
The Defense Department's $2 billion research agency does things differently. But its unorthodox 
management style seems to work, and it's winning converts 

Pentagon Agency Thrives on 
In-Your-Face Science 

The exploding landmines were so close that DARPA's Regina Dugan, explaining why science (see sidebars). Indeed, the agency's 
Gary Settles could feel the shock waves as she organized Settles's field trip. Dugan and track record has so dazzled some policy- 
the blasts gouged meter-deep craters in the other program managers also expect their makers that they want to use its freewheeling 
earth and sprayed deadly shrapnel into the researchers to attend team meetings, file approach as a model. A White House panel, 
air. The Pennsylvania State University, Uni- monthly reports, and work cooperatively for instance, recommended in April that NSF 
versity Park, mechanical engineer, safely invigorate its computing research program 
sheltered inside a concrete bunker on a by adopting D A M S  "strong manager" 
Florida military base, was getting a reality philosophy, and a few members of 
check of sorts. He and other researchers Congress recently proposed reorganizing 
had been brought to the base by their fun- the Department of Energy's troubled nucle- 
der, the Defense Advanced Research Pro- ar weapons research program into a 
jects Agency (DARPA), to get a closeup DARPA-like independent agency. It's too 
look at the pernicious power of the explo- soon to know whether those proposals will 
sives and to instill a sense of urgency to a fly, but NIH officials have already begun 
$25 million effort to invent radically new testing whether DARPA-esque manage- 
mine detectors that mimic a dog's keen ment methods, such as assembling interdis- 
sense of smell. The experience was "cer- ciplinary research teams and pushing them 
tainly out of the ordinary," says Settles, to share information, can produce break- 
who usually can be found in his lab, throughs in cancer-detection technologies. 
studying gas and liquid flows with lasers Even insiders, however, say that 
and high-speed cameras. At DARPA, DARPA's approach has its weaknesses, 
however, "out of the ordinary" is standard and that it may not be appropriate for oth- 
operating procedure. er agencies. Congress, for instance, must 

DARPA is not your typical federal re- decide "how many swings [an agency 
search agency. Whereas the bigger-and should be] allowed to take before making 
more mainstream-agencies, like the a hit like the Internet," says Rudolph. And 
$3.5 billion National Science Foundation even when its projects do succeed, 
(NSF) and the $16 billion National Insti- DARPA has had trouble moving findings 
tutes of Health (NII-I), typically use peer- into the military or the marketplace. In 
review panels to pick grant winners and materials science, for example, the agency 
then stay out of a researcher's way, the has "developed these interesting materi- 
Pentagon's leading research funder takes a als," but often "they sit on the shelf," says 
decidedly different approach. For 41 Steven Wax, another program manager. 
years, it has given a small group of pro- Fieldwork. DARPA's Regina Dugan (left) shows mili- Perhaps the biggest challenge facing 
gram managers extensive power to direct tary brass a new mine finder in Bosnia. DARPA and other agencies thinking of 
high-risk, and sometimes wacky, research following in its footsteps is the difficulty 
projects. Right now, for instance, the $2 bil- with other contractors. "It's a different cul- of recruiting managers cut from the right 
lion agency is funding work on hopping ture; you just don't see this with NSF;" says cloth. "The DARPA model works best when 
robots that could scout battlefields, software Settles. The agency also manages its money the person handing out the awards is an in- 
that could instantly translate any Web page differently. Most government science man- tellectual peer of those receiving them," says 
into English, and beetles that might be agers hand out grants that are open-ended sociologist Ed Hackett of Arizona State 
trained to home in on enemy ammunition and almost never rescinded, but DARPA University in Tucson, a former NSF pro- 
dumps. "If you've got an idea that will revo- writes contracts that call for deliverables and gram manager who has studied the use of 
lutionize the world and doesn't violate too allow less promising work to be canceled peer review and other funding styles in fed- 
many of the laws of physics, we're listen- easily. "It's our duty to kill off projects that eral agencies. "Recruiting those people 
ing" says DARPKs Larry Dubois, who man- aren't working," says program manager [from academia or industry] is very diffi- 
ages the Defense Sciences Office, one of AlanRudolph. cult. Part of the reason [the DARPA ap- 5 
seven major divisions at the agency Although some researchers grumble that proach] works is that it is done sparingly." 
(www.darpa.mi1). DARPA's approach is heavy-handed, it has 

Once sold on an idea, the agency likes to produced some spectacular results. The Inter- An antidote to groupthink 
2 
4 
0 

get in a scientist's face. "I wanted to show net, night-vision goggles, and radar-evading From the very beginning, DARPA was de- c, 
them exactly what we were up against:' says stealth aircraft all grew out of DARPA-funded signed to be different. President Dwight 
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materials science, microelectronics, ap.d 
robotics. It has also molde a mark in aero-
nautics, helping both the Navy and Air 
Force develop missiles aad new aircraft. 
And 3 yeam ago, it laun~heda new biology . 
program, hoping to a&wttopnotch & 
ti& with ideas for d e f a  qpkstbhw-
r o r i s m t h a t m a y b e t 0 o ~ s u t f : o r ~ W  
NIH funding (Science,.7 Fern1997, p. 
744). The M e & g  of DARPA's &idition-
a1 focus on the physical sciences and-com-
puter technology has already fostered un-
conventionalstrategiesfor rapid detectionof 
infectious agents and even gene sequencing 
(Science, 11J-p. 1754). 

DARPA's spending tiugets are a source 
of some tension between the agency and its 
military customers, however.Whereas Pen-
tagon planners often push fkr less nsky re-
search that will praduce near-term payoffs, 
DARPA officials have jealously guarded 
their freedom to chase provocative ideas. 

The two cultmes "don't think all that simi-
larly," saysFernandez. To bridge the gap,he 
recently told Congress, the military must 
"learn how to experiment," while DARPA 
researchers must "learn the art of warfare." 
In themeantime, F& meets regularly 
with Fentagonbrass to discuss the agency's 
priorities, which are alsoreviewed by se~er-

al outsidepanels. 
On the front lines of D A M S  work, 

however, are the agency's 125 program 
managers, who are recruited for their 
technical sawy and desire to leave their 
mark on a field. They are known within 3 

scientific circles by a panoply of nick-
names that range from "idea scav- z 

engers" and "miracle hunters" to *ec- 1 

centric" and "idiosyncratic." Althcxzgh 
such traits might be undesirable at most ' 

federal agencies, they match DAWA°s -. 
recruiting rbetoric, which boasts that 2 

"the best program managers have al- : 

By Area 
HOW DARPA SPENDS ITS MONEY 1 

By-

ways been freewheelingzealots." 
They are also zealots with flush portfo-

lios.A DARPA program manager willtypi-
cally spend up to $40 d i o n  or so on con-
tracts to industry, academic, and govern-
ment labs for one or more projects. Al-
though managem face a variety of bureau-
cratic "reality c k W  in the spending of 
funds, including regular reviews by 
DARPA brass, some become influential 
figures in their subfields, c d l e  of nudg--

ing established re-
7search communi- . 

P 
5 Venture capitalist. DARPA head Frank Fernandez will pu t  $1.9 billion this year into risky research. 

ties in a particular 
direction or creat-
ing collaborations 

none existed 
before. 

But their influ-
e a ~ e u s u a l t y h ' t  
WlwMaaagers 
ayforanaverage 

', of4 years, and each 
Ye= they fight
fixtheirpieceofthe 

owger. UIt's an environment 
that rewards hustle and bureau-

. cratic skills as much as real un-
derstmding of the technolo-
gies," says historian Alex , 

Roland of Duke University. 
Adding to the pressure is the 
fact that DARPA tries to 
complete up to 20% of its pro-
jects each year. "We don't do 
renewals," warns Dubois, 
although some programs are 
refinmulated to get a new lease 
on life. Still, "the opportunity 
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he  RealFather of the Internet improvementsin the ways things were done already," he recalk 
"I was interested in a new way of doing things,' In the kind o 

undreds of DefenseAdvanced Research ProjectsAgency (DARPA) whimsical wordplay that still marks DARPA program description! 
lanagers have tried to put their stamp on an emerging field, But Licklider said that he was trying to develop an "Intergalactic Net 
ne towers abow the rest: Joseph C. R. LickIiier, the psychologist work"Thephrasewas later shortenedto "Intemd" 
nd computer scientist who in the 1960s launchedwhat became LiketodaysW A managers, hcrwww, Lkfdidwhadto pushafrac 
w Internet" L i e  as he was known, epitomized the mix of playful tbus group of reseaKherr m a cdmmmdimtion. 'I am hoping ther 
nagination and down-to-earth managemefit w i  be ...enough evident adva&ge in cooperativ 
dUs that current DARPA fundm strive to ernu- ~ a n d o p # a t i n r t o l e a d u s t o s o h r e p m b  
Re. "He hekped set the standard for the pro- lems,"hewrote ina 1962memothatwged hi tean 
ctive DARPA manager." says historian Alex towwk k@her. WKefforts,and DARPA's invest 
dand of DukeUniversity in Durham. NorthCar- mentinthe~andsoftwamthatallovvleddi 
lina, who is working on a history of the agen-

!2u 
I

tntnrdhatoWnpnmol .uy~wru
y's computingt'eSf!a~hprogam. 

1 -
and the Immet By 1964, when Licklider left th 

Licklkler came to DARPA-then calledABPA- ~ ( h e d r o A w n f o r Z R i o r e y e a r s i n 1 9 7 3  
1 1962 after stints as a lecturer at Hatvard Uni- . hlsviewshadbeamettlecompassfortheagency' 
enity and at the nearby engineering companv HlWkintheWw$LintothelSTCls.Andhisfundin 
olt, Beranek and Newman. Fascinatad by the sc ~ b Y - f ~ ~ ' l o h n n y ~ 
alandtechnologicalimpUcatlonrof thenew phe- seed onamisrlon"--hdped buildtop-notchcompul 
wnenonofnetwwkedmmputer~hedL.  e r s & n c e ~ a t m m y u n ~ " I h e s i g  
ded that DAKPA needed to get on bmdHe a I l i f i m # ~ i n m n Q t r t e r ~ , ~ - a t
p t e d t h e t a s k o f d i ~ ~ q g e n c Y s h f o l m s .  Inthesystemspartdannputer* .~~ 
0 n p ~ i t t g P r o g r a r n ~ a f t w b d n g d s s ~ r e dHod.l-Licldtderswgfit ~ O f L i d d i d e r ~ ~ , " s a y ~ R o b e r t T ~  
tathewoddbeallowedtopurnrehisvlbonofirt- *anewwayofdoirrgttn'npY one of LMder's sucresrorsat thea p q .  
sractive computing, spelled out in a now- Replicating Lickliier's success, hcl~~ewr,hasn' 
lmous 1960 paper on"nwmachinesynrbiosis"(merm.Middider. beeneasy. Inthe 1980s.for example, DARPAtripped over effortstl 
tml)."Ijust wantedto make itdearthat Iwasn't goingtobe mning boost 'artificial intelligence"(Al) systemsthat would helppilotsfl 
attle-planning missions," Licklider told an Internet historian complex jet fighters or admirals manage chaotic naval engage 
~ww.colurnbia.edul-rhl20)shoebeforehi death in 1990at the ments. "The initiativefailed to reaGze the grand vision of Al's pio 
ge of 75. "1wasgoingto be dealingwith theengineeringsubsbaturn neers," says Roland, noting that virion isn't always enough. Th 
)at [would] makeitpossibleto&that stuff." technologyunderlyingAl hasyet to mature, say experts and ther 

Once on the job, Licklider quid$ reshapedthe program to fit is disagreement about whether it ever wiU. In contrast, the net 
is vision. He canceledcontracts*th some companies and moved working systems that Liddider helpedfoster have become ubiqui 
i e  money to selected university labs, which he believed were tow and changedthe way people liveandwork enhancinghis rep 
lore innovativeand more capable of buildinga community of in- utation as the DARPA program manager nonpareil. As Rolan 
?restedscientists. The com~anies"were studvinn how to make notes."sometimes itatsocomes d m  to luck" 

to have a major, lasting impact in a short 
time is tremendous," he says. 

Pressureto produce 
Dugan's "electronic dog's nose" project and 
Rudolph's Controlled Biological Systems 
(CBS) effort illustrate both the influence that 
DARF'A program managers can wield and 
the pressures they face in producing results. 
The two projects-one about to en4 the oth-
er just beginning-also highlight the agen-
cy's relentless search for novel technologies. 

When Dugan, a mechanical engineer, 
anived 3 years ago from a Pentagon think 
tank in Washington, she knew that her new 
employer shared her growing interest in 
finding better ways to locate abandoned 
landmines, which pose an increasing 
threat to U.S. peacekeeping forces in the 
Balkans and elsewhere. Mines can be dif-
ficult to identify with current metal-
detecting technologies. And a high rate of 
false signals means that mine clearers 
spend hours digging up metal odds and 
ends not related to mines. But there "was 
no promise I was going to be able to sell a 

program," she recalls. 
After months of research, Dugan set her 

sights on what her bosses agreed was a 
promising approachdetectors that, like a 
trained dog, could sniff the chemical vapors 
produced by a buried mine's explosive 
charge rather than homing in on its metal 
parts. Such an electronic dog's nose would 
not only reduce the number of false starts 
but also help detect newer mines that have 
fewer metal parts. 

Before she could assemble and manage 
the interdisciplinary team needed to build a 
dog's nose, however, Dugan had to plunge 
into unknown intellectual waters ranging 
from biology to electronics. "In the begin-
ning, there is a tremendous amount of infor-
mation you have to absorb," says the 38-
year-old Dugan, who earned a doctorate at 
the California Institute of Technology in 
Pasadena before coming to Washington to 
work on a variety of defense-related issues, 
including the chemical signatures produced 
by nuclear missiles and the problems associ-
ated with detecting unexploded armaments. 
"I'm a fluid dynamics person, but I had to 

learn about olfaction in a hurry," she says. 
The crash course paid off when 

DARF'A agreed in 1997 to invest $25 mil-
lion in Dugan's program over 3 years. 
Soon after, with the help of an advisory 
board, she drafted a request for proposals 
and selected the 13 academic and industry 
contractors for the research team. Settles, 
for instance, was contracted to document 
how dogs sniff without interrupting the 
flow of scent across their nasal mem-
branes. (The answer: Their noses are de- g 
signed to inhale fresh air from above and P 
then exhale down and to the sides.) At the 3 
same time, neuroscientists were asked to 5 
apply to new detectors their insights into 
how animals can use just a few kinds of 3 
cells to differentiate among a wide range 3 
of odors (as the eye uses just a few cells to 2 
sense millions of colors). The team also 
included concepts not based on dog mod- 5 
els, such as a California company's at- ij 
tempt to adapt an existing airport bomb- 52sensing system for field use. 9 

Picking the team, however, was only part 
of what Dugan describes as "juggling 100 a 
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glass balls." Another challenge was to unite equipping the insects with interactive sen- high priorities is developing devices that 
everyone behind the goal of meeting sors, perhaps even "remote control" devices can detect subtle molecular signals pro- 
DARPA's tight deadlines for producing pro- that direct the insects to crawl or fly in a duced by growing cancers-such as the 
totypes. "It was pretty routine to see some particular direction. presence of telltale chemicals in the 
resistance to [DARPA's] level of involve- Rudolph, one of the few zoologists ever blood--and then transmit the information 
ment" at the begmmg, she says, particularly to work at DARPA, jokes that one of his to external monitoring devices. Inventing 
among university-based scientists who had aims in coming to the agency after nearly a such noninvasive sensors, a program an- 
never experienced the agency's hands-on decade at the Naval Research Laboratory nouncement notes, "will require the input 
management style. The process was aided by was to create ''smart bugs, controlled bugs, and collaboration of investigators . . . not 
a series of semiannual team meetings, in- and robo bugs." But on a more serious note, traditionally engaged in cancer research." 
cluding the mine demonstration, some Rudolph also hopes to forge links between Although some NIH officials and out- 
hands-on training with existing mine detec- scientists and engineers working on animal side scientists resist such directed research, 
tors, and a visit h m  a man who lost his legs locomotion or perception. "DARPA does, NM director Harpld Varmus says he would 
in a mine explosion. ‘There was seem to be more open to ideas that cut like to see more of it. "I'm always asking 
a lot of social engineering across disciplines," says Michael Dick- my institute directors for more DARPA-like 
going on" during the inson, a fly aerodynamics re- projects," he says. Such a philosophy would 
events, Dugan says. 

-P 
searcher at the University of Cali- mean taking the lead in developing fields 

~uganimkready - fornia, Berkeley. such as bioen-g, he believes, rather 
to release details of ' Like several academic re- than waiting for scientists to propose ideas. 
the dog's nose pro- searchers new to DARPA's Other agencies are watching the NIH ex- 
ject, now entering 4 ways, Dickinson says he was "a periment, but there are few signs of similar 
its home stretch, ex- 7- \ 1 

ventures popping up anytime soon. One 
cept to say that the limiting factor is f~nding enough DARPA- 
team recently dem- DARPKs foray into type program managers. Other agencies 
onstrated "proof of princi- "would face some difEculty scaling up [the 
ple" for one chemical-sensing sys- ~ 0 0 1 0 ~  aims to create DARPA approach]," says Arizona State's 
tem. And the most promising device may Hackett. "You couldn't possibly afford 4 
not mimic a dog's nose at a~1. Rather, the ''smaTf bugs, controlled years away from the [lab] bench; you'd be 
scaled-down airport detectdr produced by dead," says John Kauer, a DARPA-funded 
Quantum Magnetics of San Diego spots bugs, and rob0 bugs." neuroscientist at Tufts University outside 
buried mines by beaming low-power radio Boston, expressing a common senti- 
waves into the soil and locking onto a -Alan Rudolph L ment in the community about a 
unique signal produced by the explosive 

fi xE practice that, for example, is 
charge. But neither approach will move common at NSF but rare at 
ahead toward a military use unless Dugan little nervous at first" NIH. And industry scien- 
convinces one of the armed services to about his new backer. tists often balk at the lower 
pick up the cost of continuing develop- But he has come to ap- wi 

CT 
government salaries, a 

ment. 'We're in the throes of important ne- preciate its approach, he problem Congress tried to 
gotiations," she says. . says, in particular its pro- Y - address last year by giving 

Even if the Pentagon doesn't bite, how- ject meetings that give DARPA special authority to 
ever, Dugan's work may still pay off among . project engineers and life sci- offer better salaries and benefits 
companies involved in the project, which re- entists a chance to "learn to to up to 20 new hires. So far, 
tain rights to their devices. Indeed, once speak the same language." DARPA officials have used the arrange- 
their term is finished, DARPA program ment to reel in h u t  a halfdozen prospects, 
managers often find themselves back in pri- DARPA Lite and Fernandez says that new employment 
vate industry or academia working on the Such dialogue is also one goal of the Na- arrangements have made it easier to reas- 
same problems. tional Cancer Institute's (NCI's) new Uncon- sure academics and military personnel that 

ventional Innovations Program, which has there can be "We after DARPA." 
ming h z Y  been dubbed "DARPA Lite" by .some ob- Despite the disadvantages, however, 
As with Dugan's interest in mines, servers. Pushed by NCI chief Richard even Kauer says "DARPA would be a very 
Rudolph's training as a zoologist led directly Klausner, it plans to spend $48 million over interesting place to be." Rudolph confesses 
to the agency's $10 million, 3-year CBS the next 5 years to turn high-risk studies into that his stint, which runs for 2 more years, 
project. Begun last year in a bid to harness new technologies for early cancer detectio~~ has been "an incredibly exciting time. 
the abilities of insects and other animals for In designing the pilot program, which While the demands are enormous and it can 
military purposes, such as monitoring ene- will make its first awards this fall, "we be draining personally, I would do it again." 
my positions, the project's nearly two' dozen tried to extract what we thought were the The idea has even occurred to University of 
initiatives include exploring the practicality most valuable practices at DARPA, Illinois, Urbana-Champaign, electrical en- 
of training beetles, moths, and bees to home NASA," and other agencies, says Carol gineer Chang Liu, one of Rudolph's CBS 
in on the chemical signature produced by Dahl, director of NCI's office of technolo- researchers. Although the young academic 
landmines or chemical weapons plumes. gy. Although NCI's traditional peer review says he wouldn't want to make a career 
Another idea probes the aerodynamics of panels will play a major role in selecting move until he earns tenure, he's intrigued 
flies with an eye toward developing mi- projects, she says agency managers will be by the chance "to get the pulse of a particu- a croak-& while a third is studying the fea- "much more involved in program manage- lar field and orchestrate some innovative re- 

$ sibility of creating electronic interfaces to ment than usual" and will prod researchers m h .  Mostly," he adds, "it would be fun 
5 bug brains. That could open the door to to share information. Among the program's to play god." -DAVID MALAKOFF 
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