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Executive Summary

The manufacturing and engineering student intake of 2030 are being born in 2011 and 2012, and the management
teams waiting to recruit, train and develop them will start their own degrees in these years. The intervening period
is the blink of an eye in educational terms. The CIHE Task Force on Manufacturing and Engineering Talent focused
on core challenges necessary to lay the foundations for highly-successful, richly-innovative, globally competitive
businesses by 2030.

It developed three potential scenarios, with due acknowledgement to Charles Dickens:

Hard Times. Manufacturing and engineering businesses are driven back by intense competition from traditional
and BRIC competitors plus new entrants such as Turkey, Indonesia, the Philippines, Vietnam, Nigeria, and Egypt.
Furthermore, business and policy-makers do not solve the problem of widening the talent pool to include the
brightest women and minorities, and the workforce lacks innovation and leadership.

Lying Awake. More bright women and hard-to-reach groups start to enter manufacturing and engineering
businesses, innovation and leadership are increased through sustained policy, educational and business
interventions, and the sector is successfully re-branded as a green problem-solver.

Great Expectations. The UK is a magnet for manufacturing and engineering talent and investment, and a crucible
for advanced innovation. It is a great place to do business, and the talent and leadership developed by intense
cooperation between its education system and businesses ensure that its graduates and management are world
class.

Each scenario is plausible, but if our businesses are to have Great Expectations, the challenges of attracting,
retaining, and reusing talent are enormous, impacting on our whole educational, leadership and innovation chains,
and requiring holistic solutions to systemic problems.

Core Conclusions

e Qurexclusive survey of female undergraduates revealed that schools must focus on career guidance for girls
and hard-to-reach groups that stresses the importance of physics and mathematics, the green realities of
manufacturing and engineering, and the high salaries expected from graduates in the sector. But this must
not be restricted to Career Guidance Officers. It is vital that teachers more generally engage with this grand
challenge.

e As we demonstrate in our unique Expertise Curve analysis, we need a new and fresh language to describe
the kinds of talents required by engineering and manufacturing graduates. Universities must balance the
development of technical and professional knowledge with interpersonal and communicative expertise.

e Qurspecially-commissioned case studies demonstrate that structured engagement with business is not only
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vital to employability, but may also benefit academic quality.

e Mentoring schemes where businesses provide inspiring role-models are a crucial component in exciting school
children to study science and mathematics.

e Placements and internships are a fast track to developing the right talent. Immersion in industry at postgraduate
level brings powerful intellectual benefits for young researchers.

e And the development of leadership expertise can never begin too early or end too late.

Strategic leaders will be the driving force of Great Expectations for manufacturing and engineering businesses,

and the UK is in danger of falling behind in the development of its top-end talent. One of the Task Force’s deepest
concerns was for the provision of development programmes for young talent to rival globally-excellent initiatives
such as the Gordon-MIT Engineering Leadership Program, which is aimed at transforming ‘a highly motivated group
of undergraduate students into engineering leaders who will fuel America’s technology engine.’

The task of developing 2030 talent must begin today. And the CIHE, working with industry bodies, charities and
educationalists, will launch the Talent 2030 Campaign to help do so.



Talent 2030
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Recommendations

CIHE

talent initiative.

e Launch the Manufacturing and Engineering Talent 2030 Programme to work with government,
industry and education to ensure that the challenges raised by the Task Force are tackled.

e (reate the Talent 2030 award for the best university-business manufacturing and engineering

e (Co-ordinate the fundraising for the Academy of Manufacturing and Engineering Leadership.

e Act as a watchdog on educational policy to ensure that Talent 2030 issues remain a focus for
government and the devolved administrations.

Universities, Funding and Research Councils

Develop degrees that reflect the
interdisciplinary challenges of modern
manufacturing and engineering.

Promote placements and internships in all
manufacturing and engineering courses.

Develop the interpersonal and
communicative expertise needed by
manufacturing and engineering businesses
as part of undergraduate and post-graduate
programmes.

Work with business and government to
achieve best practice in the development of
manufacturing and engineering leadership,
and, in particular to explore the establishment
of an Academy of Manufacturing and
Engineering Leadership.

Promote and celebrate high-value placement
and internship schemes.

Schools

Innovate in the teaching of maths and physics
to put problem-solving at the heart of the
teaching method.

Set a target for the number of girls achieving A
level physics at grade B or above.

Provide clearer career guidance for girls and
hard-to-reach groups aged 11-13 about the
true nature and benefits of manufacturing and
engineering, particularly green manufacturing
and engineering.

Ensure that the relevant teachers are up-to-
date with developments in manufacturing and
engineering and have the ability to convey

to pupils the kinds of attractive jobs there

are in the sector, particularly around green
engineering and manufacturing.

Teach more academically rigorous Design and
Technology GCSEs, A-levels and equivalents.




Government

Include the number of girls
passing A level physics at grade
B and above in school league
tables.

Ensure that Design and
Technology has more academic
rigour and is included

and valued in the English
Baccalaureate. The devolved
administrations should also

do so in their equivalent
qualifications.

Promote universal

placements and internships in
manufacturing and engineering
companies through funding
council initiatives, tax and
National Insurance breaks, and
other rewards.

In England, ensure that the
new funding system does not
produce perverse incentives
that cause universities to
reduce the number of places
for high-cost engineering and
manufacturing degrees.

Business

Work with universities to develop
a universal placement scheme for
engineering and manufacturing
students.

Commit to a major manufacturing
and engineering mentoring
scheme, particularly aimed at
girls before they reach 14. Help
fund a Web 2.0 web site that
matches business mentors
(particularly from SMEs) with
schools.

Work with the funding councils,
government and industry bodies
to match global best practice

in developing future leaders,
including the possible funding
of an Academy of Manufacturing
and Engineering Leadership.

Work with teachers and career
guidance officers to ensure

they are up to date with
developments in manufacturing
and engineering and enthusiastic
about possible careers in the
sector.

Accreditation and Industry
Bodies

e Ensure that accreditation is
forward-looking and reflects
the interdisciplinary nature
of modern manufacturing
and engineering.

e Promote a broader range
of expertise as part of the
accreditation process —
including interpersonal and
communicative.

e Introduce systems thinking
as a core competence in all
engineering degrees and for
professional registration.

e Develop a more coherent
voice to government and
universities on the needs
of manufacturing and
engineering by cooperating
on the Talent 2030
campaign.
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Introduction

“Prediction is very difficult, especially if it’s about the future.”
Niels Bohr

On the fourth of September 2030, 19 year-old Josephine Fox will stand a little nervously outside the door of Dr. Eunice
Nwagbara, the 38 year-old high-flying MD of the Innovative Products Division of Sustain, a global leader in carbon-
neutral manufacturing. Josephine is about to start her first job, which will be combined with a five year degree, in
part funded by Sustain.

Josephine was born on 4th October 2011, the day Eunice started university, but that’s not all that links them. Eunice
has been mentoring Josephine since she was 14, initially as one of a group of girls wanting to learn more about
Sustain. Eunice herself joined Sustain after a successful one year placement programme at the company, and was
then encouraged to spend a day a month at Josephine’s inner-city school.

Unlike Eunice, Josephine will benefit from the range of new manufacturing and engineering leadership initiatives
developed by businesses and universities in the mid-teens, and supported by transformational policy thinking by the
UK Government and the devolved administrations. As well as mentoring schemes and innovative maths and physics
teaching in school, these will include a year’s postgraduate programme at the Manufacturing Engineering Leadership
Academy - an initiative funded by manufacturing and financial services businesses which were given tax breaks

for their contributions. She will take a five year degree, two years of which will be funded by Sustain in return for
Josephine working in the business through the summers and for her placement year. Six months of this will be spent
at Sustain’s office in Shanghai, where Josephine will brush up on her Mandarin.

Josephine’s university courses will combine high-quality technical and professional expertise with specially targeted
programmes (many designed into her course work) on communicative and interpersonal expertise. This will help
overcome her natural shyness in meetings, and enable her to be fluent in most business situations. Since the
engineering and manufacturing professional bodies, realising the speed of industrial change, and the competitive
pressures from the BRIC countries, have allowed universities to modernise their curricula consistently, Josephine is
already ear-marked for Sustain’s top management programme.

Josephine’s lecturers will use a range of social media tools to develop her innovative instincts, and she has

already signed up for entrepreneurship societies, convinced that she eventually wants to start her own high-value
manufacturing and engineering business after her time at Sustain. And her entrepreneurialism will be further
fostered by a paid internship working on her university’s open-IP social network site, which hooks up businesses
with researchers, and where she will see at first hand the ambition of businesses to create new products and services
based around her lecturers’ ideas.*

1 A key recommendation of the Task Force’s first report Powering Up.
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All a bit far-fetched? What if we changed Josephine’s name to Ling Wang, and made her a prospective graduate
of Peking University and a future Fellow of the Chinese Academy for Advanced Manufacturing and Engineering
Leadership?

Still far-fetched?

Unless the UK is developing thousands of Josephines by 2030, it will drift downwards in the advanced manufacturing
and engineering league table, and the sheer volume of engineering and manufacturing graduates emerging from

the BRIC countries, let alone from Germany and the US, will ensure that it is their graduates who will be the global
manufacturing and engineering leaders of the future. It is 16 years from 2014 to 2030 - the blink of an eye in
educational terms - so the CIHE Manufacturing and Engineering Task Force reviewed the ways in which UK higher
education and business could work together to attract, develop, retain, revise, and reuse an ever-expanding pool of
talent for manufacturing and engineering businesses in the UK over that period.

Before we turn to this vision, however, we need some sense of what 2030 might look like.



2030: Future Conditions, Future Drivers,
Future Businesses

2030 Constants

Scenario planning is a mixture of constants, variables and guess-work. HIV/AIDS, and the near collapse of the global
financial system in 2008, tell us that there are systemic challenges that are entirely unpredictable in scale and
intensity. But equally, there is a reasonable consensus about some of the big challenges facing us.

The global population will continue to grow - perhaps reaching ten billion, with all that implies for food, water
and energy production. Of this growing population, a billion might be over the age of 65, with the ensuing
healthcare challenges that this implies.

The climate will continue to dominate the political debate, and be a focus of policy and investment, even if the
policy is contested, the science open to challenge, and the speed of change unpredictable.

Globalisation will be the express train of capitalism (although there are scenarios where protectionism could
derail it.) More or less regulated markets will be the dominant means of the global exchange of goods and
services, rather than statist systems of control.

Developmental and political unrest, such as the Arab Spring of 2011, will remain a source of local conflict and
global uncertainty.

Food production and security will be a source of global anxiety.

The Internet will be transformed by massive technological advances in distribution and storage. All devices will
be connected instantly.

The BRIC nations will continue to expand, develop economically and challenge the traditional Western
economies, and will be joined by other fast developing manufacturing and engineering economies such as
Turkey, Indonesia, the Philippines, Vietnam, Nigeria, and Egypt to form BRIC-Plus, as we call the grouping in this
report.

2030 Drivers

How businesses see and respond to the major drivers of change will have a massive influence on how they interact
with the UK education and talent management systems, and with the UK as a whole. Deloitte, in its Global
Manufacturing Competitiveness Index, lists ten in rank order, with talent-driven innovation — the focus of our report -
as the most important.

11
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Table 1: Drivers of global manufacturing competitiveness
Rank Drivers Driver score

1=High 10=Low

1. Talent - driven innovation 9.22

2. Cost of labour and materials 7.67

Energy cost and policies 7.31

Economic, trade, financial and tax systems 7.26

Quality of physical infrastructure 7.15

Government investments in manufacturing and innovation 6.62
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Legal and regulatory system 6.48
Supplier network 5.91

@ oe e o

Local business dynamics 4.01

10. Quality and availability of healthcare 1.81

Source: Deloitte and US Council on Competitiveness - 2010 Global Manufacturing Competitiveness Index.

These fundamental drivers constantly interact with one another and some economies foreground some rather than
others, such as the quality of communications infrastructure. What is never in doubt, however, in surveys like this,
is that talent-driven innovation is an absolutely top influencer of manufacturing and engineering success. Drawing
on the above constants and variables we formed three scenarios for the future of manufacturing and engineering
in the UK. In Hard Times, the sector is driven backwards by intense competition from the BRIC-Plus economies.
Furthermore, business and policy-makers do not solve the problem of widening the talent pool to include the
brightest women and hard to reach groups, and the workforce lacks innovation and leadership.

In Lying Awake, a mix of policy and practice begins to increase the volumes of manufacturing and engineering
innovation. Based on the introduction of three significant interventions, more bright women and hard-to-reach groups
start to enter manufacturing and engineering businesses. First a successful campaign is launched to persuade them
to study maths and physics at A level. Second, great mentoring opportunities (with successful women and a diverse
group of role models) are provided from the age of 12, and third, the sector is successfully re-branded as a green
problem-solver.

Finally, in Great Expectations, the UK is a magnet for manufacturing and engineering talent and investment, and

a crucible for advanced innovation. It is a great place to do business, and the talent and leadership developed by
intense co-operation between its education system and businesses ensure that its graduates and management are
world-class.

12



The Future
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Scenario one - Hard Times

“NOW, what | want is, Facts. Teach these boys and girls nothing but Facts. Facts alone

are wanted in life. Plant nothing else, and root out everything else. You can only form the
minds of reasoning animals upon Facts: nothing else will ever be of any service to them.
This is the principle on which | bring up my own children, and this is the principle on which
I bring up these children. Stick to Facts, sir!” Thomas Gradgrind in Hard Times, Charles
Dickens

Competitive environment and government policy

UK manufacturing and engineering are in steep decline because smart manufacturing and
engineering in the UK is uncompetitive relative to the BRIC-Plus countries and traditional
competitors such as Germany and the US.

Government is not developing or supporting procurement, taxation, or immigration policies
that are helpful to manufacturing and engineering industries.

The global trading environment is open, but direct and indirect protectionism in BRIC-Plus
countries undermine the competitiveness of UK manufacturing and engineering. The UK
remains the most open business environment, but lacks a sovereignty policy to protect
strategic manufacturing and engineering processes in the UK.

Talent and workforce

The manufacturing and engineering workforce is typically white and male and does not
leverage the most talented women or hard to reach groups, who feel excluded from the
industry.

Because of a lack of talent, global manufacturing and engineering businesses increasingly
hire their business and research leaders from outside the UK.

Fewer apprentices than in 2011 find a route to progress on to level 4 to achieve higher-level
skills. This leads to a critical lack of higher-skilled technicians.




The Future
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Hard Times seems all too plausible. Despite the current export-led success of manufacturing and engineering, there
are underlying stresses identified by the businesses on the Task Force that suggest that the scenario could come
true. How does the UK avoid such a dire outcome by developing a high-quality talent pipeline? And, in particular,
how does the right mix of policy and practice develop female manufacturing and engineering talent, as well as hard
to reach groups, who may feel excluded from the sector?

The next two scenarios build on each other. In order to reach Great Expectations, the UK may have to go through a
Lying Awake phase, where much good work is being done in schools, universities and industry. But the reformation
may not be deep or wide-ranging enough to prevent government and business leaders from lying awake wondering if
the UK will be great place for manufacturing and engineering businesses to flourish.



The Future
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Lying Awake...

“BT has 40,000 engineers managing the physical
network but they also have global and domestic
customer services related roles. In order to have more
complex products and services BT need to have world
class engineers to design and build them. They will also
need world class engineers to offer customer services.
The traditional view of customer services in 2030 will
have gone, there will need to be customer service
engineers who can answer a wide range of enquires. BT
hope that working as an engineer at BT in 2030 will be
something for young people to aspire to. Also that the
UK education system not only promotes a career in IT
engineering as an aspirational one, but that it develops
the skills needed as well.”

Andy Palmer, Group Head of Skills Development, BT

Step back to 1991 and reflect on the kind of world
manufacturing and engineering students were expected
to enter. Certainly not one based on the World Wide
Web, as the launch of the Netscape browser was

three years away, and probably not one focused on
measurable sustainability targets — Kyoto was six years
in the future. Among the major employers would have
been national champions such as GEC — eight years
before it imploded —and ICl as it began its long descent
to a foreign take-over. Graduates in 1991 emerged

into a brutal recession, but what really transformed
their industries — and their working lives - was entirely
invisible to them.

So preparing manufacturing and engineering talent

for the next wave of industrial change in the next 20
years requires educationalists and employers to ensure
that graduates and young employees are flexible,
inter-disciplinary, critical, and reflective independent
learners who are committed to their own learning and
development. It does not mean giving them a set of
perishable skills, whether defined as hard or soft, and
it certainly will mean the development of different
teaching models that reflect the interdisciplinary needs

of advanced manufacturing and engineering. As the
following quote from a senior UK Civil Servant adroitly
notes, the old subject divides will not pay dividends
as manufacturing and engineering businesses export
solutions to global food crises or sustainable housing.

“The tension between the arts and engineering seems to
be overtaken by some of the markets and businesses that
are emerging, If you want to be good in an engineering
industry, | would have thought that you would need an
ever more sophisticated understanding of behavioural
patterns and other social sciences, and the engineer that
can’ t do any social science might be yesterday’s engineer,
and the social scientist that doesn’ t have any grasp of
engineering is probably yesterday’s social scientist. One
of the challenges of the education system is to overcome
these old fashioned divides and create a generation

of graduates that has a degree of capability in other
disciplines.”

Senior UK Civil Servant

The Task Force reviewed the major initiatives on
manufacturing and engineering talent (including those

of Task Force member organisations) and has mapped
best practice approaches on the Talent 2030 pipeline. It

is obvious, however, from the extensive thinking already
being undertaken across the sector, and from the views
of the businesses on the Task Force, that to develop the
kind of manufacturing and engineering pipeline the future
industry needs, we need collective solutions to a range of
deep challenges even to reach the Lying Awake stage.

Education has to produce, and manufacturing and
engineering companies have to attract, a diverse range of
talent. Maths, physics, chemistry, design and technology
have to form an exciting core of school education.

Apprenticeship schemes should be a systematic route

to higher education, and be part of an educational
continuum. Retraining talent will be as vital as recruiting
talent.



One-year placement programmes in industry are
the most systematic route to employability and
must be actively promoted and incentivised by
universities. Internship programmes must be
developed for those unable to take a placement.

Avital challenge, however, is increasing the

volume of talent-driven innovation, and that
requires more and better talent entering and
remaining in manufacturing and engineering
companies.

21
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Talent Implications of Lying Awake

Challenge: The school system must deliver a high volume of mathematically and numerically - capable
students who can become manufacturing and engineering talent, via either their first or their second
degrees. The proportion of students taking A level maths has increased substantially in the past five years,
which is strong evidence that such a task is feasible.

Proposal: Schools should have a target for girls to achieve at least a B grade at A level physics, to ensure a
diverse intake into engineering at degree level.

It is valuable that the new English Baccalaureate, and its devolved administration equivalents, will promote
mathematics and science. But it must not be allowed to deter schools from including academically rigorous
design and technology in their focus. Otherwise, universities will be denied access to the raw talent
needed to work with businesses. Universities and business must be explicit about the maths and physics
qualifications that they expect so that young people can make informed choices.

Challenge: Tomorrow’s manufacturing and engineering leaders must be drawn from an interdisciplinary
environment that reflects global business challenges and opportunities.

Proposal: Universities must ensure that arts and social science students also have the option to take
numeracy-based subjects, and that mathematicians, chemists, physicists, biologists and engineers

are offered arts and social science courses to enable them to acculturate quickly and help the UK’s
manufacturing and engineering businesses be global export successes. UK universities should develop
Masters degrees that enable numerate arts and social science graduates to enter manufacturing and
engineering jobs that do not require engineering degrees.

Engineering and manufacturing professional bodies must ensure that the UK degrees they accredit are
structured to reflect the increasingly inter-disciplinary needs of business.

Challenge: Manufacturing and engineering need a brand overhaul.

Proposal: Manufacturing and engineering businesses in the UK have to engage much earlier with
prospective employees, perhaps as young as five, using more effective marketing and social media to recast
engineering and manufacturing as solutions to the major global challenges of our age. Manufacturing and
engineering businesses must expand the talent pool through systematic bursaries, management training
schemes that begin at 18 and which develop talent through a mixture of business experience and university
development work. Industries bodies should coordinate effectively to create a coherent voice to address
universities, schools and government.

Challenge: Automation, robotics and self-correcting machines are commonplace in 2030, and the ‘new
technicians’ will be software specialists. They may be digital specialists as they are unlikely to write much
software but will certainly use it. Both the hardware and software are covered by the term digital.

Proposal: The curriculum of the University Technical Colleges should be reviewed to ensure that they are
solving tomorrow’s problems, not yesterday’s, and all future apprenticeship schemes should be focused on
future business needs and be consistently future-scanning.




Talent-driven Innovation

“What’s important in engineering education? Making universities and engineering schools
exciting, creative, adventurous, rigorous, demanding and empowering environments is more

important than specifying curricular details.”
Dr. Charles Vest, President, National Academy of Engineering and former President, MIT

Three basic conditions have to be met to increase the amount of talent-driven innovation in the UK’s manufacturing
and engineering economy: first, we must abandon the idea that it is the primary job of universities to teach
narrowly-defined and measured skills and instead focus on their role in developing broad-based expertise. Second,
unlocking the management talent of women and hard-to-reach groups in manufacturing and engineering will be
transformational. Finally, leadership, entrepreneurship and intrapreneurship in smart manufacturing and engineering
will be the fundamental DNA of success by 2030.

The Expertise Curve

The understandably influential Leitch Report on Skills?, although aimed principally at mass education, swept
universities into its gravitational pull through the concept of higher-level skills. It also fostered an inconclusive
debate about whether universities should teach so-called ‘soft’ or behavioural skills (running a meeting, closing a
deal, being in a team, understanding customer needs, establishing clear goals), alongside ‘hard’ skills (reading Kant,
doing equations).

These distinctions and definitions are more than unhelpful in developing the Talent 2030 pipeline. A skill is a repeatable
process in a predictable environment. If you perform it regularly, the same results occur. It can be taught through
continuous practice, but as the world is not predictable, a skill becomes out of date - sometimes overnight.

“One of the most crucial roles for universities is to enable graduates to learn how to learn. The majority of technical
skills being taught in schools and universities will be defunct by the time young people are ten years into their
careers.” Gavin Patterson, CEO BT Retail, Director, BT Group

So if not perishable skills, then what do universities teach? For over 800 years, they have taught students theory and
principles to help them develop practice, critical thinking and argument. This is intended to enable them to challenge
orthodoxy, and provide sustained interrogation and innovation techniques to produce new solutions for emerging
challenges. This mix is best described as expertise rather than skill although skills are, of course, the bedrock of expertise.

Expertise is what differentiates a chemical engineer from a plumber, a surgeon from a butcher, a technologist from
a technician, and an aerospace engineer from a service technician. And to call expertise a higher-level skill is to
misunderstand the thinking and pedagogic processes by which expertise is developed.

2 Leitch, Prosperity for all in the global economy - world class skills, 2006, HMSO 23
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The type of expertise needed by manufacturing and engineering businesses is not purely technical and professional,
but is also interpersonal and communicative, as we see from our Expertise Curve.

Expertise Curve 1
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Technical and Professional Expertise

Of course, not everyone reaches university with the same level of interpersonal and communicative expertise. But the
principle that both must be co-developed is clear. However, as the following curve demonstrates, some students —
and possibly more women - may reach the top right quadrant via a different, more collaborative route.

—

Expertise Curve 2
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There are many ways of enabling Josephine to get onto and reach the top right of the top talent curve, but four seem
fundamental.

First, she’ll need an inspirational role model, like Samantha Robitaille, Systems Engineering Fellow of BAE Systems
L&A (Michigan). Samantha has a Bachelors degree in Mechanical Engineering from the University of Bath, a
Masters degree in Gun Systems Design (Royal Military College of Science, Shrivenham) and another in Engineering
Management (University of Bristol). In 2011 she became a Doctor of Engineering after completing four years of
research into “Principles and practices for the application of systems engineering to heterogeneous research
partnerships” at Loughborough University. In Samantha’s view the keys to encouraging more Josephines are:

e Aim for a diverse talent pool and celebrate successful engineers who don’t fit the archetypal model;
e Make time and resources available to enable role models to talk to young people in schools and elsewhere;

e Continue to support and expand opportunities for young people to experience the engineering environment.
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(See Case Study 1 for Engineering Role Models and for the voices of prize-winning young female engineers 3)

“In the UK we have traditionally praised lawyers
and bankers but we downplay engineers, with some
exceptions such as Faraday, Brunel, Tim Berners-Lee.
In Germany, engineers, doctors, lawyers all have a
similar status. Maybe this will change as we call on
people to solve more challenging problems ahead
and this will make an engineering career much more
attractive.”

Senior Strategy Manager National Grid

Second, schools have to give Josephine the taste for, and a
grounding in, the kind of problem-solving maths, physics
and design she will need in her business life. The European
Union-funded Fibonacci project on inquiry-based science
and mathematics education for scientific literacy (IBSME) is
a potentially transformative way forward. (See Case Study
Two - Fibonacci Project) The Fibonacci programme will run
for 38 months to February 2013, will work with an estimated
60 tertiary education institutions throughout Europe
(including Leicester and Belfast), and will engage with a
minimum of 3,000 teachers and 45,000 students.

3 Unlocking Potential — Perspectives on Women in Science, Engineering and Technology pp 76-82. Meg Munn (ed) http://www.smith-institute.org.uk/
file/Women%20in%20SET.pdf 25
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science.”

Professor Tina Jarvis, School of Education, University of Leicester

“School mathematics often lacks purpose. Scientific inquiry is a rich source of opportunities to use
mathematical ideas purposefully and understand their utility. For example, data handling in primary
schools is often based on artificial contexts. In scientific inquiry decisions have to be made about
collecting, displaying and interpreting real, messy data. This provides rich opportunities for learning
statistical ideas in meaningful ways. In addition, understanding mathematics is important for future
scientists as mathematical ideas play an important role in the explanatory power of models in

IBSME helps students develop scientific and mathematical concepts and the logical reasoning necessary to make
sense of the evidence they have gathered. Teachers facilitate group work, argumentation, dialogue and debate, as
well as providing hands-on experiments. Meaningful contexts are provided by teachers and pupils making links with

the local community, and by involving parents, scientists and industrialists.
This will help to stimulate changes in teaching methods including:

e developing a problem-based culture;

e interdisciplinary approaches;

e promoting the participation of girls and boys;

e promoting student cooperation; and

e autonomous learning.

Learning from projects such as Fibonacci, and international best practice, the
maths, physics and design curricula in the UK must reflect the need to produce
the highest quality talent for manufacturing and engineering businesses. This
will inevitably lead to more active cooperation between schools and employers,
such as the work-wise pilot programme, which is a South Yorkshire employer-led
initiative to re-invigorate young peoples’ interest in careers in engineering and
manufacturing. (See Case Study 3 — work-wise).

Working closely with six schools, 50 employers have committed to a structured
programme of activities aimed predominantly at pupils aged 13 to 16. The schools
can choose from a range of events and interventions ranging from project-

based competitions, visits from local employers and enhanced work experience
placements. This will develop work awareness, capabilities, attributes, knowledge
and skills.

Benefiting from these and similar schemes, Josephine will have gained from
fresh thinking on maths and physics from innovative teaching methods, and from
schemes which bring her closer to the manufacturing and engineering workplace.

“Most engineers that | know

do the job because they love it.
They walk into a design office
or onto a shop floor and fall in
love. Ifyou’re not sure whether
it is for you, then try it. Find

a way, perhaps through work
experience, to get a taste of an
engineering environment. By
the time you leave, you’ ll know.
If you hate it then you can make
a quick escape. If you don’t,
you’re probably one of us!”

Samantha Robitaille, Systems
Engineering Fellow of BAE
Systems L&A (Michigan)




But third, her university’s contribution to her expertise curve must lead to a
deeper and faster engagement with the sector. One-year business placements,
in particular, seem crucial to speeding up this expertise.

A recent study of Aston University’s placement programme, which is taken up
by over 70 per cent of its students, demonstrates that the expertise gained in
the business significantly increased the chance of getting and keeping a job in
their preferred field, and increased undergraduates’ educational expertise by
improving their degree classication. (See Case Study Four)

A recent Education for Engineering (E4E) report on so-called ‘sandwich courses’
(a phrase redolent of the 1960s and badly in need of a re-brand), records a

“The skills and insight gained
during my work experience enabled
me to provide a whole range of
examples of the competencies

and knowledge | had during the
graduate selection process. | think
it was this aspect that led me to
securing my job offer.”

Aston student who had placements
with EON and Johnson Controls

steady state in the take-up of this kind of work experience“. However, such

courses comprise only a quarter of first degree qualifications in manufacturing and engineering and are concentrated

in a handful of universities, such as Surrey, Loughborough, Bath and Brunel.

If we are to reach Lying Awake, let alone Great Expectations, businesses, universities and funding councils must
review their placement strategies and financial incentives, and build databases of willing manufacturing and
engineering employers, particularly high-tech SMEs, through Web 2.0-style social media. They should also promote
the well-documented career benefits of such courses to students, and offer fresh approaches to internship models.

For example may comprise, two three-month rotations with different employers.
must be innovative. If we are to raise ambitions, we must be ambitious.

Placements schemes require:

e Aneducated student body who understand the longer-term value of the extra year. The ‘cohort effect’ is like herd

If we are to promote innovation, we

immunity. If most students in a year do the placement the system works, if only a small percentage do, then it

does not. Therefore career education is vital.

® More willing businesses which can see the benefit of the placement to their
own products and services and which can interact with students and the
university via networking-style web sites.

e More private and public investment including grant deferment and HEFCE
funding for placements, business grants and bursaries for advanced
manufacturing and engineering.

e Accreditation schemes that value the learning gained in the placement
placement (as advocated in the Engineering Council’s Accreditation
Programme5)

e Tutors and lecturers who build on the expertise gained by the student in the
placement year.

By 2030, therefore, Josephine will have benefitted from an immersion in
problem-solving science and engagement with local businesses, and will be

“Paradigm shifts in engineering
always seems to come from
people who are working across
technical areas and looking at
other areas through a different
lens. To advance we need to
break down the old barriers
between the sciences and the
way they are taught. Degrees
should be much more modular

the value this brings.”

Tony Seigel, HR lead on Technical
Capability BG Group

and employees more accepting of

4 Education for Engineering (E4E), Sandwich courses in Higher Education-A report on current provision and analysis of barriers to increasing
participation, July 2011. http://www.educationforengineering.org.uk/policy/pdfs/sandwich_course_report.pdf

5 http://www.engc.org.uk/ecukdocuments/internet/document%20library/AHEP%20Brochure.pdf
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looking forward to a placement and series of internships with Sustain. However, another pressing issue to consider
will be the type of manufacturing and engineering expertise she will be required to learn by the accreditation and
professional bodies. Josephine will need higher education to fit her for the future shape of the business she will
enter, not for its past. The Task Force noted with some concern that at least one university it consulted feels it has
been blocked from transforming its engineering courses by the accrediting professional body, and is now seeking
accreditation from a non-UK accreditation system instead.

This is a time for boldness, and the Task Force calls on everyone involved in the accreditation process to review their
approaches to ensure that they are future proof, and produce graduates and early career professionals with the
expertise for the next industrial revolution, not the last one.

Finally, in higher degrees, to which Josephine will aspire, the benefits of industrial immersion become even more
obvious. In Case Study Five, Isabella Stocker, a real-life Josephine, discusses the importance of such experiences.
Isabella was funded by BP to do her PhD in chemistry at the University of Cambridge’s BP Institute (BPI). This
experience has enabled her to develop both intellectually and in terms of her career.

“Working in an interdisciplinary environment has enhanced my PhD experience....I like the challenge of applying my
knowledge to a real industry problem and seeing how business works.”
Isabella Stocker, BPI

Isabella was also required to spend time at BP’s offices and work on real-life problems as part of her development.

“The research placement with BP was an exciting opportunity to learn about industry and its differences to academia,
but also to meet industrial contacts. It provided me with remarkable insight into business and helped greatly in
choosing a career path after my PhD.”

One of Isabella’s co-workers offered advice to prospective employees with high levels of expertise.

“Keep open to new ways of working and different learning styles and attitudes. It’s not just about having
engineering technical expertise but also having invaluable general skills.”

So Josephine will need role models, inventive maths and physics teaching, and immersive business experiences

at both undergraduate and postgraduate level. But even assuming that she is offered the right mix of incentives,
rewards, expertise development and early professional development, there will remain a major stumbling block
before she starts on her expertise curve — getting her onto it in the first place. British women, and manufacturing and
engineering, are too often like oil and water. So our fourth contributor to ensuring Josephine’s engagement with the
sector is a radical rebranding of manufacturing for young women in particular, and hard-to-reach groups in general.



Green and Keen: rebranding manufacturing
and engineering for women

“Women account for more than 50% of the population. (...) So what is the point of depriving
ourselves of their intelligence of the potential they represent? Women workers contribute to our
collective wealth wherever they may be. The new ties between universities, the business world
and civil society should also benefit women and enable them to unleash the full breadth of their
talent.”

Valérie Pécresse, former French Minister of Higher Education and Research

“It’s boring and male dominated.”
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Female survey respondent when asked why she did not want to work in manufacturing and engineering.

In 2007, fewer than one out of ten UK engineering professionals were women - the lowest proportion across the

EU, and far behind Bulgaria and Sweden with 29 and 26 per cent respectively. Engineering in the UK is a MIMO
profession — men in at university and men out into jobs. The success of women in continental Europe demonstrates
this issue has to be cultural rather than genetic. To test ways in which to attract women into manufacturing and
engineering, the Task Force commissioned OpinionPanel Research to survey 600 women in their final or penultimate
year at university. All those sampled had to have achieved an A grade in maths, physics and chemistry GCSEs or GCSE
equivalent. Of the sub-sample:

1. 200 students had achieved As in maths, physics and chemistry GCSE but had not gone on to study any of these
subjects at A level

2. 200 had achieved As in maths, physics and chemistry GCSE and had gone on to study two or more of these
subjects at A level, but had not gone on to study these subjects or an engineering and manufacturing related
subject at university

3. 200 had achieved As in maths, physics and chemistry GCSE and had gone on to study two or more of these
subjects at A level, and had gone on to study these subjects or an engineering and manufacturing related subject
at university

The idea behind the sample is that these women were highly numerate and logical and could, if they had so wished,
have translated those talents into manufacturing and engineering careers

(The full data set is available at www.cihe.co.uk/femalegraduatesurvey)
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Four different types of women emerged from the researchs.

e Group 1: the ‘over my dead body’ group, for whom nothing would attract them to manufacturing or engineering
(210/0);

e  Group 2: the ‘fresh starters’ who could be persuaded to take up a career in manufacturing and engineering, but
were not doing the right degrees (41%);

®  Group 3: the ‘switchers’ who were persuadable and had the right degrees (26%);

®  Group 4: the ‘enthusiasts’ who want a career in engineering and manufacturing (12%).

Attitudes to a Manufacturing and Engineering Career

- Over my dead body
- Fresh starters

Switchers

Enthusiasts

A recent study by EngineeringUK noted that the three major barriers to effective participation of women in
engineering and maths are:

1. Many girls are effectively ruling themselves out aged 14.
2. Enjoying a science or maths subject was as vital as being good at it.
3. Careers information in UK schools is still gender biased®.

Our survey validates these conclusions, but this leaves the question of who to target and how. The ‘over my dead
body’ group have a relatively simple psychological profile in some ways. They are very clever women who want to
do something else — 70 per cent of this group want to go into a career that does not involve maths, science and

5 This is based on whether anything would have encouraged them to consider a career in engineering or manufacturing, regardless of whether
they were qualified or not, and whether anything would have encouraged those that did not have the relevant qualifications for engineering and
manufacturing to have continued taking maths, chemistry and physics at A level

6. http://www.engineeringuk.com/_db/_documents/Women_in_Engineering_and_Technology_FINAL.pdf



chemistry. Can we safely leave them to their lives, knowing that Josephine will not be among them and that we
should target our efforts elsewhere where they can have more impact?

The ‘enthusiasts’ obviously need continued support in the system, but they enjoyed and were good at maths
and science at school, want to work in the sector, and will benefit from developing along the expertise curve at
university. Eight out of ten preferred science and maths at school, seven out of ten understand that these will
lead to a wide range of careers, and two-thirds want to work in manufacturing and engineering professions,
which they describe as ‘exciting’ and ‘innovative’ rather than ‘unrewarding’ and ‘boring’ as the ‘over my dead
body’ people think of jobs in the sector.

Targeting groups two and three may be the key to unlocking the talent necessary for Lying Awake and building
on that into Great Expectations.

Three things will attract ‘fresh starters’ and ‘switchers’:
1. High salaries.

2. Green jobs.
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3. Re-branding manufacturing and engineering (in the deepest sense) to appeal to women.

) ) Interest in types of engineering and
High Salaries manufacturing roles
(fresh starters)

When told that they could earn £80,000-plus in manufacturing
and engineering, five out of ten undergraduate women say that Yes | would consider:
knowing this would have influenced their career choices. However,

career education remains a core problem for them, and nearly eight
out of ten undergraduates who might be persuaded of a career in Biomedical Engineer 68
industry cannot remember receiving any career advice at all about

%

manufacturing and engineering, let alone potential salaries in the SRR G o3 e ey 65
sector. Ecologist 64
Green Jobs Climate Research Analyst 64
Green manufacturing and engineering is extremely appealing. Nearly| Geothermal Engineer 57

eight out of ten women who want to go into the sector (Group 4) are
very concerned about sustainability compared to fewer than half

of those who want to go into other careers. And Fresh Starters are | Environmental Engineer 55
attracted by a range of green jobs.

Rebranding Manufacturing And Engineering

Energy Sustainable Programme Manager 57

Wind Farm Construction Manager 53

Solar Operations Engineer 46
Itis clearly possible to transform a MIMO profession, as is obvious | (caytion: sample sizes are small)

from the law, medicine and veterinary science, but to do so,
engineering and manufacturing need a major rebranding exercise.
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“Girls understand what doctors and vets and pharmacists are, and so can
see themselves in these roles. If an engineer can emotionally engage with
students at the same time as explaining their career path and decisions, only
then may they hope to counteract the ‘ negative whispering’ that surrounds
the word ‘engineer’, which is particularly potent for girls.”

Terry Marsh, former Executive Director, The WISE Campaign.

q:) The survey shows that the sector is still seen as dominated by men, dull, and lacking in excitement.
Q Views of the engineering and manufacturing sector
o3 % % . % .
= ‘Fresh ’ ‘Switchers’ ‘Enthusiasts’
O Starters
9_) Male-Centric 72 59 27
O Innovative 35 48 59
Dull 34 26 0
Exciting 6 5 42

It is crucial, therefore, that manufacturing and engineering businesses, universities, and professional bodies, focus
specifically on numerate girls before their attitudes become settled. Only 29.8 per cent (185,000) of all female STEM
graduates of working age in the UK are employed in science engineering and technology occupations compared to half
(782,000) of all male STEM graduates of working age”. Women in science and engineering should be celebrated by
awards similar to the EADS-funded Irene Joliot-Curie awards for Woman Scientist of the Year, Young Woman Scientist of
the Year and Corporate Woman Scientist of the Year. These awards are promoted by the French equivalent of the UK’s
Department of Business Innovation and Skills, which should support and promote similar awards in the UK.

It is equally crucial, however, not to confuse a programme on manufacturing and engineering employability among
the general school population with a specific set of initiatives among girls with the skills to enter senior leadership
roles later in life. The Josephines, who are the driving force of Great Expectations, will need special treatment if they
are to become the strategic leaders of world-class businesses in the sector.

“So often, talented women turn away from STEM
careers because they find there are too many
barriers that get in the way of meeting their career
ambitions and they turn to sectors where they feel
more welcome.”

Di Barber UKRC Employer Consultant

32 7 UKRC Statistics Guide 2010 p7 http://www.theukrc.org/resources/ukrc-statistics-guide-2010



Josephine’s younger brother Alf is 16 and is taking a different route into manufacturing
and engineering. His experience, however, is still heavily influenced by policy and practice
developed in 2012-2020. He has:

e experienced engagement in STEM promotional activity at the top end of primaryand
the bottom of secondary school, to influence his subject choices about STEM subjects
before GCSEs at 14;

e had good school careers advice, which presented engineering and manufacturing
(and apprenticeship and vocational options) positively;

e had relevant work experience when aged 14-16 at a specialist car manufacturer;

e attended a school with strong links with local engineering and manufacturing
employers, which are involved in the delivery of the curriculum;

e had genuine high-quality opportunities for level 3 apprenticeships with local
employers;

e had opportunities to take a world-class higher apprenticeship, which will provide a
clear work-based pathway to higher skills.

)
=
@
)
>
Qo
A
@
)
>

33



Scenario three - Great Expectations

“I have been bent and broken, but - | hope - into a better shape.” Estella in Great Expectations, Charles Dickens.

The competitive environment and government policy

e Big shift to smart manufacturing and engineering — and the UK reaches US levels.

e New smart sectors are opened up by digital and nanotechnology innovation, where the UK leads through smart
capital following smart ideas.

e UK educational and training policy is integrated, coherent and has a clear vision of the UK as a globally
successful advanced manufacturing and engineering economy.

e Open global trading systems enable UK manufacturing and engineering businesses to compete on equal terms.

Talent and workforce
e Women and currently excluded hard to reach groups enter manufacturing and engineering in large numbers,
and the UK is ranked alongside Sweden for the percentage of women in the workforce.

e Women represent a large percentage of management in engineering and manufacturing.

e UK graduates and young professionals are regarded as being one of the world’s great talent pools.

e UK manufacturing and engineering businesses combine with universities to develop the top 1 per cent of talent
to provide extraordinary leadership.
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Schools

e Engineering and manufacturing are actively promoted to girls by school career advisors.

e Each school has manufacturing and engineering mentors who intervene in the crucial 11-14 years.
e Schools embrace a target for girls to achieve at least a ‘B’ in A level physics.

Universities and graduates

e University-business partnerships and clusters are the powerhouses of industrial breakthroughs and IP
becomes part of a porous but strategic relationship. Innovation is central to undergraduate education.

e UK universities develop women and hard-to-reach groups for green, smart manufacturing and engineering
businesses as a result of successful marketing and career guidance.

e All accreditation bodies and industry bodies are constantly horizon-scanning to ensure that degrees are fit for
coming industrial conditions.

e Tuition fees are offset by business sponsorship and bursary schemes and the UK remains a viable place to study.

e Avery high proportion of apprentices successfully progress on to level 4 and achieve the higher level skills
necessary to service the new manufacturing and engineering sector.

e Technician jobs and higher level jobs are expanding because the UK is one of the homes of manufacturing and
engineering innovation.

e Through collaborative partnerships, HE and FE institutions work in tandem to anticipate and meet supply
demands of advanced manufacturing and engineering.

e Systems thinking - a holistic approach, extending beyond pure engineering design to embrace functional
performance, manufacturing capability, operability, maintenance, commercial and end user requirements -
becomes a core attribute of engineering and manufacturing graduates.

34




Strategic Leadership and Great Expectations

The progression from Lying Awake to Great Expectations depends on the full implementation of the Lying Awake
recommendations. However, to be globally competitive, the UK has to be the home of world class engineering and
manufacturing leadership, one source of which might be the launch and widespread use of a Manufacturing and
Engineering Leadership Academy.

Leadership does not end at the CEQ’s office door. In fact, it shouldn’t even begin there. In its many forms - risk-taking
entrepreneurship, intrapreneurial innovations within big companies, risky, crack-brained inventions, new methods
of motivation — strategic leadership is the driving force of Great Expectations. For all of the educational reforms

that enable Josephine to show her potential, it is the intervention to develop her strategic leadership which will
enable her to make her greatest contribution to her organisation and to Great Expectations. Unless universities and
businesses collaborate to produce world-class leaders, the manufacturing and engineering economy will only ever
reach the Lying Awake stage.

Educators, policy makers and businesses must systematically focus on developing the top 1 per cent of
manufacturing and engineering talent. These may not always be the best technical brains in a business, but they
must be the best strategic leaders.

The US Challenge

US businesses and educators have already understood the need to develop such talent and have implemented
solutions such as the Gordon-MIT Engineering Leadership Program.

Gordon-MIT Engineering Leadership Program
The Program:

e Fducates and develops the character of outstanding MIT students as potential future leaders in the world
of engineering practice and development.

e Transforms engineering leadership in the nation, thereby significantly increasing its product development
capability.

Through project-based learning, extensive interaction with industry leaders (including the Program’s
InternshipPlus opportunities), hands-on product development, engineering leadership labs, and authentic
leadership challenges and exercises, the program transforms a highly motivated group of undergraduate
students into engineering leaders who will fuel America’s technology engine.

Source: web.mit.edu/gordonelp/
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“The Gordon-MIT Engineering Leadership Program is an example of how MIT is working to empower today’s
engineering undergraduates with critical leadership skills that will help them to become tomorrow’s engineering
leaders.”

Dr. Charles Vest, President, National Academy of Engineering and former President, MIT

The UK Response — An Academy of Manufacturing and Engineering Leadership

Transforming the UK’s Engineering and Manufacturing leadership over the next 18 years should not be left to
happenstance, and the Task Force believes that industry, HE and Government should combine to co-develop an
Academy of Manufacturing and Engineering Leadership that builds on best practice from our global businesses,

and could be positioned alongside the Royal Academy of Engineering’s Engineering Leadership Awards scheme.

The Gordon-MIT programme was funded by a $20m donation from the Gordon Foundation. The Manufacturing and
Engineering Leadership Academy (MELA) could be funded by a combination of philanthropy, industry tax breaks, and
investment from HEFCE and the other funding councils through their strategically important, high cost programme
schemes. Such an elite leadership programme could bring on 40 new prospective Josephines a year, preparing

for the type of transformative leadership needed to increases the stock of innovation in the manufacturing and
engineering economy.

There are legacies to build on from the leadership programmes being developed across industry. For example BAE
Systems, working with Cambridge’s Institute for Manufacturing, has created a scheme to develop the leadership
capability of its current management (See Case Study Six). BG Group’s Operations Academy (Case Study Seven),

and Cisco’s innovative reverse internship programme whereby Generation Y young professionals mentor senior
management, (Case Study Eight) bring fresh insight and approaches to the challenge. But these need to be built on in
a systematic way to reach back into schools and universities for the talent who would flourish in the MELA.

“There needs to be an objective rather than a subjective approach to assessing talent and the frameworks which
underpin development need to be transparent about the skills and attributes required for roles and how these can be
developed; they also need to differentiate between the types of leaders required to lead different business functions
and assets.”

BG Group HR lead on Technical Capability, Tony Seigel

“A leader has to be capable of handling a diverse range of activities, drawing upon appropriate internal and external
resource to deliver high quality performance outcomes, agile and flexible to efficiently meet team and business
needs, with the ability to identify development needs and opportunities of self and team.”

National Grid (Case Study 9)

The box overleaf highlights the leadership characteristics that National Grid requires; these are relatively common
across industry, and would be the kind of expertise learned in innovative ways at MELA.



Leadership qualities

Creates the Future

Creates context for others. Communicates the business reasons for change and continuous improvement
Knows and is responsive to external influences

Creates and articulates compelling possibilities for the future — articulates the company strategy with
conviction, makes it compelling for the local area

Anticipates the future needs of both the business and customers and takes appropriate action

Leads and supports others in making the transition from current state to desired state

Consistently Delivers Great Performance

Energises and inspires others to deliver exceptional performance
Demonstrates personal accountability for delivering performance excellence

Optimises existing processes and frameworks to apply greater focus, integration and discipline across
National Grid

Seeks out opportunities to drive continuous improvements in performance through application of best
practice

Builds Relationships

Builds alignment that delivers outstanding teamwork
Collaborates within and across the company

Identifies and focuses on things that matter most to customers
Cares about colleagues and communities we serve

Has the courage to challenge and creates an environment where others can challenge

Develops Self and Others

Builds and strongly supports an inclusive and diverse work force

Demonstrates self awareness: actively seeks feedback from others and acts upon it
Demonstrates ongoing commitment to self development to drive high performance
Shares knowledge openly with others; helps others to grow and succeed

Knows and leverages one’s own and others’ strengths

Courageously role models continuous, balanced and honest feedback to others

Source: National Grid (Case Study Nine)
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Although businesses are themselves gearing up to perform the continuous professional development necessary to
increase the stock of leadership expertise in their companies, they look to universities to develop graduates capable
of absorbing quickly the leadership needs of the business. The MELA could be the home for developing best practice
for early professional development in manufacturing and engineering leadership.

To reach Great Expectations, UK industry will need not only great leaders but also great manufacturing and
engineering entrepreneurs, able to spot value in intellectual property, monetise it and market it. Entrepreneurs
come in all shapes and sizes, but they do have a shared appetite for understanding and bearing risk (to a certain
extent), a drive to start and build their own businesses, and a roving eye for innovation. Again, it is vitally important
that universities expose graduates to entrepreneurship, not only through extra-curricular schemes like Students

In Free Enterprise (SIFE), which encourages students to run social enterprises, but also by embedding it within
manufacturing and engineering courses. Funding and accreditation for entrepreneurship schemes in all universities
is of vital importance to Great Expectations. Entrepreneurship is a form of expertise and the MELA will be judged by
the success of the next generation of entrepreneurs who start up or scale-up small high-tech businesses as much as
by the number of the Academy’s alumni who run big companies.

Conclusion

A nation is only as good as its talent. This was as true in the First Industrial Revolution as it will be in the next. How
a nation’s education system nurtures, develops and rounds out talent will be a mark of its economic success. How
businesses interact with that education system will be an indicator of their strategic sophistication.

On the fourth of September 2030, nineteen year old Josephine Fox will stand a little nervously outside the door of Dr.
Eunice Nwagbara. Will she be well-prepared? Only if we institute major reforms to make her so. Are we entitled to
have Great Expectations? What other expectations are worth having?



Great Exceptations
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Case Study One: Creating inspirational engineering role models

In 2010, the engineering sector employed 4.5 million people, representing just under a fifth of the UK economy®.
However, the sector is substantially under-represented among women who make up only 8.7 per cent of engineering
professionals; the lowest proportion of females in any EU country and far behind Bulgaria and Sweden with 29 and
26 per cent respectively?. Research from the 2010 Brand Monitor study3 shows that men are more likely to have
positive perceptions of STEM subjects and careers, whereas women can consider them to be “dull and technical”.
The perception of 17-19 year old females was that engineers were paid less than lawyers and have a less attractive
reputation than lawyers and accountants, whereas males were generally more positive about engineering as a career.
It is estimated that increasing female participation in the UK labour market could be worth £15-23 billion4. The
question is: why do most young females have adverse views towards engineering?

From an early age, young people are shaped and modelled by the influences of those around them: their family, their
friends, their teachers and those that they see in the media. Terry Marsh, until recently Executive Director of WISE
(Women into Science Engineering and Construction), recognises the importance of providing passionate role models
to inspire young people, particularly females, who may have otherwise been discouraged from pursuing STEM
subject choices and a related career path.

Research undertaken by WISE in association with the UKRC confirmed that girls were less interested than boys in
the physical sciences at school, and when asked for their best science lesson ever would cite biology or chemistry
experiments. These findings intimate that the best type of role model for a girl is a teacher who knows how to
make physics fascinating using everyday examples, analogies and simple participative experiments in every single
lesson. The Institute of Physics has researched methods of making physics more ‘girl friendly’ and the new website
www.girlfriendlyphysics.com uses their findings to start to create a focus for the issues raised. Terry underlines the
importance of industry also providing role models to schools to enthuse young people:

“They can inspire, they can touch the heart as well as the mind. Girls understand what doctors and vets and
pharmacists are, and so can see themselves in these roles. If an engineer can emotionally engage with students at
the same time as explaining their career path and decisions, only then may they hope to counteract the ‘ negative
whispering’ that surrounds the word ‘engineer’, which is particularly potent for girls.”

Terry notes the significance of mainstream media and its ability to influence young people through the portrayal of
strong, innovative and creative role models. She believes that popular television shows could be used to make girls
in engineering ‘look cool’ in the way forensic science has in the past. As a means of informing and motivating young
females about STEM related professions, WISE has worked closely with the Science Council’s Futuremorph, a web-
based, interactive careers site. Futuremorph provides insight and information about STEM careers and helps users
explore their own interests and values. It also provides a wealth of STEM role models in a range of diverse careers to
give an insight about potential job areas.

Samantha Robitaille, Systems Engineering Fellow of BAE Systems L&A (Michigan), is a shining example of an
inspirational role model for engineers. Samantha is President of the International Council on Systems Engineering

1 EngineeringUK, An investigation of why the UK has the lowest proportion of female engineers in the EU. 2011
2 Source UKRC’s analysis of the European Labour Force Survey 2007

3 EngineeringUK, Brand Monitor annual perception study

4 Women and Work Commission, 2006
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(INCOSE) a worldwide membership organisation of corporate organisations and individuals with around 8ooo
members across the United States, Europe, South Africa and Asia. Its vision is to develop and disseminate the
principles and practice which enable the realisation of successful systems.

Profile.

Samantha holds a Bachelors degree in Mechanical Engineering from the University of Bath and Masters in Gun
Systems Design (Royal Military College of Science, Shrivenham) and in Engineering Management (University of
Bristol). In 2011 she became a Doctor of Engineering after completing four years of research into “Principles and
practices for the application of systems engineering to heterogeneous research partnerships” at Loughborough
University. Her career started out in Royal Ordnance as a student engineer, where she developed a broad
understanding of the UK defence industry, and specifically of the military vehicles business, through a wide range of
roles. In 1999 following several company mergers she was appointed Deputy Chairman of the BAE Systems Systems
Engineering Council, a role in which she was responsible for the coordination of Systems Engineering capability
development across BAE Systems and its joint venture companies. She received a BAE Systems SPIRE award for her
service to Systems Engineering education and training within the company in 2004. She has been an INCOSE member
since 1999, serving initially as Corporate Advisory Board member for BAE Systems and then appointed Technical
Director, a position she retained until she was elected to the presidency at the end of 2007.

Samantha recalls that her childhood interest in engineering came from a fascination with structural achievements

in her locality - she cites the example of the Brunel Bridge in Saltash, Cornwall near her family home. Samantha
believes that one of the greatest influences over her career was her mother. Despite not coming from an engineering
nor professional background, her mother encouraged her to pursue a career which drew upon both her creativity
and her strengths in maths and science. Other important influences on her career path were her teachers at school,
including her metal-work and physics teachers, who made their subjects both understandable and challenging.

She was encouraged by them to study Computer Science at A Level and later to pursue mechanical engineering as a
degree.

Samantha sees her greatest professional achievements as gaining Chartered and Fellow Engineer status with the
Institution of Mechanical Engineers, and latterly becoming President of INCOSE. Samantha admits that having her
‘name in lights’ was not the driving force behind her successful progression — she is driven by doing things she finds
enjoyable, as well as being able to make a real difference in engineering.

Samantha recognises the importance of providing inspirational role models to young people. She believes parents
have a huge role to play in influencing children and their career choices. That applies not only to parents who are
engineers, but also to those who aren’t. Any parent can still see the relevance of engineering and make introductions
to interesting people or offer ideas to inspire their children.

She also acknowledges the need to present aspirational individuals who are not afraid of being honest about the
challenges of developing a career in engineering. Samantha recalls meeting a female fighter pilot who spoke candidly
about her experiences as a pilot and the challenges she faced within the role. Although perhaps daunting to young
women starting out as engineers, hearing from others who have overcome similar challenges to their own can come
as a breath of fresh air to those with some experience.



Asked what businesses can do to help provide aspirational role models and change young peoples’ perceptions,
Samantha suggests three approaches:

e Aim for a diverse talent pool and celebrate successful engineers who don’t fit the archetypal model;

e Make time and resources available to enable role models to talk to young people in schools and elsewhere;

e (Continue to support and expand opportunities for young people to experience the engineering environment.
Samantha offers words of advice to young people who are considering career options:

“Most engineers that | know do the job because they love it. They walk into a design office or onto a shop floor and
fallin love. If you’re not sure whether it is for you, then try it. Find a way, perhaps through work experience, to get

a taste of an engineering environment. By the time you leave, you’ ll know. If you hate it then you can make a quick
escape. Ifyou don’t, you’re probably one of us!”
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Case Study Two: The Fibonacci Project
European interventions in science and maths teaching

The Fibonacci project * began in January 2010. Its purpose is to disseminate a programme of inquiry-based teaching
and learning methods in science and mathematics across primary and secondary schools in Europe. Engineering UK’s
study investigating the takeup of engineering in the UK? indicates that extending the number of compulsory school
subjects to include maths and physics is one way of growing the overall pool of potential engineers and significantly
increasing the female cohort. The research found that many young people (particularly females) are counting out the
possibility of entering an engineering role by the age of 14. Given the importance of raising young people’s interest
in science and maths careers, the European Union provided 4.7 million to implement Inquiry Based Science and
Mathematics Education (IBSME) in schools through the Fibonacci Project.

The Fibonacci programme will run for 38 months until February 2013 and by its end it is anticipated that 60 tertiary
education institutions throughout Europe will have been engaged and a minimum of 3,000 teachers and 45,000
students will have been reached. IBSME involves helping students use science and mathematical concepts and
logical reasoning to help understand evidence they have gathered. Teachers lead students to develop inquiry
skills and to understand concepts via facilitating group work, dialogue and debate, as well as providing hands-on
experiments. Meaningful contexts are provided by making links with the local community where parents, scientists
and industrialists can also be involved. EngineeringUK’s key findings suggest that “encouraging more practical
application of science...may counteract the dip in motivation and performance identified in Year 83.

The approaches of Fibonacci also promote ways of working which help to stimulate change in teaching pedagogy
including:

e Developing a problem-based culture;

e Experiencing crossing subject boundaries and interdisciplinary approaches;
e Promoting the participation of girls and boys;

e  Promoting student cooperation; and

e Autonomous learning.

The value to students of adopting this pedagogy is that it encourages them to replicate the processes that scientists
and mathematicians use in investigations and problem solving. It encourages a culture of question asking and
decision making at an early age.

The Fibonacci consortium is made up of an initial 25 members from 21 countries and is coordinated by the Ecole
Normale Supérieure (France) together with Bayreuth University (Germany). Development and dissemination of

good practice is organised through 12 Reference Centres, institutions with high recognition and expertise in IBSME.
Each Reference Centre is twinned with two or more other institutions. Practice is also shared through seminars,
conferences, field visits, tutoring and training. For example, the University of Leicester is one of the Reference Centres
1 http://www.fibonacci-project.eu/

2 EngineeringUK, An Investigation into why the UK has the lowest proportion of female engineers in the EU, 2011
3 P3, Ibid




and is twinned with St Patrick’s College Dublin, Queens University Belfast and Stranmillis University College Belfast.
To continue to trial and develop new material, approximately 12-25 teachers in each country are exploring an aspect
of IBSME. The small scale provides potential for innovation as all the actors can share ideas easily.

In order to disseminate learning, five European seminars or training sessions have been organised from September
2011 to March 2012 on the following topics:

e Integrating inquiry across curricula;

e Using the external environment of the school;

e Implementing and expanding a Reference Centre;

e Deepening the specificities of inquiry in mathematics;

e Deepening the specificities of inquiry in natural sciences.

The seminar on /ntegrating Inquiry Across Curricula took place at the University of Leicester in September 2011. It
focused on work developed by teachers in Leicester, Amsterdam, Bucharest, Dublin, Luxembourg, Nantes and Tartu.
In Leicester, the teachers’ focus has been on exploring links between mathematics and science.

School mathematics often lacks purpose. Scientific inquiry is a rich source of opportunities to use mathematical
ideas purposefully and understand their utility. For example, data handling in primary schools is often based on
artificial contexts. In scientific inquiry, decisions have to be made about collecting, displaying and interpreting real,
complicated data. This provides rich opportunities for learning statistical ideas in meaningful ways. In addition,
understanding mathematics is important for future scientists as mathematical ideas play an important role in the
explanatory power of models in science.

Good cross-curricular links promote genuine learning, as students are engaged in meaningful, purposeful activity. It
enables knowledge of the real world to be applied in an integrative fashion; making learning more motivating and
enthusing. There are also opportunities to develop oral, reading and writing skills alongside both mathematical and
scientific activities. Consequently, pupils are more likely to develop creativity, critical thinking and problem-solving abilities.

The Fibonacci programme is enthusing teachers and pupils alike. Whilst it is early days to report back on the success
of the Leicester programme, the teachers engaged so far have found the pedagogy practical and exciting, and
feedback has included comments such as:

“Some great practical ideas to help bring maths to life.”

“Active graphing provided a new exciting dimension to using data”

“Nice balance of explaining, discussion, hands-on, time to reflect and plan.”

Over many years of research at the University of Leicester, a relationship between teachers’ and pupils’ enthusiasm
has been a consistent finding. Enthusiastic, motivated teachers inspire their pupils. They have also found that when
teachers start to try practical activities that are at the pupils’ appropriate intellectual level, the pupils respond

enthusiastically. This in turn motivates the teachers to provide more innovative practical work, which often makes
pupils more positive about STEM activities.
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Case Study Three: work wise — collaborative interventions?

work-wise is a collaborative employer-led initiative which aims to reinvigorate young people’s interest in careers in
engineering and manufacturing. The pilot programme is managed by Business and Education South Yorkshire (b&e)
which work together with Industrial Trust, Made in Sheffield, NAMTEC (the National Metals Technology Centre), and
Sheffield City Council.

work-wise is a concept devised and developed by businesses in South Yorkshire to increase the supply of suitable
young people in the talent pool. The talent requirements of employers such as metal products manufacturer

Firth Rixson were not being met. Employers found that they were receiving insufficient applications or that those
candidates who did apply were not ready for employment. They did not have suitable skills or were unable to apply
learning in practice. Given that several businesses were facing the same problems, they decided to join together to
tackle the issues collaboratively, rather than compete for the same pool of young people. The businesses also wanted
to have a greater say in young people’s development and be able to give feedback in a structured manner and,
facilitate peer endorsements.

So far, 50 employers have committed to offering a structured programme of activities and are currently working
closely with six schools to pilot the programme. Interventions are predominantly targeted at students aged 13 to

16. The schools can choose from a programme of events and interventions ranging from project-based competitions
to visits from local employers and enhanced work experience placements2. The initiative adds value by developing
participants in four essential skill areas comprising: work awareness; work capabilities; work attributes; and work
knowledge and skills, one of which will be covered explicitly as part of the learning experience. The inclusion of these
four areas of programme content derives from employers’ recognition that there are a whole host of employability
skill pre-requisites alongside technical knowledge.

As part of the pilot, 150 young people have gone through the work-wise experience and some are already reaping
the benefits. Tom Watkins, a student from Handsworth Grange School, Sheffield explained how his time on the
programme at Firth Rixson had given him a fantastic insight into the many different roles available, including design,
forging and maintenance engineering. After his placement, he took the initiative and contacted the company to
discuss a future position. The positive outcome is that he has now taken up a full time apprenticeship with the firm
straight from leaving school.

Benefits are also being experienced by the employers which, through working in close proximity with local schools,
are giving young people an insight into careers and increasing the flow of available young talent. Alison Bettac,
Learning & Development Manager, UK & Europe, Firth Rixson explained:

“The great thing about work-wise is that it is an employer-led programme, so it is designed to provide real life
experience of engineering and open their eyes to the career opportunities available, so pupils can make informed
choices for the future. We are now actively recruiting apprentices and it is through programmes like work-wise that
we hope to continue to attract bright, dynamic young engineers to work for us.”

work-wise’s contribution to regional engineering and manufacturing events plays an important role in inspiring young
people to join the profession on the basis of a realistic insight into the opportunities such a career may provide. Nigel

1 Case study based on interview with John Barber, Business and Development Manager, b&e.
2 Placements are fully structured programmes and include a full induction and assigned mentor




Brewster, managing director of Sewell Moorhouse, President of Doncaster Chamber and Sheffield City Region LEP
Board Member said:

“In terms of skills, certainly one of the most uplifting parts of the Global Manufacturing Festival was the b&e work-
wise event. It aims to establish the foundations to ensure that there are enough young people with the right attitude
and essential skills to help the sector thrive. It provides ‘ real’ world work experience through manufacturing and
engineering businesses, therefore providing an essential catalyst in the minds of young people about what a career in
the sector might offer.”

From a school and teaching perspective, the programme has been commended by Jane Miles, Principal Springs
Academy Sheffield for providing “a structured work pathway for local children” which complements mainstream
education and learning. Jane views the programme as “a creative approach to attainment, which will develop skills for
jobs and life including self pride, self confidence, and personal responsibility”.

Although it is early days for evaluating the success of the programme, b&e has learnt that for an intervention to

be effective it is absolutely necessary for all parties involved to be wholly prepared. b&e has developed a toolkit

for employers to prepare them to participate in the programme and ensure that they are adequately equipped to
support, advise and guide participants as appropriate. b&e plans to develop further toolkits and resources for
parents and teachers; they recognise that their understanding and backing is crucial to the successful engagement
of young people. Discussions are underway about the future of the programme beyond the pilot stage, and partners
are exploring the possibility of setting up a Foundation so that work-wise can become a sustainable initiative going
forward.

“There is a substantial appetite from the private sector to support the work-wise programme, and whilst the pilot
has started with engineering and manufacturing companies, the approach is replicable across other sectors. There
are demonstrable positive outcomes and case studies of young people accessing the job market and employers
addressing short as well as long term skills needs. Through the work-wise foundation, which will look to attract both
private and public sector investment, we believe we have a sustainable approach that people will invest in. Why?
Because it works!”

Jackie Freeborn, Chief Executive b&e
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Case Study Four: The benefits of undergraduate placements

Research carried out by Aston University* reported that students who both completed a degree placement and
attained a 2.1 had a faster start into graduate-level and better-paid jobs.

Aston University has considerable experience of providing students with placement year opportunities, and is known
as the pioneer of this integrated approach to university degrees. Over 70 per cent of students at Aston (around 1000 a
year) take part in a voluntary or compulsory placement programme between their second and final years. The School
of Engineering and Applied Science (EAS) comprises six subject areas, each of which has a placement scheme. The
university actively encourages students to complete a year in industry or commerce in order to gain a much better
appreciation of both the application and the context of their academic studies and to better prepare them for careers
in their chosen field.

A successful placement year requires a tri-partite agreement of active co-operation and collaboration between the
student, the employer and the University. It requires the employer to take an active role in recruitment, selection,
supervision and support, to identify appropriate, meaningful work and to set high expectations. Permanent staff
often find mentoring a student for a year particularly rewarding and the employer also gets to know some of the
brightest soon-to-be-graduates around. It requires the student to prepare thoroughly, and to be pro-active and
self-aware in order to make a contribution and to learn and grow. It requires the University to prepare its students
throughly, to focus on employability, to instill confidence and a can-do approach, and design pre-placement and on-
placement assessment that supports reflective self-awareness and personal growth.

The benefits of a placement year extend to all three parties. Through the placement, the University is able to create
and strengthen links with industry, commerce and the public sector - links which facilitate collaboration in research,
teaching and practice.

For the student, benefits are experienced for both their academic achievement and the development of employability
skills. The research conducted found that doing a placement had a statistically significant effect on salary,
employment outcome and type of employment (e.g. its graduate level)? for graduates across all disciplines.
Furthermore, around 81 per cent of Aston alumni interviewed3 felt that their placement had had a positive effect. A
placement offers students the ability to apply their studies to a real context. And in this respect it has been noted
that the grades of placement students in EAS have improved following a placement year. The period in industry can
also help grow core skills such as team working, time management and presentation skills and offer a chance to
learn about workplace requirements and culture. A graduating student holding job offers with Deloitte and KPMG,
commented when asked about the benefits of his work experience with E.ON and Johnson Controls:

“The skills and insight gained during my work experience enabled me to provide a whole range of examples of the
competencies and knowledge | had during the graduate selection process. | think it was this aspect that led to my
securing the job offers.”

1 Elisabeth Moores, Peter Reddy, No regrets? Measuring the career benefits of a psychology placement year, Assessment and Evaluation in Higher
Education, 2011

2 lbid, page 12

3 The survey was carried out with known psychology alumni 2003-2008



As far as employers are concerned, placements give them the chance to develop relationships with students

and assess them as prospective employees through assigned tasks. It is widely accepted that employers place
considerable value on a substantial period of work experience during higher education, and students with placement
experience receive preferential treatment in the graduate job market, at least initially. Having taken part in the
placement programme, E.ON commented on the value of the student’s contribution:

“He was an excellent addition to my team, he fitted in straight away. He understood tasks quickly and worked
independently producing worthwhile reports and presentations”.

A successful placement can kick-start a career, particularly for entry into highly competitive fields or sought-after
organisations, and a proportion of students return to permanent positions in their placement organisation on
graduation.
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Case Study Five: Immersion in Industry via the BP Institute, Cambridge:
the relevance of internships and post-doctoral roles to informing career choices

The BPI was set up about 12 years ago, with the help of a £23 million endowment from BP. It acts as a conduit
supporting interdisciplinary research across five different departments spanning chemistry, mathematics,
engineering, chemical engineering and biotechnology, and earth sciences. This type of collaborative model enables
companies such as BP to carry out research programmes with world-class researchers and tackle real problems in
fluid dynamics and multiphase flow, subjects in which the Institute specialises. The BPI facilitates opportunities
for industry scientists and university researchers to explore solutions to problems using complementary skills,
knowledge and techniques.

Isabella Stocker is a PhD student in chemistry at the BPI. In 2009 she was grant funded by BP to begin her PhD
and join a wider team of researchers addressing surface chemistry problems as part of the Enhanced Oil Recovery
Programme. Her three and a half year thesis focuses on adsorption from solution.

As part of the programme arrangement, Isabella meets with the R&D programme manager and team leader at BP on a
quarterly basis to discuss progress with the research and present her findings. Doing her PhD in the BPI has enabled
Isabella to adopt an interdisciplinary approach to her research studies and gain alternative views on her research
problem by drawing on the skills and knowledge of chemical engineers, mathematicians and others around her.

At first, Isabella found the nature of the research and project timescales quite a daunting prospect, but she now sees
it as a very positive learning experience, enabling her to carry out fundamental research aligned with her own area of
interest and relevant to a real industry problem.

“Working in an interdisciplinary environment has enhanced my PhD experience....I like the challenge of applying my
knowledge to a real industry problem and seeing how business works”

Working in close proximity with the BP R&D team has also led to an opportunity for Isabella to take part in a summer
research placement at the BP offices in Sunbury. As the basis to her internship, Isabella was tasked with carrying

out a literature review to explore an area associated with her surface chemistry studies. During this month at BP she
was able to get an insight into different departments and roles through participating in meetings and shadowing R&D
staff in their laboratory work. The support and guidance received from the programme manager and team assistant
helped to make the experience a positive one.

“The research placement with BP was an exciting opportunity to learn about industry and its differences to academia,
but also to meet industrial contacts. It provided me with remarkable insight into business and has helped greatly in
choosing a career path after my PhD.”

Through this experience Isabella has learnt about where she fits within an organisation, and this has helped inform
her decision about her future. She now sees a career in R&D and employment with BP as a realistic post-study
pathway to pursue. From Isabella’s perspective the key to a successful internship is predicated on a collaborative
three-way partnership whereby:



e Employers make it easy for students to enter into an internship agreement and provide a well planned, relevant
and realistic programme;

e Students are open to the industrial experience and are willing to work hard, learn new things participate in
activities and work independently;

e Universities are open to formally incorporating placements into PhD programmes, and those in student
supervisory roles help advise and guide on placement opportunities as well as allowing students time away from
their primary studies.

Maynard Marrion, who joined BP in the autumn of 2010 as a Petroleum Engineer in the Exploration and Production
Technology (EPT) part of the business, chose to take a different pathway to kick-start his engineering career. Having
taken a DPhil at Oxford in 2007 he chose to take up the opportunity of a post-doctoral role at the BP Institute. It
involved a three-year experimental and theoretical study into the area of sanding; investigating the behaviour of
porous rock media during oil flow. Through this role Maynard was able to join the wider team of researchers for the
Beyond Sand Control project team. During this period, his research role offered Maynard the opportunity to work
closely with the team and deepen his specialist knowledge of flow in porous media.

On reflection, Maynard recounts that his initial time working with BP as a university researcher provided a “good
testing ground” and a stepping stone enabling him to “understand how industry works whilst keeping an academic
base”. His advice to other students pursuing engineering careers and making the transition from study to work would
be “to remain open to new ways of working and different learning styles and attitudes”. He noted:

“it’s not just about having technical engineering expertise but also having general skills such as time management”.

Key to making informed choices, and to Maynard’s own successful transition into an engineering career, have

been the nature and level of support which he received from those at the university and industry careers interface.
Receiving sound advice and guidance from approachable staff, including the lead business representative at BP and
his university supervisor, enabled Maynard to explore options and make critical career decisions more easily.

Andy Leonard is Vice President of BP Cambridge and leads from the business front at the University. He recognises
the value of working closely with researchers to develop individuals’ industry research expertise and prepare them
for the world of work:

“From a business perspective, providing internships and working with university researchers plays a key role
in helping to strengthen the link between the research and the business need whilst deepening the scientific
underpinning of the research programmes. In addition, these programmes provide a great preparation for the
individuals as they consider and, subsequently, embark upon their future careers.”
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Case Study Six: Developing engineering leaders of the future at BAE Systems

The Systems and Defence marketplace is changing rapidly. Given the need to grow the home and export market

and move towards service orientated provision, there are significant demands for developing quality engineering
capability. BAE Systems recognises that leadership is a key facet integral to all engineering capability. BAE’s
ambition, set out in its vision, mission and values, is to: be the premier global defence and security company; deliver
sustainable growth in shareholder value through commitment to Total Performance; and be trusted, innovative

and bold. Leadership and managerial qualities are an essential part of BAE’s engineering roles and will enable the
company to realise its vision, mission and values.

As part of BAE’s commitment to ensuring its engineers have the right skills and experience to deliver customers’
requirements, BAE produced its Engineering Capability Development Framework in 2010. The Framework comprises
four principal quadrants and the first of these relates to Personal Effectiveness. Leadership features as a key element
both for competency development and learning activities within this quadrant.

Leadership capability has been a priority area for BAE’s staff development since 2008. The results of staff surveys

in 2006 and 2008 indicated that there were gaps in certain areas of leadership capability, including trust in
leadership and performance management. Following these results, BAE decided to conduct a two-year development
programme to create a new leadership development framework. Working with the University of Cambridge Institute
for Manufacturing (IfM), BAE explored priorities in leadership capability and identified areas for further development
through a series of interventions including staff focus groups, review interviews with engineering directors and an
experiential workshop. As the final stage of the programme, a workshop was designed to help senior leaders explore
the significance of corporate strategy on their personal leadership behaviours, and to facilitate action planning. The
design of the workshop was scenario-based and used the battle of Waterloo as its historical context and as a location
for the event. Emerging individual development needs were addressed through pre-work and one-to-one ‘coaching’
style discussions during the event. Collective and business development needs were addressed in the plenary
session.

Positive feedback was received from delegates on the value of the programme and the design of the workshop
in particular, concluding that “experiential learning is good value” and that it gave the opportunity “to reflect on
personal traits, strengths and weaknesses...certainly thought provoking and personally challenging”.

This topic has been raised, and the merits of the BAE programme endorsed, at the annual High Performing
Engineering Forum. The Forum, co-hosted by BAE and IfM, provides an opportunity for major international
manufacturing companies to share issues of common interest between their senior engineers. Members identified
that developing engineering leaders was a common priority, particularly increasing levels of self-awareness.

BAE Systems aims to enhance the capability of leadership in engineering throughout the business. It will implement
the Engineering Framework via team-focused events across its Business Units and retain the deployment method of
experiential learning based on its success.



Case Study Seven: Developing leadership competencies at BG Group

BG Group’s vision is to achieve both functional and technical excellence, and drive this systemically through its 17
technical and business functions. Core to achieving this level of excellence is developing a leadership model which
can be embedded in both technical and professional roles across the organisation.

The Operations Function conducted an analysis of BG’s top 100 leaders. A review was also undertaken of operational
activity and incident reports to gain a further insight into the health of this function. Analysis showed that these
leaders came from 30 different organisations and displayed a range of different approaches to both management and
leadership. Given the lack of commonality in approach and recurring gaps identified in management practices, BG
embarked upon a programme to address these areas.

The Operations Academy was launched to introduce a change in mindsets and instill a single philosophy and
approach to management and leadership. The key purpose of the Academy is to embed common standards of
practice and ensure new joiners are immersed in the BG Group culture; establishing Operations Managers as leaders
of their own community and developing a greater level of cohesiveness, understanding and accountability across the
function.

The Academy’s programme comprises a one-week intensive course of interactive sessions. The week’s schedule
includes a review of behavioural profiles, one-to-one interviews with the course facilitator to identify strengths
and areas for improvement, a situational leadership session, role-playing scenarios, an intensive look at the BG
Operations Management Standard and case studies.

“At the outset of the Academy people receive a letter personally drafted by the CEO, Sir Frank Chapman, reiterating
that the ‘relentless pursuit of operations excellence’ is key to the delivery of the Group strategy. During the course
of the week we reveal that Sir Frank will be joining for a Q&A session. This session is highly valued and really
cements the importance of Operations Leadership.”

Martin Gilroy, Global Operations Advisor

Earlier Academies have also included site visits to review the operations of other local non-oil and gas businesses to
identify and share best practice. The programme is typically delivered to small groups (16 staff at a time), and has

so far been rolled out to over 140 key operational leaders as well as to those who are likely to be their successors in
these roles in the near future. Some managers from other functions have also joined the programme to broaden their
experience. Leadership themes arising from the Operations Academy included spheres of concern and influence,
relationships, managing tensions, and understanding the Operations Management Standard.

Feedback from employees has been positive and incited comments including those from Colin White:

“Being amongst peers in a neutral location exploring the aspects of the Operations Management System and
management styles in novel and engaging ways has certainly provided me with many ideas which | will be looking
to introduce into my team. After a combination of thought provoking stimulating activities and encounters I left the
Academy firmly believing this was the foundation of an exciting opportunity where we, the Operations community,
have the chance not only to shape the way we conduct our business, but to also influence the perceptions of others
about our role in the company.”

Colin White, Operations General Manager, Rashpetco, Egypt — Attendee, Operations Academy One 53
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Following the inauguration of the Academy, the impact of the training has started to be experienced across Function
and Asset Operations, particularly where the Operations into Projects team* is concerned. Teams within the functional
areas have benefited from improved relationships and greater collaboration. Asset Operations Managers now

take a more proactive role in engaging with their project teams through dedicated Operations Representatives.

The Operations Function has taken a lead in ensuring that there is careful alignment between the standards and
guidelines across the Capital Projects and Developments functions and sufficient participation in the project
assurance process, and have also supported the development of a toolkit to assist Operations Representatives

in their role. The story has further evolved over the past few months and new approaches have warranted the
introduction of a project delivery process termed OAR (Operations Assurance and Readiness) which has gained
considerable momentum of late. The introduction of this intervention has lead to instances where projects have
experienced a positive change (e.g. in mindset). Such changes will undoubtedly precipitate safer and more effective
operations in the future.

The Academy provides a valuable mechanism to identify operational issues which are being felt at the level of BG’s
individual assets. This feedback helps to inform strategy decisions at the centre. Going forward, BG aims to continue
to provide the programme biannually for operational leaders across the organisation.
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Based on the success of the Operations Academy, BG has developed and piloted a Front Line Operations Academy
for front line supervisors. This intends to be a catalyst to inspire supervisors to embrace leadership and sign up to
an Operations Charter which sets out seven ambitions at the core of operational excellence for supervisors to work
towards.

BG Group HR lead on Technical Capability, Tony Seigel, recognises the need to create a transparent and objective
framework for leadership programme design:

“there needs to be an objective rather than a subjective approach to assessing talent and the frameworks which
underpin development need to be transparent about the skills and attributes required for roles and how these can be
developed; they also need to differentiate between the types of leaders required to lead different business functions
and assets.”

54 1 Operations into Projects is a multi-disciplinary team



Case Study Eight: Learning and development innovation:
Reverse Internships at Cisco*

Every day Cisco connects people to the network and makes it come to life. Whether it’s using e-learning to educate
students far from city centres or downloading the entire Library of Congress in seconds, Cisco’s networking
technology has not only revolutionised the way people do things, but who they are. People are more informed, more
efficient, and more involved.

With all forms of communications converging on to the network, Cisco is entering an exciting new era. The concept
of the network as the platform for transforming life’s experiences is no longer a possibility: it is quickly becoming a
reality. And Cisco is leading the experience. Within the UK, Cisco employs over 3,000 employees, and over 60,000

around the globe in the 140 countries from which it operates.

Generation Y takes on a mentoring role at Cisco UK

Cisco is at the cutting edge of so much of technology that it seems hardly surprising to find it is also taking an
innovative approach to mentoring. Where many companies use a hierarchical approach to mentoring, using senior
staff to help younger or more junior staff, Cisco has turned this round and is using younger staff to mentor senior
managers, with the UK and Ireland Leadership Board each assigned a mentor to help them. If this seems the wrong
way round it is because the need was to reverse the usual knowledge exchange.

Charlie Johnston, who is HR Director at Cisco, designed the programme and explains the background, “when we ran
our staff survey in 2008 there was a clear message from some groups that we were not as inclusive as we thought we
were and in particular we were not picking up on what Gen Y staff (those born after 1980) wanted. The message was
quite blunt and to the point — you don’ t understand us, you don’t communicate with us in the most effective way you
can and your engagement strategy is not allowing us as many opportunities to be heard as we want.”

It was, he says, quite a shock for the company, “we pride ourselves on having an open culture where people are
encouraged to speak their mind but this obviously either wasn’ t working or it wasn’ t evident to everyone. | thought
the best way Cisco could respond and pick up on this knowledge would be if members of the executive team were
mentored by some of our Gen Y staff.”

The idea was to develop a small scale mentoring programme which would last a year. Anyone in the Generation Y
group could take part. They were asked to outline their views on a few questions such as ‘what should our leaders
do differently?’ After talking this through with their manager, the managers nominated those they felt would
contribute most to the programme. Ten individuals were selected, which was a tough challenge for Charlie and his
team, as he explains, “we wanted people who were interested in what we were trying to achieve, and we also wanted
those who we felt would be brave enough to challenge our leaders — otherwise it wasn’ t going to work!”

Initial discussions were held separately with the Generation Y group and the ten senior managers who had volunteered
for the programme. The purpose was to explore what both groups thought would be important if the mentoring was

to work well. After a chance to review this information and compare what the groups had said, there was a meeting to
introduce everyone. This was a chance to discuss what the ground rules would be and for HR to provide a framework
for the first meeting. There was also time for the first discussion, followed by a review session so everyone could
compare notes.

1 Case study is based on an interview with Charlie Johnston, HR Director and was developed for inclusion in The Ashridge Management Index 2010, 55
Schofield, Dent and Holton, Ashridge.
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The role of HR once the programme began was to provide moral support and advice if required. Mostly Charlie says
this wasn’t needed though there were times when they acted as a sounding board for some Generation Y staff who
wondered just exactly how honest they should be. It isn’t for the faint-hearted to mentor a senior manager who may
be in their mid-40s with more far-reaching business experience and sitting a number of levels away from the people
providing the mentoring. One reason why the mentoring has worked so well, Charlie says is that “of the Cisco culture,
we all want to learn, push the boundaries in terms of the initiatives we put in place and our executive team are very
open to developing themselves.”

Charlie emphasises that the guidelines provided were advice rather than rigid rules, “for example we felt that there
should be a topic for each meeting; that meetings should be at least once a quarter and that an 80:20 speaking rule
should be maintained by which we meant that the senior manager should talk only for 20 per cent of the time. We
knew otherwise the reverse might happen which would not make for good mentoring.” At that first review session he
says some managers admitted it was tough to apply this listening rule so it was a good idea to include: it has been
one of the biggest challenges for the programme.

The overall aim, to improve cross-generational awareness, has worked well. It is now a year since the programme
began and all ten mentoring partnerships are still up and running. In some cases the result has been simply an
increased awareness of what Generation Y thinks, “it has opened the eyes of our senior leaders” and they have learnt
about Generation Y; how they prefer to send and receive information and how they use technology. Some approaches
could best be described as ‘direct action’ —in one instance the Generation Y person decided to survey those in the
senior manager’s business area to see how they perceived their leader. Another interesting angle was where the
Generation Y person shadowed their senior manager as they chaired All Employee communication meetings and then
gave them feedback on their style, approach, and how they might be perceived.

What has been the impact of the mentoring on the individuals involved in the programme and was this what they
expected when the programme began? One of the mentees has said that they have a better understanding of what an
executive cares about in relation to running of their operation:

“Before | joined the scheme, | had a view of what an executive cared about which couldn’t have been further from
the truth. The reality is that they were keen to learn new techniques and how we utilise the tools in our own social
networks to get into our minds and learn to adapt to the needs of the younger people in their operations. | was really
impressed by how much my mentee was willing to listen and the boundaries between myself and the executive

| worked with really broke down. I have learnt a lot personally from this programme and been inspired by the
willingness of the company to try some new approaches to developing our executive leaders capabilities.”

Conclusion

Many mentoring programmes are seen simply as development tools but Cisco demonstrates the value they can have
in helping change organisational culture. Charlie says that it is hard to find measures of success for the programme,
although he already senses a change in attitudes across the organisation. One unexpected outcome is that some
senior executives who were not involved in the programme have asked for their own Reverse Mentor, a sure sign that
others in the business see the value and impact of reverse mentoring. It is still the case that many organisations feel
uncomfortable about mentoring. Sometimes there is a fear that it may open up issues that are better not discussed;
often the issues are around the cost and time implications for HR of providing such programmes.



In Charlie’s view there is a misconception about what mentoring is about. It should be, he says:

“a way of life that focuses on creating an organisation from the top down and the bottom up that is concerned about
the development of capability. It needs to be simple, not be a process that is imposed and it absolutely has to be a
business led initiative rather than something that HR is deemed to own.”

What is the future for mentoring at Cisco?

Charlie is definitely pleased with the results so far and is considering how best to take it further “we do have many
different groups who would benefit from mentoring not least the baby-boomers who say ‘ hey, what about us and our
issues’ 7” but he is cautious about what would be the best approach and wants to take time before deciding exactly
what the next phase looks like. Whatever Cisco does select there seems little doubt that it’s likely to be every bit as
successful as this reverse mentoring programme has been.

Key elements of Cisco’s reverse mentoring programme:

e Aclear rationale of why the mentoring programme was important to the business —as opposed to why it would
help individual career development;

e A careful selection process to identify Generation Y individuals who would benefit most from the mentoring;

e HR designed the framework for how the mentoring should work and brought everyone together to help
clarify expectations for mentors’ and mentees’ behaviour, and to lay down important guidelines such as on
confidentiality;

e The importance of independence — mentors and mentees were matched from different business areas.
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Case Study Nine: Developing engineering leaders at National Grid

National Grid’s vision for the engineering leaders of the future is one of employees who are both leaders and deep
technical experts. They are looking for individuals who:

e Have impact and imagination, think big picture and are ambitious;

e Are agile and flexible to meet the business need for change, and able to perform and flourish in times of
ambiguity;

e  Are solutions-driven, with big-picture perspectives, and able to collaborate;

* Are ambassadors for National Grid;

e Are capable of handling multiple activities and resources, with high quality performance outcomes;
® Are able to motivate and enable their team.

To support this view, an overview of the skills and behaviours required to drive the business are encapsulated below
in Table 1:

Creates the Future

Creates context for others.

Communicates the business reasons for change and continuous improvement
Knows and is responsive to external influences

Creates and articulates compelling possibilities for the future — articulates the company strategy with
conviction and makes it compelling for the local area

Anticipates the future needs of both the business and customers and takes appropriate action

Leads and supports others in making the transition from current state to desired state

Energises and inspires others to deliver exceptional performance
Demonstrates personal accountability for delivering performance excellence

Optimises existing processes and frameworks to apply greater focus, integration and discipline across
National Grid

Seeks out opportunities to drive continuous improvements in performance through application of best
practice




Builds Relationships

Builds alignment that delivers outstanding teamwork
Collaborates within and across the company

Identifies and focuses on things that matter most to customers
Cares about colleagues and communities we serve

Has the courage to challenge and create an environment where others can challenge

Builds and strongly supports an inclusive and diverse work force

Demonstrates self awareness: actively seeks feedback from others and acts upon it
Demonstrates ongoing commitment to self development to drive high performance
Shares knowledge openly with others; helps others to grow and succeed

Knows and leverages one’s own and others’ strengths

Courageously role models continuous, balanced and honest feedback to others

Those developing talent recognise that leadership and technical competence are not the same. The ‘T-shaped
engineer’ is a metaphor used to understand the blend of competencies and qualities required. The stem of the T
represents technical competence - the engineer-leader needs this as a basic framework and structure. The bar
across the top of the T represents broader skills (e.g. communication, commercial acumen, project management,
coaching, people development, charisma). If leaders don’t have the ‘bar’ skills then the organisation has only
isolated technical talent and with a mass of ‘stems’ cannot realise its full potential. If leaders only possess the
broader ‘bar’ skills, leadership exists in a vacuum without any underpinning technical substance and is equally
ineffective.

A leader-engineer needs to have a clear business vision and values and the ability to take controlled risk decisions. It
is also vital that there is a business infrastructure which allows leaders to lead and a work environment and culture
conducive to enabling development.

National Grid leadership qualities (table above) apply to all levels of the organisation. They are incorporated into a
360 questionnaire and are used in recruitment, development and performance.

How National Grid grow engineering leaders
National Grid is committed to investing in reaching their vision of engineering leadership:

“We believe that like all businesses across the UK economy, we need to consistently raise our standards in order

to perform at the levels needed in an increasingly competitive world. This starts with high quality leaders whose
judgement is exemplary, who take appropriate risks and crucially can inspire and motivate. National Grid is investing
heavily in talent, performance and leadership processes and programmes in order to do just that.”
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How National Grid grows engineering leaders depends on the individual and where they are in their career. On a
general level, engineers are provided with a platform of opportunities including: structured multi-level leadership
development programmes; quarterly performance and development discussions (including 360 degree feedback
processes); measurable stretch performance objectives; on-going line manager support and access to coaching,
mentoring and a wide variety of feedback as appropriate. Whilst all approaches are based on the principles
embedded in their talent development and performance systems, there is recognition that programmes need to be
tailored to the individual and they distinguish between an early career and a mid-career type of support.

As a minimum, an early career approach involves the following:

e Investment in both technical and professional development tools and programmes that are suited to an
individual’s career needs;

e Development planning and performance management across the organisation ensuring that managers have the
skill and confidence to carry out quality conversations;

e Reward aligned to technical achievement;

e Acommitment to promoting quality development on the job;

e (Career mapping tools;

e Access to the appropriate relationship support e.g. coaching and mentoring.

In addition to the above, managerial and senior career support includes as a minimum:

e Aseries of targeted leadership development programmes (e.g. Developing Future Leaders or First Line Leader)
with an emphasis on developing self awareness and values and managing others and self;

e Aquality succession and talent planning process;

e Acommitment to promoting quality development on the job rather than reliance on workshops and development
programmes for development;

e (Career development and transition tools.
Engaging with education to develop engineering leaders of the future

National Grid invests significant resources in schools engagement. Much of this is designed to inspire and inform
young people toward STEM-based careers (in Science, Technology, Engineering and Mathematics), and to emphasise
the professional nature of a modern enginweering career. National Grid also works closely with higher education,
for example on the IET Power Academy programme, which provides sponsorship for certain electrical engineering
students who demonstrate the potential required for graduate training scheme entry.

Beyond the engineering-specific work, as a founding employer member of the Chartered Management Institute’s
Employer Board, National Grid encourages schools to introduce leadership and management skills to young adults
in schools. Alongside business, the education system has an important role to play in better equipping recruits with
improved communication and business awareness skills. There is scope to contextualise the curriculum in terms of
business acumen.



In communicating the requirements of business, National Grid offers the ‘T-shaped engineer’ metaphor (above)
as the basis of its ‘ask’ of educational organisations. It believes that schools and higher education need to
ensure that engineering students have the basic technical competence upon which everything else rests, but also
need to recognise that students require a broader set of competencies. Whilst National Grid understands that
some educational organisations already help develop this broader set of skills and competencies, it also urges
organisations to continue to learn from others and adopt teaching methodology such as project-based learning.

Profiles - Life at National Grid as an Engineering Leader
Two engineering leaders talk about their roles in National Grid and the value of Engineering.

“When asked by friends what | do, my reply is always "l am a Power System Engineer”. This is what | studied at
university and this is my chosen career path. The fact that my role now is more leadership focussed with little or no
hands-on engineering is irrelevant - to me, the foundations of my career are fixed and this will be so whatever the
future holds. Our engineers make the grid work today and for future generations. Their roles are varied in nature
with regard to the range of activities undertaken, but the underlying attraction for me is the sense of importance

and challenge of the role coupled with the team-spirit which is so much a vital ingredient of all engineering roles.
Wherever the work-place within National Grid, we will ultimately gauge success by the extent to which the "lights are
kept on" and I'm sure that everyone feels good or bad about this as the grid operates in harsh conditions throughout
the British weather cycles. Looking forward, the engineering challenges to be answered by our engineers are unique
and the call for wider and cutting-edge engineering solutions to accommodate the green economy should ensure
that future generations of engineers are rewarded with an exciting and fulfilled career.”

Senior leader within our Electricity Control Operation

“Engineers are important to the company because they have a fundamental understanding as to what works and
what will not work and have the ability to assess and judge risk. Whilst this is normally applied to engineering
decisions — such as deciding on the CAPEX asset replacement plan — it can easily be translated into other areas. They
have a good grounding which then allows them to move into other fields such as broader management.

For myself, | was “entranced” from a young age by the rapid development in technology, (space flight,
microprocessors, Concorde) and wanted to be a part of this. Today’s engineer is likely to be a person who doesn’ t
just buy an iPhone or iPad and simply use it but a person who wants to understand more about it, perhaps to
develop an “app” to do something no-one else has thought of; or perhaps someone who is keen to develop new
solutions to reduce our impact on the environment. Perhaps this is a person who is not just a passenger in our
‘consumer buy and dispose’ society but someone who wants to make a difference. Encouraging people to think this
way and spotting those with such talents is enormously important.

In UK we have traditionally praised lawyers and bankers but we downplay engineers (the man who fixes my
telephone) with some exceptions such as Faraday, Brunel, Tim Berners-Lee. In Germany engineers, doctors, lawyers
all have a similar status. Maybe this will change as we call on people to solve more challenging problems ahead and
this will make an engineering career much more attractive.”

Senior Strategy Manager within Transmission
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