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A 
s a nation, the United States must 
take a new approach to the federal in- 
vestment in scientific research and 

development. The current approach of argu- 
ing for percentage increases does not com- 
municate the sense of urgency and required 
for a safe and prosperous future. Although I 
have strongly supported increased science 
funding, current proposals will not increase 
them enough. We need a science budget for 
the next generation based on opportunities 
in science rather than on bureaucratic and 
political infighting in Washington. Five ma- 
jor increases in federal funding for scientif- 
ic research need to be considered: 

1. There should be an increase in peer- 
reviewed money allocations to enable more 
high-quality proposals to get full funding. 
The scale of shortfall was highlighted in re- 
marks by Rita Colwell, the Director of the 
National Science Foundation (NSF), who 
stated that funding existing first-class re- 
search proposals plus other- 
needed initiatives would re- 
quire more than double the 
$4.4 billion currently appro- 
priated (I). Yet this only de- 
scribes the shortfall within 
the current system. The psy- 
chology of a budget-con- 
strained science community 
minimizes proposals of ap- 

based ocean and atmospheric monitoring 
on a scale that is technically possible with 
modern systems. The National Oceanic and 
Atmospheric Administration is so strapped 
for money to keep its current systems oper- 
ating that it legitimately shies away from 
this grandiose scale of investment in knowl- 
edge and research, which actually should be 
the minimum investment. 

3. Money needs to be available for high- 
ly innovative, "out of the box" science. Peer 
review is ultimately a culturally conserva- 
tive and risk-avoidance model. Each institu- 
tion's director should have a small amount 
of discretionary money, possibly 3 to 5% of 
their budget, to spend on outliers. The his- 
tory of plate tectonics should remind all of 
us that accepted wisdom can be wrong. 

4. We need a new commitment to inte- 
grate the hobbies and funnel the interests of 
amateur scientists into real discovery. Signif- 
icant recent findings by amateur scientists 

propriate large-scale research projects. 
2. We must begin to fund a new genera- 

tion of large projects that could create great 
breakthroughs. The Defense Advanced Re- 
search Projects Agency invested millions of 
dollars without Deer review. which made 
possible the creation of the Internet. In as- 
tronomy, the terabytes of data that will be 
produced daily ought to be captured in an 
open, Internet-based, archived, virtual ob- 
servatory. The current plans will capture 
only a tiny percentage of the data. In weath- 
er and climatology, we are drifting toward 
spending trillions of dollars under the Ky- 
oto Global Warming protocol. Yet we fail to 
increase the current budget by <0.1% as 5 2 much for a worldwide climatology project 

2 that would include space-based and land- - 
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inciude animal tracks in 
New Mexico older than di- 
nosaurs, and discovering su- 
pernovae in distant galaxies 
(2). It is important to re- 
member that Darwin the 
amateur beetle collector nur- 
tured Darwin the evolution- 
ary theorist. There is plenty 
to be discovered and ex- 

plored by amateurs, and the Internet com- 
bined with new instrumentation can harness 
and focus the work that amateurs already do. 

Shawn Carlson recognized the un- 
tapped resource of amateur scientists and 
in 1994 founded the Society for Amateur 
Scientists (3). He and others guide ama- 
teur scientists in their research and enlist 
their help in gathering data for profession- 
al scientists. The society's Web site sends 
out calls for assistance on projects at uni- 
versities and laboratories around the 
country. The potential is massive but the 
funds are lacking. 

The Ames Research Center hosts a pro- 
gram that is another excellent example of 
amateurs, in this case, students, helping 
professionals with research. NASA funds 
a collaborative project between Ames and 
the nonprofit Marine Sciences Institute, a 
science education organization that runs 
educational cruises for teachers and stu- 
dents in the San Francisco Bay area (4). 

in plankton and to measure DNA damage 
experienced by plankton in the Bay at dif- 
ferent times of the year. Students are being 
immersed in research and given part-own- 
ership in scientific data. This program not 
only nurtures the next generation of scien- 
tists but has allowed Ames to provide use- 
ful data that would otherwise have an eco- 
nomically prohibitive price tag. We need 
federal funding to support more programs 
like this one. 

5. We must have new approaches to 
learning that combine the discovery pro- 
cess, virtual reality, and a 24-hourl7-day- 
a-week Internet-based opportunity for the 
committed learner. In particular, we need 
an immersion approach to virtual learning 
about the quantum world, which is so 
counterintuitive to our daily experience of 
the classical Newtonian world. 

This investment will also require a dra- 
matic overhaul of science and math educa- 
tion. This is a national security issue of the 
first order. Barely half of our computer 
science graduate students working in the 
United States were born in the United 
States, in large part because our own high 
schools are not graduating enough stu- 
dents with math and science capabilities 
(5). While we benefit from being an edu- 
cational beacon for the world, it should 
alarm us that our own society is not pro- 
ducing enough math and science students 
for us to remain a world leader. 

There are four effective actions scien- 
tists can take to advance the ideas dis- 
cussed in this paper. First, discuss the idea 
of an opportunities-based budget with your 
professional societies and encourage them 
to publicize and advocate the concept sys- 
temically. Second, visit your congressman 
and senators. Do not underestimate the im- 
portance of passionately presenting your 
concerns to Congress. If you are not com- 
fortable going alone, pull together a group 
of scientists. Third, write op-ed articles and 
letters to the editor in your local papers. 
Last, give speeches at your local civic 
clubs to encourage them to advocate an op- 
portunities-based science budget. It all 
starts with the scientific community orga- 
nizing around these issues and telling their 
story with conviction and passion. 
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