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Friedrich Schiller, On the Aesthetic Education of  Man, Letter 9 (1794)

Live with your century,
but do not be its creature;

create for your contemporaries,
not what they praise,

but rather what they need. 

Lebe mit deinem Jahrhundert,
aber sei nicht sein Geschöpf;
leiste deinen Zeitgenossen,

aber was sie bedürfen,
nicht was sie loben.
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Predominantly German-Speaking Scientific World 
of 19th/Early 20th Centuries 

Germany 

Poland 

Switzerland 

Austria 

Hungary, esp. Budapest 

Czechia (Bohemia/Moravia) 

Netherlands—closely coupled 

Outsiders who came for 
education and/or work 
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•  The United States would be producing ~65x as many revolutionary  
      innovations per year as the early German-speaking world. 

•  The modern world would be producing ~350x as many revolutionary 
      innovations per year as the early German-speaking world. 

How many revolutionary innovations has the modern world created? 
(Not counting those derived from the early German-speaking world.) 

German-speaking 
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United States, 
now 

Worldwide, 
now 

Active researchers in 
science & engineering 

Total people in science/ 
engineering education, 
research, & production 

~20,000 ~1,300,000 ~7,000,000 

~200,000 ~13,000,000 ~70,000,000 
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Lessons from the Forgotten Creators 
Certain systemic approaches promoted revolutionary innovation in the 
early German-speaking world, were effective when implemented in the 
United States in the 1940s–1960s, and could be harnessed now: 

1.  Cultural attitudes toward science education and research 

2.   Funding levels 

3.   Mentoring style 

4.   Average age for final degree 

5.   Interdisciplinary approach 

6.   Scientific “enlightened despots” 

7.   Systems analysis 

8.   Limited natural resources 

9.   International rivalry 

10.  Industrial unity of purpose 

       Other factors to consider 
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1. Cultural Attitudes: 1940s–1960s United States 
Fictional scientists were regarded 

as intellectual heroes 

Science kits and science clubs 
brought students into science  

Real scientists were regarded 
as intellectual heroes 
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1. Cultural Attitudes: Lessons for Modern World 

•   Greatly elevate the social and financial status of science research.  

•   Produce and widely distribute children’s science experiment kits 
    of better quality and greater variety.  

•   Emphasize student science fairs that emulate real scientific research; 
    publicly praise and reward the winners.  

•   Improve the salaries and working conditions of science and 
    other teachers to attract very talented people to those positions; 
    recognize and reward the most effective teachers.  

•   Give much more media coverage to important scientific discoveries 
    and inventions, as well as the people responsible for them. 
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•  Funding increased 
   exponentially from 
   1800s to WWII. 

•  Funding doubled 
   every 14.5 years. 

•  Over a 40-year 
   scientific career, 
   funding increased 
   by a factor of 6.8. 

•  For each retiring 
   scientist, there  
   were 6.8 jobs 
   for new scientists 
   (actually more, 
   including foreign 
   job opportunities). 
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Federal Spending 

on R&D 
(% of GDP) 

•  Funding increased exponentially 
   during 1940s–1960s. 
•  Funding has been relatively flat 
   in recent decades. 
•  When funding is abundant, there is 
   freedom to support revolutionary 
   innovators and innovations. 
•  Limited funding discourages innovation: 
   - Every dollar spent must have a 
      guaranteed and short-term payoff. 
   - No room for long-term projects or 
     risk-taking innovators or innovations. 
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•   Match the amount of funding and permanent job positions 
    to the number of graduating students and career researchers: 

    -  By increasing funding wherever possible. 

    -  Otherwise by limiting the number of students going into research. 

•   That way, scientists could spend: 

    -  Much more of their time and energy doing productive research. 

    -  Much less of their time and energy pursuing elusive funding and positions.  

•   Sponsors, institutions, and scientists would also become 
    more accepting of researchers who pursue: 

    -  Longer-term work without an immediately demonstrable payoff. 

    -  More innovative, higher-risk work that would be less guaranteed 
       to yield results than very incremental, low-risk work. 
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3. Mentoring Style: German-Speaking World 
Michael Polanyi (1929) [Hargittai 2016]: 

A student of physics had great freedom in those days in Berlin. 
Boys left high school when they were eighteen years old. They 
were admitted at the University without any examinations. There 
were no examinations to pass for four years, during which time 
the student could study whatever he was interested in. When he 
was ready to write a thesis, he either thought of a problem of his 
own or he asked his professor to propose a problem on which he 
could work. At the better universities, and Berlin belonged to 
them, a thesis in order to be acceptable had to be a piece of really 
original work. 

In Germany the professors grab the students’ hands, if he is 
supposed to be gifted. They are like art collectors whose obsession 
is discovering talent. They educated me and gave me a position 
where I could address myself to my abilities. They gave me 
everything and demanded nothing of me. They trust that who 
gets to know the joy of scientific work, will never leave it as long 
as he lives. 

Leo Szilard (1964) [Weart and Szilard 1978, pp. 9–11]: 
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Princeton followed suit in 1930, hiring two Hungarian members of the 
Berlin circle of physics and mathematics, John von Neumann and Eugene 
Wigner, who were old friends. [...] Bardeen later wrote that of all his 
professors at Princeton he was “most stimulated by the two young 
Hungarians.” 

In shopping around for a thesis advisor, Bardeen spoke first with Condon, 
but he found that all of Condon’s suggestions concerned filling gaps in the 
textbook he was then completing with G. H. Shortley, The Theory of Atomic 
Spectra. That “didn’t sound too interesting” to Bardeen. [...] 

Bardeen decided to throw in his lot with Wigner and never regretted it. He 
found he needed only occasional meetings to keep his thesis on track. […] 
But what Bardeen remembered about Wigner was that he always had ways 
to motivate him with his penetrating questions. Most importantly, Bardeen 
felt that Wigner instructed him in the art of choosing crucial problems. “He 
could see what was essential and what the important problems were.” 

Bardeen also felt that Wigner taught him how to go about attacking 
problems. The first step was to decompose the problem, either into smaller 
problems with less scope or into simpler problems that contained the 
essence of the larger problem. 

Hoddeson and Daitch 2002, pp. 50–55: 

John Bardeen 

Eugene Wigner 

John von Neumann 
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•   Train science students from an early age to be very 
    creative and very self-reliant researchers (like 
    training Olympic gymnasts, concert pianists, etc.). 

•   Teachers and research advisors should:  

    -  Strongly encourage students to select their own research 
       topics and methods. 

    -  Provide as much advice/assistance as needed (but only 
       what is needed) to ensure that their students are pursuing 
       productive research topics using suitable methods. 

    -  Not use students as unpaid/low-wage labor for 
       the advisors’ own research grants/publications.  

•   For relatively very little money, a company/ 
    lab/foundation/government agency could: 

    -  Identify students who have done the most 
       innovative, independent research in national 
       or international high school science fairs. 

    -  Offer them summer or part-time positions in 
       college where they would be completely free to 
       develop and pursue their own ideas (with 
       appropriate supervision and assistance). 
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Physiology/Medicine Nobel Chemistry Nobel Physics Nobel 

•  Nobel Prize winners 1901–1990, educated in U.S. 
•  Average age at graduation: 
   - Ph.D.: 25.0 
   - M.D.: 25.0  
•  Many then went directly into productive positions 
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•   Objective—Reduce average age of scientists receiving 
    their final degree and independent research funding: 
    -  Ideally their early to mid-twenties. 
    -  At least as low as possible. 
•   Approach: 
    -  Eliminate redundant/unnecessary steps in education. 
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•   Systems analysis should be widely taught and practiced 
    in schools and universities. 

•   Decision makers in government, industry, and academia 
    should use systems analysis to focus more resources on:  

    -  The most important problems. 

    -  The most promising potential solutions for those problems.  

•   Individual scientists should use systems analysis to: 

    -  Guide their careers and their research projects in the most 
       promising directions.  

    -  Ensure that no potentially useful regions of the conceptual 
       “phase space” are overlooked. 
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•  Motivation: 

   - Dwindling natural resources. 

   - Greenhouse gases and climate change.  

   - Pollution of air, water, land, plants, and animals. 

   - Accumulation of waste. 

•  Objective—Develop very innovative methods of: 

   - Reducing consumption of natural resources.  

   - Minimizing creation of unrecycled waste products. 

•  Approach—Build incentives for innovation into: 

   - Government-funded programs. 

   - Government regulations for industrial programs. 
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International rivalry strongly motivated innovation from early 1800s to 1945. 



9. International Rivalry: 1940s–1960s United States 

1890    1900    1910    1920    1930    1940    1950    1960    1970    1980    1990    2000    2010    2020 
Year 

M
ot

iv
at

io
n 

fo
r 

sc
ie

nt
ifi

c 
in

no
va

tio
n 

du
e 

to
 

in
te

rn
at

io
na

l r
iv

al
ry

 (q
ua

lit
at

iv
e,

 n
ot

 to
 sc

al
e)

 

U.S. was in WWI 
for one year— 

too brief to 
affect innovation 

National Defense 
Research Committee 

founded 

Cold War with 
Soviet Union 

Strategic Arms 
Limitation Talks 

End of Space Race 

End of 
Soviet 
Union 

Scientists 
fleeing the 

Third Reich 

W
or

ld
 W

ar
 II

 

Decreasing 
Cold War 
tensions 

Decreasing innovation 
against military 
and industrial 

competitor nations Increasing 
international 

industrial 
competition 

International rivalry strongly motivated innovation from 1940 to 1970. 
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•   The U.S. government demanded, 
    funded, and coordinated innovation 
    in major fields of industry. 

•   With government protection and 
    regulation, AT&T Bell Laboratories 
    centralized much of the industrial 
    R&D in communications/electronics. 
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10. Industrial Unity of Purpose: Lessons for Modern World 

•  Companies should view very innovative, longer-term R&D as: 
   - A worthwhile investment in staying ahead of competitors. 
   - Not a financial liability whose resulting products could be copied by 
     competitors that did not fund their own R&D.  

•  Improve tax, patent, regulatory, or other government incentives to make it:  
   - Advantageous for companies to put more money and resources into research. 
   - More lucrative for the first company that develops a major innovation. 
   - Less lucrative for copycats.  

Without enough government protection, companies that invested in developing innovative 
products lost most of the market share to other companies that simply copied those products. 
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•   Lessons for companies: 

    -  Reward leaders/managers/workers on the basis of their contributions to the long-term potential 
        and success of the company, not on the basis of tomorrow’s stock price or next year’s product. 

•   Lessons for government laboratories: 

    -  Transfer all work on now-mature core technologies to much cheaper, simpler contractors.  

    -  Drastically restructure or replace current government labs with new government labs to 
        eliminate their red tape and to refocus them on new potentially revolutionary technologies.  
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•  Factors that promoted innovation in other places and times (including the present). 
•  Novel, previously untried approaches to promote innovation. 
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