
The Long March to Topnotch Science 
China is making impressive strides in upgrading basic research, but reforming 

its scientific bureaucracy may be the biggest challenge 

SHANGHAI-Rivulets of water are flowing outside, and more than a decade since its 
down the dark hallway in the Samuel leaders embraced a modified market econ- 
Waxman Laboratory of Molecular Biology in omy, academic and scientific institutions are 
Shanghai's Rui-jin Hospital on a sweltering going through rapid and dramatic changes. 
summer day in China's most populous city. China's new 5-Year Plan for 1996 through 
It's not condensation' from air conditioners, 2000 speaks repeatedly of "revitalizing China 
although a few offices do have window units. through science and education," and numer- 
Rather, the culprits are several blocks of ous incentive programs to lure overseas Chi- 
melting ice, propped against nese scientists back home are 
large freezers in an attempt to 2 beginning to reverse a 15-year 
cope with the 40°C heat. brain drain (see p. 1142). The 

Looks can be deceptive 7 government is also trying to con- 
when it comes to Chinese sci- centrate limited funds on the 
ence, however. Despite its best researchers and the top labs 
primitive cooling system, the by expanding peer review and 
lab, part of the Shanghai Sec- shrinking the scientific work 
ond Medical University, is force. And it is encouraging re- 
home to world-class molecular searchers to broaden their sources 
biology, say Western scientists of support-including income 
who have collaborated with its from commercial products (Sci- 
director, 42-year-old Chen Dynamic duo. Shanghai ence, 15 October 1993, p. 362). 
Zhu, his wife, Chen Saijian, geneticists Zhu and But these trends are not yet 
and his mentor, hematologist Saijian Chen: world-class locked into place. Ambitious 
Wang Zhenyi (see p. 1144). Science in aging labs. plans for world-class facilities 
And despite its location in an and increased international col- 
aging, worn-down building-parts of the laboration, for example, must win approval 
university date from its founding in 191 1 by from a bureaucracy with multiple, shifting 
French missionaries-the lab boasts a tal- centers of power and rules that remain a mys- 
ented team of two dozen scientists, techni- tery to outsiders. Returning scientists must 
cians, and students skilled in the latest tech- still cope with an inadequate infrastructure. 
niques and working with state-of-the-art And personal connections, built up over time 
equipment. "It's one of the most productive and forged by institutional or geographic loy- 
collaborations we have," says Samuel alties, can be more important than peer re- 
Waxman, professor of medicine at Mount view in deciding which projects get funded. 
Sinai Medical Center in New York and head "I think we're headed in the right direction," 
of a foundation that supports the lab. "And says Chu Yaoquan, director of the Center for 
no matter what obstacles [Chen] faces, noth- Astrophysics at the University of Science 
ing keeps this guy down." and Technology of China (USTC) in Hefei 

Such determination has become an im- and a co-leader of a project to build a novel 
portant trait for Chinese scientists. Two de- optical telescope (see p. 1139). "But we still 
cades after the country opened up to the have a long way to go before we get there." 

FOUR SCIENTISTS IN A POSITION TO MAKE A DIFFERENCE 

Zhang Cunhao 
President, National Natural 
Science Foundation of China 
Age: 67 
Education: B.S.. 1947, 
Central University, Nanjing; 
M.S., 1950, U. of Michigan. 
Field: Laser chemistry - 

Challenge: Promote role of basic research, foster 
mnra rinnrnlme rum. rmuimur 

Sometimes the problem lies outside sci- 
ence itself. "For young scientists coming 
back to Beijing, the hardest thing is to find 
them good housing," says astronomer Chen 
Jiansheng, a professor at the Beijing Astro- 
nomical Observatory and a member of the 
Chinese Academy of Sciences (CAS). 
Housing is a standard part of a scientist's 
compensation package, but a chronic short- 
age in the country's two scientific centers, 
Beijing and Shanghai, means that a junior 
faculty member typically can wait a decade 
or longer for a two-bedroom apartment. In- 
deed, economist Justin Yifu Lin, director of 
the new China Center for Economic Re- 
search at Beijing University, says a major 
ingredient in building a program staffed en- 
tirely with Asian-born, Western-trained 
economists was persuading university offi- 
cials to assign him five, two-bedroom hous- 
ing units. "It was the biggest allocation in the 
university's history," he says with pride. 

Most of the barriers to reform lie within 
the sprawling research system, however. 
"The current system of managing research in 
China is not satisfactow," savs Shi , . 
Yuanchun, who is stepping down this fall 
after 12 years as president of the Beijing Ag- 
ricultural University and who is a member of 
both CAS and the Chinese Academy of En- 
gineering. "Sometimes it's very chaotic." 

Shi, a soil scientist, knows the system first- 
hand. He not only directs a $375,000,5-year 
research project on water conservation in 
agriculture supported by several agencies; he's 
also vice chair of separate science and technol- 
ogy advisory committees for the State Educa- 
tion Commission and the Ministry of Agri- 
culture, and he sits on the governing board 
for the China Association for Science and 
Technology, an umbrella organization for 

Wel n, 
Tie: Vice Minister, State 
Education Commission 
Age: 55 
Education: M.S., 1965, 
Nanjing Engineering Institute; 
Ph.D., 1981, Adren 
(Germany) Industrial U. 
Field: Biomedical engineering 

Challenge: Strengthen elite universities while 
improving general literacy. 
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research for economic development, combat 
scientific illiteracy. 



hundreds of scientific organizations. But even research, with 30% going to applied research lion is tiny compared to other government 
a veteran insider like the 67-year-old Shi can and the rest classified as development. In ad- ministries, it has grown rapidly from less than 
get confused. "As a scientist, sometimes I dition to organizations like the CAS that are $10 million in 1986. Officials say it could 
don't know who my boss is," he confesses. focused on research, a broad range of mission- double again by 1997 if the economy stays 

oriented R&D is carried out by most minimies. healthy, in keeping with a promise by the 
A numbers game Among the activities of the Defense Minis- central government to raise basic research's 
Shi's complaint is a common one in a system 
where even basic information is a precious 
commodity. For example, senior officials 
say they hope to strengthen the country's the SSTC, says the government would like 
scientific productivity through a network of that figure for basic research to eventually 
state key laboratories-teams of 30 or so re- ' reach 15%, and that the NSFC is a good 
searchers who have received large amounts of vehicle for such growth. 
money in the past decade (ske p. 1137). But Most scientists applaud the NSFC's work 
comprehensive infor- in bucking an entrenched system. "It is very 
mation on the program difficult to change the system because each 
is scarce because it has 
so many masters- 15 
the labs are affiliated 
with several funding 
agencies, and one bu- 
reaucratic entity funds 
the program, another 5 
administers it, and a 
third evaluates the ,, 
work beina done. In 1987 1988 1989 1990 1m1 1992 1993 inn 

8 "U 

fact, a worid 'B& of- Kwplng up. China's overall RBD k e t  is rising rap- 
ficial admitted that he idly, krt m &ways faster than mflation. The same is n 
had never even seen a true f ~ l f i e  lrlational 
list of all 155 labs, 
even though the bank helps to fund 75 of 
them through a $133 million loan program. 

That complexity is combined with a sys- 
tem of considerable size. Data from the State 
Science and Technology commkaion (XSTC) 
show that the country had 640,000 full-time 
R&D personnel in 1993, including 418,000 
scientists and engineers. Almost half work at 
state-run R&D institutions, with a third at 
universities and the rest at companies. (In 
the United States, by comparison, about 80% 
of the country's roughly 960,000 scientists 
and engineers in RGrD work in private indus- 
try, with about 12% at universities.) 

China spent about $7.5 billion in 1993 on 
science and technology, one third ofwhich is 
classifiedaslPsearchanddwelopment. (Them 
covers a variety of activities, including pri- 
maryandsecor$aryschodders)About 
7% of those R&D funds are used for basic 

Zhou Guangzhao 
Title: President, Chinese 
Academy of Sciences 
Age: 66 

Education: B.S., Qinghua U., 
1951 ; MS., Beijing University, 
1954 
Field: Theoretical physics 

Challenge: Shrink CAS institutes without 
sacrificing quality. 

I Natural Science Foundath (tight). 

try, for example, is the operation of four mili- ministry wants to retain [financial] control 
tary medical colleges. These well-equipped over its own labs," says Shi. "NSFC relies on 
institutions contribute to the countrv's bio- emrts.  which is the best wav: CAS and the 
medical research system as part of thkir role mLis&es often rely on officials who don't 
in training physicians and serving the 3-mil- know the research fields very well." 
lion-member People's Liberation Army. But even the NSFC has room to improve, 

One of the fastest growing components of says its president, Zhang Cunhao. "We want 
the country's research establishment, the 
National Natural Science Foundation of 2 
China (NSFC), is also one of the newest. W 

Founded in 1985 to support all sectors of the 
Chiiese research establishment, the NSFC 
is consciously modeled on the U.S. National b 
materials and engineering science, and infor- Touting succe#r. Beijing Unhrersity earns mit- 
mation science. The largest, life science, in- ms of yuan ftom ~~~w co., a spinoff fiat 
cludes agriculture and receives about 33% of wishing software. 
the total, with each of the others getting 
from 10% to 18%. About 70% of its funding to use international reviewers," he says. "But 
goes to applied projects, with the rest classi- 
fied as basic research. 

What sets the NSFC spas from other 
state agencies is its way ddourg bus*. 
Rather than sqpr t ing  its own set of labs 
and scientists, the NSFC sulkits p p o d s  
for individual and pnp p j e c t s  h 
throughout China and uses mans 6 w m h g  
scientists to judge their quality. IAN ~ w ,  it 
awarded 3500 indi- grants, chosearfkq 
20,000 proposals, at an avenge ske & 
$10,000 over 3 years. Its hqpt gmnrs, of 
which there are now 100, are worth 
$625,000 over 5 yeats. 

Although its current budget of $63 mil- 

the propals  are in Chinese, so it's not so 
easy." Zhang also says that he wishes the 
reviewers would be tougher, but that cultural 
norms make it hard for scientists to mark 
down the wok of a colleague. 

ApughkoRIcAs 
The biggesf&ngle player on the science 
sene, a d  rh% one that may be undergoing 
thc mast -ping changes, is the CAS. 
With annual income of nearly $300 million 
in 1993, it operates 123 institutes and em- 
ploys 80,000 people auoss all fields of sci- 
ence. About half of CASs in&utes pehrm 
varying amounts of basic research, and some, 
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including the Institute for Htgh-Energy 
Physics in Ekijing, are familiar to scientists 
around the world. CAS also supports the 
USTC, whose main campus was moved from 
Ekijing to Hefei in 1970 during the Cultural 
Revolution as part of a broader campaign to 
reduce the influence of politically suspect 
students and intellectuals. 

Created in the image of the all-encom- 
passing Soviet system of state-run institutes, 
CAS once funded all facets of-life within its 
empire. Today, however, only 40% of the 
budget for a typical CAS research institute 
comes from CAS, says Gong Wangsheng, 
head of the bureau of basic mearch, with the 
rest coming from grants, special programs, 
and nongovernment sources. 

That reduced support is expected to trans- 
late into staffs of one-third dK present size, 
with the savings used to strengthen the re- 
search capacity of the remaining scientists. 
"Not all scientists are qualified to do good 
work," says Chen Shouyi, director of CAS's 
Institute ofGenetics in Beiih. "It's stillverv 
difficult to get rid of some&,' she says, "bu; 
now we have ways to push them out the door." 

Chen, for example, says her 467-member 
staff will shrink by half over the next 5 pears 
simply through the mandatory retirement of 
those reaching age 60 and the departure of 
those who cannot find independent sources 
of funding. In Int ion,  she says, a CAS policy 
adopted 2 years ago allows her to fire people 
if they are not productive: "It applies to sci- 
entists at two points in their caea-those un- 
der45 who h o p e t o b e u , m e . ~ ,  and 
t h u n d e r  35 wha hope to became associate 
professors. If they don't prove that they are 
good, they will be gone." 

At the same time,< 
Chen is eager to d e  - 
room for pmising young 
talent like plant w+-. ; 
lar biologist Li Jia$amg.?- 
The 39-year-old Li was a 
Cornell University post- 
doc working on trypto- 
phan pathways in regu- 
lating plant development .. 
when he decided to re- 
turn to Chi. Li arrived 
in July as a full professor, 
a status that, Chen notes 
without rancor, todc her 
26 years to achieve. The 
recipient of alargeNSFC 
grant for young scientists, 
Li also got money h a  .= 
special CAS fund, ad- , . 
equate work space with a I . 
room for doing plant cul- 

' 

'HE CREAM OF THE ACADEMIC CROP 

Beijing Medical UI .. . -.sib,. 9 
HigMy dW. This & of Chinese aca- 
demic instilrctions is based on the number of ci- 
tations, GoYering 1987-1992, from journals 
r#ted in the Sdence Citation Index from the In- 
stitute for Scientific Information in Philadelphia. 

annual budget from CAS for salaries and 
operating expenses, because of substantial 
outside funding. In 1990 one of its teams was 
named a national key lab on plant cell and 
chromosome engineering, allowing it to pur- 
chase more than $1.6 million in state-of-the- 
art equipment. It has received nearly the 
same amount from the central government's 
hii-technology program for biotechnology, 
and lesser but still significant funding 
through another 5-year national program 
and individual NSFC grants, which nor- 
mally run for 3 years. Another $200,000 a 

year comes from outside funding for 
specific projects, including the Rocke- 
feller Foundation's support for rice 
biotechnology research and work on 
d i i  resistance in rice and wheat 
backed by Germany's Bayer AG and 
Japan's Kirin Beer. 

Island adwmtwes 
Another way for CAS institutes to 
survive a reduction in academy sup- 
port is through commercial activity- 
a process known in Chi as "jumping 
into the sea." Appropriately, that pro- 

cessisinfdlswingon 
Hefei's Science Island. 
Some 2500 scientists, 
~ c i a n s ,  and sup- 
p a t  personnel work at 
hr CAS institutes on 
a tiny island in an artifi- 

t cial lake that is a 45- 
. minute drive from 

tures, and a -&ree-bed- 
room apartment. 

USTC. Two are de- 
voted to basic research 

Chen is able to sup- - - Plant Li Jim in plasma and solid- 
port such new talent, de- ( w e )  -m = part of c m  s ~ y i ' s  state physics, while the 
spite a stagnant $600,000 (top) plan to improve her institute. other two carry out ap- 

plied work in lasers and robotics and sensors. 
"We get 15 million yuan [about $1.8 mil- 

lion] from CAS for salaries, utilities, and op- 
erations, and about the same amount from 
special government research programs," says 
Qiu Lijian, a physicist and head of the 
Hefei branch of CAS who serves as the island's 
unofficial mayor. But the bulk of the island's 
scientific income comes from business. The 
institutes eam almost $9 million a year from 
contracts with industry, Qiu explains, with 
20 factories on the island making everything 
from liquid helium for nuclear magnetic res- 
onance machii in hospitals to smoke de- 
tectors for private homes. "In the U.S. the 
national labs don't need to go into indus- 
trial production," says Qlu, "but we need the 
money to pay for salaries and research." 

Each institute has its own tale ofcommer- 
cial adventure. At the Institute for Intelli- 
gent Machines, for example, the Hi-Tech 
Corp., in a burgeoning high-tech park, al- 
ready provides 80% of the institute's income 
through the sale of precision measurement 
instruments for industrv. The downside for 
researchers, however, is that the new jobs 
being created, says deputy director Ru 
Jinshao, are for people "with good manage- 
ment and marketing experience." 

For Pui Cing, deputy director of the Insti- 
tute of Solid-State Physics, a l-year stint as 
manager of an institute-owned computer 
company in the same industrial park con- 
vinced her that she'd rather pursue her re- 
search on nanocrystals. "I liked business, too, 
but there's too much to worry about all the 
time," she says. Wow I can go back to science 
and let someone else manage the company." 

how eve^, some scientists worry that basic 
research may be neglected in the rush to 
squeeze every yuan from science. "Chinese 
people are not interested or educated in 
natural science," says prominent paleontolo- 
gist Chen Junyuan of the CAS Institute of 
Geology and Paleontology in Nanjing. "I try 
to convince government officials about the 
need to support basic research, but they 
aren't qualified to discriminate between fun- 
damental and less fundamental research." 

Upsurge in academia 
The recent policy shifts have had a reju- 
venating effect on China's universities, 
which periodically have been buffeted by 
political storms. The generous funding for 
equipment provided through the key lab pro- 
gram, NSFC grants, and contract d 
has he l~ed  to turn some of China's univer- 
sities h t o  scientific powerhams. The 
chance to combine teaching andresearch is a 
powerful magnet for scientists Wre Beijing 
University's Li, whose goal i s  to provide 
China with the necessary intell-1 fire- 
power to lead it to the top of the world eco- 
nomic ladder.. 

The university system's current rise to 
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power began in 1978 with the government's 
approval of the country's first graduate-de- 
gree granting programs. Of China's hundreds 
of universities, some three dozen now have 
graduate schools, which each year award 
about 3000 Ph.D.s and 30,000 master's de- 
grees; about 70% of those degrees are in sci- 
ence and technology. 

Academic science has also gotten a big 
boost from the World Bank. Since 1982 the 
bank has poured money into programs to 
strengthen the scientific capacities of both 
comprehensive universities and those affili- 
ated with the various ministries. as well as a 
third project now winding down to support 
kev labs at 100 academic institutions. Last vear, , . 
in an attempt to boost morale, the commis- 
sion announced a program to foster quality at 
100 key universities through additional fund- 
ing for research and greater flexibility to re- 
shuffle departments and form collaborations 
with other institutions and with the West. 

In fact, academic science has improved to 
the point where education officials feel their 
institutions can comDete evenlv with CAS 
for the best talent. "If you want to do basic 
research, you should come to a university," 
says Vice Minister Wei Yu of the State Edu- 
cation Commission. "At a university vou are , , 

always getting fresh blood as graduate stu- 
dents complete their work and a new genera- 
tion arrives. A t  the institutes, people stay 
and they grow old." 

Not surprisingly, CAS officials have a dif- 
ferent view. "It's true that we need more young 
people, but only a third of the staff is fixed," 
says Wang. "The rest must compete for 
monev to continue their work. In addition. I 
think ;he institutes generally have better fa- 
cilities and a better working environment." - 

This interagency rivalry is also being 
played out in the debate over new large sci- 
entific facilities. While CAS officials lobby 
for their top projects (see p. 1139), Wei says 
that the government's first priority should be 
improved literacy for all. "I don't think we 
can afford to expand such large-scale funda- 
mental research," she says. "There's only one 
bowl of monev." 

~e~a rd l e s s ' o f  the outcome of that debate, 
most Chinese scientists sav the government - 
is doing the right thing in setting priorities, 
concentrating resources on the highest qual- 
ity science, and using peer review to help 
make those decisions. For the Chens of 
Shanghai's Rui-jin Hospital, it affirms their 
difficult decision to return home in 1989 af- 
ter completing their graduate training in 
Paris. "It was right after Tiananmen," Chen 
Saiiian recalls, "and our friends told us we 
weie crazy what with everything that was 
going on. But we wanted to help in the mod- 
ernization of China, and we need to be work- 
ing here, in this place, to really help our 
people. And that's what we are trying to do." 

-Jeffrey Mervis 

STATE KEY LABS 

Government Focuses Funds, 
And Hopes, on Elite Teams 
NANJING-Institutions in China customar- A key lab at the Chinese Academy of 
ily shut down for several weeks in the middle Sciences' (CAS's) Institute of Metal Re- 
of the summer. But not the National Labora- search is widely seen as a success story. Situ- 
tory of Solid State Microstructures (LSSMS). ated in Shenyang, a gritty, northeastern city 
O n  a muggy morning in late July, associate that is China's second-largest industrial cen- 
physics professor Hai Sang is preparing a ter, the institute has carved out a niche with 
sliver of cobalt-silver film to test for a phe- its key labs for material fatigue and for 

researchers have published in P h ~ s i -  Fine work. Wang Guanghou probes frontiers of atomic 
cal Review Letters and other top phys- clusters with homemade machine. 
ics iournals. 

This buzz of activity is exactly what the 
Chinese government had in mind when, in - 
1984, it created a program of state key, or 
national, laboratories. The Nanjing lab was 
one of the first to be so designated. The pro- 
gram is intended to help a small number of 
labs break into the forefront of global science 
by funding them lavishly-at least by Chi- 
nese standards-and turning them into - 
"open" facilities that can be shared by out- 
side researchers. 

Key labs receive a large initial grant, typi- 
callv $1 million or more, to modernize their , . 
facilities. (In comparison, an average re- 
search grant is about $10,000 over 3 years 
and does not cover large equipment.) Over 
time, they are eligible for additional injec- 
tions of funding to keep up with the latest 
technology. The labs are distributed un- 
evenly throughout the country, with half in 
either Beijing or Shanghai, and the research 
is basic as well as applied, with topics ranging 
from oncogenes to coal combustion. 

A decade into the program, Chinese au- 
thorities can cite several successes in the cur- 
rent network of 155 labs. A t  least a dozen, 
including LSSMS, are performing at a world 
level, and many are forging strong links with 
researchers and institutions overseas. But 
some Chinese researchers are concerned that 
the program's funds are being spread too thin, 
and that what was supposed to be a rigorous 
scientific review is not being used to weed out - 
weak labs. Others say that many labs have 
failed to meet the promise of greater openness. 

"quick-solidifying nonequilibrium alloys" 
used in the aerospace industry. "This lab has 
few parallels in the U.S. or Japan," says Ca- 
nadian materials scientist Stewart McIntyre, 
who reviewed the lab for the World Bank. 
which has made long-term, low-interest 
loans to about halfof the current roster of kev 
labs. Similarly, the high-performance ceram- 
ics and ultramicrostructure state kev lab at 
the Shanghai Institute of Ceramics has won 
high marks for its work on nanoceramics. 

Some first-rate key labs are also fulfilling 
their mandate to become truly national fa- 
cilities-pen to scientists from less en- 
dowed labs. The Institute of Physics in 
Beijing, for example, with its three interna- 
tionally recognized key labs in magnetism, 
high-temperature superconductors, and sur- 
face physics, carries out joint projects with 
some 20 other institutions. The institute's 
scanning tunneling microscopes, supercon- 
ducting quantum interference devices, and 
x-ray diffraction system are in constant use 
by visiting researchers. 

Another key lab that appears to function 
well as a national lab is one on resources and 
environment information systems in Beijing. 
Part of the CAS's Institute ofGeography, the 
lab was chosen in 1985 to serve as a national 
center to monitor floods, soil erosion, defor- 
estation. and urbanization. The lab inte- 
grates data from every province and locality, 
as well as from LANDSAT, and ~rovides 
advice on protecting ecosystems and devel- 
oping flood evacuation plans. "We gave the 

SCIENCE VOL. 270 17 NOVEMBER 1995 1137 




