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Organizing Questions 
 

•	 How might one bridge the “Gap” between economic (sociological, 
historical, etc.) and technological capability (engineering science) 
approaches to technical progress?approaches to technical progress? 

• 	 Can we quantitatively study the progress of technological 
capability at “a higher level of abstraction” than has been done 
previously ? What to observe and how categorize?previously ? What to observe and how categorize? 

•	 Can we learn anything new from such an approach to 
technological progress? 

• 	 Can we explain/model important findings/facts from the studies at 
the higher level of abstraction? 

• 	 Is there practical utility from the findings/facts? 
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Some issues and background 

• “Finding” data 

• “ Higher” level of abstraction – What can 
we do if we want to avoid measuring 
progress in 1000s of individual TASAs? 

• Generic Functional Approach 
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Terminology - Functional Performance 
•	 Function- what a system, device etc. does 

•	 Performance- How well the function is achieved and 
measured by a FPM (Functional Performance Metric) : 

Tradeoff metric Output/InputTradeoff metric- Output/Input 
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Scope of approach to technological progress 

•	 Emphasizes functional performance or technical 
capability but not diffusion of technological approaches 
or artifactsor artifacts 

• Focuses on measurable technical progress and thus on 


engineering metrics for technical capability over time
 

• FPMs include all technical improvements whether 
having large or fairly small social/economic impact; 

•• Includes engineering/invention at all levels of a Includes engineering/invention at all levels of a
 

technology improvement hierarchy
 

•	 Models when developped must be consistent with 
understanding on a more detailed level 
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Organizing Questions 
 

-PRELIMINARY ANSWERS 
PRELIMINARY ANSWERS 
•	 Can we quantitatively study technological progress at “a higher 

level of abstraction” than has been done previously ?  YES 

•	 Can we learn anything new from such an approach which is 
essentially a “a higher abstraction level” than other quantitative 
studies of technological progress? studies of technological progress? YESYES 

• 	 Can we explain/model important findings/facts from the studies at 
the higher level of abstraction? the higher level of abstraction? I THINK  SO  I THINK SO 

• 	 Is there practical utility from the findings? Can the work help in 
“G ”? PROBABLYclosing the academic “Gap”? 	 O 
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History of invention plus cognitive science 

• “Invention always occurs in the combined 
social, economic, institutional and cultural 

d b d d i fcontexts and must be understood in terms of 
these contexts. Inventors must ‘negotiate’
their work on two Onfrontsfronts. On the onethe handtheir work on two one hand, 
with nature, they must ground their work in an
understanding ofunderstanding what materials,what naturalof materials, natural
processes and so on afford. On the other
hand with society, theyy must arrive aty
inventions that have a practical and valued
place.” 

2003/4 Lemelson invention workshops 
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Negotiation Fronts or requirements for 
engineering/invention 

• Natural law (Mother Nature’s laws apply 
everywhere) 

• Society (perceived as valuable by others who 
act upon their perception) 

• Imagination/creativity-independent invention 


• Existing knowledge/capability (technology, 


science (inventions “ahead of their time”)
 

– Babbage 
– d Vi  da Vincii 
– IPOD 


 

numerous others
 numerous others 
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Accumulating Knowledge 

•	 Search • New science • New combinations • Results from 
techniques •  Critical  • New capabilities assessing 

•	 Preparation or questions • New design principles • New evaluation 
prototyping skill • New enabling techniques• Previously impossible

approaches •• Limits and tradeoffs Limits and tradeoffs approaches actions 
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Some issues and background 

• “Finding” data 

• “ Higher” level of abstraction – What can 
we do if we want to avoid measuring 
progress in 1000s of individual TASAs? 

• Generic Functional Approach 
• An opportunistic move to “Materials”An opportunistic move to Materials 
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Chemical Heritage Foundation 

• Robert W. Gore Materials Innovation Project
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•	 Patterning the World: The Rise of Chemically 
Ampplified Photoresists 
by David C. Brock 

•	 Innovation and Regulation on the Open Seas: The 
De elopment of Sea Nine Marine Antifo ling Paint Development of Sea-Nine Marine Antifouling Paint 
by Jody A. Roberts 

•	 Sun & Earth and the “Green Economyy”: A Case 
Study in Small-Business Innovation 
by Kristoffer Whitney 

15 
 



 
 

   
   

   
 

    
 

 
 

 
 

 
 

   
Trend 
Super computer 
Personal computer 
Various size computer (IC) 
Various size computer (Transistor) 
Early computer (Vacuum tube) 
Machine calculator 

120 
MIPS per U.S dollar (2004) 

100 
80 
60 
40 
20 
0 

Year 

M
IP

S 
pe

r U
.S

 $
 (2

00
4)

in
 lo

ga
rit

hm
ic

 sc
al

e

1900 1950 2000 

Moore's Law 

Manual calculation by hand 

10-19 
10-18 
10-17 
10-16 
10-15 
10-14 
10-13 
10-12 
10-11 
10-10 
10-9 
10-8 
10-7 
10-6 
10-5 
10-4 
10-3 
10-2 
10-1 
100 
101 
102 
103 
104 

1880 1900 1920 1940 1960 1980 2000 2020 

Year 

Figure by MIT OpenCourseWare. 

16 
 



Chemical 
Lead acid 

NiCd 

NiMH 

Li-ion 

Li-Polymer 

Capacitor 

Trend 

20202000198019601940 

Year 

19201900188018601840 
10-7 

10-6 

10-5 

10-4 

10-3 

10-2 

10-1 

100 

101 

102 

103 

104 

1900 

0 

102 

2x102 

3x102 

4x102 

5x102 
Watt-hours per liter 

1950 2000 
Year 

W
at

t-h
ou

rs
 p

er
 L

ite
r 

Electrical 

Figure by MIT OpenCourseWare. 

17 
 



18

104 
 

4x103 

2x103 

fic
 P

ow
er

 p
er

 li
te

r) 103 

1900 1950 2000 

0 

Sp
ec

if
(W

at
ts

102 

Internal Combustion (Passenger Car) 
Internal Combustion (Air Plane) 
Gas Turbine (Air Plane) 
Electric Motor 

Year 

1860 1880 1900 1920 1940 1960 1980 2000 2020 
101 



MIT OpenCourseWare
http://ocw.mit.edu 

ESD.83 Doctoral Seminar in Engineering Systems 
Fall 2009 

For information about citing these materials or our Terms of Use, visit: http://ocw.mit.edu/terms. 

http://ocw.mit.edu
http://ocw.mit.edu/terms



