Rethinking Engineering Education

From the Ground Up

Richard K.  Miller, Ph.D.
President
&Y Franklin W. Olin

College of Engineering

i
‘ ¥
i \
=
| <
1| [ p
s LR LU e s 2y e

Needham, MA 02492

Invited Keynote Presentation

Skolkovo Institute of
Implementing Project  -Based Learning Science and Technology

In Engineering Education Moscow, Russia
18 October, 2012



Outline
1. Why education must change
2. What changes are needed

3. Anew model for engineering
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1. Why education must change
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The Pale Blue Dot

ANASA, 1990 8 Voyager 1

A3.8 billion miles (41 AU)

AcCarl Sagan d address at
Cornell University, Oct 13, 1994
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Looking Back to the 20" Century:

Greatest Engineering Achievements
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NAE Grand Challenges for the 215t Century

Security, Sustainability, Health, Joy of Living

Make solar energy
economical

Provide energy
from fusion

Develop carbon
sequestration
methods

[\
& T -
Advancing the Grand Challenges of
HOME . o d NATIONAL SUMMIT
WEBCAST the National/Academy ¢ . i

BLOG 3 . - .
BACKGROUND Engineering Empowering Society }Store and

OVERVIEW
SCHEDULE R —— prove urban
Policymakers rastructure

SPEAKERS
Corporate leaders

STUDENTS
SPONSORS The 2010 NAE Grand Challenges National Summit will bring together Engineers and Scientists

PRESS leading scientists and engineers, educators, policy leaders, innovators Innovators and Entrepreneurs
RELATED LINKS and corporate executives to address the 14 challenges articulated by the Students
REGISTRATION National Academy of Engineering. The discussions will be organized
LOCATION around the four thematic threads of the challenges, namely JOIN OUR EMAIL LIST
sustainability, vulnerability, health and the joy of living, which represent
key societal issues of the 21st Century. CONTACT Us

Tt B - o 2V ETS e-engineer
Miles O'Brien '
2010 _— Duke = brain

The Second National Academy of T October 6,2010 IO
Engineering Grand Challenges Summit . Student Day 4% Olin Collcgc
took place on the campus of the = » 5
University of Southern California. Six October 7-8, 2010 USC V|terb'
sessions focusing on the Grand 2010 NAE Grand
Challenges were presented from the | Challenges

follow spectives: \ National Summit Ve
o NOLOG ’ Enhance 'ﬂ Caltech
Click here for ‘

School of Engineering

virtual schedule information Endorzad by
A
T
...and a notable cast of panelists A ed
SUanca the dialogts Abak ifren z MARTI o e thance virtual

society's most critical needs

1 callty

Advance Engineer the tools
personalized of scientific
leamning discovery




Challenges of the 215t Century:

A Complexity

A Transcend time zones,
political boundaries,
disciplinary boundaries

A Require systems thinking and
unprecedented cooperation

Examples: acid rain, traffic in Stockholm



2. What changes are needed
In education?



Education must meet basic needs
In every generation

A To be the most important person to someone else
A Increase in single parent families

A To make sense of your surroundings
A Decline in STEM competence

A To manage the grand challenges of your age
AComplexity is overwhel min

A To make a positive difference in the world
A Decline in common values and empathy



Conclusions:

A Technological innovation is
our best hope

A Perhaps now creativity is
as important as knowledge

A We need more engineering
Innovators for the 21t century



BUT,

Our traditional approach to
higher education may be preventing
us from producing innovators!




Feasibility Viability

Engineering
and Science

Business and
Economics

Desirability

Psychology, Arts,
Humanities, efc.
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Creativity & Cognition
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GREATNESS ISN'T BORN
IT'S GROWN. HERE'S HOW
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YOUTUBE:
Sir Ken Robinson
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Multiple Intelligences: Howard Gardner, Frames of Mind (1983)

AAl'l people have at | east 7 ointell:i

ALinguistic _ ,
Academic Intelligence (1Q, SAT, etc.)
ALogical/mathematical
ASpatial

ABodily-kinesthetic Artistic Intelligence
AMusical -

Alnterpersonal

Persuasion, Management

Alntrapersonal _




A New Culture of Learning

Traditional New A NEW CULTURE
OF LEARNING

Cultivating the Imagination
for a World of Constant Change

Knowledge Transfer Construct Knowledge
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Follow Orders Follow Your Passions

Learn in Class Learn 24 x 7

Learn Alone Learn in Teams \ Pedagogy Jike
Problem-based Design-based Graduate School

"Vor most of the twentieth century our educational system has been built
on the assumpti on t hat teachi ng I s



What We Teach vs. What They Need to Know

AEngineering alumni report that engineering science is not as useful in
their careers as design, communication, teamwork, and entrepreneurial
thinking( Kri sten Wol fe, AUnderstanding
the MI'T Mechanical Engi neering Dep
MIT (supervised by Prof. Warren Seering)).

A Prof. WoodieFl ower s, nMan Who Waits for
Must Wait a Very Long Time, 0 Engin
April 1, 20009.

YouTube: Prof. Woodie Flowers on Education Reform



Prof. Warren Seering

Kristen Wolfe
June, 2004
S.B. Thesis

Understanding the Careers of
the Alumni of the MIT Mechanical
Engineering Department

Taken from fAiMan who waits for roast duck to f
Presented by Prof. Woodie Flowers, MIT, on April 1, 2009, at Engineer of the Future 2.0,
Olin College, Needham, MA. (Used with permission; video available on WWW)



survey

MIT
ME Graduates
1992 - 1996

676 e-mall requests
308 completed the survey
46% response rate
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underlying sciences
underlying mathematics (Note: Analysis and
mechanics of solids Reductionist Thinking)
mechanical behavior of materials

systems dynamics and control

dynamics

fluid mechanics

thermodynamics
heat transfer

engineering design process

manufacturing



engineering reasoning and problem solving
experimentation and knowledge discovery

system thinking (Note: Synthesis and
Integrative Thinking)

personal skills and attributes

professional skills and attitudes
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teamwork

communications




testing

designing (Note: Entrepreneurial hOW
Thought and Action) and

developing an idea Why

B

market context
enterprise and business context

external and societal context



