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Industry executives and university presidents from most prestigious companies
and universities in the US have been claiming for several years that there is a
shortage of engineers graduating from US universities.

What is often meant, but usually unsated, is that the shortage is of highly
innovative U.S.-born engineering graduates who are prepared to immediately
enter the work force and make innovative contributions to the level U.S.
companies need

NN17 N7 0'02 2V1 21-n INNY WAT'Y 0TINNAN 7Y 7'91N90 NIX [IN27 )IXN 71V ATH yidin 7y
N1 0'DIX? NIoN"NN N L,21-0 ARNN 7Y [TV D'0TINA 7Y NWONN DT NIDINN NN
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9 Educating 21st Century Engineers, J.Gover and P.Huray, IEEE-USA, 2007
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= Developments in previously disjointed fields such as artificial intelligence and
machine learning, robotics, nanotechnology, 3D printing and genetics
biotechnology are all building on and amplifying one another.

= Smart systems — homes, factories, farms, grids or entire cities — will help tackle
problems ranging from supply chain management to climate change.

= Concurrent to this technological revolution are a set of broader socio-economic,
geopolitical and demographic developments, each interacting in multiple
directions and intensifying each other.
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10 The future of jobs: employment, skills and workforce strategy for Fourth Industrial revolution, World
Economic Forum 2016

11 The fourth industrial revolution, Klaus Schwab, World Economic Forum, 2016

12 Engineering education 2001, Z.Tadmor, Z.Kohavi, A.Libai, P.Singer and D.Kohn, Neaman Institute,
Technion, 1987
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The Challenges to
Engineering Today

Profession

Narrow skills

Employed as a commodity
Globalization

Risk of obsolescence & off-shoring
Supply concerns

Low prestige

Knowledge Base

Exponential growth of knowledge
Disruptive technologies
Obsolescence of disciplines
Analysis to innovation
Reductionist to information-rich
Out-sourcing/off-shoring of R&D

Education

20th C UG curriculum

High attrition rate

Limited exposure to practice
Unattractive to students

Knowledge:
Econamy

Globalization
Demographics
Technological
Change

Market Forces

Grand
Challenges

The Needs of
Engineering Tomorrow

Profession

High value-added
Global

Diverse
Innovative
Integrator
Communicator
Leader

Knowledge Base
Multi-disciplinary
Use-driven
Emergent
Recursive
Exponential

Education

Liberally educated
Intellectual breadth
Professionally trained
Value driven
Life-long learner

Professional
Societi€s

National
Acadermy

ABET

NSF

Higher
Education

A roadmap to 21st century engineering

The Destination

A New Profession

A learned profession
Practitioner-trained

World-class value added
Guild-based rather than employed
High prestige

New R&D Paradigms
Integrated sci-tech
Cyberinfrastructure enabled
Stress on creativity/innovation
Discovery-Innovation Institutes

A New Approach to Education
Post-graduate professional school
Practitioner-trained/intern experience
Liberal education pre-engineering
Engineering as liberal art discipline
Renewed commitment to diversity
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13].D.Duderstadt, Engineering for a changing world: A roadmap to the future of engineering practice,
research and education, The Millennium Project, University of Michigan, 2008
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National Academy of Engineers, ABET, the American Association of
Engineering Societies, American Society for Engineering Education
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National Priorities

C Link
aﬁwpus -m ages . . . Economic Competitiveness
5L\87\C§5 . Dlscovery-lnnovatlon Institutes National and Homeland Security
Professianal schools o . L . Public health and social well-being
Linking scientific discovery with

Private Sector Linkages societal application _
) N . Global Challenges
Industry Partnerships Produce innovators/entrepreneurs/ — .
E et X Global Sustainability
ntrepreneur Participation engineers )
19 Geopolitical Conflict
Build infrastructure (labs, cyber, systems)
Public Sector Linkages i i
9 Analog to Agriculture Exp Stations Opportunities

Federal agencies or Academic Medical Centers Emerging Technologies
National laboratories erging ]

States Interdisciplinary
Complex, Large-scale Sy:

Support
Core federal support
State participation (facilities)
Industry participation
Entrepreneur participation
University participation
Co-Investment
Policies (particularly IP policy)

A possible strucure for Discovery Innovation Institutes
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14 A new vision for center-based engineering research, Committee on a vision for the future of center-
based multidisciplinary engineering research, National Academy of engineers, The National Academies
Press, 2017
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15 Ferguson, D. M.and Ohland, M. W. (2012). What is Engineering Innovativeness? International Journal
of Engineering Education, 28(2), 253
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"Because routine tasks can be done more cheaply offshore....US needs more
engineers who can rapidly move on to next generation technologies, work well with
customers and manage R&D teams...it is a gap between transactional engineers and
dynamic ones. The former are good at fundamentals but have a hard time applying
their knowledge to broader problems. Dynamic engineers are more capable of abstract
thinking, work well in teams and can lead innovation"
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16 J.Gover and P.Huray , Educating 215t century engineers ,IEEE, 2007
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A degree in engineering has taught graduates a logical approach to problem solving
that can be applied to problems students have not yet encountered. Because
engineering technology is so dynamic, engineering schools must emphasize basic
principles of engineering.

The educational goal is to produce a graduate that is able to adapt to new technology
as it emerges.
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133210 v12N 7w 0NN NN vIV'Y In , The Herbert Hoover Engineer?’

"The engineer is the person who brings to society the benefits derived from science;
he stands between science and the achievement of good life.

It is a great profession.

There is the fascination of watching a figment of the imagination emerge through the
aid of science to plan on paper.

17 Thomas A. Long, Herbert Hoover's Engineer, ASEE Annual Conference Proceedings, 1980, 217-219
18 Herbert Hoover, The Memoirs of Herbert Hoover, 5th printing, The MacMillan Company, New York
1951, Volume I, Chapter 11, The Profession of Engineering, pages 131-134
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Then it moves to realization in stone, metal or energy.
Then it brings jobs and homes to man.
Then it elevates the standards of living and ads to the comforts of life.

That is engineer's high privilege."
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"Engineering design is a systematic, intelligent process in which designers generate,
evaluate, and specify concepts for devices, systems, or processes whose form and
function achieve clients' objectives and users' needs while satisfying a specified set of
constraints”
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e Entrepreneurial thinking — seeing the big picture of ingredients and
imagining how the pieces fit together;

e In the world of complex problems, seeing the big picture is required but
not enough;

e The entrepreneurial thinker must be also accomplished in one or more
disciplines, a good team player, or team builder, and highly ethical because
of the profound societal issues that are often involved"
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ability to apply knowledge of mathematics, science, and engineering

ability to design and conduct experiments, as well as to analyze and interpret
data

ability to design a system, component, or process to meet desired needs
within realistic constraints such as economic, environmental, social, political,
ethical, health and safety, manufacturability, and sustainability

ability to function on multidisciplinary teams

ability to identify, formulate, and solve engineering problems

understanding of professional and ethical responsibility

ability to communicate effectively

broad education necessary to understand the impact of engineering solutions
in a global, economic, environmental, and societal context

recognition of the need for, and an ability to engage in life-long learning
knowledge of contemporary issues

ability to use the techniques, skills, and modern engineering tools necessary
for engineering practice.

22 Criteria for accrediting engineering programs, Effective for reviews during the 2015-2016 accreditation
cycle, Engineering Accreditation Committee, ABET, Baltimore, 2014
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1. Disciplinary Knowledge & Reasoning

1.1. Knowledge of underlying sciences

1.2. Core engineering fundamental knowledge

1.3. Advanced engineering fundamental knowledge
2. Personal and Professional Skills

2.1. Analytical reasoning and problem solving

2.2. Experimentation and knowledge discovery

2.3. System thinking

2.4. Personal skills and attributes

24 Rethinking Engineering Education- The CDIO Approach, E.D. Crawley ,J. Malmqvist, S.Ostlund, D.R.
Brodeur, K. Edstrom, 2007
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2.5. Professional skills and attributes
Interpersonal Skills

3.1. Multi-disciplinary teamwork

3.2. Communications

3.3. Communication in foreign language
CDIO of Complex Systems

4.1. External and societal context

4.2. Enterprise and business context
4.3. Conceiving and engineering systems
4.4. Designing

4.5. Implementing

4.6. Operating

4.7. Engineer leadership

4.8. Entrepreneurship
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Type of Topic Level of achievement
skills
Know- Compre- Application | Analysis | Synthesis | Evaluation
ledge hension
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Found- Matural B B B
ational sgiences
Humanities B B B
Sodial B B B
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Materials B B B
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Mechanics B B B
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and solving
Design B B B E
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perspective
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uncertainty
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management
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engineering B B B B
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Public policy B B E
Business &
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nistration
Globalization B B B E
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Professional Teamwork ) B B E
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Life long B B B E E
Learning
Professional
and ethical B B B B E E
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B Portion of the Body of Knowledge (BOK] fullfilled im the Bachelor degre
Portion of the BOK fullfilled in the Master degre or equivalent
E Portion of the BOK fullfilled in the pre-licensure experience
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B Reasons why technical degrees do not suit requrements
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Weakness

Description

Practical skills

Lacking in hands-on experience,; little to no
preparation for real world problems

Communication

Lacking in oral and written communication skills;

skills difficulties in conveying ideas orally and written
3 Business skills Lacklng in backgrgund of engineering economics,
budgeting, marketing
. New gr have no multi or interdisciplinar
Ability to work e gaduates a .e_ 0 . ultio .te d.scp ary
4 . experience; have difficulties working with other
with others .
employees (older, non-technical, etc.)
Schools have focuses too many resources on
5 Focus on theory | developing theory and academics; narrow
education
. New graduates have no experience with the
6 Design process . .
design process or design methodology
Professors present courses poorly and have little
7 Teaching or no training; faculty appears to be employed
mainly for research skills
Understandin
of safet g Students have no concept of the safety,
8 Y, regulatory, or liability requirements one must meet
regulatory and . .
U in order to complete design
liability
Proiect New graduates have little experience in planning a
9 ) project from start to finish; few project
management
management tools are taught
- . New graduates lack the ability to think critically;
Ability to think g . y : . y
10 unable to critically analyze a design and its

critically

potential risks
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Practical experience

Communication (oral, written)
Overall systems perspective
Engineering codes and standards
Problem solving and critical thinking

Project management

Design (product creation)
Experiments (laboratory procedures)
Business processes\leadership
Interpersonal/teamwork
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e Technical fundamentals (traditional engineering sub-disciplines)
¢ New engineering applications

¢ Computer modeling/analysis (software tools)

¢ Information processing (electronic communication)
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Industry assessments of weaknesses of recent graduates
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e Technical knowledge

e Engineering skills

e Work environment

e Personal skills and attributes
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1. Technical knowledge 3. Work environment

¢ Underlying sciences ¢ Independent

¢ Underlying mathematics thinking

e Mechanics of solids e Teamwork

¢ Mechanical behavior of e Leadership
materials ¢ Communication

e System Dynamics 4. Professional skills and

¢ Fluid mechanics attributes

e Thermodynamics e Personal skills

e Heat transfer e Professional

e Engineering design attributes
process e External and

e Manufacturing societal context

2. Engineering skills e Business context

e Engineering reasoning e Market context

e Experimentation

e System thinking

¢ Idea development

e Designing

e Testina
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To have experienced or been exposed to

To be able to participate and contribute to

To be able to understand and explain

To be skilled in the practice or implementation of
To be able to lead or innovate

e .
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Never

Hardly ever — a few times a year
Occasionally — at least once a month
Regularly — at least weekly

Frequently — on most days

Pervasively — for almost everything | do
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High frequency of use
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4 The new generation of students

* The engineers of today and tomorrow see the world, and how they can address
its challenges, in a very holistic way. They are enthusiastic about increasingly
interdisciplinary research that brings together engineering fields with other
disciplines, and an educational curriculum that trains future students to
collaborate, create, and lead (Stanford).

4 Mission and Vision

* Educating the next generation of engineers is at the very core of our mission,
and preparing students to take on the challenges of the 21st century compels
us to think anew about both what we teach and how we teach it (Stanford).

= Educating future leaders who will work creatively, cooperatively, effectively, and
wisely for the betterment of humankind (MIT).

= 21" Century Engineers - Strategic aim: Inspiring future generations of
engineers, equipping them with the best integrated engineering education, and
engaging them at the leading-edge of engineering thinking, so that they can
change the world (University of Cambridge).

4 Recruiting candidates

» Build on the good evidence we already have that summer schools and teachers’
conferences encourage successful applicants from a diverse range of
backgrounds, alongside exploring targeted programmes of mentoring and
bridging provision (University of Oxford).
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We will build on our success in developing scholarship schemes (University of
Oxford).

Knowledge and skills

The engineering core curriculum will evolve, to ensure we are providing our
students with both deep disciplinary insights and the skills to communicate,
design, and work in teams (Stanford).

In addition to disciplinary expertise, our students must develop the ethical
sense to consider the consequences of their work and tailor solutions to meet
human needs. We must integrate these elements both within Stanford
Engineering and through deeper and more meaningful connections to the
humanities and social sciences (Stanford).

Constantly evolving our unique undergraduate course to give students an
education that covers all aspects of engineering, including team work and
leadership (University of Cambridge).

Creating new facilities for students that foster creativity and collaboration both
within the curriculum and in free time (University of Cambridge).

Educational strategies and methods
Discover, Create, and Pursue New Models of Learning (UCLA):

o Rapidly determine emerging areas of knowledge and skill and address
them through educational experiences delivered on demand

o Conceptualize the basic unit of education to include a greater variety of
choices, from knowledge nuggets to micro-learning modules to
stackable credentials to competency-based education, and more

o Develop new approaches to learning that enable students to
personalize their educational experiences with new advances in
technology

Undergraduate Student Opportunities in Academic Research (USOAR),
matching first-year, second year, and transfer students with no previous
significant experience in research with a paid research position working with a
faculty supervisor (University of Virginia).

Evidence-Based Teaching and Learning: Course Design Institute, an intensive,
multi-day, hands-on seminar which provides instructors the opportunity to
experience the iterative, dynamic, and scholarly process of learning-focused
course design (University of Virginia).
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1. Disciplinary Knowledge & Reasoning
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* ajoint effort between the MIT Media Lab and the MIT Comparative Media Studies/Writing program.

** ajoint project of CSAIL and the Media Lab

*** The Communications Futures Program (CFP) is a research collaboration that studies the future of the
telecommunications industry. It operates as a partnership between university and industry, drawing on knowledge
and experience that spans multiple disciplines at MIT and a cross section of industry partners.
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45"Media Lab faculty pursue their research interests with a great degree of freedom. Lab researchers do
not depend on individual grants for support: when a corporate sponsor donates money, it is shared
equally among the Media Lab’s faculty members."

"First, there is the matter of the Media Lab’s leadership. As anyone even remotely familiar with the
Media Lab knows, Nicholas Negroponte has been an absolutely indispensable part of the institution’s
rise. What is less well-known is how his hands-off managerial style (really an organizational “anti-
structure”) has contributed to the lab’s work. Negroponte made it clear that his role was simply to find
excellent, inquisitive researchers and provide them with the materials to do their work."

"Second, Negroponte’s laissez-faire style has been supported by the lab’s explicit commitment to
interdisciplinarity."

Source: Hassan, R. (2003). The MIT Media Lab: techno dream factory or alienation as a way of life?.
Media, culture & society, 25(1), 87-106

46 "Negroponte and the lab’s founders did not simply set up a general interdisciplinary space and leave it
wide-open. Instead, they encouraged the formation of a large number of research groups with varying
interests, which would feed off each other and synergistically move forward... In addition, several
professors cited the flow of students between research groups as one of the most important stimulants
for their own work as well".
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http://www.media.mit.edu/about/about-the-lab

http://www.media.mit.edu/research/groups-projects

http://www.ft.com/cms/s/2/49b501e0-b1e8-11e2-9315-00144feabdc0.html#axzz3CdF9bldz

http://media.mit.edu/admissions/research-groups

http://www.media.mit.edu/research/consortia

http://www.antipope.org/charlie/blog-static/rants/inside-the-mit-media-lab.html

http://www.media.mit.edu/research/centers-joint-programs

http://www.media.mit.edu/research/special

http://www.media.mit.edu/research/groups-projects

. http://www.media.mit.edu/people/faculty

. http://www.media.mit.edu/people/visiting

. http://www.media.mit.edu/people/staff

. http://www.media.mit.edu/people/advisory

. http://www.media.mit.edu/people/directors-fellows

. http://blog.media.mit.edu/2013/01/please-welcome-our-new-directors-fellows.html

. http://www.media.mit.edu/sponsorship/funding-levels/fellows

. http://www.media.mit.edu/sponsorship/getting-value/ip

. http://www.media.mit.edu/files/unique 0.pdf

. http://ttt. media.mit.edu/sponsorship/sponsorship.html

. http://cfp.mit.edu/about/membership.shtml
. http://blogprimehubtech21.wordpress.com/2013/08/21/mit-media-lab/

. http://www.media.mit.edu/sponsorship/funding-levels

. http://www.media.mit.edu/sponsorship/getting-value

. http://www.media.mit.edu/files/unique_0.pdf

. http://www.media.mit.edu/research/demos-downloads

. http://www.media.mit.edu/sponsorship/sponsor-list
. http://newsoffice.mit.edu/2013/media-lab-e14-fund-1023

28. http://newsoffice.mit.edu/2014/media-lab-bring-more-digital-tools-newsrooms-12-million-
grant
http://en.wikipedia.org/wiki/MIT_Media_Lab#Funding_model

http://mentalfloss.com/article/25417/boston-tech-party-wonders-mit-media-lab

http://www.media.mit.edu/files/unique 0.pdf

http://www.wired.com/2012/06/resiliency-risk-and-a-good-compass-how-to-survive-the-coming-
chaos/

http://www.inktalks.com/discover/287/joichi-ito-mit-media-lab-from-a-container-to-a-network

Rahm, D., Kirkland, J.& Bozeman, Barry (2000). University-Industry R&D Collaboration in the United
States, the United Kingdom, and Japan. New York: Springer

http://thegoodproject.org/wp-content/uploads/2012/09/GoodWork13.pdf

http://www.media.mit.edu/new-director/bio
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https://www.broadinstitute.org/what-broad/our-approach/our-approach

http://en.wikipedia.org/wiki/Broad Institute

http://www.broadinstitute.org/scientific-community/science/core-faculty-labs

http://www.broadinstitute.org/scientific-community/science/programs/programs

http://www.broadinstitute.org/scientific-community/science/platforms/platforms
http://www.broadinstitute.org/files/news/media-kit/2012 broad institute ar.pdf
http://en.wikipedia.org/wiki/Broad Institute#Organizational structure
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https://www.broadinstitute.org/files/news/media-kit/2012 broad institute ar.pdf

9. http://www.broadinstitute.org/what-broad/collaboration/partner-institutions-and-community
10. https://www.broadinstitute.org/news/5293

11. http://www.broadinstitute.org/scientific-community/science/core-faculty-labs

12. http://www.broadinstitute.org/history-leadership/founders/associate-members

13. https://www.broadinstitute.org/what-broad/administration/academic-affairs/associate-members

14. https://www.broadinstitute.org/careers/university-relations

15. https://www.broadinstitute.org/osap

16. http://www.broadinstitute.org/what-broad/who-broad/senior-scientific-staff

17. http://web.mit.edu/tlo/www/community/broad.html
18. http://en.wikipedia.org/wiki/Broad Institute#Funding
19. http://www.broadinstitute.org/diversity

20. Broad Institute: Bringing Genomics to Real-World Medicine, Chemistry & Biology, Volume 12, Issue
7, July 2005
21. The Broad Institute—Six Years Later, Chemistry & Biology, Volume 17, Issue 4, April 2010
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The Think Tank ideation about future worlds yielded four profiles: the Specialist, the
System Integrator, the Front-end Innovator and the Contextual Engineer. They partly
overlap the professional engineering career tracks that are implicitly identified in Figure
3.6 of the CDIO Syllabus (Crawly, Malmqvist, 2007). A complete description is
available in the Appendix or digitally available from
http://issuu.com/danielleceulemans2/docs/future _proof profiles digital.

These types of engineers tend to play a different role in projects and work
environments, as they start with a different heuristic question:

Specialist: How can we advance and optimize technology for innovations and better
performance using scientific knowledge?

System Integrator: How can we bring together disciplines, products or subsystems
into a functioning whole that meets the needs of the customer?

Front-end Innovator: How can we advance and apply knowledge and use technology
to develop new products for the benefit of people?

Contextual Engineer: How can we exploit diversity-in-thought to advance and apply
knowledge and use technology in different realms to develop products and processes
for the benefit of people in different cultures and context?

Each profile cannot realize a technological solution without the other and is needed to
realize integrated solutions for complex problems.

SPECIALIST - R&D for innovation in science and industry

The role of the Specialist is advancing knowledge in fundamental science, design or
engineering research fields or R&D. In industries specialists support innovation and
the development of complex systems, products or services with their state-of-the-art
expertise.

When embarking on an academic career, most scientific staff members develop into
disciplinary specialists. In the industrial environment, specialists collaborate with
nonspecialists with many different disciplinary backgrounds. They need a more holistic
engineering mind-set to understand the impact of the interfacing levels and innovate
at the fringes of their specialism. Also for a specialist, engineering is not only about
mastering a fixed and known body of deep knowledge, but is about the integration of
that knowledge into system and product development. The future viable profile for the
specialist is therefore oriented towards a specialist with a broader orientation, a
T-shaped specialist in a certain branch of engineering. The prime idea is that
specialists are educated within the disciplinary department or faculty, while a
broadening of their skills can be trained and practiced in multidisciplinary

48 Kamp, A., & Klaassen, R. (2016). Impact of global forces and empowering situations on engineering
education in 2030. In The 12th International CDIO Conference (p. 1110).
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projects such as the Big Data or Scarcity-of-Resources type of Hubs at interfaculty
level that will be discussed later.

SYSTEM INTEGRATOR - Connector

System Integrators are system oriented. They have a helicopter view of a wide scope
of technological fields and work from the system level back to components. They
collaborate in a team of T-shaped specialists, engineers and managers and are
therefore socially skilled and aware of ethical aspects in engineering. To design
systems or processes that can perform as components of large-scale complex
enterprises, future System Integrators must have learnt to look beyond the technical
system, and consider the characteristic of the enterprise in which the system will
operate and the context in which the system is developed.

System Integrators will transform from the architect who guides engineering projects
for clients from concept toward strategic goals, to a leader who is capable of balancing
his technological skills with the demands of restricted budgets, regulatory frameworks,
collaboration complexity, public safety impact and public understanding. The major
idea is that T-shaped System Integrators are educated within the disciplinary
department or faculty, and that their disciplinary broadening and development of
interdisciplinary and interpersonal skills will take place in multidisciplinary projects that
will be produced in interfaculty Hubs.

FRONT-END INNOVATOR

Front-end Innovators are entrepreneurial design engineers with a broad education in
engineering and socio-economic factors. They are customer oriented and focus on
trends in engineering and the world. They have learnt to work in horizontal flat
organizations and work in small teams of T-shaped Specialists, System Integrators,
design engineers, business managers, customers and end-users. They are capable
solving complex adaptive problems and feel comfortable to follow agile methodologies
with cross-functional team work, rapid iterations, rapid prototyping, continuous user
involvement.

Students who enroll in this profile are independent participants with an entrepreneurial
attitude. They have a good understanding of the engineering context and an
awareness of the user and client environment. They have good social and empathetic
listening skills to talk with a wide variety of people, including specialists and customers
or end-users. They have to be creative enough to translate market needs to
technological innovation. Their education emphasizes the engineering domain, and
addresses the interdisciplinary context that will be available in the interfaculty Hubs.
The innovation and business component may be inserted into the Hubs by involving
students in humanities or social sciences.

CONTEXTUAL ENGINEER

The National Academy of Engineering (NAE) envisions the workplace of the near
future as one of dynamic technological change that requires engineers to understand
complex societal, cultural, global, and professional contexts. Multinational companies
and their development teams make use of the diversity in cultures and socio-economic
environments for the benefit of technological innovation, product design and
engineering business. Teams of different cultures, with different perceptions of ethical
responsibility and risk, collaborate for customer-centered innovations.
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By 2030 multinationals from emerging countries might own enterprises with a Western
origin, and vice versa. The investors, president and leaders import their beliefs, norms
and values and habits into the enterprise culture and expect their employees not only
to respect but also behave accordingly and exploit the differences in cultures and
socio-economic environments for the benefit of technological innovation, product
design and business. Strong intercultural communication and collaboration skills and
attitudes will be necessary to be successful in these enterprises. Employees have to
be open-minded to learn how to operate in such different realms, not only technical but
also cultural. This is where the Contextual Engineer profile comes in. These engineers
require much more contextual knowledge to work effectively with other cultures and
get things done and influence strategic decisions.

Contextual Engineers are technically adept and understand the contextual constraints
and consequences from discipline, policy, judicial and ethical perspective. They are a
leader in realizing technological innovations in political contexts. They have a
helicopter view, are open minded, work in interdisciplinary settings, are agile and
patient but are always focused on results. They understand how differences in
disciplinary backgrounds, cultures and socioeconomic environments can be an
enrichment.
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« Stanford university

In early 2015, Stanford Engineering formed a committee and asked them two strategic
guestions: In what areas can the School of Engineering make significant world-
changing impact, and how should the school be configured to address the major
opportunities and challenges of the future?

The committee emerged with a vision for the future of the school across three critical
areas: Research, Education and Culture.

=  About SoE-Future — Vision

It is clear that the younger generation of engineers thinks very differently about the
future of engineering. So our young and mid-career faculty members were vital to
defining where the school’s priorities should be, both in support of research and of
education.

These are questions a small group of faculty, staff, and students set out to answer
early in 2015. As part of the “SoE-Future” process, they sought input from hundreds of
people within and outside the school and asked how we build on our solid foundation
to ensure future success. The level of enthusiasm and engagement of those involved
was extraordinary, and the recommendations the committee generated based on that
feedback has exceeded all expectations.

The engineers of today and tomorrow see the world, and how they can address its
challenges, in a very holistic way. They are enthusiastic about increasingly
interdisciplinary research that brings together engineering fields with other disciplines,
and an educational curriculum that trains future students to collaborate, create, and
lead.

Ultimately, the future is defined by those who will live in it. Our outstanding faculty,
staff, and students will determine where we go from here across three areas that are
critical to the success of the school: research, education, and culture

= Research

Solving future challenges begins with research.

o bring together Stanford and visiting scholars from academia, industry,
and government; graduate students and postdoctoral researchers —
and engage scholars across campus and more broadly to focus on a
dynamic series of challenging problems that have engineering solutions
at their core.

o In addition to being the most efficient and effective way to provide our
researchers with the cutting-edge tools they need, sharing research
space, resources, and ideas sparks interactions that advance knowledge
and lead to new discoveries. We are committed to world-class shared


https://stanford.app.box.com/s/6tyqbsxkzz0cqo6gufp2hjgkg8hsrp6m
https://engineering.stanford.edu/about/soe-future/research
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facilities and equipment that encourage students and researchers in
engineering to work and study with others across academic disciplines.

In addition to being the most efficient and effective way to provide our
researchers with the cutting-edge tools they need, sharing research
space, resources, and ideas sparks interactions that advance knowledge
and lead to new discoveries. We are committed to world-class shared
facilities and equipment that encourage students and researchers in
engineering to work and study with others across academic disciplines.

=  Education

Educating the next generation of engineers is at the very core of our mission, and
preparing students to take on the challenges of the 21st century compels us to think
anew about both what we teach and how we teach it.

@)

The engineering core curriculum will evolve, to ensure we are providing
our students with both deep disciplinary insights and the skills to
communicate, design, and work in teams .

In addition to disciplinary expertise, our students must develop the
ethical sense to consider the consequences of their work and tailor
solutions to meet human needs. We must integrate these elements both
within Stanford Engineering and through deeper and more meaningful
connections to the humanities and social sciences.

preparing our students for a future of impact will mean teaching them
to discern rather than dictate what is needed, and tailor solutions to the
diverse local preferences of our global village. Students will gain the
fundamentally important understanding of the context, constraints, and
implications of engineering problems and solutions. As a great
engineering school housed within a world-class liberal arts institution,
we have the opportunity to define the humanist engineer.

White paper: How do we educate in the future?

= Culture

Stanford Engineering prizes problem solving, creativity, entrepreneurship and
adaptation to change.

O

The engineering core curriculum will evolve, to ensure we are providing
our students with both deep disciplinary insights and the skills to
communicate, design, and work in teams .

In addition to disciplinary expertise, our students must develop the
ethical sense to consider the consequences of their work and tailor
solutions to meet human needs. We must integrate these elements both


https://engineering.stanford.edu/about/soe-future/education
https://stanford.box.com/s/ucpjaw2rrlca874dkt2dciwo36qzc0z4
https://engineering.stanford.edu/about/soe-future/culture
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within Stanford Engineering and through deeper and more meaningful
connections to the humanities and social sciences.

https://engineering.stanford.edu/about/soe-future

4 Massachusetts Institute of Technology — MIT
A GLOBAL STRATEGY FOR MIT, May 2017

This plan addresses three important questions for MIT over the coming decade:

» How can our international activities best contribute to advancing the frontiers
of knowledge in science, technology, and other areas of scholarship?

» How can they help bring forefront knowledge to bear on solving the world's
most challenging problems?

= How can they contribute to educating future leaders who will work creatively,
cooperatively, effectively, and wisely for the betterment of humankind?

<« University of Cambridge

21st Century Engineers - Strategic aim: Inspiring future generations of engineers,
equipping them with the best integrated engineering education, and engaging them at
the leading-edge of engineering thinking, so that they can change the world.

= Challenge

The world is subject to ever-changing challenges and opportunities. Whether we look
at energy, climate change, ageing population, economic re-growth or a myriad of other
big issues, we see engineers and new engineered solutions playing a pivotal role. We
also see that the pragmatic yet principled engineering approach is incredibly valuable
throughout government and business, as it enables practical and considered action in
the face of uncertainties and unknowns. The challenge is to be extremely adaptable in
meeting this demand with the best engineers and engineered solutions without any
compromise to the quality of teaching and long-term research.

=  Ambition

The Department’s greatest and most agile outputs are its graduates and postdoctoral
researchers. The primary ambition of the Department is to attract outstanding students
and researchers, equip them with the best engineering education, give them
experience of solving problems at the leading-edge of the field, and support them in
changing the world. We want our alumni to make a difference not just by knowing how
to deliver a sound engineered solution, but by reframing problems, questioning
established practice and making new breakthroughs.

= Activities
The main thrusts of this mission are:

* raising awareness, interest and understanding of engineering careers more
widely among school children, parents and teachers through the Department’s
award-winning outreach activity and its news stories


https://engineering.stanford.edu/about/soe-future
http://web.mit.edu/globalstrategy/A_Global_Strategy_For_MIT_May2017.pdf
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» constantly evolving our unique undergraduate course to give students an
education that covers all aspects of engineering, including team work and
leadership

» creating new facilities for students that foster creativity and collaboration both
within the curriculum and in free time

» offering ever more PhD and Masters opportunities for postgraduate study to
the best students in the World with training for translating their vital specialist
skills into practice

* winning more postdoctoral fellowships for the early career development of the
most talented graduating PhD students linking to college junior research
fellowships

= achieving recognition and success as a leader in improving the gender balance
at all levels from student through to academic and research staff

= develop the Language Unit's courses and networks, so that an increasing
proportion of our students can work outside their home language and culture
in their professional engineering career

= strengthen the network for our alumni through development of the Cambridge
University Engineering Society (with support from the Cambridge University
Engineers Association)

http://www.eng.cam.ac.uk/about-us/strateqy/21st-century-engineers

<« University of California, Los Angeles (UCLA)

=  Master of Science Online Program (HSSEAS-MSOL) at UCLA

In this program you can earn a Master of Science in Engineering degree with the same
program of study as in our departmental programs, with the same courses, same
instructors, and same grading standards as on campus. You can also participate in
one or several of our certificate programs by completing certain course sequences.
These represent specialized areas of study offered by departments, or broader school
wide areas of study such as systems engineering. The MS Engineering degree also
offers the flexibility to build your own program of study to best suit your professional
needs. All of the HSSEAS-MSOL courses are available in three formats for viewing on
a computer, a tablet, or a smart phone.

https://echo360.org/media/9e28acl14-3ced-4b42-9788-dd678e0de4ab/public

http://www.msol.ucla.edu/wp-content/uploads/msol/msonline-stats.pdf

=  UCLA strateqgic plan, 2015

This five-year strategic plan is a guiding set of priorities and actions through June 30,
2019. Adopting these strategic priorities and supportive actions throughout the
organization will position UCLA Extension to eventually compete on a global scale.
Our progress in implementing this plan will be evaluated on a quarterly and annual


http://www.eng.cam.ac.uk/about-us/strategy/21st-century-engineers
http://www.msol.ucla.edu/
https://echo360.org/media/9e28ac14-3ced-4b42-9788-dd678e0de4ab/public
http://www.msol.ucla.edu/wp-content/uploads/msol/msonline-stats.pdf
https://strategy.uclaextension.edu/wp-content/uploads/2015/10/UNEXStrategicPlan.pdf
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basis. A formal review of this strategic plan will be conducted in the third year, and
should be completed on or before July 1, 2017. These four strategic priorities will
remain relatively intact over the five-year planning horizon. This is a strategic response
to a constantly changing educational environment.

IV. Reimagine Learning
PRIORITY IV:

Discover, Create, and Pursue New Models of Learning

= ACTION 11: Rapidly determine emerging areas of knowledge and skill and
address them through educational experiences delivered on demand

» ACTION 12: (Re) conceptualize the basic unit of education to include a greater
variety of choices, from knowledge nuggets to micro-learning modules to
stackable credentials to competency-based education, and more

= ACTION 13: Develop new approaches to learning that enable students to
personalize their educational experiences with new advances in technology

https://strateqy.uclaextension.edu/

<« University of Virginia

http://planning.virginia.edu/current-strategic-plan

Pillar 1ll: Provide Educational Experiences that Deliver New Levels of Student
Engagement

= Strategy 6: High-Impact Educational Experiences

65% increase in student participation with Undergraduate Student Opportunities in
Academic Research (USOAR), matching first-year, second year, and transfer students
with no previous significant experience in research with a paid research position
working with a faculty supervisor.

= Strategy 7: Global Experiences

Grew the Global Studies Major with 122 student majors in its second year. 44% of
students are double-majoring in a complementary field.

Increased Student Participation in Education Abroad

= Strategy 8: Evidence-Based Teaching and Learning

o Grew enrollment in the Course Design Institute, an intensive, multi-day,
hands-on seminar which provides instructors the opportunity to
experience the iterative, dynamic, and scholarly process of learning-
focused course design.

o 379 instructors have completed the Course Design Institute


https://strategy.uclaextension.edu/
http://planning.virginia.edu/current-strategic-plan
http://planning.virginia.edu/cornerstone/pillar-iii
http://planning.virginia.edu/cornerstone/pillar-iii
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Innovation in Pedagogy Summit

Increased attendance at the Innovation in Pedagogy Summit, which
presents proven techniques and practices surrounding teaching and
learning in higher education. The Summit is UVA focused, but also
includes participants from universities, community colleges, and K-12
systems from across the Commonwealth.

« Imperial College

Strategy 2015-2020

Excellence

Foundations

o Only by bringing together expertise from different disciplines can we
solve today’s global challenges.

o All research and education must be underpinned by a deep
understanding of the fundamentals.

o By learning alongside researchers who are experts in their fields our
students gain the practical, entrepreneurial and intellectual skills to
tackle societal problems.

People

o Providing a broad range of activities, services and support for our
students beyond their studies helps them to develop wider talents and
to be successful.

o We will build a supportive, inclusive and highly motivated staff
community across all disciplines, functions and activities. This will help
us to attract and retain the talented and diverse staff we need to achieve
our mission.

o We will build strong relationships with our alumni and friends. This
lifelong exchange of ideas and support benefits all of us.

Partners
o We will strengthen collaboration with business, academia, and non-

profit, healthcare and government institutions across the globe.
Collaboration with external partners is positively correlated with
academic excellence; many of our most productive academics are also
actively involved with external organisations.

Enablers


https://www.imperial.ac.uk/media/imperial-college/about/leadership-and-strategy/public/Strategy2015-2020.pdf
http://www.imperial.ac.uk/strategy/excellence/
http://www.imperial.ac.uk/strategy/foundations/
http://www.imperial.ac.uk/strategy/people/
http://www.imperial.ac.uk/about/leadership-and-strategy/strategy/partners/
http://www.imperial.ac.uk/strategy/enablers/
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o We will provide professional support, consistent processes and
appropriate technology for all of our staff and students... Excellent
research and education must be underpinned by a professional team
focused on ensuring that our academics and students have the time,
support and resources they need to deliver their very best.

o As the frontiers of knowledge cannot be predicted, agility and flexibility
are integral attributes for success. This means that Imperial must take
risks: academic risk through starting new areas of research, before we
know whether funding or acclaim will follow; and financial risk, in order
to achieve the returns we need to fund our mission.

Progressing the Strategy



http://www.imperial.ac.uk/strategy/progressing-the-strategy/
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<« University of Oxford

Strategic plan 2013-18

https://www.ox.ac.uk/sites/files/oxford/field/field document/Strateqic%20Plan%20

2013-18.pdf
= Priorities
o Global reach.
o Networking, communication, and interdisciplinarity. To build on Oxford’s

multiple disciplinary strengths and enable collaborations in new and
developing areas.

= Research

O

To maintain originality, significance and rigour in research within a
framework of the highest standards of infrastructure, training, and
integrity.

To empower the creative autonomy of individuals to address
fundamental questions of real significance and applied questions with
potential to change the world.

To maintain and develop resources, and invest in subject areas of
long-term worth.

=  Education

O

O

To ensure that our undergraduate and graduate admissions
processes identify students with outstanding academic potential
and the ability to benefit from an Oxford course whatever their
background.
=  We will build on the good evidence we already have that
summer schools and teachers’ conferences encourage
successful applicants from a diverse range of backgrounds,
alongside exploring targeted programmes of mentoring and
bridging provision.
=  We will build on our success in developing scholarship
schemes such as the Moritz-Heyman undergraduate
scholarship programme, the Mica and Ahmet Ertegun graduate
scholarships in the Humanities, and the Clarendon Fund
graduate scholarships, to generate further schemes at
undergraduate and postgraduate level.
=  We will keep under review our undergraduate and graduate
admissions processes to ensure equality of treatment for all
applicants and the effectiveness and consistency of good
practice.
To ensure that the best Oxford experience is the typical experience,
for all undergraduate and postgraduate students, and that Oxford fully
equips graduates for the best of the diverse range of opportunities for
study and employment available to them.
To ensure that the unique richness of the collegiate University’s
academic environment is both retained and refreshed.


https://www.ox.ac.uk/about/organisation/strategic-plan?wssl=1
https://www.ox.ac.uk/sites/files/oxford/field/field_document/Strategic%20Plan%202013-18.pdf
https://www.ox.ac.uk/sites/files/oxford/field/field_document/Strategic%20Plan%202013-18.pdf
https://www.ox.ac.uk/about/organisation/strategic-plan/priorities?wssl=1
https://www.ox.ac.uk/about/organisation/strategic-plan/research?wssl=1
https://www.ox.ac.uk/about/organisation/strategic-plan/education?wssl=1
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« University of Southern California

The 2018 USC Strateqic Plan — Answering the Call

= Leading Through Values

Our mission — to serve our students, our patients, and our communities — must be
judged not just on impact but on integrity, and not just on endpoints but on ethics.
In the coming years, we will engage in university wide discussions of our current
values and those new values we need to embrace. We will identify ways to
communicate our core values to our constituencies. We will prioritize ethical
behavior as we recruit and retain university leaders. We will seek ways to identify
and reward those faculty, staff, and students who exhibit and promote our core
values. And we will seek ways to promote those values throughout our curricula.
For USC to be a leading voice in the 21st century, we must be known not just for
what we do, but how we do it.

= Leading Through People

To strengthen our unique mission and lead in this changing landscape, we must
mirror the world in how we teach and mentor, conduct research, develop the
professions, practice the arts, learn, and serve others. In order to lead, we must
continue to invest heavily in intellectual capital — to recruit and retain it, to build
and diversify it, and to nurture and empower it.

o Cultivating the Entrepreneurial Spirit - universities must do more than
simply recruit innovative people and help commercialize their ideas. To lead
in this area is to fashion and support a culture of creativity, engagement,
impact, and entrepreneurship (CEIE) across our campuses

o Embracing the Inclusive Spirit - Creating a community of diverse viewpoints
— economic, cultural, intellectual — in order to build a generation of
innovators, leaders, visionaries, and creators remains one of the highest
priorities of USC.

o Fostering the Convergent Spirit - Over the next several years, we will invest
in faculty whose work brings together divergent fields to solve intractable
problems. We will invest in research in which the methodologies of one
discipline are deployed in the context of one or more other disciplines to
understand and attack from multiple directions the challenges of our time.
We will create training programs for graduate and professional students, for
postdoctoral fellows, and for junior faculty so that they become more fluent
in multidisciplinary work. We will leverage USC’s immense strength in the
arts, digital media, information technologies, and computer science to
develop new learning and teaching paradigms. We will put into place
policies and reward systems that encourage team research, creative team
endeavors, and team teaching. We will create more opportunities for
students to engage in group-based projects, we will create new ways
students can show proficiency across disciplines, and we will make them
adept at harnessing the wealth of information that currently exists across
all domains of inquiry. We will change the conversation so that students


https://www.provost.usc.edu/files/2018/02/180216_Strategic_Plan_.pdf
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speak less about their major and more about what great problems of the
21st century they hope to solve.

Leading Through Impact

We can only be the most impactful 21st century university by being both a great
global institution and a great local friend and neighbor.

O

Solving - we will partner with governmental and non-governmental
organizations, community partners, philanthropic and private foundations,
and all interested parties to address some of the most crucial issues of our
time: homelessness, immigration, global pandemics, security, and
sustainability, to name just a few. We will invest in interdisciplinary and
interschool research centers and institutes that address wicked problems
using evidence-based, convergent approaches. We will recruit faculty,
postdoctoral fellows, clinical fellows and residents, volunteers, and
graduate and professional students whose current and future talents will
impact these areas.

Seizing - we will forge more and deeper partnerships with the creative
industries of Los Angeles, such as in the media industries, Silicon Beach,
and the Arts District, by creating joint research programs and internship
opportunities for students.

Supporting - USC will set a goal that every member of the Trojan Family
contributes to making some small part of the world better

Synthesizing - We will expand our efforts to translate research quickly from
bench to bedside to serve people across the globe

Leading Through Transformation

we must apply the same combination of creativity and commitment embodied
by our students, cholars, artists, and athletes. As we invent the future, we must
simultaneously reinvent ourselves.

o Reimagining a University Education
o Reimagining Access and Opportunity
o Reimagining Value

o Reimagining the Undergraduate Experience.

Conclusion

USC is transforming itself into tomorrow’s research university — today. Our
mission is urgent, our energy boundless, our vision sweeping, and our Trojan
spirit indefatigable. The 21st century calls us to action, to lead now and long
into the future. The University of Southern California is answering that call.
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