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nterdisciplinary research is a mantra o f  
science policy. Virtually any meeting on 
the current state and future of  science is 

leavened by obligatory statements about 
the importance o f  enabling researchers to 
work seamlessly across disciplinary 
boundaries and by solemn declarations 
that some o f  most exciting problems in 
contemporary research span the disci- 
plines ( I ) .  However heartfelt, the nature of  
the current federal support system-and o f  
the research community-counters these 
beliefs. Here we briefly discuss the history, 
structure, and culture that hinder a vigor- 
ous national effort in interdisciplinary re- 
search, and we conclude by offering a 
modest remedy. 

Past Practices 
The historical roots o f  today's federal re- 
search enterprise are at once complex and 
simple. They are complex in that many 
forces shaped its parts, but at its root each 
o f  these forces is reducible to one o f  three 
categories-war, crises, or needs ( 2 ) .  
World War 11, with its research yields as 
diverse as  radar, synthetic rubber, peni- 
cillin, and atomic energy, gave the nation 
confidence that science could solve prob- 
lems and that there was a national and 
hence federal stake in supporting the en- 
terprise. That confidence, exploited by 
Vannevar Bush and John Steelman, led to 
the postwar creation or rapid growth o f  
the Office o f  Naval Research, the Nation- 
al Science Foundation (NSF), and the Na- 
tional Institutes o f  Health (NIH). Nation- 
al crises such as Sputnik, the Arab oil em- 
bargo, environmental problems, and eco- 
nomic competitiveness (especially with 
Japan) launched or transfigured agencies 
with substantial federal funding (3) .  The 
end result is a large federal support enter- 
prise that was hardly planned one that is 
confusing, complex, lacking coherence, 
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and somewhat unwieldy, all o f  which is 
really no surprise. 

This messiness translates into a system 
that is adaptable, evolving, and spectacu- 
larly successful. And that success was 
built on a symbiotic relationship between 
federal agencies supporting science and 
technology and U.S. universities, which 
became the postwar research universities, 
the home o f  science and engineering in 
the United States. U.S. graduate schools 
became envied models in their integration 
o f  education and research, although that 
mode carried over less strongly to their 
undergraduate offerings. Peer-informed 
review, especially in the National Science 
Foundation and National Institutes o f  
Health. came to be the mode o f  choice for 
awarding federal funds for research, al- 
though in some instances strong manager 
models, such as at the Defense Advanced 
Research Projects Agency (DARPA), have 
also demonstrated great success. Never- 
theless, peer review by definition came to 
mean judgments by those from a single 
discipline, and often by those working in 
the same research area within a discipline. 
Judgments on research support, which are 
critical to an academic career, became in- 
creasingly more specialized and disci- 
pline-bounded. These ways o f  controlling 
the flow o f  research funds were mirrored 
by structural and cultural changes. Many 
o f  the federal agencies supporting re- 
search created structures-whether the di- 
rectorates o f  NSF or the study sections o f  
NIH-that were reflective o f  university 
departments. And a successful career in a 
research university was largely i f  not 
wholly dependent on success in disci- 
plinary research, which in turn was mea- 
sured by publication, election to various 
national academies (whose sections are al- 
most wholly disciplinary), and the ability 
to obtain federal grants. Researchers, es- 
pecially untenured ones, proposing re- 
search programs that move across disci- 
plinary fences have, and do, put their ca- 
reers at risk. 

Current Problems 
the ~ a t i o n a l  Science Board and is the Marguerite l-hiS coarse portrait has obvious excep- 
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search programs conducted in the federal 
laboratories and in industry, where the 
goals (such as national security in the fed- 
eral Stockpile Stewardship program or 
market forces in the creation o f  cheaper, 
stronger, and lighter materials) force "ig- 
orous and effective interdisciplinary work. 
Yet we submit that the exceptions are just 
that: limited efforts to introduce real change 
in a resistant system, one built on the 
proven belief that excellence in science 
meant disciplinary excellence. But i f  the 
U.S. research enterprise is so successful, 
why tinker with it? Why " f ix  it i f  it ain't 
broke"? We suggest that the success has 
cloaked substantial failures o f  omission 
occasioned by disciplinary and similar 
rigidities on the part o f  agencies and the 
research community. Some systematic 
problems are as follows: 

1)  The lead agency has a weak research 
program. A prime example is the U.S. En- 
vironmental Protection Agency (EPA),  
which is predominantly a regulatory agen- 
cy. It has a sizable R&D program, but it 
has been focused on short-term immediate 
goals, shaped by the need to react to cnses 
and the agency's regulatory mission. These 
consequences o f  the nature o f  the agency 
have led to weakness in conducting funda- 
mental and long-term research and to a 
lack o f  the interdisciplinary perspective 
that environmental problems axiomatically 
require. Although there have been various 
efforts to address the problem, they remain 
limited. The upshot is that high-quality 
work on fundamental issues related to en- 
vironmental matters continues to be under- 
emphasized in the federal R&D portfolio. 

2 )  The agency has a strong, successful, 
but constrained research progrunz. An ex- 
ample is the enormous investments in 
molecular biology, immunology, and the 
like that are made primarily through NIH. 
This effort is largely reductionist biology, 
from the molecule up to higher levels o f  
organization. These investments have been 
spectacularly rewarded and have revolu- 
tionized our biological understanding at 
the molecular and cellular levels. Weaker 
comparatively and historically is support 
for so-called organismic biology-ecolo- 
gy, population biology, and so on-where 
the starting point is a living creature, not a 
molecule or cell. 

3 )  Failure to strengthen conzplernen- 
tary and szlpportive sciences in a rapidly 
growing field. One example is the hard- 
warelsoftwareiwherewithal for humans to 
use information technology. Enormous 
federal investments in the information 
technologies were not accompanied by in- 
vestments o f  similar scale in research on 
human performance, the cognitive sci- 
ences, and similar fields. Such invest- 
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ineilts might have made the use of infor- 
mation techilology both easier and nlore 
universal. On a broader scale, there has 
been a failure to strengthen the linl<s be- 
tn-een the social and behavioral sciences 
o n  the one  hand  and  ad\.ances in  the 
physical and biological sciences and tech- 
nologies on the other. 

3 )  Pinbieii~s /@,fi/lo~i. bj' i i l i ~ ~ i i l g  i~geil- 

CJ. JV'O~I'OUIX o i ~ d  i~iii~.ei:xiti, ~ti.ilctlli.es. An 
example is depletion of oceanic fishing 
stocl<s. Ullderstalldillg the reasons, aside 
from the silnplistic one of overfishing. 
ineails synergistically blending the per- 
spect i1 .e~ of many sciences-genetics. 
oceanography. population dynamics. ma- 
rine ecology. and so forth. So far, no sig- 
nificant effort to lnouilt high-quality re- 
search efforts blending these sciences is 
under way in the United States. 

Some SoLutisns 
These \yealtnesses in federal support re- 
sult. we belie\.e, from narrow perspectives 
by both agencies and universities derived 
from the forces \ye have briefly outlined. 
There are se\-era1 ways in \yhich ~ v e  inight 
attack the issue. But first n e  inust recog- 
nize some realities of the current system. 

Q Integration of research and educatioll 
is the sine qua 11011 of the U.S. research 
system an3 has propelled the spectacular 
success of fundamental research in the 
Ullited States. 

The best ideas often come fro111 the 
bottom up: that is. from researchers them- 
selves: and solne of the most spectacular 
ideas colne from young researchers who 
are ne~vly tenured or untenured. 

Q A substantial part of the history of 
U.S. research has been written by people 
who, against substantial cultural if not 
econolnic odds. ha\-e reached out to other 
fields. merging different perspectives and 
creating new ideas. even new fields. 

Nany programs intended to strength- 
en interdiscipliilary research and to foster 
partnerships have foundered because the 
principals never changed their research 
program. just reilalned it to obtain funds. 

Federal structures-both in the ex- 
ecutive and the co~lgressiollal branches, 
the latter stroilgly emphasized by the ap- 
propriations process-strongly militate 
against interdisciplinary programs cutting 
across jurisdictiollal lines. 

Strong interdisciplinary programs 
can only be built  in circuinstallces in 

a champion, no one uilderstands \vho is 
accountable, n;hose budget is at stalte. and 
\yho benefits and who loses. 

In light of these observations and of 
the forces that led to them. we believe 
that a substantial ellhallcelllent of inter- 
disciplinary research requires a nelv pro- 
gram that is 01~11ed by se\.eral disciplines 
within an agency or even by se\-era1 agen- 
cies ( 4 ) .  To succeed, this prograln must 
ha\-e the tacit appro\-a1 of the apposite 
congressioilal committees. Just as criti- 
cally, it needs the support of the adminis- 
tration and faculties of the research uni- 
versities. for these illstitutioils in their 
strong and understandable conllnitlnent to 
disciplillary strength are at the heart of 
the problein we've described. In turn. the 
prograin has to delnonstrate to the re- 
search conlnlullity that its depth. creativi- 
ty, and illtellectual rigor match that of 
d i sc ip l ina ry  p r o g r a m s .  T h e  p r o g r a m  
n-ould offer long-term support-we sug- 
gest 5 years-for interdisciplinary re- 
search fellotvs to \yorl< on a ll~illlber of 
agreed-to broad themes. Soine illustrative 
but certainly not prescriptive exalnples of 
such themes might include (i) fundamen- 
tal investigations to strengthen environ- 
mental sciences: (ii)  integration of social 
and behavioral science research with bio- 
logical research: (iii) the role of the cog- 
nitive sciences in strengthening and malt- 
ing nlore effective future ad\-ances in sci- 
ence and technology; (iv) attacking re- 
source issues; such as fisheries depletion; 
(v)  applying contemporary mathelllatics 
to coinplexity issues in research, espe- 
cially but not solely in biology; and (vi) 
coinbinillg biocentric acti1,ities. such as 
biophysics, biochemistry. biology, bio- 
engineering. biotechnology, biomedicine, 
bioinformatics. and so forth. 

Brief letter proposals for research pro- 
grains  to  address  these broad themes  
~ v o u l d  be solicited from the university 
community.  The  cooperat ing agencies  
n-ould use ad\-isory committees. \vhose 
membership would blend disciplines from 
many fields. with no one discipline domi- 
nating, to select the intellectually strongest 
proposals and would pro\.ide nlajor and 
sustained funding for the worl<. That fund- 
ing should support not only the principals 
but also provide for fello~vships for gradu- 
ate students and support for undergraduate 
students. as well as the requisite equip- 
ment. Some of the f~inds should also go to 

a\,erage o f  S1 .5  lnillioll annually for 5 
years,  wit11 no rene\val. Each program 
should be reviewed after 2 years: if found 
deficient, it should be terminated, with 
limited shutdown funds. An average of 
S 1 .5  lnillioll per year seems reasonable. 
given that the individual programs will 
ha\-e by definitioil at least two principal in- 
vestigators.  The total annual cost  at a 
steady state ~vould then be $75 million. 

We believe that this relatively inodest 
investment would reap substantial returns 
in enriching and enlarging the national 
research enterprise. in directly address- 
ing several ilatiollal goals, and in creat- 
ing substantial and healthy changes in 
the fundalnelltal nature of the research 
enterprise. In today's universities, l<nowl- 
edge is typically extracted from an inte- 
grated \vhole by study units. called de- 
partments. where that l<nowledge is dis- 
integrated and disaggregated in a process 
faillous for its turf battles and jurisdic- 
tional disputes. The interdisciplinary pro- 
grains lye propose are an attempt to rein- 
tegrate this acquisition of knowledge. 
both its discovery and its dissemination. 
If such a reintegratioil of the l<no\vledge 
process can be accomplished~ then the 
prograln will ha\-e made great strides in 
redefining the character of the U.S. re- 
search university and in preparing our 
nation to lnalte scientific and technologi- 
cal contributiolls to so lv i~ lg  ever more 
conlplex societal problems. 
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