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The	
  Na'onal	
  Science	
  Founda'on	
  

The	
  NSF	
  Act	
  of	
  1950	
  (Public	
  Law	
  81-­‐507)	
  sets	
  forth	
  the	
  
mission	
  “to	
  promote	
  the	
  progress	
  of	
  science;	
  to	
  advance	
  
the	
  na*onal	
  health,	
  prosperity,	
  and	
  welfare;	
  to	
  secure	
  the	
  

na*onal	
  defense;	
  and	
  for	
  other	
  purposes.”	
  

Basic	
  research	
  …	
  provides	
  scien*fic	
  capital.	
  It	
  creates	
  the	
  
fund	
  from	
  which	
  the	
  prac*cal	
  applica*ons	
  of	
  knowledge	
  
must	
  be	
  drawn.	
  …	
  Today,	
  it	
  is	
  truer	
  than	
  ever	
  that	
  basic	
  
research	
  is	
  the	
  pacemaker	
  of	
  technological	
  progress.	
  ...	
  A	
  

na*on	
  which	
  depends	
  upon	
  others	
  for	
  its	
  new	
  basic	
  
scien*fic	
  knowledge	
  will	
  be	
  slow	
  in	
  its	
  industrial	
  progress	
  

and	
  weak	
  in	
  its	
  compe**ve	
  posi*on	
  ...	
  

Vannevar	
  Bush,	
  Science,	
  The	
  Endless	
  Fron1er	
  (1945)	
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Scientifi c research probes the deepest mys-
teries of the universe and of living things, 
and it creates applications and technolo-
gies that benefi t humanity and create wealth. 
This “Beauty and Benefi ts of Science” is the 
theme of this 2013 AAAS Annual Meeting.

The subject of my address is a different 
kind of mystery, although it is also related to 
this theme. It is the mystery of why society 
is willing to support an endeavor as abstract 
and altruistic as basic scientifi c research and 
an enterprise as large and practical as the 
research and development (R&D) enterprise 
as a whole. Put differently, it is the mystery 
that a unified scientific enterprise can be 
simultaneously the seed corn for economic 
advance and the confectionary corn syrup of 
pure, curiosity-driven scientifi c discovery.

The view that science can be supported 
as a contribution to the intellectual richness 
of the world has a distinguished list of adher-
ents. In 1969, Robert Wilson explained what 
Fermilab would do for the country by saying, 
“It has nothing to do directly with defending 
our country except to make it worth defend-
ing” (1). And, almost two centuries earlier, in 
his fi rst annual address to Congress, George 
Washington wrote, “[t]here is nothing which 
can better deserve your patronage, than the 
promotion of Science and Literature. Knowl-
edge is in every country the surest basis of 
publick happiness” (2).

Indeed, U.S. taxpayers are, to some extent, 
willing to pay for activities that enrich Amer-
ican social and cultural capital without hav-
ing a direct economic benefi t. Congress, up 
to now, has appropriated about $150 million 
a year for the National Endowment for the 
Arts (NEA) and about $170 million a year 

for the National Endowment for the Humani-
ties (NEH) (3). However, by contrast, Con-
gress appropriates about $40 billion a year for 
basic research (4). If you plot a bar graph with 
these three numbers, you can barely see that 
the NEA and NEH numbers are not zero.

It is evident that society is willing to pay 
much more for curiosity-driven research 
in science than for the analogous thought- 
and beauty-driven practice of the arts and 
humanities. It is easy to guess the reason: 
the link, sometimes subtle but repeatedly 
established over time, between invest-
ment in basic research and macroeconomic 
growth. Discovery leads to technology and 
invention, which lead to new products, jobs, 
and industries.

Such is the case that we scientists need to 
reinforce in the austere times that we face. 
However, mere repetition is not an effective 

strategy. In today’s lean times, we need to 
articulate our case more powerfully and in a 
more sophisticated way than in more prosper-
ous times. A skeptical and stressed Congress 
is entitled to wonder whether scientists are 
the geese that lay golden eggs or just another 
group of pigs at the trough.

More Than a Century of 
Exponential Growth
Figure 1 shows the growth in U.S. gross 
domestic product (GDP) per capita over the 
past 130 years. If we ignore a few bumps 
with time scales of a decade or so, the curve 
is surprisingly well fi t by a pure exponen-
tial. Note that the curve is not plotting GDP, 
which would grow with population and the 
overall size of the U.S. economy, but GDP 
per capita, which refl ects something like the 
average income of each individual. Ameri-

P R E S I D E N T I A L  A D D R E S S

William H. Press is the Warren J. and Viola M. Raymer Pro-
fessor in Computer Science and Integrative Biology at the 
University of Texas at Austin. He is a member of President 
Obama’s Council of Advisors on Science and Technology. 
He previously served as Deputy Laboratory Director at Los 
Alamos National Laboratory from 1999 to 2005 and was 
earlier Professor of Astronomy and of Physics at Harvard 
University. He was president of AAAS from February 2012 
to February 2013. This article is based on the Presidential 
Address he delivered at the AAAS annual meeting in Boston, 
MA, on 14 February 2012. E-mail: wpress@cs.utexas.edu

What’s So Special About Science 
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Fig. 1. U.S. GDP per capita, corrected for infl ation in 2005 dollars. The smooth green curve is an exponential 
fi t to the data. Shaded date ranges show offi cial periods of recession. On average, an individual’s income in the 
United States has increased by about 2% per year for more than 130 years.C
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W.	
  H	
  Press,	
  Science	
  342,	
  817	
  (2013)	
  

What’s	
  So	
  Special	
  About	
  Science	
  
(And	
  How	
  Much	
  Should	
  We	
  Spend	
  on	
  It?)	
  

50%	
  –	
  75%	
  of	
  economic	
  	
  
growth	
  from	
  fruits	
  	
  
of	
  basic	
  research	
  

“Solow	
  residual”	
  Exponen'al	
  Growth	
  
(posi've	
  feedback)	
  

Investment	
  in	
  
fundamental	
  research	
  
returns	
  20%	
  to	
  60%	
  

per	
  year	
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Pure	
  Basic	
  Research	
   Use-­‐Inspired	
  Basic	
  Research	
  
Quest	
  for	
  

Fundamental	
  
Understanding	
  

Edison	
  

Bohr	
   Curie	
  

Carver	
  

Chia	
  Pet	
  

(Thanks	
  to	
  Ivy	
  Kupec)	
  

Pure	
  Applied	
  Research	
  

MPS	
  

Pasteur	
  

Considera'on	
  of	
  Use	
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Patents�as�Proxies�Revisited:�NIH�Innovation�2000�to�2013�
�

ESͲ3�
�

million�in�research�and�development�funding�than�defenseͲrelated�programs.3�While�all�research�
programs�are�doing�laudable�work,�any�shifts�in�funding�from�nonͲdefense�programs�to�defense�
programs�should�at�first�assess�the�aggregate�impact�on�patent�output.�

Figure�E2.�Federal�Agency�Patent�Analysis:�2000Ͳ2013�

�
Note:��Based�upon�data�set�with�63,699�distinct�patents.�The�size�(area)�of�each�bubble�reflects�
the�number�of�federal�agencyͲlinked�patents.�

�

x The�examination�of�NIHͲrelated�patents�by�patent�class�showed�that�drugs�and�related�compositions�
account�for�oneͲthird�of�all�NIHͲrelated�patents�during�the�2000Ͳ2013�period�with�other�advances�in�
basic�biochemistry�and�organic�chemistry�accounting�for�an�additional�44�percent.�However,�the�
number�and�variety�of�the�smaller�niche�areas�of�innovation�(e.g.,�blood/fluid�devices,�disinfecting�
and�sterilization�equipment)�developed�out�of�NIH�funding�often�lead�to�important�onͲgoing�impacts.��

x While�the�results�presented�here�demonstrate�a�robust�and�rigorous�analysis,�the�challenges�in�
acquiring�the�raw�data�across�agencies�were�significant.�Given�the�current�focus�on�evidenceͲbased�
policymaking,�as�well�as�the�objective�importance�of�patent�metrics�as�measures�of�innovation,�
policymakers�may�want�to�direct�agencies�to�collect�and�report�patent�production�in�a�complete�and�
standardized�way�in�order�to�facilitate�their�effectiveness�for�evaluation.�

�

� �

������������������������������������������������������������
3�It�should�be�noted�that�due�to�the�“classified”�nature�of�the�Department�of�Defense’s�R&D�activities�many�
innovations�developed�with�DOD�funding�may�not�be�patented.��While�this�may�put�downward�pressure�on�the�
overall�performance�of�DOD�in�this�analysis,�further�research�is�needed�to�understand�how�classified�research�
stimulates�further�R&D�in�relation�to�nonͲclassified�R&D,�as�it�may�in�fact�be�restricted�to�a�smaller�universe�of�R&D�
partners.�
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1970	
   1975	
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   1985	
   1990	
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   2000	
   2005	
   2010	
   2015	
  

NSF	
  Budget	
  

$	
  0	
  

$	
  4B	
  

$	
  8B	
  

$	
  6B	
  

$	
  2B	
  

Fiscal	
  Year	
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  2014$	
  

$	
  10B	
   ARRA	
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$	
  7.46	
  B	
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  by	
  the	
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FY	
  2016	
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  000	
  
Research	
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  (22%)	
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  000	
  

Research	
  Proposals	
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140	
  000	
  
Researchers	
  

NSF	
  Budget	
  
$	
  7.46	
  B	
  

12	
  000	
  
Research	
  Awards	
  (22%)	
  

	
  
42	
  000	
  

Research	
  Proposals	
  
	
  

MPS	
  Budget	
  
$	
  1.35	
  B	
  

	
  
8100	
  

Research	
  Proposals	
  
	
  

2100	
  
Research	
  Awards	
  (26%)	
  

29	
  000	
  
Researchers	
  

NSF	
  by	
  the	
  Numbers	
  	
  
FY	
  2016	
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Office	
  of	
  the	
  Director	
  (OD)	
  

Na*onal	
  Science	
  Board	
  (NSB)	
  

Organiza'on	
  of	
  NSF	
  

$	
  744	
  M	
   $	
  1319	
  M	
   $	
  1349	
  M	
  

$	
  880	
  M	
   $	
  935	
  M	
  

$	
  916	
  M	
  

$	
  272	
  M	
  

FY	
  2016	
  

Educa*on	
  &	
  Human	
  
Resources	
  (EHR)	
  	
  

Geosciences	
  
(GEO)	
  

Computer	
  and	
  
Informa*on	
  Science	
  
and	
  Engineering	
  

(CISE)	
  

Biological	
  
Sciences	
  (BIO)	
  

Social,	
  Behavioral,	
  and	
  
Economic	
  Sciences	
  (SBE)	
  

Mathema*cal	
  
and	
  Physical	
  

Sciences	
  (MPS)	
  

Engineering	
  
(ENG)	
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Office	
  of	
  
Mul*disciplinary	
  
Ac*vi*es	
  (OMA)	
  

Chemistry	
  
(CHE)	
  

Materials	
  
Research	
  
(DMR)	
  

Astronomical	
  
Sciences	
  
(AST)	
  

Physics	
  
(PHY)	
  

Mathema*cal	
  
Sciences	
  
(DMS)	
  

Mathema*cal	
  
and	
  Physical	
  

Sciences	
  (MPS)	
  
FY	
  2016:	
  $	
  1349	
  M	
  

$	
  247	
  M	
   $	
  246	
  M	
   $	
  310	
  M	
   $	
  234	
  M	
   $	
  277	
  M	
  

$	
  35	
  M	
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Chemistry	
  
(CHE)	
  

Materials	
  
Research	
  
(DMR)	
  

Mathema*cal	
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(DMS)	
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Physics	
  
(PHY)	
  

$	
  247M	
   $	
  246M	
   $	
  310M	
   $	
  234M	
   $	
  277M	
  

Mathema*cal	
  and	
  Physical	
  Sciences	
  (MPS)	
  

59%	
  

23%	
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Small	
  Teams	
  65%	
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  Midscale	
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Ed	
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  Small	
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  31%	
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Ed	
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“It’s	
  difficult	
  to	
  make	
  predic'ons,	
  	
  
especially	
  about	
  the	
  future”	
  

.	
  .	
  .	
  

Niels	
  Bohr	
  

Casey	
  Stengel	
  

Mark	
  Twain	
  

Groucho	
  Marx	
  

Freeman	
  Dyson	
  

Yogi	
  Berra	
  

(Images	
  from	
  Wikipedia	
  Commons)	
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The	
  Research	
  Landscape	
  

Global	
  Community	
  

Changing	
  Demographics	
  

Intellectual	
  Opportunity	
  

Resource	
  Limita'ons	
  

Workforce	
  Challenges	
  

Changing	
  Universi'es	
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Source:	
  Bagelle,	
  R&D	
  Magazine,	
  Interna*onal	
  Monetary	
  Fund,	
  World	
  Bank,	
  CIA	
  World	
  Factbook,	
  OECD	
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U.S. ranking among oecd nations by national r&d investment as a percentage of gdp
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Figure 1B

The United States is Failing to Keep Pace with Competitors’ Investments in r&d 

Among oecd nations, the United States ranks tenth in r&d intensity (national r&d investment as a 
percentage of gdp). 

Source: Organisation for Economic Co-operation and Development, Main Science and Technology Indicators, vol. 2013, no. 2 
(Paris: oecd Publishing, 2014), Table 2, “Gross Domestic Expenditures on r&d (gerd) as a Percentage of gdp.” 

10    Restoring the Foundation: The Vital Role of Research in Preserving the American Dream
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Congress	
  is	
  not	
  besieged	
  by	
  groups	
  asking	
  for	
  money	
  that	
  they	
  
describe	
  as	
  necessary	
  to	
  help	
  their	
  own	
  narrow	
  interests	
  in	
  the	
  
short	
  run.	
  The	
  argument	
  that	
  science	
  funding	
  is	
  a	
  long-­‐term	
  
na*onal	
  investment	
  does	
  nothing	
  to	
  set	
  scien*sts	
  apart.	
  

All	
  that	
  sets	
  you	
  apart	
  is	
  that	
  scien'sts	
  are	
  the	
  only	
  group	
  that	
  
thinks	
  they're	
  making	
  a	
  unique	
  argument.	
  	
  

House	
  Science	
  Commigee	
  Chairman	
  Sherwood	
  Boehlert*	
  	
  
March,	
  2004	
  

Some	
  Words	
  for	
  the	
  Wise	
  

*with	
  thanks	
  to	
  Joel	
  Parriog	
  

We	
  must	
  make	
  a	
  sophis'cated	
  and	
  effec've	
  case	
  broadly	
  based	
  
on	
  more	
  than	
  economics	
  alone	
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Using	
  appropriate	
  language	
  	
  
is	
  essen'al	
  

Posi've	
  Associa'ons	
  for	
  the	
  Public	
  

76%	
  
Discovery	
  

72%	
  
Inven*on	
  

69%	
  
Technology	
  

68%	
  
Science	
  

64%	
  
Evidence	
  65%	
  

Innova*on	
   24%	
  
Federal	
  

Investment	
  28%	
  
Public	
  

Investment	
  33%	
  
Federally-­‐

Funded	
  Science	
  

51%	
  
Research	
  	
  
Grants	
  



Mathema'cal	
  and	
  Physical	
  Sciences	
  

Strategic	
  Goals	
  

Transform	
  the	
  Fron*ers	
  
Innovate	
  for	
  Society	
  

Be	
  a	
  Model	
  Organiza*on	
  

Suppor'ng	
  basic	
  research	
  
to	
  create	
  knowledge	
  

that	
  transforms	
  our	
  future	
  

Drives	
  the	
  economy	
  
Enhances	
  security	
  

Sustains	
  global	
  leadership	
  

NSF	
  Core	
  Mission:	
  Fundamental	
  Research	
  

“Science	
  is	
  hope”	
  


