between theory and ap
plication. The preparation of the construction engineering 
student is achieved by student centred active learning by fo
cusing on the case study and apprenticeship pedagogical 
methods. This will allow us to link technical content with 
applied knowledge and experiences [60]. Business and en
gineering case studies have been found to increase stu
dents4 critical thinking and problem-solving skills, higher- 
order thinking skills, conceptual change, and their motiva
tion to learn. Results suggest that participants felt the use of 
case studies was engaging and added a lot of realism to the 
class making the content more relevant to students. Case- 
based instruction can be beneficial for students in terms of 
actively engaging them and allowing them to see the appli
cation and/or relevance of engineering to the real world 
[61]. At St. John’s [62], for instance, you will not find 
100-person lectures, leaching assistants or multiple-choice 
tests. Instead, classes are led by tutors who guide students 
through a Socratic inquiry. Despite its reputation as a mer
ciless exercise in student humiliation, the Socratic method 
is an interactive form of intellectual sandpapering that 
smooths out hypotheses and eliminates wreak ideas through 
group discourse. T\itors lead St. John’s discussions but rare
ly dominate; they are more like conversation facilitators, 
believing that everyone in class is a teacher, everyone a le
arner [65]. The Socratic inquiry prepares engineering stu
dents to become excellent communicators better navigating 
an increasingly complex construction mullislakehoider 
ecosystem.

ciplinary design projects, which contextualize and integrate 
learning across courses and years of study. Students are 
being put at the centre and use the resources to facilitate 
team projects and authentic experiences, subsequently the 
taught curriculum is pul online. As a result, almost all tech
nical engineering content - including both knowledge and 
skills - is delivered online and accessed independently by 
students, as and wiien they need it. This new' approach is 
described as “completely rethinking what engineering edu
cation ought to look like” with the potential to be “very in
fluential, if they can pull it off.” [55]
In summary, bold new methodologies that most effectively 
connect science and technology to real-life situations using 
active learning pedagogies need to be emphasized more in 
engineering classrooms. Discussions have revolved around 
project-based learning, case-based learning, discovery lear
ning, and just-in-time leaching with three instructional ap
proaches of active learning, cooperative learning, and pro
blem-based learning [54]. The benefits of using these pro
gressive approaches are improved retention of knowledge, 
better reasoning and analytical skills, development of hig
her-order skills, greater ability to identify relevant issues 
and recognize multiple perspectives, higher motivation and 
awrareness of non-lechnical issues. Many of these outcomes 
are part of the expected attributes of civil engineers outli
ned by professional bodies [55].
Learner-centred pedagogies, such as the case method [57] 
or Socratic inquiry [58], make material more relevant and 
increases motivation for students [59]. The traditional me
thod of instruction, lecture based, does not appeal to today’s 
scholar and does not provide adequate training as needed 
for professional development and readiness. A metanalysis 
of 225 studies shows that active learning clearly leads to in
creases in examination performance (Figure 3). The stu
dents who encounter material delivered via the case

7 Shaping the future of the engineering profession

The construction industry is at an inflection point, analo
gous to the move from landline telephony to cellular tech
nology. 41R technologies are disrupting the industry, prori
ding new opportunities to address the challenges of poor 
profitability and productivity, project performance, skilled 
labour shortages, and sustainability concerns. The techno
logical transformation of the construction industry is not ame-
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question of if or when - the changes are happening now 
[64J. Today, construction is an ever-evolving industry with 
numerous trends impacting the methods with which buil
dings are built and strategics upon which construction com
panies are managed. Therefore, construction professionals 
arc increasingly charged with understanding these industry 
trends and converting emerging challenges into capitalized 
opportunities.
This in turn requires also a paradigm shift in engineering 
education. For construction educators to properly prepare 
students with the associated competencies for the advanced 
work of construction of the future, they must forecast the 
future and develop curriculum aligned with the projected 
proficiency requirements. Construction education pro
grams have a growing responsibility of forecasting the ne
cessary competencies for successful future construction 
professionals and refining academic curriculums to best 
prepare students for the construction work of the future

be passed to virtual tutors. The role of gaming environ
ments and augmented reality in educational activities is 
growing. According to forecasts |G7|, games and teamwork 
will become the dominant forms of education and social life 
by 2055. Another direction of education development is 
strengthening of its project nature, blurring the distinction 
between traditional technical and humanitarian education. 
This requires the creation of new interdisciplinary courses, 
the revision of the classical approaches to engineering and 
humanitarian education [68]. Rethinking the civil enginee
ring profession will in turn shape the service to society and 
consequently can enhance the welfare of humanity.
By setting out a bold vision and creating a culture that is un
daunted by tradition, Elon Musk and other successful inno
vators manage to attract the best talent from very different 
fields and to defy standard industry practice. In contrast, 
many or most construction companies are characterized by 
a conservative, “fear of failure” corporate culture and ham
pered by organizational inertia. Culture is a talent magnet, 
and construction companies need to implement a corporate 
culture that challenges the status quo and embraces inno
vation wholeheartedly. Thus, incremental culture change is 
not an option any more in the construction industry. The 
myriad potential changes in the construction industry lead 
to high ambiguity and make it impossible to predict what 
lies ahead. By redefining the ultimate frontier, leapfrogging 
innovations in construction will finally help address major 
societal challenges, from mass urbanization to climate 
change. The widespread adoption of game-changing inno
vations that consider a variety of possible futures is going to 
make a serious impact, socially, economically and environ
mentally.

■

[G5|.
The global engineering community is starting to rethink ex
tensively about how to best prepare the engineers of tomor
row. To future proof the profession, civil engineers must be 
prepared with a broader and deeper vision [66| that embra
ces the challenges and complexities of the 4IR. As a commu
nity, we urgently need to develop a blueprint for shaping the 
future of the civil engineering profession taking a holistic 
systems’ view. This vision needs to influence how we edu
cate the next generation of engineers as well as how we 
build, maintain and increase an interactive body of 
knowledge and methodologies in light of the 4IR with artifi
cial intelligence as a mentor and partner in knowledge ge
neration and dissemination. The role of teachers soon may

!
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