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the oceanic basins and marginal seas. 
More than 50 sites were occupied 
during fiscal year 1973 in the Indian 
Ocean, in antarctic waters, and in the 
southwest Pacific Ocean. 

During the first 6 months of fiscal 
year 1973, a general reconnaissance 
was carried out that established the 
gross limits of horizontal and verti- 
cal crustal movements within and 
around the Indian Ocean. The oldest 
oceanic rocks found in the Indian 
Ocean were determined to be about 
140 million years old (Late 
Jurassic/Early Cretaceous in age). 
The eastern portion of the Indian 
basin was found to have originated in 
more southerly latitudes and to have 
been moving northward since the 
initiation of the Pacific-Antarctic 
Ridge spreading center in the Eocene 
(approximately 50 million years 
ago)* 

GJomar ChaJJenger was placed in 
dry dock in August 1972, and modifi- 
cations were made in preparation for 
operations in antarctic waters. Four 
successful months of drilling and 
coring in high latitudes south of 
Australia and New Zealand resulted 
in many significant findings. For 
example, evidence was found that 
glaciers have covered the Antarctic 
Continent for at least the last 20 
million years. A major advance of the 
glacial-ice front climaxed about 5 
million years ago, after which it re- 
treated abruptly to about its present 
position. Subsequent fluctuations of 
the ice front have been relatively 
minor. 

Near the end of fiscal year 1973, 
GJomar Challenger returned to the 
southwestern Pacific Ocean in order 
to seek answers to specific questions 
that were formulated after studying 
the previous drillingresults from this 
area. Ages of origin were determined 
for several of the marginal basins be- 
tween Australia and the Tonga- 
Kermadec Trench. Minor divergence 
in the direction of movement of the 
Australian plate and the Pacific plate 
from about 100 to 10 million years 
ago appears to have resulted in the 
sequential growth of these marginal 
basins. Subsequent convergence in 

the past 10 million years has pro- 
duced the trenches and volcanically 
active arcs that characterize the area 
today. 

International participation in the 
DSDP continued during fiscal year 
1973. Of the total of 330 scientists 
who have participated on board 
C;Jomar Challenger during the 5 years 
of operations, 107 have been from 22 
foreign countries. Institutions within 
the U.S.S.R. and the Federal Repub- 
lic of Germany have been invited to 
join the Joint Oceanographic Institu- 
tions for Deep Earth Sampling 
(JOIDES) consortium that provides 
advice to Scripps Institution of 
Oceanography regarding the scien- 
tific aspects of the DSDP. Here- 
tofore, JOIDES has been comprised of 
five of the leading oceanographic 
institutions in the United States. 

SOLAR ECLIPSE SUPPORT 

A total eclipse of the Sun, one of 
nature’s most s’pectacular displays, 
occurred on June 30, 1973. The shad- 
ow of totality (the Moon’s shadow] 
began at sunrise near the border of 

Guyana and Brazil, crossed the 
Atlantic Ocean, and entered the 
African Continent at Mauritania. 
The shadow then moved eastward 
over Mali, Algeria, Niger, Chad, the 
Central African Republic, and 
Sudan-across over 2,000 miles of 
desert. It then progressed across the 
semi-desert lands of Uganda, Kenya, 
and Somalia, where it moved out over 
the Indian Ocean andleft the Earth at 
sunset south of the Seychelles Is- 
lands. Generally favorable viewing 
conditions at the sites and pre- 
liminary analysis of data by ob- 
servers of the eclipse indicate that 
valuable scientific data have been 
obtained. 

The Foundation supported 38 
major experiments in Africa aimed at 
learning more about the Sun and the 
effects of the total eclipse on the 
Earth’s environment. Observations 
were made at Loiyengalani in Kenya, 
Chinguetti in Mauritania, and five 
smaller sites in Africa, in which 106 
Foundation-supported scientists and 
technicians from 25 universities, 3 
National Centers, and 1 industrial 

Scientists in Kenya prepare their instruments for the June 30, 1973, solar 
eclipse. 



organization took part. Other 
observations were made from air- 
craft and aboard Texas A&M’s ship, 
Texas Clipper. Logistic support for 
U.S. scientists was provided through 
the National Center for Atmospheric 
Research. 

NSF-supported scientists aboard 
the Los Alamos Scientific Labora- 
tories’ jet aircraft were able to stretch 
totality to 12 minutes (vs. 7 minutes 
on the ground] by flying down the 
path of the eclipsed Sun. The Founda- 
tion also supported several scien- 
tists who were aboard the French 
Concorde which achieved approxi- 
mately 74 minutes of observations as 
it raced the Moon’s shadow at super- 
sonic speed. 

The Foundation coordinated all 
US. efforts related to this eclipse, 
both nationally and internationally. 
Coordination of Federal efforts was 
accomplished through an inter- 
agency coordinating panel of 
representatives of Government 
agencies and scientific unions. 

EXPERIMENTAL R&D 
INCENTIVES PROGRAM* 

During the past year the Founda- 
tion launched a new program, the 
Experimental R&D Incentives Pro- 
gram, to test potential Federal incen- 
tives and the mechanisms to apply 
them, that could lower or eliminate 
barriers to innovation and tech- 
nology transfer in the private and 
public sectors of the civilian 
economy. 

The objectives of the program are 
(1) to obtain information experi- 
mentally on new means by which the 
Government can encourage the 
innovation of new technological 
products, processes, and services 
arising from research and develop- 
ment and shorten the time of tech- 
nology transfer to private markets or 
to public service uses; and (2) 
encourage non-Federal investment in 

* Although the Office of Experimental R&D 
Incentives reports to theoffice of the Director of 
the Foundation, it is included here because of its 
identification as one of the Foundation’s Na- 
tional and Special Research Programs. 
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R&D activities. This program will 
seek to provide studies on the 
innovation process with real tech- 
nologies and apply selected incen- 
tives for innovation through mecha- 
nisms that encourage new coopera- 
tive alignments of a variety of 
institutions to promote innovation. 

A new organization, the Office of 
Experimental R&D Incentives, 
reporting to the Deputy Director, 
NSF, was established. Over 600 pro- 
posals were received and reviewed. 
Sonie 78 grant and contract awards, 
amounting to over $11.5 million, 
were made by this program from fis- 
cal year 1973 funds. The awards were 
divided among planning, support, 
and background studies ($2.24 
million), project experiment design 
and definition awards ($1.25 
million), and exploratory test 
experiments ($8.0 million). In the 
first year of operation, 57 percent of 
the award obligations were made to 
private sector areas ($6.5 million] 
and 43 percent ($5.0 million) to 
public sector areas of interest. 

Program activities for the year in 
the two sector offices and in the staff 
office for experiment design, pro- 
gram evaluation, and control are 
summarized in the following sec- 
tions. 

Private Sector 

Approximately 500 unsolicited 
proposals were received in this area 
during the year from universities, 
industry, and nonprofit research 
institutes. Several background study 
contracts and three major experi- 
mental efforts were awarded. 

l Federal Laboratory Validation 
Experiment-The incentive is the use 
of either Federal or other qualified 
private laboratories to perform 
validation testing of technological 
innovations of public interest. 

Two awards were made to test 
innovations in water purification 
and waste water treatment systems. 

l University/Industry Coopera- 
tive R&D Programs-Drawing on the 
previous extensive experience of 

both the Department of Defense uni- 
versity/industry coupling programs 
and the Pennsylvania Science and 
Engineering Foundation, an experi- 
ment was designed to test the incen- 
tive of Federal cost-sharing in a Uni- 
versity/Industry Cooperative R&D 
Program. Federal cost-sharing of 
such cooperative projects will last up 
to a maximum of 5 years, after an 
experiment definition phase during 
which firm financial commitments 
are obtained from industry for 
mutually agreeable research pro- 
grams. One award for a s-year 
experiment was made to North Caro- 
lina State University for a coopera- 
tive R&D program with the furniture 
industry. 

l Innovation Centers at Uni- 
versities -A study of ten major tech- 
nological innovations, entitled 
Science, Technology, and Innova- 
tion, by Battelle Institute, funded by 
NSF, recommended that perhaps the 
best way to bring about tech- 
nological innovation is to find-if one 
can-a technical entrepreneur. This 
finding reinforced earlier recom- 
mendations: the education of tech- 
nical entrepreneurs in the report of 
the 1965 Woods Hole Conference and 
the 1967 Department of Commerce 
report on Technological lnnova tion, 
Its Environment and Management. 
Based on such findings and recom- 
mendations, three experimental 
innovation centers were organized 
and funded. These are combined 
Engineering-Business School efforts 
at three universities to test the 
effectiveness of a laboratory-based, 
project oriented, clinical type educa- 
tional experience in encouraging 
careers in technological entre- 
preneurship, and thereby stimulat- 
ing technological innovation. Three 
experiments have been initiated with 
the University of Oregon, Carnegie- 
Mellon University, and MIT for a 5- 
year duration. 

Public Sector 
The mission of the Public Sector 

Office of the R8tD Incentives Pro- 
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gram is essentially to conduct experi- 
ments to identify the dimensions of 
the Federal partnership role in assist- 
ing State and local governments in 
converting research and develop- 
ment to productive use and in stim- 
ulating greater non-Federal invest- 
ment in research and development to 
meet State and local government 
needs. 

In line with the concepts of new 
federalism, the Public Sector Pro- 
gram is oriented towards the needs of 
the State and local users of research 
and development. Experiments, 
therefore, must provide answers that 
are relevant to State and local operat- 
ing officials- “tee hnology-pull” 
rather than the “technology-push” 
approach is being emphasized. By 
coupling State and local govern- 
ments with universities, industry, 
Federal labs, and other R&D centers 
in the experiments, it is hoped that 
close working relations between the 
supplier of research and develop- 
ment and the users will bring about 
greater understanding of the State 
and local world on the one hand, and 
awareness of new technological 
opportunities on the other. 

The experiments will provide 
information to Federal R&D plan- 
ners to help determine the kinds of 
Federal support which can be useful 
to State and local decisionmakers in 
utilizing and stimulating research 
and development, where and how 
such support should be applied to 
produce optimal results, and how 
various elements of the R&D com- 
munity can be most productive in the 
process. 

During its first year, the staff 
established its objectives, developed 
ten studies as background for poten- 
tial future experiments, and selected 
one major experiment. This major 
experiment, authorized by contract 
at the close of the year, will test 
whether local governments can im- 
prove their capability to define their 
problems and convert research and 
development effectively to their 
needs by participating in an experi- 
mental national system. The system 
emphasizes management by a user- 

controlled, nonprofit R&D corpora- 
tion. The user-controlled, nonprofit 
will be responsible for organizing a 
group of universities, industries, 
Federal laboratories, and other R&D 
organizations to assist 27 cities and 
counties of various sizes, descrip- 
tions, and abilities through specially 
assigned technology agents who will 
be responsible to local chief execu- 
tives. 

The experiment is scheduled to run 
for 51 months and is budgeted at $4.2 
million. It will test the effectiveness 
of both the system and its com- 
ponent parts (the agent, the user-con- 
trolled nonprofit, the various R&D 
institutions individually and as part 
of a team), help determine the points 
in the innovation process where local 
governments require support from 
outside sources, and evaluate the 
relative effects of distance on 
delivery of technology to the user. 

Experimental Design 
and Evaluation 

The Experimental Design and 
Evaluation (EDE) Staff is charged 
with three primary responsibilities: 

1. Document the “state-of-the- 
art” understandingpf the tech- 
nological innovation process and 
establish a range of possible options 
which might be worthy of experi- 
mental consideration by the pro- 
gram. 

2. Develop, upon the direction of 
the program offices within RDI; an 
experimental approach or con- 
‘ceptual design to test possible new 
Federal policies or options. 

3. Evaluate the results of the 
experiments which are executed by 
the program offices within RDI dur- 
ing the lifetime of the program. 

During the first year of the pro- 
gram major attention has been given 
to the first two responsibilities. 
Twenty-three contraqts have been 
awarded to contractors to document 
and focus on the range of possible 
Federal actions which impact the 
innovation process and have poten- 

tial for experimental investigation. 
Fifteen of these contracts have been 
completed within the past year and 
have provided the program impor- 
tant insights into the range of pos- 
sible experiments for imple- 
mentation in the coming year. 

The EDE staff has supported the 
program offices in devising the con- 
ceptual designs of each of the first 
four experiments which were ini- 
tiated in the first year. In the coming 
year EDE efforts will continue to 
focus on the study and design areas; 
however, as data become available 
from the first four experiments, 
attention will be directed to the 
analysis and interpretation of the 
data from these experiments. 

NATIONAL R&D 
ASSESSMENT PROGRAM* 

The National R&D Assessment 
Program is designed to achieve a 
fuller understanding of: 

l Relationships between Govern- 
ment policy options and R&D/tech- 
nological innovation 

l Processes of technological 
innovation 

0 Socioeconomic effects of 
R&D/technological innovation (e.g., 
externalities, productivity, employ- 
ment, income, foreign trade, and 
individual well-being) 

l Existing data and information 
relating to R&D/technological 
innovation, and gaps in .the data and 
information 

The program is guided by the needs 
of Government policymakers for 
information and analysis which will 
help in the decisionmaking process 
affecting research and development 
and technological innovation. 
Studies of Government policy op- 
tions, combined with a fuller under- 

* Although the National R&D Assessment 
Program reports to the Office of the Director of 
the Foundation, it is included here because of its 
identification as one of the Foundation’s Na- 
tional and Special Research Programs. 



standing of the processes of tech- 
nological innovation and of the net 
benefits to society from such innova- 
tion, attempt to provide a frame- 
work of knowledge within which 
decisionmakers may consider 
various policy options and their 
likely consequences. 

Work under this program can be 
roughly categorized in three broad 
areas. The first area will examine 
past, present, and alternate future 
policies and practices of govern- 
ments and assess the relationships 
between policy options and the proc- 
esses of technological innovation. 
Emphasis will be placed on govern- 
ment policies manifested through 
expenditures, the tax system, and the 
legal framework. In addition, the ex- 
perience of other industrialized na- 
tions in the area of science and tech- 
nology policy will be studied to 
determine implications for U.S. 
policy options. The first studies in 
this area are to concentrate on a 
determination and evaluation of the 
state of knowledge. These studies 
will be followed in subsequent years 
by more in-depth studies to over- 
come uncertainties and fill gaps in 
information. In fiscal year 1973, 
work was undertaken on the follow- 
ing specific subjects. 

l A state-of-knowledge review of 
the effect of patent and antitrust 
laws, regulations, and practices on 
innovation 

l Effect of patent-antitrust inter- 
action upon innovation 
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*A cross-national literature 
survey and analysis on economic 

l A survey of relations between 
market structure and innovation 

regulation and technological innova- 
tion l Technological change, product 

proliferation, and consumer deci- 
l Government policies and tech- 

nological innovation 
sion processes 

l Benefits and costs to individuals 
l Reviews of work on an eval- 

uation of foreign experiences in na- 
of increased variety of consumer 

tional support for science and tech- 
goods 

nology 
l Literature survey and assess- 

ment of adjustment mechanisms and 
The second area in this program is forecasting techniques on tech- 

to study the socioeconomic conse- nological change and manpower 
quences of technological innovation 
with the aim of establishing meth- 

opportunities and displacement 

odologies and estimates to measure 
and analyze the effects of tech- 
nological changes on socioeconomic 
activities. Specific studies started in 
fiscal year 1973 are: 

The third area explores innova- 
tion for a better understanding of the 
processes and decisions involved and 
the screens and incentives that 
operate. An understanding of how 
the innovation process works is 
necessary to ascertain the points for 

l Studies of social and private re- Federal participation if policy- 
turns from technological innovation makers feel that such participation is 

l A study to analyze the factors 
warranted. Included in this area are 

leading to technology transfer 
the processes of innovation that may 

through licensing and foreign invest- 
pertain specifically to the public 

ment and their impact on the firm 
sector. In fiscal year 1973, work on 
the following specific subjects was 

l The impact of multinational ‘started: 
firms on technology and trade flows 

l Dynamics of international trans- 0 Diffusion of technology in State 

fer of technology mission-oriented agencies 

l A state-of-knowledge study on : l State of knowledge of under- 

factors affecting economic payoffs standing of the innovation process 

from technological innovation l Case studies and modeling of the 

l Effects of innovation on demand innovation process 
for and earnings of productive 
factors 

l Field studies of technological 
innovation processes 

. 

NATIONAL RESEARCH CENTERS 

In order to meet national needs for center makes available to qualified maintain scientific staffs which 
advanced research in astronomy and 
atmospheric sciences, the Founda- 

U.S. scientists specialized conduct research programs, provide 
instrumentation facilities and opera- scientific expertise in support of the 

tion provides support for the tional support which are beyond the research programs of visiting scien- 
development and operation of five capabilities of single educational or tists, and develop advanced 
National Research Centers. Each research institutions. The centers instrumentation, 
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Table 4 
National Research Centers 

Fiscal Years 1971, 1972. and 1973 

Fwal wilr 1971 Ftscal war 1972 Fwal year 1973 

Nattonal Astronomy and Ionosphere Center 
KM Peak Nahonal Observatory 
Cerro Tololo Inter.Amerlcan Observatory 
Nabonal &IO Astronomy Observatory 
National Center lor Atmospheric Research 

Total 

Capital 
obhaabons 

Research 
operabons 

and support 
services Total 

Capital 
oblqatlons 

Research 
operations 

and support 
services Total 

Capital 
obllgabons 

Research 
operations 

and support 
services Total 

127,000 7,072,600 7,19! 
313,000 1.967.000 

-o- 6.837.400 6,837 
270,990 14,224.664 14,495,604 1,ooo.ooo 17.177.416 18.177.41t 

$4.465,990 $32.445.214 

$3,755.000 $2,343,600 S6,"';N; $I.;;;,;;; W;;S;'f $4.687,500 $399,000 $3.250.000 

2,280:OOO 38S:OOO 2:115:000 2,500,000 7,699,881 216,000 70,000 

.$m; ml; 

2:484:000 
7,850.OOO 
2,700.OOO 

',400 80,000 6,589.900 6,669 900 3,ooo.ooo 6,950,OOO 9.950.000 
; -o- 16,000,OOO 16,000,OOO ___- 

$36.911,204 $3,821.000 $35.913.697 $39,734,697 $3,685.000 fX065.000 $39,750,000 

NATIONAL ASTRONOMY 
AND IONOSPHERE CENTER 

The National Astronomy and 
Ionosphere Center (NAIC) is 
operated by Cornell University 
under contract with the National 
Science Foundation. The center’s 
principal observing instrument, a 
1,000-foot-diameter, fixed spherical 
reflector, is located about 12 miles 
south of the city of Arecibo, Puerto 
Rico. Due to its capability of 
functioning actively as a radar tele- 
scope or passively as a radio tele- 
scope, the Arecibo instrument offers 
the scientific community unique re- 
search opportunities in astronomy 
and ionospheric physics. 

A general upgrading of the 19.8- 
acre reflector surface to enable 
operations at higher frequencies is in 
progress. The present l/2-inch wire 
mesh surface is being replaced with a 
precision surface of 36,778 adjust- 
able aluminum panels. Installation of 
the panels is scheduled for comple- 
tion in January 1974, and the final 
adjusting, or“tuning,“of the new sur- 
face during the following months. 

With support from the National 
Aeronautics and Space Administra- 
tion, the observatory will be pro- 
vided with an S-band radar 
[operating on a frequency of 2.4 GHz 
(gigahertz- billion cycles per 
second)] that will enhance planetary 
radar research capabilities when 
used jointly with the upgraded re- 
flector. The S-band program pro- 

vides. for fabrication of a 450 kilo- 
watts radar transmitter and certain 
stabilizing modifications of the sus- 
pended support platform to provide a 
high degree of beam-pointing 
accuracy. Completion of the S-band 
transmitter installation is scheduled 
for the first half of fiscal year 1975. 

NAIC’s Zeman Road Feed Labora- 
tory fabricated a new 611 MHz 
(megahertz-million cycles per 
second) multibeam feed array for the 
Arecibo telescope. This array can 
place 10 independent antenna beams 
on the sky simultaneously and 
allow: great expanses of the sky 

overhead to be observed quickly. 
After processing through NAIC’s 
CDC 3300 computer, data from the 
multibeam system are used to pro- 
duce very reliable maps of radio 
sources. 

During the fiscal year, 27 visitors 
from 19 institutions utilized the 
observatory’s research facilities. It is 
expected that the number of visiting 
scientists will increase when the 
major telescope upgrading pro- 
grams are completed. The number of 
visitors from the general public has 
increased to 20,000 per year. 

The resurfacing of NAIC’s l,OOO-foot radio telescope, shown with about 
one-third of the new reflector panels in place, will permit operation at 
higher frequencies. (Photo by NAIC) 
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KITT PEAK 
NATIONAL OBSERVATORY 

The Kitt Peak National Obser- 
vatory (KPNO) is operated under a 
National Science Foundation 
contract with the Association of 
Universities for Research in As- 
tronomy. The mission of the obser- 
vatory is to provide advanced re- 
search facilities for the Nation’s 
astronomers. 

On June 20, 1973, the world’s 
second-largest optical telescope, the 

158-inch Nicholas U. Maya11 
reflector, was dedicated. This major 
instrument represents the results of 
15 years of planning, design, and 
construction. The 15-ton fused 
quartz mirror, literally floating on air 
by resting directly on 36 supporting 
air pads, does not sag by more than 
one or two-millionths of an inch. 

The 158-inch telescope joins six 
other stellar telescopes having 
apertures of 85, 50, (2) 36, and (2) 16 
inches, the go-inch McMath Solar 
telescope, and the newly con- 

structed Solar Vacuum Telescope 
and Magnetograph. The latter instru- 
ment was designed to provide de- 
tailed, high-resolution magnetic 
maps of the solar disk. It will be used 
to provide ground-based data in sup- 
port of the Skylab solar experi- 
ments. 

During fiscal year 1973, the facil- 
ities at Kitt Peak were used by 236 
astronomers, representing 64 US. 
and 14 foreign institutions. The ob- 
serving time at KPNO is scheduled 
on a 60:40 ratio of visitor/staff time. 
During the past year, 66 percent of 
the actual observing hours were used 
by visitors on the 84-inch and 50-inch 
telescopes. Public visitors to Kitt 
Peak during the year numbered more 
than 57,000. An all-time record for 
monthly attendance was set in April 

KPNO’s 4-meter Maya11 reflector, the world’s second-largest optical tele- 
scope, was dedicated in June 1973. Among its unique features is the fast 
focal ratio of f/2.7 at the primary focus and a field of good definition nearly 
a degree in diameter. 
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The central data acquisition and 
processing system was expanded to 
include the 60-inch, the 36-inch, and 
one 16-inch telescope.Auxiliary data 
are collected by interferometers, 
photometers, image tubes, and a 
spectral scanner. 

During fiscal year 1973, 84 visi- 
tors, representing 43 U.S. and 8 
foreign institutions, carried out 
observational programs at CTIO. 

NATIONAL RADIO 
ASTRONOMY OBSERVATORY 

The National Radio Astronomy 
Observatory (NRAO) is operated 
and managed by Associated Univer- 
sities, Inc., under contract to the 
Foundation. Headquarters activities 
are centered in Charlottesville, Va., 
and the principal observing site is at 
Green Bank, W. Va. There is also an 
observing facility at Kitt Peak Na- 
tional Observatory in Arizona, and a 
site for the Very Large Array (VLA) 
radio telescope facility has been se- 

lected near Socorro, N. Mex. 
Three major radio telescope 

systems are in operation at Green 
Bank: a 300-foot-diameter meridian 
transit telescope, a 140-foot- 
diameter fully steerable telescope, 
and an interferometer. The Kitt Peak 
instrument is a 36-foot-diameter tele- 
scope having the pointing accuracy 
and precision surface required for 
operation at millimeter wave- 
lengths. 

The portable &Z-foot-diameter an- 
tenna used for remote operations 
with the three 85-foot antennas of the 
Green Bank interferometer has been 
replaced with a new 45-foot tele- 
scope. This remote-controlled and 
fully steerable telescope provides for 
long baseline operation of the inter- 
ferometer at its shortest wave- 
length. 

A new drive and control system 
has been installed on the 140-foot 
telescope to improve the rate at 
which observations can be made on 
that telescope. Six new special- 

purpose receivers were placed in 
operation during the year, including 
two 250 GHz receivers at the 36-foot 
telescope. A remote terminal was 
installed at Green Bank to enable ob- 
servers to run their programs on the 
main Charlottesville IBM 360150 
computer. 

NRA0 is proceeding with the final 
design and engineering of the VLA, to 
be located on the Plains of San 
Augustin, 50 miles west of Socorro, 
N. Mex. VLA will consist of 27 an- 
tennas, each having a diameter of 82 
feet and weighing 160 tons, that are 
movable along railroad tracks 
arranged in the shape of an equi- 
angular “Y.“As the fiscal year ended, 
the specifications and design studies 
for the antenna elements had been 
completed and proposals for build- 
ing the antennas were being 
evaluated. The acquisition of the 
New Mexico site was nearing 
completion. An engineer-architect 
firm was at work on the designs re- 
quired for site development, building 
construction, and track-laying. 

PANORAMIC VIEW OF VERY LARGE ARRAY SITE-NEW MEXICO 

Final design and engineering was begun in 1973 for the Very Large Array radio telescope-27 individual 
82-foot-diameter antennas movable along railroad tracks in the shape of a Y-to be built near Socorro, 
N. Mex. 



NATIONAL CENTER FOR 
ATMOSPHERIC RESEARCH 

The National Center for Atmos- 
pheric Research (NCAR) plays a 
unique role in the Nation’s atmos- 
pheric science effort by conducting, 
in cooperation with university scien- 
tists, large interdisciplinary re- 
search projects and by providing the 
facilities and instrumentation re- 
quired to carry out such projects. 
NCAR is operated under NSF 
sponsorship by the University 
Corporation for Atmospheric Re- 
search, a nonprofit consortium of 37 
United States and 2 Canadian 
universities. 

During fiscal year 1973, NCAR re- 
search activities involved approxi- 
mately 160 visiting scientists and 
graduate students. Facility support 
was provided to approximately 390 
scientists from 170 institutions. 
Among the major activities are por- 
tions of the Global Atmospheric Re- 
search Program (GARP), the Na- 
tional Hail Research Experiment 
(NHRE), and investigations of the 
structure of the solar corona. 

CARP is an international effort to 
determine the feasibility of forecast- 
ing weather for periods as long as 2 
weeks. NCAR’s participation in 
GARP is centered around the 
development of global, three-dimen- 
sional numerical models of the 
atmosphere. This work has reached a 
stage which permits the use of 
NCAR’s models in experiments on 
weather prediction and climate prob- 
lems, in which about 10 university 
groups are currently involved. 

In addition, NCAR will participate 
in the GARP Atlantic Tropical 
Experiment (GATE], scheduled for 
fiscal year 1974, and in other GARP 
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field programs, using a long-range, 
aircraft capable of conducting com- 
plex experiments over the ocean. In 
fiscal year 1973, NCAR leased a 
Lockheed Electra which is now being 
modified and instrumented for this 
purpose. NCAR has also developed a 
wind-finding dropsonde capable of 
measuring atmospheric parameters 
critical to GATE, such as horizontal 
winds, pressure, temperature, and 
humidity. 

The National Hail Research 
Experiment is a li-year field research 
program with two goals: to gain an 
improved understanding of the dyna- 
mics and microphysics of hail- 
storms and to investigate cloud seed- 
ing as a tool to reduce hail damage. A 
major achievement was the develop- 
ment of an instrument to measure the 
liquid water distribution within a 
hailstorm cloud. An armored T-28 
aircraft from the South Dakota 
School of Mines and Technology 
made more than 60 penetrations of 

clouds with the instrument, and ob- 
tained data indicating a fairly close 
correlation between strong updrafts 
and large accumulations of liquid 
water. In addition to the South 
Dakota group, key university partici- 
pants in NHRE include the Univer- 
sity of Chicago, the University of 
Oklahoma, the Illinois State Water 
Survey, the Desert Research Insti- 
tute, the University of Wyoming, and 
Colorado State University. 

In fiscal year 1973, the White Light 
Coronagraph (WLC), funded by 
NASA and designed by NCAR scien- 
tists, was installed on the Apollo 
Telescope Mount on board the 
Skylab. Synoptic observations of the 
solar corona from space will provide 
unprecedented time-consistent 
photographs and observations of 
coronal brightness and polarization. 
The WLC willalso observe transient 
coronal events associated with 
coronal radio bursts and solar 
activity. 

APOLLO TELESCOPE MOUNT (ATM) 

CHARACTERISTICS 
'WEIGHT 

24,650 LBS. 
11,092 KILOGRAMS 

l WIDTH (MAX] 

11 FT. 
3.3 METERS 

'HEIGHT [TOTAL] 
14 FT. 7 IN. 
4.2 METERS 
175 MILLIMETERS 

'SOLAR ARRAY-SPAN 
98 FT. 
29.4 METERS 

NCAR scientists designed a white light coronograph which was installed 
on Skylab’s Apollo Telescope Mount. 



60 NATIONAL AND INTERNATIONAL PROGRAMS 

SCIENCE INFORMATION 
ACTIVITIES 

In the past, Office of Science Infor- 
mation Service (OSIS) activities 
focused on improving access to the 
literature of various scientific disci- 
plines. Beginning in fiscal year 1973, 
planning was initiated to expand in- 
formation services to users in techno- 
logical fields and to study the eco- 
nomics of information transfer. Sup- 
port for improvements in informa- 
tion systems, a previous emphasis, 
continues, but with priority given to 
retrieval of quantitative data and 
development of compatibility and 
interconnections among Federal and 
private bibliographic retrieval 
systems. An expanded research 
program remains the basis of all 
OSIS activities. Added emphasis is 
being given to coordination of 
national and international informa- 
tion systems. Resources are being 
focused on these new priorities as 
offering the greatest potential for 
immediate improvements in the 
Nation’s scientific communication 
capabilities. 

Information Systems 

The Information Systems Program 
concentrated on improving existing 
information retrieval systems, These 
systems provide ready access to the 
significant worldwide literature in 
the major fields of science and tech- 
nology. Examples include the 
Chemical Abstracts Service (CAS), 
the Engineering Index, Biosciences 
Information Services (BIOSIS), the 
Geological Reference File, and the 
Current Physics Information 
System. All received Foundation 
support in fiscal year 1973 to accel- 
erate completion of system improve- 
ments. A project initiated at BIOSIS 
to make the Biological Abstracts 
production system compatible with 
the Chemical Abstracts system is 
expected to lead to long-term cost 
savings to both organizations and to 
users. 

Four user-oriented systems, 
located at the University of Georgia, 
Lehigh and Stanford Universities, 
and the Illinois Institute of Tech- 
nology, became fully operational and 
self-supporting. The New England 
Board of Higher Education also 
received a grant to develop a North- 
east Academic Science Information 
Center. 

Data Systems 

The Data Systems Program 
focused on facilitating access to the 
quantitative data derived from 
scientific research that are not now 
easily identified through literature- 
based systems. Emphasis is on 
retrieval of data with high potential 
for utilization in areas peripheral to 
the original, specific field in which 
the research was carried out. 

To improve the accessibility of 
data reported in the scientific litera- 
ture, projects were initiated to assure 
identification of data contents in the 
abstracts of individual papers 
published in journals. The data con- 
tent portion will be made machine- 
readable and incorporpd into the 
major abstracting and indexing 
systems. The program also 
supported a nationwide project for 
critical evaluation and compilation 
of nuclear data, and began develop- 
ment of a national data resources 
inventory. 

Publications 

The new thrust of the Publications 
Program is to seek innovations in the 
forms of publication and methods of 
distribution that will reduce costs 
and increase the value of pub- 
lications to users. One apprpach is 
based on the design of alternaiive 
forms of an Editorial Processing 
Center through which small 
publishers can join forces to intro- 
duce cost-saving computer tech- 
nology into their operations. Another 

project seeks to determine the 
characteristics of user demand for 
selectively distributed literature. 
Support was also provided for a 
number of publication projects and 
for the preparation of critical 
reviews and data compilations. 

Research 

During fiscal year 1973, several 
major efforts were begun including 
projects on resource sharing tech- 
nology, means for retrieving specific 
information rather than citations 
only, user needs and information 
flow patterns, and a theoretical 
framework for information transfer. 

In the area of user studies, a proj- 
ect was initiated at MIT to measure 
the impact of on-line interactive 
information services from the 
LEADER-MART system at Lehigh 
University on the informal communi- 
cation networks which exist among 
scientists and engineers at the 
Environmental Protection Agency. 
Another project, at the Georgia 
Institute of Technology, seeks to link 
information systems technology 
with a system based on educational 
technology in order to meet the 
requirements of student users. 

In the area of networking, a project 
at MIT will attempt to simplify user 
access to multiple interactive 
information systems by way of a 
higher-order common-use language 
as an alternative to standardizing the 
many existing systems. In another 
project, at Stanford University, an 
intensive comparative analysis is 
being conducted of 10 interactive 
search and retrieval systems in order 
to provide a basis for future inter- 
face development and/or standard- 
ization. 

Finally, a study in the area of qual- 
ity control of the literature was 
initiated at Johns Hopkins Univer- 
sity. This project will attempt to 
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establish indicators of quality that requirements in this area are coordi- 
might be used to reduce the amount of nated and administered by NSF. The 
trivia entering the scientific and translations are made available to 
technical literature. the general public through the 

National Technical Information 

Foreign Science Information 

The basic objective of this program 
is to facilitate communications be- 
tween U.S. and foreign scientists. 
Utilizing U.S.-owned special foreign 
currencies in nine countries, approxi- 
mately 35,000 pages of foreign books, 
journal articles, patents, and ab- 
stracts were translated and printed 
in fiscal year 1973 on behalf of the 
Foundation and 13 other Federal 
departments and agencies whose 

Service. 
Support was provided for U.S. 

representation and participation in 
the information activities of several 
major governmental and nongovern- 
mental international organizations, 
including the United Nations Educa- 
tional, Scientific, and Cultural 
Organization (UNESCO), the 
Organization for Economic Coopera- 
tion and Development (OECD), the 
International Council of Scientific 
Unions’ Committees on Data for 

Science and Technology (ICSU/ 
CODATA) and Abstracting Board 
(ICSUIAB), and the International 
Federation for Documentatiok (FID). 
The Foundation served as the focal 
point for expression of U.S. interests 
in UNESCO’s UNISIST program, a 
worldwide voluntary effort to co- 
ordinate the interconnection of 
information systems and services 

Under the U.S.-U. S. S . R. Agree- 
ment on Cooperation in Science and 
Technology, a Symposium on Scien- 
tific and Technical Information was 
held in Moscow in June 1973 to 
explore bilateral cooperative efforts 
of mutual benefit. 

INTERNATIONAL COOPERATIVE SCIENTIFIC ACTIVITIES 

The Foundation served as Execu- 
tive Agency for 12 bilateral agree- 
ments, an increase of 3 over fiscal 
year 1972. It provided funds for the 
US. share of costs involved in 57 
cooperative research projects, 30 
joint seminars, and 8 exchanges of 
scientists conducted under these 
bilateral agreements. The following 
table summarizes the activities by 
country. In addition the Foundation 
continued to work with the Bulgar- 
ian and Czechoslovak Academies of 
Sciences to develop cooperative 
science programs with these 
organizations. 

The National Academy of Sciences 
(NAS) received Foundation support 
for the exchange of scientific delega- 
tions with the People’s Republic of 
China (PRC). The PRC sent five 
delegations to the United States and 
five U.S. delegations visited the PRC. 

The exchange of scientists pro- 
gram, conducted by the NAS with the 
Academies of Sciences of the 
U.S.S.R., Bulgaria, Czechoslovakia, 
Hungary, Poland, Romania, 
and Yugoslavia, continued with NSF 
support. During the year 125 U.S. 
scientists visited the U.S.S.R. and 
six East European countries, and 109 

foreign scientists came to the United 
States under this program, The coun- 
tries, numbers of scientists, and man- 
months of visits are shown in theEx- 
change Program Table. In November 
1972, the NAS and the Academy of 
Sciences of the U.S.S.R. agreed to 
consider a 50-percent increase in the 
level of exchanges, from 108 to 162 
man-months each way annually, for 
the academic years 1974 and 1975. 
The agreed levels of exchanges (man- 
months) annually in each direction 
for the six East European countries 
are as follows: Bulgaria, 20; Czecho- 
slovakia, 60; Hungary, 40; Poland, 50 
(to be increased to 60 in the forth- 
coming year]; Romania, 40; and 
Yugoslavia, 40. 

The Foundation assumed a major 
role in the development of coopera- 
tive programs between U.S. scien- 
tists and their U.S.S.R. counter- 
parts. The Director of NSF was 
appointed US. Co-Chairman of the 
Joint Commission for the U.S.- 
U . S . S. R . Agreement on Coopera- 
tion in the Fields of Science and Tech- 
nology. The first meeting of the Joint 
Commission, held in Washington 
from March 19-21, 1973, approved 
for implementation 25 projects in six 

scientific areas: agriculture, 
chemical catalysis, application of 
computers to management, energy, 
microbiology, and water resources. 

The Joint Commission also 
approved the establishment of a 
cooperative program in science 
policy, Soviet participation in the 
Deep Sea Drilling Project, and a joint 
Symposium on Scientific and Tech- 
nical Information. Six additional 
areas for future cooperation were 
identified: forestry research and 
technology, standards and standard- 
ization, oceanography, transporta- 
tion, special topics in physics, and 
electrometallurgy. The Foundation 
made 10 awards in support of U.S. 
scientific cooperation with Soviet 
scientists in chemical catalysis. Pro- 
gram definition and development in 
all approved areas continued 
throughout fiscal year 1973. 

On September 27,1972, the United 
States and Israel agreed to establish 
a United States-Israel Binational 
Science Foundation. The Founda- 
tion, managed by a lo-man Board of 
Governors (5 appointed by each 
government), will promote and sup- 
port cooperation in science and tech- 
nology between the United States 

.” 
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International Cooperative Scientific Activities 

Number of awards by fields of science and activities 

Bilateral Mathematical & Biological Exchange of 
agreements Physical Sciences Sciences Engineering Seminars Scientists 

Argentina . ..*... . . . . - - . . l-physics 
Australia . . . . . . . . . . . . _ . . . I-rangeland 1 3 US. Visiting 

environments Scientists 
Brazil _ . . . . . . . . . . . . . _ . . . 4-astronomy I-biophysics 4 U.S. Visiting 

Scientists 
Republic of China . . . . . . . . 3-geology l-systematic botany 3 15 U.S. Visiting 

l-pathology Scientists 
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United States-U.S.S.R. and East Europe Academy Exchange Program ; .‘,’ 

Visits Each Way* 
iv 

; ,. ._ 
., 

’ *, 
U.S. Foreign : ‘, 

Country Scientists Man-Months Scientists Man-Months “ ~ ,’ 

U.S.S.R. . . . . . . . . . . . . . . . . . . . . . . . 32 72 40 
Bulgaria . . . . . . . . . . . . . . . . . . . . . . . 

92 
11 18 5 

Czechoslovakia 
18 

. . . . . . . . . . . . . . . . 26 53 15 
Hungary 

50 
. . . . . . . . . . . . . . . . . . . . . . 16 35 17 

Poland 
50 

. . . . . . . . . . . . . . . . . . . . . . . . 13 42 13 
Romania 

62 * . 1. 
. . . . . . . . . . . . . . . . . . . . . . 15 39 13 33 L , 

Yugoslavia . . . . . . . . . . . . . . . . . . . . 12 50 6 11 1 

Total . . . . . . . . . . . . . . . . . . 125 309 109 316 / 

l For the period May I. 1972. to April 30. 1873 
I 

,G. 
I, 

., 
,. ‘. 

and Israel. The NSF Director was 
elected Chairman of the Board. 

International Organizations 

The Foundation continued to sup- 
port the NAS to enable it to exercise 
its membership in the International 
Council of Scientific Unions and to 
support participation of U.S. scien- 
tists in international scientific plan- 
ning and program activities. The 
NAS, with funding from the Founda- 
tion, is also a member institution of 
the International Institute for 
Applied Systems Analysis. The char- 
ter for the institute was signed in 
London on October 4, 1972, and the 
institute was incorporated under 
Austrian law and located in Laxen- 
burg, Austria. The representatives of 
the 13 member institutions, 
representing Bulgaria, Canada, 
Czechoslovakia, the Federal Repub- 
lic of Germany, France, the German 
Democratic Republic, Hungary, 
Italy. Japan, Poland, the United King- 
dom, the United States, and the 
Soviet Union, met several times 
during the year to plan the initial 
scientific program. A series of sym- 
posia was held in the summer of 1973 

to bring experts together to define 
programs in such areas as water re- 
sources; energy: municipal, medical, 
computer, and ecological systems; 
and control of integrated industrial 
systems. 

Special Foreign Currency 
Program for Scientific 

Research and Related Activities 

The Foundation’s Special Foreign 
Currency Program utilizes U.S.- 
owned excess currency in Egypt, 
India, Pakistan, Poland, Tunisia, and 
Yugoslavia to support joint research 
programs and seminars bet weenU.S. 
scientists and those in each of these 
countries. Burma and Guinea are also 
excess currency countries; however, 
no cooperative research projects 
have been started in either country. 
In fiscal year 1973, the Foundation 
awarded 34 grants forcooperativere- 
search in these 6 countries, provided 
continued support for 9 projects, and 
made 38 travel awards to U.S. scien- 
tists to visit these countries to de- 
velop cooperative projects, attend 
meetings, or present lectures and 
seminars. 

,’ 

Under this program, the Founda- 
tion made available funds to the Po- 
lish Academy of Sciences to help sup- 
port the construction of the 
Copernicus Astronomical Center in 
Warsaw in commemoration of the 
566th anniversary of the birth of the 
famous astronomer. The new center, 
to be completed in 1975, will be used 
by astronomers of Poland, theunited 
States, and other countries to con- 
duct research in astronomy. 

When the Department of theTreas- 
ury determined that U.S.-owned 
Yugoslav dinars would be depleted 
during fiscal year 1973, consul- 
tation s were held between the United 
States and Yugoslavia which re- 
sulted in the establishment, on May 
18,1973, of a United States-Yugoslav 
Joint Board on Scientific and Tech- 
nical Cooperation. The two govern- 
ments contributed equally to a joint 
fund ($7.2 million equivalent of U.S.- 
owned dinars plus an equal amount 
from Yugoslavia) to prolong the 
availability of Yugoslav funds to 
finance cooperative research, and to 
promote other forms of scientific and 
technological cooperation. 
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RESEARCH MANAGEMENT IMPROVEMENT 

The Research Management 
Improvement Program supports 
activities to improve the manage- 
ment of federally funded research in 
universities, colleges, and independ- 
ent nonprofit research institutions. 
The major objective of the program is 
to enhance the effectiveness of such 
research through the development 
and implementation of improved 
institutional management pro- 
cedures. A secondary objective is to 
identify those management problems 
at grantee institutions engendered by 
the administrative policies and prac- 
tices of sponsoring Federal agencies 

and to seek solutions to these prob- 
lems. The third objective is to dis- 
seminate information produced by 
this program. 

Important Notice No. 44, dated 
August 21, 1972, which announced 
this new program, generated 157 re- 
quests totaling $16.0 million. They 
were received from 139 institutions 
of higher education, 4 State systems 
of higher education, 5 independent 
nonprofit research organizations, 5 
established consortia of universities 
and colleges, and 5 other organiza- 
tions. 

Support totaling $992,385 was 
awarded for 12 of these projects. 
Besides dealing with problems of a 
general nature in research manage- 
ment, the projects are also directed to 
the special management problems 
created by: (1) multicampus re- 
search; (2) large interdisciplinary re- 
search projects; (3) research centers 
and institutes; (4) allocation of re- 
search resources: (5) project evalua- 
tion and coordination; (6) inter- 
action in research activities with in- 
dustry; and (7) requirements im- 
posed by sponsoring Federal 
agencies. 
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Research Applications 

The Research Applications Direc- 
torate completed during fiscal year 
1973 the second year of operation of 
the RANN-Research Applied to 
National Needs-Program. This 
effort, together with the associated 
Intergovernmental Science Program, 
explores opportunities for industry, 
government and the university- 
based research commu&ty to under- 
take cooperative efforts to address 
major national problems. RANN’s 
responsibility is to link basic knowl- 
edge and the application of knowl- 
edge by identifying opportunities, 
supporting research to elucidate 
these opportunities, proving some of 
the most promising concepts, and 
transferring the results of this effort 
to users. The users may be in the pri- 
vate sector of the economy, in the 
State and local governments, or in the 
departments and agencies of the 
Federal Government that have 
responsibilities for actions in given 
areas. 

During fiscal year 1973, the RANN 
programs were organized in three 
major areas: Advanced Technology 
Applications, Environmental 
Systems and Resources, and Social 
Systems and Human Resources. 
Pioneering activities and technology 
assessments were carried out in a 
program of Exploratory Research 
and Problem Assessment. Linkage 

with users and user communities 
took place through a program of 
Intergovernmental Science and Re- 
search Utilization. 

Total obligations in the RANN and 
Intergovernmental Science Pro- 
grams grew from $54.85 million in 
fiscal year 1972 to $70.88 million in 
fiscal year 1973. With this level of 
funding, only a portion of the 
opportunities for research applied to 
national needs could be supported, 
and stringent criteria were applied 
for the selection of RANN areas of 
activity. 

These criteria include the impor- 
tance of the problem, the pay-off to be 
realized, the leverage of science and 
technology on the problem, the read- 
iness of capable manpower to work 
on it, the capability of institutions, 
the need for Federal action, and an 
appropriate role of the National 
Science Foundation. 

Another characteristic of RANN is 
its stress on the interdisciplinary 
approach to problem solving. Major 
RANN activities frequently require 
cooperative arrangements involving 
several or all of the RANN programs 
and staff offices. To provide for an 
integrated approach to inter- 
disciplinary problems, the Research 
Applications Directorate estab- 
lished during the past year an Office 
of Systems Integration and Analysis. 

The major objective of this office is to 
analyze, develop, and structure inte- 
grated problem-oriented programs 
and projects.This office also assisted 
in the development of long-range (5 
years) and short-range (1 year) plans 
for the Research Applications pro- 
gram and conducts broad system 
studies to identify those areas of re- 
search which can make the most 
significant contribution in solving a 
major national problem. 

Activities were begun to develop 
more detailed, integrated plans in 
key program areas, such as solar 
energy, geothermal energy, and 
tunneling and excavation. Because of 
the dynamic nature of these and other 
program areas, continued 
reexamination and assessment of 
current plans were carried out. The 
Office of Systems Integration and 
Analysis also began the evaluation of 
productivity in selected indus- 
tries-iron and steel, automotive, 
machine tool, electric machinery, 
food processing, and appliances--to 
identify areas in which research 
could produce significant improve- 
ments. 

Also during the year a phased proj- 
ect planning system was estab- 
lished for carrying major projects 
and programs through the sequence 
from problem definition to proof-of- 
concept leading to transfer of 

Table 5 
Research Applications Obliptiom 
Fiscal Years 1971, 1972 and 1973 

(Millions of dollars) 

Research Applied to National Needs . . 
Advanced Technology Applicatins . 
Environrnentrl Systems nd Resources 
90&l Systems nd Human Resources 
Exploratory Research end Pro&n 

k!ssesment . 
Intergovernmental Science Programs . . 

TotsI 

Fiscal Year 1971 
NlJIllbU Amount 

213 
122 %z 
49 

% 1s . 

ii 
241 

Fiscal Year 1972 
Number Amount 

ii! %: 
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fiscal Year 1973 
Number AIIWIII 

616 
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% 
122 fit 
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670 t70.a 
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responsibility to users. To adminis- 
ter this system, RANN established a 
Public Technology Projects Office to 
manage projects from the establish- 
ment of requirements to the transfer 
of results to the appropriate public 
entity or the private sector. There are 
three phases in the system, as fol- 
lows: 

q Phase Zero-Detailed problem 
definition and requirements 

specification 

0 Phase One-Critical subsystem 
technology testing and preliminary 
design of the systems level experi- 
ment 

0 Phase Two-Systems level proof- 
of-concept test program leading to 
demonstration of concept feasibility 

Specific activities in this area have 
been. focused on moving two 
elements of the NSF terrestrial solar 

energy program into formal project 
efforts. First priority has been given 
to stimulating industrial interest and 
participation in solar heating and 
cooling systems for buildings. A re- 
quest for proposals was issued in 
May 1973 for a Phase Zero require- 
ment s definition analysis. Work pro- 
gressed toward the support of 
comparable efforts aimed at the 
utilization of solar energy for air 
conditioning. 

ADVANCED TECHNOLOGY APPLICATIONS 

In 1973 Advanced Technology 
Applications activity continued to 
emphasize the development and 
application of new technology that 
can contribute to the solution of 
national problems. The areas of 
energy, excavation technology, fire 
research, industrial processing, 
earthquake engineering, and 
instrumentation technology were 
among those to receive major sup- 
port. 

Energy 

Growing concern over the Nation’s 
energy situation highlighted the need 
for increased research in energy 
systems, resources, and technolo- 
gies. 

In January 1973 the Oak Ridge 
National Laboratory (ORNL) began 
publication of NSF-RANN Energy 
Abstracts, a monthly abstract jour- 
nal of energy research. This survey of 
current energy research in the United 
States, carried out by ORNL, is in- 
tended to be useful to researchers and 
policy officials. 

In February 1973 NSF supported 
the first formal conference on energy 
demand, energy use, conservation, 
and institutional problems associa- 
ted with energy use. Over 700 
persons att,ended the conference, at 
which 66 papers were presented. A 
selection of the papers is being pub- 

lished by the MIT Press. 

Research was supported to develop 
and apply analytical techniques for 
examining energy policies and policy 
options. An econometric model of the 
natural gas industry was developed 
at MIT to examine the effect of 
alternative Federal policies on the de- 
mand for and supply of natural gas. 
Some preliminary results, dealing 
with the effects of deregulation, were 
presented to the Federal Power 
Commission and to the Domestic 
Council. An interfuel competition 
model was also developed at MIT to 
quantify the substitution between 
fuels resulting from changes in policy 
variables or from adoption of new 
technologies. 

Energy conservation research was 
directed toward identifying and 
evaluating measures to reduce 
energy use in the residential, 
commercial, industrial, and 
transportation sectors. Studies at 
ORNL focused on savings obtain- 
able from improved insulation and on 
options for improvement in the 
performance of air conditioners and 
heat pumps. Scenarios for slowing 
the growth of electricity demand in 
the residential sector in California to 
the year 2000 were develofied by the 
Rand Corporation and are being used 
in the preparation of legislation by 
the California State Legislature. 

Geothermal energy represents a 
potentially large source of power in 
the United States. Progress was 
made in developing physical and 
mathematical models of geothermal 
aquifers, and study teams on NSF 
projects are cooperating with the 
Califprnia Department of Water Re- 
sources to increase knowledge of the 
nature of the geothermal areas of the 
Imperial Valley. A team of univer- 
sity and industrial researchers began 
investigating a region of abnormally 
high heat flow near Marysville, 
Mont. Geophysical evidence to date 
suggest that this thermal anomaly 
could be a dry, hot rock formation, 
containing vast amounts of energy. 

Consistent with the Nation’s need 
to make more extensive use of its 
large coal resources, NSF supported 
research on advanced coal technol- 
ogy. This work, coordinated with 
the Office of Coal Research and the 
Bureau of Mines, provides funda- 
mental underpinning for the develop- 
ment programs in these agencies. 
Coal gasification and liquefaction are 
two processes for expanding the use 
of coal in an environmentally accept- 
able way.. Studies began’ on new 
methods of gasifying coal. Research- 
ers at Pennsylvania State University 
in conjunction with Gulf Research 
and Development Corporation are 
seeking to relate coal characteristics 
to the behavior of coal in lique- 
faction processes. 
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Nearing completion is a project in which Kilauea Volcano in Hawaii will be used as a geothermal field 
research laboratory. A major part of the program consists of drilling a test hole to intersect a ground 
water convection cell above the volcano’s magma chamber. 

Central station electrical power 
generating plants experience diurnal 
variation in power demand. One way 
of handling this variation is to 
convert off-peak electrical energy 
into chemical energy by means of 
high-performance storage batteries 
which can be tapped at peak periods. 
Electric vehicles will also require 
high-performance storage batteries. 
A project on the high-temperature 
lithium-sulfur battery spurred tech- 
nical advances which enabled the 
demonstration of small, unsealed 
cells with performance charac- 
teristics in excess of 1,000 hours life- 
time and 500 charge-discharge 
cycles. This is an important step to- 
ward the development of practical, 
high-capacity batteries. A second 
project is under way related to 
another advanced battery 
concept-the sodium/sulfur cell. 

Interest in the prospects for solar 
energy continued to grow. Research 
was carried out in seven subareas of 
the Solar Energy Program during the 
last year: heating and cooling of 
buildings, solar thermal conversion, 
photovoltaic conversion, wind 
energy conversion, ocean thermal 
conversion, photosynthetic pro- 
duction of organic materials, and 

conversion of organic materials to 
clean fuels. 

In the first of these subareas, the 
Foundation sought proposals for 
studies leading to the application of 
solar energy to water heating and the 
heating and cooling of buildings. 
These studies will constitute the first 
phase of work leading to proof-of- 
concept experiments in 1975. 

In solar thermal conversion, re- 
search focused on the development of 

new optical coatings to trap solar 
energy at high temperatures, and on 
the analysis of systems and sub- 
systems to identify the most attrac- 
tive technologies for collecting, 
storing, and converting solar energy 
to electric energy. Research results 
verified that such systems are techni- 
cally feasible. The University of 
Arizona reported that the perform- 
ance of new selective optical 
coatings had improved by a factor of 

WILSON SOLAR HEATED HOMETO BE BUILT IN WEST VIRGINIA 

Estimates indicate that solar energy could provide at least half the energy 
needed for single-family dwellings in almost all regions of the United 
States. This drawing is of a solar home to be built in West Virginia. 

sso-136 0 -lb- 6 
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two in the last yearover coatings pre- 
viously used. In Minneapolis, a team 
consisting of researchers of the 
University of Minnesota, Honey- 
well Corporation, and Dynatherm 
Corporation began testing solar 
concentrators and a heat pipe for use 
in systems utilizing these optical 
coatings. 

The use of solar cells, such as those 
developed for space to generate elec- 
tricity, is a more formidable chal- 
lenge since it involves reducing costs 
by a factor of 100 or more. In seeking 
for ways to reduce costs, one project 
has led to improved methods of 
depositing high-purity silicon on the 
metal base in the manufacturing 
process. Another hasinaugurated the 
pilot production of cadmium 
sulfide/copper sulfide cells for 
laboratory and environmental test- 
ing. A third has shown some indica- 
tions of possibilities for low cost and 
high efficiency in an approach that 
employs a Schottky barrier-that is, 
a contact between ametal and asemi- 
conductor. 

Additional solar energy conver- 
sion possibilities investigated in- 
cluded utilization of ocean thermal 
differences to generate electricity, 
the potential of wind energy to 
supply electricity, the production 
and collection of organic materials 
through photosynthesis, the conver- 
sion of wastes and other materials to 
fuels, and a mechanism for pro- 
ducing hydrogen from water through 
photosynthesis of green algae in con- 
junction with the bacterially 
produced enzyme hydrogenase. 

Excavation Technology 

Urbanization in the United States 
has resulted in severe pollution and 
congestion problems. Some of these 
problems could be reduced by 
utilizing underground space. Placing 
facilities underground offers attrac- 
tive solutions to many problems, in 
addition to conserving valuable sur- 
face area. 

The excavation requirements to 
meet the transferral needs vary 
widely, ranging from very small 

utility tunnels to large subsurface 
chambers. Research support is being 
provided by NSF to complement and 
supplement the work of several 
mission-oriented Federal agencies. 
Beginning with a modest research 
program of $720,000 in fiscal year 
1972, research funding was ex- 
panded in fiscal year 1973 to approxi- 
mately $3 million. This provided 
funds for significant research efforts 
to be initiated. 

Research is being conducted in the 
areas of geologic fragmentation, 
geologic exploration, ground control 
and design, materials handling, and 
systems analysis and evaluation. 
One of the most promising 
approaches for tunneling is a rock- 

melting device called the Heat Sub- 
terrene, being developed at the Los 
Alamos Scientific Laboratory. The 
Subterrene has the potential of not 
only producing a smooth bore, but 
also of utilizing the geologic medium 
to produce an in situ structural liner. 
Two-inch-diameter holes have been 
drilled successfully to depths ex- 
ceeding 100 feet. Conceptual designs 
for larger diameter Subterrenes have 
been made. 

A versatile systems model to opti- 
mize tunneling procedures is being 
developed at MIT. This will be the 
first model capable of providing cost 
estimates for tunnel construction, 
determining the sensitivity of the 
various components of a tunneling 

SUBTERRENE 

Many potential applications exist for the Heat Subterrene, a new tunneling 
technology being developed at Los Alamos Scientific Laboratory. 



system, and providing research 
priorities. 

Full-scale linear cutting experi- 
ments on rock at the Colorado School 
of Mines have resulted in optimum 
ratios of cutter spacing to the depth 
of cut. These results will provide im- 
proved design for cutters on tunnel 
boring machines in the near future. 

A novel method combining 
mechanical-thermal means of rock 
fragmentation has been developed at 
the University of Missouri-Rolla. 
The method consists of emplacing 
electric arcs at high temperatures 
into predrilled holes in a rock face, re- 
sulting in thermal fractures on three 
perpendicular planes. The rock can 
then be removed by mechanical 
means. 

The Underground Construction 
Research Council has recently 
completed a report, “The Use of 
Underground Space to Achieve Na- 
tional Goals,” which summarizes the 
requirements for use of the sub- 
surface and recommends a large 
Federal research program in this 
area. 

Earthquake Engineering 

The Joint Federal Program in 
Building Practices for Disa$ter Miti- 
gation entered its second phase dur- 
ing fiscal year 1973. The first phase 
resulted in a report outlining the best 
current practices employed in the 
architectural engineering and site de- 
sign of buildings to resist earthquake 
damage. The second phase began 
with a major undertaking by the 
Nation’s professional earthquake 
engineers to develop comprehensive 
seismic building code provisions. 
These provisions will be based on 
best current practice and on the 
extensive body of research results. 

A research program conducted at 
Stanford University has examined 
costs associated with the seismic 
damage potential of mobile homes 
and light industrial buildings. 
Generally speaking, the resistance of 
a building to seismic damage may be 
increased by spending more for the 
first cost to construct the facility. 

However, incurring such costs is not 
thought to be a good business de- 
cision inasmuch as the expenditures 
would not be expected to pay for 
themselves. A question under 
investigation is: What is the proper 
mix between first costs and 
insurance costs to provide economic 
protection, presuming life safety is 
assured? Some expected first costs 
are found to be quite favorable. For 
an average mobile home located 
about 20 miles from a causative fault 
in California, the research concludes 
that provision for foundation attach- 
ment of the coach halves the expected 
damage. The expected first cost is 
$50, while the expected benefit from 
insurance cost savings is about twice 
this figure. However, current prac- 
tice in the insurance industry does 
not provide for such adjustments, 
and the rates are currently at levels 
that make the provision of a founda- 
tion attachment uneconomic for this 
case, even though a small first cost is 
involved. 

Fire Research 

At the University of California, 
Berkeley, an interdisciplinary re- 
search project involving engineers 
and architects is directed to Fire 
Safety in Urban Housing. This and 
other fire research will provide better 
understanding of the important 
physical, chemical, and human 
factors which control the ignition 
and growth of fires in structures. 
Such understanding can be applied to 
improve materials and structures 
from a fire safety viewpoint and to 
provide scientific and engineeringin- 
puts to the process of formulating 
codes, standards, and design proce- 
dures. 

At the University of Montana, 
under a research grant on the 
“Chemistry of Cellulosic Fires” 
directed by F. Shafizadeh, the mecha- 
nism for the breakdown of cellulosic 
materials to volatile and highly flam- 
mable tarry products and the 
composition of these materials have 
been identified. Fire chemistry re- 
search of this type has significant 
implications in understanding the 
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principal factors involved in the 
spreading of fire and methods of 
cant rolling it. 

Advanced Industrial Processing 

The Foundation has provided sup- 
port for research in enzyme technol- 
ogy and extractive metallurgy, both 
of which promise to yield great re- 
turns on investment and solutions to 
problems of national importance. 

At MIT during fiscal year 1973, 
scientists succeeded with enzymes in 
synthesizing an antibiotic, Grami- 
cidin S. The synthesis involved 
several enzymatic reactions and the 
consumption of cofactors, which are 
molecules that facilitate the transfer 
of energy of electrons. The MIT work 
brought the technology a step closer 
to the solution of the formidable 
scientific and engineering problems 
involved. 

University-industry teams 
unde’rtook efforts to study the 
production of fructose from. glucose 
which is in turn derived from starch. 
The key issue being attacked in this 
work is the recycle and the stability 
of the enzyme, glucose isomerase. 
The work will soon reach the stage 
for the - proof-of-concept experi- 
ments, which can lead to the produc- 
tion of sugar from cornstarch, which 
can potentially reduce this Nation’s 
reliance on sugar import, currently at 
about $1 billion annually. 

With NSF support, scientists at the 
University of Virginia built enzyme 
attached filters which can remove 
virus and bacteria from air or water. 
Laboratory results show a near com- 
plete removal of undesirable biolog- 
ical cells and application of such 
filters in environmental control is 
now being tested in hospitals, fisher- 
ies, and waste treatment plants. 

Instrumentation Technology 

Support for research on the 
application of new instrument tech- 
niques to the problems of diagnosis 
and treatment of disease was ex- 
tended with the addition of five new 
projects. At the Oak Ridge National 
Laboratory comparative calcula- 



72 RESEARCH APPLICATIONS 

/ tions are being made of the thera- 
peutic value of different atomic 
particle types proposed for use in 
radiotherapy. More detailed calcula- 
tions of the radiotherapeutic value of 
negative pions are being made, and 
results from this research will 
contribute directly to the 
instrumentation technology project 
at Stanford University for the 
development of a pion facility for 
cancer research. Researchers 
working on the pion facility, in 
collaboration with investigators at 
the University of California, San 
Francisco, have devised a new tech- 
nique to image internal structures of 
the human body in three dimensions. 

At Harvard University, the develop- 
ment of a technique to use proton 
activation analysis for calcium 
determination in human vertebra is 
being investigated as a measurement 
of clinical importance in the 
diagnosis and treatment of 
osteoporosis. Also of potential value 
to medicine is the research at the 
University of Nebraska-Lincoln con- 
cerned with the development of a 
better understanding of the effects of 
radiation in biological systems. At 
Stanford University a project to 
measure the acoustical discrimina- 
tion of biological cells uses methods 
akin to those found in modern radar 
to distinguish different objects by 

means of their so-called acoustical 
signatures. 

Mounting concern for environ- 
mental quality has led to a growing 
demand for instrumentation for re- 
search on trace contaminants and for 
monitoring environmental quality. 
At MIT tunable semiconductor lasers 
are being further developed for field 
tests of long-path infrared absorp- 
tion for monitoring atmospheric 
pollutants. A project at Stanford Re- 
search Institute is designed to 
achieve range-resolved measure- 
ments of molecular atmospheric 
pollutants by observations of 
absorption in light backscattered 
from a laser beam. 

ENVIRONMENTAL SYSTEMS AND RESOURCES 

Competent and diverse scientific 
talents were successfully applied to 
environmental problems in projects 
supported in fiscal year 1973. The 
studies dealt with problems of 
weather modification, environ- 
mental aspects of trace contami- 
nants, environment al ins trumen- 
tation, coastal zone management, 
rural-urban development, impact of 
man on semiprimitive areas, land use 
allocation, and waste management 
strategies. Specific users of the re- 
search results, those who need the 
data, take part in the design and con- 
duct of the investigations. Such 
involvement of beneficiaries in the 
scientific activities gives reality to 
objectives and practicality to the 
results. 

Coastal Zone 
Management Research 

The high intensity of land and re- 
source use in coastal areas leads to 
conflicts among plans and actions. 
Some resolution of these problems 
was achieved by an interdisiplinary 
team at the University of Texas 

during 2 years of NSF support. The 
Texas Legislature and the Governor’s 
Coastal Resources Management Pro- 
gram received the university’s report 
containing usage criteria recom- 
mended for bays and estuaries on the 
gulf. Testing and perfecting the 
methodologies for determining usage 
criteria is continuing. 

Coordinated interinstitutional 
studies of two major estuaries were 
aimed at a better understanding of 
the sources and effects of various 
forms of pollution. The Philadelphia 
Academy of Natural Sciences, Rut- 
gers University, and the University 
of Delaware are studying domestic 
and industrial wastes in the 
Delaware Estuary. Similarly, the 
Smithsonian Institution, Johns 
Hopkins University, the University 
of h4oryland, and the Virginia 
Institute of Marine Science are 
working together through a new 
nonprofit organization named the 
Chesapeake Research Consortium 
(CRC). A single problem area is the 
subject of the CRC study, i.e., waste 
treatment siting and outfall manage- 
ment on the Chesapeake Bay. The 

research is closely coordinated with 
several agencies, primarily the 
Environmental Protection Agency 
and thecorps of Engineers which has 
the responsibility of developing a 
management plan for the Chesa- 
peake Bay area by 1976. 

Land Use Allocation Research 

Current legislative interest in land 
use and urban growth at State and 
Federal levels recognizes that 
conflicting demands for space and re- 
sources are intensifying. Short-term 
uses of land may conflict with long- 
range goals. Industrial needs often 
interfere with recreation, housing, 
and agricultural uses. While compre- 
hensive planning and implemen- 
tation are key to the pervasive socie- 
tal issue, both the data base and 
methodology to evaluate 
interrelationships as well as trade- 
offs are insufficient. 

A workshop of national experts 
was convened by the Foundation to 
prepare an agenda of high priority re- 
search and a resulting book, Environ- 
ment: A New Focus for Land Use 



Planning, outlines research needs in 
the areas of environmental sciences, 
social and economic factors, 
demographic settlement patterns, 
and institutional requirements. 

A research team at the University 
of Wisconsin completed a series of 
faculty seminars on land use prob- 
lems in Wisconsin. Their analyses 
were published in eight volumes 
being used to formulate legislation 
for the State. Based on comprehen- 
sive assessment of present uses of 
land, its regulation, and responsible 
institutions, a series of recommenda- 
tions were structured. 

Several research projects concen- 
trate on techniques and methods 
which can be used to aid the plan- 
ning process and to increase the 
effectiveness for achieving land use 
goals. For example, research at Iowa 
State University is in progress on the 
growing impact of agricultural prac- 
tices on water quality resulting from 
technological advances, economic 
development, and particular forms of 
public policy related to agriculture. A 
parallel award to the University of 
Houston supports research with the 
goal of developing measurements of 
the economic demands for water by 
selected sectors of the chemical 
industry. 

Interim research results have 
assisted land use decisions in Cali- 
fornia. A major project at the Univer- 
sity of California, Davis, is 
examining energy flow as a means for 
comparing different uses of land. 
This project has: 

l Assisted the Pacific Gas and 
Electric Company in the devel- 
opment of a predictive model to fore- 
cast the effect of industrial and 
population growth on demand for 
natural gas. 

l Provided a resource demand 
model to San Diego County, calcu- 
lating (a) total electrical energy and 
natural gas consumption: (b) passen- 
ger vehicle air pollutant emissions: 
(c) quantity of land used by zoning 
classifications; (d) solid waste 
requirement for landfill and 
incineration; and (e) water demand. 

Mercury as an Environmental 
Contaminant 

Large segments of the human 
population are exposed to poten- 
tially hazardous materials spread 
widely through the environment as a 
result of industrial and agricultural 
processes. Recognition that a toxico- 
logical problem exists is often de- 
layed because the amounts of mate- 
rial to which an individual is ex- 
posed are usually small, and any 
consequences are generally subtle 
and poorly defined. 

Mercury has been known as a 
poison to industrial workers since 
ancient times, primarily as the metal 
or in simple inorganic form, but it has 
only been recently recognized as a 
lethal material in the form of salts of 
the alkyl compounds, The wide- 
spread occurrence of methyl- 
mercury, the most toxic form of mer- 
cury in man’s food chain, under- 
scores the continuing need to under- 
stand its effects. One of the major 
problems is the definition of “safe” 
levels. 

The largest user of mercury is the 
electrical industry; in 1971, about 33 
percent of the total mercury used in 
the Nation was used in the manu- 
facture of batteries, lamps, power 
tubes, and other devices. Manu- 
facture of batteries alone accounts 
for 25 percent of the Nation’s use, and 
the mercury in mercury cells-about 
73 percent of battery use-is econom- 
ically recyclible. A program at Oak 
Ridge National Laboratory to re- 
cycle mercury in batteries has 
showed a savings of several dollars 
per pound of mercury, but only a 
small fraction of the mercury 
batteries used at the laboratory were 
actually collected. 

Bioamplification and the associa- 
tion of mercury with organic matter 
are evident in Lake Powell, a re- 
cently created, relatively unpolluted 
reservoir on the Colorado River in 
Southern Utah. Formulation of an 
estimated mercury budget by an 
NSF-funded team suggests that the 
restriction of outflow in the im- 
pounded Colorado River leads to 
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mercury accumulation, and that pro- 
jected regional coal-fired power 
generation may produce amounts of 
mercury from coal to further aug- 
ment natural weathering of native 
rock. Reported concentrations prior 
to the influence of power generation 
are (in mean parts per billion): 0.01 in 
lake water, 30 in bottom sediments, 
34 in plant leaves, 145 in plant debris, 
10 in crayfish, and 232 in fish muscle. 

Many of the answers needed to de- 
fine “safe” levels are sought from the 
study of humans exposed to inordi- 
nately high levels. The tragedy of the 
Iraq methylmercury poisoning out- 
break afflicting 6,530 persqns (with 
460 deaths) provided an unusual 
opportunity to study the origins and 
fate of this toxic material as it was 
eaten on treated wheat almost 
directly in its commercial form. The 
NSF’s support of a University of 
Rochester team initiated 8 months 
prior to the outbreak was primarily 
responsible for the analysis of health 
effects and responses. The body of 
information, with data collections 
and analysis still in progress, al- 
ready constitutes the most complete 
clinical data to date on mercury 
poisoning, symptoms, and responses. 

A multidisciplinary team has been 
established with members from 
various departments of Vanderbilt 
University, the Environmental 
Science and Engineering Corpora- 
tion, and the Oak Ridge National 
Laboratory to assess the impact of 
mercury and other minerals on 
human health with particular 
emphasis on transfer from pregnant 
mothers to their unborn children. The 
four largest hospitals in Nashville, 
Tenn., have been sampled for human 
placentas and maternal and fetal 
cord blood. Also, mercury assays of 
brain, kidney, and liver tissues are 
made in nonsurviving fetuses. 

Waste Management and Food 
Production 

A combined tertiary sewage 
treatment-marine aquaculture sys- 
tem has been designed and success- 
fully tested on a small, experimental 



SEWAGE TREATMENT BY AQUACULTURE 
Woods Hole, Mass. 
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An experimental sewage treatment system at Woods Hole Oceanographic 
Institution in Massachusetts uses effluent from secondary sewage treat- 
ment to grow marine algae, which remove objectionable constituents from 
the sewage. The algae, in turn, are removed and fed to oysters, resulting 
in further purified waste effluent and a commercial seafood crop. 

scale at Woods Hole Oceanographic 
Institution in Massachusetts. In this 
system, the effluent from secondary 
sewage treatment, diluted with sea- 
water, is used as a source of nutri- 
ents for the growth of unicellular 
marine algae. The algae, in turn, are 
fed to oysters or other shellfish. The 
algae remove the objectionable 
constituents from the secondary 
sewage effluent (ammonia, nitrate, 
phosphate, etc.) and the algae are re- 
moved by the oysters. The products 

are purified waste effluent, which 
will not support further algal growth 
(undesirable “algae blooms”) in na- 
ture and a commercially valuable 
crop of seafood. 

The above concept was success- 
fully tested during fiscal year 1972 in 
the laboratory, under controlled 
conditions. During fiscal year 1973, 
the system was scaled-up, with 
individual components in the SOO- to 
l,OOO-gallon size range. It was oper- 
ated out of doors under natural 

conditions, again with a high degree 
of success. It is projected that oys- 
ters obtained as “seeds” in early 
spring can be grown in this system to 
maturity in two summers under nat- 
ural temperatures, perhaps in as 
little as 1 year in heated water. 

The solid wastes produced by the 
shellfish do not affect the quality of 
the effluent from the system nor its 
effectiveness as a tertiary treatment 
process, but could present a solid 
waste problem ofits own. These solid 
wastes, relatively high in organic 
content have been found to be a 
suitable food for ckrtain deposit- 
feeding invertebrates, including 
worms and crustacea that may have 
commercial value in themselves (as 
human food or as bait for sports fish- 
ing) or that may serve as food for fin 
fishes, such as trout, salmon, floun- 
der, etc. Thus, additional biological 
elements to the system are effective 
in reducing, if not eliminating, prob- 
lems of waste production from the 
system itself and are capable of pro- 
rlucing valllable, if small, secondary 
crops of commercially important 
species. 

This tertiary sewage treatment- 
aquaculture system, as conceived 
and developed in these experimental 
models, is an ideal tool for studying 
marine food chain problems in 
general and the uptake, transfer, 
concentration, and loss of trace 
contaminants in such food chains in 
particular. 

SOCIAL SYSTEMS AND HUMAN RESOURCES 

The Division ofsocial Systems and Urban Public Safety Systems ipal expenditures for such services 
Human Resources supports re- have more than doubled since 1960 
search intended to increase the Urban public safety sys- and totaled about $13 billion in 1969. 
effectiveness, efficiency, and equity terns-those that provide fire, police, With this increasing demand, it be- 
of policies and programs dealing and emergency medical comes imperative to evaluate the effi- 
with municipal and human services services -are facing increased de- ciency of present systems. Under an 
at the Federal, State, and local levels. mands for services. State and munic- award to MIT, a research team 



headed by Richard Larson is eval- 
uating the effectiveness and effi- 
ciency of alternative resource alloca- 
tion schemes, such as the compar- 
ative effectiveness of preventive ver- 
sus standard police patrols and the 
use of independent on-site para- 
medical personnel versus physician 
consultation to paramedics via 
communication channels. 

Telecommunication 

In an attempt to develop the 
capabilities for policy-oriented re- 
search on telecommunications, 
grants were awarded for explora- 
tory research useful to Federal, 
State, or local decisionmakers to pro- 
duce alternative agenda for new 
telecommunications policy re- 
search, and for development of spe- 
cific research proposals for sub- 
mission to appropriate Federal, 
State, and local agencies. 

One of the largest awards made in 
fiscal year 1973 was to the Univer- 
sity of Miami for a controlled social 
experiment in the delivery of health 
care services to a prison population. 
The purpose of this project is to eval- 
ate the potential for improving 
existing health care systems through 
the use of communication technol- 
ogy. Work was undertaken to 
investigate the acceptance by the 
medical profession of the use of 
telecommunications; the educa- 
tional aspects of the system for para- 
medics: and the efficiency and cost- 
effectiveness of the system. Results 
of this study should have significant 
ramifications for the delivery 
of health care to different patient 
populations. 

Evaluation of Policy-Related 
Literature 

Over the past 25 years, a very large 
body of policy-related literature has 
developed. However, this body of re- 
search has not been evaluated 
comprehensively with respect to 
technical quality, utility for policy- 
makers, and potential for codifi- 

cation and wider diffusion. These 
bodies of literature are often diffi- 
cult to locate, evaluate, and use in 
decisionmaking. In the interest of 
providing a sound basis for re- 
search, awards were made in the 
areas of human resource% and munic- 
ipal systems, operations, and serv- 
ices for the evaluation of policy- 
related literature. 

Awards were made under two 
competitive program announce- 
ments-in municipal systems,opera- 
tions, and services, and in human re- 
sources. 

Research on Natural Disasters 

Under an award to the University 
of Colorado, a group of researchers 
led by Gilbert White and Eugene 
Haas is assessing information avail- 
able on 15 natural hazards, theirinci- 
dence, the social costs associated 
with these disasters, and alternative 
adjustment mechanisms including 
preventive strategies and post- 
impact countermeasures. This proj- 
ect staff will also identify the major 
lines of additional research required 
for public policy purposes. 

Drs. Haas and White believe that 
much of the cost of property losses in 
disasters are due to an overreliance 
on one aspect of technology or 
another. For example, exclusive re- 
liance on engineering prevents con- 
sideration of other methods of pre- 
venting or minimizing losses. The re- 
searchers contend that what is 
needed is a mixed strategy that in- 
cludes adequate zoning regulations, 
building codes, warning systems, 
relief measures, and insurance-all 
specifically tailored for areas 
according to the type of natural haz- 
ard which threatens the area. 

Preliminary results of the 
investigation suggest that more 
effective warning practices at the 
local level could reduce economic 
losses by 9 to 13 percent. Thus, the 
adoption of these techniques could 
result in substantial economic 
savings, in addition to avoiding loss 
of human lives and human suffering. 
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Decentralization of Municipal 
Decisionmaking and 

Service Delivery 
Two of the most common prob- 

lems facing the cities today are the 
effective delivery of services to the 
public and the lack of confidence the 
public has in their ability to influ- 
ence government policies. In 1973 
New York City set in motion a plan to 
decentralize local government by 
moving some of the government func- 
tions from City Hall to the neighbor- 
hood level. 

A group of researchers at 
Columbia University’s Bureau of 
Applied Social Research, led by 
Allen Barton, has been studying the 
city’s decentralization experiment. 
The experiment involved eight major 
agencies: the Police Department; the 
Administration for Environmental 
Protection; Housing and Develop- 
ment; Human Resources; Health 
Services: Parks, Recreation, and 
Cultural Affairs: Transportation; 
and the Addiction Services Agency. 
The research includes study of 
satisfactions and dissatisfactions 
with neighborhood life and govern- 
mental services, the priorities that 
residents and leaders would estab- 
lish for improvements in their 
communities, the extent to which 
citizens participate in efforts to im- 
prove living conditions in their 
neighborhood and in the city govern- 
ment and get results, and an adminis- 
trative analysis of the bureaucratic 
dynamics of the decentralization 
experiment. The research team 
surveyed the residents and commu- 
nity leaders of the five areas in the 
decentralization study and three 
“control” areas to determine their 
perceptions of community needs and 
their ability to deal effectively with 
the government in obtaining 
services. This survey, conducted in 
fiscal year 1973, provided an assess- 
ment of the communities before 
major changes associated with 
decentralization occurred. 

Planning New Communities 
Implementation of the Urban 

Growth and New Community 
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Development Act of 1970 has greatly 
accelerated the planning and build- 
ing of new communities in the United 
States. Public support of new 
community development is, in part, 
based on the belief that new commu- 
nities provide social benefits which 
are rarely achieved in less planned 
new urban development. 

The Center forurban Affairs at the 
University of North Carolina is eval- 
uating 36 communities-15 new 
communities, 15 less planned 
communities, and 6 special commu- 

nities such as retirement commu- 
nities. The objective is to answer 
such questions as whether the 
federally insured communities 
contribute more to the residents’ 
quality of life than do other 
communities; how the Federal New 
Community Development Program 
influenced developer decisions 
regarding housing, neighborhood 
design, and community facilities; and 
how the Federal New Community 
Development Program can be applied 
most effectively to produce 
communities that improve the 

quality of life of their residents. 
Preliminary analysis completed in 

the first year of the Z-l/Z-year proj- 
ect suggests that the design of 
educational facilities in new towns 
needs much more attention. It 
indicates also that the socio- 
economic mix required by Federal 
New Communities legislation can 
most effectively be achieved within 
neighborhoods rather than between 
neighborhoods, and that services are 
delivered more effectively by general 
units of government rather than by 
specially created units. 

EXPLORATORY RESEARCH AND PROBLEM ASSESSMENT 

As a pathfinder for the RANN pro- 
gram, the Office of Exploratory Re- 
search and Problem Assessment 
(ERPA) supports research that iden- 
tifies emerging national needs and 
alternatives for responding to them 
through applied science and 
engineering. It undertakes policy- 
related systems-oriented assess- 
ments of significant problems of 
society, and supports exploratory re- 
search on some of them. The technol- 
ogy assessment activities of the 
Foundation are also centered here. 
There is a continuing effort to bring 
programs to a level of maturity at 
which they are suitable for transfer 
to a major RANN division or to 
another Federal agency; for example, 
the Industrial Automation Program 
shifted to the Division of Advanced 
Technology Applications at the end 
of the fiscal year. Representative 
accomplishments of the office are 
reviewed under the five major cate- 
gories in which its projects fall. 

Technology Assessment 

This class of policy studies aims to 
identify, analyze, and evaluate the 
impacts of new or modified technol- 
ogies on environmental, political, 

and other systems. It concerns 
particularly the second and higher 
order impacts and unintended conse- 
quences as well as options for deal- 
ing with them. Priorities and candi- 
dates for technology assessment are 
not only a continuing object of study 
for ERPA but a growing concern 
throughout the Federal agencies and 
Congress. Four projects, directed at 
defining priorities, have been com- 
pleted: 

l “A Survey of Federal Agencies’ 
Priorities for Technology Assess- 
ment,” by George Washington 
University; 

0 “Criteria and Candidates for 
Technology Assessment,” by the Fu- 
tures Group, Glastonbury, Conn.; 

l “Technology Assessment Priori- 
ties Study,” by International Re- 
search and Technology Corporation; 
and 

l “Technology Assessment Needs 
at the State Level,” by John Mock, 
Consultant. 

Reports have been received and 
distributed on two major technology 
assessments. A Technology Assess- 
ment of Offshore Oil Operations, by 

the Science and Public Policy Pro- 
gram of the University of Oklahoma 
is significant not only for its poten- 
tial impact on oil production policy 
but also as an example of how a 
university group can deal with a 
complex, multifaceted policy issue. 
The second report, Ecological Re- 
sources and Socioeconomic Impacts 
of Advanced Automotive Propul- 
sion Systems, by Hittman Asso- 
ciates, Inc., is an example of a policy 
study produced by a profitmaking 
organization. 

An assessment of the Impacts of 
No-Fault Insurance, conducted by 
the Institute for the Future, is an 
instructive example of assessment of 
a social technology conducted early 
enough potentially to inform the 
deliberation of the legislatures of the 
50 States. 

Technology and the Economy 

As a keystone of the program in 
industrial automation, the Univer- 
sity of Rochester, with a subcontract 
to a major machine-tool manu- 
facturer, Gleason Works, is working 
to enhance the efficiency of discrete 
processes by further automating the 
programming of numerically con- 



trolled machine tools while simulta- 
neously improving practices in 
engineering graphics. A survey of 
current methods for parts pro- 
gramming has been completed. 

ERPA research on consumer and 
the marketplace focusses on the 
areas of protection, education, 
information, and consumer be- 
havior. A problem assessment of the 
field was begun in fiscal year 1973 by 
Survey Research Laboratory, 
University of Illinois. 

Power and water, two essential 
needs of society, are subjects of 
ERPA research. The University of 
Notre Dame is studying decision- 
making in the power industry, in a 
program of exploratory research 
addressing the need to bring ethical 
and human value implications 
explicitly into the processes of 
technological decisionmaking. 
Antarctic iceberg resources to satisfy 
the growing global need for fresh 
water were the subject of a feasibility 
study undertaken by the Rand 
Corporation. It focused on the avail- 
ability and acquisition costs of larger 

tabular icebergs of appropriate size, 
shape, and quality to be towed to 
coastal areas where they might be 
melted and their water used for a 
variety of purposes. 

Human Needs 

Data collected on the effects on 
black households and businesses of 
relocation for highway construction 
are being studied under an extensive 
program on minority group prob- 
lems by a team of social scientists at 
Southern University, Baton Rouge, 
La. In San Francisco, a team of ana- 
lysts from the Stanford Research 
Institute and a predominantly low- 
income Latin0 community groupcon- 
ducting a case study of community 
development and improvement, has 
assisted the community group with 
analyses of data and policy alter- 
natives. Research into the barriers to 
diffusion of biomedical technology 
and into some of the associated 
policy problems is being investi- 
gated. The Human Interaction Re- 
search Institute, Los Angeles, Calif., 
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is publishing a study on improved 
utilization of the best available treat- 
ment for chronic obstructive pul- 
monary disease. A researcher at the 
Ohio State Research Foundation is 
examining the impact and diffusion 
of innovations in kidney therapy, 
hemodialysis, and kidney 
transplantation. 

Other Societal Problems 

The largest element in this cate- 
gory deals with technology-related 
transnational policy questions. Some 
selected specific problem areas in- 
clude global energy policy, inter- 
national and environmental manage- 
ment problems, oceans policy, and 
international technology transfer. 

NSF is also developing a data base 
on individual and institutional re- 
search experience and capability in 
other countries on problem areas of 
mutual interest. The intention is 
gradually to explore potential, 
selected areas which might profit 
from research programs jointly spon- 
sored by NSF and other countries. 

INTERGOVERNMENTAL SCIENCE AND RESEARCH UTILIZATION 

NSF’s Office of Intergovern- 
mental Science and Research Utili- 
zation (ISRU) has the dual mission of 
providing assistance to State and 
local governments to enable them to 
strengthen their research capabi- 
lities and of facilitating the utili- 
zation of RANN research in both the 
public and private sectors. 

During fiscal year 1973 it became 
increasingly clear that in order for 
Federal, State, and local govern- 
ments both to support and apply re- 
search and development in coping 
with domestic problems, new 
partnership arrangements must be 
forged-partnerships that allow 
State and local governments to 
participate in Federa 1 R&D planning 

and Federal R&D agencies to share in 
the experience gained in follow-on 
implementation activities in State 
and local operations. 

As a follow-on to the series of 
State-based R&D priorities con- 
ferences undertaken in previous fis- 
cal years, an initial State govern- 
ment problem assessment project 
was begun with a former chairman of 
the National Science Board, Detlev 
Bronk, Chairman of the New York 
State Science and Technology 
Foundation, to develop an inventory 
of research and development needs 
with the objective of providing input 
to RANN priorities establishment 
and program planning. In addition, a 
grant was made in fiscal year 1973 to 

the Tahoe Regional Planning Agency 
for an experiment which would test a 
mechanism for coordinating the 
development and execution of a re- 
search program involving RANN re- 
search for the Tahoe Regional Plan- 
ning Agency and would develop a 
Tahoe Basin Research Information 
System. A new approach to 
packaging and disseminating RANN 
and other research outputs was 
undertaken through a grant to Public 
Technology, Inc., for a Technology 
Information Exchange. 

Continued emphasis was placed 
during the fiscal year upon activities 
designed to help State legislatures 
utilize research and development in 
legislative actions and to develop 
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better communication channels with 
the Nation’s research community. 
NSF support for the California 
Assembly Science and Technology 
AdvisoryCouncilproject,initiated in 
fiscal year 1970, began to phase out in 
this fiscal year. The activity demon- 
strated success to such an extent that 
it will be continued with State re- 
sources. 

Both NSF and State support for the 
New York Assembly Scientific Staff 
has been continued after a first year 
of intensive activity in which the 
staff provided continuing input con- 
cerning the technological aspects of 
policy development and launched a 
significant collaborative study pro- 
gram between the States and col- 
leges and universities and profes- 
sional associations, thus permitting 
the interjection of science and 
technology into the decisionmaking 
process in a mode which has led to a 
high degree of legislative accept- 
ance. 

Among the new efforts com- 
mencing in the legislative area in fis- 
cal year 1973 were grants to the Na- 
tional Legislative Conference (NLC), 
an affiliate of the Council of State 
Governments, and to the Legislative 
Research Commission of the State of 
Kentucky. TheNLC has established a 
full-time professional staff capabil- 
ity with NSF support for the NLC 
Committee on Science and Technol- 
ogy to undertake studies relating to 
State energy policy, and building on 
previous ISRU grants . 

Under the Lieutenant Governor, 
the executive branch of the State of 
California is continuing an active 
program to explore how State 
agencies can better use the resources 
of the State’s colleges and univer- 
sities, and the role of the State as a 
technical broker for local govern- 
ment. During the year, this activity 

was responsible for the dedication of 
State funds to the establishment of 
new and separate science and tech- 
nology and energy offices which re- 
port directly to the Governor. The 
technology assessment activities of 
the Department of Planning and 
Economic Development in the State 
of Hawaii with both ISRU and State 
support have been influential in the 
development of the Statems aqua- 
culture program, as well as for the 
policy development relating to 
mining the extensive deep sea 
mineral deposits (particularly 
manganese nodules) existent in 
Hawaii’s coastal waters. 

The ?echnology Exchange Pro- 
gram of the Massachusetts Science 
and Technology Foundation repre- 
sents an effort to assess the State’s 
role in stimulating economic and 
industrial development. The activ- 
ity is modeled after the British Na- 
tional Research and Development 
Corporation. The utility of the con- 
cept has now been tested out and 
proven successful. 

Considerable attention was paid 
during fiscal year 1973 to coopera- 
tive Federal agency programs. A 
landmark survey of the research 
utilization practices of 17 Federal 
agencies was undertaken late in the 
year, and a policy study was pre- 
pared under the auspices of the Coun- 
cil of State Governments on the 
“Intergovernmental Uses of Federal 
R&D Centers and Laboratories.” 

Cooperative’ efforts with the 
Bureau of Census were undertaken to 
determine the feasibility of utilizing 
a self-instructional, computer- 
assisted teaching system for dual 
independent map encoding to be used 
by State, regional, and local govern- 
ment officials. In another inter- 
agency project, ISRU is working with 
the Agricultural Extension Service, 

the Environmental Protection 
Agency, the U.S. Corps of Engineers, 
and the States of Oklahoma, 
Tennessee, and Colorado in a pilot 
program for testing the use of the 
Extension Service in transferring 
environmental technology to State 
and local governments. 

The local government science and 
technology program has been recog- 
nized as providing important 
examples for program development 
at both the Federal and local levels. 
The results from the “California 4- 
Cities” program, such as the Fresno 
vehicle replacement model, the 
Anaheim Cable TV program and the 
“Probeye” fire detector, are in the 
process of being transferred to other 
loc:;llitics. The l’ac:on~;l, Wash. proi- 
ect which together with the city in- 
volves the Boeing Company, the 
Tacoma Boat Company, the Univer- 
sity of Washington, and Battelle 
Northwest has done pioneering work 
in the development of new harhor 
multipurpose firefighting craft, tran- 
sit demand routing models, court 
scheduling, and the design of fire 
equipment. 

The Science and Technology Advi- 
sory Council to the Mayor of 
Philadelphia commenced full opera- 
tions during the fiscal year with city, 
State, and NSF resources. The proj- 
ect has already made significant cost 
savings and operational effective- 
ness contributions in such areas as 
sludge disposal, enhancement of 
deteriorating property records, 
abandoned housing, street lighting, 
and graffiti. 

Much of the work undertaken in 
fiscal year 1973 reflects activities de- 
signed to bring the resources of the 
Office of Intergovernmental Science 
and Research Utilization into direct 
support of RANN. This process was 
essentially completed during the fis- 
cal year. 
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TEST ROAD BEING CONSTRUCTED WITH TREATED SLUDGE 
Philadelphia, Penn. 

As a result of developmental activities by the Mayor’s Science and Technology Advisory Committee in 
Philadelphia, 30 years’ accumulation of sewage sludge will be used in fill material-like this being laid 
for a test road-for interstate highway construction. 
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Science Education 

The Education Directorate has 
three major responsibilities. The first 
is to support and encourage those 
who are attempting to devise and 
implement new educational alterna- 
tives in science education. These 
alternatives are designed to enable a 
wider variety of individuals to per- 
form a wider variety of tasks in the 
Nation’s science-oriented labor force 
and, at the same time, better serve the 
needs of nonscientists by providing 
them with a better understanding of 
how science serves society. A second 
responsibility is to assure a reason- 
able and continuous flow of highly 
talented individuals into careers in 
science. The third responsibility is to 
provide factual data and an ana- 
lytical basis for informed decisions 
leading to sound national policies 

and plans for the advancement and 
utilization of science. 

In order to discharge these 
responsibilities in fiscal year 1973, 
the Foundation very sharply fo- 
cused its efforts toward the resolu- 
tion of a selected set of problem areas 
of concern to the academic commu- 
nity and to the Nation as a whole. 
These problems include the need to: 

l assure the Nation of appropriate 
variety, flexibility, and numbers of 
scientific and technical manpower; 

l provide improved science educa- 
tion for a broader range of students 
including the nonscientist; 

l emphasize qualitative rather 
than quantitative aspects of scien- 
tific training for career scientists; 

l provide more adequate opportu- 
nities for continuing education out- 
side the formal educational system 
for the Nation’s technologically 
based society: and 

l improve the cost effectiveness of 
science education through the 
development and implementation of 
improved educational materials and 
technologies, instructional strat- 
,egies, and methodologies; 

l improve the Foundation’s 
coverage of information on the 
supply and utilization of the Na- 
tion’s science resources. 

In seeking resolution of these prob- 
lems the Foundation has, more than 
at any previous time, sought to pro- 
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Education in Science 
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vide assistance in a way that would 
enable schools, colleges, and univer- 
sities to develop their own capabil- 
ity for self-renewal in science educa- 
tion. This philosophy, while implicit 
in the Foundation’s past Science 
Education Improvement support 
activities, was made explicit in each 
of the fiscal year 1973 programmatic 
thrusts and has been carried for- 
ward into plans for fiscal year 1974. 

As an example of the increase in 
emphasis on this philosophy, the 
Foundation’s support of activities to 
provide supplementary training for 
secondary school teachers of science 
and mathematics was in years past 
focused on increasing the subject- 
matter competence of the individual 
teacher. Gradually, emphasis has 
shifted from focusing solely on the 
teacher to greater concern for 
improvement within the teacher’s 
school or school system. This shift 
manifested itself within the several 
program activities for in-service 
teacher training where, by the late 
1960’s, applicants for participation in 
summer institutes were required to 
document in their applications the 
manner in which attendance at an 
institute would have an impact upon 
the instructional program of their 
school or school system. Similarly, 
the growth of the Cooperative 
College-School Science Program 
during this period directly imple- 
mented this shift of focus. By bring- 
ing to a local school or school system 
the resources of a local college or 
university and applying these 
resources in a jointly planned effort 
to solve problems associated with 

upgrading science instruction at the 
pre-college level, instructional re- 
form was effected. Activities at both 
the undergraduate and graduate 
levels of education also emphasized 
the development capacity to imple- 
ment needed educational reforms. 

While the- Foundation’s main con- 
cern now is with improving the way 
in which education in the sciences is 
done-including both its content and 
the manner in which it is presented or 
learned-it continues to have a 
responsibility for identifying and 
fostering the development of scien- 
tific talent at the graduate level. 
Traditionally the latter has been the 
main thrust. With recent changes in 
the availability of manpower within 
the scientific work force, however, 
particularly as it has been affected by 
shifting national priorities, greater 
emphasis has been placed on en- 
couraging and assisting the Nation’s 
science education establishment to 
respond more effectively and effi- 
ciently to shifts in national needs. A 
reduction in the direct support of 
graduate students in the form of 
fellowships and traineeships re- 
flects this shift in emphasis. 

In a year marked by stringent fis- 
cal constraint on the part of the 
Federal Government, the Founda- 
tion shared in this effort, and funds 
available for Science Education 
Improvement were reduced to a level 
which represented approximately 64 
percent of funds available for this 
purpose in the prior fiscal year. The 
consequences of this sharp reduc- 

tion were felt in several ways. Sup- 
port for Comprehensive In-Service 
Projects for pre-college teachers was 
terminated; the Technician Educa- 
tion Development activity was 
sharply curtailed, with only one 
institutional grant of this type being 
made this year; and a planned pro- 
gram of experimental projects de- 
signed to encourage institutional and 
individual initiatives in improving 
education in science was omitted. In 
addition to the termination or curtail- 
ment of activities, all but two pro- 
gram elements received severe reduc- 
tions. These two elements were 
funded prior to receipt of notifi- 
cation of the total funding avail- 
ability for the fiscal year. 

During fiscal year 1973, the 
Foundation completed an extensive 
examination of each of its science 
education improvement efforts. The 
conclusions reached formed the basis 
for decisions necessitated by the 
unanticipated curtailment of funds 
and were invaluable in the formu- 
lation of plans for a much more 
sharply delineated program of opera- 
tion for fiscal year 1974. The pro- 
gram critique was accompanied by 
an analysis of the Education Direc- 
torate’s organizational structure 
and a reorganization of its operating 
divisions to create a more effective 
pattern of program management 
which would be responsive to the 
new program emphasis to be found in 
the altered fiscal year 1973 program 
and the more significantly restruc- 
tured Science Education Improve- 
ment program plan for fiscal year 
1974. 

SCIENCE EDUCATION RESEARCH, 
DEVELOPMENT, AND DEMONSTRATION 

In the early 1960’s the Foundation standard curricula improvement requirements of today. Furthermore, 
launched a major effort in support of within each science discipline. Over the cost of education in the United 
science curriculum improvement at the past few years, however, there States is increasing at a rate greater 
the pre-college and higher education has been a growing awareness that than that of any other component of 
levels. This effort, which formed the these substantially discipline- the economy except medical service. 
base for a decade of improvement in oriented approaches are not ade- The need now is the variety and 
science education, concentrated on quate to meet the science education flexibility in the content of science 



instruction and for improved instfic- 
tional modes (delivery systems) in 
order to broaden the career options bf 
graduates of the various levels of 
education, to prepare all citizens to 
live in a technologically oriented 
society, and to increase the effi- 
ciency and effectiveness of science 
education. To these ends, two main 
lines of activity were in force at the 
beginning of fiscal year 1973: the 
development of alternative instruc- 
tional methods and materials: and 
experimental models and demonstra- 
tions. During the course of the year, a 
third mode of attack was added to the 
directorate when Technological 
Innovation in Education (previously 
known as Computer Innovation in 
Education) was transferred from the 
National and International Pro- 
grams Directorate. 

ALTERNATIVE 
INSTRUCTIONAL 

METHODS AND MATERIALS 

Essential to the improvement of 
science education at all levels is the 
development and testing of new 
curricula, courses, materials, 
instructional aids, and methods of 
delivery. Emphasis continued on 
newer disciplines and interdisci- 
plinary fields and on programs de- 
signed for the broader spectrum of 

. 

students within the educational sys- 
tem, including those who wish-to 
pursue continuing education. 

Curriculum and Instruction 
Development 

During the year the Curriculum 
and Instruction Development Pro- 
gram of the Division of Pre-College 
Education in Science was trans- 
formed into the Materials and 
Instructional Development Section. 
This change reflects the fact that for 
some years support has been given 
not just for the development of com- 
plete curricula but for the prepa- 
ration of specific units of modules, 
which may fit into existing courses, 
and for instructional aids which may 
be addressed to teacher preparation, 
to special types of students, or to 
specific learning situations. 

Among the grants of special inter- 
est was one to Florida State Univer- 
sity for the initiation of a major cur- 
‘riculum development, the Individ- 
ualized Science Instructional Sys- 
tem, which will be based on roughly 
125 modules in various areas of 
science addressed to students in 
grades 10 through 12. Conferences on 
curriculum development supported 
by NSF included: the Social Science 
Education Consortium conference 
considering the process of dissemi- 
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nation as related to curriculum 
developments; t hi Education 
Development Center’s conference on 
unified mathematics and science at 
the secondary school level; a series of 
three study sessions held by the 
University of Indiana, the Univer- 
sity of Maine at Orono, and Newton 
College of the Sacred Heart to con- 
sider the optimal characteristics of 
mathematics curricula in the K-12 
range; and one by the Education 
Development Center for a summer 
study of new mathematics materials 
in the third to fifth grade range. 
These last four grants may well 
establish the main parameters of 
major developments over a period of 
the next several years in pre-college 
mathematics education. 

Undergraduate Instructional 
Materials 

Fiscal year 1973 witnessed a fur- 
ther exploration of promising 
nonconventional approaches to 
undergraduate science educa- 
tion-namely, modular instruc- 
tional materials and computer- 
supported teaching. 

In principle, individualization of 
instruction and economy are among 
major conceptual advantages inher- 
ent in the use of modules. Testing the 
applicability and validity of these 
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ideas in an undergraduate environ- 
ment requires a sufficiently large and 
varied pool of modules in a single dis- 
cipline. Thus, support was con- 
tinued for two distinct but comple- 
mentary projects relating to biology. 
One-the Minicourse Development 
Project of the Biological Sciences 
Curriculum Study Group-is work- 
ing on 250 self-contained multi- 
media packages spanning many of 
the facts, theories, and methodol- 
ogies common to modern biology. 
BIO-TECH, the other, is producing 
about 150 skills-oriented modules 
placing primary attention on 
operational techniques. 

Several different aspects of com- 
puter-supported instruction have re- 
ceived grants. At the University of 
Illinois, interactive tutorial lessons 
for introductory and organic chem- 
istry are being developed for use on 
.the PLATO (Programmed Logic for 
Automatic Teaching Operations) 
system, Continued support has been 
awarded to the University of Texas, 
Austin, and to the Computer Aids for 
Chemical Engineering (CACHE) 
project of the National Academy of 
Engineering. The former is of inter- 
est not only because the teaching 
materials are being prepared in some 
18 academic departments, but also 
because it represents a program to 
plan, implement, evaluate, and ana- 
lyze large-scale, coordinated, univer- 
sity-wide use of computer-based 
instruction. The CACHE commit- 
tee’s work is directed also towards 
the use of new techniques for distrib- 
uting computer-assisted instruction 
and other nontraditional materials, 
and towards analyzing the benefits 
and disadvantages of alternative 
means of providing needed corn-’ 
puter use in professional education in 
chemical engineering. 

Graduate and Continuing 
Education 

Activity in alternative doctoral 
degree programs, first initiated 3 
years ago, resulted in awards to the 
University of California, Los 
Angeles, the University of Alaska, 

and the Association of American 
Geographers. While the grant to 
UCLA supports the continued 
development of the practice-oriented 
Doctor of Environmental Science and 
Engineering, assistance was pro- 
vided to the University of Alaska for 
the experimental initiation of ex- 
ternal M. S. and Ph.D. programs 
aimed primarily at already employed 
individuals. To obtain information 
important to other universities 
considering the establishment of 
such programs, the university will 
closely examine participant charac- 
teristics, problems encountered in 
equating external and internal de- 
grees, means for maintaining high 
academic standards, and factors 
contributing to meaningful employer 
involvement. A quite different prob- 
lem is attacked by the Teacher 
Development Project of the Associa- 
tion of American Geographers, 
which is coordinating a set of pilot 
programs at the University of 
California, Berkeley, the University 
of Iowa, the University of Colorado, 
Clark University, and the Univer- 
sity of Illinois. All share the goal of 
improving the preparation of 
prospective college teachers of geog- 
raphy, but each approaches it in an 
individual manner that ranges from 
the use of seminars to training in 
course and curriculum improve- 
ment. 

One response of universities to 
meeting newly perceived manpower 
and skills needs in the Nation has 

of special been the development 
master’s degree leve 1 programs. 

Some of these are predicated on un- 
usual subject-matter combinations, 
and several incorporate internship 
and other practical experiences. 
Patterned after the Agricultural 
Extension Service is a master’s 
degree program in urban economics 
initiated by the University of Califor- 
nia, Santa Barbara, that will couple 
on-campus academic instruction 
with supervised service in a public 
sector agency. Attention to more 
technologically oriented approaches 
to meeting societal needs is being 
given in master’s degree programs in 
energy systems engineering at the 
University of Texas, Austin, in 
manufacturing engineering at the 
University of Massachusetts, in 
professional engineering at 
Oklahoma State University, and in 
applied mathematics at Harvard 
University. 

Continuing education for scien- 
tists and engineers formed another 
program focus. Creation and testing 
of random-in, random-out modular 
packages dealing with techniques of 
experimental physics useful to scien- 
tis ts and engineers employed locally 
is the subject of a University of 
Maine project, and New York 
University is experimenting with an 
intensive short course format. The 
University of Southern California, 
with its interactive instructional 
television service, and the Georgia 
Institute of Technology, with its 
audiographic learning facility, have 
initiated efforts to capitalize on and 
assess the applications of tech- 
nology to achieve effective and 
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economical delivery of continuing 
education to members of the scien- 
tific work force. 

Projects to generate nonconven- 
tional courses include the George 
Washington University effort in 
urban transportation, the Florida 
Technological University sequence 
in chemical process development, 
and the Colorado State University 
set of modular short courses in chem- 
ical instrumentation. The latter- 
most, for example, is preparing a 
series of offerings for non-chemist 
students who must use the princi- 
ples, practices, and instruments 
associated with chemistry in their 
own graduate programs. 

EXPERIMENTAL MODELS 
AND 

DEMONSTRATION 

New educational materials and 
methods of instruction move into 
general classroom practice only if 
prospective users have an oppor- 
tunity to see them in action, and are 
provided with such evaluations of 
their effectiveness and estimates of 
cost as will enable them to judge for 
themselves the benefits to be derived. 
To provide such working demonstra- 
tions and to promote widespread 
knowledge and understanding of 
them, a variety of activities is sup- 
ported. 

Resource Personnel Workshops 
and Conferences 

Resource personnel projects are 
designed to inform pre-college 
administrative and teaching per- 
sonnel about curricula with which 
they are unfamiliar. These projects 
may include short courses, which 
provide the background necessary 
for decision-makers - principals, 
directors of education, and other 
school administrators-to make in- 
formed decisions on whether or not to 
adopt specific curriculum changes 
for their school systems. They also 

give supervisors and administrative 
personnel background to support 
their teachers should these new 
curricula be implemented. Some of 
these projects (workshops) bring to- 
gether teams consisting typically of a 
science educator, a school admin- 
istrator, and a teacher. Each team is 
provided in-depth knowledge con- 
cerning the philosophy, content, and 
successful instructional modes re- 
lated to one or more curricula, after 
which the team assists its own school 
district in adopting curriculum 
improvements. 

During fiscal year 1973, proposals 
were received for support of 70 re- 
source personnel workshops and 40 
administrators’ conferences, re- 
questing $4.73 million and $0.95 
million, respectively. The 20 
administrators’ conferences funded 
for a total of $281,829 and 11 re- 
source personnel workshops for 
$653,400 provided varying degrees of 
background or training for more than 
1,600 participants. 

Comprehensive In-Service 
Teacher Education Projects 

The Comprehensive Grants Pro- 
gram, which was terminated in fis- 
cal year 1973, sought to foster a 
lasting interaction between colleges 
and universities and the teachers in 
the region they served. The approach 
was for institutions to provide in- 
service teacher training opportu- 
nities explicitly matched to the needs 
of their schools while modifying the 
regular programs of the sponsoring 
university so that they were more re- 
sponsive to teacher and school needs. 
These changes showed evidences of 
persisting beyond the intended 4- 
year life of the grants. 

Two factors necessitated the 
termination of the program. First, 
funding limitations required a 
reassessment of NSF priorities and, 
as a result of that activity, it was 
determined that the Foundation 
should support only that teacher 
training which fostered the 
implementation in schools of major 
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course and curriculum development, 
a policy central to the program plan 
for fiscal year 1974. 

Five final supplemental grants 
were made to institutions to aid them 
in phasing down their activities and 
to prevent them from abruptly termi- 
nating programs to which personnel 
at the university and, teachers had 
commitments. These activities were 
at the University of Mississippi, the 
University of Notre Dame, the 
University of South Dakota, the 
University of Wyoming, and Virginia 
State College. 

Pre-Service Teacher Education 

In recent years the Foundation has 
stressed improvements in the pre- 
service education of elementary and 
secondary school teachers as an effi- 
cient way to improve science educa- 
tion on the pre-college level and an 
economical way to decrease the need 
for the early retraining of teachers. 

To be effective in producing signi- 
ficant change, this approach usually 
requires extensive restructuring of 
the entire program, through which all 
students in the institution who are 
preparing to teach will receive their 
education, and coordination of effort 
between higher education and pre- 
college schools. 

Fourteen formal proposals were re- 
ceived during fiscal year 1973 re- 
questing a total of $3.3 million. Four 
awerds were made with total obliga- 
tions of $400,000. 

A project at Indiana University is 
developing a model program for the 
education of prospective elementary 
school teachers in the teaching of 
mathematics utilizing an activity- 
oriented laboratory setting. The 
experience of the prospective 
teachers includes education. in 
mathematics teaching on the campus 
that totally integrates the study of 
content and method in a mathe- 
matics laboratory setting, and 
observation of how children learn 
and teaching experience in a model 
school utilizing the mathematics 
laboratory approach. 
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Regional, State, and Urban 
Pm-College Systems 

The Foundation supported experi- 
mental pr0ject.s involving the coordi- 
nation of the efforts of Federal, State, 
and local governments, and of pri- 
vate agencies in meeting a specific 
mutually agreed-upon educational 
need or solving a specific problem in 
science education in a region such as 
a State. 

Supplemental grants were made to 
continue two projects: (1) for the Sys- 
tems Approach to Science Education 
in Delaware to support its third year 
of operation, and (21 for the Oregon 
System in Mathematics Education to 
support its second year of operation. 

The Delaware project is a State- 
wide cooperative effort of the 
University of Delaware, Delaware 
State College, Delaware Technical 
and Community College, the Dela- 
ware State Department of Public 
Instruction, and the 26 school dis- 
tricts of the State. The general goal of 
the program is the improvement of 
the quality and variety of science and 
mathematics programs on the pre- 
college level with emphasis on the 
middle grades. The efforts of the 
project are concentrated in schools 
and classrooms rather than colleges 
and universities. 

The Oregon Project is a Statewide 
cooperative effort which aims to 
develop exemplary mathematics pro- 
grams in elementary and secondary 
schools taking into account demog- 
raphy, organization, and pupil needs. 
Activities of the project include those 
designed to develop leadership 
personnel, improve teacher educa- 
tion programs, strengthen profes- 
sional organizations, and improve 
communication among system 
components. 

A third grant was made in 1973 to 
assist in designing a program, 
utilizing systems design concepts, 
for ascertaining the earth science 
educational needs and priorities of 
Oklahoma and meeting those needs. 
The total funds obligated for the 
three projects was $1.0 million. 

TECHNOLOGICAL 
INNOVATION 

IN EDUCATION 

The U.S. system of education is 
placing ever increasing demands on 
the Nation’s resources. The fraction 
of the GNP devoted to all educa- 
tional expenditures (public and pri- 
vate, from kindergarten through 
graduate school) has risen steadily 
since the end of World War II-from 
about 3 percent to about 8 percent in 
1971-72. Nonetheless, the educa- 
tional needs of certain elements of 
our population continue to go unmet, 
and the quality of instruction 
throughout the system is very 
uneven. Technological Innovation in 
Education has as its goals improving 
the quality of instruction (with 
special emphasis on science educa- 
tion), improving the efficiency of 
instruction, and improving access to 

specialized educational needs 
through the application of modern 
computer and communication 
technologies. In fiscal year 1973, 
approximately $6.3 million was 
awarded toward these ends to 
academic and other nonprofit organi- 
za tions. 

Development of the PLATO IV sys- 
tem of computer-assisted instru’c- 
tion (CAI) continued in preparation 
for a &year, large-scale field test and 
evaluation. This system is designed 
to provide highly appealing CA1 
simultaneously to thousands of 
widely scattered students, using a 
single large computer system and 
graphic terminals invented and per- 
fected at the University of Illinois. 
The first 250 (plasma panel) termi- 
nals have been delivered and in- 
stalled at locations throughout the 
country. 

A student ponders a problem presented on a PLATO IV terminal, part of 
a computer-assisted instruction system being prepared for a Z-year, large- 
scale field test and evaluation. To date, 250 such terminals have been 
installed throughout the country. 
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Concurrently, the Foundation is 
sponsoring the development and 
field testing of the TICCIT (Time- 
Shared Interactive Computer Con- 
trolled Information Television] 
system of CA1 developed and 
designed by the MITRE Corporation 
and Brigham Young University to 
provide highly efficient instruction 
in community colleges for such intro- 
due tory courses as English and 
mathematics. Efficiency will be 
obtained by exploiting mini- 
computer and television technology 
(to serve over 100 student TV 
terminals simultaneously), and 
through learner-controlled course- 
ware which simplifies system 
design, courseware authoring, and 
student/computer interaction. 

Development and field test of the 
PLANIT (Programming Language for 
Interactive Teaching) machine- 
independent system of CA1 was 
completed during fiscal year 1973. 
The design objectives-to produce ‘a 
sophisticated system capable of 
being installed and operated 
effectively on a very wide variety of 
existing computing equipment-has 
been achieved, based upon pre- 
liminary results from a field test 
conducted at Purdue University. A 
conference will be held early in fiscal 
year 1974 during which the system 
will be explained, demonstrated, and 
distributed. 

Research and development 
continued into computer-based tech- 
niques for optimizing student per- 
formance. Investigators at Stanford 
University believe that they can not 
only improve student performance 
(by 50 to 100 percent) for elementary 
reading and mathematics, but also 
predict such improvements for each 
student on the basis of the student’s 
performance without CA1 during the 

previous year and his performance 
after testing with only an hour or two 
using CAI. A modest experiment was 
begun to provide CA1 of this sort to 
American Indians at a pueblo in New 
Mexico. Data are incomplete, but 
results indicate significant improve- 
ments in student performance and 
attitude, and thus have generated 
considerable enthusiasm for the 
project from officials of the school 
and the community who are taking 
steps to continue it at local expense 
after fiscal year 1974. The project 
could serve as a valuable model for 
other widely scattered communities 
of Indians. 

All major universities and many 
colleges now provide computing 
services for faculty and students. 
While major computer-based 
curriculum efforts are only just 
beginning, one major obstacle in 
sharing instructional programs is the 
complexity of the new technology. 
Since universities use different 
machines and computer language 
and operate their services in a variety 
of formats (batch versus interactive), 
it is difficult to directly exchange 
instructional programs. Further, the 
variety of the disciplinary content 
creates numerous documentation 
problems. In order to increase the 
potential for widespread use of 
materials and at the same time reduce 
the time and costs related to program 
exchange, several universities have 
initiated amajor cooperativeeffort to 
study and overcome this problem. 

CONDUIT (computers at Oregon 
State University, North Carolina 
Educational Computing Service, 
Dartmouth College, and the Uni- 
versities of Iowa and Texas at 
Austin) is a consortium of five 
regional networks involving 100 
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colleges and universities with an 
enrollment of approximately 300,000 
students, and is organized to study 
and evaluate the transportability and 
dissemination of computer-related 
curricular materials for use in under- 
graduate instruction. The goals and 
procedures of CONDUIT are deter- 
mined by a Policy Board, which 
consists of the director of each 
regional computer network. 
CONDUIT Central, located at Duke 
University, coordinates network 
activities and maintains the 
CONDUITlibrary. It also creates and 
distributes videotaped seminars and 
self-instructional computer-related 
materials. 

In fiscal year 1973,12 grants were 
awarded to establish a regional 
educational computer network for 
colleges in Central Mississippi under 
the leadership of Jackson State 
College. Five of the participating 
institutions are private 4-year 
institutions: three are State- 
supported senior institutions: and 
four are L-year colleges. The Regional 
Cooperative Computing Activities 
Program under which the above 
awards were made was phased out in 
this fiscal year. An analysis of the 
impact and cost of regional computer 
networks on undergraduate 
instruction is contained in a report 
published by the University of iowa 
entitled “A Study of Regional 
Computer Networks.” 

Other supported studies included 
the examination of various 
communication technologies such as 
broadband two-way cable systems, 
specialized common carriers, 
stationary satellite, and optical 
communication links, with a view to 
assessing their potential for various 
nonconventional educational tele- 
communication services. 
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INSTRUCTIONAL IMPROVEMENT IMPLEMENTATION 

Two approaches are used to 
promote the implementation of 
instructional improvement in the 
Nation’s academic institution: 
development within the schools and 
colleges of a corps of teachers 
adequately trained to install and 
carry out the needed programs, and 
partial funding of the imple- 
mentation of new courses or 
curricula in a limited number of insti- 
tutions, which will serve as models 
for consideration by others. 

TRAINING EDUCATIONAL 
PERSONNEL FOR 

IMPLEMENTATION 

The projects supported under this 
program element are designed to 
improve the capability of science 
faculty to implement new science 
education programs, such as new and 
improved science curricula and 
teaching modes. Enabling instruc- 
tional personnel to be more respon- 
sive to the needs of their schools is a 
key requirement in the NSF effort to 
stimulate constructive changes 
throughout the U.S. education 
system. Since the nature of the 
educational process varies from level 
to level, there are activities directed 
at both pre-college and post- 
secondary personnel. 

Secondary School Teacher 
Projects 

As in previous years, the Foun- 
dation supported a variety of 
projects to help meet the needs of 
participating teachers and their 
schools. Activities took place in both 
the summer and the academic year, 
and the formats were varied. Some 
focused on acquainting teachers with 
new course materials and assisting 
them in installing these new 
materials in their classrooms, others 
aided teachers in preparing their own 
materials, still others involved field 
work. Throughout all these 
activities, however, changes in style 

and content were introduced in 
preparation for a complete restruc- 
turing of the Foundation’s pre-college 
education program scheduled for 
fiscal year 1974. 

The Summer Institutes supported 
in fiscal year 1973 encompass some 
projects in each of the formats 
mentioned above. Participants in the 
project at the City College of New 
York concentrated on the process of 
studying environmental science as 
well as the content. Study guides and 
modules will be developed in the 
curriculum development core 
courses. At Seminole Junior College 
(in cooperation with the University 
of Oklahoma), teachers from 
disadvantaged secondary schools in 
a five-county region in east-central 
Oklahoma will prepare to introduce 
chemistry into schools from which it 
has been missing, largely because of 
a lack of laboratory equipment. They 
will spend 2 weeks in May in hands- 
on instruction for the building of 
“TOPS” and “Armchair” experiment 
devices. These make student experi- 
mentation and demonstration in 
chemistry possible at costs far below 
those of the usual school laboratory 
work. After 2 months on their own, 
participants will return to the 
campus for study and practice in the 
utilization of the materials. Follow- 
up sessions during the academic year 
will provide teachers with the oppor- 
tunity to exchange ideas after 
utilizing materials in their class- 
rooms. 

In-Service Institutes have, in the 
past, provided part-time training 
opportunities for teachers during the 
academic year while they were 
carrying on their classroom teaching 
during the regular school day. 
Funding limitations in 1973 made it 
impossible for the Foundation to put 
into effect its initial program plan. 
The In-Service Institutes, which 
have historically been funded during 
the second half of the fiscal year, 
were sharply curtailed, with support 

being given to only 10 projects with 
multiple-year commitments and to 24 
projects in combination with 
Summer Institutes. 

In fiscal year 1973, Academic Year 
Institutes were converted into 
Leadership Development Projects 
(LDP), which more accurately 
denotes the thrust of the projects 
supported. Participation in an LDP is 
intended to enhance the potential of 
the participating teacher-leaders for 
effecting changes in the science and 
mathematics programs in their 
schools. Two nationally oriented 
projects and 22 regionally oriented 
projects were supported in fiscal 
year 1973. Of the former, one is 
intended for in-service science super- 
visors and one for resource personnel 
in mathematics. Because of changes 
in emphasis for the future, fiscal year 
1973 marks the last year that full- 
time academic year support will be 
given for study of this nature. 

In fiscal year 1974, teacher 
institutes in their current form will 
be phased out, but the mechanisms 
for teacher training will become a 
part of a broader spectrum of 
activities to foster the implemen- 
tation of major curriculum and 
course developments in school 
systems. The Cooperative College- 
School Science Projects, described 
below, will also become a part of this 
refocused effort to bring change to 
elementary and secondary school 
classrooms. 

College Teacher Projects 
Institutes and short courses 

offered college teachers the 
necessary information, materials, 
and techniques for developing and 
implementing desirable changes in 
their undergraduate programs in 
science. The college teachers whose 
participation was sought were those 
most likely-because of their 
training, experience, and 
commitment-to introduce innova- 



I tions in subject-matter content and 
instructional strategies, at their 
home institutions. The projects were 
concerned with recent information 
not yet generally included in 
curricula or with recently developed 
educational strategies showing 
promise of more efficient delivery of 
undergraduate science instruction. 

In keeping with current interests, 
the 84 projects involving some 4,000 
college teachers are better character- 
ized by examples of the environ- 
mental and societal issues to which 
they were directed than by identifi- 
cation of the disciplinary areas being 
applied: resource allocation, impact 
of urbanization, economics of 
pollution, food production in natural 
and managed ecosystems, geologic 
hazards, genetic engineering, 
ecological adaptation, space utili- 
zation, and environmental health. 
Some projects typically provided 
training in the use of educational 
technologies that place respon* 
sibility on the student for the direc- 
tion, pacing, and mastery of his 
learning: computer-assisted 
instruction, programmed learning, 
and autotutorial procedures. 

SCHOOL SYSTEM AND 
COLLEGE IMPLEMENTATION 

The objective of this group of 
activities is to help various educa- 
tional institutions organize their 
resources for more efficient uses and 
to spread the benefits of modern 
educational technologies and 
structures. NSF support under this 
program element fosters the 
coordination of college, high school, 
and elementary school science 
education programs so as to 
minimize the disjunctions between 
successive levels. Internal changes 
within institutions aided by this 
support are expected to result from 
the interaction process, making the 
entire ladder of educational progress 
for students more coherent. Changes 
at the level of higher education are 
facilitated through experiments in 
restructuring of formal educational 
institutions. Various methods of 

change are encouraged, such as the 
creation of innovative environments 
in a single discipline, inter- 
disciplinary overhaul in a single 
institution, extensive collaboration 
among institutions, and merging of a 
variety of instructional approaches 
and extra-institutional settings into 
flexible learning environments. 

Cooperative College-School 
Science 

The Cooperative College-School 
Science (CCSS) program consists of 
projects of 1 to 3 years designed to 
improve science and mathematics 
courses and curricula within a 
cooperating school system. 

Eighty-one projects were funded in 
fiscal year 1973. This is consider- 
ably fewer than the number 
supported last year (142). The 
number and quality of proposals to 
assist the elementary schools has 
improved steadily since 1967, so that 
of the 81 projects supported, 43 (53 
percent) were for elementary schools 
as compared with 12 of 65 (21 
percent) in 1987. Eighty-three 
percent were to improve instruction 
in science: the rest were in mathe- 
matics. 

Since 1968, a considerable number 
of proposals has been received to 
improve science and mathematics 
education for the disadvantaged, 
several of which have been 
supported. A basic assumption in 
each program is that poor motivation 
is a significant cause of low achieve- 
ment by the culturally disad- 
vantaged, and that success in a high- 
status subject will raise a student’s 
self-image and raise his career goals. 
One such project at Fort Lewis 
College in Colorado will assist in 
implementing an activity-centered 
and inquiry-oriented elementary 
mathematics curi+iculum into eight 
Navajo Indian schools in Colorado 
and Arizona. Twenty-five teachers 
and five teacher-aides will be trained 
to provide Navajo children with 
experiences which will allow them to 
better formulate mathematics 
concepts. A second project, at Morris 
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College in South Cetiolis~a, will 
provide educationaliy and cui~urjtily 
disadvantaged rural ,etudents with 
individualized educational ex~e- 
riences designed to enable them to 
progress at their own rate. 

The Cooperative College-School 
Science Program, will no longer be 
supported a8 an independent 
activity. The mechanism of coopar- 
ation betweeir school eyetcsnie and 
college8 and universities assisting 
them to make improvements in their 
courses and curricula will become a 
part of the ctirriculum imple- 
mentation activities supported by 
the Division of Pre-College 
Education, 

cOh?g8 8ChC8 Improvement 
Fiscal year 1973 wa8 the 

concluding year for new award8 for 
individualinstitutional projects in 4- 
year colleges (COSIP A) and for 
interinstitutional project8 in 4-year 
colleges (COSIP B), Consistent with 
the changing nature of the NSF 
science education improvement 
activity, the projects supported 
emphasize experimentation with 
alternative structure8 for under- 
graduate education. During the year 
28 propoeals, requesting a total of 
$8.2 million, were considered for 
support. Nine award8 were made for 
a tatal of $1,277,156. 

A major experiment at Austin 
College in Sherman, Tex., jointly 
funded by the National Endowment 
for the Humanitiee, involve8 reatruc- 
turing of the entire institution. Key 
ingredient8 of Austin’s unique 
approach to undergraduate 
education are a redefinition of the 
roles of students and faculty which 
places’ more reeponaibility on the 
student, a greater use of sducatiodal 
technology to iacorporata the late8t 
in educational techniques environ- 
rnent, and a use ot mdwdologies 
from the behavioral scfsr)#~#. in. 8 
consciw effort to aid ‘sttlds&tr In 
their paruonal & human-to-human 
intsractional devahIpm8nt. 

Two institutions &re bring 
providsd initial support in their 

,’ I 
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decision to develop instructional 
delivery systems that utilize learning 
modules on a large scale. At Ever- 
green State College, Olympia, Wash., 
the self-pacing modular units 
developed are being integrated into a 
highly unstructured curriculum with 
the student-faculty performance 
contract as its basis. In the fall of 
1973, when the first students arrive 
at College IV of Grand Valley State 
College, Allendale, Mich., there will 
be available a single curricular 
matrix of interconnected, auto- 
instructional learning modules, 
aimed at complete individuality of 
instruction. 

At Oberlin College in Ohio, faculty 
of the mathematics and psychology 
departments are cooperatively inves- 
tigating the causes for minority 

student difficulties in mathematics, 
with special emphasis on diagnosis 
of prior competence, reduction of 
inhibition, and motivational 
development. 

This was the second year of Foun- 
dation support for those colleges and 
universities that have traditionally 
and historically served ethnic 
minorities and that have themselves 
been disadvantaged in the financial 
support of their science education 
programs (COSIP D). This support is 
designed to help the Nation work 
towards equal educational oppor- 
tunity and to capitalize on the unique 
national resource represented by this 
group of institutions. The major 
funding is directed to institutional 
improvement grants to upgrade the 

institutions and their course 
offerings. Eighteen grants were 
awarded in fiscal year 1973; 10 of 
these were to public and 8 to private 
institutions. Eligibility has been ex- 
panded recently to allow participa- 
tion not only of the traditionally 
“black” colleges but also of those 
serving primarily American Indian 
and Spanish-speaking minorities’. 

Another category of support 
administered by the COSIP D staff is 
the Research Initiation grant for 
support of scientific research by 
faculty members at ethnic minority 
institutions. Forty-four such grants 
were made in fiscal year 1973 to a 
total of 24 institutions, with the 
largest number (9) going to Howard 
University. 



Instructional Scientific sities in implementing specific 
Equipment course and curriculum improve- 

ments through the purchase, on a 
matching fund basis, of necessary 

In fiscal year 1973, this support equipment. Of these, 66 percent were 
activity made 213 awards to assist in natural science and mathematics, 
2- and 4year colleges and univer- 18 percent in engineering, 10 percent 

The three activities directed to 
talented students share objectives 
related to the student, to the educa- 
tional system, and to the Nation. 
First, students are provided with an 
intensive introduction to scientific 
research-one that allows, indeed 
forces, them to distinguish genuine 
interest and talent in science from 
mere intellectual or technical facility 
in the field. It is expected that such 
experience will provide them with a 
sound basis for deciding whether 
they should continue in science or 
change fields. An early and informed 
decision can save money and time for 
both the student and the educational 
system that serves him. Second, the 
projects supported under this rubric 
are designed to encourage schools 
and colleges to alter their “regular” 
science programs to include more 
activities that give students an 
opportunity for choice, that place 
upon them more responsibility for 
their own learning, and that allow 
them to express in productive ways 
their concern for the well-being of the 
Nation by applying scientific and 
technological expertise to the study 
of significant societal problems. A 
final and related objective is the iden- 
tification of future scientific leaders 
and the conservation of science 
talent. 

Student Science Training 

The Student Science Training 
Program (SSTP) provides high- 
ability secondary school students 
who demonstrate a strong commit- 
ment to science with an opportunity 
to participate in research and special 
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TALENTED STUDENTS 

courses during the summer and, in 
some cases, during the academic 
year. As a result, their scientific 
development is accelerated and they 
are provided with a better knowl- 
edge base from which to make career 
decisions. In recent years, the goals 
of the SSTP program have been 
broadened in an attempt to develop a 
feedback from the intensive summer 
experience of the student to the 
instructional program at the high 
school to which the student returns. 

This year 128 proposals were 
supported at a funding level of $1.9 
million for 4,800 students. 
Projects covered a wide spectrum of 
activities in the natural and social 
sciences and included several with a 
strong technological emphasis. For 
example, a program at the Univer- 
sity of Virginia in Charlottesville 
provided students with 3 detailed 
introduction to the chemical process 
industry and the design of a simple 
chemical plant. Minortiy groups and 
disadvantaged students at the 
University of Oklahoma Health 
Science Center in Oklahoma City 
participated in medical research 
under the supervision of faculty 
members and became more aware of 
options and career opportunities 
available to them in the health 
sciences. 

Thirty-two percent of the projects 
supported were designed especially 
for students with limited educa- 
tional opportunities. Students in this 
category have demonstrated high 
potential, but come from secondary 
schools in which training is inade- 
quate. 
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in social sciences, and 6 percent were 
multidisciplinary. Ten percent of the 
awards went to &year institutions. 
The 1,301 proposals received in fiscal 
year 1973 requested funds roughly 
seven times the amount available for 
allocation. 

Undergraduate Research 
Participation 

Undergraduate Research Partici- 
pation is a sophisticated appren- 
ticeship system under which one or 
two talented pre-baccalaureate 
students become junior colleagues of 
a productive scientist on a project 
that permits the student to rapidly 
develop a significant degree of inde- 
pendence. Since 1959, the Foun- 
dation has used this mechanism to 
afford some 65,000 undergraduates 
this sort of experience, and to bring 
the merits of this educational 
approach to the attention of thou- 
sands of science departments. In 
1973, support for 1,308 participants 
in 191 projects was awarded to 155 
institutions throughout the country. 

StudenbOriginated Studies 

This program element carries the 
notion of student responsibility for 
learning even further than the two 
just described by requiring that the 
research ideas be student-conceived, 
proposals student-written, and proj- 
ects student-managed. The 
program’s success over its 3-year 
history is a testimony to the 
soundness of its philosophy. The 
news media have brought broad 
public attention to many projects, 
and the flourishing demand for their 
final reports indicates that local and 
State governments, Federal agencies, 
and environmental interest groups 
find the research results to be of 
value in analyzing local probiems of 
broad societal concern. In fiscal year 
1973, grants were awarded to 73 
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colleges and universities supporting l a search for an effective process erate communication in mute, 
79 student projects involving more to make paving materials from wood severely handicapped children: and 
than TOO undergraduate college industry wastes: 
students, Among the problems these 

l the determination of property 
assessment differentials in a metro- 

students addressed were: l development of a device to accel- politan area. 

’ ^i 

Three Student-Originated Studies projects. (I.eft) At Ripon College in Wisconsin, students collect lake 
water for tests of primary productivity of the lake as an index of pollution in a region of locally dense 
population. (Right) Students from the Colorado School of Mines are making field checks of Clear 
Creek waters preparatory to laboratory analysis for heavy metal pollutants from extensive mine tailings 
in the area. (Bottom) At Seton Hall University in New Jersey students look for possible correlations 
of trace metals in the atmosphere with the concentrations of these metals in the blood of children living 
near air sampling stations in Newark. 
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GRADUATE STUDENT SUPPORT 

The primary objective of graduate 
student support is to provide a 
reasonable and continuous flow of 
highly talented individuals into 
science careers. Selection on the 
basis of ability identifies and recog- 
nizes the most capable graduate 
students and establishes a national 
norm for the assurance of quality of 
education at the graduate level. 

Graduate Fellowships 
and Traineeship 

Fiscal year 1973 represented the 
second year of operation of the 
Graduate Fellowship Program’s new 
system of a-year awards. This 
program, which was restructured 
beginning with fiscal year 1972, now 
has the following characteristics: 

l Eligibility to apply for a Grad- 
uate Fellowship is limited to students 
who by the fall term following 

announcement of the awards will not 
have completed more than I year of 
graduate study. 

l New fellowships must be 
activated not later than the fall term 
following the announcement of the 
award, but the remaining 2 years 
may be held during any 2 of the 
following 4 years. 

l All fellowships carry a stipend 
rate of $3,600 per year, with an 
associated cost-of-education 
allowance for the U.S. fellowship 
institution of $3,000 per year. 

The total number of new 
applicants for 3-year fellowships 
(5,713) represented an increase of 
14.1 percent from the corresponding 
figure of a’ year ago (5,005). This 
increase is mostly attributable to the 
decrease in Federal support available 
to beginning graduate students. The- 

total of 457 new awards this year 
represented a success ratio of 
slightly less than 8 percent. 
Honorable Mention-defined as an 
applicant fully worthy of a fellow- 
ship had sufficient funds been avail- 
able-was accorded to an additional 
1,913 of the 5,713 new applicants. 

The 457 fellowships ware awarded 
in the following sciences: 82 in 
mathematics, 63 in engineering, 99 in 
the physical sciences, 100 in the bio- 
logical sciences, and 133 in the social 
sciences and psychology. Of the 457 
awards, 110 were made to women 
based on applications from 1,540 
women. 

This was the final year in the 
phase-out of the Foundation’s 
Graduate Traineeship Program. 
Awards of 911 continuation trainee- 
ships were made to 172 doctoral- 
granting institutions. Fiscal year 
1970 was the last time new trainee- 
ships were awarded. 

SCIENCE RESOURCES AND POLICY STUDIES 

The overall objective of the 
Foundation’s programs in science 
resources and policy studies is the 
development of the factual and ana- 
lytical basis for national planning 
and policy formulation in the area of 
science and technology resources. 
The program encompasses the two 
closely related activities of analysis 
and data collection related to science 
and technology issues. The infor- 
mation developed through these 
studies is used in arriving at 
decisions concerning the NSF and 
national science efforts. 

SCIENCE RESOURCES 
STUDIES 

Science resources studies of 
general interest issued during the 

year are listed in Appendix E. A few 
are summarized below. 

National Patterns 
of RLD Resources 

Expenditures for research and 
development in the United States are 
expected to exceed $30 billion in 
1973, a 3-percent increase over 1972. 
Federal R&D programs will remain 
just below the $16 billion level, only 
slightly mure than the 1972 total. 
These and other data obtained 
through periodic NSF surveys of all 
sectors of the economy are available 
in the report National Patterns of 
R&D Resources. The report points up 
a changing pattern in R&D funding 
including the decline from the 13.7- 
percent average growth rate in R&D 

expenditures during 1953-61 to an 
average annual increase of 4.1 
percent over the last 6 years, 1967-73. 
During this latter period, the non- 
Federal portion ‘of R&D funding 
shifted from 39 percent to an 
estimated 47 percent of the total. 

Science Manpower 
Dacttiatas awarded in science and 

engineering fields during fiscal year 
1972 numbered 19,522, in compari- 
son with the fiscal year la71 total of 
19,574. The decrease, although slight, 
was the first in several decades. Even 
with this reversal in the long-run 
upward trend, awards in fiscal year 
1972 were three times the number of 
fiscal year 1900 and nearly twice that 
in fiscal year 1885. Nearly all naturigl 
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science and engineering fields 
declined from 1971 to 1972. Social 
science fields, though increasing, 
rose considerably less than between 
fiscal year 1970 and 1971. Doctor- 
ates awarded in education, profes- 
sionalfields, and thearts and human- 
ities continued to increase. 

Several indicators evidence a 
continuing improvement in the 
employment situation for scientists 
and engineers. Surveys of recruit- 
ment and placement activities fore- 
cast an improving employment situ- 
ation in 1973, especially for new 
graduates (and 1972 was improved 
over 1971). 

Science and Technology Advisory Committee 
in the Innovative Process Recommendations 

A contract study exploring further 
the relationships between science 
and technology and the innovative 
process was performed by the 
Battelle Columbus Laboratories. It 
reviewed the development of the 
heart pacemaker, hybrid grains, 
input/output economic analysis, 
electrography, and organ- 

In the fall of 1972, the Director 
appointed an advisory committee to 
review the program of science 
resources studies and provide advice 
and guidancesfor future direction and 
emphasis. The committee, chaired by 
Dael Wolfe, included represent- 
atives of industry, academic insti- 
tutions, professional societies, 

2% 
FFROC'sa 

ophosphorous insecticides and 
extended earlier studies of the video 
tape recorder, magnetic ferrites, and 
oral contraceptives, documenting the 
chronological and systems relation- 
ships bet ween basic research, 
applied research, and development in 
these highly important recent inno- 
vations. 

The study published as Inter- 
actions of Science and Technology in 
the Innovative Process; Some Case 
Studies and in summary form as 
Science, Technology, and Inno- 
vation, should prove of interest to 
those involved with the stimulation 
of technological innovation. 

research institutes, and other 
Government agencies. The 
committee completed its review and 
presented a report in the spring of 
1973, making a number of recommen- 
dations. 

As program funds and available 
staff permit, the committee’s pro- 
posals will be implemented in fiscal 
years 1974 and 1975. 

SCIENCE POLICY STUDIES 

Activities of the National 
Academy of Sciences 

and National Academy 
of Engineering 

The Foundation continued sup- 
port for the National Academy of Sci- 
ences Committee on Science and 
Public Policy in its examination of 
priorities in science and identifica- 
tion of opportunities in science, and 
other activities. The Committee on 
Remote Sensing Programs for Earth 
Resources Surveys was particularly 
active, establishing several sub- 
panels in order to facilitate its work. 
Funding support by NSF and the 
Advanced Research Projects Agency 
is permitting the National Academy 
of Sciences Committee on the Survey 
of Materials Science and Engi- 
neering to determine how materials 
science and engineering will con- 
tribute to the national well being. The 
first two volumes of their report have 
been completed. 

Liaison also continued with the 
Committee on Public Engineering 
Policy of the National Academy of 
Engineering, which renders advice 
and assistance to NSF on engi- 
neering status and policy. Com- 
pleted studies are: “Federal Support 
of Applied Research” and “Priorities 
in Applied Research.” 

The Foundation also supported the 
Academy’s Committee on Radio Fre- 
quencies, the body that represents 
the United States in international 
unions on matters relating to radio 
frequency spectrum assignment and 
utilization.The activities of this com- 
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alternative policies on the future 
balance between the supply and de- 
mand under varying circumstances. 

Four additional studies are now in 
progress: 

mittee have been increasing during 
this fiscal year, primarily in response 
to the added pressures for spectrum 
assignment due to increased use of 
satellite telemetry. 

Other Policy Activities 

Various inquiries and evaluations 
continued as part of the Founda- 
tion’s policy planning effort. 
Published during the year were the 
third and final volumes of Science, 
Technology and Public Policy: A 
Selected and Annotated BibJio- 
graphy. Contracted research at the 
Massachusetts Institute of Tech- 
nology continued to investigate pos- 
sible policy alternatives for science. 

Evaluation Activities 

ported, postdoctora 

An activity completed during 
fiscal year 1973 entailed the develop- 

1 

ment of an operational computerized 

and other non- 

budget allocation and impact model. 
This model allows direct assess- 
ment of the impacts of changes in 
NSF project budgets on faculty man- 
years, principal investigators sup- 

faculty personnel supported, grad- 
uate students supported, and perma- 
nent equipment purchased, by disci- 
pline, by institution, or by State. The 
allocation and impact model is now 
being improved by refinement of 
factors for fund distribution by other 
Federal agencies in order to obtain 
more accurate estimates of the im- 
pact from these sources. 

NSF has as a goal the support of 
research of high quality. Publica- 
tions and acknowledgements are a 
measure of quality. It follows that 
comparisons of the two demon- 
strate, subject to limitations, thesuc- 
cess that NSF has had in pursuing the 
goal of quality. The evaluation staff 
has recently finished a draft of a 
report on use of publications and 
citations to evaluate the output of re- 
search, summarizing and drawing 
upon work done under a study con- 
tract. 

possible to assess the impacts of 

Also during fiscal year 1973 a 
computerized simulation model was 
developed which ties important 
variables influencing doctoral scien- 
tist supply and demand together in a 
general structure. With the modelit is 

l Design of an evaluation of the 
biomes program of the International 
Biological Program. 

l Development of a “high quality” 
science resource manpower study 
with special emphasis on describing 
the demand function for scientists 
who received their Ph.D.‘s from the 
top 20 or 80 graduate schools. 

l An analysis of the characteristics 
of frequently cited papers in science 
is underway via contract. The objec- 
tive of the study is to establish a link 
between high citation frequency and 
application. 

models for future programs. 

o The achievements and short- 
comings of the terminated Science 
Development Programs are being 
evaluated under contract with the 
National Board of Graduate Educa- 
tion of the National Academy of 
Sciences to determine their worth as 

PUBLIC UNDERSTANDING OF SCIENCE 

Few thoughtful observers would 
disagree with the assertion that the 
rapid progress made by science and 
technology since World War II has 
led to many important changes in our 
standard of living and our quality of 
life. One resulting problem of this 
progress, however, has been the in- 
creasing complexity of the major 
issues facing us today which are pro- 
foundly influenced by science and 
technology. The extent to which we 
can meet and solve these issues may 
well depend on our ability to achieve 
a level of public enlightenment on 
them never before contemplated. If 
rational and workable policy on 
these issues is to be carried out with 
the support of the public, meaning- 

ful communications and dialogue 
between scientific and technical 
experts and the public must be 
greatly increased and improved, 

The process of improving this 
dialogue is a complex one involving 
as it does many “publics,” each of 
which must be reached in different 
ways and each with its own partic- 
ular needs for information. These 
publics include not only the stereo- 
typical “man-on-the-street”, but the 
educational community-teachers 
and students, government officials at 
all levels, businessmen, labor 
leaders, and the communications 
media itself. The primary purpose of 
the Public Understanding of Science 
Program is to encourage meaningful 

communication and dialogue 
between scientists and enginiers and 
these various publics on the role and 
substance of science and technology 
in helping to meet current and emerg- 
ing societal problems. 

In fiscal year 1973, the Foundation 
mado 21 awards amounting to 
$810,000 for a variety of public 
understanding of science projects. At 
the national level, the American 
Association for the Advancement of 
Science (AAAS) received funds to 
continue their broad-gauged pro- 
gram of seminars, publications, 
films, and other special project8 on 
and about science. The first in a 
series of community seminars on the 
energy dilemma was conducted in 
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Providence, R.I., by the AAAS in 
cooperation with the University of 
Rhode Island. Scientists, govern- 
ment officials, and industry 
representatives discussed the 
implications of the national energy 
dilemma for Rhode Island citizens. 
Similar seminars in other com- 
munities were held during the last 
half of 1973. 

Several projects were supported at 
the regional and statewide level. In 
Hawaii the College of Engineering, in 
cooperation with other groups at the 
University of Hawaii, conducted a 
series of conferences on major 
environmental-related issues of con- 
cern to citizens in the State. For 
example, one such conference dealt 
with the problem of the public costs 
of private land development and in- 
volved ecologists, developers, and 
government officials discussing the 
issues with an audience of citizens, 
businessmen, and community 
leaders. Other conferences focused 
on questions of energy resources, 
aquaculture, and transportation. The 
School of Journalism at the 
University of Missouri, Columbia, 

sponsored four seminars on science 
and technology for newspaper edi- 
tors in Missouri and surrounding 
States with the express objective of 
stimulating dialogue between scien- 
tists and editors on topics of com- 
mon interest and concern. The 
University of Idaho and Washington 
State University cooperated in the 
organization and conduct of a con- 
ference on the energy crisis for citi- 
zens and policymakers in the Pacific 
Northwest. 

Recognizing that television is the 
_ most important media in mass 
communications, the program sup- 
ported the production of several 
films on science during the reporting 
period including a 30-minute 
documentary on stellar evolution, 
“The Birth and Death of a Star,” pro- 
duced by the American Institute of 
Physics and shown nationally on 
January 29, 1973, over the public 
television network. The program also 
provided partial support towards the 
establishment and initial operation 
of the Science Programming Group at 
WGBH-TV/Boston. A weekly series 
of hour-long television shows on 
science for general audiences is 

planned by WGBH for broadcast over 
the national public television sys- 
tem beginning in early 1974. 

Two special projects were sup- 
ported which focus on major upcom- 
ing events of particular importance 
to both scientists and the general 
public. An award was made to the 
Spokane International Exposition for 
the planning and development of a 
series of seminars on environmental 
topics as part of EXPO ‘74, the inter- 
national exposition on the environ- 
ment which will open in Spokane in 
May 1974. Looking ahead towards 
the 1976 Bicentennial, the Uni- 
versity of Arizona sponsored, with 
program support, a conference of 
scientists, educators, historians, and 
media representatives on develop- 
ing possible themes and programs for 
interrelating science and technology 
with the celebration of the Bicen- 
tennial. The final report of this con- 
ference has been made available to 
State Bicentennial committees, 
scientific societies, museums, and 
other groups as a possible guide in 
the development of their own Bicen- 
tennial programs. 

Chicago school children learn about the process of scientific discovery in a specially written play produced 
jointly by the Chicago Museum of Science and Industry and the Goodman Theatre. 
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Division of Biological and Medical Sciences 
National Science Foundation 

Albert A. Nordin 
Gerontology Research Center 
National Institute of Child Health 

and Human Development 

Joe L. Key 
Department of Botany 
University of Georgia 

Robert R. Wagner 
Department of Microbiology 
University of Virginia 

G. R. Wyatt 
Department of Biology 
Yale University 

George A. Zentmyer, Jr. 
Department of Plant Pathology 
University of California, Riverside 

ADVISORYPANEL FOR SYSTEMATIC BIOLOGY 

Edward S. Ayensu 
Department of Botany 
Smithsonian Institution 

Charles B. Beck 
Department of Botany 
University of Michigan 

William L. Culberson 
Department of Botany 
Duke University 

Herbert C. Dessauer 
Department of Biochemistry 
Louisiana State University 

William B. Heed 
Department of Genetics 
University of California, Davis 

James B. Hopson 
Department of Anatomy 
University of Chicago 

Sydney P. Clark, Jr. 
Department of Geophysics 
Yale University 

Paul L. Lent2 Robert W. Decker 
Plant Science Research Division Department of Geology 
USDA/Agricultural Research Service Da~l~OUlh tikge 

Robert Ornduff 
Department of Botany 
University of California, Berkeley 

Robert N. Ginsburg 
School of Marine and Atmospheric Sciences 
University of Miami 

Anthony J. Provenzano, Jr. 
Institute of Marine Science 
University of Miami 

Stanley R. Hart 
Department of Terrestrial Magnetism 
Carnegie Institution of Washington 

William E. Sievers @airman) 
Division of Biological and Medical Sciences 
National Science Foundation 

Charles E. Helsley 
Division of Geosciences 
University of Texas, Dallas 

WiHd B. Watt 
Department of Biological Sciences 
Sanford University 

Eugene T. Herrin, Jr. 
Department of Geological Sciences 
Southern Methodist University 

ADVBORY PANEL FOR ATMOSPHERIC SCIENCES 

1’. Neil Davis 
Geophysical Institute 
University of Alaska 

Edward S. Epstein 
Department of Atmospheric and Oceanic 

Science 
University of Michigan 

John V. Evans 
Lincoln Laboratory 
Massachusetts Institute of Technology 

William Hanson 
Head, Division of Atmospheric Sciences 
University of Texas, Dallas 

James E. Jiusto 
Department of Earth and Atmospheric Sciences 
State University of New York, Albany 

Joanne Simpson 
National Oceanic and Atmospheric Administration 
Miami, Fla. 

Warren M. Washington 
National Center for Atmospheric Research 

Fred D. White (Chairman) 
Division of Environmental Sciences 
National Science Foundation 

Harold Zirin 
Department of Astrophysics 
California Institute of Technology 

ADVMRY PANEL FOR EARTH SCIENCES 

William E. Benson (Chairman) 
Division of Environmental Sciences 
National Science Foundation 



Clifford A. Hopson 
Department of Geological Sciences 
University of California, Santa Barbara 

ihWlORYhNRLFOR * 
Etzcr~x~~Sc~~~~r,Aru~t;~ 

Carl Kisslinger 
Cooperative Institute for Research and 

Environmental Sciences 
University of Colorado 

Herbert J. Carlin 
School of Electrical Engineering 
time11 University 

C. L. Coates, Jr. 
Purdue University 

David M. Raup 
Department of Geology 
University of Rochester 

Mohammed S. Ghausi (Chairnun) 
Division of Engineering 
National Science Foundation 

Charles A. Salotti 
Department of Geological Sciences 
Universily of Wisconsin 

James F. Gibbons 
Stanford University 

Donald 0. Pederson 
University of California, Berkeley 

ADVLWRY PANEL FOR OCEANOCRAPHY 

George C. Anderson 
Department of Oceanography 
University of Washington 

Robert Redicker 
Lincoln Laboratory 
Massachusetts Institute of Technology 

D. Slepian 
Bell ‘Telephone Laboratories 

Robert C. Beardsley 
Department of Meteorology 
Massachusetts Institute of Technology 

J. J. Suran 
General Electric Co. 
Syracuse, N.Y. 

lhomas A. Clarke 
Department of Oceanography 
University of Hawaii 

John G. Truxal 
Dean 
St;ite University of New York, Stony Brook 

Donn S. Gorsline 
Department of Geology 
University of Southern California 

M. E. Van Valkenburg 
Princeton University 

George D. Grice 
Woo& Hole Oceanographic Institution 

John R. Whinnery 
University of California, Berkeley 

Gran 1 Gross (Chairman) 
Division of Environmental Sciences 
National Science Foundation 

Henry Zimmerman 
Director, Research Laboratory 
Massachusetts Institute of Technology. 

Dennis E. Hayes 
Department of Submarine Topography 
Columbia University 

John lmbrie 
Department of Geology 
Brown University 

ADVISORY PANEL FOR 

ENGINEERINGCHEMISTRY AND ENERGETKS 

James Fair (Olairman) 
Division of Engineering 
National Science Foundatipn 

John J. Lee 
Department of Biology 
City College of New York 

Frank J. Millero, Jr. 
School of Marine and 

Atmospheric Science 
University of Miami 

Nancy D. Fitzroy 
General Electric Research and 

Development Center 
Schenectady, N.Y. 

Abraham Hertzberg 
Director, Aerospace Research Labo+ory 
Univenity of Washington 

Richard Y. Morita 
Department of Microbiology and 

Oceanography 
Oregon State University 

Arthur E. Humphrey 
DemdEngbmdg 
University d Pennsylvania 

David R. Schink James G. Knttdaeq 
Department of Oceanography Awdafe Dean of Engi~ng 
l’exas A&M University Oregon State UnirrrSity 
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John J. McKetta 
Chemical Engineering Department 
University of Texas, Austin 

Roger A. Schmitz 
C;hemical Engineering Department 
University of Illinois 

Robert E. Uhrig 
Dean of Engineering 
University of Florida 

Vent W. Weekman 
Mobil Research and Development Corp. 
Paulsboro, N.J. 

ADVISORY PANEL FOR ENGINEERING MECHANICS 

Lynn S. Beedle 
Director, Fritz Engineering Laboratory 
Lehigh University 

Raymond Cohen 
Director, Ray W. Herrick Laboratories 
School of Mechanical Engineering 
Purdue University 

Daniel C. Dntcker 
Dean, College of Engineering 
University of Illinois 

Steven J. Fenves 
Department of Civil Engineering 
Carnegie Mellon University 

M. P. <;aus (Chairman) 
Division of Engineering 
National Science Foundation 

Kurt H. Hohenemser 
Department of Mechanical and 

Aerospace Engineering 
Washington University 

Chester C. Kisiel 
Department of Hydrology and Water 

Resources 
University of Arizona 

Ii. H. Lee 
Department of Applied Mechanics 
Stanford University 

Benjamin W. Niebel 
Head, Industrial Engineering Department 
Pennsylvania State University 

1’. Francis Ogilvie 
wpartmen t of Naval Architecture and 

Marine Engineering 
University of Michigan 

Lymon C. Reese 
Civil Engineering Department 
University of Texas, Austin 

Robert H. Scanlan 
Department of Civil and Geological Engineering 
Princeton University 

Lawrence Talhot 
Department of Mechanical Engineering 
University of California, Berkeley 

ADVISORY PANEL FOR ANTHROPOLOGY 

John Buettner- Janusch 
Department of Anatomy 
Duke University 

Michael D. Gx 
Department of Anthropology 
Yale University 

John B. Cornell (Chairman) 
Division of Social Sciences 
National Science Foundation 

June Helm 
Department of Anthropology 
University of Iowa 

Iwao Ishino 
Chairman, Department of Anthropology 
Michigan State University 

Arthur J. Jelinek 
Department of Anthropology 
University of Arizona 

David M. Schneider 
Department of Anthropology 
University of Chicago 

Stephen A. Tyler 
Department of Anthropology 
Rice University 

ADVISORY PANEL FOR ECONOMICS 

Henry J, Aaron 
Brookings Institution 
Washington, D.C. 

James H. Blackman (Chairman) 
Division of Social Sciences 
National Science Foundation 

Stephen M. Goldfeld 
Department of Economics 
Princeton University 

Anne 0. Krueger 
Department of Economics 
Urriversity of Minnesota 

Sherwin Rosen 
Department of Economics 
Harvard University 

Joseph E. Stiglitz 
Department of Economics 
Yafe University 

Lester G. Telser 
Department of Economics 
University of Chicago 
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ADWORY PANEL FOR HISTORY AND PHILOSOPHY OF SCIENCE 

Ronald Giere 
Department of History and 

Philosophy of Science 
Indiana University 

Roland W. Radloff (Chairmm) 
Division of !bciaI Sciences 

t 

National Science Foundation , 

David 0. Sears 
Department of Psychology 
University of California, Los Angeles 

Adolf Grunbaum 
Center for Philosophy of Science 
University of Pittsburgh 

Ruth B. Marcus 
Department of Philosophy 
Northwestern University 

Elaine Walster 
Ikpartment of Sociology 
University of Wisconsin 

Jane Marion Oppenheimer 
Department of Biology 
Bryn Mawr College 

ADVISORY PANEL FOR SOCIOLOGY 

Vivien Shelanski (Chairman) 
Division of Social Sciences 
National Science Foundation 

Edward 0. lmmann 
Department of Sociology 
University of Chicago 

Donald R. Ploch (Chairman) 
Division of Social Sciences 
National Science Foundation 

Arnold W. Thackray 
Department of History and 

!3ociology of Science 
University of Pennsylvania 

Lynne Roberts 
Department of Sociology 
University of Washington 

ADVISORY PANEL FOR POLITICAL SCIENCE 

Stanley H. Udy, Jr. 
Department of !3ociology 
Dartmouth College 

Ronald Bruner 
Department of Political Science 
University of Michigan 

Harrison C. White 
Department of Sociology 
Harvard University 

James N. Rosenau 
Department of Political Science 
Ohio State University 

Hdliman H. Winsborough 
Department of Sociology 
University of Wisconsin 

Bertha Rubinstein (Chairman) 
Division of Social Sciences 
National Science Foundation ADVISORY PANEL ON THE MATERIALS RESEARCH LABO~~ATOAWCS 

Robert Salisbury 
Department of Political Science 
Washington University 

Roberta Sigel 
Department of Political Science 
State University of New York, Buffalo 

L. Brewer 
Department .of Chemistry 
University of California, Berkeley 

F. Fowkes 
Department of Chemistry 
Lehigh University 

Joseph Tanenhaus 
Department of Political Science 
Slate University of New York, Stony Brook 

Arnold Kahn 
Solid State Materials Section 
National Bureau of Standards 

ADVMRY PANEL FOR SOCIAL PSYCHOL~CY 

Hurst Meyer 
Department of Physics 
Duke University 

James H. Davis H. K. @den 
Department of Psychology Metallurgy Division 
University of Illinois Battelle Memorial Institute 

David C. Glass 
Department of Psychology 
University of Texas 

Carolyn M. Preece 
Drpartment of Materials §citnce ‘: ’ 
St;rte University of New Yo& Stony I$& 

Bibb Latane 
Department of Psychology 
Ohio State University 

H. W. Schadkr 
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Roman J. Wasilewski (Chairman) F. A. Matsen 
Division of Materials Research Department of Chemistry 
National Science Foundation University of Texas 

Howard W. Etzel (Chairman) 
Division of Materials Research 
Nirtional Science Foundation 

NATIONAL MAGNET LABORATORY VISITING COMMITTEE 

Nicholas C. Metropolis 
Los Alamos Scientific Laboratory 
University of California 

John R. Meyer 
President, National Bureau of 

Economic Research, Inc. 
New York, N.Y. 

Hans P. R. Frederikse 
Solid State Physics Section 
National Bureau of Standards 

Arthur J. Freeman 
Department of Physics 
Northwestern University 

Joseph A. Giordmaine 
Bell ‘Telephone Laboratories 

John K. Hulm 
Westinghouse Research Laboratories 
Pittsburgh, Pa. 

Rolf W. Landauer 
lhomas J. Watson Research Center 
Yorktown Heights, N.Y. 

Hugh M. Long 
Oak Ridge National Laboratory 

William D. Phillips 
E. 1. du Pont de Nemours & Co. 

Marshall N. Rosenbluth 
Princeton Plasma Physics Laboratory 
Princeton University 

Michael Tinkham 
Department of Physics 
Harvard University 

ADVISORY COMMITTEE FOR COMPUTING Acrtvm~s 

Frederick P. Brooks, Jr. 
Department of Computer Science 
University of North Carolina 

Wayne Holtzman (Chairman) 
President 
Hogg Foundation for Mental Health 
University of Texas 

Thurston E. Manning 
President 
University of Bridgeport 

Dwaine Marvick 
Department of Political Science 
University of California, Los Angeles 

M. V. Mathews 
Director, Acoustical and Behavioral 

Research Center 
Bell Telephone Laboratories 

---...- -1 

Louis 1’. Rader 
Chairman, Department of Electrical 

Engineering 
University of Virginia 

Sally Y. Sedelow 
Department of Computer Science 

and Linguistics 
University of Kansas 

Laurence H. Tribe 
Harvard University Law School 

ADVISORY PANEL FOR COMPUTER SCIENCE 
AND ENGINEERING 

Frances E. Allen 
International Business Machines 
Yorktown Heights, N.Y. 

Algirdas Avizienis 
Department of Computer Science 
University of California, Los Angeles 

C. Gordon Bell 
Digital Equipment Corporation 
Maynard, Mass. 

Peter J. Denning 
Department of Computer Sciences 
Purdue University 

Douglas C. Engelbart 
Augmentation Research Center 
Stanford Research Institute 

Lloyd D. Fosdick 
Department of Computer Science 
University of Colorado 

Bernard A. Galler 
(;omputing Center 
University of Michigan 

John E. Hopcroft 
Department of Computer Science 
Cornell University 

lhomas A. Keenan (Chairman) 
Office of Computing Activities 
National Science Foundation 

Werner C. Rheinboldt 
Computer Science Center 
University of Maryland 
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James E. Thornton 
Vice President 
Control Data Corporation 
Minneapolis, Minn. 

NATIONAL A.N’gg;;NATIONAL 

ADWORY PANELFOR 
INTERNATIONAL DECADE OF CLEAN EXPLORATION 

Edward D. Goldberg 
Scripps Institution of Oceanography 
University of California, San Diego 

William J. Hargis, Jr. 
Virginia Institute of Marine Sciences 

Feenan D. Jennings (Chairman) 
International Decade of Ocean 

Exploration Program 
National Science Foundation 

Francis L. LaQue 
Verona, N. J. 

lhomas F. Malone 
Dean, Graduate School 
lhe University of Connecticut 

John C. Marr 
Food and Agriculture Organization 

of the United Nations 
Rome, Italy 

Arthur E. Maxwell 
Woo& Hole Oceanographic Institution 

Henry W. Menard 
Scripps Institution of Oceanography 
University of California, San Diego 

William W. Rand 
Kensington, Calif. 

John H. Ryther 
Woods Hole Oceanographic Institution 

Edward C. Stephan 
Washington, D.C. 

INTERNATIONAL DECADE OF OCEAN EXPLORATION 
PROPOSAL REVIEW PANEL 

Richard Eppley 
Scripps Institution of Oceanography 
University of California, San Diego 

John I. Ewing 
Lamont-Doherty Geological Observatory 

Donald W. Hood Herman R. Branson 
Institute of Marine Sciences President 
University of Alaska - Lincoln University 

Feenan D. Jennings (Chairmn) 
International Decade of Ocean 

Explotation Program 
National Science Foundation 

George Keller 
Marine Geology & Geoj&ysics 

Laboratory, NOM 
Miami, Fla. 

Victor J. Linnenbom 
Office of Naval Research 
London, England 

Joseph Reid 
Scripps Institution of Oceanography 
University of California, San Diego 

Peter ‘Tatro, CDR, USN 
Office of Naval Research 
Arlington, Va. 

ADVISORY PANEL FOR RESEARCH MANAGEMENT IMPROVEMENT 

Jean DeBell (Chairman) 
Research Management Improvement Program 
National Science Foundation 

Lucius P. Gregg 
Vice President 
First National Bank of Chicago 

Nathaniel Karol 
Dean of Administration 
City University of New York 

Richard G. Leahy 
Associate Dean 
Faculty of Arts and’ Sciences 
Harvard University 

Richard A. Rettig 
Division of Public Administration 
Ohio State University 

Leon Schwaru 
Associate Director for Adminisvation 
National Institutes of Health 

Linda Wilson 
Assistant Vice Chancellor for Research 
Washington University 

John G. Wirt 
lhe RAND Corp. 
Washington, DC. 

Raymond Woodrow 
University Research Board 
Princeton University , 

*IENCE INTIMATION ck.WNCU , 

Jordan Bar& 
Harvard Business school 
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Lee G. Burchinal 
Head, Office of Science Information 

Service 
National Science Foundation 

Joseph F. Caponio 
Director (Acting) 
National Agricultural Library 

William D. Carey 
Vice President 
Arthur D. Little, Inc. 
Washington, D.C. 

C. L. Grates 
Head, School of Electrical Engineering 
Purdue University 

Rita R. Colwell 
Department of Microbiology 
University of Maryland 

Martin M. Cummings 
Director 
National Library of Medicine 

Bowen C. Dees 
President 
The Franklin Institute 

Amitai W. Etzioni 
Director 
tinter for Policy Research 
New York, N.Y. 

Herman H. Fussier 
The Graduate Library School 
lhe University of Chicago 

Warren J. Haas 
Vice President for Information 

Services 
Columbia University 

W. Conyers Herring (Chairman) 
Bell ‘Telephone Laboratories 

Donald J. Hillman 
Director for Information Services 
Lehigh University 

L. Quincy Mumford 
lhe Librarian of Congress 

John W. Murdock 
Department of Economics and 

Information Research 
Battelle Memorial Institute 

David 2. Robinson 
Vice President 
Carnegie Corporation of New York 

Irene B. Taeuber 
Office of Population Research 
Princeton University 

Robert J. Wedgeworth 
Executive Director 
American Library Association 
Chicago, 111. 

EDUCATION 

ADVISORY C~MMI~EE FOR SCIENCE EDUCATION 

J. Myron Atkin 
Dean of Education 
University of Illinois 

Michael J. Bakalis 
Department of Public Instruction 
Springfield, 111. 

R. R. Colwell (Chairman) 
Department of Microbiology 
University of Maryland 

M. Ann Grooms 
President 
Educational Services Institute, Inc. 
Cincinnati, Ohio 

N. B. Hannay 
Vice President 
Bell ‘Telephone Laboratories 

Bernard Luskin 
Vice Chancellor 
(;oast Community College District 

J. Ross Macdonald 
Vice President 
l‘exas Instruments. Inc. 

Lucius H. Pitts 
President 
Paine College 

Joseph B. Platt 
President 
Harvey Mudd College 

Eleanor Sheldon 
President 
Social Science Research Council 
New York, N.Y. 

John G. Truxal 
Dean of Engineering 
State University of New York, 

Stony Brook 

Girl M. .York, Jr. 
Vice Chancellor 
University of Denver 



ADMINISTRATION 

ADVHORY COMMI-ITEE FOR PLANNING AND INSTITUTIONAL 
AFFAIRS 

Yale Brozen 
Graduate School of Business 
University of Chicago 

John E. Cantlon 
Provost 
Michigan State University 

Clifford Grobstein 
Dean, School of Medicine 
Vice Chancellor, Medicine and 

Biological Sciences 
University of California, San Diego 

Herbert S. Cutowsky 
Director, School of Chemical Sciences 
University of Illinois 

Lyle H. Lanier 
Director, Commission on Administrative 

Affairs 
American Council on Education 
Washington, DC. 

Franklin A. Long (Vice Chairman) 
Director, Program on Science, 

Technology, and Society 
Cornell University 

Richard M. Lyman 
President 
Stanford University 

Emmanuel G. Mesthene (Chairman) 
Harvard University 

Malcolm C. Moos 
President 
University of Minnesota 

Richard R. Nelson 
Department of Economics 
Yale University 

David S. Potter 
Lklco Electronics 
Milwaukee, Wis. 

George ‘I’. Reynolds 
Department of Physics 
Princeton University 

George L. Simpson, Jr. 
Chancellor 
University System of Georgia 

Keith Spalding 
President 
Franklin and Marshall College 

Robert L. Sproull (Vice Chairman) 
President 
University of Rochester 

Alvin M. Weinberg 
Director 
Talc Ridge National Laboratory 

Aaron B, Wildavsky 
Dean, Graduate School of Public 

Affairs 
University of California, Berkeley’ 

0. Meredith Wilson 
Director, Center for Advanced Study in 

the Behavioral Sciences 
Stanford, Calif. 
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Appendix B 

Organization Changes and Appointments 

OFFICE OF THE DIRECTOR 

The following staff changes occurred in the immediate office of 
the Director. Theodore D. Drury, from the Office of Government 
and Public Programs to Special Assistant to the Director. Donald E. 
Cunningham, formerly head, Experimental Design and Evaluation 
Staff, Office of Experimental R&D Incentives, to Special Assistant 
to the Deputy Director. 

The following activities were organized, reporting to the Office of 
the Director: 

OFFICE OF EXPERIMENTAL R&D INCENTIVES 

The Office of Experimental R&D Incentives, in August 1972, 
responsible for providing incentives for encouraging increased 
investment in research and development by the civilian sector and 
improving and accelerating the application of R&D results. 

OFFICE OF R&D ASESSMENT 

The Office of National R&D Assessment, in August 1972, 
responsible for providing an assessment capability to better 
understand research and development and innovative processes, 
and the impact of science and technology on the various elements of 
economy and on society. 

NSF ENERGY R&D TASK FORCE 

An NSF Energy R&D Task Force, in April 1973, to provide a 
detailed proposal for the development of a comprehensive national 
program for the conduct of energy-related research and 
development, with special emphasis on the long-term Federal role 
in furthering and coordinating energy research and development, 
and on overall environmental, conservation, and policy issues. 

ETHICAL AND HUMAN VALUE IMPLICATIONS PROGRAM 

An Ethical and Human Value Implications of Science and 
Technology Program, in February 1973, in support of scholarly 
activities relating to ethical and human value implications of 
science and technology.This program will operate in collaboration 
with a similar program of the National Endowment for the 
Humanities. 

ANSTANT DIRECTOR FOR EDUCATION 

The Computer Innovations in Education Section of the Officeof 
Computing Activities was transferred from the National and 
International Programs Directorate to the Education Directorate, in 
October 1972. 

The Education Directorate was reorganized in January 1978, to 
give new direction to the mission of the Foundation’s science 
education program. 

ASNSTANT DIRECKDR FOR RFSEARCH 

The Division of Engineering was reorganized in July 1972. 

ASSISTANT DIRECTOR FOR NATIONAL 
AND INTERNATIONAL PROGRAMS 

The Research Management Improvement Program was 
established in August 1972. 

The Computer Impact on Society Section was established in the 
Office of Computing Activities in November 1972. 

The special foreign currency activities of the Office of Science 
Information Service were transferred to the Office of International 
Programs in June 1973 and designated the Special Foreign 
currency Section. 

The Office of Science Information Service was reorganized in 
June 1973. 

ASSISTANT DIRECTOR FOR RESEARCH APPLICATIONS 

The Office of Programs and Resources was established in. July 
1972, replacing the Management Support Staff. 

The Office of Intergovernmental Science and Research 
Utilization was established in July 1972, replacing the Office of 
Intergovernmental Science Programs. 

The Office of Public Technology Projects was established in 
November 1972. 

ASSISTANT DIRECXOR FOR ADMINISTRATION 

In August 1972, the Management Information Project Office was 
combined with the Data Management Systems Office to form the 
Management Information Office. In May 1973, the new office was 
reorganized. 

The Administrative Services Office was reorganized in March 
1973. 

STAFF CHANGES 

In addition to the appointments mentioned above, the following 
key staff appointments were announced during the year. 

C;. Branson Smith, Director, Office of Experimental R&D Incentives 
Leonard L. Lederman, Director, Office of National R&D 

Assessment 
Paul F. Donovan, Chairman, NSF Energy R&D Task Force 
Charles F. Brown, General Counsel 
Maryann B. Lloyd, Deputy General Counsel 
Theodore W. Wirths, Director, Office of Government and Public 

Programs 
Patricia E. Nicely, Head, Congressional Liaison Office 
Alfred E. Rosenthal, Head, Public Affairs Office 
Thomas E. Jenkins, Assistant Director for Administration 
Wilbur W. Bolton, Jr., Administrative Manager 
&on D. Taylor, Deputy Assistant Director for Administration 
Jack ‘r. Sanderson, Head, Office of Budget, Programming, and 

Planning Analysis 
Syl McNinch, Jr., Deputy Head, Office of Budget, Programming, 

and Planning Analysis 



Wayne A. Gruner. Assistant to the Assistant Director for Research 
Eloise E. Clark, Director, Division of Biological and Medical 

Sciences 
Howard J. Hausman, Director, Division of Pre-College Education 

in Science 
Francis G. O’Brien, Director, Division of Higher Education in 

Science 
Lyle W. Phillips, Head, Office of Experimental Projects and 

Programs 
Lee C. Burchinal, Head, Office of Science Information Services 
William H. Wetmore, Director, Office of Systems Integration and 

Analysis 
HoJt Ashley, Director, Exploratory Research and Problem 

Assessment 
I‘. W. Aiken, Director, Office of Programs and Resources 
John B. Talmadge. reassigned from Head, Congressional Liaison 

Office to Deputy Director, Office of Programs and Resources. 

RESIGNATIONS 

Melvin Day, Head, Office of Science Information Services, left the 
Foundation to accept a Position at the National Library of 
Medicine. 

Harold W. Paxton, Director, Division of Materials Research, left the 
Foundation and returned to Carnegie-Mellon University. 

Robert F. Wilcox, Head, Public Understanding of Science Office, 
left the Foundation to accept a position at the University of 
Colorado. 

Lawton W. Hartman, Special Assistant to the Director. 

IUTSREMENT~ “8 .: 

William V. Consolazio, Special Assistant to the IXrector 
William J. Hoff, General Counsel 
Clarence C. Ohlke, Director, Office of Government and Public 

ProgramS 
Harve J. Carlson, Director, Division af Biological and Medical 

Sciences 
Edward R. Trapnell, Deputy Director, Office of Government and 

Public Programs 
Howard D. Kramer, Director, Division of Graduate Education in 

Science 
lbomas J. Mills, Director. Division of Science Resources Studies 
CJiarles A. Whitmer, Director, Division of Pre-College Education in 

Science 

CHANGES IN THE NATIONAL !SCIENGE BOARD 

The following were appointed to the National Science Board: Dr. 
W. Glenn Campbell (Director, Hoover Institution on War, 
Revolution, and Peace, Stanford University); Dr. T. Marshall 
Hahn, Jr. (President, Virginia Polytechnic Institute and State 
University); Dr. Anna J. Harrison (Professor of Chemistry, Mount 
Holyoke College); Dr. Hubert Heffner (Chairman, Department of 
Applied Physics, Stanford University); Mr. William H, Meckling 
(Dean, The Graduate S&o01 of Management, The University of 
Rochester); Dr. William A. Nierenberg (Director, Scripps 
Institution of Oceanography, University of California, San Diego); 
and Dr. Russell D. O’Neal (Special Assistant to the Chief Executive 
Officer, The Bendix Corporation, Southfield, Mich.). 
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Appendix C Financial 

S8bies md Expense0 Approprfetion 
I 

Report for Fiscal Year 1973 

Fund Availability 
Fiil yeer 1973 rppropriatioll .............................................. 
tlnobli@ed balance wrried fozward from fiscal year 1972 ......................... 
lrensger b CSA for rent ................................................... 

Fiscal par 1973 availability ............................................ 

Net Obligations 
8ciemtffic research project support 

Mmaspberii sciences ................................................... 
Earth sciences ......................................................... 
oceanogmphy ......................................................... 
D@ogiwl sciences ..................................................... 
Physiu .............................................................. 
Chemistry ............................................................ 
Astrwoely ............................................................ 
Methematiwl sciences .................................................. 
socrol sciences ........................................................ 
Eng$neering ........................................................... 
Mmtmrials research ...................................................... 
Comfzutfng activities .................................................... 

Subtctal, scientific research project support ................................ 

wy&;; 

---‘255:015 
$670,323,728 

“l;f;;,~; 

12:662:053 
56.220,845 
34,683,571 
‘gyp& 

14:063:659 
23,633285 
26,156,678 
34,973,251 
9,895,322 

$268,057,506 

NeWstail and special research programs 
lntemrbmal biologiwl program ........................................... 
Clobol abnospheric research program ....................................... 
ExDerhnental R&D incentives program ...................................... 
N&ional lt&D asaossment program ......................................... 
lntemattmal decade of ewan exploration ................................... 
Dccran ssdiment coring program ........................................... 
Arctic research program ................................................. 
U.S. Ihtarctic reaoarch program ........................................... 
Dc~nographii faciliies and support ....................................... 
8olar eclipse support ................................................... 

Sufztotal, national and special research programs ............................ 

Nationrl research wntorJ: 
Net&al Astronomy end Ionosphere Center .................................. 
Kii Peak Netionel Observatory ............................................ 
Cerro Toblo Inter-American Observatory ..................................... 
Netional ftadii Astronomy Observatory ...................................... 
National Center for Atmospheric Research ................................... 

S&total, national research centers ....................................... 

Science information activities ............................................... 
Internrstional cooperative scientific activities .................................... 
lleseerch epplied to national needs: 

Mvrrwd technology applications ......................................... 
Advanced energy research and technology ................................... 
Envtronmental systems and resources ...................................... 
Wal sysleau and human resources ....................................... 
ExpIoratery research and problem assessment ................................ 

Subtotal, msearch applii tc national needs ............................... 

Intergovemmental scienw and research utilization .............................. 
lnstituDonrl improvement for science ......................................... 
Graduate student sumnut .................................................. 

sy~,mJ 

l&:,5! 

1$;$; 

3:434:681 
44,004,243 
10.993,719 

681,821 
$112,463,727 

ym&g 

p&g 

16:OC16:090 
$39,75O,Doo 

$8,464.408 
4.663.306 

$14,708,796 
14,229,027 
22,502,434 
1;.35&;;; 

, , 
$69,887,314 

t 997,733 
9,101,767 

15308.895 
!kienca education i&ovement ............................................. 
Plenning and policy studies ................................ ..... 
Program develepamnt and management ....................................... 

sJbb3tal .... ....................................... ..... .... 

~.,_..~_ . . 
46,924,510 

1,689,870 
28,619,198 

$605,928,234 

UeobligW.d tmknw carried forward to fiscal year 1974 
TOM . . . . . . . . 

schltifk klivlNee 

64,395,494 
$670,323,728 

@eckf Forefge Curruscy) Approftrfotion 
Fund Availability 

fiial year 1973 appropriation . . . $7,000,0~ 

Net Obligations 
lotel obf@tfcns for fiial year 1973 . . . . . . . 
lJeobbg&d bslanw urried forward to fiial year 1974 . . . . 

T-f . . . . . . . . . . . . . . . . . . . . . . . . . 

hut Fwd 
Fund Aveitability 

uJ42.121 
2,657,879 

$7,W,ooo 

lbteM&M bslanw brought forward from fiil year 1972 . . . . . . 
DW8ttom from privete sources . . . . . . . . . . . . . . . . . . 

fate4 aveilebllity , . . . . , . . . . . . . . . . . . . 

Net Obligations 

SW%& 

5,779 

Tebl avail8bNily ......................................................... 
tess unob@eM bafeucs wrried forward te fiscal year 1974 ...................... 

letataligehs ..................................................... 

s6”‘;; 

-1:006 



Appendix D 

Patents Resulting from Activities Supported by the 
National Science Foundation 

The Founda Con, since its last annual report, has received 
notification of the issuance of the following two patents by the U .S. 
Patent Office covering inventions arising out of Foundation- 
supported activities on each of which the U.S. Government has 
received a non-exclusive, irrevocable, nontransferable, paid-up, 
worldwide license: 

Patent No. 3,733,050 entitled “High Pressure Valve” was issued 
on May 15, 1973, on an invention made by Peter R. Gordon in the 
course of research supported by a grant to Stanford University. The 
invention is a high pressure valve in which the valve needle is 

guided in a well formed in the valve body so thaiit can be moved to 
seat one end in a valve seat formed at the bottom of said well. 

Patent No. $742,212 entitled”Methad and Apparatus for Pulsed 
Ion Cyclotron Resonance Spectroscopy” was issued on June 26, 
1973, on an invention made by Robert T. McIver, Jr., in the course 
of research supported by a grant to Stanford University. Tbe 
invention is a method and apparatus for pulsed ion cytitron 
resonance spectroscopy in which a gas sample within an analyzer 
cell is ionized by means such as a pulse of an electron beam, the ions 
then being trapped and caused to move! orbitally within the cell by 
the combined action of static electric fields and a magnetic field. 

Appendix E 

Publications of the National Science Foundation, Fiscal Year 1973 

1 

2 

3 

4 
5 
6 
7 

8 

9 
10 

11 
12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

INTERNATIONAL DECADE OF OCEAN EXPLORATION, A GUIDE TO 
THE PREPARATION OF PROPOSALS (NSF 72-17) 
SCIENTISTS AND ENGINEERS IN ECONOMIC DEVELOPMENT 
PROGRAM (NSF 72-18) 
REPORT OF AWARDS, 1971-72, DIVISION OF ENVIRONMENTAL 
SYSTEMS AND RKSOURCE~ (NSF 72-19) 
Mosaic,Vol. 3, No. 3 (NSF 72-20) 
ENGINEERING RESEARCH INITIATION GRANTS, 1973 (NSF 72-21) 
STUDENT-ORIGINATED STUDIES PROCEEDINGS, 1971 (NSF 72-22) 
NATIONAL SCIENCE FOUNDATION GUIDE TO PROGRAMS, FISCAL 
YEAR 1973 (NSF 72-23) 
PUBLIC UNDERSTANDING OF SCIENCE PROGRAM, GIJIDELINE~ FOR 
THE PREPARATION OF PROPOSALS (NSF 72-24) 
Mosaic, Vol. 3, No. 4 (NSF 72-25) 
EXPERIMENTAL R&D INCENTIVES PROGRAM ANNOUNCEMENT 
(NSF 72-26) 
‘LHE NATIONAL SCIENCE BOARD (NSF 72-27) 
NATIONAL SCIENCE FOUNDATION RESEARCH APPLIED TO 
NATIONAL NEEDS: THE DIVISION OF ENVIRONMENTAL SYSTEMS 
AND RESOURCES (NSF 72-28) 
REPORT OF AWARDS, FISCAL YEAR 1972, DIVISION OF SOCIAL 
SYSTEMS AND HUMAN REWURCES (NSF 72-29) 
SCIENTISTS, ENGINEERS, AND PHYSICIANS FROM ABROAD, TRENDS 
‘I’HROUCH FISCAL YEAR 1970 (NSF 72-312) 
AN ANALYSIS OF FEDERAL R&D FUNDINGBY FUNCTION,FISCAL 
YEARS 1963-73 (NSF 72-313) 
SCIENCE R~souc~s STUDIES HIGHLIGHTS: “Federal R&D 
Funding Continues to Rise” (NSF 72-314) 
RESOURCES FOR SCIENTIFIC ACXIVITIES AT UNIVERSITIES AND 
C~LLW;ES, 1971 (NSF 72-315) 
SCIENCE REKMJRCES STUDIES HIGHLIGHTS: “Federal Support to 
Universities and Colleges Reaches $3.5 Billion in Fiscal Year 
1971” (NSF 72-316) 
FEDERAL FUNDS FOR RESEARCH, DEVELOPMENT, AND OTHER 
SCIENTIFIC ACTIVITIES, FISCAL YEARS 1971,1972, AND 1973, VOL. 
XXI (NSF 72-3 17) 
SCIENCE RESOURCES STUDIES HIGHLIGHTS: “Company Funds 
Push Total Industrial R&D Spending to $18 Billion in 1971” 
(NSF 72-318) 
SCIENCE INDICATORS, 1972 (NSB 73-l) 

22 

23 

2’; 

26 
27 

28 

29 

30 

31 
32 

33 
34 
35 

36 

37 

3s 

39 

40 

41 

42 

43 

‘TWENTY-SECOND ANNUAL REPORT, 1972, NATXONAL SCIENCE 
FOUNDATION (NSF 73-l) 
GRANTS AND AWARDS, 1972, NATIONAL SCIENCE FOUNDATION 
(NSF 73-2) 
NATIONAL !SCIENCE FOUNDATION DATAEOOK (NSF 73-3) 
EVALUATION OF POLICY-RELATED RESEARCH IN THE FIELD OF 
MUNICIPAL SYSTEMS, OPERATIONS, AND SERVICXS (NSF 73-4) 
Mosiac, Vol. 4, No. 1 (NSF73-5) 
NATIONAL SCIENCE FOUNDATION (GENERAL INFORMATION 
BROCHURE) (NSF 73-6) 
EVALUATION OF POLICY-RELATED RLWARCH IN THE FIELD OF 
HUMAN RESOURCES (NSF 73-7) 
EXPLORATORY TECHNOLQCY A~WSSMENTS IN SELKTED ARKS 
(NSF 73-8) 
PUBWCATIONS OF THE NATIONAL SCIENCE FOUNDATION,'MAY 
1973 (NSF 73-9) 
Mosaic, Vol. 4, No. 2 (NSF73-10) 
OFFICE OF EXPLORATORY RBEARCH AND PROBLEM AS.WSMENT 
(NSF 73-11) 
GRANTS FOR SCIENTIFIC RWARCH (NSF 73-12) 
GRANTS FOR COMPUTING Acrlv~~x~s (NSF 73-13) 
FEDERAL SUPPORT m UNIVERSITIES, C~LLLGU, AND SELECTED 
NONPROFIT INSTITUTIONS, FISCAL YEAR 1971 (NSF 73-300) 
SCIENCE R~souuc~s STUDIBHIGHLXGHTS: “NSF Forecasts Rise 
in Company-Funded Research and IkveIopment and R&D 
Employment” (NSF 73-501) 
IMMIGRANT SCIENTISTS ANDENGINEEW IN TH1P, UNIT~CD STATUS. A 
STUDY OF CHARACTERISTIC AND Arrrlums (NSF 7$302) 
NATIONAL PATIZRNS OF R&D Rgsouuce5. FUNDS AND 
MANPOWER IN THE UNITED STATES (NSF 7S-SOS) 
GRADUATE STUDENT SUPPORT AND MANPOWER Riea6uau!s IN 
GRADUATE SCIENCE EWCATION, FAU 1971 (NSF 73-304) 
REPEARCH AND DEVELOPMENT IN INDU~~Y, 1971. FUNDS, 1971. 
SCIENTISTS AND ENGINEEEW, JANVA~Y 1972 {NSF 7S405) 
INITIAL REPoan OF THE DEEP Sm Dnr~uNc PJLOJW, Vt%. 12 
(NSFSP-12) 
INITIAL REPORTS OF THE Drr~ SEA ~)RILLING Fn~j@.% Vat. 13 
(NSFSP-13) 
~NI~AI. R~paar8 OFTHEDEEPSEA DwwNGP~OJEE~~~, Vc%.Jl 
(NSFSP-14) 



National Research Centers Contractors 

Associated Univcrsitica, Inc. (AUI) University Corporation for Atmospheric Research (UCAR) 
Gerald F. Tape, President Walter Orr Roberts, President 

National Radio Astronomy Observatory 
David S. Heeschen, Director 

AU1 Member Universities: 
Columbia University 
Cornell University 
Harvard University 
Ihe Johns Hopkins University 
Massachusetts Institute of Technology 
University of Pennsylvania 
Princeton University 
University of Rochester 
Yale University 

Association of Universities for Research in 
Astronomy, Inc. AURA) 

Gilbert Lee, President 

Cerro To1010 Inter-American Observatory 
Victor M. Blanco, Director 

Kitt Peak National Observatory 
Leo Goldberg, Director 

AURA Member Universities: 
University of Arizona 
<;alifomia Institute of Technology 
University of California 
University of Chicago 
Harvard University 
Indiana University 
University of Michigan 
Ohio State University 
Princeton University 
University of Texas at Austin 
University of Wisconsin 
Yale University 

Cornell University 
W. Donald Cooke, Vice President for Research 

National Astronomy and Ionosphere Center 
Frank D. Drake, Director, Ithaca, n.Y. 
Harold D. Craft, Director, Observatory 

Operations, Are&o, Puerto Rico 

National Center for Atmospheric Research 
John W. Firor, Director 

UCAR Member Universities: 
University of Alaska 
University of Arizona 
California Institute of Technology 
University of California 
Ihe Catholic University of America 
University of Chicago 
Colorado State University 
University of Colorado 
Cornell University 
University of Denver 
Florida State University 
Harvard University 
University of Hawaii 
lhe Johns Hopkins University 
University of Illinois at Urbana-Champaign 
University of Maryland 
Massachusetts Institute of Technology 
McGill University 
University of Miami 
University of Michigan 
University of Minnesota 
University of Missouri 
University of Nevada 
New York University 
State University of New York at Albany 
Ohio State University 
University of Oklahoma 
Oregon State University 
Pennsylvania State University 
Purdue University 
The Rice University 
Saint Louis University 
Texas A&M University 
University of Texas 
University of Toronto 
Utah State University 
University of Utah 
University of Washington 
University of Wisconsin 
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