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The Power of Engineering Thought 



Engineering  

 

 
en·gi·neer·ing      P   Pronunciation Key  ( n j -nîr  ng) 

n.  

» The application of scientific and mathematical principles to 
practical ends such as the design, manufacture, and 
operation of efficient and economical structures, machines, 
processes, and systems.  

 

 

 

 

 

 

 

»Necessary but not sufficient 

 
 

 
 

 

https://secure.reference.com/premium/login.html?rd=2&u=http://dictionary.reference.com/search?q=engineering
http://dictionary.reference.com/help/ahd4/pronkey.html


Traditional Engineering 

Linear 

Science 

& Math 
Humanity Engineering 

85% 15% 

“If it weren’t for the people…always getting tangled up in  

the machinery…the world would be an engineer’s paradise.” 

 

      Kurt Vonnegut 



US Bachelor’s Degrees in Engineering by Year  
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Women 18% 

Environ Engrg ca. 50% 



Traditional Education 

Concept of equality 

2 + 2 = 4 



Satisfaction 

 13 

  -8 



Algorithm Paralysis 

1,000,003 

  -999,998 



The traditional approach to technological 

education starts when we are young 



Without lifting pen from paper, 

connect the dots with four lines 

The real world is more like this  



?!?!? Algorithm Paralysis 





http://www.prosoundweb.com/fun/Photofun/43_thinkoutofbox.jpg 



Bioengineering Feats 



Engineering Education  

Focused on How We 

Teach  
Rightfully so 

• 120 MIT ME Seniors  

• Provide Units 

Source: Woodie Flowers,  “New Media’s Impact on Education Strategies” 

http://www.educause.edu/ir/library/pdf/ffpiu016.pdf 



Austria 

Germany 

Japan 

Netherlands 

United States 
Key Finding: 

•Between 1/2 and  3/4 industrial inputs are 

returned to the environment as waste 

within 1 year! 



“Anthropogenic Impact on 

Global Geodynamics Due 

to Reservoir Water 

Impoundments”  

 

Benjamin Fong Chao, NASA 

 

Geophysical Research 

Letters  

22 (24): 3529-3532, 1995 
Length of a day  -8 x 10-6 sec 

http://www.pbs.org/wgbh/buildingbig/wonder/structure/hoover2_dam.html


Today’s problems come from yesterday’s 

solutions. 

 

Peter M. Senge, “The Fifth Discipline” 

 



The Bridge 

 

The greatest enterprise of the mind has always 

been and always will be the attempted 

linkage of the sciences and humanities 
   E.O. Wilson, Harvard, 1998 



Engineering 
 

 

Application of science and math to serve 

humanity 



Engineering Education Paradigms 

l Pre-1950:  Focus on engineering practice; design 

according to codes and well-defined procedures; 

limited use of mathematics; many faculty with 

industrial experience and/or strong ties with industry 

l 1950-2000:  Focus on engineering sciences; 

fundamental understanding of phenomena; analysis; 

majority of faculty trained for academic research 

l 2000-?:  Focus on holistic solutions; integration; 

innovation; entrepreneurship; communication and 

policy; design; making things; complex systems Adapted from J. Bordogna, NSF 



How to do  
Develop contextual skill .for 

enhancing immediate 

productivity 

 

How to think and create 
Develop conceptual skill for 

thinking beyond the prevailing 

paradigm 

Training 
 

 

 

 

Education 

Training and/or Education  

Courtesy of J. Bordogna, NSF 



• IBM logo must not 

be moved, added 

to, or altered in 

any way. 

 

 

 

• Background should 

not be modified, 

except for quotes, 

which use gray 

background. 

• Title/subtitle/confidentiality line: 10pt Arial Regular, white 
Maximum length: 1 line 
 
Information separated by vertical strokes, 
with two spaces on either side 

• Slide heading: 
28pt Arial Regular, light 
blue R204 | G204 | B255  
 
Maximum length: 2 lines 
 
 

 

 

 

 

• Slide body: 
18pt Arial Regular, white 
 
Square bullet color: 
green R223 | G255 | B102 
 
Recommended maximum 
text length: 5 principal 
points 

• Group name: 
14pt Arial Regular, white 
 
Maximum length: 1 line 

• Copyright: 10pt Arial 

Regular, white 

Template release: Oct 02 

For the latest, go to http://w3.ibm.com/ibm/presentations 

SSME: Service Science, Management, and Engineering  

IBM Research © 2006 IBM Corporation 

Optional slide number:  

10pt Arial Bold, white 

Indications in green = Live content  

Indications in white  = Edit  in master 

Indications in blue    = Locked elements 

Indications in black   = Optional elements 

Nation % WW 

Labor 

%  

A 

% 

G 

% 

S 

25 yr % 

delta S 

China 21.0 50 15 35   191 

India 17.0 60 17 23     28 

U.S.   4.8   3 17 80     31 

Indonesia   3.9 45 16 39     35 

Brazil   3.0 23 24 53     20 

Russia   2.5 12 23 65     38 

Japan   2.4   5 25 70     40 

Nigeria   2.2 70 10 20     30 

Banglad.   2.2 63 11 26     30 

Germany   1.4   3 33 64     44 

Top Ten Nations by Labor Force Size 
(about 50% of world labor in just 10 nations) 

A = Agriculture, G = Goods, S = Services 

>50% (S) services, >33% (S) services 

2016 2016 
United States 

The largest labor force migration 

in human history is underway, 

driven by global communications,  

business and technology growth, 

urbanization and low cost labor.  

(A) Agriculture: 
Value from  

harvesting nature (G) Goods: 
Value from  

making products 

(S) Services: 
Value from enhancing the 

capabilities of things (customizing, 

 distributing, etc.) and interactions between things 

. 
Shift to Services 

Courtesy of  
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Other

Employed individuals with engineering highest degrees whose  

jobs are closely related to field of highest degree, by years  

since degree  
Grasso & Helble, IEEE 2007 



http://www.amazon.com/gp/reader/1573223085/ref=sib_dp_pt/102-2122961-0764904#reader-link
http://www.amazon.com/gp/reader/0374292884/ref=sib_dp_pt/104-9741653-3671957#reader-link
http://www.amazon.com/gp/product/images/0787995983/ref=dp_image_0/002-3466868-4925648?ie=UTF8&n=283155&s=books




It does not define intellectual breadth 
as the mastery of a set of Great 
Books, or the digestion of a 
specific quantum of information, 
or the surveying of current 
knowledge in certain fields. 
Rather, the Core seeks to 
introduce students to the major 
approaches to knowledge in areas 
that the faculty considers 
indispensable to undergraduate 
education. It aims to show what 
kinds of knowledge and what 
forms of inquiry exist in these 
areas, how different means of 
analysis are acquired, how they 
are used, and what their value is.  

http://www.harvard.edu/
http://www.harvard.edu/
http://www.harvard.edu/


Forward Thinking Engineers 

Respond 

The center of gravity for innovation is 

shifting from solving narrow 

problems focused primarily on 

technology 

to  

 issues and opportunities 

confronting us at the societal level. 

IBM 

http://domino.research.ibm.com/comm/www_innovate.nsf/images/gio/$FILE/GIO_2005_for-printing.pdf
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“The greatest challenge today … is the 

accurate and complete description of complex 

systems.  

 

Scientists have broken down many kinds of 

systems. … 

 

The next task is to reassemble them, … that 

capture the key properties of the entire 

ensembles.” 

 

 Prof. E. O. Wilson, Harvard 

Consilience 

The Age of Complexity 



Holistic Perspective & 

Complex Systems 
 

• Emergent Behavior 

• Sometimes adaptive 

• Cannot predict from 

constitutive parts 

• Examples 

– Environment 

– Economy 

– Terrorism 

– Energy 

 

 

 



Simple Complicated Complex 

Simple, Complicated, Complex 

http://www.cuesight.com/lascues.html
http://www.jomashop.com/breitling-k2536212-g5-440x.html


Obesity as a Complex System 

http://engineering.columbia.edu/files/engineering/obesitymapclusters.png 



Complexity and Holistic Thinking 

 

• “The next century will be the century of 

complexity.”  

Stephen Hawking 

 

 

• “Chance favors the prepared mind.” 

Louis Pasteur  

  



Stockholm Traffic Problem 

http://www.seedforum.org/userfiles/Stockholm(1).jpg 

14 Islands 57 Bridges 



Another Bridge?? 

http://bridgepros.com/projects/TacomaNarrows/TacomaNarrows.htm 



Results 
 

1. Traffic at cordon points reduced 

by 100,000 vehicle passages 

per day or 25%  

2. Train and transit passengers 

increased by 40,000 per day  

3. Congestion during peak hours 

dramatically reduced  

4. No major re-routed traffic 

problem  

5. Time tables for inner city bus 

lines have to be redesigned due 

to the increased average speed 

6. Reduced pollution 

7. Reduced energy consumption 

Holistic Solution 



Other Examples 

Speed Camera Lottery 

Shared Space …  

Controlled Chaos 





“The world we have created has problems  

that cannot be solved thinking the way we  

used to think when we created them” 

    Albert Einstein 



“The future ain’t what it used to be.” 

    Yogi Berra 



 



What does it mean to be human? 

As we engineer the future… 



Maybe next time… 

 

 
 Thank God we are in the  

hands of engineers!! 





Beyond Technology 
The Future of Engineering 

Domenico Grasso, Ph.D., P.E., DEE 

Vice President & Dean 

Benton Lecture 

University of Florida 
24 February 2011 



Currency 

Legacy 
Pressure 

Luxury 

Motivation 
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Engineering  
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processes, and systems.  
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US Bachelor’s degrees in engineering by year  
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Traditional Engineering 

Linear 

Science 

& Math 
Humanity Engineering 

85% 15% 

“If it weren’t for the people…always getting tangled up in  

the machinery…the world would be an engineer’s paradise.” 

 

      Kurt Vonnegut 



 

It is about both   

 

 
• How we teach 

• What we teach 



Traditional Education 

Concept of equality 

2 + 2 = 4 



Satisfaction 

 13 

  -8 



Algorithm Paralysis 

1,000,003 

  -999,998 



The traditional approach to technological 

education starts when we are young 



Without lifting pen from paper, 

connect the dots with four lines 

The real world is more like this  



?!?!? Algorithm Paralysis 





http://www.prosoundweb.com/fun/Photofun/43_thinkoutofbox.jpg 



Bioengineering Feats 



“Anthropogenic Impact on 

Global Geodynamics Due 

to Reservoir Water 

Impoundments”  

 

Benjamin Fong Chao, NASA 

 

Geophysical Research 

Letters  

22 (24): 3529-3532, 1995 
Length of a day  -8 x 10-6 sec 

http://www.pbs.org/wgbh/buildingbig/wonder/structure/hoover2_dam.html


Austria 

Germany 

Japan 

Netherlands 

United States 
Key Finding: 

•Between 1/2 and  3/4 industrial inputs are 

returned to the environment as waste 

within 1 year! 



Today’s problems come from yesterday’s 

solutions. 

 

Peter M. Senge, “The Fifth Discipline” 

 



Corporate America Responding 

The center of gravity for innovation is 

shifting from solving narrow 

problems focused primarily on 

technology 

to  

 issues and opportunities 

confronting us at the societal level. 

IBM 

http://domino.research.ibm.com/comm/www_innovate.nsf/images/gio/$FILE/GIO_2005_for-printing.pdf




Nation % WW 

Labor 

%  

A 

% 

G 

% 

S 

25 yr % 

delta S 

China 21.0 50 15 35   191 

India 17.0 60 17 23     28 

U.S.   4.8   3 27 70     21 

Indonesia   3.9 45 16 39     35 

Brazil   3.0 23 24 53     20 

Russia   2.5 12 23 65     38 

Japan   2.4   5 25 70     40 

Nigeria   2.2 70 10 20     30 

Banglad.   2.2 63 11 26     30 

Germany   1.4   3 33 64     44 

Top Ten Nations by Labor Force Size 
(about 50% of world labor in just 10 nations) 

A = Agriculture, G = Goods, S = Services 

>50% (S) services, >33% (S) services 

2011 2011 
United States 

The largest labor force migration 

in human history is underway, 

driven by global communications,  

business and technology growth, 

urbanization and low cost labor.  

(A) Agriculture: 
Value from  

harvesting nature (G) Goods: 
Value from  

making products 

(S) Services: 
Value from enhancing the 

capabilities of things (customizing, 

 distributing, etc.) and interactions between things 

. 
Shift to Services 

Courtesy of  





Frequency of use 
100% 

 

 

80% 

 

 

60% 

 

 

40% 

 

 

20% 

 

 

0% 

Hardly  

ever 

Occasion 

Frequently 

Never 

Pervasively 



Where are the gaps? 
100% 

 

 

80% 

 

 

60% 

 

 

40% 

 

 

20% 

 

 

0% 

Learned 

At 

MIT 

Used  

Pervasively 

Engineering  

Core 

Professional 

Skills 

How and 

Why 



SSME is an emerging 

multidisciplinary 

“Need I-shaped, T-shaped, π-shaped people… “ – Stuart Feldman (Oct. 6, 2006) 
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Stockholm Traffic Problem 

http://www.seedforum.org/userfiles/Stockholm(1).jpg 



Another Bridge?? 

http://bridgepros.com/projects/TacomaNarrows/TacomaNarrows.htm 



Results 
 

1. Traffic at cordon points reduced 

by 100,000 vehicle passages 

per day or 25%  

2. Train and transit passengers 

increased by 40,000 per day  

3. Congestion during peak hours 

dramatically reduced  

4. No major re-routed traffic 

problem  

5. Time tables for inner city bus 

lines have to be redesigned due 

to the increased average speed 

6. Reduced pollution 

7. Reduced energy consumption 

Holistic Solution 





“The world we have created has problems  

that cannot be solved thinking the way we  

used to think when we created them” 

    Albert Einstein 



“The future ain’t what it used to be.” 

    Yogi Berra 



 



Maybe next time… 

 

 
 Thank God we are in the  

hands of engineers!! 


