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sizedplastic model of a human head andto& '7 
--outfitted with real teeth and bones-to a . 

already a veteran space traveler; an earlier 
version flew last year aboardthespaceshut-
tle. Nevertheless, Fred's latest trip into space 
will make history: He'll be the star of the ments h a 6  been+elect<d nation'bi nation 
fmt major scientific exerciseaboard the in- the plan is to employ internationalpe(w,,re 

ternationalmace station (ISS). view. So fir, however,only "- . ' 

. . . . . . . . . . .  
------ - -

~l thoughengineers and scientists have Field 
spent nearly 2 decades planning the station, 
and5monthshavepassedsincespacewallr-
ers mated its first two segments, f m  than 
100 experiments-a tiny fraction of the 
work scientists hope to perform dmng the 
station's planned 10-year l i fehave been 
fully approved for launch.And thepace isn't 
likely to pick up anytime soon. Funding cuts 
have delayed the construction of hardware 
needed to take advantage of the station's 
low-gravity environment, and the demands 
of assembling the station over the next 5 
years will leave astronauts with little time 
for science. In addition, the megaproject's 
16 partners are still hammering out a pro-
cess for collaboratively choosing experi-
ments. Interested researchers also must 
overcome a thicket of technical obstacles, 
from vibrations that could wreck sensitive 
studies to a cloud of contamination floating 
around the station that may coat and possi-
bly blind sensitive instruments. ''There are a 
whole lot of unanswered questions," con-
cedes Kathryn Clark, NASA's chief scientist 
for the project. 

A debate over the scientific value of the 
station,which wuld cost$100billion to build 
and operate,has been boiling ever since the 
ideawas fW floated (seesidebaron p. 1106). 
Now that the station is becoming a reality, 
however, the discussion has shifted to its sci-
entific capabilities, the rationale behind the 
~ t o b e f l o w n , a n d t h e n a t m o f t h e  
results to be gleaned And it's not a moment 
toosoon:Nextweek,theshuttleDiscweryis 
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scheduled to carry supplies to the orbiting 
construction site, and its first science 
segment--the US.-built laboratoryDestiny--
is due to be bolted on next spring. "For 
orwwse,thismissionisnwunderway,"says 
aslmphysicist Claude Canizam, chair of the 
National Academy of Sciences' (NAS's) 
SpaceStudiesadvisoryboard. 

Potentialpayoff 
Although it's stdl far too early to assess the 
quality of the research scheduled to fly on 
the station, Fred is as good a place as any to 
start looking for answers about the station's 
potential scientific payoff. NASA radiation 
researcher Gautam Badhwar will be spend-
ing the next few months calibrating his 
equipment as he methodically prepares Fred 
for flight. &ce Fred is aboard, hundreds of 
sensors encased in the dummy's mock or-
gans, along with several related instruments 
nearby, will help researchers determine how 
much harmfid cosmic radiation is penetmt-
ing the bodies of the station's crew mem-

1 xpeatdy cite as the chief ratio-
nale for building it. Proponents 
say that Fred's scheduled 14-

NA week run makes use of one of 
the station's most valuable assetsl -,

time. Whereas researchers using the space - -
shuttlehave atbesta fortnightto wllect data, <, . 
those using the station can plan experiments 
lastingmonths or years. The longer durations 
will allow Fred, for instance, "to wllect far 
more data thanwas possible when [he] flew 
on the shuttle," says Badhwar. 

The station also gives scientists a chance 
to compile larger, more statistically valid 
data sets by repeating experiments. "You 
won't have to wait five fiwtrating years to 
repeat or retry an experiment," says crystal-
logmpher Lawrence DeLucas of the Univer-
sity of Alabama, Birmingham, a veteran of 
growing protein crystalsaboard the shuttle. 

Researchersin other fields are also look-
ing forward to extended experimental time 
aboard the station's six pressurized research I 
modules and dozens of external payload d 
sites. Combustion and materials scientists, 
for instance, are planning to tinker with 8 
burning droplets and solidifjmg metals in E 
an effort to uncover basic properties, while 8 
life scientists will study how people, plants, 
and even insects react to life in microgravity. fi 
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Outside the station, astronomers want to U.S. lab, may face another difficulty: a time to educate the seven-member station 
hang instruments that will monitor every- cloud of contamination that is expe&d to elm in the array of experiments they will 

,while earth sci- hover around the station, coating exposed be operating. Many scientistshope to oper-
atmosphere and m t s with a potentdly troublesome ate their experiments by remote control 

patina. Some of the gunk will come from fiom Earth to get around the labor bottle-
the station's structure, which will produce neck But it's an openquestion whether the 
gases when it is exposed to the vacuum of station's communicationssystems will be up 
space.Another source is the stationf 33 ex- to thetask. "Ideally, you automate so that an 
bust vents, which willalso spew gases and astronautM t have to be involved," says 
water vapor. Visiting mketswill also leme Clark Another way to attack the problem, 
behind a trail of particulates. "It could be some station planners say, is to run station 
like living in Pig Pen's cloud," says one science in "campaign mode," with each 
NASA engineer, alluding to a cartoon char- crew specialimg in experimentsin a partic-
acter peqetw& surrounded by a storm of ular field, such as fluid physics or materials 
dust. Nonetheless, he predicts such prob- science. That approach could also help ,+
lems "won't be insurmountable." Astro- stretch the station's limited supply of elec-
nauts, for instance, will be able to periodi- tricity by temporarily focusing it on investi-
cally remove a shield protecting the window gations, such as combustion experiments, 
and return it to Earth fqr clewing. 

' I I I 

that require lots of jmver. 
I / (  The biggest obstacle to a high-quality 

Timeandmoney " ' scientific payoff, however, may be money. 
Other challenges involve human, not engi- At NASA, science programs have been 
neering,issues. It's notyet clear, for instance, slowed by construction overruns that have 

tronomers, as Earth's upper atmosphere whether Russian cmmnauts will fully coop forced agency officials to repeatedly "bor-
blocks many forms of light and radiation erate in research needing human subjects; row" money from the station's research ac-
and prevents some kiods of counts. That, in turn,has 
instruments from getting delayedthecompletion of 
an unobstructed view of science hardware, includ-
distant objects. ing fluid physics and an.-

Altitude is only one sf; ma1 study facilities (see 
many technical c h a l l w .  t i m W o n p .  1104). 
facing researchers. Con- NASA Administrator 
trarytoitssedateimage,]FM Dan Goldin has put a 
instance, the station d l 1  positive spin on the cuts, 
flex and roll lilce a rubber saying the delays will 
raftbobbiogmalong~ keepthescienceprogram 

, because of atmaspheric 'Win phase withn the 
,tS :% drag. That movement will pace of station construe-

make it =cult to operaQe tion. Unless Congress 
detectors that need to lock adds money to NASA's 
onto a particular patoh of budget, however, White 
Earth or sky. To cornpen- House forecasts call for 
sate, the Europeans are the United States' ISS 
building a hi& acsmte research fund to get 
pointing device that WID- $363 million less over the 
initially be used to a l l w  next 6 years than once 
SAGE 111, an m ~ w tMder T ~ P~ M Sfirst m*w and Uni ty -qe  joined planned. The cuts mean 
analyzing atmosph@&z late last ye&r.Thefirst science module is scheduled to be W e d  on by spring2000. the science account will 

,:'\fit,.,: c ~ , t o . s t a y o n ~  grow more slowly than 
< .  

! The station will also mpke periodic lifts somehave said they want to be paid extra It envisioned, from about $350 million this 
into a safer orbit to counteractits caoriauous is also unknown how much the astronauts- year to $550 million in 2004. 
sinking toward Earth. Those rocket burns, who wiU be busy juggbq e v e from To stretch the dollars, NASA officials 
along with fiquent shuttle and supplyrocket repairs to daily chores--willhave leeway to are emphasizing experiments that-like 
dockqs, willcause the stationto shakeand say 'W to $round-badscientists seeking Fred-recycle equipment that has already 
vibrate, disrupting sensitive experiments, extra help with their ' a.To head off flown and studies using generic facilities 
perhaps even those mounted in special conflicts that sometha marred resaxher- that support more than one experimenter. 
vibration-resistant racks.Some experbmts astronaut relationsaboard Mir, launched by NASA's combustion science program, for 
will alsobe vulnerable to "g-jitter," the con- the Soviet Union in 1986astheworld's first instance,is "encouraging proposals that fit 
stant variation in gravitational force in dif- longdumtion space station, Clark has jok- existing hardware," says manager Merrill 
ferent parts of the station. As a result, re- ingly suggested creating a "People for the Kmg. The agency'sneed to stretch funds-

b41a3 ."*searcherswillhave to consider whether heir Ethical Treatment of Astronauts" group. and thus maintain an active corps of-??&' experiments will work outside the station's "Researchers can't expect the crew to an- researchem-h evenled it to tilt temporar-
,',# : 3 "&tational sweetspot," says Clark. swer to their beck and call," she says. dy toward fimding more ground-based pro-

Instrumentshung outside the station, and Clark and other NASA officials also jects, which are cheaper to carry out. The 
a a special Earth-observing window in the worry that there will not be enough training agency's Microgravity Research Program,- w~lwxiencernq.og SCIENCE VOL 284 14MAY 1999 1103 



N E W S  F O C U S  

for instance, now funds seven Earth-bound 
experiments for every one destined for 
flight, up from a 3: 1 ratio in 199 1. 

Inadequate funding is a much more seri- 
ous problem in Russia, where economic un- 
certainty has paralyzed many scientists hop- 
ing to place experiments aboard two Rus- 
sian science modules, tentatively scheduled 
to be launched in 2004 (Science, 20 Novem- 
ber 1998, p. 1391). "We have lots of plans 
but very little money," says earth scientist 
Vladimir Kumetsov, deputy director of the 
Russian Academy of Sciences' Institute of 
Terrestrial Magnetism in Troitsk. Russia's 
problems have provided an unexpected 
bonus to U.S. researchers, however: Last 
year, in a move to provide the teetering Rus- 
sian Space Agency with cash, NASA 
bought hundreds of hours of cosmonaut 
time to carry out science during the assem- 
bly phase (Science, 9 October 1998, p. 206). 

NASA officials hope Russia's funding 
crunch will foster greater teamwork by forc- 
ing it into the arms of several international 

working groups trying to coordinate station 
science. Although leading Russian scientists 
have urged their government to participate 
in the joint agenda-setting, the Russian 
modules have so far remained "a separate 
world," says Clark. Other NASA officials 
worry that the war in Kosovo could further 
fray an already testy relationship. 

Outside Russia, however, station plan- 
ners have been pleasantly surprised by the 
number of scientists seeking to win funds 
for station-related research. Japanese sci- 
entists have submitted more than 750 pro- 
posals to two early, Japan-only funding 
rounds, with about 50 projects still in the 
race for a launch spot. In 1997, European 
researchers offered nearly 100 entries in a 
continent-wide competition for instru- 
ments to hang outside the station. At the 
same time, the first international call for 
life science experiments attracted more 
than 500 proposals from the United States, 
Canada, Japan, and Europe. Peer reviewers 
eventually deemed 27 worthy of flight, 

with more than half of the projects coming 
from outside the United States. 

With plans to use international peer re- 
view as the norm for selecting station re- 
search, however, scientists are wondering 
how funding will work. For instance, some 
ask what will happen if NASA or the Euro- 
pean Space Agency (ESA) is unwilling to 
fund a top-rated project suggested by its sci- 
entists. Will lower quality science from a 
richer agency take its place? Or will the part- 
ners create a common fund to pay for the best 
experiments, regardless of origin? Some U.S. 
scientists also wonder if their station projects 
will be competitive with proposals for cheap- 
er, unmanned platforms to be flown on dif- 
ferent spacecraft. To avoid that problem, 
some would like NASA to set aside special 
funds. But NASA's W. Vernon Jones, who 
oversees the agency's space science research 
programs, is against the idea. Earmarking 
funds for the ISS, he says, ''would send the 
signal that this is lower quality science." 

Station partners are also working out 
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how to divvy up the station's space. The 
United States controls the bulk of its power 
and attached payload sites an4 in exchange 
for launching the European and Japanese 
science modules, NASA has claimed title 
to almost half of the space in each. In con- 
trast, Russia has kept 100% control of its 
two science modules. But the allocations 
are constantly shifting, as the partners 
barter space and equipment in what Clark 
calls "the dance of trading science." ESA, 
for instance, is building the pointing de- 
vice, a lab freezer, and other equipment in 
exchange for the right to place two astro- 
nauts and a few experiments aboard the 
station before its own Columbus Orbiting 
Facility arrives in 2004. 

Human research first 
Such dickering is expected to continue even 
after the station's science program begins in 
earnest next spring with the launch of the 
Human Research Facility (HRF). The HRF, 
the U.S. hardware that will house Fred, will 

occupy two of the lab's refrigerator-sized ex- 
periment racks. It will bristle with more 
than a dozen instruments, including an 
ultrasound imager and a high-tech bathroom 
scale that can measure a body's mass in mi- 
crogravity. Astronauts will be able to use the 
facility to monitor their health, while Earth- 
bound researchers will collect data on one 
of space travel's most pressing questions: 
Why does life in low gravity disrupt percep- 
tion, promote bone loss, and cause other 
health problems? 

"The human studies are in many ways 
the most defensible science planned for the 
station, assuming you believe in manned 
exploration," says one biomedical re- 
searcher involved in an NAS review of the 
program. Other findings that could eventu- 
ally aid astronauts, he notes, might come 
from studies of how latent viruses carried 
by the crew members respond to the stress 
of life in orbit, and how genes involved in 
growth and sleep cycles behave in the ab- 
sence of normal gravity. 

Some life science research planned for 
the station is more controversial, however. 
In particular, NASA's long-running effort 
to grow protein crystals in space--slated to 
get major attention aboard the station start- 
ing next year-has generated intense oppo- 
sition. Last summer, a committee convened 
by the American Society for Cell Biology 
(ASCB) called on the space agency to kill 
the space-based portion of the program, 
concluding it had made "no serious contri- 
butions to knowledge of protein structure 
or to drug discovery" (Science, 24 July 
1998, p. 497). 

In March, the program attracted more 
criticism after NASA issued press releases 
claiming that structural data from space- 
grown crystals had helped an international 
team of researchers based at the University of 
Alabama, Birmingham (UAB), and nearby 
BioCryst Pharmaceuticals to develop a 
promising flu drug. The claim infuriated 
one of the researchers involved, biochemist 
W. Graeme Laver of the Australian National 
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University in Canberra. He says his one- 
time funder inflated the importance of its 
space-based work in "another pathetic at- 
tempt" to boost the crystal program's im- 
age. In fact, Laver says, the single space- 
produced crystal involved in the project 
was grown aboard Mir without NASA's 
help. "And it had nothing to do with 
the drug's development. 
BioCryst's findings came 
from crystals I grew on 
Earth," he adds. 

The twin attacks have 
put UAB crystallographer 
DeLucas, a former chief sci- 
entist for the station and 
now head of a NASA- 
funded research center, on 
the defensive. He says the 
ASCB report is "dead 
wrong" and that low gravity 
has allowed researchers to 
grow several dozen kinds 
of crystals that are larger 
and purer than those pro- 
duced on Earth, making it 
easier for crystallographers 
to deduce their structure. 
He also notes that the pro- 

lar, there is broad interest in a suite of 
planned experiments to examine how the 
complex, fern-shaped metallic crystals 
called dendrites freeze into shape. The tests, 
researchers say, will help reveal the basic 
mechanisms that drive dendrite growth- 
fundamental information that is obscured on 
Earth by the tug of gravity. Materials scien- 

gram has been extensively 
peer reviewed and is cur- & 

arrive at the station in 2002 and spend 4 years 
sifting through the rain of cosmic rays for ev- 
idence that some are antimatter particles. 

Although many physicists are skeptical 
of the project, station proponents say it ex- 
emplifies the station's ability to shoulder 
bulky payloads. The boxy AMS, for in- 
stance, depends on having a large surface 

area exposed for long periods 
in the hope of catching rare 
particles. The same is true of 

1 
several other instruments pro- 
posed to study cosmic rays of 
different energy levels, in- 
cluding the Extremely Heavy 
Cosmic-Ray Composition 
Observatory (ECCO), which 
could reach the station as 

rently under the microscope Wide load. Proponents say the station is perfect for handling large 
of another NAS review pan- loads, such as the antimatter-hunting Alpha Magnetic Spectrometer 
el, which will deliver its be launched in 2002. 
verdict later this year. As for 
Laver's complaint, DeLucas believes his tists may have to wait years, however, to get 
former colleague has overreacted to an un- into space: A U.S.- and European-built ma- 
fortunate bit of NASA hype. In retrospect, terials science facility-which will include 
agency officials "could have toned down an array of furnaces and freezers, including 
the [press release]," DeLucas says. "You one that will suspend samples in a magnetic 
would have to say there was a little over- field-will be ready no earlier than 2002. 
enthusiasm from NASA," adds Charles Researchers interested in using the sta- 
Bugg, BioCryst's president. tion as a platform for Earth and space stud- 

A former NASA scientist who helped ies face a similar wait. U.S., Japanese, and 
get the crystal program going in the 1980s, 
Bugg says this isn't the first time the agency 
has hyped the science it supports. Other re- 
searchers confirm that a similar controversy 
once beset a second type of crystal-growing 
experiment planned for the station. Two 
decades ago, NASA officials drew heavy 
flak from scientists for touting its prelimi- 
nary attempts to grow metallic semiconduc- 
tor crystals aboard Skylab as the beginning 
of a new age of space-based manufacturing. 
"It took decades to stop the talk of factories 
in space" and to bring the rhetoric more in 
line with reality, recalls NASA's Michael 
Wargo, who manages its materials science 
program. Such hype, however, continues to 
create "a lot of resentment," says Bugg. 

Ironically, some researchers now consider 
studies of how metals and other materials 
solidify in microgravity to be one of the sta- 
tion's most intriguing offerings. In particu- 

European researchers have plans for at least 
a dozen large instruments that will be bolted 
onto the station's exterior. They include sev- 
eral x-ray observers, a superaccurate atomic 
clock, a trio of detectors designed to moni- 
tor the sun, and a device to scan Earth's sur- 
face for forest fires. Although some could 
orbit on free-flying satellites, researchers 
say others are too bulky to be launched 
aboard rockets, or require human tending 
that only the station can provide. 

Perhaps the best known attached payload 
is the $50 million Alpha Magnetic Spectrom- 
eter (AMS), an antimatter hunter proposed 
by Nobel laureate physicist Sam Ting of the 
Massachusetts Institute of Technology in 
Cambridge. NASA eagerly embraced the 
controversial idea 5 years ago, and an early 
version of the AMS, funded by the Depart- 
ment of Energy, has already flown aboard the 
shuttle. An improved model is scheduled to 

early as 2003. 
In ECCO's case. the station 

also offers the opportunity to 
retrieve data-collecting arrays 
for analysis on Earth, notes 
physicist Thomas Gaisser of 
the University of Delaware, 
Newark, who heads the NAS's 
Committee on Cosmic-Ray 
Physics. Still, Gaisser says 
there is "an admittedly politi- 
cal aspect" to decisions to - dace some of the instruments 

scientific pay- aboard the station. Although 
. (AMS) due to  some payloads could fly as in- 

dependent satellites, he com- 
pares the station's users to 

Charles Darwin aboard The Beagle: "You 
seize opportunities as they arise." 

That philosophy appears to have taken 
hold in some researchers. At a recent inter- 
national conference on space station sci- 
ence,* scientists releaseda variety of trial 
balloons. Thev included one scheme to 
launch minisa;ellites that would orbit the 
station and warn astronauts of potentially 
dangerous changes in space weather, and 
another to use it as a base camp to assemble 
a huge neutrino detector from dozens of 
flowerlike petals. Launching this giant de- 
tector-which would look for high-energy 
particles difficult to spot on Earth-would 
be "nearly impossible in a single rocket 
launch scheme," says Yoshiyuki Takahashi 
of the University of Alabama, Huntsville. 
But the station, he says, offers a chance "to 
think grand thoughts." 

1t'; far too early to know whether such 
grand ideas, or any of the other science 
planned for the station, will pan out. But 
having provided the money, politicians are 
now looking to scientists to make the best 
use of the investment. -DAVID MALAKOFF 

I * Conference on International Space Station Uti- 
Lization, Space Technology &Applications Interna- 6 
tional Forum '99.31 January4 February. e 
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