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About the Lloyd’s 
Register Foundation 

In support of this, we promote 
scientific excellence and act as 
a catalyst working with others to 
achieve maximum impact.

The Lloyd’s Register Foundation 
charitable mission:

• To secure, for the benefit 
of the community, high 
technical standards of design, 
manufacture, construction, 
maintenance, operation and 
performance for the purpose of 
enhancing the safety of life and 
property at sea and on land 
and in the air. 

• The advancement of public 
education including within 
the transportation industries 
and any other engineering and 
technological disciplines.

Our vision is to be known 
worldwide as a leading 
supporter of engineering-related 
research, training and education, 
which makes a real difference 
in improving the safety of the 
critical infrastructure on  
which modern society relies. 
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Although this report encourages colleagues in higher 
education to be outward looking in their search 
of opportunities to enhance the attractiveness of 
engineering, it makes a particular emphasis of challenging 
them to look inward – to scrutinise the education offerings 
provided by their universities and colleges and to examine 
if the curricula and pedagogies are fit for purpose in the 
21st century. This need not necessarily be a revolution, 
but an evolution through a critical and holistic review of 
the main questions faced as well as some of the innovative 
solutions that can be brought to engineering education 
and lifelong learning. At the core of this transformation 
are necessary changes to the way we conceptualise 
engineering education and practice in light of the main 
challenges faced. 

In the first instance, there must be a more accurate definition 
of who engineers are and the work they do, so as to recognise 
the changes that have come to the industry in response to 
global grand challenges that demand environmental, social 
and innovative solutions, at scale. Engineering must come to 
be perceived by the public and projected by policymakers and 
engineering stakeholders in cultural contexts as an integral 
activity that is vital to progress; one which draws from creativity, 
teamwork capabilities, divergent thinking, multidisciplinarity and 
entrepreneurialism. Disciplines have diversified and multiplied 
over the past few decades, opening new spaces for practice and 
research, such as in the fields of nanotechnology, sustainable 
energy and biochemistry. To help, stronger role models are 
needed, with new representations of engineers from a diversity of 
superstars in a variety of roles. 

Leading from this, new strategies for engineering education are 
required. Greater emphasis on student-centred pedagogies 
and inventive new models for curriculum that highlight capability 
formation are needed, rather than stagnant models that only 
focus on technical aspects. This report presents several 
inspiring and aspiring examples of innovations that are taking 
place in engineering programmes around the world. Depending 
on resources, culture, discipline and mandate, schools can 
enhance their offerings by looking both inward and also outward: 
partnerships with other institutions including pre-engineering 
schools as well as engineering colleges and universities, non-
governmental organisations and local businesses provide a 
wealth of opportunity for diversification and can contribute to the 
expansion of engineering. Particularly key are strategies that can 
better prepare students for their careers. Old models of teaching, 
and teaching in disciplinary silos that are disconnected from the 
dynamics of the workplace must be replaced. Transferable skills 
development must also be incorporated in engineering education, 
on equal footing to hard skills.  

A third crucial reimagining proposes that inclusion and diversity 
in engineering can become naturally a part of the industry if 
we simply stop emphasising the legacies of our past and start 
projecting inclusion in all areas of engineering education:  
interdisciplinary educational offerings, multidisciplinary and  
real-world projects, cross-border and international curricular 
aspects, engagement that begins at the earliest stages of 
education and changes to our imagery in popular culture. 
Diversity needs to be seen – in engineering leaders, in various 
geographies, in the student body – just as much as it needs to  
be part of our discussions. And, messages about diversity need 
to be clear, consistent and relevant.

Lloyd’s Register Foundation has a diverse portfolio of 
engineering-related research, training and education grants. 
Through its safety-driven mission, the Foundation is already 
recognising that modern engineering has a multi and 
interdisciplinary nature. In seeking to address more challenges 
related to its mission, the Foundation can use the findings of this 
review to help it have greater influence, and drive more innovative 
and creative interventions. 

Executive Summary This Review of Engineering Education, commissioned by Lloyd’s Register 
Foundation, provides a rallying cry for engineering educators to engage with 
schools, colleges and industry to reimagine engineering and the journey that 
young people will be making to become 21st century professional engineers. 

Lloyd’s Register Foundation 
and the UCL Centre for 
Engineering Education 
have taken leadership in 
bringing together various 
communities who are vested 
in the future of engineering 
and engineering education 
in an effort to understand 
the challenges that the 
education system as a 
whole and the engineering 
industry face in meeting 
the anticipated demand for 
professional engineers in the 
years to come. The ambition 
is to form new knowledge, 
strengthen competencies 
and inspire new pathways we 
can share across contexts. 
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Foreword Background
In recognition that the challenges facing 
engineering and the potential solutions are 
global, Lloyd’s Register Foundation and the 
Centre for Engineering Education at University 
College London hosted a two-day, international 
symposium consisting of representatives from 
engineering education, engineering companies and 
engineering professional institutes in September, 
2016. Complementing this was a two-day student 
and graduates workshop, hosted by Aston 
University in March, 2017. Through discussions and 
debates, we worked to identify the most pressing 
questions that engineering education faces 
globally. Contextual, disciplinary and generational 
differences promoted creative dialogue, and 
consensus on a call to action centred around three 
major themes: reimagining the engineering role 
and profession for the 21st century; reimagining 
strategies for learning; and reimagining diversity 
in engineering education. Future-facing student 
perspectives, as well as examples of innovation 
and transformation inspired this report and, 
although not prescriptive, led to recommendations 
that all can embrace in aspiring to strengthen 
engineering in all parts of the globe. 

This report, commissioned by 
Lloyd’s Register Foundation, 
considers the challenges that 
face engineering education and 
in particular the often-stated 
view that increased numbers 
of engineering graduates will 
be needed to maintain social 
and economic prosperity in 
the coming century. It offers 
a rallying cry to educators, 
employers and other bodies 
working with the engineering 
sector to reimagine how 
we frame engineering and 
engineering education, so as 
to ensure that we attract from 
the widest pool of talent and 
create the next generation of 
engineering leaders.

Countless initiatives, particularly over the 
last two decades, have strived to widen 
participation and increase the numbers 
of young people choosing engineering 
careers. Despite this, the diversity of talent 
in engineering professions around the 
world is limited and significant numbers of 
new engineers are still urgently required 
to meet the needs of society. At the same 
time the rapid pace of technological 
development, particularly concerning 
automation and data exchange, is 
changing our understanding of what 
engineering is, and the skills that are 
required to be an engineer.

This review acknowledges that engineering 
education needs to change if it is to be fit for 
purpose. Through a broad view of engineering 
education at university-level, including the 
student viewpoint, perspectives from industry, 
professional bodies and policy-makers, the 
review asks why so few engineers are entering 
industry, examines new models of engineering 
education and proposes ways in which 
engagement might be increased. Importantly, it 
provides several high-level recommendations that 
offer a starting point for the global engineering 
education community to reimagine who 
engineers can be, and how they can be prepared 
for the global challenges of today and the future.
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Introduction to 
Engineering Education 

However, to do this, innovative technologies by themselves 
are not enough. It is vital that the modern engineer 
understands technology’s role in society, the economics of 
designing, manufacturing, the processes of bringing new 
technologies to market, as well as the political and social 
implications of their decisions. As engineering evolves, 
educators, employers and society require engineering 
educators to question the changing nature of engineering 
as a profession and how it will have to unfold over the next 
40-50 years, which represents the working lifetime of our 
current graduates.

This emergent vision of the modern engineer comes at a time 
when, both in the UK and internationally, concerns are being 
raised about the supply of engineering graduates into the 
profession. The scale and diversity of our intake is of particular 
concern, as is the transition of our graduates into the workforce, 
though the pattern of this concern differs from country to country. 
This has implications for many areas. The gender divide in 
engineering is, quite rightly, most often emphasised, for example 
through the current “#9PercentIsNotEnough”1 campaign that 
highlights that in the UK only 9% of industry is female. However, 
issues of diversity and inclusivity run much deeper. To meet the 
demands for engineering graduates we must grow our intake 
into engineering qualifications, casting our net wider, beyond 
those traditionally drawn to engineering. To do this it is essential 
to attract creative, enthusiastic and engaged students from 
all backgrounds and not just from a narrow pool of maths and 
physics A-level students. This is challenging, as our image of 
visionary and inspirational engineers implementing technologies 
to improve society is not given enough prominence in popular 
culture. This represents a significant barrier to ensuring that key 

decision-makers view engineering as an attractive and appropriate 
career for our young people. As was pointed out in the Uff 
review2, the fragmentation of the disciplines into many separate 
professional institutions and disciplines adds complexity and 
artificial barriers which are not helpful to this task, especially in 
light of the growing inter-professional nature of much engineering 
work, post-degree.

As a response to changes in the engineering profession, we are 
seeing a growing community of engineering educators who are 
reimagining the way we educate and train our future engineers. 
Indeed, educators at all levels are trying to identify new ways of 
supporting students, their transitions into engineering education, 
engineering degrees, through to employment, and throughout 
different stages of their professional. Across the world, we are 
seeing new examples of significant evolution, if not revolution, 
in our engineering courses and programmes, challenging the 
underlying nature, role and value of engineers so that training 
more accurately attracts the talent needed and equips that talent 
for the profession and lifelong learning. 

There is no magic bullet and no single answer. Each institution 
is reinventing its own offering and developing new structures, 
activities and curricula that strengthens the knowledge, skills 
and attitudes required of the modern engineer, adapted to local 
contexts. Common themes and directions are emerging, inciting 
a new narrative for the journey of engineers. We argue that to 
gain mainstream traction and to have real impact, these common 
philosophies must be writ large and promoted at all levels; through 
higher education institutions (HEIs), professional institutions (via 
their accreditation mechanisms for example) and in the language 
used by government.

Engineering and the engineers that form the profession are core to future 
prosperity. In the midst of dynamic 21st century global challenges, we are 
all reliant on engineers to use ingenuity, creativity and skill in the design and 
development of the technologies and solutions that will bridge disparities while 
shaping the modern world. 

“ Where the needs of the world 
and your talents cross, there 
lies your vocation.”

 Aristotle

3 National Academy of Engineering. (2017). NAE grand challenges for engineering. Available at http://engineeringchallenges.org/challenges.aspx

4 The Institution of Engineering and Technology. (2013). Global grand challenges: A report on the London 2013 Summit. Available at http://www.raeng.org.uk/publications/other/
ggcs-report

5 Cebr. (2016). Engineering and economic growth: A global view – A report by Cebr for the Royal Academy of Engineering. Available at http://www.raeng.org.uk/publications/reports/
engineering-and-economic-growth-a-global-view

6 OECD. (2012). Strengthening education for innovation. Available at https://www.oecd.org/media/oecdorg/satellitesites/stie-outlook/files/policyprofile/STI%20Outlook%2012_%20
PP%20HR_Education.pdf

7 UNESCO. (2010). UNESCO engineering report. Available at http://www.unesco.org/new/en/natural-sciences/science-technology/engineering/engineering-education/

1 The Institute of Engineering and Technology. (2016). #9percentisnotenough. Available at https://events.theiet.org/9percent/index.cfm, as cited by Goodrich, P. (2016, November 7). 
The engineering gap. BBC News. Available at http://www.bbc.co.uk/news/business-37254851

2 Uff, J. (2016). UK engineering 2016: An Independent review led by Prof John Uff CBE, QC, FREng. Available at http://www.raeng.org.uk/publications/other/uk-engineering-2016

Aims of the report

The aim of the symposium, held in London in September, 
2016, and the student workshop, held in March, 2017, was 
first, to set an ambitious new agenda for all engineering 
stakeholders by taking a new approach to the following 
three issues: 

a) who engineers are and what they do; updating the image of the 
engineer and its pivotal role in innovation and in society;

b) strategies for curricula and learning that support engineers’ 
professional formation – initial and continuing – in the 21st 
century; and 

c) the recruitment of diverse cohorts of students into engineering 
programmes as well as into the engineering profession. 

Secondly, we aimed to identify strategies that the multiple 
stakeholders involved with engineering, both nationally and 
globally, can collectively embrace. These strategies must not 
only ensure that engineering continues to make a decisive 
contribution to the future prosperity of humanity, but also that the 
creative nature of this contribution becomes more widely known 
in societies. If we achieve this, we will ensure that this message 
serves as an inspiration, attracting more young people to seek 
careers in engineering. 

This report achieves these ambitious aims through a two-fold 
strategy based on the premise that engineering education’s 
purpose is to inspire and develop engineers’ ability to tackle 
social, environmental, economic and human welfare innovations, 
on a global scale. First, it extrapolates from the examples of 
innovative practice that emerged in the symposium and workshop 
to recommend new directions and agendas for engineering 
education. Secondly, it ensures these new directions and agendas 
carry momentum forward from, for instance, the growing global 
consensus found in reports from august national bodies. Many 
examples exist such as the National Academy of Engineering’s3 
and the Institution of Engineering and Technology’s4 grand 
challenges reports, the Royal Academy of Engineering’s Cebr 
report5, as well as recent publications from well-respected 
transnational agencies, such as the OECD6 and UNESCO7, which 
all affirm that the purpose of engineering is to design creative 
solutions to pressing global issues.

Through the forward-looking examples of engineering education 
shared at the symposium and workshop, some important gaps 
came to light regarding the current approaches to the ‘thinking, 
becoming and doing’ of engineering. It became clear that 
perspectives on who engineers are and what they do call for a 
further reimagining of engineering education; one that explicitly 
articulates the role that educational and pedagogical strategies 
can play – from primary and secondary schooling (K-12), through 
to higher education and professional development in workplaces. 
The challenge is to identify new ways to attract students beyond 
those who have traditionally been drawn to engineering and, in the 
process, counter the conventional, but unhelpful, wisdom that all 
students need high-levels of maths and physics to successfully 
study engineering. Similarly, there is a need to renew our 
attitudes and methods to stewarding diversity in both engineering 
education and engineering professions so that participation in the 
industry can thrive.

The focus of the following report will be on addressing the gaps 
identified, placing particular attention on the UK but drawing on 
global experiences, with the objective of inspiring and inciting 
the future for engineering education and engineers. Ideas 
that emanated from the symposium and workshop can lead 
to meaningful and transformative action. As a result, the final 
segment of this report will present recommendations which can 
galvanize new approaches to current contexts. Collectively and 
collaboratively, engineering professionals and educators are the 
agents of change for engineering. The industry is ripe for innovation, 
as the world depends on the solutions our engineers command. 

The challenge is to identify new ways 
to attract students beyond those 
who have traditionally been drawn 
to engineering and, in the process, 
counter the conventional, but 
unhelpful, wisdom that all students 
need high-levels of maths and physics 
to successfully study engineering. 
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In the 21st century, with the spectre of robotics and 
advance information systems already well-established 
on the horizon, the pace of change described above is 
likely to not only escalate but also alter dramatically the 
nature of work and life8. Our 21st century challenges will 
therefore require inter/multidisciplinary approaches that 
are at the intersection of science, the humanities and the 
arts. Environmental issues, human-computer interaction 
(HCI) and internationalisation have opened new pathways 
for competence development as well as divergences 
in engineering professions. This is evident from the 
experience of four of the mid-20th century’s major branches 
of engineering – civil, chemical, electrical and mechanical – 
which have diversified dramatically, with numerous sub-
branches developing in each disciplinary area. Despite this, 
there is much to celebrate in the core function of these 
disciplines. A famous civil engineering accomplishment 
in the UK that is central to our imagery of civil engineers, 
almost globally is the work of Brunel (father and son) and 
Joseph Bazalgette, who saved London from cholera by 
constructing new sewers in the Victorian age9. Today, the 
Thames Tideway Tunnel10 has gained just as much notoriety. 

Nowadays, civil engineers also specialise in a multitude of 
areas including environmental, geotechnical, hydraulic, land 
development, municipal, structural and transportation. Similarly, 
chemical engineering has traditionally been perceived as 
an activity undertaken in industrial settings in the areas of 
petrochemicals, plastics and textiles, to name some of the most 
well-known. However, increasingly, chemical engineers are 
undertaking activities in new areas that reflect dynamic needs in 
a changing society. These include biochemical and biomedical, 
energy engineering and pollution reduction. Specialisations can 
ensue in agriculture, bioengineering, data, electrochemistry, 
the environment, food, information systems, kinetics, materials, 
pharmaceuticals, regenerative medicine and transport (e.g. 
nanoscale transport and drug delivery). Electrical engineering has 
also evolved, as did the technologies, from electric power supply 
and distribution to digital computing, microelectronics and the 
technologies that provide the backbone of the internet for example. 
Specialisations can be made in communications, computer 
hardware and software, control systems, electromagnetics, 
electrophysics, electronic design, optics, power systems, remote 
sensing and space systems, semiconductor devices as well 
as signal and image processing to name a few. Mechanical 
engineering, one of the oldest and broadest of disciplines has 
also similarly developed. Innovating machines – ships, sewing 
machines, trucks, typewriters – has always been mechanical 
engineers’ strongest virtue. Notable are their contributions to 
industrial revolutions. Yet, technological advances and pressing 
societal challenges have prompted new areas of demand and 
specialisation for mechanical engineers as well, such as acoustics, 
aerospace, biomechanics, composites, design, environmental, 
fluid dynamics, manufacturing, materials, mechatronics, 
nanotechnology, prosthetic technologies, robotics, solid 
mechanics, structures, transport, as well as welding and joining. 

During the latter half of the 20th century, what was 
produced and the manner in which it was produced 
evolved tremendously. The shift from standardised models 
of production (often referred to as Fordism) to customised 
and bespoke models of production (often referred to as 
Post-Fordism) required people to engage in processes 
of divergent teamwork whereby aspects of science must 
entwine directly with aesthetics, entrepreneurship, 
ethics, finance, marketing, politics, project management, 
psychology, and technology, among others. Upholding 
Ford’s engineering contributions to both product and 
process innovation, it was noted at the symposium how: 
“Ford said ‘If I would have asked people what they wanted, 
they would have responded that they wanted a faster 
horse!’ We need people to think outside the box”.  
Problem-solving, as such, currently ill-defines the 
expectations placed on engineers. Now they are also 
crucial actors involved in identifying problems, gaps and 
needs, as equal objectives to designing solutions.

To do so, it is important for engineers to understand why 
problems arise in societies and how they can provide or work  
with others to provide solutions. 

Engineers require competences in many transferable skills and they 
especially need to be competent in working across boundaries, 
including with people whose specialisation and cultural frameworks 
will most certainly differ from their own. To do so, it is vital for 
engineers to develop different ‘languages’ that will enable them 
to successfully work with specialists from other theoretical, 
occupational and experiential contexts, acting as mediators within 
these complex teams.

Society, innovation  
and engineering: 
Reimagining who engineers 
are and what they do

20th century technological change

21st century evolution of engineering

8 Ford, M. (2015) The rise of the robots. Oneworld Publishers: London

9 Baveystock, N. (2013, August 8). So what does a civil engineer do, exactly? The Guardian. Available at https://www.theguardian.com/careers/what-does-civil-engineer-do

10 See www.tideway.london for more 
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Paradoxically, although the HEI students in the working group 
affirmed the importance and attraction of new engineering 
specialisms, they also noted that the above stereotypes have 
influenced their own perceptions and aspirations towards or 
away from the profession. And, despite best intentions, parents 
who are equally informed by popular culture around engineering 
reinforce barriers, based on the images depicted above. It was 
noted that the enduring ‘ambiguity’ around what engineering 
is and what engineers do equally influences how school pupils 
approach the subject and how their parents view them fitting 
into the educational pathways, as they are currently understood. 
The prevailing notion of engineers-to-be is that they need to be 
very hard-working throughout their entire academic careers and 
that these are dominated with heavy mathematics, physics and 
sciences. However, that is not necessarily the case, and as this 
report will argue, these strong disciplinary blockades to entry 
must be removed. 

As a consequence, the new roles engineers are forging need 
reimagined imagery that highlights them creating, innovating, 
designing and using technologies, working together in teams, 
being in a variety of settings and working across disciplinary 
and cultural borders. Engineers are as creative as they 
are analytical and this multiplicity of specialisations and 
widening of cross-boundary spaces for innovation has 
created opportunities for new ecologies of engineering 
work, learning and innovation. The UK campaign – the 
Year of Engineering – has played an extremely important role 
in the UK to develop public understandings about the work of 
engineers in 21st century, by unveiling what engineering is (vs 
what it was) and celebrating the contributions engineering makes 
towards the continual enhancement of our quality of life. This 
is a vital first step, but the momentum that year of activities has 
created needs to be continued.

A focus on the benefits to society of the profession will provide 
students, and society in general, with a whole new starting 
point for appraising those we need in engineering. These 
new perspectives, in turn, incite new modes of educating, 
encouraging curiosity for and engagement with engineering 
through discussions and projects on energy for instance, and 
how it is produced for society, how agriculture is undertaken in 
order to feed the world, how new technologies are developed 
and how they enhance our lives, etc. Simplifying the complexities, 
demystifying the scientific aspects and focusing on the utility 
and pervasive feats of engineering may well amend some of the 
cultural barriers derived from skewed imagery. The prevalence 
of past structures continues to be deeply damaging to the future 
of engineering. Scientific inquiry complements, yet differs quite 
distinctively from engineering invention. The two are based on 
very different worldviews. Hence, the landscape of who engineers 
are and the work they perform in our modern world has evolved 
and so must our representations.

21st century roles for engineers

The changes in roles for engineers are inexplicably linked 
with the fundamental changes in society. For example, 
technological advances and digitisation, including 
the democratisation of information, have all played a 
formidable role in developing engineering. They have 
also all been enabled by engineering. Today, we find 
almost boundless roles for engineers and various sources 
of engineering knowledge, for instance, big data and 
data-centric engineering11, nanotechnology12, resilience 
engineering13 and robotics14. 

Stemming from this shift, a vision of a ‘hero engineer’ has 
emerged as one who deals with grand challenges in the world, 
one who sets off on heroic quests to engage with population, food 
and water issues for instance. Green engineers drive sustainability, 
tackle pollution, green energy, or carbon footprint reduction. There 
are productive engineers, such as those who aim to rebalance the 
economy, stabilising manufacturing, contributing to the service 
economy. Technician engineers redefine and fulfil technical roles. 
Citizen engineers are those among us who, for instance, take 
the delivery of some artefact or manufactured products from a 
home 3D printer. Digital engineers abound in all parts of the world, 
developing apps that add value to our personal and professional 
lives. Design engineers operate where scientific discovery, artful 
expression and design converge. And, there are ‘hiding-in-plain-
sight engineers’ as well as ‘makers’ and ‘hackers’, performing 
and enacting engineering feats in daily life and in occupations that 
are not always recognised as engineering, without having been 
formally trained as engineers. 

With vibrant online communities of collaborative learning such as 
Yammer.com and YouTube.com readily available to any who face 
an engineering question, engineering knowledge has shifted from 
centralised and static to shared and dynamic. Technology has 
played an enormous role by becoming a central resource students 
use throughout their studies – from bridging knowledge gaps to 
geographic boundaries in collaborative work. Everyday hacks and 
‘grease monkey’ solutions get young people especially excited. 
Such online resources and communities serve a multitude of 
people who are dealing with engineering issues – at home, study 
and work.

Regrettably, the above developments are often not labelled 
or recognised as engineering, hiding from the public a more 
inclusive view of the activities that constitute an easily accessible 
part of the profession. This is a major problem because it was 
mentioned at both the symposium and the workshop that HEIs 
and the profession could attract a great variety of more talent, 
particularly more ‘hands-on’ engineering talent, if perceptions  
of entry were more inclusive. Themes such as creativity,  
cross-disciplinarity, project management, social impact and 
designing for the masses, all of which are central to what 
engineers face today, are still far from mainstream perception. 
And work undertaken by engineers in non-engineering firms  
still remains largely hidden – there is an enormous diversity  
in vocational specialisms that is waiting to be recognised. 

Unfortunately, as specialisations in engineering continue 
to unfold, the conventional wisdom about engineering still 
prevails. That wisdom is predicated on a dualism: engineering is 
interconnected with science and scientific discovery (it is science), 
and engineering is the application of scientific discovery (it is 
dependent on, determined by, science). Despite the fact that 
both these perspectives can be accurate for some engineering 
activities, the lack of variety in our imagery undersells the value of 
the modern engineer’s ideal, direction and purpose. Highlighting 
this are two vivid images that have come to encapsulate our 
understanding of engineers, as either being the hard-hatted ones 
out in the field or heavily scientific solitaries, calculating, analysing 
and hypothesising. In addition, most of the imagery advanced by 
popular culture, media and academic texts, references men. All 
the mechanical aspects of engineering are what have come to 
dominate our conception of engineering from generations past. 

11 Lloyd’s Register Foundation. (2014). Foresight review of big data: Towards data-centric engineering. Available at http://www.lrfoundation.org.uk/publications/

12 Lloyd’s Register Foundation. (2014). Foresight review of nanotechnology: The next industrial revolution. Available at http://www.lrfoundation.org.uk/publications/

13 Lloyd’s Register Foundation. (2015). Foresight review of resilience engineering: Designing for the expected and unexpected. Available at http://www.lrfoundation.org.uk/publications/

14 Lloyd’s Register Foundation. (2016). Foresight review of robotics and autonomous systems: Serving a safer world. Available at http://www.lrfoundation.org.uk/publications/

As a consequence, the new 
roles engineers are forging need 
reimagined imagery that highlights 
them creating, innovating, designing 
and using technologies, working 
together in teams, being in a variety 
of settings and working across 
disciplinary and cultural borders.
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Empowering graduates for 
the world we don’t yet know: 
Reimagining innovation in 
engineering education

“ Tell me, and I will forget. 
Show me and I will remember. 
Involve me and I will understand.”

 Confucius

The importance and value of learning in variety of contexts, 
from the onset and throughout their engineering degrees, 
was affirmed by the students in the working group. They 
felt that contextual learning inspired them to find purpose 
in their vocation, enabling them to exercise more control 
over their learning and career pathway. They are eager to 
engage with real problems the world needs to solve and 
are calling out for more apprenticeships, greater contact 
with graduates who are in the field and more experience in 
working internationally15. This development has, however, 
been uneven within departments of engineering in different 
countries. One common reason is that departments 
of engineering have continued to emphasise the value 
of foundational skills in mathematics and engineering 
sciences alongside the introduction of more practically-
orientated approaches, and have selectively adopted 
appropriate curricula and pedagogic models.

In light of the profound societal needs (e.g. Global Grand 
Challenges16, 21st Century Grand Challenges17, Grand Challenges 
for Engineering in the 21st Century18), engineering now confronts 
new challenges. There are continuing requests from industry for 
departments of engineering to improve graduates’ communication 
and teamwork skills and to enhance their appreciation for, 
or experience with, the non-technical aspects of engineering 
solutions and innovation processes. But, in addition, there is 
an emerging industry clamour for new technical competences 
and skills to match new technologies. Another challenge is 
that “Recently, a more comprehensive view of innovation has 
emerged which has led to educational interventions that aim at 
fostering creativity and thinking skills, as well as non-disciplinary 
skills such as entrepreneurial capacities, in a wide number of 
contexts, for all pupils and students, irrespective of their field of 
study”19. There is a strong call for educators to instil qualities of 
resilience, creativity, empathy, flexibility and teamwork, as well 
as technical and analytical expertise, so as to enable students 
to be more innovative and entrepreneurial20. Given the pressing 
need for engineering competences, teaching that continues to 
be confined to single subjects (e.g. heat transfer in one course, 
thermodynamics in another, environmental engineering in 
another, technical writing in another, etc.) with little reference 
to one another, delays the development of proficiency in the 
fundamentals, methods of modern engineering practice, cultural 
literacy, and the generic competences required for success21. 

Students are very quick to agree. Those who have experienced 
it, praised education that integrates group work, portfolio 
assessment, report writing, blended and online learning, recorded 
lectures for future referencing, peer-based learning and open-
ended projects, to name a few aspects. On the other hand, those 
who had experienced traditional academic development expressed 
how the degree of freedom that comes from the workplace posed 
several daunting non-engineering challenges they found difficult to 
adapt to. 21st century students require an education that directly 
reflects the realities of the modern world of work, equipping 
them with the skills that enable them to achieve greater agency, 
autonomy and understanding in relation to their learning, personal 
and professional objectives. Choices in pedagogies, scope of 
instruction, self-directed learning, and other cross-cutting aspects 
of holistic learning play a vital role in nurturing the character and 
competences needed, emphasising the crucial role of contextual 
learning. The predominant spotlight is on successful transitions 
into engineering practice or engineering professions that are more 
research-oriented. Students were equally strong in their call for 
contextual learning aligned with research pathways; that a research 
element in degrees cannot be last in the education continuum. 
As an example, HEIs could integrate ‘real’ research projects into 
their curriculum that could offer even joint publication possibilities 
(e.g. student group publications or faculty-student publications). 
Collectively, the call is for more authentic work to be undertaken in 
HEIs, starting from day-one of higher education.

A further critical issue, though, is:

“What counts as context?”. Recent curricula and pedagogic 
innovations, when they address context, tend to focus on teaching 
core engineering concepts to assist student engineers to learn 
how to apply them to solve problems. And sometimes this is 
supplemented through work placements. Both are important; but 
there are other aspects of contexts: it is increasingly accepted 
that students need to understand, for example, risk, critical 
thinking, the business-side of issues, the viability of designs, 
business models, engineers’ role in innovation, and how to work 
inter-professionally and -culturally with engineers from different 
specialisms, members of other professions and user-groups. 

The next section of the report traces the recent pattern of 
development in engineering education before supporting the 
global reimagining of strategies for learning by introducing a 
number of models. In doing so, the report offers a way to support 
more students to graduate with knowledge of the culture and 
nature of work and, in the process, overcome the legacy of hard-
skills development of engineering education that has obscured the 
importance of getting to grips with the practice of engineering.

15 The Institution of Engineering and Technology. (2016). Skills & demand in industry: 2016 Survey. Available at http://www.theiet.org/factfiles/education/skills2016-page.cfm?type=pdf

16 The Institution of Engineering and Technology. (2013). Global grand challenges: A report on the London 2013 Summit. Available at http://www.raeng.org.uk/publications/other/ggcs-report

17 The White House, President Barack Obama. (2016). 21st Century grand challenges. Available at https://obamawhitehouse.archives.gov/administration/eop/ostp/grand-challenges

18 National Academy of Engineering. (2017). NAE grand challenges for engineering. Available at http://engineeringchallenges.org/challenges.aspx 

19 OECD. (2012). OECD STI Outlook 2012: Human resources policies for innovation, p. 206. Available at https://www.oecd.org/media/oecdorg/satellitesites/stie-outlook/files/policyprofile/
STI%20Outlook%2012_%20PP%20HR_Education.pdf

20 Byers, T., Seelig, T., Sheppard, S., & Weilerstein, P. (2013). Entrepreneurship: Its role in engineering education. Available at: https://www.nae.edu/Publications/Bridge/81221/81235.aspx

21 Felder, R. M., Woods, D. R., Stice, J. E., & Rugarcia, A. (2000). The future of engineering education II. Teaching methods that work. Chem. Engr. Education, 34(1), 26-39. Available at http://
citeseerx.ist.psu.edu/viewdoc/download?doi=10.1.1.34.1082&rep=rep1&type=pdf

Around the world, engineering in higher education responded positively during 
the latter decades of the 20th century to support the move from standardised 
to customised and bespoke models of production in all spheres of industry. In 
the last 30 years for example, shifts have occurred in curricula and pedagogy, 
internationally as well as in the UK, from single-discipline siloes of engineering 
theory that prepared graduates for highly technical work in isolated domains, to 
increasingly practical educational compositions, focusing on engineering design. 
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Moves to student-centred pedagogies

In the early 2000s, there was a growing interest in the 
social dimension of learning in engineering education 
worldwide that surfaced along with a renewed focus on 
employability. This resurfaced after the economic crisis 
of 2007/2008 and the interest prompted a number of 
significant innovations in engineering education, including 
a thoughtful outlook on experiential learning and lifelong 
learning. Nevertheless, and despite these innovations, 
students noted that a linear view onto the curriculum – 
lectures then labs – would still benefit from being more 
varied, as would feedback and assessment. Regular and 
ongoing feedback throughout the study process incites 
more active learning – learning that is driven by processual 
learning, rather than outcome-oriented learning alone, 
which prompts students to acquire qualitative (not just 
quantitative) enhancement techniques, skills around 
constructive criticism, collaboration and communication. 

At the symposium, a number of initiatives worldwide were 
identified as trail blazers that attempted to revise and reimagine 
university-level engineering education in the late 1990s and 
early 2000s. Some have innovated their offerings by modifying 
programme provisions and adding to existing educational 
structures while others have constructed entirely new 
programmes and methods for engineering. Despite contextual 
differences, the goal of attracting talent remains ubiquitous. 
Several universities, internationally as well as in the UK, began 
offering individual modules that would target transferable skills, 
such as through business planning modules for non-business 
students, credits for time spent working in industry, as well as 
careers services support through workshops for job entry and 
career-development22. 

Examples of this trend are: the “Learning through Earning” (1997-
2000), a project from the UK’s University of East Anglia which is 
a pioneering example of accrediting student work undertaken in 
the workplace. Also, at Bangor University, North Wales, students 
were introduced to project work for enterprises, embedded as 
part of the curriculum. Today, this has evolved into offerings such 
as “Enterprise by Design”23, which promotes open innovation by 
teams of students from different disciplines who collaborate for 
international and local businesses. During this same period of 
innovation to engineering education at Bangor, problem-based 
learning was introduced, and the university had its own company 
within the school, injecting product enterprise principles to 
learning, which complemented traditional modes of instruction. 
This development was indicative of a marked shift from what was 
being taught, to what was being learned and from teacher-centred 
modes of delivery to student-centred approaches, which was 
beginning to occur globally. 

The introduction of active learning techniques has been noted. 
For example, problem-based learning has been occurring in 
engineering departments globally. Problem-based learning can be 
characterised by the use of real world scenarios to frame learning 
objectives, emphasising critical thinking, iterative modelling 
and communication. Notable developments were in Monash 
University, Australia, and at McMaster University in Canada, 
where this was construed as a “Problem Solving Program”24 
that was embedded in engineering courses through a series of 
workshops that would enable students to develop interpersonal 
and transferable skills, self-directed skills in learning, teamwork 
and problem-solving skills. Equally, the University of Cape Town, 
South Africa established in this period, alternative routes into the 
undergraduate engineering degree via an extended programme 
that includes more learner-centred pedagogies, and a strong 
focus on communication skills.

22 Lee Harvey, & Contributors. (2003). Transitions from higher education to work: A briefing paper prepared by Lee Harvey (Centre for Research and Evaluation, Sheffield Hallam University), 
with advice. from ESECT and LTSN Generic Centre colleagues. Available at http://www.qualityresearchinternational.com/esecttools/esectpubs/harveytransitions.pdf

23 Bangor University. (2017). Enterprise by design. Available at https://www.bangor.ac.uk/careers/students/enterprise.php.en

24 Woods, D. R., Hrymak, A. N., Marshall, R. R., Wood, P. E., Crowe, C. M., Hoffman, T. W., Wright, J. D., Taylor, P. A., Woodhouse, K. A., & Bouchard, C. G. K. (1997). Developing problem 
solving skills: The McMaster problem solving program. Journal of Engineering Education, 86(2), 75-91.

25 Scott, N., Hadgraft, R., & Ilic, V. (2003). Engineering education – Is problem-based or project-based learning the answer? Australasian Journal of Engineering Education, 3, 2-16.

26 Grant, K. (2005, June 22). UK needs over one million new engineers and technicians, says Royal Academy of Engineering. Independent. Available at http://www.independent.co.uk/
news/uk/home-news/uk-needs-over-one-million-new-engineers-and-technicians-says-royal-academy-of-engineering-10334994.html

27 Kövesi, K., & Clark, R. (2015). Trends and issues for engineering education in the UK, in 5th International Studies of Management and Organisations Conference, December 2015. 
France: Nice. Available at http://innoving2020.ensta-bretagne.fr/wp-content/uploads/2015/03/Paper_ISMO_2015_env.pdf

28 City & Guilds. (2014). Making education work: Preparing young people for the workplace. Available at https://www.cityandguilds.com/news/October-2013/making-education-work#.
XDckSFz7RjU

In addition, project-based learning was gaining momentum at the 
turn of the century. In the context of engineering, the differences 
between project-based and problem-based learning are not 
so marked. However, project-based learning tends to focus 
rather more on the application of knowledge whereas problem-
based learning typically leans more towards the discovery of 
knowledge using a realistic problem as the vehicle. Although 
less widespread than problem-based learning, early adopters 
were “…Aalborg and Roskilde in Denmark; Bremen, TU Berlin, 
Dortmund and Oldenburg in Germany; Delft and Wageningen 
in the Netherlands [as well as] Monash University and Central 
Queensland University in Australia”25. 

Today, the fundamentals of active learning have taken root in 
a number of engineering education programmes. However, 
criticisms of engineering education still surface. Sometimes  
the criticisms are directed at the continued dominance of lecture-
centric approaches to teaching and sometimes at the problems 
of unguided instructions and the minimal guidance inherent in 
project-based and problem-based approaches. One potential 
cause identified was that all too often the process of innovative 
curriculum design did not encompass the whole curriculum, 
let alone tackle the highly connected aspects of developing a 
supportive community and bespoke learning spaces.

Nevertheless, what has become clear is that engineering 
education redesigns need to be further extended to enable them 
to produce not only the high numbers of engineers needed26, 27, 
but also engineers who feel prepared to enter the workplace, and 
who no longer express a disconnect between their engineering 
studies and the demands they meet in everyday work life28. 
Further research about the nature and scope of the gap is also 
needed. Realising a balance between the provision of guided 
and discovery-based learning in the higher education setting was 
one of the themes discussed at the symposium and workshop. 
What educators are seeking are strategies that will support of 
students’ learning, while providing more self-directed learning 
and transferable skills development so that associations between 
formal education and real working life can be bridged, closing the 
gap between how engineering is taught and how it is done. The 
narrative leaders in engineering education are championing is 
that closing the gap requires a conception of contextual learning 
that, simultaneously, respects disciplinary traditions and positions 
students to engage with real-world problem in interdisciplinary 
teams. In advocating this development, the symposium and 
workshop also recognised the role of teacher will have to evolve 
to one of educator and learning facilitator (see the examples of the 
reimagined models of curriculum and pedagogy). Along with this, 
there is a crucial need for inspired, new ways of promoting agency 
among students, giving them responsibility and decision-making 
power over content and process, as intrinsic motivation has 
now become the main driver for students in engineering. Thus, 
the nature and scale of the responses now required from higher 
education with regards to the design and delivery of engineering 
degrees, calls for new models to be developed.

Engineering education redesigns need 
to be further extended to enable them 
to produce not only the high numbers of 
engineers needed, but also engineers 
who feel prepared to enter the workplace, 
and who no longer express a disconnect 
between their engineering studies and the 
demands they meet in everyday work life.
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One significant and globally supported response to 
reimagining engineering education is CDIO29, a worldwide 
community of practice, that developed new pathways 
through an inspired set of principles that engineering 
education could use in strengthening its approaches 
to the thinking, becoming and doing of engineering. 
Educating through “conceive, design, implement, 
operate” (CDIO) describes engineers as professionals 
that contribute not only to a specific part of innovation, 
but holistically; “solving problems” identified by others. 
It identifies engineers as conceiving problems and areas 
of enhancement on their own and working with divergent 
groups of experts - being creative, as well as technical 
and theoretical - grasping that inventing is not enough 
if routes to implementation are not well understood 
or better, experienced, and that abstract models and 
complex logic must result in something useful that can 
serve a purpose in the world. Becoming an engineer 
meant one could tap into many more facets of innovation 
that make use of hard-skills without limits as to the scope 
of activity. The importance of engineering processes 
became elevated to its current position: equal footing to 
the technical aspects of engineering. Yet implementing 
the new curriculum objectives, pedagogy and engineering 
education management would take on several forms 
and even meet resistance, contributing to the enduring 
imbalances in engineering education and offerings by 
HEIs still apparent today. 

The popular imagery noted in the previous section, which does 
not always align well with our contemporary reimaginings of 
engineers and the profession, is still suppressing progress. It 
seems that today’s students and young graduates are very much 
in tune with the needed changes, however, HEIs are lagging. 

Currently, emphasis in engineering education (in higher education 
at least) resides predominantly on the design and conceive 
aspects of the CDIO engineering education philosophy, where 
challenges are identified and designing solutions in response 
is undertaken. As a consequence, these aspects outweigh the 
implement and operate parts of the engineering continuum, 
with the result that the essential processes of getting designs to 
market or securing contracts from clients for engineering services 
are neglected in engineering degrees. Then, in popular imagery 
and ideologies of engineering, the inverse is true; men head out 
into the field, managing groups of other men building mega-
structures, or operating oil rigs. 

Clearly, despite being helpful, the principles of CDIO are still 
disproportionately incorporated in engineering education, all  
too often due to resistance from faculty who strongly defend  
hard-skills development and knowledge, which in turn, 
propagates old and exclusionary notions of engineering. At the 
same time, CDIO can be difficult for students, since it requires 
lecturers to manage the diverse needs of education, individual 
learning, and learning objectives with experiential learning, as well 
as disciplinary considerations. Some students reported having 
too much independence in managing their learning. Advances 
heralded by the CDIO framework and other similar initiatives are, 
nevertheless, deservedly gaining momentum due to their ethos 
and pertinence to real world experience. They help embrace 
the whole cycle of engineering innovation for students in higher 
education settings, raising the applicability and relevance of 
curriculum goals and learning outcomes, while attracting a whole 
range of applicants who may have strengths in more than one 
technical aspect of engineering. 

Reimagined models for curriculum and pedagogy

Problem-based and project-based learning as well as 
CDIO are continuing to unfold distinctly in individual 
academic and socio-cultural contexts. This development 
has resulted in new forms of active learning, collaborative 
learning, research that is balanced with practice, new 
physical environments for new modes of delivery in 
education, blends of distance learning options as well 
as face-to-face learning, considerations for the arts, 
humanities, the environment and technology as well as 
the non-technical aspects of engineering. These are being 
infused in academic programmes by either modifying 
or adding to existing models of engineering education 
in universities. Below are five different initiatives from 
University College London (UCL) and the University of 
Sheffield in the UK, Purdue University in the USA and 
McMaster University in Canada, all of which still retain 
a strong engineering research culture, and Olin/NMiTE 
in the USA and the UK which has chosen to focus on 
teaching rather than research. They all deliver problem- 
and project-based learning through cross-cutting 
interdisciplinary settings and, in the process, prepare 
students to implement and operate more effectively when 
they commence work. 

At UCL, problem-based learning was first introduced in 
electronic and electrical engineering in 2004 in response to 
recommendations made by the Institution of Electrical Engineers 
(now IET) Industry Course Working Party. Over a number of years, 
it expanded and developed to integrate curriculum knowledge 
from various specific areas (e.g. electronics, communications, 
control, etc.) by emphasising learning that uses a problem/
scenario as a starting point for learning, integrating knowledge, 
rather than compartmentalising and sequencing learning in 
individual silos. UCL Engineering introduces problem-based and 
project-based learning to first-year engineering students across 
all departments, emphasising the success of this pedagogical 
approach. This familiarises students with self-directed learning at 
the start of their university studies, which will carry them through 
to lifelong learning in the workplace: “Our newly-developed 
module, known as Engineering Challenges, gives first-year 
students an opportunity to put their learning into practice through 
interdisciplinary, problem-based learning with a design focus: 
specifically to work on two major five-week design projects”30. 
To support students, a strand of professional practice, including 
teamwork and communications skills, has been introduced. 
This builds through a pattern of interdisciplinary and disciplinary 
project-based activities culminating, at the end of the second year, 
in a two-week intensive programme, called “How to Change the 
World”31, where interdisciplinary teams address ‘wicked’ problems 
within major global challenges such as sustainable energy or 
water provision. 

Stepping stone to reimagining curriculum and pedagogy
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29 See www.cdio.org for more details.

30 UCL Engineering. (2017). Scenarios. Available at http://www.engineering.ucl.ac.uk/integrated-engineering/scenarios/

31 UCL Engineering. (2017). How to change the world. Available at http://www.ucl.ac.uk/steapp/how-to-change-the-world

32 Bains, S., Mitchell, J. E., Nyamapfene, A. & Tilley, E. (2015). Work in progress: Multi-disciplinary curriculum review of engineering education, UCL’s integrated engineering 
programme, in Proceedings from the 2015 IEEE Global Engineering Education Conference (EDUCON). 18-20 March, 2015. Estonia: Tallinn, pp. 844-846.

C D I O

EMPHASIS
IN EDUCATION

Conceive Design Implement Operate

EMPHASIS IN
POPULAR
IMAGERY

Figure 1. Emphasising CDIO

Figure 2. Interdisciplinary Problem-Based Learning (PBL) in UCL Engineering32

Currently, emphasis in engineering 
education (in higher education at 
least) resides predominantly on 
the design and conceive aspects 
of the CDIO engineering education 
philosophy, where challenges are 
identified and designing solutions in 
response is undertaken.
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A further example comes from McMaster University in Canada, 
where there is a strong emphasis on experiential learning, problem-
based learning, self-directed learning, and interdisciplinarity in 
all programmes. Through courses that promote these principles 
of learning, students work alongside both faculty and graduate 
students to develop engineering solutions. These solutions foster 
a capacity for research and community engagement, since the 
problems being solved involve a real-world client who presents a 
real-world problem. In addition, McMaster has led blended learning 
approaches to engineering education by offering online learning, 
which has led to innovation in assessment. Done correctly, online 
learning allows for online peer assessments that enable community 
formation within their Massive, Open Online Course (MOOC) and 
also facilitates the fair marking of assignments. McMaster feel 
their MOOC is successful since it follows a blended model of 
learning which increases student engagement. It was designed for 
the mastery learning where learners are encouraged to first fully 
understand a fundamental topic before proceeding onwards to 
study more advanced subject matter. 

This particular example highlights the importance of assessment 
as well as curricula and pedagogic innovation. Assessment plays 
an especially crucial role in offering students confirmation of their 
development. In this light, it is important for assessment to strike 
a balance between departments’ of engineering espoused values 
and the way graduates will work throughout their professional 
lives. As McMaster’s experience demonstrates, multi-level 
assessment has a positive impact on learning and also reflects 
real-world value judgements. Although theory is essential, other 
aspects of engineering, for example, transferable skills such as 
analytical skills and communication, ensure that the application of 
theory is equally as important. 

A very different example of constructing innovation in engineering 
education when it is possible to start from scratch is housed at the 
Olin College of Engineering in Massachusetts, USA. The university 
was launched without departments or tenured faculty, pursuing 
experimentation and collaborative avenues with students to design 
curriculum and choose pedagogy37. To do so, Olin limited the 
areas in which students could major to electrical and computer 
engineering, mechanical engineering and engineering, but offered 
students a flexible degree programme where they could choose 
their own concentrations. Nevertheless, all students, irrespective 
of majors, undertake education in software, electronics and 

mechanical systems and are encouraged to collaborate with peers 
who are from other engineering majors through interdisciplinary 
projects. The intention is to engage students, right from the moment 
they initiate their university careers, in solving the world’s grand 
challenges through “designing for people’s needs […] through 
hands-on projects”38. As depicted in Figure 5, curriculum and 
pedagogy focus on analytical streams that emphasise process 
learning alongside specialised knowledge. 

By taking this approach, the university has already attained several 
higher education goals in engineering education: their student body 
is gender balanced, they have the highest graduation rates in the 
USA and graduates have successful pathways including graduate 
school attendance, employment and entrepreneurship40. Olin 
especially expects to make a difference in terms of the supply of 
engineers into the USA’s economy, and the world, and thus actively 
pursues collaborations with other higher education engineering 
institutes as well as industry, governments and other engineering 
stakeholders. Their ambitious goal is to “revolutionize engineering 
education […] by treating students as engineers from day-one” so 
they “hit the ground running”41since the curriculum and pedagogy 
emphasise real-world scenarios with everything from project 
proposal to meeting minutes, to progress reports and plans on 
innovation iterations.

Although a small-scale development with less than 100 students 
entering per year, Olin has garnered considerable interest in the 
UK with a similarly styled innovation to be launched in the very 
near future, The New Model in Technology and Engineering 
(NMiTE), which is backed by the University of Warwick42. It will 
offer students a programme based on learning themes conceived 
to foster students’ creative and entrepreneurial habits43:

NMiTE will also use schemes such as the Accreditation of Prior 
Learning (APL) and the Accreditation of Prior Experiential Learning 
(APEL) to welcome a more diverse pool of talent. The economic 
rationale for the project is based on the well-publicised shortage of 
technology and engineering graduates in the UK44, supporting local 
economic development in Herefordshire45, as well as contributing 
directly to solving the world’s grand challenges through practice-
based learning that produces innovations. NMiTE will also continue 
Olin’s tradition of prioritising teaching over research, though it will 
focus on researching methods of learning and teaching in order to 
improve the design and delivery of programmes.

Similarly, Purdue University, has adapted to the changing 
demands from engineering professionals by offering more 
than 25 different engineering programmes. For instance, a 
concentration in “Interdisciplinary Engineering Studies (IDES) 
and Multidisciplinary Engineering (MDE)” can encompass 
a specialisation in: acoustical engineering, engineering 
management, general engineering, international engineering 
studies, pre-professional (law, medicine, etc.) engineering, theatre 
engineering studies and visual design engineering33. Open and 
tailored programmes such as these demarcate the new work 
engineers are preparing for, which is likewise highly specialised, 
comprehensive and holistic. The new structures encourage 
students to approach engineering as their vocation from the 
start of their studies; professionalisation into the field is therefore 
initiated from day one. Accentuating this is a pedagogical 
focus that centres on professional habits which draws from 
simulation activities, group work and a variety of design process 
requirements, as depicted in Figure 3.

Alongside transformations to its curriculum and pedagogy, the 
university changed its classroom setups so as to enable intensive 
peer-to-peer learning that saw engineering processes from start-
to-finish, guided by their facilitators and teachers. 

Adaptations to the new forms of active learning were well 
received. Students praised these shifts in curriculum and 
pedagogies as they became more responsive to individual 
learning styles and needs and emphasised processes of learning. 
They have also been vocal about how important spaces for 
learning are – the aesthetics of a room, how large it is, how easy it 
may be to draft some ideas up on a wall, move around and work 
with materials in building models for example, etc. As shown in 
Figure 4, from large, teacher-centric classrooms to small groups, 
education took on new meaning and purpose at Purdue. Students 
began experiencing first-hand the professional challenges 
associated with the practice of engineering, whereby the 
application of theory came to be used as a resource, rather than 
the single most important function of higher education. Preparing 
progress reports, communication, negotiation, constructive 
critical outlooks, and implementation processes of ideas came 
to dominate learning. The overall objective at Purdue continues 
to be to foster a higher education environment that provides 
experiences directly faced in the profession.

Another example of a project-centred engineering curriculum is 
the pioneering work of the Chemical Engineering Department, 
University of Cape Town, who has engaged in a significant 
curriculum reform, building a project-centred curriculum in the 
context of a full-year course with strong formative assessment 
feedback and a reworking of conceptual content to support 
student learning. Lecturers work in teams on these integrated 
year-courses and use educational technology to support blended 
learning. The programme also builds on and integrates a strong 
sustainable development focus, following key developments in 
the profession, as seen in the recent IChemE 2015 report, entitled 
Chemical Engineering Matters36. 

In the faculty of Engineering at the University of Sheffield, they 
are concentrating on using commonalities between subjects to 
improve both the efficiency of delivery and student experience. 
They now have one laboratory for each area of the curriculum 
(fluids, structures, electronics) shared across the entire faculty. 
These can cope with 80 students doing the same activity 
simultaneously; some experiments may be done by 900 students 
per year from six different courses. As they have dedicated staff 
delivering the labs, a very high quality can be maintained. All labs 
have health and safety built in, and students need to do a pre-lab 
activity before they arrive, meaning that the time spent in that 
laboratory is more effective.

33 See http://www.purdue.edu/catalogs/engineering/plansOfStudy/interdisciplinary.html for more details.

34 Godwin, A. (2016). The changing landscape of engineering education: Educating at scale [Powerpoint slide 5]. Global Challenges in Engineering Education Symposium. 
1-2 September, 2016. UK: London.

35 ibid., slide 6.

36 Institute of Chemical Engineers. (2015). Chemical engineering matters: IChemE’s technical strategy – Scope, applications and implications, 2nd edition. Available at 
http://www.nsche.org.ng/images/IChemE%20Magazine%202nd%20Ed%202015.pdf 

37 See www.olin.edu/about for more details.

38 Olin College of Engineering. (2017). Discover Olin. Available at http://www.olin.edu/discover-olin

39 Townsend, J. (2016). The changing landscape of engineering education [Powerpoint slides 3-6]. Global Challenges in Engineering Education Symposium. 1-2 September, 2016. UK: London.

40 See www.olin.edu/about for more details.

41 Olin College of Engineering. (2017). About Olin. Available at http://www.olin.edu/about/

42 The Engineer (2018, June 25). Hereford’s new NMiTE university invites students to design campus, The Engineer. Available at https://www.theengineer.co.uk/nmite-university-design-campus/

43 New Model in Technology & Engineering. An NMite White Paper: For discussion, August 2016.

44 Kumar, A., Randerson, N., & Johnson, E. (2015). Engineering UK 2015: The state of engineering. London, UK: Engineering UK.

45 Davenport, C. (2015, March 11). Can a new university close the gender gap in engineering? The Conversation. Available at http://theconversation.com/can-a-new-university-close-the-
gender-gap-in-engineering-38453

Theme Indicative Engineering Topics

Feeding the World Agri-tech, food tech, energy, water

Shaping the Future
Advanced manufacturing, energy, 
maker-movement, transport

Living in Harmony
Big data, cyber security, energy,  
smart cities, water

A Healthy Planet
Health, climate change, energy, 
environmental issues, sustainability, water

Table 1. NMiTE’s Learning Themes in Engineering

CAREER

PROFESSIONAL HABITS

MODEL

DESIGN

Link one’s own CAREER GOALS with the nature of engineering and the characteristics of various engineering disciplines

Use MODELING tools to make design decisions
Develop and use

PROFESSIONAL ENGINEERING HABITS
to enable long term success

Use a DESIGN PROCESS to solve complex engineering design challenges

Figure 3. Purdue’s 1st-year engineering learning objectives34

Quantitative Engineering Analysis I

Quantitative Engineering Analysis II

An Analysis Stream: 

A coherent, interconnected set of experiences
that emphasizes development of students’ ability
to do analysis (process knowledge), while also
developing associated content knowledge. 

Engineering Education Today (including Olin):
Foundational math, science, engineering science

Content Only in Disconnected Experiences

Differential Equations Dynamics

Signals and SystemsMaterials Sci/Chem

Modern Bio Linear Algebra Mechanics

Figure 5. Olin College’s Quantitative Engineering Analysis 
as Curricular Innovation39

Figure 4. Purdue’s 1st-year engineering classroom changes35

2007

Class of 400

2008

Team of 4
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The next step is to sponsor research and evaluation of 
these new curricula and pedagogical approaches within 
departments of engineering, so as to identify  the distinctive 
contributions innovation in engineering education is 
making to assisting graduates develop 21st century skills 
and competences and, in the process, make effective 
transitions to employment. Once this is known, it will be 
important to compare the outcomes from research and 
evaluation with similar developments in other disciplines,  
to ensure cross-disciplinary knowledge exchange.

Certainly, when students were directly asked for their vision 
of what the future of engineering education holds for younger 
generations, they affirmed the value of building on the innovations 
that are currently taking place, which are represented in Figure 
6. Students called for a greater infusion of the humanistic 
sides of engineering into the main curriculum, along with other 
complementary subjects. These humanistic elements could 
include awareness, consciousness, diversity, inclusiveness, 
responsibility, and a wider outlook on what education should 
encompass - including creativity, collaboration, e-mentoring, 
interdisciplinarity, internationalisation, digitisation, hybrid learning, 
practical applications, teamwork and work placements - 
integrating economics, sociology and art.

Yet, despite the waves of innovations in higher education taking 
place globally, there is still a resounding cry from industry about 
the “chronic skills shortage in the sector and [that] engineers are 
in high demand”47. Competition for recruiting graduate talent is 
heavily uneven. Large, well-known firms carry both the pull and 
the budget that create application imbalances. SMEs, in particular, 
describe the disparity as “a huge problem”48. 

Strengthening industry links

The challenge is to further strengthen industry links with HEIs 
to help student engineers to better understand the career 
pathways available to them. Indeed, there are several proactive 
strategies that can be used to involve industry partners directly 
in engineering programmes, including the delivery of guest 
lectures, expert panels for examinations or project assessments, 
coaching, providing feedback to students and programmes and 
having stakeholders serve as adjunct faculty. Some key benefits, 
as researched by the UK’s National Foundation for Educational 
Research (NFER), include49: 

• Enhancing the skills pipeline and long-term recruitment to 
the sector; 

• Professional development of staff (through engaging in schools); 

• Promoting a positive image of the company and of the sector; 

• Capitalising on young people’s ideas, skills and productivity; 

• Direct recruitment to companies; 

• Personal satisfaction, enjoyment and motivation of staff.

However, engagement between SMEs and HEIs is time-consuming 
for both parties. As uncovered through the same NFER research, 
SMEs work with time, capacity and financial constraints that 
are challenging to overcome, and there is a low awareness and 
understanding of education schemes (e.g. activities) they can 
participate in. Also, there are health and safety constraints as 
well as bureaucracy that stifles activities, issues of relevance 
and knowledge of the current curriculum to which SMEs could 
contribute, and there are time and budget constraints to face 
in schools as well as HEIs who often rely on a champion staff 
member to forge relationships and build networks. “Firms and trade 
associations can sponsor fieldtrips, design projects, internships 
and co-ops. They can also sponsor educational innovation and 
scholarship both in the university and industry”50. In a student-led 
project51 from the University of Warwick, UK, six recommendations 
emanated from their research on the topic of enhancing interactions 
and partnerships between HEIs and SMEs including: 

1. A single internet site/portal for SMEs to distribute opportunities 
to HEIs;

2. Students to set up networking events for SMEs;

3. Where applicable, SMEs to advertise potential for career 
progression in graduate positions;

4. Universities to ensure that information about company-funded 
STEM research is available to students;

5. University STEM departments to encourage more guest lectures;

6. HEIs to further promote student and graduate employment  
in SMEs.

Clearly, the development of SME-HEI relations holds a multiplicity 
of advantages from many perspectives. Large enterprises are 
also keen and encouraged to create and strengthen ties with 
HEIs. One notable development is BP’s work with Kings College, 
London (see the next section of the report for fuller details) to 
broker multi-stakeholder partnerships and provide resources 
and backing through corporate engagement initiatives as well as 
funding. The university undertakes the research parts of initiatives 
and involves specialised staff as well as students in community 
engagement. Also museums, and other social and business 
partners provide opportunities for activities as well as the tools 
and media outreach necessary for success. 

Next stepsDirection of travel

An overriding message is that many departments of 
engineering are now designing pedagogical approaches 
that strike a balance between industry practice and the 
longstanding concern of teaching domain knowledge. 
The emerging consensus is that this new balance should 
include not only project-based learning that is delivered 
to individual engineering disciplines, but also develops 
cross-cutting multi/interdisciplinary learning, keeping 
an outlook on lifelong learning as well as nontechnical 
skills and cross-cultural experiences wherever possible. 
Where viable, both discipline-specific and interdisciplinary 
activities should look to industry to ensure that the 
context, topics and even the assessment are authentic to 
the practices of a professional engineer. The benefits of 
this are twofold: both to use a pedagogy that reflects the 
‘real world’, developing experiences that prepare students 
to make an impact upon graduation, but also to attract 
a wider diversity of students, i.e. not ‘just’ the scientific 
ones. This trend to reimagine curriculum and pedagogy to 
offer broader contextual-based learning experiences to 
students is not restricted to engineering; other disciplines, 
for example, colleagues in economics46 are also engaged 
in similar developments. 

Figure 6 below is a visual representation of the innovations 
in engineering education described above, which were also 
discussed at the 2016 seminar. The three main components 
represent the three core areas over which engineering educators 
have control. We also note the input from industry and employers 
into the design of each of these elements. Highlighted institutions 
show where the innovations discussed in this report fit in relation 
to this mapping.

What binds these innovations is a commitment to supporting  
21st century students in their transitions into engineering degrees, 
as well as into and through employment. Traditional modes of 
education are being enhanced by interrelating both theory and 
practice; emphasising the applicability of theory through practice, 
while also using practice to enhance theoretical knowledge. 
This involves acknowledging the contextual basis of learning in 
educational and professional practice, and then identifying ways 
to support students, in work placements, those undertaking 
internships or new recruits, to engage with engineering practice. 
This approach will help engineering lecturers, employers and 
learners, including new recruits, to understand how to use 
knowledge and experience gained in one context so as to be  
able to apply it in context.

There is a strong recognition of the importance of context to 
curricula, pedagogy, and professional practice, and so unveiling 
new ways of linking these contexts is the powerful new approach 
to engineering education as a whole that puts purpose and also 
agency at the forefront.

46 The CoreEcon Project http://www.core-econ.org

47 Anderson, E. (2015, May 14). Here are the workers most in demand in the UK. The Telegraph. Available at http://www.telegraph.co.uk/finance/jobs/11602670/Here-are-the-workers-most-
in-demand-in-the-UK.html

48 Harris, S. (2014, April 15). Why are engineering firms struggling to recruit graduates? The Engineer. Available at https://www.theengineer.co.uk/issues/april-2014-online/why-are-
engineering-firms-struggling-to-recruit-graduates/

49 Harland, J., Straw, S., Stevens, E., & Dawson, A. (2012). Exploring the engagement of STEM SMEs with education: Key findings research summary. Available at: https://www.nfer.ac.uk/
publications/SMES01/SMES01.pdf

50 Jamieson, L. H., & Lohmann, J. R. (2009). Creating a culture for scholarly and systematic innovation in engineering education: Phase 1 report, cited in Brunhaver, S. R., Korte, R. F., Barley, 
S. R., & Sheppard, S. D. (Forthcoming). Bridging the gaps between engineering education and practice. In R. B. Freeman & H. Salzman (Eds.), U.S. Engineering in a global economy. Available 
at http://www.nber.org/chapters/c12687.pdf

51 Tipple, N., Cumming, M., Mockridge, A., Newth, O., & Tan, Sze-Yin. (2012). SME too: How can HEIs and SMEs interact more effectively? Available at: https://www2.warwick.ac.uk/fac/
cross_fac/iatl/resources/outputs/smetoo/sme_too_report.pdf
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Figure 6. Innovations in Engineering Education: Examples of HEI Leaders in Transformation 
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Creating an 
inclusive environment: 
Reimagining diversity in 
engineering education

“ Let us not create a poverty 
of aspiration in people.”

 Anonymous 

Although talk of diversity in engineering has become 
synonymous with the gender gap, disparity also exists 
in relations to ethnic diversity in engineering higher 
education52, and there is still limited participation 
of the disabled (despite being on the general rise53). 
Diversity, however, also extends to age, civil status, 
religion and sexual orientation, among others, and yet, 
it is not sufficiently reflected in higher education, the 
profession, nor projected in mainstream imagery. 

The popular concept of studying engineering, also allows 
a perception to pervade that engineering is only for those 
who excel at maths and science. This conceptualisation of 
engineering education instils feelings that engineering is ‘not for 
me’ in huge swaths of the population.

This perception compounds the current shortage of engineers 
many parts of the world are experiencing. For example, 
“The UK will need more than a million new engineers and 
technicians in the next five years, but despite the skills 
shortage women still account for less than 10% of the 
sector’s workforce”54. There is a large gender gap in the UK, 
highlighted by the “#9PercentIsNotEnough55” campaign, 
“despite the additional efforts of people involved in WISE 
(Women in Science & Engineering) initiatives, and those of 
the Women’s Engineering Society (WES – now in its 98th 
year)56”, for instance. Statistics published by the university 
admissions service UCAS, show that men still dominate in 
areas traditionally seen as male, such as engineering57 and 
this situation is in critical need of new strategies. Were the 
engineering profession better able to tap into the talents of a 
larger and more diverse segment of society through language, 
activities and imagery that invoke and involve a broader 
spectrum of interests and capabilities, from an early age 
through to higher education, the gaps would be bridged.

52 Kumar, A., Randerson, N., & Johnson, E. (2015). Engineering UK 2015: The state of engineering. London, UK: Engineering UK, p. 195.

53 Campaign for Science and Engineering. (2014). Improving diversity in STEM. London, UK: CaSE, p. 18.

54 Grant, K. (2005, June 22). UK needs over one million new engineers and technicians, says Royal Academy of Engineering. Independent. Available at http://www.independent.co.uk/news/
uk/home-news/uk-needs-over-one-million-new-engineers-and-technicians-says-royal-academy-of-engineering-10334994.html

55 The Institute of Engineering and Technology. (2016). #9percentisnotenough. Available at https://events.theiet.org/9percent/index.cfm, as cited by Goodrich, P. (2016, November 7). The 
engineering gap. BBC News. Available at http://www.bbc.co.uk/news/business-37254851

56 New Model in Technology & Engineering. An NMite White Paper: For discussion, August 2016, p. 2

57 Press Association. (2016, January 5). Gender gap in UK degree subjects doubles in eight years, Ucas study finds. The Guardian. Available at https://www.theguardian.com/education/2016/
jan/05/gender-gap-uk-degree-subjects-doubles-eight-years-ucas-study

Globally, there is a consensus that one pressing challenge is to diversify 
the entrants to engineering. In the UK, the current HEI student body 
reflects how entrenched our society’s attitudes are about engineering, 
and how this has produced an inertia that needs to be changed. 

The popular concept of studying 
engineering, also allows a perception 
to pervade that engineering is only 
for those who excel at maths and 
science. This conceptualisation of 
engineering education instils feelings 
that engineering is ‘not for me’ in 
huge swaths of the population.
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Encouraging more girls to take up science in school – i.e. 
A-levels, International Baccalaureate (IBD), European 
Baccalaureate, Advanced Placements in High School, and 
the like – is a step forward. However, percentage boosts, 

…have been painfully slow. The biggest 
increases have been in chemistry (up just over 
9%) and maths and further maths (up nearly 8%) 
since 1985. Most shockingly, the percentage 
of females taking physics A-level has remained 
stuck – at just over 20% – since the mid-
1980s. Similarly, the figure for biology has also 
hovered around the 60% mark. In spite of all the 
initiatives to shift this balance, we’ve failed.58 

A major contributing factor is the severe lack of continuous, 
positive encouragement; not only from teachers and HEI leaders, 
but also from the cultural symbols we uphold and the social 
interactions that give meaning and purpose within individual 
contexts, influencing perceptions of capability and profession 
throughout life. Social encouragement overinflates confidence in 
some, and reinforces impediments for many others. For example, 
parents are less likely to discourage their sons from giving up 
STEM subjects in high school when they are facing challenges or 
are complaining about difficulties; whereas girls and minorities are 
in fact encouraged to shift out of these areas when confronted 
with rigours and demands: 

What delivers the one-two punch that knocks so 
many women and minorities out of STEM fields 
is that [they] have this strange belief that, if 
you need to be encouraged, you aren’t talented 
or dedicated enough to be one of them. If you 
flunk your first physics or calculus midterm, you 
deserve to be weeded out.

What they don’t realize is that young women and 
students of colour grow up in a society that fails 
to encourage and often actively discourages 
them from thinking of themselves as scientists 
[and engineers]. Ask most people to picture a 
physicist, and they will imagine Albert Einstein 
or Sheldon from “The Big Bang Theory”.59

Offsetting these cultural preconceptions is not easy, yet students 
drew attention to the complexity of everyday tasks, which the 
vast majority of us undertake, irrespective of gender, geography, 
educational level or learning ability – how for example, we use 
highly sophisticated machines such as cars and cell phones and 
ride bikes – but that by-and-large, the engineering aspects are 
often taken for granted. Once the engineering dimensions become 
understood, however, people become curious, interested, 
inspired, and even empowered about their abilities to contribute 
to engineering, given the new outlook. Engineering, therefore, 
just as much as roles in engineering, needs new approaches. 
The strongest learning point conveyed is that encouragement 
needs to be rethought and actively realised through reimagined 
activities, imagery, cultural symbols and role models which need 
to reflect the actual and also reimagined future of 21st century 
engineering. The ‘hard-hatted’ man out in the construction field, 
managing a team of builders at the foot of a bridge is a role only 
a few can identify with. The same is true for the scientist who 
sits alone in a laboratory, designing experiments or analysing the 
results. The first imagery reinforces predominantly male typecast 
visions of men leading teams of other men. The second exposes 
young minds as to the cataclysmic intellectual challenges only 
the brightest of the brightest can grasp. These images reinforce 
mechanistic and scientific austerity and are largely devoid of 
cultural context or the social values that will lead to the global 
solutions society seeks. Simply put, this imagery pigeonholes 
dreams and promotes an unnecessarily narrow view of what 
engineers today do, and what the future of engineering promises. 

Compounding the problem, admission into higher education 
remains, in most cases, heavily reliant on the high achievement 
of A-level (and equivalent) sciences and mathematics. This 
narrow view of the pathways that make people eligible to study 
engineering artificially shuts the door on a huge number of 
prospecting individuals for whom engineering would be a rich 
and fulfilling career. In one notable example from the student 
workshop, a young graduate disclosed that he was diagnosed 
with dyslexia while going through his university studies and that 
he regarded this late diagnosis as a blessing. He admitted that 
had he come to know he was dyslexic in high school, the stigma 
associated with the condition would have likely prevented him 
from pursuing A-levels and engineering as a career choice. Yet, 
with the right support, he successfully worked his way through 
a degree. He concluded that it is vital that HEIs be sensitive to 
students’ undisclosed or diagnosed learning needs. 

There are also rare cases of students entering into engineering 
without the required prerequisites, due to their enthusiasm and 
determination, and involvement in what some may refer to as 
lifelong learning activities, such as engineering hobbies. When 
industry is crying out for talent that has an understanding of 
science and maths but is also creative, can work in teams, can 
engage in innovative and dynamic processes, HEI admission 
criteria to engineering could broaden so as not to exclude 
candidates who carry with them a whole biography and academic 
portfolio of the analytical and artistic competences the industry 
needs. Great engineers come with different life stories. 

Indeed, the symposium and workshop echoed the debate that 
engineering professional institutes and employers are raising 
what entry pathways into engineering programmes in HEIs should 
be, and how we might strike the right balance between what 
skills are required and what skills can be developed throughout 
one’s academic career. There will always be scientific engineers 
who enjoy the rigorous hard skills aspects of the vocation. In 
such cases, discipline-specific requirements that demonstrate 
a student’s capacity for deep theoretical inquiry is suitable. 
However, as we have seen, engineering encompasses many 
aspects of a huge range of engineering processes. As a result, 
there is a new dimension that industry and HEIs face in terms 
of aligning 21st century professional realities to academic 
formation to HEI entry requirements. For instance, an excellent 
project manager who has a penchant for aesthetics and who 
has the capacity to understand computer programming can be 
as excellent a candidate for engineering as is the programmer. 
As HEIs continue to innovate their curricular and pedagogical 
approaches, a more inclusive offering will help attract such 
individuals, who at present, remain largely excluded. As a 
second example, engineering education is very much in need 
of champions in education who are able to bridge education-
industry gaps and who are capable of renewing alongside societal 
changes. Do each of these champions require the highest 
A-levels? 

The language used – in academic and professional circles as 
well as in popular media – can either attract students or exclude 
them. Projecting concern and rigidity through language, as well 
as continually emphasising the chasm in gender participation 
reinforces the current conditions. Participation numbers that have 
remained stagnant for generations tell the story that so many 
have tried but failed at breaking the barriers. A young, analytical 
girl who is exposed to the male and professional stereotypes of 
engineering absorbs the recurring message that there are few 
women in engineering and infers a variety of solid reasons that 
underlie that claim. Ultimately, she will rightly view the road to 
participation as a hard and harsh one.  

STEM enrichment activities must be seen as only one piece in 
a jigsaw and may be of little impact if not reimagined in concert 
with other elements of process in developing professional 
engineers. The engineering profession should aim to couple 
efforts of engaging more females and people of diverse cultural 
and socio-economic backgrounds in engineering through 
school interventions with innovation in higher education, which is 
tantamount to the new reimagining of engineering, inclusion and 
participation. Women engaging with young females directly from 
K-12 could address some of the inertia in participation rates. Also, 
an emphasis on engineering themes that appeal to divergent 
thinkers can help them realise the potential they have to be the 
sort of engineers the world needs. 

The examples HEIs post to their webpages and communicate 
out to the public through outreach activities and recruitment 
campaigns either highlight academic rigour or call attention to 
those interested in designing solutions their communities and 
the 21st century need. Greater contact with industry through 
corporate social responsibility (CSR) initiatives help focus 
the ideas of students – from school, through to HEI levels. 
Representations of engineering as a humanitarian endeavour, 
rather than continually emphasising the technical aspects, 
promote inclusion and appeal much more to the personal and 
professional aspirational identities of a greater number people 
in a variety of contexts and conditions. Accentuating the social 
aspects of engineering will not only attract more attention, 
but more accurately depicts the endeavours and ambitions of 
engineers, benefiting the industry as a whole60. 

Some excellent examples of positive impact that target primary 
and secondary pre-engineering students come from the UK. 
Increasingly, a number of these interventions are being introduced 
in primary schools especially, and as early as possible, in 
recognition that choices to enter the profession are made already 
before the age of 14. Some great examples include Science Made 
Simple’s Primary and Secondary School Shows and Apps61, 
UCL’s Change the World Masterclass Series for Primary Schools62 
and The Brilliant Club63. These go beyond the typical science-fair 
scientific-enquiry-programme design principles to multi-sensory, 
collaborative, immersive engagement and gamification. 

These interventions reinforce the commitment that the STEM 
industries have been making for some time, to encourage 
new faces in engineering by involving mentors and promoting 
engineering feats in a wide diversity of contexts. Mentorship is 
so powerful that the students in the workshop mentioned its 
impact several times, demonstrating that contact with those in 
the industry sparks interest and strengthens self-identity within 
engineering. Online forums, industry symposia, conferences, 
educational talks, e-mentorships and a greater involvement with 
alumni are all important examples as to how this can be achieved. 

Broadening the entry

60 King, C. J. (2012) Restructuring engineering education: Why, how and when?, Journal of Engineering Education, 101(1), 1-5.

61 See www.sciencemadesimple.co.uk/shows/secondary for more details.

62 See www.engineering.ucl.ac.uk/schools-engagement/news/internet-things-masterclass-series-primary-school-children for more details.

63 See www.thebrilliantclub.org/about-the-brilliant-club/what-is-tbc for more details.

58 Watts, S. (2014, December 9). How can we encourage more girls to study science? Independent. Available at http://www.independent.co.uk/news/education/how-can-we-encourage-
more-girls-to-study-science-9913799.html

59 Woodruff, J. (2015, October 20). Encouraging girls to become scientists? It’s not rocket science. PBS. Available at http://www.pbs.org/newshour/bb/encouraging-girls-become-scientists-
rocket-science/



UCL CENTRE FOR ENGINEERING EDUCATION  |  LLOYD’S REGISTER FOUNDATION  |  INNOVATIONS IN ENGINEERING EDUCATION 2928 UCL CENTRE FOR ENGINEERING EDUCATION  |  LLOYD’S REGISTER FOUNDATION  |  INNOVATIONS IN ENGINEERING EDUCATION

Creating connections

In the UK, the Women’s Engineering Society64 and Women 
in Science & Engineering (WISE65) are strong advocates 
for inclusion. Partnerships with higher education and 
governments that promote internships and work-study 
options for students have contributed to diversity, while 
also benefiting business goals. Women and other minorities 
in engineering are increasingly occupying positions of 
leadership. However, despite these efforts, more must 
be done. The situation in the UK is one that unfortunately 
echoes in many other parts of world: it has the lowest 
proportion of female professional engineers than any 
other European country66, black and minority men are 
28% less likely to work in STEM67 than white men, there 
has been 63% cut in funding for diversity from the UK’s 
Department for Business, Innovation and Skills since 201068, 
and the Disabled Student’s Allowance (DSA), one of the 
UK’s diversity successes, was further cut by an estimated 
60%-70% by the end of 201769, leaving students without the 
support they need to participate in higher education.

However, creative education-industry interventions are on the 
rise and having significant impact. An example is Enterprising 
Science70 which started as a five-year partnership between BP, 
the Science Museum and King’s College London (now UCL – 
Institute of Education). This project uses the concept of science 
capital (science-related qualifications, interest, literacy and social 
contacts) to understand how young people from all backgrounds 
engage with science, and how their engagement might be 
supported. The goal is to help more students to find science 
engaging and useful for improving their life chances, increasing 
post-16 participation in STEM. The partnership is producing peer-
reviewed research papers and briefs71 from the UCL – Institute 
of Education team, resources72 through the Science Museum 
learning team for use in informal science learning settings and 
teacher professional development modules from both the Science 
Museum and King’s College London teams, to help raise the level 
of science capita73 in young people. 

The guiding insight behind such initiatives rests on the fact 
that science and mathematics are not the only routes to STEM 
careers; they are necessary, but not sufficient. Instead, eliciting 
curiosity and excitement in designing new tools, robotics, apps 
and electricity-generating systems for example, lead students to 
new understandings of science and mathematics: that they are 
fun and easy to work with. 

Another type of intervention – The Makerspace Movement: Sites 
of Possibilities for Equitable Opportunities to Engage STEM 
Among Underrepresented Youth74 – has been funded in the USA 
by the William T. Grant Foundation. This project addresses the 
issue of social justice and inclusion across the ethnic, gender 
and class spectrum head-on by highlighting the potential of 
community-based makerspaces for engaging young people, 
from under-served communities, with engineering and STEM. 
Research from the project shows that using a strong equity- and 
youth-orientated pedagogical approach to working with young 
people (particularly in the 11-15 age range) in these makerspaces 
can result in a wide number of positive outcomes – including 
fostering critical agency, supporting STEM learning and building 
an ‘engineering identity’ among young people from low income, 
minority ethnic backgrounds.

An equally ambitious, though smaller-scale, initiative is the 50:50 
challenge75, which started in 2014 at UCL, asking teachers to 
bring girls and boys in equal numbers to engineering activities. 
“In a matter of months something unprecedented happened: 
the number of female applicants to their engineering courses 
started to outstrip the male [and] let’s make something absolutely 
clear; 50:50 is about fairness. From start to finish it has been 
about including groups who would otherwise be excluded from 
engineering due to invisible social structures”76. Three years 
on, the gender balance has dramatically strengthened, with the 
inclusion of minorities, diverse ethnic groups and students from 
a wide range of socio-economic backgrounds and levels of 
ability. Astonishingly, all participants, irrespective of background, 
provided feedback that they individually felt that UCL’s pre-
engineering programmes were inclusive for them. This reinforces 
that educational programmes that engender diversity in every 
aspect of their offering become relevant to all, rather than a few. 
Such feedback could only be achieved through adaptations 
in the vocabulary, assignments (such as “design a prosthetic”, 
exoskeleton or “design a wheelchair” challenges), imagery and 
representations of diversity in facilitator and mentors who look like 
the participants themselves; young (often PhD students), creative 
and energetic, also from a variety of backgrounds.

The processes of invention and ingenuity are exciting, yet the 
rewards of social application are what the students mostly prized.

Creating an inclusive environment in the higher education

In higher education, colleges and universities are also recognising 
that they can significantly influence inclusion through strategic, 
future-facing choices of pedagogy and curriculum that accentuate 
diversity and a human-centred understanding. For example, the 
Technical University of Denmark (DTU) offers new programmes in 
engineering that are both research-based as well as application-
oriented, which have become especially interesting to young 
women, such as the Design and Innovation programme that has 
more women in attendance than men. In addition, DTU promotes 
more women in the student-body to undertake school projects 
as entrepreneurships and start-ups in the university, emphasising 
the inclusion boost that project-based and collaborative learning 
generate. Olin College of Engineering in the USA has also 
achieved gender-parity, attributed to its revolutionary pedagogy 
and curriculum that attract talent, as well as small class sizes. 

External stakeholder partnerships, as well as global citizenship 
approaches can bridge cultural and socio-economic disparity, 
as exemplified by pedagogical and curriculum changes in the 
engineering study at UCL, in the UK. Three years ago, UCL forged 
relationships with a community leader from the WindAid Institute77, 
a Peruvian NGO, which was looking to find wind energy solutions 
for Playa Blanca, a small fishing village, off the national energy 
grid, of around 52 families. Through project-work, UCL students 
designed a variety of solutions they could directly discuss with the 
locals, to whom they could ask questions about use of energy, 
culture, geography, climate, etc. Communication took place 
through several channels including online forums and mobile text 
messaging. The process was so successful that WindAid invited 
students to Playa Blanca to help set-up the wind turbines; and this 
is a programme that has widened over the years78. 

The above interventions demonstrate the value of outreach 
activities that target those who might never have considered 
engineering due to unhelpful popular imagery or simply because 
they were not made aware or encouraged at an early enough age. 
They go beyond the traditional investment of resources that aim 
to attract high-achievers in maths and science into engineering: 
high-achievers will go into engineering education and professions 
regardless of outreach, so engaging with more creative outreach 
will have a bigger impact. The value proposition of getting 
people into engineering must be made to students early 
and also repeatedly so that underlying reasons of why one 
should enter engineering outweigh the how. At the centre of 
the conceptual mapping of innovation in engineering education is 
student agency (Figure 6), which is why triggering creativity and 
imagination through engagement with engineering is so important. 
Furthermore, self-efficacy and identify formation, particularly 
with young girls and women as well as minority groups needs to 
remain in the spotlight.

64 See www.wes.org.uk for more details.

65 See www.wisecampaign.org.uk for more details.

66 Royal Academy of Engineering, Diversity Leadership Group. (2015). Increasing diversity and inclusion in engineering: A case study toolkit, p. 6. Available at http://www.raeng.org.uk/policy/
diversity-in-engineering/diversity-and-inclusion-toolkit/documents/increasing-diversity-and-inclusion-in-engineering

67 Campaign for Science and Engineering. (2014). Improving diversity in STEM. London, UK: CaSE, p. 2.

68 ibid., p. 4.

69  ibid., p. 19.

70 See www.enterprisingscience.com for more details.

71 See www.kcl.ac.uk/enterprisingscience for more details.

72 See www.sciencemuseum.org.uk/educators/special-projects/science-capital for more details.

73 Archer, L., Dawson, E., Dewitt, J., Seakings, A., & Wong, B. “Science capital”: A conceptual, methodological, and empirical argument for extending bourdieusian notions of capital beyond 
the arts. Journal of Research in Science Teaching, 52(7), 922-948.

74 Calabrese Barton, A., Tan, E., & Greenberg, D. (2017). The Makerspace Movement: Sites of possibilities for equitable opportunities to engage underrepresented youth in STEM. Teachers 
College Record, 119(6), 1-44. 

75 See www.sciencegrrl.co.uk for more details.

76 Science Grrl. (2016). Create a step change – Demand 50:50. Available at http://sciencegrrl.co.uk/demand-50-50/

77 See www.windaid.org for more details.

78 See WindAid’s blog at www.windaid.org/blog and UCL Engineers Without Borders at www.engineering.ucl.ac.uk/engineers-without-borders/projects-location/peru/peru-2014/ for more 
details.

The guiding insight behind such 
initiatives rests on the fact that 
science and mathematics are not the 
only routes to STEM careers; they are 
necessary, but not sufficient.
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Conclusions The overriding message emerging from the symposium 
and the workshop that inspired this report is that 
engineering education involves supporting 21st century 
students in their continuous transitions. The first is to 
inspire students to become engineers. The second is 
to support engineering students in their engagement 
with their chosen engineering specialisation as well as 
the knowledge, skills and competences they will use 
upon graduating. The third is to help open the globally 
challenging, and professionally stimulating world to them – 
to assist them in their progression towards a career, and in 
attaining a specific license or Chartered Engineer (CEng) 
status. The final transition is to motivate some engineers 
to becoming engineering educators and to use their 
accumulated knowledge and experience towards inspiring 
the next generation.  

Recommendations to address each transition have been included 
under the report’s three sections (see below). One of the main 
ideas that has guided the formulation of recommendations under 
each section of the report is the future value of engineering within 
societies. The importance of values was acknowledged in both 
the symposium and workshop as playing a major influence on 
students’ choices to becoming engineers. Strengthening early 
engagement of engineering stakeholders with young people 
is critical. This conclusion is reinforced by a longitudinal study 
carried out by Matusovich, Streveler and Miller79 in which the 
authors propose that in order to increase rates, it is vital to focus 
on values, especially by helping students connect their personal 
identities to engineering identities. 

This report supports their recommendation that partnerships 
between education and industry, including agencies who promote 
co-operation between both, should strike a balance of interests, 
motivations and goals, so that each are well cared for. This will 
ensure that the overarching target of stimulating enthusiasm for 
and participation in engineering by a wider, more diverse audience 
is the priority. By ensuring that outreach partnerships speak to a 
multitude of stakeholders and young hopefuls, the key challenge is 
to ensure that they each support one another in their collaborative 
efforts, rather than compete for participation and resources. For 
example, interests may be satisfied transactionally in collaborative 
activities and programmes, taking into account potential benefits, 
as outlined in Table 2.

We invite therefore extant and new partnerships to realise the 
reimagining engineering and engineers agenda, which informs 
this report, to incite new understandings and excitement in 
engineering in all areas. Collaborative projects and events with 
local and international partners have had a significant track record 
of attracting and appealing to diverse groups, especially when 
they gear student learning to real-world challenges, for example, 
work sponsored by Engineers Without Borders80. The next step is 
to either widen extant or form new partnerships of cooperation81 
to ensure engineering education becomes a feasible option 
for those who are excluded by structural and financial barriers, 
wherever they live.

HEIs also have an important role to play. Their challenge is to 
further support and promote inclusive diversity in engineering 
education through evolving their university ethos – curriculum, 
pedagogy, staff, student-body – to promote engineering as a 
discipline and profession that, simultaneously, addresses worrying 
environmental and health problems and attracts the most diverse 
talent to ensure this happens.

Finally, we urge governments to reflect the key issues identified 
in the report. Through reference to key policies, such as the 
industrial strategy, leverage can be given to call for innovation and 
the promotion of key aspiration such as equality and diversity. 

79 Matusovich, H. M., Streveler, R. A., & Miller, R. L. (2010). Why do students choose engineering? A qualitative, longitudinal investigation of students’ motivational values. Journal of 
Engineering Education, 99: 289-303.

80 See www.ewb-uk.org for more details.

81 Pretz, K. (2015, February 6). Part engineer, part humanitarian: The making of social entrepreneurs. The Institute. Available at http://theinstitute.ieee.org/career-and-education/career-
guidance/part-engineer-part-humanitarian-the-making-of-social-entrepreneurs

STUDENTS UNIVERSITIES WORKPLACES
COMMUNITY PARTNERS 
(e.g. museums, NGOs)

•New knowledge

•Seeing oneself in a new 
career path

•Being part of solving 
grand challenges in teams

•Taping into financial and 
other resources (job or 
scholarship)

•Gaining the prospect to 
a job

•Reputation

•Recruitment, retention

•Brand recognition

•Outstanding programmes

•Change in their identity/
self-identity 

•Visibility

•Opportunity for research 

•Brownie points with 
the government for 
doing something for 
communities

•Access to loaded minds

•Free consultancy or paid 
consultancy

•Easy access to talent

•Right selection 

•Longer-term retention

•Improved grounding and 
engineering literacy

•CSR

•Chance to network with 
other businesses

•Community engagement 
and awareness in social 
issues

•Fostering greater social 
cohesion

•Tackling societal issues 
with multi-stakeholder 
backing

Table 2. Stakeholder partnership benefits



UCL CENTRE FOR ENGINEERING EDUCATION  |  LLOYD’S REGISTER FOUNDATION  |  INNOVATIONS IN ENGINEERING EDUCATION 3332 UCL CENTRE FOR ENGINEERING EDUCATION  |  LLOYD’S REGISTER FOUNDATION  |  INNOVATIONS IN ENGINEERING EDUCATION

Reimagining who engineers are and 
what they do - Key recommendations

Reimagining innovation in engineering 
education - Key recommendations

Reimagining diversity in engineering 
education - Key recommendations

Ensure the legacy of the Year of Engineering campaign, 
to increase public awareness about the contribution that 
engineering is making to the societal challenges of the 
modern world, highlighting the new and emerging areas  
of engineering. 

Refocus the current schemes and initiatives to ensure appropriate 
21st century role-models and images of engineering and 
participants’ learning activities.

Actively promote the 21st century role-models and images of 
engineering so as to  ensure that engineering attracts the most 
diverse talent from all sections of the population in to the profession.

Create a community that is actively pursuing the 
development and delivery of new designs of engineering 
education programmes. 

Review and refocus existing curricula and structures so as to  
ensure that programmes promote inclusivity, self-efficacy, and  
the societal impact of the 21st century engineer.

Strike a new balance between the existing disciplinary divisions 
in engineering and new interdisciplinary collaborations by 
ensuring that all students have access to project-based learning 
opportunities throughout their degrees. 

Support the development of holistic and integrated programmes 
designed in collaboration with students, industry and professional 
institutions and evaluate their processes and outcomes. 

Deploy learning technologies that reinforce the processes of 
curriculum and pedagogic innovations in engineering.

Ensure the skills and attributes required for educating the 21st 
century engineer are rewarded at the highest level and that there 
are clear incentives to engage with innovate pedagogies in HEIs 
and companies.

Review and redesign the opportunities for industry-education 
and education-industry experiences and placements for early- 
and mid-career staff working in educational institutions and 
engineering companies.

Audit national and international best practices for securing and 
retaining SMEs to support the delivery of engineering programmes.

Reimagine the models for collaborative (universities 
and industry) engagement in both primary and 
secondary education in order to highlight role models 
and new imageries of the engineer of the 21st century 
engineer, focusing on positive messages of inclusivity 
and recognisable role models, ensuring that these 
are connected to real developments across whole 
development engineering cycles.

Identify and support a diversity of routes into engineering 
education and into being a professional engineer.

Sponsor an extension of the science-capital concept to 
engineering and the maker-space initiative to the UK to support 
the diversity of applicants to engineering.

Design programmes that ensure entry points and curricula are 
aligned with positive images of modern engineering, so as to 
attract students from the widest possible range of backgrounds.

Offer engineering students access to problem and project-based 
learning with an emphasis on social impact, attracting students  
from the widest possible diversity of backgrounds into engineering.
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Appendix A: Glossary

Accreditation of prior experiential learning  

A process that recognises previous experience within a degree 
programme. Usually to give credit or to give exemption from 
certain requirements.  

Accreditation of prior learning

A process that recognises previous learning or study within a 
degree programme. Usually to give credit or to give exemption 
from certain requirements.

Active learning

Teaching and learning approaches that encourage students 
to actively engage in the learning process, as opposed to 
transmissive methods where students are usually passive 
recipients of information.

Adjunct faculty

Teaching staff, typically in North America, who teach on  
limited-term contracts and who are ineligible for tenure.

Big data 

Manipulating and drawing understands from very large sets  
of data.

Blended learning

A method of learning that combines a number of different  
styles of instruction. One common form combines online  
media with traditional classroom methods.

Citizen engineering

Following from citizen science, members of the general  
public engaging in collaborative engineering projects.

Concentrations

Typically in North American colleges, these are a set of courses 
in a particular field of study.

Cross-disciplinarity

Activities that involve two or more disciplines with those  
involved working across the disciplines.

Data-centric engineering

The use of large collections of data to inform engineering 
processes and designs.

Distance learning 

Teaching and learning programmes that are specifically designed 
for students that will not be physically present in the classroom – 
typically now, accessed via the internet, see MOOC.

Divergent teamwork 

The act of teams generating creative ideas and exploring as  
wide a range of solutions as possible.

Domain knowledge

Knowledge within a specific field or area of study.

Educational technology 

Technology used to support and enhance education either  
in the classroom or as part of a blended learning or distance 
learning programme.

Engineering educators 

Staff involved in the teaching and learning of engineering students 
and in the formation of professional engineers.

Gamification

The application of elements typically associated with game-playing 
to educational activities. For example, point scoring or competition.

Grand challenges 

A set of large and complex problems that are key to the future 
health and prosperity of the world. These may be defined by 
governments, non-governmental organisations, charities or 
research organisations such as universities..

Hard-skills

Technical skills such as mathematics and science in an 
engineering programme.

Inclusion and diversity 

The consideration that programmes should be open, welcoming 
and accessible to all, regardless of any physical or social attributes. 

Inter-professional 

Education where two or more professionals learn together and/or 
where two or more professionals learn and work together.

Makerspaces 

A collaborative and publically accessible space with shared tools, 
and resources that allow for all sorts of making activities. 

MOOC 

Massive Open Online Course; a form of distance learning,  
where education courses are open to participants worldwide  
via the internet.

Multi-level assessment 

Assessment practices that aim to evaluate a number of different 
skills at different levels, in one assessment..

Multidisciplinarity  

Activities that involve two or more disciplines with those involved 
working side-by-side, bringing expertise from their own disciplines.

Nanotechnology

A branch of technology that considers the manipulation of atoms 
and molecules on nanometre scales. 

Outreach activities 

Schemes that engage local schools and the community in 
engineering.

Pedagogies

The method and practice of teaching, especially as an academic 
subject or theoretical concept.

Problem-based learning (PBL) 

A form of teaching and learning that draws upon the process of 
solving problems as the basis for students’ learning.  

Processual learning 

An approach that focuses on the processes involved in reaching 
the final outcome rather than the outcome itself.

Professional institutions 

Societies that promote and accredit particular professions and 
engineering disciplines. 

Reimagine

The process of imaginatively forming a new conception.

Resilience engineering

Activities within an engineering project that look to enhance the 
abilities of systems or processes to withstand change.

Self-directed learning

The process whereby students take the initiative in their learning 
without the specific direction of tutors.

Self-efficacy

The confidence one has in the ability to exert control over one’s 
own motivation, behaviour, and social environment.

Soft-skills 

See transferable skills.

Sustainable development 

Development that is conducted without the depletion  
of resources.

Transferable skills

As opposed to technical knowledge and skills, the so called 
‘hard-skills’, soft-skills are interpersonal, communications and 
social intelligence skills that are often cited as key to successful 
employment. Also termed soft-skills although many are now 
pushing back against this term, due to negative connotations.
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