
NSF Centers Rise Above the Storm 
Launched 3 years ago amid a blast of criticism, the Science and lbchnology Centers 
program is now firmly established and is about to undergo a major expansion 

ON 31 OCI'OBER 1989, BEFORE AN AUDI- 
ence at the Center fbr Partide Astrophysics at 
the University of Calihrnia, Berkeley, astro- 
physicist Charles Alcodr outlined a novel way 
to search fbr the so-called missing mass of the 
universe. Center scientists were impressed- 
so impressed that they persuaded Alcodr, 
who works at neighboring Lawrence 
Livermorc National Laboratory, to collabo- 
rate with them. They next struck a deal with 
the Australian government to use a &- 
bided telescope near Canberra to implement 
Alcock's search. One year &er he gave his 
talk, almost tethe day, Alcock was on a plane 
to Canberra to begin his re- 
search. 

What makes the project re- 
markable is that it got & the 
ground so h. Credit for that, 
says Alcock, should go to the 
National Science Foundation's 
new Science and Technology 
Centers (STC) program, which 
is bankrolling the Berkeley ten- 

ter. The program, which o h  
grants as large as $5 million per 
year for up to 11 years for 
multidisciplinary projects, has 
been a lightning rod fbr aiti- 
cism ever since NSF first pro- 
posed it. Detractors call the 
centers a dumsy and expensive 
way of funding science, adding . . adrmtllstl;tive burdens and de- 
priving individual scientists of 
grants. Supporters have hailed 
them as a fresh approach to 
h d i n g  science, a way to break 
down departmental barriers and 
open new pathways to better 
science education. To see how 
the STC experiment is working, 
Science visited duee centers that 
span a wide range of activities: 
h m  the my basic science of 
pattideasmphysicstosomeof 
theappliedaspectsofmoleah 
bidogytoanatingedgemhml- 
ogy in semkdmm elecmnics. 

NSF had several goals in mind 
in establishing the STC pro- 
gram. In addition to supporting 
multidisciplinary science and 
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improving science education, the centers were 
also intended to encourage technology trans- 
fer h m  universities to industry, give center 
directors more discretion over their budgets, 
and support risky projects requiring more 
resources than an individual scientist's grant 
could cover. In Alcock's case, for example, to 
find dues about the missing mass of the 
universe, he expects to operate the Australian 
telescope on every dear night fbr 4% years. If 
his search bears iiuit, it will help explain what 
90% of the universe is made of. 

Eleven STCs are up and running today. 
NSF had expected to announce the next crop 

right): James L. Merz, Center for Quantized Electronic 
Structures, University of California, Santa Barbara; Surendra 
P.  Shah. Center for Advanced Cement-Based Materials, 
Northwestern University; Leroy E. Hood, Center for Molecular 
Bwtechnology, California Institute of Technology; David G. 
Whitten, Center for Photoinduced Charge Transfer, University 
of Rochester; Daniel Gorenstein, co-director, Center for 
Discrete Mathematics and Theoretical Computer Science, Rutgers 
University; James M. Tiedje, Center for Microbial Ecology, 
Michigan State University. Second row: James E. McGrath, 
Center for High-Performance Polymeric Adhesives and 
Composites, Virginia Polytechnic Institute and State University; 
Miles V.  Klein, Center for Superconductivity, University of 
Illinois, Urbana-Champaign; Bernard Sadoulet, Center for 
Particle Astrophysics, University of California, Berkelgr; Robert 

Computation, Rice 

of 14 last October, at the start of the current 
fiscal year, but according to acting NSF direc- 
tor Frederick Bemthal, a last-minute $40- 
million cut in his agency's budget has fbrced 
a delay. Each of the 14 finalists is now looking 
fbr ways to cut costs and find outside revenue 
before NSF makes a final commitment. The 
first two to succeed were the Center for 
Advanced Liquid Crystal Optical Materials at 
Kent State University in Ohio, which won a 
grant potentially worth $18 million over the 
next 5 years, and the Center fbr Ultrafast 
Optical Science at the University of Michigan 
in Ann Arbor, which received a $14.3-million 

award. 
The STC program is one of 

$ the legacies of Mch Bloch's 6- 
year term as director. In the mid- 

< 1980s Bloch huddled with sev- 
eral assistant directors-notably 
David Kingsbury h m  the biol- 
ogy directorate and Richard 
Nicholson &om physics (cur- 
rendv executive officer of the 
~mehcan Association for the 
Advancement of Science-d 
hatched the STC program. It 
was one of the new initiatives 
that encouraged the Reagan . . Admumration to embrace one 
of Bloch's central goals-a dou- 
bling of NSF's budget over 5 
years. (The Bush Adminkmtion 
sti l l  officially supports the dou- 
bling g d ,  but the target date 
has slipped h m  1992 to 1994.) 
At the time, any project aimed at 
restoring American competitive- 
ness in high-technology industry 
was v imdy guaranteed political 
support, and S T W t h  their 
emphasis on multidisciplinary, 
cutting-edge d - w e r e  no 
exception. NSF had already won 
points fbr the Engineering Re- 
d Centers program, a simi- 
lar &rt started in 1984 but 
limited to the engineering disci- 
plines. 

As it had done earlier with the 
engineering centers, NSF asked 
the National Academy of Sci- 
ences for suggestions on how to 

NEWS & COMMENT 19 



implement the program. The result was a 
report h m  a committee chaired by chemist 
Richard N. Zare of Stvlford University. The 
Zare committee recommended that centers 
(i) be aimed at complex problems requiring 
resources beyond what was typically available 
to individual investigators, (ii) be university- 
based, (iii) vary in size, and (iv) be given stable 
budgets over a finite likime. NSF adopted 
these suggdom, as well as a requirement 
that the centers conduct outreach programs 
to a m  women and minorities into careers 
in science. The Zare committee also recom- 

h ;JES'I. ror NC-T-' E l e c ~ o n , ~  - 
S a n t a  Barbara, California-Few univen million-dc rag 
o n  a molecular beam epitaxy machine. 111L U L L I L L L  LCII Quantizeu 1.lcLtr"nic 
S QUEST) at the University of California, Santa Barbara, has hvo-as well 
a! (-dollar focused ion beam device. These state-of-the-art instruments for 
IT  icond duct or devices come courtesy o f a  S2.3-million annual grant from the 
Nauona~ science Foundation, one of  the first awards made under NSF's Science and 
Technology Centers (STC) program. "We put together a team of  compound 
semiconductor specialists here to work on  semiconductor technology," says QUEST 
director James L. Merz, and now thev've got "real delta function in that area." Or. 
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mended that the centers be supported fbr a 
maximumof 9years,butNSFchose 11 years, 
with strict reviews that could lead to a cutoff 
afkr 5 or 8 years if an individual center was 
not working out. NSF awarded the 6rst STC 
grants in 1988, and they began operating in 
early 1989. They bcused on a vast range of 
scientific problems: parallel computation, 
storm prediction, superconductivity, and ad- 
vanced cement-based materials, to name a 
kw. 

As centers moved h m  the drawing board 
to reality, their detractors became more vocal, 
espcci;ly. as NSF's budget hiled to grow at 
the expaxed rate. Robert Pack, a physickt 
h the University of Maryland and director 
of the Washington office of the American 
Physical Society, says creating a separate of- 
fice within NSF to run the centers "was a nw 
to get Congress to fund the program. When 
Congress didn't put up the money, they went 
ahead and did it anyhow." Daniel Kleppner, 
a physicist at the Massachusetts Institute of 
Technology, says starting centem at a time 
when other parts of NSFs budget are hiling 
to keep pace with idation sends the wrong 
message to young scientists. "The message is 
'go to a large center or don't bother trying [to 
get funded],' " says Kleppner. He and others 
have argued loudly that individual h e r s  
are the lifeblaod 0fU.S. science, and that new 
progams like centers should only be funded 
if new money is available. 

NSF officials, led by Bloch, have dismissed 
these criticisms. First, they point out that the 
total spent on STCs (including the 14 to be 
designated this year) amounts to only about 
$41 million, just 2!h% of the total nstarch 
budget. NSF also points out that its conaibu- 
tion has been hea+ily supplemented by sup- 
port h m  industry, other k k r a l  agencies, 
and state and local governments. In addition, 
the program's supporters insist that NSF must 
keep trying new programs whatever the eco- 
nomic climate. Lany Smarr, a computer sci- 
entist at the University of Illinois and a 
member of the Zare committee, says there 
was a huge gap in the size ofprojects NSF was 
supporting. It was putting the bulk of its 
rrscarch h d s  into small, individual grants, 
each measurrd in tens of thousands of dollars, 

t o  translate from en@ ~ k ,  
they're cooking. 

QUEST rcsearchc ng 
their new machines t o  explore a 
strange new world of electronic 
structures that operate on  a scale 
where quantum effects predomi- 
nate. Their goal: t o  de- ultimate 
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NSF picked Q U E  3 ST nearly 
. -..-L..- years ago as a chartel I I I C L I I L I C I  of Million-dollar machine. QUEST has  two of 

the select group and' if it these molecular beam epitaxy machines. 
lives up to expectations, thc cen- 
ter is promised funding almost t o  the end o f  the century. It  fit NSF's concept of the 
STC program on at least two counts: The scale of  QUEST'S operations is too big to  

I be funded under the traditional NSF investigator-initiated grants, and the work 
demands an interdisciplinary mix of theorists and experimentalists. 

I Santa Barbara had some advantages because, even before QUEST was anointed by 
JSF, the u 
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I Jersey to the sun-drenched campus here on the California coast. rhey include 
materials scientist Pierre M. Petroff and Arthur C.  Gossard, an engineer who spent 
27 yean at Bell Labs and who was a part of the team that disco\,ered the fractional 
quantum Hall effect, a condition where an electron can amear  to have less than a unit 
C harge. 
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1 rencal lJhysics [a t the  santa Barbara campusj," says Merz, "but it was the center that 
really made it happen." Merz becomes quite animated as he describes one particular 
interaction, a seminar in which a graduate student from QUEST got into a discussion 
with theoretical physicist Walter Kohn about whether it was ~oss ib le  t o  build a 
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lay down alternating layers o t  gallium, arsenic, and alum~num a single atom thick on  I 
( a semiconductor wafer made of  gallium arsenide. By carefully controlling the 

temperature and rate of  atom deposition, Petroff and his colleagues have heen able 
to create a lattice ofauantum wires that run ~emendicular  t o  the nlane of the  surface 
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I attract pre-college and undergraduate students into scientific and engineering 
careers-something that all STCs are required t o  do. Research scientists are just 
learning that as hard as their research is, it may be even tougher t o  explain t o  a class 
o f  skeptical students are doing ¤ J.P. it. 
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or was supporting a fkv large programs, like 
the National Center for Atmospheric Re- 
search or the National Radio Astronomy 
Observatoty, whose budgets are measured in 
the tens of millions of dollars. In between, 
there was nothing. W e  simply wanted to see 
if there were latent ideas out there for how 
science could organize itself on *rent 
scales," says Smarr. There were: NSF received 
more than 300 applications fbllowing the 
initial anaouncement, and Smarr says the 
quality of the 11 that received money was 
outstanding. He dismisses the notion that 
thcsc are lower quality than tesearch prapos- 
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als submitted by individual investigators. 'If 
you wanted to make the [individual investiga- 
tors'] grants cut off at the same level of 
excellence that the STCs cut off at...a lot of 
people who are whining right now would be 
out in the cold," he says. 

Bernard Sadoulet, director of the Berkeley 
Center for Particle Astrophysics, argues along 
with Smarr that centers are needed to supple- 
ment the 'small" science grants that NSF 
traditionally funds. Individual awards en- 
courage extreme speckhation, he says, since 
the money available is usually only e n o u g h  
cover a small project in a specific area. With 
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small grants, d e n  may not want to 
undertake risky projects, since reviewers tend 
to favor research proposals they are convinced 
will pay OK Horia Metiu, of the University of 
Cabrnia at Santa Barbara, knows well the 
problems of trying to sell crass-disciplinary 
research projects. As a theoretical chemist, 
he's been collaborating with engineers and 
physicists at the University of Califbrnia at 
Santa Barbara-based Center for Quantum 
Electronic Structures (QUEST) to predict 
why single layers of gallium and aIuminum 
atoms align themselves in an ordered way on 
semiconductor chips, and how to use that 
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Pasaaena, California-Leroy Hood has always had a knack for 
forging partnerships between res h o  at first blush might 
seem to share little scientific con ~ n d .  In his lab here at 
the California Institute of  Techr :ctrical engineers haw 
wvorked with molecular biolo@sts, computer scientists have cot- 
laborated with protein chemists. Three years ago, Hood says he 
got a chance "to expand enormously these more daring interac- 
tions," when he won a grant worth $3.5 niillion per year to  
establish the Center for Molecular Riotechnolog). as one of  the 
National Science FOL first Science and Technology 
Centers (STCs). Says think some of  [the alliances] are 
going t o  pay off in really big ways." 

The center has just moved into brand new quarters at the 
recently completed Beckman Institute on the Caltech campus. 
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the center grant came through-benenr rrom tne center style or 
support: "It's en we did before because there's 
a big difference '$400,000 and a budget of  a 
couple of millio~ The key to the center concept 
is the idea of having many disciplines that are all juxtaposed that can 
interact effectively." Nickerson agrees that being at the center has 
provided herwith unique opportunities: "I'm a biologist. T o  think 
that I talkuith laser people and robotics people and computational 
peopl 

Thc has also tried t o  break some of  the 
tradit! n academia and industry. Chemist Mark 
L. Stolowitz, who leti his academic job t o  go  to a start-up biotech 
company, says before the advent of centers it was very hard to get 
back into universiy-based research. "There didn't exist appropri- 
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The STC grant has allowed Hood to recruit ate appointments for someone who was at the 
se uy more equipment, and vice-presidential level at a sma v." Now 
in sty. In an interview ui th Stolowitz has a research appoi Caltech 
SI n Institute-a building so where he is developing a new ents and 
new most labs have not yet had a chance t o  techniques for standard chemical-based analysis 
festoon their doors with the usual assortment of of proteins. Hood is also building a corporate 
cartoons and graffiti-he spoke with an almost partners program where indus- will be able t o  
evangelical zeal about what he hopes to  achieve make use of center research-for a fee. 
w hr center. Hood doesn't think 7 Hood's group has pushed hard to  get the 
H >thing less than to revolutioniz center involved in education. Researchen here 
w liar biologists work-from the have designed a new biology course for high 
tfLLr .L,UL,LC~ proteins to the way they search school students and are applying t o  several foun- 
sequence databases. Chemists John R. Yates 111 dations in the hopes of getting enough money t o  
and Patrick R Griftin, for example, are using implement it. Hunkapillar, who heads outreach 
mass spectrometers t o  analyze protein samples. activities for the center, admits that expert re- 
This is a completely new approach t o  protein searchers iecessarily iucators. 
analysis, and if it works, it will allow researchers "All the g ions in the ~ ' t  going 
to analyze far smaller samples in far less time. to make [I  :h educatic is] work, 
Molecular biologist and computer scientist Tim ~ ~ ~ ~ h ~ ~ k ~ ~ .  he says "but it takes g w d  intentions." 
Hunkapillar is de~eloping a new generation of p lanning  more a For a while this fall it looked as if a large 
special-purpose chips that  ill quickly analyze interactions.n monkey wrench might jam the smoothly oiled 
large DNA sequences. Molecular biologist research machine that Hood has erected. Hood 
Debbie Nickerson has a pilot system she is automating that uses 
fluorescent markers attached t o  DNA probes that can quickly 
detect mutations in genes. Then there's Jerry Solomon, who was 
working on image analysis at the neighboring Jet Propulsion 
Laboratory and is now collaborating with the center on  the 
analvsis of the dot  patterns proteins make when they are separated 
on nvo-dimensional gels. 

Hood insists that these projects-many ofwhich started before 

was offered Charles Cantor's old job as director of  the human 
genome effort at the Department of Energy's Lawrence Berkeley 
Laboratory, but late last month Hood decided t o  stay at Caltech 
(see page 25).The Caltech center may well be the epitome of  
what NSF hopes to achieve with the centers program. But if 
Hood  had shifted gears and gone to Berkeley, one of the 
program's strengths-dependence on  a strong director-may 
have turned out  t o  be a weakness. J.P. 



intbrrnation to manufkture novel semicon- 
ductor struaures. Metiu says if he took such 
a project to the chemistry division at an 
agency like NSF, it would say that the project 
should be supported by the engineering di- 
vision. But if he went to the engineering 
division, it would pass the buck to chemistry. 
QUEST gave him the money to dive right in, 
and according to director James L. Merz, "In 
a short puiod of time we've beaten the pants 
off the people who were trying to understand 
[this] ordering phenomenon." 

If the positive side of bld-grant type 
funding is flexibility, the negative side is the 
tendency to build up dead w o o d - d -  

ers who are supported year afler year with no 
peer review of the work thcy are doing. Metiu 
says he was initially a critic of the center 
concept fbt that reason. But m b l y  because 
the centers are new and subject to intense 
scrutiny, Metiu says the Santa Barbara center 
has developed a de ficto system of peer 
review. "The pressure [h r  the available funds] 
is so high we're squeezing out the weak 
people," he says. And Sadoulet points out 
that mditional peer-review schemes don't 
eliminate d the dead wood: "The [science] 
agencies tend to keep the same people on 
board." 

Another frequently ated drawback to cen- 

ters is that they tend to centralize power in 
the hands of their directors. CharlesYanofshl, 
profisor of biological sciences at Stanford 
University, says young scientists working at a 
center or any large laboratory can feel pres- 
sure to "just do what the boss says. That's not 
my idea of a good way to treat promising new 
individuals." Directors like Men, however, 
don't feel that centers generate a fbllow-the- 
leader mentality, but, "When push comes to 
shove, I have to make the decisions," he 
admits. 

So ifSTCs are not just large tcscarch ficto- 
ries, what are they? "My model fbr what a 
center should be is a true intellectual consor- 
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tium," said NSF acting director Bernthal at a 
luncheon with Science's news staff. At the 

, centers visited by Science, it was clear that the 
science was thriving and the enthusiasm was 
high. What is sti l l  unclear, however, is what 
kind of identity centers will establish fbr 
.themselves-howfartheywillbeabletogoin 
. breaking down departmental barriers, 
whether they will provide new direction in 
the training of mearch scientists. Despite 
theirenthusiasmfbrtheprognm,NSFoffi- 

~ admit they aren't sure how these ques- 
tions will be d. W e  need to ay to 
define fbr o d e s  what we're trying to 
achicve,"saysBemthal. 

Although they are philomphicaUy com- 
mitted to education and outreach, some of 
the centers seem to be groping their way in 

. this area with no dear sense of W o n .  
: Graduate education efirts are more fb- 

cused, but these are dosest to what already 
exists: Graduate students are now supported 
by multiple investigators instead of a single 
individual. The promise for more h d a -  
mental change is tantalizing. If the centers 
flourish, "The intellectual landscape at aca- 
demicktitutionswillchange,"~ysAravind 
Joshi, a computer scientist at the University 
of Pennsylvania. Pennsylvania is one of the 
finalists fbr the next round of centers, and 
Joshi will be director of a center in cognitive 
science if NSF comes up with the money. 
Joshisayscognitivescienceisaperkctex- 
ample of why centers are needed. No single 
department can embrace the entire field. 
Mathematics, philosophy, computer sci- 
en- d needed, and the center type of 
supportmalsesitcapierfbteachofthede- 
partments to participate. 

Centers repmerit a break h m  the busi- 
nsl-as-usual approach to science iimiing. 
Wdtheytumoffagcn~r;ltionofyoung 
scientists, as critics like KIeppner worry? Pa- 
s i b .  Or will they open science up to a new 
and broader constituency? That is also pos- 

. sible. NSF has rolled the dice on an experi- 
mentinscience,anditwilltaLcsometimeto 
know whether it has come up with a winner. 

JOSBPHPALCA 
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