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I (Engineering Ethics)
I (Educating Future Engineers)
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(James Watt)

WATT : La machine a vapeur
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“The scientist seeks to understand what
IS; the engineer seeks to create what
never was.” - Theodore von Karman
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B "At some point, perhaps in
fourteenth century China or
seventeenth century lItaly, it
was discovered that the
evaporation of brine (salt
water) absorbed heat and William Cullen's Design
therefore a container placed 1748
In brine would stay cold."

This short essay discusses
the highlights of refrigerator
history.
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Weaving
the\Webh

INRUBRRARRNSEINAE  Tim Berners—Lee

THE ORIGINAL DESIGN Director, World Wide Web

and ULTIMATE DESTINY .
of the WORLD WIDE WEB ‘ Consortium

BY ITS INVENTOR Born London, England, 8 June 1955
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A
& Engineering Disciplines

o Chemical Engineering

« Mechanical Engineering
o Materials Engineering

o Petroleum Engineering
o Biomedical Engineering
» Electrical Engineering

« Civil Engineering

» Agricultural Engineering
o Nuclear Engineering

o Architectural Engineering
o Engineering Technology
« Industrial Engineering

« Aerospace Engineering



A
& Engineering Disciplines

o Civil Engineering
« oOldest type of engineering

 building walls, bridges, and roads on a
large scale

« Mechanical Engineering
o create things the civil engineers need

o engines, lathes, mills, vehicles,
consumer items




A

—

»\> Engineering Disciplines

o Electrical Engineering

« generators, transformers, radio
transmitters, computers

« analog and digital equipment

o Chemical Engineering
o assemble chemical plants

« gasoline, oil, plastics,
pharmaceuticals




A
& Engineering Disciplines

 Industrial Engineering

« develop “scientific management” like
assembly lines

o Integrate systems of people and
machines

o Aerospace Engineering
o air and space
 aircraft, missiles, spacecraft




Other Engineering Disciplines

o Biomedical Engineering
o Materials Engineering

o Agricultural Engineering
o Nuclear Engineering

o Architectural Engineering
o Petroleum Engineering
o Engineering Technology

Which one is for you?




A
& Career Paths for Engineers

There are at least seven career options for graduating
engineering students:

1) Corporate ladder

2) Independent entrepreneur

3) Military or government

4) Engineering and social service aboard
5) Professor

6) Graduate work outside engineering

7) A mix of first six options



2005 Starting Salaries with

Four-Year Degree

Career

Liberal Arts

Marketing

Business Administration
Economics/Finance
Accounting

Civil Engineering
Financial/Treasury Analysis
Mechanical Engineering
Computer Science
Electrical Engineering
Welding Engineering
Chemical Engineering

Salary

$29,060
$37,519
$38,357
$40,719
$43,050
$43,159
$44,573
$48,363
$51,042
$51,113
$53,431
$53,659
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% Engineering Leadership

E Jiang Zemin
B

¥ Hu Jingtao
]







oA IR




INTERACTIONS BETWEEN DRIVERS
OF HUMAN BEHAVIOR

Etiquette




£
§§\ Code of Ethics for Engineers (NSPE)

P Engineering is an important and learned
profession. As members of this profession,
engineers are expected to exhibit the highest
standards of honesty and inteqgrity.

| Engineerinfg has a direct and vital impact on the
quality of life for all people. Accordingly, the
services provided by engineers require honesty,
iImpartiality, fairness, and equitx, and must be
dedicated to the protection of the public health,
safety, and welfare.

B Engineers must perform under a standard of
professional behavior that requires adherence to
the highest principles of ethical conduct.



/

PROFESSIONAL ETHICS/ ENGINEERING ETHICS

Ethics is the study of the morality of human actions.
Professional ethics guide the conduct of a professional.

Most technical societies (AIChE, ASME, ASCE, |IEEE)
have written codes of ethics.

Engineers have a code of ethics: a set of behavioral
standards that all engineers are expected to follow.



CODES OF ETHICS FOR ENGINEERS

“Do not lie, cheat or steal and always work with safety in mind.”

®* Protect the public safety, health and welfare.

* Perform duties only in areas of competence.

e Be truthful and objective.

 Behave in an honorable and a dignified manner.

e Continue learning to sharpen technical skills.



* Provide honest hard work to both your employers and
clients.

* Inform proper authorities of harmful, dangerous or illegal
activities.

 Be involved with civic and community affairs.
* Protect the environment.

 Don’t accept bribes/gifts that would interfere with eng.
judgment.

e Protect confidential information of both your employer
and client.

e Avoid conflicts of interest.
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£
% Technology Drivers

E Growing complexity, scale, uncertainty, and
Interdisciplinary characteristics of engineered
systems

I The accelerating pace of technological
advance:

= Bioengineering, biotechnology & biomedical
technology

= Information and Communication Technology

m Miniaturization (MEMS, nanotechnol ogy, advanced
materials)



%X\ Bioengineering, Biotechnology &

Advances In biotech have
already significantly
Improved the quality of our
lives

More dramatic
breakthroughs ahead

Tissue engineering
Regenerative medicine
Drug delivery engineering
Bio-inspired computing

Protection from biological
terrorism




£
é\y Micro/Nanotechnology

E Draws on Multiple Fields
m Genetic and molecular
engineering
m Composites and
engineered materials
m Quantum scale optical and
electrical structures
E Potential Applications

m Environmental cleaning
agents

m Chemical detection agents
m Creation of biological (or
artificial) organs

m Ultra-fast, ultra-dense, A factory large enough to make over 10
circuits million nanocomputers per day might fit
on the edge one of today’ s integrated

circuits. - Drexler and Peterson
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vialiu viilaricliycos 1l tiIc Nativlias
Nanotechnology Initiative

Time Frame Strategic Challenges NATIONAL
NANOTECHNOLOGY
Nano-Now B Pigments in paints INITIATIV_E éﬁﬁh‘

B Cutting tools and war resistant coatings
B Phamaceuticals and drugs
F Nanoscale particles and thin films in electronic devices

F Jewelry, optimal and semiconductor wafer polishing

Nano-2007 ¥ Biosensors, transducers and detectors
® Functional designer fluids, propellants, nozzles and valves
¥ Flame retardant additives

¥ Drug delivery, biomagnetic separation, and wound healing

Nano-2012 F Nano-optical/electronics & power sources
F High-end flexible displays
¥ NEMS-based devices

F Faster switches and ulta-sensitive sensors




£
% Materials Science & Photonics

I Smart materials and structures, which have
the capabillity of sensing, remembering &
responding (e.g., to displacements caused by
earthquakes and explosions; smart textiles
provide cooling and heating).

I “As the physical sizes of optical sources
decrease, while their power and reliability
continue to increase, photonics based
technologies will become more significant in
engineered products and systems.”
Applications: fiber optics, precision cutting,
visioning and sensing; photochromic
windows.




%} Information and Communication

F “Today a 1 gigabit hard drive ships in a
package 1'x1’'x1/8”; soon that will be a 10
gigabit drive and computers small enough to
fit Into trouser pockets will be able to contain
Information that would fill a modern library
(Feldman, 2001)”

B "Everything will, In some sense, be 'smart’;
every produce, every service and every bit of
Infrastructure will be attuned to the needs of
humans it serves and will adapt its behavior
to those needs.”
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§\> The Changing Roles of Engineers

¥ Globalization of industry and engineering
practice

¥ The shift of engineering employment from large
companies to small and medium-sized
companies, and the growing emphasis on
entrepreneurialism

B The growing share of engineering employment in
non-traditional, less-technical engineering work
(e.g., management, finance, marketing, policy)

¥ The shift to a knowledge-based “services”
economy

I Increasing opportunity for using technology in
the education and work of the engineer



Aspirations for the Engineer 2020:

Our Image and the Profession

1 the union of
professionalism, technical knowledge, social and
historical awareness, and traditions
make engineers competent to address the world's
complex and changing challenges.”

1 "We aspire to engineers in 2020 who will remain well
grounded in the basics of math and science, and ......
In the humanities, social sciences, and economics."




Aspirations for the Engineer 2020:

Engineering Without Boundaries

1 By 2020, we aspire to engineers who will assume
leadership positions from which they can serve
as positive influences in making of public policy
and in the administration of government and
Industry.

1 We aspire to an engineering profession that will
effectively recruit, nurture and welcome

itnAdarranracanted Arniine tNn 1te ranlkkce



Aspirations for the Engineer 2020:

Engineering a Sustainable Society

1“It is our aspiration that engineers will continue
to be leaders in the movement towards use of
wise, informed and economical, sustainable
development. This should begin in our
educational institutions and be founded in the

basic tenets of the engineering profession and
Its actions.




Aspirations for the Engineer 2020:

Education of the Engineer 2020

1 “It is our aspiration that engineering educators and
practicing engineers together undertake a proactive
effort to prepare engineering education to address
the technology and societal challenges and
opportunities of the future. .. we should reconstitute
engineering curricula and related educational
programs to prepare today’s engineers for the
careers of the future, with due recognition of the
rapid pace of change in the world, and its intrinsic
lack of predictability.”

1 “Our aspiration is to shape the engineering
curriculum for 2020 so as to be responsive to the
disparate learning styles of different student
populations and attractive for all those seeking a full
and well-rounded education that prepares a young

persons to be creative and productive life and

positions of leadership.”




Successful Attributes for the Engineer
of 2020

D

Possess strong analytical skills
Exhibit practical ingenuity; posses creativity

Good communication skills with multiple
stakeholders

P Business and management skills;
Leadership abilities

B High ethical standards and a strong sense of
professionalism

B Dynamic/agile/resilient/flexible
Lifelong learners

B Ability to frame problems, putting them in a
sociotechnical and operational context (Ruth
David)




Components of a Holistic Baccalaureate
Education

Vertical (In-depth) Thinking
Abstract Learning
Reductionism - Fractionization
Develop Order

Understand Certainty
Analysis

Research

Solve Problems

Develop lIdeas

Independence

Technological - Scientific Base
Engineering Science

Lateral (Functional) Thinking
Experiential Learning
Integration - Connecting the Parts
Correlate Chaos

Handle Ambiguity

Synthesis

Design / Process / Manufacture
Formulate Problems
Implement Ideas

Teamwork

Societal Context / Ethics
Functional Core of Engineering



X Challenges for 21st Century Academe

Educate students to:

See the world whole; sense the coupling
among seemingly disparate fields of
endeavor

Perform synthesis in balance with analysis

Build connections between the world of
learning and the world beyond

Innovate



Civil
Engineering

Materials

Mathematics

Professional Practice

Mechanical Chemical
Engineering Engineering
Thermodynamics Mechanics
Physics Chemistry

The Education Pyramid

Electrical
Engineering

Systems

2][e][e]s)Y;

Other
Engineering
Disciplines

Social Sciences

Humanities




£
{\> A Broader Perspective

Engineering educators should be challenged to devise
an engineering-based “liberal education” for students of
the next century.

Engineering principles and modes of thought should be
the centerpiece of what the liberally educated person
should be expected to know in the world of the future.

We should develop and promote a new kind of
engineering education as a primary option for a “liberal
education” for the 21st Century.

We will produce many more leaders—in politics, finance,
Industry, law—with an education attuned to the issues
and challenges of the century, most of which have
dominant technical themes.



Civil
Engineering

Materials

Mathematics

Mechanical Chemical
Engineering Engineering
Thermodynamics Mechanics
Physics Chemistry

The Education Pyramid

Electrical
Engineering

Systems

Biology

Other
Engineering
Disciplines

Social Sciences

Humanities
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— Y.C. Cheng (2000 ) Contextual Multiple Intelligence

EHE: A Technological Person
A Economic Person
it A Social Person
Bris A Political Person
B Cultural Person
A Learning Person



R #18E Technological Intelligence / Skills
F1HE Economic Intelligence

it F'EE Social Intelligence

Evs #6E Political Intelligence

ALEHE Cultural Intelligence
| H7#E Learning Intelligence / Skills
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Challenge Your Professor!
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