
an efficient oxidative metabolism, and at 
the same time keeping glucose require- 
ments low. That explains why the brain 
and its metabolic rate are both scaled 
downward. And finally, since large 
amounts of lactate must be generated by 
this system, it is advantageous to main- 
tain large potentials for lactate oxidation 
by tissues such as the heart and lung, 
which remain on central circulation 
routes during diving. Not only does this 
latter capability minimize lactate accu- 
mulation, but also it uses a substrate that 
would be otherwise wastefully piled up 
and indirectly thus contributes to maxi- 
mizing glucose conservation. 
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In the National Science Foundation 
Act of 1950, the 81st Congress and the 
33rd President of the United States as- 
signed to the Foundation the following 
purposes (Public Law 81-507 as amend- 
ed): 
To promote the progress of science; to ad- 
vance the national health, prosperity, and 
welfare; to secure the national defense; and 
for other purposes. 

The National Science Foundation's 
(NSF) budget request for fiscal year 1982 
and the associated proposed rescissions 
for fiscal year 1981 present the National 
Science Board with both an immediate 
task and a longer term opportunity. The 
Board recognizes the emergency nature 
of the economic situation and the vigor- 
ous remedies the President seeks in the 
way of federal expenditure reductions in 
nonmilitary areas. The emergency pre- 
cluded the normal process of discussion 
of program priorities in which the Board 
could participate meaningfully. 

It is the National Science Board's stat- 
utory responsibility to assist the Presi- 
dent by establishing policies and prior- 
ities, and by guiding the activities of the 
NSF to ensure that with the available 
resources the NSF fulfills the functions 
defined by the Congress and the goals 
established by the President in the most 
efficient and effective manner possible. 

Managing the Short-Term Problems 

In the short term the NSF must focus 
the available resources on the task of 
contributing as much as possible to the 
strength of American science and tech- 
nology; the quality and sufficiency of 
scientists and engineers educated for ca- 
reers in research, development, and en- 
gineering; and maintenance of the U.S. 
position as a leader in international sci- 
entific and technological endeavors. 

In accord with this near-term goal, the 

514 0036-8075i81iO501-0514$00.5010 Copyright O 1981 AAAS 

tion. T. Kobavashi et a / . .  Eds. (Universitv Park 
2 - ~~ 

Press, ~a l t imore ,  19781, p. 175.' 
15. R. R. Wolfe, P. W. Hochachka, R. L. Trelstad, 

J. F. Burke, Am. J. Physiol. 236, E276 (1979). 
16. H. W.  Wallace, T. P. Stein, E. M. Liquorl, J. 

Thorac. Cardiovasc. Surg. 68, 810 (1974). 
17. W. C. Hulbert and P. W. Hochachka, unvub- 

lished data. 
18. P. W. Hochachka. Living Without Oxygen (Har- 

vard Univ. Press, Cambridge, Mass., 19801, p. 
15 

19. R.  Brill, personal communication. 
20. A. B. McIntyre and W. R. Driedzic, Con. J.  

Zool. 59. 325 11981). 
21. P. W. Hochachka and B. Murphy, Int. Rev, 

Physiol. Environ. Physiol. 3, 20 and 253 (1979). 
22. G. L. Kooyman et al., J ,  Comp. Physiol. 138, 

115 (19xn) - - - \ . . - - , . 
23. A. C. Burton, Physiology and Biophysics of the 

Circulation (Year Book, Chicago, 1965). 
24. D. R. Jones, personal communication. 
25. G. L. Kooyman, Rapp. P-V. Reun. Cons. Int. 

Explor. Mer 169,441 (1975); B. Strauss, J. Appl. 
Physiol. 19, 503 (1964). 

26. B. Strauss, J. Appl. Physiol. 19, 503 (1964). 
27. This article is dedicated to the memory of P. F. 

Scholander. The work was done during the 1976 
and 1977 austral spring and summer seasons at 
McMurdo Station, Antarctica. Supported by 
the NSF Division of Polar Programs, grant 
19054 (to W.  M. Zapol) and by NSERC (Cana- 
da) to P.W.H. The work would not have been 
possible without the able assistance of numer- 
ous colleagues and friends in Antarctica. Espe- 
cial thanks are due W.  M. Zapol. The studies 
were performed in accordance with Permit No. 
111 granted by the National Marine Fisheries 
Service, U.S. Department of Commerce, 
NOAA. 

budget for fischl year 1981 puts high 
priority on science and engineering re- 
search performed in academic environ- 
ments to optimize both educational and 
knowledge benefits from a single invest- 
ment. The Board fully supports this 
short-term priority, which reflects the 
federal government's awareness that the 
nation's basic scientific and engineering 
capabilities, and the academic institu- 
tions that sustain them, cannot maintain 
primacy for the United States without 
strong federal commitments. 

The National Science Board is, how- 
ever, faced with two problems of serious 
concern for the immediate future of 
American science and engineering. First, 
unless additional resources can be 
found-in the NSF budget or from other 
sources-the alarming obsolescence of 
research equipment in our university lab- 
oratories will accelerate. The nation's 
principal academic research laboratories 
need new instrumentation and a method 
of sustaining refurbishment over a num- 
ber of years. University research equip- 
ment produces the most demanding tech- 
nical and innovative requirements. Thus, 
keeping university equipment at the cut- 
ting edge sparks both innovation and 
productivity improvements in American 
industry broadly. Obviously, the re- 
search equipment problem is with us, 
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and the NSF will have to deal with it in 
fiscal year 1982 by making careful 
choices to meet the most critical instru- 
mentation needs within the support of 
research. 

The NSF has, within its appropriation 
authority, limited capability to repro- 
gram funds to take advantage of emerg- 
ing research opportunities and to make 
some adjustments that deal with specific 
issues. The Board believes, however, 
that the NSF needs some additional flex- 
ibility to support opportunities in the 
behavioral and social sciences, science 
and engineering education, and interna- 
tional science activities, as discussed 
herein and as the Board continues to 
review these programs. Within the over- 
all presidential budget request, the NSF 
will seek the appropriate authority from 
the Congress for these purposes. 

Behavioral, Cognitive, Economic, and 

Social Sciences 

The National Science Board believes 
that the vision of the Congress in man- 
dating NSF to support research in all the 
sciences, specifically including the social 
and behavioral sciences, has been well 
justified. 

1) The NSF has learned how to select 
for support high-quality, fundamentally 
important, and practically useful re- 
search in these fields. 

2) One of the most rapidly advancing 
and promising areas of research progress 
in the United States is in intertwining the 
previously separate worlds of mind and 
body, of neurophysiology and behavior. 
The new discoveries are unveiling ex- 
traordinary possibilities for making life 
better for humankind. 

3) Many areas of basic cognitive sci- 
ence and related fields are important for 
sustaining the rapid growth of our infor- 
mation industries. 

4) The economic policies of this new 
Administration, with its continuing con- 
cerns about productivity and internation- 
al competitiveness of the American 
economy, present both unparalleled op- 
portunities and great need to study the 
workings of our economy from many 
perspectives, conceptual and empirical. 

The Board has under way an examina- 
tion of the research in the social, behav- 
ioral, and related sciences to ensure that 
the NSF's future activities meet its de- 
manding standards of excellence and im- 
portance. Any funding adjustments in 
this area would be targeted at the highest 
priority areas, meeting the same tests for 
excellence and value applied to other 
areas of science and engineering. 

Science and Engineering Education 

As noted above, the NSF is centrally 
engaged with science and engineering 
education at the undergraduate and post- 
graduate levels. America's world leader- 
ship in science owes much to this unique 
but wise policy of focusing federal basic 
research investments on laboratories as- 
sociated with educational institutions. 
The NSF is thus irrevocably engaged in 
sustaining science and engineering edu- 
cation in partnership with state and pri- 
vate institutions. 

Several programs in NSF's Director- 
ate for Science and Engineering Educa- 
tion (SEE) are part of this basic mission. 
For example, while the research direc- 
torates indirectly support graduate train- 
ing with project grants, the graduate fel- 
lowships of the SEE directorate support 
research through a national competition 
to identify and assist the brightest stu- 
dents to participate in graduate research. 
Together these activities complement 
one another toward a common objective, 
made more important by critical short- 
ages in certain fields, such as computer 
sciences and chemical engineering where 
industrial demand is depleting the ranks 

of students and faculty alike, bringing a 
degree of urgency to these programs. 
Another example is the need for equip- 
ment with which our engineering schools 
can offer students for the B.S. in engi- 
neering a modern technical education up 
to the needs of industry. 

The other science education activities 
of NSF address problem areas where, 
admittedly, the federal role is less crisply 
defined, but where the Board can see a 
crisis of serious proportions coming. The 
postsecondary and professional schools 
cannot satisfy the needs of our society 
for highly trained researchers and engi- 
neers if our brightest young people are 
discouraged or unmotivated to pursue 
technical careers. 

At a time when Japanese and Rus- 
sian engineering schools are outpro- 
ducing the United States by two to 
one or more on a per capita basis, United 
States enrollments in graduate engineer- 
ing are declining, scholastic aptitude 
test scores of students aiming for sci- 
ence careers are declining, and the ra- 
tio of U.S.-born to foreign-born grad- 
uate students is declining. Girls and mi- 
norities who are discouraged from study- 
ing mathematics and science in high 

The National Science Board, at its meeting on 19-20 March 1981, adopted a 
statement about the National Science Foundation (NSF) budgets for fiscal 
years 1981, 1982, and beyond. I would like to clarify for the scientific and 
engineering communities the role of the Board as a governmental institution 
and explain the circumstances leading to the adoption of this statement. 

The National Science Board is composed of 24 scientists and engineers and 
the NSF director ex officio. Board members serve on 6-year presidential term 
appointments, thus providing for the Board's independence of judgment as a 
basis for policy-making at NSF. The enabling statute describes the relationship 
of the Board to the director and the NSF as follows: "The Foundation shall 
consist of a National Science Board . . . and a Director." Thus, the Board is an 
integral part of the policy and management structure of the NSF, which is in 
turn an agency of the Executive Branch of the federal government. The 
Board's formal communications with the Congress require coordination with 
the Executive Office of the President and constitute an important part of the 
dialogue between the Executive and Legislative branches of the federal 
government on science and science policy issues. 

At a 5 March hearing before the Subcommittee on Science, Research, and 
Technology of the House Committee on Science and Technology, in response 
to a question from its chairman, Representative Doug Walgren of Pennsylva- 
nia, I pointed out that the National Science Board itself had no opportunity to 
participate in the restructuring of the 1982 budget request to be submitted to 
the Congress on 10 March. Representative Walgren then asked for the views of 
the Board on some of the policy issues implicit in the Administration's fiscal 
year 1982 budget proposal for NSF. These issues were primarily related to 
those areas which underwent large budget reductions in fiscal years 1981 and 
1982: behavioral, cognitive, economic, and social sciences, science and 
engineering education, and certain international activities. The Board's discus- 
sion of its response at its 19-20 March meeting is summarized in the 
accompanying statement. After discussion between officials of NSF and the 
Office of Management and Budget, this statement was transmitted to Repre- 
sentative Walgren and other appropriate committees of the Senate and House. 
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school may find themselves effectively 
barred from technical careers. 

At the present time the supply prob- 
lem is largely confined to engineering, 
but the decline in interest and test per- 
formance of potential science and engi- 
neering students is a cause for serious 
concern. Continued, this could weaken 
the U.S. technical capability and broad- 
en the areas of shortage beyond those 
now demonstrable. The National Sci- 
ence Board shares the deep concern of 
the scientific and engineering communi- 
ties about these trends. The programs of 
the SEE directorate should represent 
experimental efforts to find effective 
ways to reverse them. 

The Board agrees with the Administra- 
tion that much of the burden of educa- 
tion is a local responsibility. At any 
reasonable budgetary level, the NSF's 
efforts would be too small to be fully 
effective in reversing the decline. De- 
spite the NSF's mandate to strengthen 
science education, and strong support in 
the scientific community and the Con- 
gress for these efforts, there is not an 
effective consensus for federal support at 
a sufficient level to have adequate effect. 

The National Science Board hopes 
that the NSF will be given sufficient 
flexibility to sustain the NSF's opportu- 
nity to lead a voluntary effort in collabo- 
ration with states and private institutions 
and the public to focus on the coming 
educational crisis, to evaluate its future 
impact on the nation's technological ca- 
pabilities, and seek to define a credible, 
effective, and appropriate role for NSF 
in the future. While the Board acknowl- 
edges that solutions to science education 
problems at the precollege level must be 
accomplished by private citizens and lo- 
cal institutions, the Board is convinced 
that the NSF has an indispensable cata- 
lytic role it should not abrogate, even if 
the level of investments is severely cur- 
tailed. 

Regarding special programs for wom- 
en and minorities, the Board recom- 
mends that the director, to the extent 
practicable, assign responsibility to re- 
search program officers to seek in- 
creased ways to incorporate the desir- 
able objectives of these programs into 
the administration of their grants. A sin- 
cere effort could mitigate the effect of 
elimination of the resources for these 
special programs. 

International Science and Technology 

The National Science Board will uti- 
lize budgetary flexibility in a third area 
where the importance and impact on our 

international position outweighs the rela- 
tively modest sums involved. Our na- 
tion's scientific and technological prima- 
cy, so heavily challenged by other indus- 
trial nations today, contributes to the 
respect accorded in other nations to our 
defense and industrial strength. The 
NSF is frequently called upon to accept 
responsibility for implementation of 
many of the scientific commitments 
emerging from the President's foreign 
policy initiatives. It does so in cooper- 
ation with and at the request of the 
Department of State, for the NSF and 
the National Academy of Sciences, 
whose international activities the NSF 
frequently supports, are uniquely quali- 
fied to manage these activities. 

Through these international coopera- 
tive activities, American scientists gain 
access to valuable knowledge and unique 
facilities in other countries. Our allies 
would be dismayed and more hostile 
countries would be dealt a political vic- 
tory by default if the NSF were not able 
to fund an adequate level of U.S. partici- 
pation. In addition, the loss of access to 
international facilities would place a 
heavy burden of capital investment on 
the United Stats to duplicate them. 

The criteria used by the Board in pro- 
gram choices include three important 
parts. (i) Does the program accomplish 
the President's foreign policy objec- 
tives? (ii) Does the United States receive 
from its partners value commensurate 
with our investment? (iii) Do the cooper- 
ating countries permit their most able 
scientists to participate? 

Looking to the Future 

From a strategic point of view, the 
National Science Board sees the role of 
the NSF strongly supportive of the Presi- 
dent's two highest priority goals: to de- 
velop a dynamic economy and to ensure 
a secure nation. The Board recognizes 
that, while science has much to contrib- 
ute, both to our culture and to the better- 
ment of the human condition, the NSF is 
not a part of the "safety net" of social 
support, but must be measured against 
three stern tests. Do its activities com- 
prise an essential component of national 
strength? Is it a federal responsibility to 
finance them? Does the NSF do so effi- 
ciently and well? 

The Board recognizes that problem- 
solving applied research with a captura- 
ble rate of return is largely the responsi- 
bility of private industry. The Board 
therefore focuses the NSF's efforts on 
the most promising areas of nonpropri- 
etary science and engineering research- 

areas few, if any, companies could finan- 
cially justify but from which all benefit. 
By recent reorganization the NSF is at- 
tempting to address the crisis in engi- 
neering research and training, so vital to 
industrial productivity and, thus, cost 
competitiveness. 

At the same time, the scientific preem- 
inence of the United States is being 
challenged in Europe and now increas- 
ingly in Japan, which realizes that it must 
match our scientific achievement if it is 
to advance from imitation to innovative 
technology. Keeping the United States 
strong in both areas-science and engi- 
neering-will be a serious stretch and 
will require continued focus on the pri- 
mary policy guide to project selection at 
the NSF: competitive evaluation against 
strict quality criteria. 

The National Science Board is also 
giving strong encouragement to urging 
private industry to expand its own in- 
vestment in research through collabora- 
tion with scientists and engineers in uni- 
versities. 

The Board sees the technical content 
of the nation's economy continuing to 
shift from manufacturing to services and 
notes that two-thirds of the U.S. work- 
force is already engaged in the informa- 
tion sector. This trend indicates that 
elements of the social and economic sci- 
ences will continue to rise in practical 
economic importance, just as "soft- 
ware" in the computer industry exceeds 
"hardware" revenue growth rate and 
return in investment. 

A study by the National Science 
Board of the role of the NSF in science 
and engineering education has been un- 
der way for several months and will form 
the basis for evaluating alternatives in 
the future. The Board will continue its 
support of research level education in 
science and engineering, including fel- 
lowships, and will develop appropriate 
programs for precollege science educa- 
tion suggested by the current study. 

These policies will guide the National 
Science Board's program priorities with- 
in the total resources allocated to the 
NSF. To establish a rational basis for 
that total, it is necessary to evaluate the 
adequacy of the NSF's investment in 
research and scientific and engineering 
education. Such an evaluation would be 
most effectively conducted by the Office 
of Science and Technology Policy in the 
Executive Office of the President. The 
National Science Board stands ready to 
and is looking forward to cooperating 
with that Office and the Office of Man- 
agement and Budget in the conduct of 
such an evaluation in looking toward the 
1983 and 1984 fiscal year plans. 
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