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foreword

The Division of Science Resources Studies of the National Science Foundation has
initiated efforts to obtain mere recent and detailed quantitative information on foreign
science and technology (S/T) capabilities and activities—principally in the large re-
search and development (R&D)-performing industrialized nations. This report pres-
ents a statistical profile of West Germany’s S/T effort since 1970 and compares it with
that of the United States. R&D trends in West Germany at the national level as well as
for individual sectors are presented, and data on S/T outputs are discussed.

William L. Stewart

Director, Division of
Science Resources Studies

National Science Foundation

March 1986
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introduction

West Germany has traditionally excelled in science and
technology. During the last 20 years, it has increasel its ex-
penditures and personnel forresearch and development to the
extent that it has now reached a level of research and develop-
ment {(R&D) investment that is comparable to that of the Unit-
ed States in terms of size of the economies. This report profiles
West Germany’s scientific and technological (5/T) investments
and outputs since 1970 and compare- them with those of the
United States.

In West Germany, responsibility for science and for re-
search and development is divided between the Federal and
State Governments. School and university affairs are prin-
cipally the responsibility of the State which provides support
for faculty salaries and operating expenses as well as basic
laboratory equipment. Under the Basic Law adopted by the
Constitutional Assembly in 1949, the Federal Government was
given concurrent legislative powers with regard to the promo-
tion of scientific research. In 1969, changes in the Basic Law
gave the Federal Government wider powers, enabling it to
participate in the planning and financing of higher education
and to assist in constructing and expanding new universities
and clinics. The Federal and State Governments also share
joint responsibility for funding certain research institut<, and
projects.'

Because of these joint responsibilities, data on West Ger-
man Government research and development reflect the contri-
butions of both the Federal and State Governments. In the
United States, the Federal Government has assumed the pri-
mary role of funding research and development and thus U.5.
Government R&D expenditures presented here are separately
budgeted Federal expenditures. State coniributions to aca-
demic research and development in the United States are
reported by universities and colleges as their own funds.

A disconiinuity in the West German R&D data was caused

'Hildegard and Reinhold Geimer. Resesrch Organization and Science Promotion m the
Federal Republic of Germany (Munich, West Germany: K. G, Saur, 1981),

by the introduction in 1978 of a major Fedeial R&D promotion
program for small- and medium-sized firms. Under this pro-
gram, the Government Supports 40 to 50 percent of the sal-
aries of R&D personnel in small companies (under 500 em-
ployees) and up to 45 percent of new or additional R&D
personnel in medium-sized firms (500-5,000 employees).? This
program increased actual R&D investments, and also led to an
extension of coverage of newly identified small- and medium-
sized firms in the survey of industrial R&D efforts. Therefore,
the rate of growth in West German R&D expenditures and
number of R&D personnel between 1977 and 1979 was syme-
what exaggerated. Nevertheless, there would still have been
growth in West German R&D investments. The average an-
nuat growth rate of industrial R&D expenditures from 1977 to
1979 is estimated to have been 171 percent in constant dollars
without the inclusion of these small- and medium-sized firms,
and the average increase of scientists and engineers engaged in
research and development would still have been 11 percent.’

The latest actual R&D expenditure data available for West
Germiany in many cases are for 1981. The data on 1982 and 1983
are preliminary figures. Some budgetary figures for 1985, as
well as Federal plans for R&D expenditures in 1987, are pre-
sented for West Germany. Data are unavailable for a few of the
years, and in those cases, estimates by the National Science
Foundation (NSF) have been provided and are noted as such in
the tables in the appendix. NSF estimates have been based on
preliminary national data for 1983-85 in the ratio of research
and development to the gross national product (R&D/GNP)
and in the nondefense R&D/GNP ratio. Data are available for
the United States that are more recent than those shown in this
report, but because the focus is on West Germany rather than
the United States, U.5. data are shown only through the latest
year for whicl. actual West German expenditure data are avail-
able.

%pederal Ministry for Rescarch end Technology—Bundesministerium fur Forschung
und Technologie (BMFT). This program has changed shghtly sver the years. See page 21’
for more details,

}Organisation for Economic Co-operation ang O~elopment (OECD).




highiights

national r&d patterns government research

and development

® The Government share of R&D funding has declined in both

e Although West German expenditures for research and de-
velopinent are only one-fifth those of the United States, ihe

ratio of these expenditures to the GNP has been similar for
each of the two countries since the lote seventies. Estimates
for 1985 indicate that the United States has increased its
R&D/GNP ratio to 2.7 percent compared with 2.6 percent in
West Germany.

In constant-dollar terms, R&D expenditures in West Ger-
many and in the United States increased 75 percent and 63
percent, respectively, from 1970 to 1985. Since 1975,
however, R&D expenditures have grown more repidly in the
United States.

West Germany has a higher ratio of nondefense R&D ex-
penditures to GNP than does the United States. In 1985, the
West German ratio was estimated to be 2.5 percent com-
pared v-ith 1.9 percent for the United States.

A high proportion of West German R&D expenditures is
devoted to basic research—22 percent in 1981. In the United
States, basic research represents about 13 percent of total
R&D expenditures. The lower U.S. share is influenced by
large development expenditures associatea with defense
needs.

In both West Germany and the Uruted States, €0 percent of
basic research is performed in the higher education sector
and almost cne-fifth in the industiial sector

In the early eighties there was about the same concentration
of natural scientists and engineers in the labor force in both
countries. Estimates for 1984 show almost 5 West German
sclentists and engineers engaged in research and develop-
ment for every 1,000 persons in the labor force compared
with more than 6 in the United States.

countries. In 1973, at least half of each Nation’s R&D funds
was supplied by the public sector. By 1983, Government was
the source of only 41 percent of the West German national
R&D funding effort, compared with 47 percent in the Unit-
ed States. Estimates for 1985 indicate that these shares have
remained stezdy.

R&D funding is nevertheless seen as an important priority
for both the Governments of West Germany and the United
States. West German Federal budget data show a 16-percent
increase for research and development between 1983 and
1985, compared with a 28-percent increase in the United
States.

About two-thirds of the U.5. Government funds for re
search and development were invested in defense projects
in 1984; West Germany’s investment for defense research
and development represented only 10 percent of Govern-
ment R&D funds in 1983, butincreased to 12 percent in 1985.

Energy represented a higher proportion (15 percent) of Gov-
ernment R&D funds in West Germany than in the United
States (6 percent) in 1984. But the West German Federal
Government plans to decrease funding in this area through
1¢87and estimates for 1985 show thatenergy decreased to 13
percent of total Government R&D spending.

In 1983, the West German Federal Government budgeted
$36.4 million for research and development in bio-
technology, and plans to increase expenditures by about 6
percent per year through 1987. By companson, one estimate
of U.S. Government expenditures in biotechnology in fiscal
years 1982 and 1983 is over $522 million.




¢ in 1983, industrial development was allotted 12 percent of
Government R&D funds in West Germany, compared with
only 0.3 percent in the United States. Although it is cur-
rently a small program, West German Federal funding of
manufacturing production technology is scheduled foraver-
age annual increases of 37 percent through 1987.

special west german s/t
organizations

® Although the Max-Planck Society has considerable influ-
ence and is important in the West German basic research
effct, its bndget represents only about 2 percent of the
nai )nal R&I) expenditures in West Germany. In 1983, cur-
rene R&D funds designated for Max-Planck Institutes were
abeut $375 million. Over 60 percent of these funds were
aliocated to natural science fields.

The Fraunhofer Society is an important performer of applied
reseaxch and development. In 1985, it is estimated that 60
percent of this Society’s finances came from contract work—
both for industry and govemment. It is instrumental in
doing research in the key technology areas identified by the
Federal Ministry for Research and Technology and also has
six mnstizutes devoted to defense research and supported by
the Federal Ministry of Defense.

West Germany has 13 large-scale national laboratories,
many of which are involved in high-energy physics and
nuclear research. In 1983 their budgets totaled $1.6 billion,
about 90 percent of which was financed by the Federal
Ministry for Research and Technology.

® The German Research Society is not an R&D-performer
organization; rather it distributes R&D funds primarily to
the higher education sector. Almost all of its funds are from
public sources. In 1984, its budget was about $440 million,
with Federal sources providing 58 percent, and State gov-
ernments giving 41 percent. About a third of its resc -ces
went to Jife sciences, a fourth to physical science and mathe-
matics, and more than a fifth to engineering.

industrial research and
development

® About 70 percent of all research and development was per-
formed in the industrial sector in both West Germany and
the United States in 1983.

¢ Throughout most of the 1970s, industrial R&D expenditures
increased much more rapidly in West Germany than in the
United States. West Gerruan industrial R&D growth has
slowed since—rising only 10 percent in constant dollars
during 1979-83 compared with 25 percent in the United

States. In 1983, U.S. industrial R&D funds were five times
those of West Germany.

¢ Industrial R&D expenditures were twice as concentrated in
the chemical and allied products industries in West Ger-
many in 1981 as they were in the United States.

® The R&D-to-sales ratio for all industries combined was
slightly lower in West Germany—2.8 percent in 1981—com-
pared with 3.1 percent in the United States. Using this
measure, the aerospace industry is the most R&D-intensive
in both countries.

¢ Industrial R&D scientists and engineers are most heavily
concentrated in the electrical equipment industry. In West
Germany, 38 percent of all such scientists and engineers
were employed in this industry compared with 22 percent in
the United States.

higher education

® West Germany invests about the same proportionofits R&D
expenditures in the higher education sector (16 percent in
1983) as does the United States {13 percent). Both countries
concentrate their R&D resources in the natural sciences.*

¢ The number of first university diplomas awarded by West
Germany in the natural science fields increased 65 percent
from 5,400 in 1973 to 8,900 in 1983. Over the same period,
the number of U.S. bachelor degrees in natural sciences
increased only 11 percent. The United States, however,
grants over three times the number of natural science de-
grees relative to its population than does West Germany.

¢ First university diplomas awarded in engineering increased
over 70 percent in West Germany during the 1973-83 period,
reaching a total of 7,700. Int 1983, 12 to 13 out of every 100,000
people in West Germany received a university engineering
degree compared with 31 in the United States. If one wereto
include fachhochschule engineers whose training at these
technical schools is shorter and more specialized, however,
West Cermany’s proportion of engineering degrees per
100,000 population would be 37—higher than that of the
United States.

West Germany has increased its doctoral productionin natu-
ral science and engineering (S/E) fields, and in 1983 gradu-
ated a higher proportion of doctorates relative to the size of
its population in both of these fields than did the United
States.

In West Germany, women receive a relatively high propor-
tion of bachelor level degrees in natural sciences (30 percent
in 1982} and a relatively low proportion of degrees in engi-
neering (7 percent). U.S. trends are similat, but women
represent a higher percentage of the recipients in both
fields.

Ynzlwdes physical, biological. and mathematical scences

i0




- s/t outputs and impacts

¢ In 1982, West German scientists and engineers authored 6.5
percent of the articles in a set of the world’s influential $/T
joumals. This proportion of scientific literature is twice as
large as West Germany’s share of the indusialized world's
researchers. The highest West German share of such ST
literature was in the field of physics (6.8 percent), followed
by engineering and technology, and mathematics (both 6.6
percent). Between 1981 and 1982, the ‘West German share
increased somewhat in physics and biomedical research.

There were a number of subfields in 1982 in which West
German articles represented at least 10 percent of the world’s
ST literature: Applied chemistry (15 percent); nuclear tech-
nology (14 percent); orthopedics (13 percent); obstetrics/
gynecology (13 percent); and microscopy (12 percent); met-
als and metallurgy, materials science, and nuclear and parzi-
cle physics (each 10 percent).

Patent applications are frequently used as indicators of in-
ventiveness. Domestic patentapplications decreased in both
West Germany and the United States in the seventies. Re-
centdata show a more optimistic picture; from 1981 to 1984,
domestic patent applications increased 9 percent in West
Germany compared with only a I-percent decline <0 the
United States.

¢ The number of U.S. patents granted to West German inven-

tors rose more than 40 percent from 1970 to 1984. Over 60
percent of all U.S. patents granted to West German inven-
tors are in machinery and chemical and allied products
technologies.

Some of the product groups in which West German inven-
tors were granted the highest proportion of U.S. patents of
any foreign country were railroad equipment, specialindus-
trial machinery, industrial organic chemistry, agricultural
chemicals, ordnance, and missiles and space vehicles.

West Germany has a negative balance of trade in tech-
nology-intensive products with the United States. In 1970,
this deficit was only $0.5 billion, but by 1981, it reached $2.8
billion. Since then there has been an improvement in the
West German trade balance with the United States which
registered $1.%5 million in 1984. In 1984. West Germany's
deficit with Japan ($2.4 billion) was greater than its deficit
with the United States. West Germany maintains a positive
balance of technology-intensive trade with Italy, France,
and the United Kingdom and registered a positive world
balance of trade in these products of $10.6 billion in 1984.

Between 3970 and 1984, both the West German and U.S.
wortld export shares declined in many of the technology-
intensive product groups. West Germany increased its ex-
port share only in aircraft and parts—from 3.4 percent in
1970 to 15.2 percent in 1984. its export share was highest in
plastics and synthetic materials and thas share has remained
steady 13t about 21 percent.




hational ré&d patterns

total r&d
expenditures

Between 1970 and 1985, R&D expendi-
tures in West Germany increased 75 per-
cent in constant-dollar terms {(chart 1).
Over the same period, U.5. investments
in research and development rose 63
percent in constant dot'ars. Since 1975,
however, R&D exnenditures have grown
more tapidly in the United States. In
1985, West Germany invested over
DM47 billion in research and develop-
ment which is the equivalent of 11.1 bil-
lion in constant (1975) dollars. and the
United States invested 58.2 billion in
constant dollars.

The United States invests much more
in research and development in absolute
terms than West Germany: but relative to
the size of its economy, the West German
R&Dinvestment is fairly comparable to
that of the United States. The West Ger-
man R&D/GNP ratio increased
throughout the late seventies and from
1978 to 1982 actually surpassed the U.S.
ratio (chart 2). Estimates for 1985 indicate
that the United States increased its R&D/
GNP ratio to 2.7 percent compared with
2.6 percent in West Germany.

West Germany has a higher ratio of
nondefense R&D expenditures to GNP
than does the United States. West Ger-

many has generally increased its invest-
ment in nondefense research and de-
velopment at a pace faster than its
economic growth (chart 3). Between 1977
and 1983, nondefense R&D expendi-
tures grew almost 70 percent in West

Germany compared with a 40-p.rcent
increase in GNP. In 1983, the West Ger-
man ratio reached 2.4 percent compared
with a ratio of 1.9 percent for the United
States. From 1982 to 1983, there was no

growth in the nondefense ratios in either

United States

West Germany




United States

/ \_,
\

Wast Germany

* country. In West Germany both total and
nondefense R&D expenditures in-
creased, but not at a faster rate than the
economy. In the United States, total
R&D expenditures continued t0 increase
faster than the GNP. but defense re-
search and development claimed an in-
creased proportion of the total, resulting
in a slight decreasein the ratio in 1984. In
1985, the West German ratio was estimat-
ed to be 2.5 percent compared with 1.9
percent for the United States.

o

German national R&D fur.ding effort
compared with 47 percent in the United
States (chart 4).

Industry has taken an increasingly im-
portant role as a source of R&D fundsin
both West Germany and the United
States. In 1973 West German industry
provided 49 percent of all R&D funds,
and by 1983. this share had increased to
58 percent. The U.S. industria! propor-
tion of national R&D funds also grew,

r&d B Government industry - from 43 percent in 1973 to 50 percent in

expenditures by | oo e

United \ United

source ey 7 mm 7=l research and

Government funds increased 20 per-
cent in West Germany and 22 percent in
thea United States in real terms between
1973 and 1983, reaching a 1975 constant
¥ dollar investment level of 4.3 billion in
West Germany and 23.3 billion in the
United States. The Government share of
R&D funding has declined in both coun-
tries. In 1973 at least half of each Nation's
R&D funds was supplied by the public
sector. By 1983, Government was the
source of only 41 percent of the West

development by
character of
work

Categorizing R&D exp-nditures as
basic or applied research or as develop-
ment is a difficult and to some extent a
subjective task, and thus the resulting
data are not as reliaple as national totals.




The categories for which data are pre-
sented here are in accordance with the
Organisation for Economic Co-operation
and Development (OECD) definitions,
but it is recommended that the reader
give primary consideration to overall
trends and major changes rather than to
detailed differences.

basic research

A high proportion of West German
R&D expenditures is devoted to basic
research. In 1981, basicresearch expend-
itures represented 22 percent of all cur-
rent R&D expenditures in West Ger-
many. These expenditures had dimin-
ished substantially after 1973 when the
basic research share was 30 percent
(chart 5). During the same period in the
United States the basic research propor-
tion remained constant at about 13 per-
cent. The U.5. basic research share is
heavily influenced by the substantial
amount of research and development a}-
located to defense. For instance, the U.S.
Federal R&D budget authority for de-
fense activities in 1981 shows that 85 per-
cent was directed to development com-
pared with only 3 percent for basic
research. By contrast, U.S. Federal R&D
budget authority for nondefense ac-
tivities was divided more evenly, with 37
percent devoted to development, 33 per-
cent to applied research, and 29 percent
to basic research.’

Boti, the Government and industry
sectors of West Germany have increased
their responsibilities corcerning the per-
formance of basic research. Some of the
increase in industrial basic research is
undoubtedly due tc an increase in scope
of coverage of the industrial sector. Ac-
cording to expenditure data, 70 percent
of West German basic research was per-
formed in the higher education sector in
1973, but by 1981 this share was 60 per-
cent {chart 6). More than one-fifth of
West German basic research was con-
ducted in the public sector.® Industry

*National Science Foundation. Federal R&D Funding: The
1975-85 Decade (Washington, D.C.; March 1984), pp. 18-20.

éCurrent R&D expenditures for the Max-Planck In-
stitutes are alf classified as basic research and are allocated
lo the Government sector.

it o e e e e —————

~ Wast Germany

United States

Government

industry

Higher
education™"|

Private
nonprofit
organizations

spent 18 percent of all basic research
funds—the same percentage as in the
United States.

applied research and
development

Applied research expenditures cannot
be separately identified from develop-
ment expenditures in West Germany. To-
gether, these two categories constituted
almost four-fifths of R&D expenditures
in 1981, up from 70 percent in 1973 (chart
7). In the United States, appl. 1research
and development expenditures con-
stituted 87 percent of a]l research and
development in both years, with de-
velopment expenditures alone account-
ing for 64 percent in 1981.

West
Germany

\




scientists and
engineers

stock of natural
scientists and
engineers

Scientists and engineers are involved
in a variety of activities, and their
number is therefore a good indicator of a
country’s scientific and technological ca-
pability. In 1980, there were 231 thou-
sand natural scientists and 390 thousand
engineers in West Germany compared
with 870 thousand natural scientists and
1.7 million engineers in the United
States. Although the United States has a
muc - larger number of scientists and en-
gineers, the two countries have a com-
parable level of scientists and engineers
in terms of the size of their economies.
The West German ratio of natural scien-
tists and engineers per 10,000 labor force
increased from 0.6 percent in 1970 t0 0.9
percent in 1980, reaching and surpassing
slightly the U.S. ratio of 0.8 percent
{chart 8). This was due largely, however,
to changes in the general labor force.
Over the decade the number of natural
scientists increased over 40 percent in
both countries: the U.S. labor force ex-
panded by 27 percent and the West Ger-
man labor force expenenced a slight de-
crease. The stock of West German
engineers actually declined 6 percent
from 1970 to 1980. The concentration of
engineers in the labor force, however,
remained the same in both countries—
1.5 percent for West Germany and 1.6
percent for the United States.

r&d scientists and
engineers

After 1970, the number of West Ger-
man R&D scientists and engircers in-
creased 58 percent, reaching an estimat-
ed 130 thousand in 1984, In the United
States the number of these researchers
actually decreased in the early seventies
before increasing 40 percent to a level of
about 751 thousand in 1984. The West
German concentration of R&D scientists
and engineers ir the labor force steadily

increased over the period, narrowing the
gap with the U.S. ratio (chart 9). In 1970
the U.S. ratio (6.4) was twice that of the

- West Germany
Sl united states

Naturai sclentisis

-~

West German (3.1), but by 1984 they
were more comparable; there were al-
most 5 West German scientists and engi-

United States

—— T — —
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“ﬂ
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West Germany




neers working on research and develop-
ment per 1,000 persons in the labor force
compared with inore than 6 in the Unit-
ed States.

Part of this trend can be explained by
the fact that from 1970 to 1980 the
number of S/E-degree recipients in West
Germany increased substantiaily and
the number of U.5. doctoral degrees

dropped 30 percent in engineening and
10 percent in the natural science fields.”
It should also be noted that many of the

Tloseph Mintzes and William Tash, Companson of Scien-
tific and Technical Personnet Trends in the Untted States, France.
West Germany, gnd the Lintled States Since 1370 (NSF 84-335)
(Washungton, D.C. National Saience Foundabon, 1985).

engineering doctorates granted in the
United States during this period were to
non-citizens. By the early 1980’s, foreign
students represented about half of all the
engineering doctoral recipients.®

*National Saence Foundation, Science gnd Enginsenng

Doctorales 1960 82 (NSF 83-328{{Washington. D.C., 1983).




government research and
development

Government was the souzce of 41 per-
cent of the West German national R&D
effort in 1983, compared with 47 percent
in the United States. In (1975} constant-
dollar terms, this represented an invest-
ment of $4.3 billion for West Germany
and $23.3 billion for the United States.
Although West German Government
funds inc-eased about 20 percent in real
terms from 1973 to 1983, the Govern-
ment share of funding declined in both
West Germany and the United States. In
1973, at least half of each Nation’s R&D
funds was supplied by the public sector.
but by 1983 industry was the dominant
R&D investor in both countries, supply-
ing58 percent of total West German R&D
funds and 50 percent of U.S. funds.

Examination of 1981-83 changes in
R&D funding by source shows that West
German Government R&D support in-
creased only 2.2 percent in real terms
compared with a 9.0-percent ifcrease in
U.S. Government support. The slow-
down in West German Government
funding may reflect the Christian Demo-
cratic administration’s effort to improve
the investment climate by using indirect
mechanisms more than direct funding of
industnal research. R&D funding by the
Federal Government is nevertheless in-
creasingin both countries. West German
Federal budget data show a 16-percent
increase {(in current terms) for research
and development between 1983 and
1985 compared with 28 percent in the
United States. It is estimated that both
Governments provided about the same
share of national R&D expenditures in
1985 as in 1983—about 40 percent in

West Germany and 47 percent in the
United States.’

In 1985, the Federal Ministry for Re-
search and Technology sponsored 55
percent of all Federal R&D funds. The
Ministry of Defense increased its role in
Feder:t R&D funding from 16 percent in

Federal Ministry for Research and Technology—Bun-
desminislenum fur Forschung und Technologie (BMFT),
Statistische Informationen, December 1985. and un-
published data (Bonn, West Germany).

West Germany
United States

1983 to 19 percent in 1985. (Table B-10
presents a distribution of the R&D bud-
get by agency)

Analysis of total Government R&D ex-
penditures by objective shows that West -
German R&D prionities are quite dif-
ferent from those of the United States. In
1984, the West German Government ex-
pended 12 percent of its R&D funds on
industrial development whereas the
United States expended only 0.2 percent
on that objective (chart 10). West Ger
many also expended considerably more




of its funds on energy research and de-
velopment (15 percent) than did 1he
United States (6 percent). The two coun-
tries invested about the same proportion
in space research and development, but
there was a major difference in their
R&D expenditures for defense purposes:
the U.S. Government expended about
two-thirds of its funds for research and
development on defense projects,
whereas West Germany’s investment for
that objective was only about 10 percent
in 1984.

Estimates for 1985 indicate that West
German defense research and develop-
ment has increased to 12 percent of total
Government R&D funding compared
with 68 percent for the United States.
The proportion of Government R&D
funds devoted to energy has decreased
10 both countries; in 1985 it was estimat-
ed tobe 13 percent in West Germany and
5 percent in the United States.™

West German Government R&D ex-
penditures consist of both Federal and
State funds. In 1983, the Federal Govern-
ment was responsible for 60 percent of
total Government R&D funds. By law,
the States fund almost all of ihe current
and half of the ¢apital expenditures for
universities. The foregoing discussion of
Government R&D objectives is thus in-
fluenced by the large proportion of West
German Government funds allocated to
general .niversity research which is
largely nonoriented.

If one looks solely at Federal R&D
funding in West Germany, ihe priority
areas shift somewhat. More than one-
fifth of all Federal R&D funds were in-
vested in energy areas in 1983 and about
15 percent for defense. Funding for the
Max-Planck Society for the .Advance-
ment of Science, the German Research
Society, and the Fraunhofer Society for
the Advancement of Research, as well as
funding for basic research in the natural
sciences constituted more than 14 per-
cent of the Federal R&D budget in 1983
{table B-13).

®fbid. and Nahonal Science Foundation, Federal RS
Funding by Budgel Funciron. Fiscal Years 1984-86 (NSY
85-319)Washington, D.C., 1985).

For the first ime, the Federal Ministry
for Research and Technology published
the long-term financial plan accepted by
the Federal Government in June 1983
which details Federal R&D spending
plans through 1987. This plan shows that
the West German Government is con-
tinuing to promote research and d2-
velopment. but at a reduced pace. The
average annual growth rate ‘n Federal
R&D expenditures was 7.4 percent from
1975 to 1979. It slowed to 4.7 percent
from 1979 to 1983 and is expected to de-

Towal Federal

Production 1echnology

Innovalion

Basi¢ research in natural
science areas

Basic physical technologies
Biolechnolo@y

Avialion

Heallh

Defense

MPG, DFG, FhG?

Space

crease to only 2.4 percent during the
period 1983-87.1

Chart 11 shows the average annual
percent changes in selected priority
areas planned by the West German
Federal Government for the period
1983-87. Promction of innovation and
basic research in selected areas of natural

WFederal Ministry for Research and Technology—Bun-
desrmpistenum fur Forschung und Technologie (BMFT),
Bundeshericht Forschung 1984. \Bonn, West Germany, 1984).

Energy

Information lechnology®
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sciences are among the priorities that al-
ready receive a substantial portion of the
Federal R&D budget. They are sched-
uled to increase an additional 10 percent
per year through 1987. Federal funding
for manufacturing production tech-
nology will experience the largest
growth—an average of 36.8 percent per
year. It is a small program (about 14 mil-
lion current dollars in 1983), however,
and will represent only 1 percent of the
total Federal R&D budget in 1987.
Federal funds for biotechnology re-
search and development are scheduled
for a 5.6 percent average annual growth.
In 1983, the West German Federal Gov-
ernment designated $36.4 million for re-
search and development in bio-
technology. (For comparative purposes,
one estimate of U.S. Government ex-
penditures in biotechnology in fiscal
years 1982 and 1983 is over $522 mil-
lion.)** Defense research and develop-
ment will grow faster than the totai bud-
get and will therefore increase its per-

Commerciol Brotechrology: An International Assessment
(Washinglon, D C  Office of Technology Assessmenl,
OTA-BA-218, 1984)

centage of the Federal R&D budget from
15 percent in 1983 to 17 percent in 1987,
Energy research and development re-
ceived the largest amount of Federal
funds ($895 million) in 1983, but this is
one area for which the Federal Govern-
ment plans to reduce funding in the
coming years.

Information technologies are sched-
uled for average annual cuts in Federal
R&D expenditures of 6.8 percent, but
most of the cuts are a result of the phas-
ing out of the special program for micro-
electronics and optical communications
technologies. The special program of the
Federal Ministry for Research and Tech-
nology to promote productdevelopment
in the manufacturing industry, as well as
to procure research computers, ended in
fiscal year 1981. Excluding this special
program, research and development in
other information technologies are
scheduled for an average annual in-
crease of 3.6 percent. The West German
Governmentis still concerned about the
international competitiveness of its in-
dustry, particulaily in the area of inte-
grated circuits, but has moved away from
the approach of concentrated direct
funding of product development. A
more comprehensive plan for promoting

the development of microelectronics and
information and communications tech-
nologies, which calls for overlapping
ministerial responsibilities in a variety of
areas, was announced by the Federal
Goverument in May 1983."

In 1985, Federal funding for research
and development in information tech-
nology was held constant. This area nev-
ertheless received a greater share of
funds than some other key technology
areas such as biotechnology and mate-
rials research, as is evident in table 1.
The funding for production technology
increased substantially, and when this
category is considered together with in-
formation technology, the combined
funds represented 5 percent of the
Federal R&D budget and constituted a
12-percent increase in 1985. Aviation re-
search and development received a
much greater increase in funding than
previously planned. These key tech-
nologies represented 16 percent of the
West German Federal budget for re-
search and development in 1985.

BFederal Mmustry for Research and Technology—Bun-
desmunistenium fur Forschung und Technologe (BMFT),
Bundesbericht, op ait.

Table 1. West German Federal R&D budget ‘or 1985, for key

technofogy areas

Key technology area

Millions of
deutsche
marks

Percent
change

1984-83

Percent
of
budget

Inlormation production

Information technology
Producton technology .... ..... ...

Bislechrelogy
Matenals group

Matenals research
Physical technology
{hemical processes 14.7

Aviation research and technology ..
Marine and polar technology

£58.1 121

5.0

5129 2
145.2 93.1

3.9
1.1

149.5 14.3
335.5 4.4

195.5 17.9
122.3 ~10.8
=75

7345 7.3
236.2 54

Marine research 83.9 134

Marine technology
Polar research 64.4

87.9 9.6
=77

5

HOTE: In $885, 2 dollar s estimated to be equnealent to abow 2 West Germir: devtsche manks using 0ECO Purchasmg
power panty exchange ries.
SOURCE- Federal Muusiry o1 Research and Techno'ogy—Bundesrmnistenm fur Foesthung und Technologee (BMIT),
Statistrsche Informabonen. Peleril 133, December 1985
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special west german sf
organizations

Special organizations are important in
the performance of research and de-
velopraent, the financing or distribution
of R&D funds, and in the coordination
and evaluation of R&D activities in West
Germany. Aithough many of these or-
ganizations. are considered legally to be
independent nonprofit institutions, this
report follows the OECD guidelines in
categorizing these institutions’ R&D ex-
penditures by sector of performance and
source ot ‘funds. In general, che sector
that largely controls a nonprofit organi-
zation, or that is served by a nonprofit
organization, is the one to which the or-
ganization is assigned. Therefore, if a
nonprofit organization’s aim is mainly to
serve Government, or if it is financed or
controlled mainly by Government, it is
considered as huving performed re-
search in the public sector. The Max-
Planck Institutes and the large national
laboratories are examples of this catego-
ry. If the nonprofit organization renders
services mainly to enterprises, such as in
the case of the Confederation of Indus-
trial Research Associations, tne research
and development perforraed is consid-
ered to be in the industrial sector and the
funds received by the organization from
the Government are credited to the Gov-
ernment when discusssing R&D ex-
penditures by source of funds.

The following chapter describes some
of the most important independent or-

ganiz=+ons in the West German 5/T sys-
tem and discusses their objectives, re-
search programs, and resources. It is not
intended to be a comprehensive com-
pendium of all of the organizations that
have important roles in West German S/T
activities. It will, however, provide a bet-
ter understanding of the special features
of the West German S/T system, as well
as anidea of the variety of organizations,
programs, an¢. activities that are in-
volved in the conduct of research and
development.

the max-planck
society

The Max-Planck Society—Max-Planck
Geselischaft (MPG) is one of the most
famous and important performers of
basic research in West Germany. It is fi-
nanced largely (94 percent) by public
funds from both the Federal and State
Governments. Although this Society has
considerable influence on the national
R&D effort, its budget represents only
about 2 percent of the national R&D ex-
penditures in West Germany.

The Max-Planck Institutes are not ex-
pected to perform basic research in ail
fields. The Society supplements re-
search in universities and is charged by
the Science Council to carry out research

20

that requires large or specialized facili-
ties; to supply adequate human and fi-
nancial resources to areas of particular
scientific importance and promise; anc
to conduct research in emerging and in-
terdisciplinary fields.™

Table 2 presents the Max-Planck So-
ciety’s research funding in 1983 by.field.
Over 60 percent of the research funds are
in natural sciences and most of the rest
are invested in biomedical fields. The
personnel are similarly concentrated. Of
the more than 7,600 persons employed
in Max-Planck Institutes in 1983, 67 per-
cent were in natural sciences; 10 percent
in medical fields, 8 percent in social sci-
ences and humanities, 3 percent in engi-
neering, and 2 pereent in agriculture.™

The Max-Planck Society now consists
of 52 institutes (table B-14), 3 clerical
units, and 2 independert research
groups. Independent research groups
are a means through which new research
efforts are promoted for a limited time—
normatly five years—and working rela-
tions between MPG and universities are.
increased.

MRobert Gerwin and Barbara Holtz, The Max-Planck-
Geselischaft and fis Inststutes (Muruch, Weet Germany. Max-
Planck institute, 1984)

“Federal Ministry for Research and Technology—Bun-
desnumistenum fur Forschung wnd Technologe (BMFT),
Bundesbericht, op. el




Table 2. Max-Planck Society R&D funding
by fisld: 19€3

[DoBars in milkons)

Amount
$365.1

Astronomy and astrophysics . . 279
Chemistry 4.5
Physics § (basic research} .... 36.6
Physles il {matenals) 92.2
Mathematics and computes

Meteorology and aerospace

6.0

25.0

Biomedical research in humans
and priniates §0.2

Biomeadical research in model
organisms

Psychology and biological

NOTE. Figures acn for cumment €penctuees and anclude PIORC funding A
idbonal 59 § mikon is estmated or cendral expenditures. making an

overad iotal of $374.9 mehon.

SOURCES: Federal MinistFy 1or Research and Tethnology—Bun-
desmmistenum t F 0 end Technolopwe (BMFT) and Max Planck
Socsty—Max. Planck-Grtnwsehaft (MPG)

The importance of increased coopera-
tion between the Institutes and univer-
sities is being emphasized. Nearly all di-
rectors of the Institutes and many other
senior scientists are teaching »: univer-
sities. The Institutes also offer research
facilities to students working on their di-
plomas or doctorates. Of the approx-
imatey 2,700 such young scientists and
visiting scientists in 1981, 850 were
working on their doctoral degrees. Re-
cently the number of research projects
conducted jointly by the Institutes ar.d
ur.versities has increased. Conipetition
between the two sectors remains,
however, and many scientiste feel that
the research environment is better at the
Institutes than at universities."

fraunhofer
society

The Fraunhofer Society—Fraunhofer
Gesellschaft (FhG) is to applied research

"Robert Gerwin and Barbara soltz, o5 ait.

what the Max-Pianck Society is to basic
research. It is a nonprofit society that
sponsors and performs applied research
and development i three sectors of ac-
tivity: Coniract research, defepse re-
search, and services. The Society’s main
clients are industry and Federal and
State Governments. In 1985, the
Fraunhofer Society had a budget of
DM400 million and a staff of around
3,700.7 Over half of the personnel are in
natural sciences and one-third in engi-
neering. in terms of expenditures,
however, about half are spent on engi-
neering and moz2 than 40 percent on
netural science fields."

This Saciety performs a mix of its own
research projects as well as contract re-
search. Twenty-two institutes are en-
gaged in contract or project research
with industry and government. Six in-
stitutes are devoted to defense research
and are supported by the Ministry of
Defense. The Society also provides tech-
nical information, technical evaluations;
economic studies; and assistance in ob-
taining, maintaining, and exploiting pat-
ents. There are four institutes responsi-
ble for such services. The institutes
conduct applied research and develop-
ment in the following areas:

Microelectronics and sensor tech-
nology

Information technology and produc-
tion automation

Material and building component be-
havior

Production technologles

Process engineering

Energy and construction technology

Environmental research

Technical economic studies and tech-
nical informat:on

The Federal and State Governments
provide subsidies through the
Fraunhofer Society to assist small- and
medium-sized enterprises (under
DM500 sales) for R&D projects leading
to new or substantially improved prod-

YFraunhofer Society—Fraunhofer-Gesellschaft (FhG),
Costract Research for Tndustry (Munich, West Germany,
1985).

1sFederal Ministry for Research and Technology—Bun-
descumstenum fur Forschung und Technologie (BMFT),
Bundesberscht, op. ot pp 393 and 374

YEraunhofer Society—Fraunhofer Sesellschait (FhG),
op. ot

ucts or processes and for technical assis-
tance. The subsidies canamount to 40-60
percent of the R&D projects cost, de-
pending on the technical and economic
risk of the project.”

The Society’s institutes have excellent
links with industry. In addition to the
contract work and technical assistance
they provide to small- and medium-
sized firms, many of the heads of the
wnstitutes are also on the boards of direc-
tors or are directors of research and de-
velopment of some of the larger firms.
They also have close links with univer-
sities. The institutes are usnally located
near research universities and more than
half of the heads of institutes are also
university professors. #

In 1973 a new model of financing re-
search and development was introduced
that is intended to stimulate contract re-
search and further the Fraunhofer So-
ciety’s role as an important catalystin the
transfer of technology from research lab-
oratories to industry. Under this model,
the Federal and State authorities grant
the Society a certain amount of basic fi-
nance for a ;-oject, but the actual pay-
ment depends on the amount of money
earned by the Society from contract
research.”

More than half of the Society’s budget
was provided by the Federal and State
Governments in the form of institutional
funding in 1983 and about 40 percent
came from contract research.® The im-
portance of contract work is scheduledto
increase until 1988 and in 1985 it is esti-
mated that 60 percent of the Society’s
funds came from contract work.™

The Society is involved in performing
research for the Ministry for Research
and Technology in areas such as micro-
electronics, automation, and production
technology (CAD/CAM and industrial
robots); materials development {heavy

BYnd.

Hinterview with the International Office, Fraunhofer
Soaety, Mumch. West Germany, October 1985

Wilen*  son Massow, Orgasationt and Promotion of
Scrence m the Federal Republie of Germany (Bonn, West Ger-
many: Inter Nabions, 1983). p. 38

BFederat Mimstry for Rescarch and Technology—Bun-
desmunistenum iur Ferschung und Technologie (BMFT),
Bundesbericht, op. ait , p. 63

HFraunheofer Socrety—Fraunhofer-Gesellschaft (FhG),
op ot and annual reports.
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duty ceramius, etc.); and biotechnology
and gene technology.?

The State governments are also in-
creasing their funding of Fraunhofer in-
stitutes. In fact, there is competition be-
tween the German States in the found-
ing of new Fraunhofer S iciety research
facilities. The States in the northern part
of West Germany are attempting to in-
crease the incentives for high technology
companies to settle there and the south-
ern German States want to ensure their
present competitive status by expanding
their capabilities.?

large-scale
national
laboratories

In addition to the Max-Planck and the
Fraunhofer-Gesellschaft Institutes, .here
are 13 national laboiatories or big science
establishments (grossforschung-
senrichtungen). These laboratories re-
ceive funding from both the Federal and
State Governments, but are supported
primarily by the Minisiry for Research
and Technology. They were established
to supplement the efforts of the univer-
sities in conducting research requiring
la~ge-scale instrumentation and large
capital investments. The first centers
were begun 25 years agoand were in the
field of nuclear research. Other fields
now include space research, mathe-
matics and data processing, bio-
technolcgy, cancer research, environ-
mental protection, m~rine, and polar
research.? Table 3 lists.the national labo-
ratories and their budgets in 1983.

For many of these laboratories the re-
search emphasis is obvious from their
names. Nonetheless it may help to
provide further information for some of
them, especially in the area of nuclear
research. The emphasis of the laboratory
in Karlsruhe is on research using fast

BFraunhofer Socicly....Fraunhofer Gesellshalt (FhG),
Annual Report 1983 {Munich. West Germany. 1984),

Blbid.

PCatherine P Ailes, ¢!, al.. Performer Organuzations and
Suppert Sheategies for Fundamental Research: United States,
France, West Germany, Untted Kingdom, Jopan, and the Sovel
Liners {Arhington, Va.: SRI International, 1985).

i

Table 3. Total budget of West-German
large-scale national laboratories: 1983

[Dallars in millions]

Laboratones Total
L~ 51,6242

Alfred Wedner Institute for Polar

Research, Bremerhaven (A1) ... ... 199
German Elechon-Synchrotron, Hamburg

({27251 4 73.5
German Aerospace Research and Testing

{nstitute. Porz (OFVLR} ............ 178.2
German Cancer Research Center.

Heidetberg (DKFZ) ................ 463
Society for Biotechnological Research,

Stoeckhetm (Braunschweig)(GBF) .... 17.6
Rescarch Center Geesthacht, Ltd..

Geesthacht- Tesperhude {GKSS) ...... 44.6
Society for Mathematlcs and Data

Processing. Ltd.. St. Auqustin (GMD} 326
Socsety for Radiation and Environmenta!

Research, Ltd.. Munich {(GSF; ....... 67.8
Society for Heavy lon Research. Lid..

Darmstadt (GS1) .... ............. 36.9
Hahn-Meitner Institute for Nugiear

fesearch, Lid., Berlin (HMI) .... . 475
Max-Planck Instityte for Plasma Phys:cs.

Ltd.. Munich-Garching (PP} ........ 60.0
Nuclear Research Plant Juelich, Lid..

Juelich (KFAY ... .ovivnnnnnin i, 2045
Nuclear Ressarch Conter Karisruke, LAd.,

Karisruhe (KIK) . ... ...covvennnanns 235.1

SOURCE; Federal Munistry for Reseanch and Technolgy— Bun
desministersum lur Fora  ang und Tecs...ologie. (BMF1}.
Forschung a4, 1884, p 53

breeder reactors, and that of the labor..-
tory in juelich is on high-temperature
reactors and fusion research. The
Geesthacht laboratory alsc deals with
nuclear research, but in the area of ma-
rine reactors. As an example of how the
laboratories’ research agendas are diver-
sified and how the functional a:ea can
change, the Geesthacht laboratory also
has doneresearchin the area of desalina-
tion and sea-water chemistry, as well as
in ocean environmental research and re-
actor safety.®

Fven though these laboratories were
established by Federal and 3tate Govern-
ments and are financed almost com-
pletely by public funds, they are legally
considered independent. ©.ch institu-
tion has a supervisory board that estab-
lishes research priorities. The 13 labora-
tories are linked together under an

2Hildegard and Rewnhold Geuner. op. ¢it and Valentin
von Massow. op. o,
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Association of National Research Cen-
ters wnich coordinates their activities
and represents their interesis with the
Federal Government.” But because the
Ministry for Research and Technology
provides almost all (90 percent) cf the
financial support for these centers, itun-
derstandably has a voice in the research
priorities as well. The national laborato-
ries conduct research in the vanious areas
promoted by the Ministry for Research
and Technology. The Ministry is consid-
ering reducing its investment in nuclear
energy, and it remains to be seen how
this will affect the research and opera-
tions of the national laboratories in the
fuiure. The research activities of some
laboratories will likely be diversified into
other priority areas.”

federal and
state research
gstablishments

In ad dition to the researchlaboratortes
mentioned previously, the Federal Gov-
emnment maintains about 40 research es-
tablishments (Bundesforschungsanstal-
ten), most of which perform mission-
related research for their respective min-
istries. The various States also own and
support about 50 of their own research
laboratori-s (Laenderforschung-
sanstaltan} which generally conduct ap-
plied research and development impor-
tant to their particvlar region and econo-
my.” In addition, there are 48 research
institutions that are about equally
funded by ti.e Federal and State Govern-
ments and which are normally referred
to s the “Blauen Liste” (Blue-List) in-
stitutes. They perform research that is
usually more basic in nature than that of
the aforementioned Federal and 5tate re-
search enterprises. A general require-
men: of these institutions is that they

Pibrd

¥nterview with Federal Ministry lor Research and
Te-hnology—Bundesmimsterium fur Forschung Tech-
nologie {BMFT) officials, Bonn, West Germany, October
1985

IHildegard and Remhold Geimer, op cit.
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conduct research of a Mmultiregional or
national importance. In 1984 their total
budget was over $270 million and they
employed 5,150 persons.®

german
research
society

The German Research Society—Deut-
sche Forschungsgemeinschaft (DFG), is
an autonomous organization somewhat
similar to the National Science Founda-
tion, in that it finances research and de-
velopment on a proposal review basis,
relying on expert peer review. In addi-
tion to funding research proposals, the
German Research Society is responsible
for supporting the iruining of young sci-
entists, fostering cooperation between
researchers—including international co-
operation, and providing advice on sci-
entific matters to policymakers.* The So-
dety does not have research institutes of
its own and is not a research performer;
rather it distributes R&D funds, mainly
to the higher-education sector.

The Society receives most of its fund-
ing from Government sources. In 1984,
£8 percent of its budget of approximately
$440 million came from the Federal Gov-
ernmcnt and 41 percent from the State
governments, Table 4 presents a break-
down of its budget L major field.®
About a third of the Society funds were
allocated to life sciences—an area for
which funding appears to be increasing.

The largest proportion (45 percent in
1984) of the Society budget is allocatea o
the support of its normal or core pro-
gram in which individual researchers in-
itiate their own proposals and select
their own topics. The Society also
spends about 13 percent of its funds on
proposals under a priority program
(Schwerpunktverfahren Programme).

¥Bund-Laender-iommission fur Bldungsplainung und
Forschungsforderung, Einrichtungen der Blauen Liste: Re-
chisgrundlagen und Alegemcine Informationen (Bonn, West
Germany, 1984).

¥Hildegard and Reinhold Geimes, oF: cit

%CGerman Research Society_Deutsche Forschungsge-
meinschaft (DFG), Teligkeitsbericht (Bonn, West Germany,

Table 4. German Research Soclety budget
by field: 1984

[Doltars in miltions)

Amoont { Percent
$440 100.0

Physical sciences and

mathematics m 25.1
Engineering 100 226
Life sciences 142 322
2 49
Social sciences and humanities 67 15.1

HOTE: Because of roondunyg, components may not add to totals

SOURCE. German Rescarch Socety—Deutsche Forschungspemenschatt
(OFG). Ttigkartsencht, 1984

For a limited time, the pricrity program
supports research in those fields deter-
mined by the Senate of the Society to be
priority areas, and for which it seeks to
improve West German capabilities in
order to match international standards.
A special collaborative program (Son-
derforschungsbereiche) that not ony fos-
ters cooperation, but also promotes in-
terdisciplinary research, was established
in 1968 at the recommendation cf the
Science Council. Under this program,
the Society provides long-term, but not
permanent, funding; it allocated about
30 percent of its budget to this program
in 1984. An institution or university,
rather than a group of individuals, de-
velops a proposal in which it mus; prove
that the institution is committed to long-
term support of theresearch. Such apro-
posal must be examined and agreed to
by peer review. Unlike the other pro-
grams, this one is financed primarily (75
percent) by the Federal Government.
A university must identify an area in
which it excels and has achieved emi-
nence, and the university or State Gov-
ernment must commit itself to continue
funding the area after the Society sup-
port ends. One could consider these
sites at which spedial collaborative pro-
grams are developed to be centers of ex-
cellence in a particular field, although
they may not be theonly centers of excel-
lence in that field. One of the first special
colfaborative programs was so successful
that it has now become a Max-Planck
Institute for Mathematics. Table B-15 lists
the special collaborative programs that
were supported by the Society in 1985
and their location. These programs have
wide leverage in their abilities to invite

international scientists and engineers to
work with them and in some cases can
even pay their expenses. In fact, one of
the criteria by which a program is evalu-
ated every three years is its international
standing, which is calculated in part on
theidentities of the scientists, engineers,
and publishess who have agreed to asso-
clate themselves with the program.
These fields may be some of the best for
potential scientific cooperation or collab-
oration between West Germany and the
United States.”

The Soclety is also responsible for ad-
minstering spacial fellowship programs,
e.g., the Heisenberg Program for the As-
sistance of Highly-Qualified Young Sci-
entists. This program was established in
1977 an' is equallv funded by the
Federal and State Governments. In 1984
it was allocated between 1 percent and 2
percent of the Society’s budget, or about
$6 million.” The program was estab-
lished to enable young scientists whose
positions were insecure to remain ac-
tively involved in research activities.
[his is espedially important given the
tight job situation in academia. The aver-
age period of support is Jor two Years but
can be renewed up to five years. The
Society is in the process of creating a new
postdoctoral research program, and is
considering launching a new award pro-
gram which would provide 10 to 25 of
the top research scientists to do what-
ever research they deem important,
without requiring specific proposals.”

confederation
of industrial
research
associations

The Confederation of Industrial Re-
search Associations—Arbeitsge-
meinschaft Ir 'ustrieller For-
schungsvereinigungen (AlF) is an auton-

Mhid and nterview with Gemnan Research Society of-
fioals, Seplember 1985,

*¥Germar: Research Soacty—Deutsche Forschungsge-
memschatl (OFG), op af

¥German Rescarch Soaely—Deutsche Forschungsge-
menschafi (OFG) interview, op .




omous organization that finances and
coordinates cooperative industrial re-
search—generally applied research and
development. This organization is par-
ticularly important to the traditional in-
dustrial firms of small and medium size
that find it difficuit to support research
and development on their own. It was
founded in 1954 and is now an umbrella
organization encompassing 92 member
associations, many of which have their
own research institutes; the Conferation
has 63 of its own. Industry supports
most of its activities, but funds are also
received from the Federal Government,
particularly from the Ministry for Re-
search and Technology—Bun-
desministerium fur Forschung und
Technologie (BMFT) and the Ministry of
Economics (BMWi).®

¥ there is a problem, common or ge-
neiic to the member associations, a re-
search proposal can be made to the Con-
federation which relies on a group vf 120
experts, who represent various fields, io
evaluate the proposals received. About
half of these expcrts are from industry,
and half are from universities and re-
search institutes. Reviewers must deter-
mine if the proposed project is tech-
nically sound and of scientific interest,
whether the project is of economic inter-
est to small- and medium-sized firms,
and whether sufficient resources are de-
voted to the projects. If the project ap-
plication is approved, it will be sup-
ported with funds from the Ministry of
Economics on the condition that the in-
dustrial associations can show that they
are exper.ding R&D funds of their own
on cooperative research and
development.

The AIF is also responsible for admin-
istering the Federal Government’s R&D
labor support project for smail- and
medium-sized firms which began in
1978. The exact terms have changed
slightly over the years, but essentially
they permit the Ministry of Economics to
subsidize 40 percent of the labor costs for
scientists, engineers, and technicians

¥information in this section was obtained wn an inter-
view with AIF officials in Cologna, Wesl Germany, Sep-
tember 1985, and from the Confederabon of Industnal
Research Associations—Arbeilsgemeinschafl Indus-
trieller Forschungsvereinigungen (AIF). Hundbuch, 1984
{Cologne, West Gennany, 1984).

engaged in research and development
for those firms with annual sales of
DM50 million and not more than 500
employees. It will also pay 55 percent of
the labor costs for new R&E personnel if
the firm can show thatit hasincreased its
R&D efforts. In 1985 the program was
expanded to include payment for 45 per-
cent of labor costs associated with new
R&D personnel in those firms with an-
nual sales of DM200 million and 1,000
employees. The firms must submit de-
tailed applications to AIF to receive such
support. This program was on hola %r
most of 1985 while the European Lco-
nomic Community (EEC) decided if it is
allowable under their regulations and
guidelines for fair competition. In Au-
gust 1985 the EEC determined that the
plan was allowable and it is now sched-
uled to continue until 1989.

The Confederation also administers
the Ministry for Research and Tech-
nology’s program that encourages small-
and medium-sized firms to contract for
R&D projects. The program subsidizes
the costs of an R&D project contracted
out with external research bodies {in-
cluding universities, research organiza-
tions, and even foreign institutes). The
Federal Ministry for Research and Tech-
nology subsidizes up to 40 percent of the
costs of extramural R&D projects for
those firms that have up to DM50 million
in annual sales and up to 30 percent of
the costs for those firms that have annual
sales of up to DM500 million.

the science
council

The main coordinating body in West
Germany between the Federal Govera:-
ment, State Governments, and the scien-
tific community is the Science Council—
Geschaftsstelle des Wissenschaftsrates
(WR). 1t was founded in 1957 by an ad-
ministrative agreement between the
Federal and State Governments. It
provides advice and recommendations
on science policy matters, especially
those concerning the higher education
sector. [t does not have executive
powers, but its recommendations carry a
great deal of weight and are generally
accepted because they constitute the

concensus of the Council whose mem-
bers represent a variety of sectors and
disciplines. An example of one of its rec-
ommendations was the establishment of
the special collaborative programs (son-
derforschun gsbereich e) that are now
sponsored by the German Research
Society.

it s not a funding or granting organi-
zation. Nonetheless, it is mandated to
review annually the planned expendi-
tures of the Federal and State Govern-
ments for higher education, incuding
university proposals for new laborato-
ries, scientific equipment, etc. The
Coundil is thereby able to reduce du-
plication of effort in terms of major scien-
tific equipment and facilities and can ex-
pedite the establishment of centers of
excellence.”

The Counil is currently working on
an extensive review of the health of West
German universities. It is concerned
about a number of problems including
the age structure of university faculty.
Most of the univetsity positiuns are cur-
rently fille¢ by tenured professors who
were hired during the expansion period
of the 1960's and 1970%s. Since most of
these professors will not be eligible to
retire for 20 years, there is little room for
bright young investigators to enter aca-
demia. Moreover, many of the faculty
positions needed tobe filled rapidly dur-
ing the earlier expansion, and some of
the current faculty may be less qualified
than the young investigators.

In order to create new positions, uni-
versities must justify them by introduc-
ing new specialties. This has led to an-
other problem that concerns the Science
Council: the overloading of the univer-
sity curricula. The academic require-
ments in individual disciplines have be-
come so cumbersome that it is virtually
impossible for students tocomplete their

FThe matenal for ths sechioh was obtained from tnter-
views with staflf members of the Saence Council—
Geschaftsstelle des Wissenschallerales (WR), Cologne,
West Germany, Seplember 1985.




studies in four years. The Science Coun-
cil is considering restructuring the high-
er edvcational training systei 1 to short-
en the length of the first degree pro-
grams and to strengthen graduate edu-
cation, including that of the role of

research and development.

These are just some of the science pol-
icy problems that the Science Council is
addressing. Other issues with which
they are concerned include the impor-
tance of outside funding for universities

and research institutions, mobility for
researchers, increased competition be-
tween German States for R&D facilities,
employment problems. and evaluation
of the quality of edncation and research
and development.




industrial research and
development

overall
industrial r&d

trends

With its increased awareness of the im-
portance of science and technology to
international industrial competi-
tiveness, West Germany is investing
greater amounts of resources in indus-
trial research and development. About
70 percent of a]l West German R&D ex-
penditures was invested in the industrial
sector in 1983, up from 64 p.rcent in
1970. In the United States over 70 per-
cent of the Nation’s research and de-
velopment also is performed in indus‘ty.

In 1983, West Germany invested
DM30 billion in industrial research and
development or 7.3 billion in constant
dollars (chart 12). During the period
1970-79, industrial R &D expenditures in-
creased more rapidly in real {erms in
West Germany (64 percent) than in the
United States (18 percent). Since 1979 the
growth in West German industrial re-
search and development has slowed
(clart 12). Industrial reseaich and de-
velopment rose 25 percent in real terms
in the United States between 1979 and
1983 compared with only 10 percent in

West Germany.

Examination of industrial R&D ex-
penditures as a percent of the gross na-
tional product (chart 13} shows that al-
though West German industrial R&D
growth slowed, it increased at a much
faster pace than the economy from the
midseventies to 1982. Data for 1983 indi-

United States

\

cate a leveling in the trend over the last
five years, but it is still too early to tell if
this is » temporary pause or a significant
trend change. In 1983, the West German
industrial R&D/GNP .atio remained at
1.8 percent. U.S. industrial R&D/GNP
ratios have continued to grow since 1978,
climbing to 1.9 percent in 1983.
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West Germany

The 1983 leveling of West German in-
dustrial R&D expenditure coincides with
the decision of the West German Gov-
ernment to decrease direct funding of
industrial research and development in
favor of indirect mechanisms to improve
the dimate for industrial spending. The
reorientation of West German research
and technology policy that took place in
1983 called for increased reliance on pri-
vate initiative and entrepreneurial re-
sponsibility and restraint by the Govern-
ment with regard to support of research
and development in industry—par-
ticularly in advanced development proj-
| ects. Public funds are to be used pri-
marily in these areas where the Govern-
f ment has its own particular respon-
sibiliies or where overriding social or
macroeconomic concerns warrant gov-
emmental support of research and de-
velopment.“ This is not untike the thrust
of current U.S. 5T policy.

“Federal Minustry for Research and Technology—Bun-
| desministerium fur Forschung und Technologie (BMFT),
Bundesbrichl, op. cil., p. 13.

industrial r&d
concentration
by industry

The concentration pattern of industrial
research and development in West Ger-
reany is quite different from that of the
United States. In 1981, R&D expendi-
tures were twice as concentrated in the
chemical and allied products industries
in West Germany as they were in the
United States (chart 14). U.5. industrial
R&D expenditures were more highly
concentrated in the aerospace industry
(23.1 percent), which was the leading
U.S. industry in terms of total R&D in-
vestment in 1981. In West Germany the
leading industry was elecirical equip-
ment. Although its concentration has de-
creased slightly since 1971, about one-
fourth of all West German industrial re-
search and development was still inves-
ted in this industrial group in 1981. The

Wast Germany
United States

proportion of West German industrial
R&D expenditures in machinery in-
creased over the decade from 10.2 per-
cent in 1971 to 14.1 percent in 1981. Re-
search and development in computers
are included in this group (according to
the International Standard Industrial
Classification) and most likely represent
an important part of this growth, but the
exact contribution is not known because
data on research and development for
computers is not separately identified.

The leading West German industry in
terms of company R&D expenditures is
chemicals and allied products, which ex-
pended more than one-fourth of all com-
pany R&D funds in 1981. The electrical
equipment industry also expended 25
percent of all company R&D funds in
West Germany, compared with only 18
percent in the United States (chart 15).
When Government funds are excluded,
the U.S. concentration in aerospace re-
search and development is diminished
to only 10 percent, but is stll substan-
tially more than the West German
propurtion.
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Woest Germany
United States

r&d-to-sales

The perceived importance of investing
in research and development varies by
country and industry. One way to deter-
mine the relative importance accorded
research and development by a given
couniry or industry is to measure the
proportion of available income being in-
vested therein. The ratio of industrial
R&D expenditures to net sales provides
a measure of R&D intensity that can be
compared across industries and coun-
tries {chart 16).

In 181, the R&DP-to-sales ratio for all
industries was 2.8 percent in West Ger-
many, compared with 3.1 percent in the
United States. Using this measure, the
aerospace industry is the most R&D-in-
tensive in both countries. Although West
German industry as a whole was slightly
less Ré&D-intensive thanU.S. industry in
1981, West Germany had a much higher
R&D-to-sales ratio in the aerospace in-
dustry and somewhat higher ratios in
the chemicals and allied products and
electrical equipment industries.

Since 1979, U.S. ratios of R&D-to-sales
have increased for the industrial sector
as a whole as well as for each of these

selected industries. R&D intensity in-
creased for West German industry as a
whole between 1979 and 1981, but de-
creased in the professional and scientific
instruments and the aerospace indus-
tries. One of the major reasons for the
difference in R&D intensity in the aero-
space industry in West Germany and the
United States is the large volume of U.S.
sales: in 1979, U.S. sales in the aerospace
industry were over 40 times those of
West Germany. By 1981, West German
aerospace sales had increased over 50
percent and U.S. sales were only about
25 times the value of West German sales.
This decrease in the differential in sales
between the two countries led to a nar-
rowing of the R&D-intensity difference.
In fact, the overall difference in R&D in-
tensity of the aerospace industry in West
Germany and the United States de-
creased 10 percentage points between
1979 and 1981.%

NBecause the acrospace industry s one m whach there s
cooperatton between European compames, \he research
and development performed i Germany may be benehit-
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United States

ré&d scientists
and engineers
in industry

As research and development has be-
come increasingly important to indus-
trial competitiveness, many countries
have increased their employment of in-
dustrial researchers. Over 77 thousand
scientists and engineers were employed
in research and development in West
German industries in 1981. Between
1979 and 1981, about 3.5 thousand new
researchers were employed by West Ger- §
man industries, representing an increase

ting sales of compamnes located in wther European nabions.
Such sales figures would not be captured in national datw.
This may also be another factor resulling in R&D-to-sales
rakios that are lugher in West Germany than in the Uniled
States. The German R&D-to-sales ratios and sales data are
based on national data ‘See Helga Echterhoff-Severitl, For
schung und Entuncklung (LuE) m der Wirischaft 1979, 1981,
and Helga Echterholf-Seventt, Forschung und Enftpckiung
(FuE) m der Wirtshaft 1981, 1984 {Essen, West Germany).




of 5 percent. The U.5, increase in scien-
tists and engineers engaged ia industrial
research and developmet:t rose 15 per-
cent gver the same period, reaching 488
thousand by 1981.

By far the greatest percentage of these
scientists and engineers in both coun-
tries are in the electrical equipment in-
dustry (chart 17), with West Germany
having a much higher concentration. In
1981, 38 percent of all West German in-
dustrial scientists and engineers en-
gaged in research and development
were employed in this industry com-
pared with 22 percent in the United
States. In addition to electrical equip-
ment, West Germany's concentration of
R&D scientists and engineers in the
chemical and machinery industries is
higher than that of the United States.

Demand for electrical engineers is
high in both countries, fueled by tech-
nological developments in micro-
processors and robotics/automation. A
survey of U.S5. industria] firms in the ear-
ly 1980's found that over one-half of the
firms reported shortages in electronic,
electrical, and computer engineers. Al-
Bl though these shortages had declined
considerably by 1983, employers were
still projecting high demand for these
fields.* The number of first degrees in
electrical engineering actually declined
in the United States during the 1970’
thereby exacerbating the problem. This
trend, however, has alsobeen reversed.®

€Nationa) Science Foundation, “Industry Reports
Shortages of Scientists and Engineers Down Substantially
From 1982 to 1983, Science Resources Studies Hightights
(NSF 88-300)Washington, D.C.. Feb 17, 1984).

©SNations) Science Foundation, Science and Engncering
i Degrecs: 1968-80 (NSF 82-307)(Washington, D.C, 1982).

United States

Because the supply of electrical engi-
neers in West Germany has generally
exceeded the demand, enrollments of
new students in this field temporarily
decreased by almost one-fifth from 1976
to 1980. West Germany expects a fairly
strong demand for electrical engineers
throughout the eighties and has taken
measures 0 increase enrollments in this
field.®

The Employment Service and the As-
sociation of Electrical Engineering and
Technology firms began a massive public
awareness campaign to explain the op-
portunities of a career in electrical engi-

#Mintzes and Tash. op af.. pp 135-137.

neers. A concerted effort was made to
advise high school teachers and stu-
dents of the courses that the students
should select in order to prepare for fur-
ther study in engineering. In addition,
the firms financed introductory courses
in colleges to assist students in getting
the necessary background course work
to begin their college studies. These
efforts were successful. Between 1980
and 1983, electrical engineering enroll-
ments had increased substantlaliy—
about 60 percent.®

Yibd. and Hans-Jurgen Block. "Aktuelle Daten zum
Studium und zum Atbeitsmarkt von Ingenieuren und
Naturwissenschaftlern, ” Beutrage zue Hochschulforschung
{Munich, West Germany, 1955)




higher education

overall R&D
trends

It is difficult to make international
comparisons of the resources devoted to
research and development in the higher
education sectors. For purposes of this
report, the OECD definition of the high-
er education sector is used: It comprises
all universities, colleges of technology,
and other institutes of postsecondary
education whatever their legal status or
source of funding, and includes all re-
search institutes, experimental stations,
and clinics operating under the direct
control of, administered by, orassociated
with higher education establishments.
In the United States, for instance, R&D
expenditures in the higher education
sector would include R&D funds spent
not only in universities and colleges but
also in federally funded research and de-
velopment centers (FFRDC’s) admin-
istered by individual universities and
colleges and by university consortia. In
contrast to the U.S. system of relying
principally on separately-budgeted R&D
project awards, West Germany depends
on a duai system of institutional funding
(including support for facilities) and
project support for academic research:
Universities and colleges receive general
university funds for teaching and re-

search, as well as facilities and equip-
ment, primarily from the State Govern-
ments, but also from Federal agencies
such as the Federal Ministry of Educa-
tion and Science; and R&D funds for
special projects or programs are received
directly from Government organizations
suct. as the Federal Ministry for Research
and Technology as well as indirectly
through the autonomous German Re-
se~~h Society. The Society is jointly
funded by the Federal and State Govern-
ments and also receives some private fi-
nancial support.

The U.S. data relative to West Ger-
many are somewhat underestimated for
a number of reasons. The West German
R&D data for the higher educationsector
are national estimates derived from a
survey of total higher education expendi-
tures and personnel. Adjustments are
made to exclude non-R&D items and
then estimates are made on the basis of
time spent on research and development
for various fields and types of institu-
tions. Only that portion of salaries asso-
ciated with time spent on researchis in-
cluded.® U.5. R&D expenditures for
higher education are based on annuai
surveys. They cover only separately

“Orgarnsation for Ec ic Co-operation and Develop-
ment (OECD), “Intemational Statslical Year 1981. Ger-
many,” (Paris: France, 1984.)
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budgeted research and development
and exclude departmental research un-
dertaken in conjunction with teaching.
In addition, West German higher educa-
tion R&D data include research and de-
velopment in the humanities together
with social sciences. These represent
only about 1 percent to 2 percent of total
West German R&D expenditures and
about 10 percent of higher education re-
search and development. Adjustments
were made to exclude R&D expenditures
for humanities when discussing dis-
tribution by field.

R&D expenditures in the West Ger-
man higher education sector rose 60 per-
cent in current terms over a 10-year
period and reached DMS6.8 billion in
1983. In constant dollar terms, however,
very little growth was experienced over
the period, and expenditures actually
declined after 1981 (chart 18). In contrast,
following an initial drop in the early sev-
enties that was due largely to a decrease
inreal Federa] funding,* the higher edu-
cation sector in the United States en-
joyed a 28-percent real increase from
1974 to 1983.

“Nattonal Saence Board, Scence Indicttors—1982 (NSB
83-1}Washington, D.C.. Supl. of Documents: 1.5, Gow
emment Printung Office), p. 305.
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In 7983, R&D expenditures in the
higher education sector totaled 1.7 bil-
lion constant dollars in West Germany
compared with 6.7 billion constant dol-
lars in the United States. Although the
latter Nation spent four times that of
West Germany in absolute terms, West
| Germany invested about the same, rela-
tive to the size ofits economy even when
expenditures for humanities are ex-
cluded. In both countries, R&D expendi-
tures represented about 0.4 percent of
the gross national product in 1983.

Although only 17 percent of all West
German R&D funds were spent in high-
er education in 1981, aimost one-fourth
of its scientists and engineers engaged in
research and development were em-
ployed in higher education. In the Unit-
ed States, these two types of resources
| were more closely matched: 13 percent of
the R&D funds were invested in this sec-
tor in 1981, and 14 percent of all R&D
scientists and engineers were employed
in higher education.

Akhough the share of R&D funds de-
dined, the number of scientists and en-

gineers engaged in research and de-
velopment increased in boh countries.
Between 1971 and 1981, R&D scientists
and engineers employed in the higher
education sector increased 47 percent in
West Germany, reaching a level of 30.2
thousand; in the United States, the
number of these personnel rose 24 per-
cent over the same period to a level of
98.7 thousand.

The higher education sector .epre-
sents a greater proportion of the Nation’s
research and development in West Ger-
many than in the United States, but the
role of this sector as a performer of re-
search and development has declined in
both countries. The higher education
share of total R&D funds declined in
West Germany from 20 percent in 1970 to
16 percent in 1983. In the United States,
there was less of a decline, from about 16
percent in 1970 to 13 percent in 1983
(cha:t 19).

*Orgavusaton for Economuc Co-operation and Develop-
ment (OECD).

United States s

West Germany

research and
development by
field

Universities and colleges are the major
performer of basic research in both coun-
tries. About 60 percent of basic research
expenditures are spent by the higher ed-
ucation sector. Since very little develop-
ment is carried out in academe, the dis-
tribution of current R&D expenditures
by field is essentially the field distribu-
tion of research {chart 20). West German
R&D expenditures in the social science
fields of higher education have been ad-
justed here to exclude R&D expendi-
tures in the humanitie~. Natural sciences
consume the lion’s share of R&D ex-
penditures in both countries. In 1981,
over half of all U.S. expenditures and
one-third of West German research and
development in the higher education
sector went to natural science fields.
West Germany spent a somewhat higher

N

United States

\




Naetural
sclences
{32.9%)

Engineering
(21.0%)

proportion in engineering (21 percent)
and in medical sciences (30 percent) than
did the United States (17 percent in
each).

An examination of R&D scientists and
engineers by field in 1981 shows some-
what similar patterns with a few excep-
tions. In West Germany, about 9,300 nat-
ural scientists and 5,700 engineers were
employed in research and development
on a full-time-equivalent basis. The
shares of R&D expenditures matchclose-
ly the proportions of R&D scientists and
engineers in a]l the fields except medical
sciences and social sciences. Medical sci-
ences received 30 percent of the R&D
funds spent in the higher ed"ication sec-
tor, but less than 20 percent of the re-
searchers employed larger shares of the
R&D scentists and engineers.

In the U.S. higher education sector,
there were 459,000 natural scientists and
16,600 engineers engaged in research on
a full-time-equivalent basis. The U.S.
concentration of R&D expenditures was
somewhat greater (51 percent) than the
share of R&D personnel resources in the
natural science fields (47 percent), and
about the same (17 percent) for engineer-
ing. The agriculture, medical, and social
science fields all receive a somewhat
smaller proportion of the R&D furids ex-
pended by the higher education sector
than their share of the R&D scientists
and engineers.

s/e degree
production

Although the higher education sector
performs a major role in research, its
primary responsibility is education. Re-
search is closely coupled to teaching in
West Germany as well as the United
States, and the output of trained scien-
tists and engineers is an invaluable con-

Natural sclences

Engineering

tribution to these nations’ S/T
capabilities,

Although West Germany has a large
professional school system (to be dis-
cussed later), comparisons here concen-
trate on university level degrees. The
number of first university diplomas
awarded by West Germany in the natural
science fields® increased 65 percentfrom
5,400 in 1973 to 8,900 in 1983. Over the
same period the number of U.S. bachelor
degrees in natural sciences increased
only 11 percent reaching 104,800 in 1983.
The United States, however, grants more
than three times the number of natural
science degrees relative to its population
than does West Germany: in 1983, 14 to
15 out of every 100,000 persons were
awarded a university diploma in natural
sciences in West Germany compared
with almost 45 in the United States (chart
21).

First university diplomas awarded in
engineering increased over 70 percent in
West Germany during the 1973-83

“lncludes physical sciences, mathematice and com-
puter saiences. and biological scences. Agticultural de-
grees are considered separatelr ior purposes of interna-
tonal comparisons.

West Germany
Unlted States




period and reached a total of 7,700. The
United States graduates a larger number
and a higher proportion of university-
trained engineers relative to its popula-
tion than does West Germany. In 1983,
12 to 13 out of every 100,000 persons in
West Germany received a university en-
gineering diploma compared with 31 in
the United States.

In West Germany, an engineering de-
gree can be earned from eithera univer-
sity or a fachhochschule (professional
college). The university course is a five-
year program roughly equivalent in
years of training to between a U.S. bach-
elor'’s and master’s level degrees. It con-
Bists of broad academic engineering
training and usually some work experi-
ence in industry. After completing the
course work, a student must pass a State
examination to qualify as a “diploma
engineer.”

Fachhochschulen provide practical
training that is shorter and more spe-
cialized than university training and that
lacks the broader range of courses in the
sciences and management sciences avail-
able in universities.® They are an impor-
tant source f training in engineering
skills, but orily a minor source of training
for scientists. In 1983, there were 14,900
fachhochscuule graduates in engineer-
ing and only 1,100 in natural sciences.®
Twice as many students graduate with
engineering training from fach-
hochschulen as from universities. If one
wete to consider these technical engi-
neers together with the university-train-
ed engineers, then West Germany’s pro-
portion of engineering degrees per
100,000 population would be 37, which s
a higher concentration than that of the
United States.™

The fachhochschule technical engi-
neers play an important part in the Ger-
man economy. They undoubtedly in-
| crease the technical competency of the
German labor force and many of the

fachhochschule engineers are employed

WMintzes and Tash, op. of.

SDer Bundesminister fur Bildung und Wissenschalt,
Grund-und Strukturdaten 1984/85 {Bonn, West Germany,
1985} and Statistisches Bundesamt. Prufungen an
Hochschulen 1983 (Weisbaden, West Germany, 1583).

SNational Saence Foundation and Grund-und Struktor-
dalen 1983184, op. of.

in industry. In fact this type of training
may be particularly useful for industry.
Nevertheless, this report concentrated
primarily on comparisons of university
degree data for reasons of comparability
with U.S5. data on engineering. The
training of technical engineers does not
appear te be equivalent to that of the
university-trained diploma engineer. For
example, very little research is con-
ducted at the fachhochschule. In addi-
tion to the difference in length of study,
one carinot study fora doctorate in engi-
neering after graduating from a fach-
hochschule unless undergraduate stud-
ies are repeated at a university. Further-
more, there has been considerably more
unemployment among the ranks of tech-
nical ¢ngineers than among those engi-
neers who are university trained: twice
as many engineering graduates from
professional colleges were unemployed
(14.2 thousand) in 1983 as those who
graduated from universities (7.2 thou-
sand). In fairness, however, it should be
remembered that there are twice as
many graduates from these technical
colleges as there are from universities.
The importance of this engineering de-
gree may be increasing and there is evi-
dence that West Germany may phase out
this two-tiered degree system in favorof
one engineering degree.®

West Germany has considerably in-
creased its doctoral production in natuzral
sciences and engineering fields. The
number of doctorates granted in natural
science fields rose 35 percent from 2,000
in 1973 to 2,700 in 1983. Over the same
period the number of U.S. degrees in
natural sciences actually declined 9 per-
cent from almost 9,000 to about 8,200,
The U.S. decrease occurred primarily in
the physical and mathe matical sci-
ences.* The number of engineering doc-
torates in West Germany increased 43
percent during the 1973-75 period, and
maintained an annual level of 1,000
through 1983. The United States experi-
enced a 25-percent decrease in the
number of engineering doctorates
granted from about 3,400 in 1973 %0 2,500

Aintzes and Tash, op oo

H“Natonal Soence Foundahion, Sctence and Engineenng
Doctorates 1960-82 (NSF 83-326) (Washwington, D C , 1983),
and Grund-und Strukburdaten 1983/84, op. cit.

in 1981. This trend, which is influenced
by labor market demand, seems to be
reversing itself, however, because some
increasein U.S. doctoral degreesin engi-
neering occurred between 1981 and
1983. Most of this increase, however, was
accounted for by foreign students who
constituted 56 percent of the U.S. engi-
neering doctorate recipients in 1983.%

As a result of these trends in degree
production, West Germany has over-
taken the United States in terms of the
number of S/E doctorates awarded as a
percent of the population (chast 22). In
1973, the United States graduated 4.2
natura!l science doctorates per 100,000
population, compa: 1 with 3.2 for West
Germany. In 1983, however, the West
German ratio for natural science docto-
rates (4.4) was higher than the U.S. ratio
(3.5). A similar pattern occurred in the
fieid of engineering. Although the U.S.
ratio of doctorates per population was
higher in 1973, 10 years later the op-
posite was true. In 1983, West Germany
granted 1.6 doctorates in engineering for
every 100,000 persors. The engineering
doctorate degree ratio in the United
States was lower at 1.2 per 100,000
population.

The West German Government has
emphasized theimportance of providing
outstandin_ - ducational opportunities
inscience and technology. It has initiated
a number of programs such as the
Heisenberg and AGF (Association of
Big Scierice Establishments) programs by
which young investigators can experi-
ence work in large-scale facilities and re-
search institutes. A new program would
enable young scientists and engineers
fiomindustry to receiveadditional train-
ing in key technology areas at research
institutes. The States in West Germany
are primarily responsible for education,
and they have recently initiated new
doctoral programs.>

$National Saence Foundation, Foreign Ctezens m U.5.
Scuence and Engineening. Hisiory, Status. and Outlook (NSF
86-305Washington, D.C.,, 1986)

“Federal Ministry for Research and Technalogy—Bun-
desnumistenurn fur Forschung und Technologie (BMFT),
Bundesbenicht, op af.
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Netural sclences

Engineering

Wast Germany
United States

Enrollment data for West Germany
demonstrate the continuing importance
placed by university students on natural
S/E fields (chart 23) and can be used as
indicators of future trends since field
concentralions have remained fairly sta-
ble. In 1983/84 about 20 percent of all
West German students were enrolled in
natural science fields and about 11 per-
cent in engineering. Not all of these stu-
dents will graduate, but it is likely that
West Germany will be able to sustain its
production of scientists and engineers at
present or higher levels throughout the
1980s.

s/e training of
women and
foreign
students

Daia on university student demo-
graphic characteristics indicate that in
1983/84 almost a third of all students en-
rolled in natural sciences in West Ger-
many were female (chart 24). Agriculture
has a higher-than-average percent of
female students (46 percent), but only 10
percent of students enrolled in engineer-
ing were women. Data on foreign-stu-
dentenrollmentin West German univer-
sities show that the highest con-
centration of foreign students is in the
field of engineering (chart25). In 1983/84
almost 10 percent of all engineering stu-
dents in West Germany were foreign,
compared with an average of 6 percent
for all fields combined. Since students
do not have to declare a major upon en-
tering a university, similar enrollment
data are not available for the United
States except for erigineering. Such data
showed that for engineering, women
represented 16 percent and foreign na-
tionals constituted 6 percent of full-time
students enrolled at the U.5. under-
graduate level in fall 1983. West Ger-
many has a relatively lower percentage
of female students and a higher percent-

"Engineenng Manpower Commission of the American
Assotiabon of Engineering Societies. Inc., Engmerning and
Technology Enrollments. Fell 1983 (New York, New York,
1984.)
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age of foreign students enrolled in un-
dergraduate engineering studies than
does the United States.

Table 5 shows that in both West Ger-
many and the United States, women re-
ceived a relatively high proportion of
bachelor-level degrees in natural sci-
ences and a relatively low proportion of
degrees in engineering. The proportion

of women in West Germany completing
natural science degre=s is almost identi-
cal to that for all fields, whereas in the
United States it is lower than the female
share of all fields combined. Women in
the United States receive a greater pro-
portion of degrees in both engineering
and natural sciences, as well as total de-
grees, than in West Germany.

Table 5. Female proportion of first
university degrees: 1983

Freld West Germany | United States
All hields 3% 51%

Matoral sciences . .. 30 39
Engiveerng 7 13

SOURCES Stahchsches Bundesamt and the National Scrence Foundation




s/t outputs and impacts

scientific
literature

Scientific and technical publications
are an important output of research, and
publication counts are considered to be
indicators of scientific activity. The fol-
lowing discussion is based on a large
data set developed from the Science Ci-
tation Index (SC1) of the Institute for Sci-
entific Information. Although there are
some differences in national coverage,
the SCI appears to provide generally
well-balanced coverage for indus-
trialized nations in the physical and bio-
logical sciences. This data set represents
about 3,100 frequently cited or influen-
tial 5/T journals.

Table 6 presents the West German pro-
portion of the world’s 5/T articles by field
based on this influential set of journal:
It shows that in 1982, West German sci-
entists and engineers authored 6.5 per-
cent of the articles in all the fields cov-
ered. This proportion of scientific liter-
ature is twice as large as West Germany’s
share of the scientists and engineers en-

Table 6. West German and U.8.
percentages of the world’s science and
technology articles' by field: 1981-82

West Germany | United States
Field 1981 | 1982 | 1981 | 1982
All fields .. 6.3 6.2 | 353 | 35.4

Biology . 47 | 374 | 381
Biomedicine ... . 6.3 395 | 39.8
Chemistry 6.2 19.6 | 20.9
Chincal medicine . X 6.5 e | 409
Earlh ano space

sCiences . X 4.9
Engineening and

technology .. .. X . R w7
Mathematics ... . . . 30
27.4

1Based on 3rhictes, notes, dnd fevibws 1n about 3,100 of the indhoenta!
10urm3ls carned O the 3973 Sttt Gauon index Sodrce ides of the
tnsttite for Scenbid informeattdn When an arbicle 1S wntten BY resezrchers
from more 1han one country, the articke 15 Proraled X105 the COURiues
ivdived

SOURCE Compute. Honzons. Int . unPublshed data

gaged in 1esearch and development in
the industrialized world. R&D scientists
and engineers in West Germany repre-
sent about 3 percent of afl such scientists
and engineers found in industrialized

nations.® U.5. scientists and engineers
were responsible for 35 percent of the
world’s influential scientific literature
and about 15 percent of the researchers.
The highest West German share was in
the field of physic : (6.8 perceni) followed
by er.gineering and technology (6.6 per-
cent), and mathematics (6.6 percent).

The United States was responsible for
a much higher proportion of S/T articles
than any country in each of the major
fields listed. The fields in which U.5.
scientists and engineers authored the
highest proportion of articles were earth
and space sciences (41.9 percent), clinical
m~dicine (40.9 percent), and biomedical
research (39.8 percent).

From 1981 to 1982 the West German
proportion of S/T articles was fairly
steady but dropped slightly in many of
these fields, with the largest decrease
coming in mathematics. The fields of
physics and biomedical research actually
showed some slight gains.

“#This estimate #s based on data for all OECD countnes
and the Soviet Umon See Organisabon for Economc Co-
operation and Development. Se.ence and Technology frdioa- §
tors {Pass. France, 1984) and Robert Campbell, Soviet R&D |
Stalistns. 1970 83 IWashington, D C , Natonal Science
Foundation, 1984}




There were a number of subfields in
198L in which West German articles rep-
resented atleast 10 percent of the world's
SIT literature. Table 7 shows these sub-
fields in the order of the West German
contribution to S/T literature.

Table 7. West German percent of worid's
science and technolopy articles, selected
fields:' 1982

Subfield

Nuciear fechnology
Orthopedics

B 15ublalds In whech Wast Genman arhces repeesentsd 10 percent of moss of
W world's wticles

SOURCE: Computer Hoslzons, 1n¢ . unpubkshed dat

patent
indicators

Patents represent one of the major out-
puts of research and development and
innovation. Even though all new ideas or
inventions are not patented, patent data
have become accepted as being among
the best measures of inventive activity.
Although the perceived market potential
and general economic conditions are im-
portant influences in the decision of
whether and where to patent, studies
have indicated that technological inven-
tiveness is a driving factor in foreign pat-
enting activity.®

During the seventies, domestic patent
applications decreased in both West Ger-
many and the United States {chart 26),
indicating a probable decline in inven-
tiveness. Intellectual property can be
protected either by means of patenting
or through other means such as the
maintenance of trade secrets. Although

#Keith Pavitt and 1yc Soete, “Innovative Activities and
Export Shares Some Comparisons between Industnes
and Countries,” in Keith Pavitt {ed.} Teachnical nnovation
and Britisu Economic Performance (London: MacMillan,
1980); and Luc Soete and Sally M.E. Wyau, “Domestic and
Foreign Patenting in the United States and the EEC To-
wards the Development of an Intemnationally Comparable
Science and Technology Output Indicatot” Warkshop on
Patent and Innovabion Statistics {Pans, France, Organisa-
on for Econemic Co-operation and Development, 1982).

United Stales

West Germany

\-_-—-_—-—-‘-‘-———

an irwreased use of trade secrets may
have affected these trends, the propen-
sity to patent or protect via trade secrets
differs among industries, firms, and in-
ventions. Since domestic patenting has
decreased across most product fields in
the United States, it is thought that the
decline in patenting actually represents a
decrease in the production rate of inven-
tions rather than being primarily at-
tributable to the increased use of trade
secrets. In 1984, the number of patent
applications by national inventors in
West Germany was only 1 percent below
the level at the beginning of the seven-
ties. The U.S. level of domestic patent
applications was 19 percent lower than in
1970. Recent patent application data
presents a more optimistic picture. Do-
mestic pa‘enting in West Germany
shows an upturn, and the decline in U.S.

“National Science Board. Sctence Indicators—1982, op.
ot p 13

applications appears to have been re-
versed. From 1981 to 1984, domestic pat-
enting increased 9 percent i.. West Ger-
many compared with a 1-percent decline
in the United States.

The most important or potentially
profitable inventions are often patented
abroad. U.S. inventors have been very
successful in patenting their inventions
in West Germany (chart 27). In 1970, al-
most 47 percent of all foreign-origin pat-
ents granted there went to U.S. inven-
tors. This proportion dropped substan-
tially during the midseventies, but since
then has been holding fairly steady and
was 29 percent in 1984.

During the sixties and up o the mid-
seventies, West Germany patented more
inventions in the United States than any
other foreign country. In 1970, scientists
and engineers from that country were
granted over one-fourth of all foreign-
origin patents in the United States and 7
percent of the total. The number of U.S.
patents granted t» West German inven-
tors rose over 1§ percent from 1970 to
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1984, and U.S. domestic patenting de-
clined 30 percent through 1983 before
increasing substantially in 1984. Thus,
although the West German share of for-
eign-origin patents declined slightly to
22 percent, the proportion of total U.S.
patents granted to West German scien-
tists and engineers increased to9 percent
in 1984

Patenting activity in the United States
with respect to product field is highly
concentrated. Over 60 percent of U.S.
patents granted to West German inven-
tors are in machinery and chemical tech-
nologies, and about 54 percent of U.S.
domestic patents are in these same
areas. West German inventions were
more highly concentrated in non-
electrical equipment (27 percent) than
those of domestic U.S. inventions {22
percent). This was true for the chemicals
and allied products group as well, which
represented one-fifth of West German-
ongin patents compared with 15 percent
of those patents granted to U.S. inven-
tors, The United States had a higher per-
centage of its patents in electrical equip-
ment than did West Germany—17 per-
cent versus 14 percent.

In 1975, the United States granted
more patents to Japanese inventors than

to West Germans. By noting the na-
tionality of U.S. patent applicants ac-
cording to product group of invention,
one can discern the relative tech-
nological competitiveness of foreign
countries. By 1983, Japan had become
the leading foreign patent country in the
United States in all major product
groups—many of which were areas of
previous German strength. This was
true for chemicals and allied products,
machinery—both eiectrical and non-
electrical, professional and scientific in-
struments, aircraft and parts, and motor
vehicles.

In 1983, more West Germans were
granted patents in the United Statesin a
number of specific product groups than
from any other foreign country. Table 8
lists those product groups in the order of
their percentage of total U.S. patents in
1983.

Although Japan had assumed the for-
eign leadership in percentage of patents
granted in the United States, West Ger-
many received a relatively high propor-
tion in 1983 in the following areas: Motor
vehicles and parts, 14 percent; ajrcraft
and parts, 14 percent; and engines and
turbines, 13 percent.

18

Table 8. U.S. patent areas with high-level
West German activity’

West German
percent of U.S.

Product group patents in 1983

Raifroad equipment

Special industrial machinery
except melal working
machinery

Industrial organic chemistry ...

Agrictultural che.nicals

Ordnance except missites

Soaps. perfumes, cosmetics .,

Shipbuilding and repair

Construction and mining

Farm and garden machinery .
Guided missiles and space
vehitkes and parts

Thoss produc Groups i wivich West Germuan tmventors were pranked the
tnghest proporbon of U 5. patents of 30y loreign country

SOURCE Office of Tochnology Assessmint and FORGISt, U S Prient and
Teademank Otfice. Pytant Tends i the Linnadf States and Oty Countries,
Fractonal Count Report 1963-83, 1964

Because the cost and effort involved in
applying for a patent in a foreign country
act as a quality screen, external patents
are thought to have more technical or
commercial value than the average do- §
mestic patent. Since companies gener-
ally will seek patent protection before
exploiting their inventions via foreign li-
censing or foreign trade, foreign patent-
ing can also be an indication of foreign-
market interest.

An examination of external patenting
by OECD countries showed that the
United States and Germany had the
highest shares of all OECD external pat-
ents. The United States declined from 35
percentin 1970 to 32 percent in 1982, but
the West German share was steady at
about 20 percent.*

External or foreign patent applications
by both U.S. and West German inventors

*/Orgamsation for Economic Co-operanonand Develop-
ment, OFCD Scrence and Technology Indicators N, Annex
{Fans, France. 1985)




decreased 31 percent and 23 percent. re-
spectively, between 1970 and 1978 (chart
28). Obviously not all patent applications
resultin patent grants, but the number of
foreign patents granted probably also
declined unless the application-to-grant
success rates drastica'ly increased.®

Two significant mechanisms for inter-
national patenting have become avail-
able since 1978. The Munich Convention
of October 5, 1973, known also as the
European Patenting Convention {EPC),
and the International Patent Co-opera-
tion Treaty (PCT), greatly simplify the
filing of patent applications for the same
inventionin more than one country. This
has greatly increased the number of ex-
ternal patents. When these EPC and PCI
patent filings are added to the World
Intellectual Property Organization
(WIPO) data that now show national fil-
ings, the resulting trends in external pat-
enting are quite different; between 1978
and 1982 the number of U.S. external
patent applications increased 35 percent
reaching their 1970 level, and the West
German external patent applications in-
creased 33 percent to about 80 thousand
in 1982. Because these international
mechanisms offer the possibility of pat-
ent protectionin a broader array of coun-
tries at a low marginal cost, the overall
effect is an inflation in external patenting
which may or may not correspond close-
ly with an increase in inventiveness.
Nonetheless, the increase in external
patent protection certainly enhances the
potential industrial competitiveness of a
nation. It should be noted that the in-
crease in external patenting via interna-
tional patenting mechanisms does not
affect significantly the domestic patent-
ing trends and conclusions based on
B trends in West German patenting in the
United States which were discussed 2ar-
lier. For instance in 1983, the use of inter-
national patent mechanisms increased
domestic patenting only by 2 percent in
West Germany and only 0.4 percent in
the United States.*

“These data are from the World Intellectual Properly
Crganization, which collects and publisi:zs national pat-
ent data from most of the countries v Lhe world, Unfor-
tunately only patent appheation data are available for
world totals.

©Based on dala iy an unpublished QECD worlung pa-

B per on the leci.nological posibon of OECD members pre

sented for discussion at an October 1954 meeting.

\
\

Wes1 Germany

royalties and
fees

Data on international transactions in
royalties and fees are often used as in-
dicators of technology transfer. Royalties
andlicense fees are pay ments for the use
of intellectual property such as patents,
inventions or processes, copyrights, etc.
It should be stressed that for several rea-
sons these are only a rough and partial
indicator of the level of transfer. They are
only partial measures because tech-
nology can betransferred across national
borders as exported or imported goods
or services, Payments are usually spread
over time rather than paid in lump sums
and therefore data on any given year
reflect returns on previous agreements
as well as contracts in that year. Nonethe-
less, royalties and fees data do provide
some information on the flow and direc-
tion of technology.*

“For a more complele discussion of the limtahon and
meaning of these data, see Jennifer Sye Bond. LIS Inter-
natonal Trapsactions 0 Royalues and Fees—Teends and
theit Interpretation.” a paper presented at an OLCD
Workshop December 1981

Uniled S1ates

Data oninternational receipts and pay-
ments for West Germany and the United
States demonstrate that the major dif-
ference between these «wo countries is
that West Germany is a net importer and
the United States a net exporter of tech-
nical know-how (chart 29). In 1983, U.S.
receipts for royalties and fees were over
30 times the payments; in West Ger-
many, payments were almost twice the
receipts. U.S. receipts increased almost
49 percent in real terms from 1970 to
1983, reaching 4.4 billion constant do}-
lars. West German receipts rose 61 per-
cent over the same period and payments
were only 18 percent higher. In fact, be-
tween 1975 and 1982 West German pay-
ments declined 8 percent. As a result,
the West German balance, although still
negative, has improved and registered a
deficit of 284 million constant dollars in
1983. Over half of the West German pur-
chases of technical know-how through
royalties and fees are from the United
States.®

*Federal Minsiry for Rescarch and Technology—Bun-
desmumstenum fut Furschung, und Technologie (BMFT),

op al.
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technology
trade

Trade in high technology products
represents another mode of technology
transfer. Although it is difficult to deter-
mine the precise amount of technology

Receipts

\

Payments

transferred, it is undeniable that interna-
tional trade is @ major channel through
which technology flows and that such
trade has an increasingly intportant eco-
nomic impact.

West Germany maintained a negative
balance of trade in technology-inten-
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sive® products with the United States
thronghout the sixties, but this deficit
worsened considerably in the seventies
and eighties. In 1970, the deficit was $0.5
billion, but by 1981, it had reached $2.8
billion (chart 30). £xports to the Unitad
States increased 4n 1983 and 1984, im-
proving the West German trade balance
to a negative $1.5 billion. West Germany
also began to run a negative balance of
trade in technology-intensive products |
with Japan in 1969. By 1984, West Ger-
many’s deficit with Japan had reached
$2.4 billion, greater than its deficit witi.
the United States. West Germany has
maintained a positive balance of trade,
however, with its other partners. In 1984,
for example, West Germany had a $1.6
billion surplus of technology-intensive
trade with Italy. $1.8 billion positive bal-
ance with France, and $0.9 billion sur- }
plus with the United Kingdom. West
Germany registered an overall positive
tradé balance of $10.6 billion in tech-
nology-intensive products in 1984.
Trade with the United States has been
influenced by the dollar exchange rate
and strong U.S. economic recovery.”” In §
1984, West Germany had a positive bal-
ance with the United States in agri-
cultural chemicals, engines and tur-
bines. radio and TV receivers, and

professional and scientific insttuments [

itable 9).

West Germany'’s !.rgest deficit with
the United States is in office computers
and accounting machinery ($1.0 billion).
It has a somewhat smaller deficit in elec-
trical machinery, communications
equipment and electronic components,
and aircraft and parts, even though its
overall trade balance was positive in
these three product fields. (See table
B-37.) West Gesmany also registered a
deficit in world trade in office machines
and radio and TV receiving equipment.

Between 1970 and 1984, both the U.S.
and West German world export shares
declined in many of the product groups

“There 15 1o nivetally accepted definition of high-
technology products or technology-intensive products.
The definition nsed here 15 one that was adoped by the
OECD Technulugy -intensive products are those products
for which R&D exvenditnres exceed 2.36 percent of sales.
Sec table 6 for a hisy of the product fivlds incinded.

YU S Department of Commerce, U.5 Trade Performance
m 1983 gnd Unikak (Washngton, D.C , June 1984.}




as can be seen in table 10. West Germany
increased its export share only in aircraft
and parts, which rose from 3.4 percentin
1970 to 15.2 percent in 1984. Its export
share dropped 5.2 percentage points in
drugs between 1970 and 1982, but subse-
quently recovered somewhat and was
15.8 percent in 1984. West Germany’s
highest export share was in plastics and
synthetic materials. This share has re-
mained steady at about 21 percent. The
United States also experienced declines
in many of the groups examined, but
produced a large increase in its share of
agricultural chemicals; the U.S. share
rose from 19.7 percent in 1970 to 33.7
petcent in 1984. The United States expe-
rienced smaller increases in its export
shares in the following product groups:
Engines and turbines, electrical trans-

e ————oooo

Table 9. West German trade in
selected high technofogy products’
with the United States: 1984

[Dollars 10 mitlons}

Product group Exports | Imports | Balance
Total....... $2,968 0| 5$4500.3 [$~-1,531 4

Aircraft and parts 119.5 2703 -150.7
Office computing

and accounting

machines ..... MAf 1360 —1.199
Elecincal

transmission

and distribubion

equipment . ... 542.3 880.7 -338.4
Communication

equipment and

€lectronic

components . .. 1801 568.5 —368.4
Professional and

scientific

nsiiuments ... 666.1 435.2 2309
Drugs ......... 135.0 139.9 -4.9
Plastic matenals

and synihetics . 305.5 344.2 -38.7
Engines and

turbines ... .. 356 126.0 269.5
Agricultural

chemicals . ... 44.5 241 20.4
mdustnal inorganic

chemcals .... 2203 3448 -124.5
Radio and TV

recewing

equipment .. .. 19.0 5.6 13.3

TechnClogy-intensive Produets are the  delned here 25 those 10r which
R&0 expenditures exceed 2 36 Peicer. of gates

SOURCE Speceal tabulahions Prepared Jor the Dreswon ol Soence Resources
Studies, Nanonal Sownce Foundaton, by Dats Resources ‘e, V986

Table 10. Percent distribution of world’ export shares in technology-intensive
product groups:? 1970, 1982, and 1984

West Germany United States
Producl group 1979 1982 1984 1970 1982 1984
Total ... o s 16.8 15.5 145 270 24.7 25.2
Aircraftand pats  ........ ... .. ..l 3.4 11.6 15.2 607 52.7 451
Office computing and accounting machines ... . 15.1 1.5 9.2 375 380 35h
Electncal transmissiors and distribulion equspment 225 191 173 219 229 238
Communications equipment and etectronic
COMPONENES .. ovvrenens ceinees eenan 15.2 12.5 104 21.7 259 26.5
Professional and scientific instruments 201 15.7 153 21.8 16.7 13.7
DAIOS ooeer i e e 19.5 143 158 16.5 159 19.6
Plastic matenals and Synthetics .. ..... ... 223 210 214 17.2 15.0 14.4
Engines and turbmwes .............. ... 181 169 16.4 217 W5 29.9
Agricultyral chemicals ... ... .... R 17.3 12.5 13.0 19.4 286 317
Industnal norganic chemicals ...... .. ... . 173 15.4 150 231 20.6 23.9
Radio and TV recewing €Quipment ............ 12.4 9.5 82 6.4 2.1 5

TWavld share o based on 24 rePortinl counlnes

Technology-tensove Products e o, defined here a5 those for which RED axpenditures exceet 2 36 Percenl of safes

SOURCE Specwl tibutatipns peepared for the [wision of Soence R

| Science f by Dala Resources. Inc 1986

Stuches, §
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mission equipment, and drugs. Consid-
enng all of these groups together, West
Germany’s export share dropped from
16.8 percent in 1970 to 14.5 percent in
1984. The U.S. share was higher, but also
declined—from 27 percent in 1970 to
25.2 percent in 1984.

During the same period, 1970-84, Ja-
pan increased its export share in these
product groups by 9 percentage points,
surpassing the West German share. Ja-
pan’s export share reached 20 percent in
1984, and was second only to the United
States. France also experienced a slight
increase inits export share in these prod-

uct fields throughout the sixties and
maintained a level of about 8 percent in
the eighties. This was still below the
share of the United States, Japan, and
West Germany.*

In conclusion, West Germany has in-
creased its S/E resources since the seven-

“Based on data 1n speaal tabulations provided to the
Dwision of Saence Resources Studies, National Soence
Foundabon, by Data Resources, Inc , 1986

ties, with a slowdown of growth occur-
ring in the eighties. In terms of science,
West Germany’s share of a set of the
world’s influential scientific and tech-
nical literature appears to be fairly
steady and even increased slightly in the
fields of physics and biomedicine. lts
competitive edge in many technological
areas on the other hand seems to be de-
creasing. The West German share of
world exports in many technology-in-
tensive product groups has declined and
West Germany has been succeeded by
Japan as the foreign leader in U.S. pat-
enting activity in most product groups.
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appendix a

technical notes

Differences in definitions, concepts,
and data collection and reporting prac-
tices make precise cross-country com-
parisons difficult. Much has been done
by the Organisation for Economic Co-
operation and Development (OECD),
however, toinstitute uniform definitions
and standards. The West German data
presented here generally reflect the defi-
nitions as outlined in the OECD manual,
commonly referred to as the Frascati
Manual.’ The data presented by the West
German Government in documents
such as the Bundesbericht Forschung 1984
differ somewhat from those it reports to
the OECD: research and development
(R&D) expenditures reported in its na-
tional data are higher than those re-
ported in OECD. Forexample, West Ger-
man total R&D expenditures in 1983 as
reported in the national data were about
46.8 billion deutsche marks (DM), com-
pared with the DM43.0 billion reported
to OECD. The differences arise, in part,
because the OECD definitions require

Organisation for Economic Co-operation and Develop-
ment, The Mezsurement of Scientific and Technical Actantres.
1981, commonly called the Frascati Manual, which oul-
lines the definilions, survey procedures, etc. (Pans,
France, 1981).

data to be reported on the basis of the
instifutions that perform research and
development, i.e., the data are per-
former-based. The national data are col-
lected from agencies that fund research
and development, i.e., the data are
source-based and include R&D funds
that are provided to those institutions
whose primary function is other than
research. The main difference, however,
is that the national data include West
German funds for research and develop-
ment performed by both intemational
organizations and German institutions
abroad. Such expenditures are not in-
cluded in the U.5. data and thus this
report utilizes principally the data
provided to OECD since they more
closely approximate those of the United
States.

Some data presented in this report are
of necessity based on national data.
These include R&D funds disaggregated
by the Federal and State Governments
(Bund and Laender), orby ministries, as
well as Government targets for R&D ex-
penditures. The data on R&D-to-sales
ratios are based on national industrial
databecause sales data are available only
on the basis of the national industnal
categories. There are various measures
of R&D intensity that are frequently
used by analysts (e.g., R&D-to-sales,
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R&D-to-value added, etc.). R&D-to-
sales is used in this report because data
are available by industries for both the
United States and West Germany.

In the interest of presenting as com-
plete a profile of West German science
and technology (S/T) efforts as possible,
data on basic research and on research
and development in the higher educa-
tion sectors are presented. It should be
noted that these data are more problem-
atic and are less reliable than other R&D
expenditure data. Therefore considera-
tion should be given only to trends and
to major changes and differences in data
for this sector. Although R&D expendi-
tures in the humanities are generally in-
cluded in West German R&D data they
represent only about 1 percent to 2 per-
cent of the national total. Estimates have
been made to exclude these figures for
the field distributions in the higher edu-
cation sector data.

Fully satisfactory R&D deflators
(which would correct the effects of infla-
tion on R&D activities) and R&D ex-
change rates have not yet been de-
veloped. Use of current exchange rates
results in figures that are heavily influ-
enced by the relative strengths of na-
tional currencies. To provide more accu-
rate comparisons with U.5. resources,
purchasing-power parities rather than
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current exchange rates are used unless
otherwise specified. Exchange rates re-
flect comparable purchasing power be-
tween countries and have been calcu-
lated at a general level, referring to the
econor; y as a whole. Thus they indicate

the purchasing power for R&D resources
only broadly. The purchasing power par-
ities have been taken from OECD na-
tional accounts data. They are based on
direct price observations made in studies
developed under the auspices of Eu-
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rostat and the United Nations Interna-
tional Comparisons Project. Constant-
dollar figures are based on the implicit
gross domestic Product (GDP) deflator
derived from the QECD National Ac-
counts data bank. The base year is 1975.
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Table B-1. National expenditures for the Tabte B-3. Estimated ratio of nondefense
performance of research and development: research and devefopment (R&D)
1970-85 expenditures’ to gross nationat product:
1970-85
Constant 1975 dollars
in millions’ Year West Germany { Unrted Slates
Year West Germany | United States 1970 .. ....... 1.9% 1.7%
1974 ., . 2.0 16
1970 .......... $6,348 $35,800 oy . . 18
91 6,973 34,644 o 2 e
1972 oo 7.314 35,506 ova 20 hy:
973 oeen ... 7.203 35,569 s o1 !
1974 ....ia.l. 7.443 35,722 e o 20 by
1978 ooonan, 7.656 35,213 o 20 '8
1976 .......... 7.816 36,809 A 2 by
1977 oo 8.017 38,199 ar . 53 e
978 .0 8,601 40,108 1980 ......... 2.3 1.9
S 9,614 41,934 g 24 by
1980 .......... 9,891 43,789 gy ”s o
1981 .......... 10,066 45,067 1083 o) >4 b
1982 .......... 10,351 47.731 1064 {ret) Y b
19& (pm-, ----- 10.‘62 5019?2 1935 (ESll} ..... 2‘5 1.9
1984 est) ..... 210,606 54,042 ) e :
1985 (est.) ..... 21,108 58,182 "Hational R&D expentiiures excloding Government lunds for defense
T8ased on OGO defisies and purchising DOWer paribes. zﬁwmmmmlmm-asmﬂsr eshimates based O preliminary
NUSF stunae. SOURCES Orpamsation for Economic Go-operabon and Bevelopmen! and
NCITE: Wt Garman dta for 1984-B.5 are HSF ssbmiates based on preiranary the Nabonal Scwate Foundaton
kol fiQures.
wswmes. Organisation for Econpmic Co-0Pration and Development. | l
Science Foundabon, and Federd Mineiry for Resaarch and Tech- 1
8 e Moy o s 1 Table B-4. National research and development (R&D) by source of funding: 1970-83
[Constant 1975 dolars in millions]
West Germany
Government As percent Industry As percent of
Year financed of total R&D financed totat R&D
I $2,881 45.4 $3.388 53.4
T:12 BOTTTTTOTOTO 3,244 465 3.626 52.0
172 oo 3,611 49.4 3.580 4.0
973 . 3,583 497 3.504 87
Table B-2. Kational expenditures for the 074 oo, 3723 50.0 3,580 481
dormance of research and development 1975 e eeeeerriees 3,633 4.4 3,638 50.1
pe nee ol rese evélopme 1976 oo, 3,667 46.9 3,955 50.6
at a percent of the gross nationaf produet: 9, 3,542 8.2 4,29 52.8
1970-85 1978 oovrierneennns, 3.84 4.7 4,458 51.8
1979 oo 4,084 425 5,328 55.4
Year West Germany | United States :g‘: .................... qﬂfg'i I:As 5N7A33 5NA
.................... . a1, , 7.0
:g ---------- g-;% g-f% 1982 oo 4.361 2.1 5,800 56.9
oy 22 2 1983 .ot 4,282 209 6,083 58.1
1973 ....o.0.l. 2.1 2.3 United States
1974 2 22 970 .o, 20,400 57.0 14,307 40.0
075 : : W s e, 19,434 56.1 14,055 40.6
1976 .......... gf 2.2 1972 e, 19,760 %.5 14,698 41.1
1977 el Y 2.1 1973 i 19,523 53.4 15.925 43.3
1978 .......... iy 2.1 74 o, 18,315 51.3 16.172 453
1979 .......... 24 gg 975 i 18,109 514 15.820 449
1980 ...l 5 . 176 .0ovreiieinnnnnn, 18,797 51.0 16.692 45.3
98 . 2. 2-; W7 oo, 19,280 50.5 17.526 459
1982 .......... 26 2. 178 oooverernannnnn, 19,899 49.6 19,708 465
1983 (ureli) ----- 25 2.8 179 oo 20,469 4.9 19,909 a5
1% “3‘-] ----- gg 2.6 1980 ovvrnrrrinnnns 20,505 47.1 21,616 494
1985 est) ... 2.7 1981 oovmno 21,412 46.5 23,039 50.0
HOTE: Weest Gorman s bor 1963-85 are KSF esbmatas based on prekmnary 1982 ... 21,51 46.0 24,111 50.5
raionl fgures, 183 oovvrnesnnnnnn, 23,347 4.7 24,945 4939

SOURCES: Organisabon oy Economic Co-operstion and Devalopmesn, Na-
tonal Science Foundation, and Federsl Minkstry for Research and Tech- HOTE: HA - not avadable
fology—Bundesministaram fur Forsehung und Technologle (BMFT) SOURCES rganisabion for Econcemue CO-0PErbon and Development and the Nabonal Scence Foundsiion
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Table B-5. Current expenditures for Table B-7. Current expenditures for applied
basic research: selected years research and development:
» selecied years
[Gollars In millions)
jDotiars n millions]
Percent of
research and Applied research | As percent of
Year Total | development Year and development total
West Germany West Germany
1973 . $1,460 30 1973 ...... $3.581 7
:% IR ::.;:0 gg 19?5 ______ 41830 ?4
e 946
1979 oerirein 2.261 21 :gg """ e & Tabie 8-9. Ratio of research and
1961 coovvniannn. 3.072 2 1981 .o 11210 81 development (R&D) scientists and
United Siates Tnied St englneers (S/E's) fo tabor force: 1970-84
1973 i 3.946 13 07 26,772 87 R&D S/
195 ., 4,608 13 175 ..., 30,605 87 R&D S/E's to 1,000
1977 e 5,537 13 Y - B 27,246 87 Year {in thousands) \abor force
1979 .o 7:257 13 1979 ... 47676 87 -
1981 .0eeeerrennnns, 9,180 13 1081 62,660 87 West G*’-;‘“‘a"?
"Pescant of curvent RS0 expenditur, TPercent of currend RE0 expeaditures. :g‘: “““““ ggg gl
SOURCES: Federal Mimstry tor Research and Technolo9y—Bun- SOURGES Omiamsaton for Economic Co-operabon ang Develpment and ., """ 7 7777777 ! '
desministenum fur Forschung und Technologie {(BMFT) and the Habonal ihe Nabonal Scrence Foundahion 19720 9.0 3.6
Scionce Focruiaion 9B ... 101.0 3.7
1974 ..., ..., 102.5 3.9
1975 .....e0n . 103.7 3.9
1976..... .. .. 104.5 4.0
1977 .o 1110 43
1978 ........... NA NA
1979 .......... 122.0 45
1980 ... ....... NA NA
1981 ..00innnn. 128.2 47
1982.. ... .... 129.0 4.7
1983 . .....oonn . 120.5 4.7
1984 (est.) ... .. 130.0 47
B-6. Percent distribution of basle research Table B-8. Natural scientists’ as a percent United States
expenditures' by performer: selected years of the labor force: selected years
1970.. .. ... 544.2 6.4
Higher Matural As As 1971 ....... ... 523.8 6.1
Year | Total | Govemment | Industry | education scientists |pervent of| Engineers fpercent of 1972 ..., ... 5153 5.8
{in labor {in fabor 1973........... 514.8 5.6
West Germany Yewr [thousands}| force |thousands)| force 1974 ........... 520.8 5.6
1973 ... | 100 18 12 70 1975 ..... .. .. 527.7 5.5
1975 .. [100| 19 12 69 West Germany 1976 ........... 535.6 5.5
1977 ... | 100 19 g 73 1970 | 161.0 0.6 4140 | 15 1977 ....eel L 561.0 5.6
1979 .. [ 100 25 15 59 1980 | 231.0 9 3000 | 15 :g;g ........... 53:.3 57
1981 ... | 100 22 18 0 oo 9. . 614. 5.8
% Uniled States 1980 ........... 651.7 6.0
Unded States 1970 | 594.0 7 |72 | 16 981.. . ... 6637 6.2
1973 ... | 100 15 ® | 1980 | 8700 8 |12 | 16 1gg ........... 702.8 6.3
1975 ... | 100 16 16 59 1983 ........ . 722.9 6.4
1977 ... | 100 17 16 58 includes phys.cal. mathemahcal. and e scientists 1984 (est) ...... 750.7 6.5
SOURCE Katonal Stwence Foundabon
1979 ... { 100 15 16 80 HOTE HA - 00t vabie
1881 ... ] 100 14 18 59 SOURLES Statstisthes Bundesamd, (HOamsahon tor Econorne Co-opera-

- ores tiont ang Devefopment, and the Nabona! Scence Foundation
+1olE" Thire o 3 break n 1he West 3eman senes between 1977 and 1979

because of ncreased coverage of the industnal SeCtor In the Unied States 9

percentof basic research 15 Perlormed by Prvaie PO0Drokt Orgamzabons foe

¥t the years shown

SOURCES Federal Minsstry for fesearch 3ad Jechnolo9y—

Suntesministenum s Forschiunp und Jechnologe {BFMT), Ovganusateon fur

Ecomomic Co-oPeraon and Develobment. and the N3toadl Screr.e

Fourdibon
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Table B-10. Percent distribution of West German Federal R&D
funding by agencies: selected years

Agencies 1973 1977 1979 1981 1982 1983 1984" 1985"
Tota! ...... 100.00 100. 00 100.00 100.00 100.00 160.60 100.00 100.00
Total (DM in
millions} . ... 7,538 7,73 10,026 10.700 11,906 11.313 11,622 13.086
Total
{constant 1975
dollars in
millions) .... | $2.513 $2.408 $2.881 $2.808 $2,984 $2,753 $2.828 $3,050
BMFT? . .. . 520 52.3 5.2 55.1 5.7 57.3 57.5 54.6
BMBW? ... 1.5 ‘02 7.9 8.0 1.7 8.8 8.6 17
BMWI' ...... 6.6 5.5 9.5 11.9 10.6 8.5 8.3 10.1
BMVG® ...... 19.8 214 18.5 14.6 14.2 16.5 17.0 194
Other ....... 101 10.6 9.9 10.4 98 8.9 8.6 8.2
Prebemonary

ZBMFT - Federal Minestry kor Research and Techmology
JOMBW - Federa Mitustry for Educilioo and Stence
AW - Federat Mimstry of Economucs
BMVG - Federat Miestry for Defense

SOURCE Federal Minsstry hor Research and Technology—Sundesminssenom fur Forschung und Technotogie {8MFT). Bundesbencat Fovschung 1984, May 1984,
and BMFT, Statistsche informationen. December 1905

Tabie B-11. Percent distribution of public research and development by objcctives:
1973, 1983, and 1984

West Germany Umied States
Public objective 1973 | 1983 | 1984 | 1973 | 1983 | 1984
Total ..ovnei e A I [ 11X 100.0 1600 | 1000 1000 | 100.0
Agncuiture, forestry, and lishenes ......... .. 19 2.5 24 2.2 23 21
Industrial gevelopment ... . . .. . .. . 7.7 120 1.6 3 3 2
EMBROY . oovvirreriieieiiens or e . 02 152 15.0 37 6.6 5.8
Transportation ang telecommumicalions .... . 1.6 1.1 1.1 3.4 23 2.5
Urban ond rural planmng ..... ..... cee s 5 1.1 11 5 A 1
Environmental protection . ......... ..... . B 28 2.8 1.1 5 5
Health ... ... Ceeee eeeeaee aeeiaaees 3z 32 32 99 115 113
Social gevelopment and services ... .... . 3.7 2.4 2.4 28 1.1 12 -
Earth and atmosphere . ...... . ..... .. 1.6 19 11.4 19 1.5 14
SPACE ..i e e . 54 40 39 16.8 55 52
Defense ..... ... eiiiiiiin eanl. 121 9.6 9.8 536 64.3 66 9
Advantement of knowfedge' ... ...... .... . 520 44.1 44.4 39 38 39
Mins CHtegory shoutd nit be equated wilh basic rgsearch 8 ndludes research 2rd development fnanced fom general purpose grants ded to 5 In

West Germany such general unntrsty R&0 funds reprosentsd Ihree-Jourths of the sdvancemani v knoaledge calegory and onsttuled one-third v all
Government R&D Junds The d-terence wi emphas:s on this caleory by the United States and Weet Germany relkels diflerences In BDroaches 10 hng- i
research and development

SOURCE Cvganisanon for Economec Co-0pesition #nG evelopment. SPECial Tabutatons. July 1585
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Table B-12. West German Faderal projected research and development (R&D) funds
for selfested priority areas: 1963-87

DM In millions)

Percent
average
annual
Prionty area 198, 1984 1985 1986 1987 change
Tota! Federal RA0 .............. 12.054.5 | 12,2794 | 13.002.8 | 12.977.0 | 13.256.7 2.4
MPG. OFG. and Fh3' ........... 987.7 1.025.0 1.071.9 1.114.4 1.151.2 3.9

Basic resaarch in natural scicnce

BIBIS ... iiiriiiiierieineans 745.8 806.3 B45.4 493.1 1.079.0 97 {

Space RA0 ...l 762.4 7516 800.3 851.7 882.9 3.7
Avizion R&0 ...l 356.5 389.1 486.5 476.7 440.8 5.5
Energy R&0 .................. 2.492.0 2415 2.470.4 2.169.8 2.1190 -4.0
Information technolon® ... .... 5195 5334 4122 3835 3914 -85
Microglectronics ........... 1750 1775 50.0 .0 0 -
Heatth ... it 478.9 5225 §57.4 §12.7 589.5 5.3
Biotechnology ................. 99.1 105.9 115.4 119.6 123.3 5.6
Baslc physical technoiogies ...... 916 £5.9 6 107.6 1146 5.8
Production technology .......... 385 10,0 125.0 130.0 135.0 3.8
nnovation ........ccoeiiiii . 818.6 8384 9989 1.113.3 12395 10.9
Defense R&0 .............uu. 1.857.9 1.955.7 2.243.2 2.173.2 2.241.2 4.8

1NPE - Mux-Planck Society lor the Advancement of Science: DEG - German Ressarch Sacstty; and Pl - Fraunholer Society #0¢ the Advancament of Appled
Fusearch

2Excludiog the microsecironcs and opbcal commncaons Kehnokgy programs, the intomanon techndiogy area woold mcreass by 3 § percent
SOURCE: Foderal Micstry fr Seserch £ Technology—-Bundesmursienum Rir ForschiG und Fochnologie (BMFT)

Table 6-13. West German Federal research
and devetopment (R&D) funds for selected

priority areas: 1983
Percent of
Constant | tofal Federal
1975 dotlars | research and
Prionty area in mitions | develePment
Tal Federzl sesearch
ant devetopment . |  2.933.0 100.0
MPG, OFG, and FnG' .. 240.3 8.2
Basic rysearch 0 n.tural
science amas ... 181.5 6.2
Space R&D ... ... 185.5 6.3
Aviation R&0 ....... 86.5 29
Enorgy RS0 . ....... 606.3 20.7
tnformatign technelogy 126.4 43
Microe’sctioncs . ... 426 1.5
Heath ...... ..... . 116.5 4.0
Riotechnology ........ 24.1 8
Basit physical
techaclogies ...... 22.3 B
Production technology . 9.4 3
tnnovation ........... 199.2 6.8
Oefense R0 ....... 452.0 15.4

TMPG - Max-F.aoh Scoety for the Advancemen of Serence, DFG - German
Research Socwely, 20d FhG - Fraunholer Socety 1or the Advancement of
Appiied Research

SOURCE Fedeeal Minisiry lor Research and Techpolo9y=——Bun-
desmursstarium $or Forschung und Technologs (BWFT)




Tabie B-14. institutes of the Max-Pianck Society

Institute Location

MPIlor ABTONOMY .. ... ..iveiiineiiaeacananneas Kattenburg-Lindan
MPI for Astronomiy . .......ooiiiiiiiiiiiiiaan, Heidetherg
MPLforChemistry ... ..ot Mainz
MPI for Biophysical Chemistry ................... Goettingen
MPiforlron Research ... ......ooviiviniiininnns Dusseldord
MP! for Solid State Research .................... Stuttgart
Fritz-Haber instrtute for Physical Chemistry ......... Berlin
Gmelin Institute for Inorganic Chemistry ........... Franifurt/Main
MP1 o Nuclear Physics ........oo.oiiiiiiiiinn, Heidelberg
MP] for Coal Research ............oiieinnninnnnns Mulheim/Ruhs
MPI for Mathematics ... ... ..ol Bonn
MP1 for Metals Pasearch ........................ Stuttgart
MP1 for MRTROTOIOgY ~....oovnniininiiniiannnnn, Hamburg
MPI for Physics and Astrophysics ................. Munich
MP1 for Plasmaphysics ......cocoiiiieiiiiniinn Garching bet Munchen
MP1 for Polymer Research ... .................... Mainz
MP1 for Quantom Optics ..........covevninnnien, Garching near Munich
MP1 for Radio-Astronomy ..............covunenn. Bonn
MP1 for Radiation Chemistry ...............ooetn Mulheim/Ruhr
MP{ for Fuid Dymanics Rasearch ................. Goettingen
MPIfor Blochemistry .......cc.coiviiiiinier e Martinsvied near Munich
MPLEOr BIOY .....nvnrei ity Tubingen
MP1 for BROPIYSES ... ... Franifurt/Main
MP! for Experimental Endoctinology ............... Hannover
MPI for Nutriiona! PhySHOgY - .- . .ooeevarrnnnn. Dortmund
MP! for Medical Research .................covue Heidelberg
MP1 for Neurclogical Research ................... Cologne
MP1 for Physiofegical and Clinlcal Research ......... Bad Nauheim
Friedrich Miescher Laboratory for Biological Research . | Tubingen
MP! for Molacylar Gepeties .............cooiiial. Berdin
MPI for Brain Research .- ««vcvvrveeviiiinnrnannns Frankfurt/Main
MP for immune Biology - .......cooiviin et Freibury
Clintcal Research Groups of the Medical Clinics of the

University of Goettingen ...............ooeaee Goetlingen
Clinical Ressarch Group for Coagulation and

Thrombosts, {niversity of Giessen .............. Giessen
Clinical Research Group for Mulliple Sclerosis ....... Wurzburg
Clinical Research Group for Reproductive Medicine ... [ Munster
MPI for Blologlcal Cybemeties .................... Tublngan
MPI for Lmnology - ... .covirrriiiiiii s Plon
Matthael Research Unit .......... ..oiivviinnn Goetlingen
MP] for Experimental Medicine ... .............. Goettingen
MP| for Psychlatry ... v eirnnans Munich
MPI for Psycho-Linguisties ................... ... Nijmegen, Netherlands
Research Unit for Psychopatholo®¥ ................ Munich
MPI for Systems Physiology ..................... Dorimund
MPI for Behaviorai Physiology ............cvnvnnns Seewiesen
MPI for Developmental Blology ................... Tubingen
MPIfor Cell BiokogY .....ovvveeeiievencvnnnrnnns Ladenburg near Heidelberd
MPI for Plant Breeding Research ................. Cologne
Bibliotheka Hertziana (of Hatian At) ............... Rome, ltaly
MPI for Educational Ressarch .................... Beriin
MPI for Psychological Research Munich
MPIforHistory ..........ccoviiinnnivnnnnanass Goettingen
MplforPatent Lave .....oovnrrrnnnirnnnnnnrans Munich
MPI for Foreign and International Private Law ....... Hamburg
MPI for IntematonalLaw .............c.oeree, Heidelberg
MPI for European History of Law ................. Frankfuriiain
MPl for Saclal Law ......c.coviiniiiiiniaeaes Munich
MPI tor Criminal Law ..........coiviniiiiinnnns Freiburg

SOURCE Roben Garwln 30d Barbara Holtz, The Max-Planck-Gessefischalt gnd its instrtutes, Max-Planck Sogety—

Max-Planck-Geseltschatt (MPG). 1684




Table B-15. Speciai collaborative research programs supported by German Research Society (OFG) in 1985 by field

Research areas University Research areas University
Mathomatics Construction models in machine manufacturing ...... Berlin (Tu)
. Motor technolagy .......... ..covvnininiiiinns Bochum
Theorelical %ﬁ;’[ﬁmmﬂm m ‘a‘p‘ phed ““““““ Bonn Fire resistance of construction matenals ......... .. Braunschweig
Ao m'“ o:|dlmtm_n Bonn Artrafficsalely ..ot i Braunschweig
and T ‘.‘s ““““““““““““““ Goettmgen Surface technologies .............covvniii e Darmstadt
Geometry‘ analst_ .......................... f Transportation systems for conveyance of piece
Stochastic mathematical Models .................. Goetlingen B000S .o e e Oartmund
Plysics Substance and energy transpart in aerosols . ...... Ouisburg
Tomm]m chemis"y and spedmsmpy Ot mulecmar cﬂﬂ' ?ﬂl‘l’l‘&r‘smn Trrrauvarariaaiariasas it ESSGI’I
SYSIBNS ..o oeens e Bayreuth Mael_nne_nmse a‘ncl vibrations ......... . ........ Hannover
Structure and dy“ami(s ol interfaces .............. Berlin (Fu} Heatll'ln installations ..........cooiiiiiiiins Hannover
Hypersensitive interetions ...............oennnns Berlin Me_taifurglcal logls ......... Sree seeees e Hannover
Polarization and comelation in atomic snock ShID mmlow and construction ..........coveenns Hannover
COMPIENES ... ..iieiiniiiinrnnrnnnrnnansans Biefefeld/Munster Water and gas punfication processes ........ ..... Karlsmuhe
Plasmaphysits ..........ocvvvniiiiniiiininnn, Bocham H_iﬂ" pressure combustion chambers .............. Karisruhe
Struclural and momc phase transition in a"ws and Sila “EI'ISWC'!IUI'I ............................. Kartsruhe
OOMPOUNDS - ... eveeeereeneenennenenennnnns Ouisburg/Bochum Artfcial intelligence ...l Karisruhe
SOIKI-SIA1E SPOLIFOSCOPY .. vvvvvvrrnrennrnrenss Franifurt/Darmstad] Programming technology . ... ........ ..ol Munich (Tu)
Atmospheric irace eloments .........o.oounrnenns Franifurt/Mainz Reaction and exchange technolagy in dispersed two-
Sofid-S1at8 762CHONS . . .. veverenrnnnineaees Goettingen/Clausthal phase systems ..... LR TR TP Munich (k)
Theoretical and practical stellar 2etronomy .......... Heidelberg Very large sw!e integration (VLS1} ... ............ Saarbrucken/Kaiserstaulem
Energy transfer in processes of alomic and molecular Thermodynamic and flux problems of aerospace
L SO Kaisersiautem PROPUISION ....vvviviiiiiiii Slettgart
Fm and d!emistfy of interstetiar molecute clouds . cmogm Pl'od.uctmﬂ techﬂulﬂw ...................... Stlll‘lgarl
Mamﬁc incidence and mmanlzahon phenumMa of Flexible Dmdllcilﬂﬁ 3SSBII1EI!)' ................. . Sluﬂgaﬂ
Mm Prrrrrrr e .[;t. ;l ........... e C mugﬂe’mhm Architecture, town planning. and cwil engineenng
‘ . 0 S i .
and mpi‘: ual:';: :,'was;r: mre ed processes of atomic Konstanz Coastal engineenng ..........ovvuvenann viunvnns Hannover
Mediom energy hYSIES ..o Mainz Measuring mechanics of currents lar construction
PARAREREEREE R PUMPOSES ..o iivnt v tnvnnvns sennansianas . | Karsruhe
ﬁﬁ‘;ml ryii"h;'m SHUH .o ;:;Tﬂg:: Matural and manmade drainage Syslems in Ihe Alps
“““““““““““““““ and suroupding areas . ........ieieeeen out.. . | Mumch (T
Chemistry Farextending surfaces forroofs ........ ......... Slutigart
0il technolagy and chemistry ................ ... Clausthal Natural construction In architecture and nalure ... Sluttgart
Photochemistry with lasers ..............covn s Goettingen Electronics
Chemistry physics of macro-malecules ... ....... .. Mainz .
Characteristics of simple molecules-experimenta Seme-conductor technology .... .......... ...... Aathen
investigations as indicated by quamtum theary ... Wuppertal Lile sclances
Organization of macromolecular systeme . ..., ... Frebucg Bidlogy
systems under high pressure ........ En
Enu;lm::rr;iﬁ?moﬁmem " rhtgh pr - ‘r __________ Hazgg::r Charactensiics of biofogical membranes . .......... Aachen/Qusseldorf (with
i s T Juelch)
Primary processes of bactenal pholosynihesis Munict: (TU) Regulariues and conlrol mechanisms of metabalism in
Earth stlences ecological systems ... ... ....... ... oL . Bayreuth
Geo-scientific problems of and regions . ........... Berlin (Tu) Siructure, function and biosynthesis of pephdes and
O0BITOPMAPAY . . v evvvevneees vanrenens vnens Hamburg POIBENS ..ottt e e Berhn (Tu)
stuivw an.d recon"aissance methods 'ur was‘al OIISCIEU II'I&I'I'I'JIEI’IB DTOCQSSBS .................... Bel’lll'l {TII)
ragiNS and 0CANS ............ooieen eeen.. Hanover Biofogical absorplion and processing of inlormation .. | Bachum
Voltage and votage transtarmalion in the eithosphere . | Karlsruhe lon gradients thal steer cellular functious ... .. Bochum
The tropical sphere of the Atiantic . ................ Kig! Structure and lunction of membrane-stabife protens . . | Oarmstadt
Crystal structure and chemical bonds ............ Marburg Biglogical signal reactions ...........veeevt oonn, Freburg
Satelite GROOESY .. .......ovirriiiiinnines Mutich (Tu) Foundahons of cellular reciprocal action and Signal
High precisian A2vigation . ..................... Stuttgart TRANSMISSION ... . oo s Goetungen
Malecular biology of he eell ... .. .......... .... Cologne
Englneering Mechanisms of cellular commumcation ..... ..... Konstanz
General and mechanicat engineenng Cell energetics and differenteation ............. .. Marburg
VOMBXES N aWAIION ... ..veevee i Aachen Eco-physivlogy: evaluation of ecological signals . ... Marburg
Wave focusing in a continuum ................... Aachen Organization of the eukaryote genom ... ...... ... Mumch (U)
Correlation of production and componen! Biotogical, chemical, and technical foundations of
character;stics of synthelic materials ...... ...... Aachen bioconversian .. . eereieeeas [ECEERTTSTPRTD Mumich (Tu)
Utilization of process heal from high-temperature Reception and processing of signals in vertebrate
FEACHIS .. .vvnvvrnrnrensrnnnsinannsnnsnnns Aachen hearing SYS®mSs ..........ooovvvs vennnnns . | Mumch (Tu)
Flexible hand tools in maching manufacturing ....... Aachen Intra- and inler-cellular 1denlilicalion systemms . ...... Munster
MOTO? COMBUSHON «vnveveevnsrnensornnsrnsnnn Aachen Membranic transport-processes incells ............ Osnabruck
Energy and faw material-saving manulacturing Senses: adaphan of structures and mechanisms .. .. | flegensburg
DIODESSES © .o vveveenensnnnensnsensnenaneons fachen Membrane research ...l Saatbrucken




Table B-15. Special collaborative research programs supported by German Research Soclety (DFG) [n 1985 by fietd—Continued

Research arsas University Research areas University
Chemical biology of micro-ofdanisms ..........o. . Tubingen Immunopathogenesis .. .............coevvveevanss Mainz
cutture, lorestry, and veterina icine Tumor and endocrine: basic endocnnology research .. | Marburg
Patt Aus misrns of rl?; umatoid inﬁa:mtz:lamng Basis and clinical importance of extra cellufar limited
mechan PrOTeOlYSIS L. iy Munich
Bi:emns ::"d ggg{s"ls' horicatore odueton :3"""“9’ (l];""'“} | Regulation and genetics of human immune response . { Munich
CoNoMic modets of horticulture o LIRS Hannover {U) Ve Functional adaptation and differentiation of neuron
Experimertal research on animals «-- .. ooonnnennn "a?F'L";"e‘ (Ti-Ho)Berlin - SR Munich
Physiologic-nutritional Quality in agricultural products . | Hohenheim ;:?,‘:m';?;“,f:“sp:;“s“;‘,'“b';';:{:”a°e;;‘30;5§,‘c-ai -~ | Tubingen
Suitable forms of small agricultural holdings in West ” or an .
Arica Hoheaheim 6 deviations ............. l;o.t ...... cl eﬁeﬁ . of ... | Tubingen
L E AR LRI RIS SCUTIELITEre, ‘ iosynthess, secretion. metabolism an .
Production technologies lor catile raising ... ... Munich (Tu) polypephd and steroid hormones ............... Uim
Medicine Physiology of the cell system .................... Uim
Attifigial organs—modeis and replacements ......... Aachen Cyiologic muljdali?ns of experimental biology ....... Wurzburg
Experimenta) cancer chemotherapy ................ Aachen Gene expressions in verebrate cells ............... Wurzburg
T . [ Dusseldort Primary vasiability ol molecular mechanisms of cancer
Diabetic reSEarch ........covvviinineiin s Dusseidort GEMBS ..ottty Wurzburg
Paﬂ'IOlOOIGal med'larl‘isms o‘f lJl‘aiI'l illncllOI'ls ......... Dllsseldm‘f ml‘l isnces
Fog::;l:m s Of eay detecting and assessment of Erianger/Nurenberg Processes of cuttursi and national idendity in Afnca ... | Bayreuth
Experimental and clinical research into leukemia and : Knowledge ana society in the nineteenth century .. ... Bochum
BUMOMS ©vveeeeeeeenenstenaneneeneesneenns Essen Information and coordination of economic activites .. {Bonn
Medical virology (origins and .clevelopmem of tumors) |Freiburg Microanatytic loundations of social plicies ......... Frankfurt/Mannheim
Braln research and physiology of the senses ... .. Freiburg The warld econory and international economic ,
Clinical and experimental REpaIGIOQY ............... Freiburg A i 3 oo o a7 Hamburgrkiet
Pathological mechanisms of viruses (virology) ... Freiburg Erer it g oo L C Clange:
Cardiology Gottingen differenhating Professes .....vvvvnnvnnvnnss Konslanz
Psyehosomaﬁcmedlune climnt psychulugy ‘a‘n‘d """ Govemmenta) allocation policies in a free market
PSYCOMRERADY ... v vrnieeneiiieeeannns Hamburg msyslem o meschathenmeutic procesees T '::I““'“‘
Functions and defects of receplor systems .......... Hamburg/Lubeck u '”;t‘ psychotherapeutic processes .. ... .
Cardiovascular SYSIem ............cooeieiiiiinn Heidelberg IGUSHES coee e ee e onenes oo oo ns a2
Psychiatric epidemiology ... ... ... ) .o ... |Heideiberg Etectronic Iinguistic research ......ovvvvnninnnnns Saarbrucken
Molecitar cellutar and immunolegical changes and HOVE These research areas dra examoles of arezs o excefience witlun the Unrversitats They could also be congatersd
defense mechanisms of mafignant diseases ....... Heidelberg a5 Possible areds Jor screntiic cooberaton by U S soenlists and engrees
Lymphatic system and expenmental iransplantation ... |Kiel SOURCE Geaman Research Socsty—Deuische Forschungsgemesnschalt (OFG)
Factors of tumor formation ............evinn Mainz

Table 8-16. Funds for Industrial research

and development: 1970-63 Table B-17. Industrial research and

[Constant 1975 dollars in millions) devetopment expenditures as a percent of
gross national product: 1970-83

Year West Germany | United States
90 $4.063.0 $24.749.3 Year West Germany | United States
9N 4,439.2 23.792.2 1870 . ........... 1.32 1.82
1972 e 4,485.9 24.440.0 19711 ..., .. ... 1.40 1.70
1973 i 4,404.9 25.296.4 1972 ........ ves 1.35 165
197 ...l 4.515.2 24.877.2 1973 ... 1.28 1.60
1995 4.823.0 24,187.0 194 .. .. ... 129 1.60
199 .......0eenn 4.951.5 25.468.9 1975 ..., . . 1.41 1 56
1977 ...l 5.207.8 26.629.5 1976 . .... . ... 1.3% 1.57
1978 ... 5.568.5 21.7153.3 877 ... 1.40 1.55
1979 ....ooilnns 6.643.7 29.180.2 1978 ....oiennn . 1.45 1.54
1980 .......0nnnn '6.792.9 31.122.4 1979 ......inen 1.66 1.58
198 .. 6.875.6 33.211.5 1980 . ... ...... 1.66 1.69
1982 ...l 7.218.0 34.895.8 1981 .......... . 1.70 1.75
93 ... ...l 7.209.3 36.369.9 1982 . ..... 1.80 1.89
—— 1983 ...l el 1.80 1.90
SOURCE' Qrparsabon kit Economic Co-opefabon and Oevelopment SOURCE Organisation ko Edonomse Co-op 10 Develop




Table B-18. Comparison of industriat research and development
expenditures: 1981

1Doliars in millions]

West Germany Umied States
Industy Amount | Percent | Amount | Percenl
ol . $10.825 100.0 $51.810 100.0

Chemicals and allied producis ... 2,419 223 5.625 109
Machinery! ..............o.00s 1,528 14.1 6.818 13.2
Electrical equipment . ...._._.... 2,592 239 10.329 19.9
ARIOSDACE ..vvvviiinnnnnnans . 668 6.2 11,968 231
Frofessional and scientilic

instuments ................ 210 1.9 3.614 7.0
Tinchudes computers

SOURCES Ovpancsabon for ECONOMIC Go-operation 30d Developnent and the Nitonat Stience Foundation

Tabie B-19. Compatison of company research and developmei.:
funds in selecied industries: 1981

[Doliars in millions)

West Germany United States
Industry 1 Amount | Percent | Amount | Percent

Total .ooeevniiinnnnnns $8.846 100.0 | $35.428 | 100.0
Chemicals and alfied products . ... 2.1 26.1 5.205 14.7
Machinery' ...........0. .eess 1,375 15.5 6.124 17.3
Electrical equipment ............ 2.19% 24.8 6.409 18.1
ABTOSPALR . ...vvcevnncnnnuann. 148 1.7 3.440 97
Professional and scieatific

instruments ................ 188 21 2978 8.4

includes compoters

SOURCES' Organesation ipr Economs Co-operation and Development and the Habonal Soence Foundabion

Table B-20. Research and development
(R&D}-to-sales ratios: 1981

West
Germany United States
Industry R&D-to-sales | R&D-to-sales
Total .......... 2.8 31
Chemicals ang allied
products ......... 45 36
Machingry' ......... 31 49
Electrical equipment ., 1.3 6¢
Asrospace ,......... 238 16.0
Professional and
scientific
insirements ...... 53 8.1
Tcades computers
SOURCES' Helgw Echtacholt-Saventt, Forschung wnd Entwckiung (FuE) in
dr Wirtschett TOT aeud the Natonal Science Foundaton

54

Table B-21. Research scientists and engineers (S/E's)

by industry; 1981
West Genmany United States
Research Research

Industry S Percent S Percent
Total ooeene e iiae s 77.017 100.0 487,800 100.0
Chemiats and allied products . 11.195 14.5 54,700 1.2
Machinery' ... ... ...... 13.935 8.1 69,200 14.2
Electncal equipment .. ....... 28.997 317 106,300 21.9
Aerospace ................. 4.271 5.5 95.200 19.5

Professional and scientilic
instruments ........ ..... 1613 21 34,700 71

Yincludes comoutess

SOURCES Jrganszbon for Economic Co-uptrbon and Development 3nd the Natonal Saence Foundabon

Table B-22. Research and development
expenditures in the higher education
sector: 1370-33

{Constant 1975 dollars in millons]

Year West Germany } Unifed States
1970 .......... $1.278.5 $5,735.5
1174 U 1.503.4 '5,5%0.5
1972 ..., ... 1.574.3 5.528.3
1973 .... ..... 1.589.1 5,.545.5
1974 ......... 1.570.9 5,269.4
975 ... . 1.530.3 5,859.7
976 ... ... 1.521.0 5,738.3
977 .. .. ... 1.492.1 5,890.2
978 ...l 1,604.2 6.169.2
1979 .. ... .. 1.536.3 6,345.0
1980 ........ "1,623.4 6.563.6
9 ... 1,645.9 6.525.6
1982 .......... 1,654.1 6,634.3
1983 . ...... . 1.654.5 6.716.8
INSF eshmate
SOURGES Organcsation tov Economit Co-operation nd Developiment and
the Katonal Soence Funditioa

Table B-23. Higher education research and
development (R&D) exponditures as 2
percent of total #&D experditures:

1970-83
Year West Germany | United States
1976 . .. ..... 2.1 16.0
191 .......... 216 18.1
1972 ... . 21.5 158.5
1973 ...... ... 221 15.2
914 ... ... 211 14.7
05 ... . 20 15.5
1976 . ..... . 195 15.6
1977 ...... . 18.6 154
1978 .... . . 18.7 154
1979 . ....... 16.0 151
1980 ..... ... 16.4 15.0
1981 .......... 14 143
1982 ......... 16.0 13.9
983 ..... ... 15.8 13.8

INSF eshumate
SOURCE Orgamsation for Econames Co-00rabon and development




Table 8-24. Higher edutation research and development (R&D)
expenditures by field:* 1981

West Germany United States

field Amoun! | Percent | Amount | Percent

1.1 | U $3.949 100.0 $9,269 100.0
Natural sciences and engineering,

tolab ... e 3,484 88.2 8751 944

Natural stiences ............. 1.299 329 4,764 514

Engineering ........... ..lis 828 210 1.612 174

Medical sciences ......... ‘e 1,175 8 1,605 17.3

Agricultural sclences ......... 13 4.6 ™ 8.3

S0Cial SCINCES .. ..iuiinannnns 464 11.8 518 56

Ti¥est Garman data have been xjjusted by BSF to enclude RAD expenddutes in the humindes
SOURCES: Orgamsabon for Econgmic Co-operabion and Development and the Nalional Scence Foundabon

Table B-25. Number of firsi university degrees granted: 1973-83

Natural Social
Yeat Al lields sciences’ Engineering Agricutture sciences
West Germany
1973 32,300 5400 4,500 1.000 10,300
191 ... .. el 33.600 5.900 5.100 1.000 10,500
195 .o el 33,700 5.600 4,800 1,000 10.600
1976 .......... . . 36,500 5,700 5,700 1,000 10,800
1977 .. 37,500 6,100 5,800 1.200 11,900
1978 ...l 39.800 6400 6.500 1,300 13,300
199, ... el 42,800 6300 6.500 1,400 13.300
1980 .. ............. 46,300 6.500 6.700 1,700 14,100
1981 ... 46,900 1.300 6,800 1,800 14,700
1982 ....... Ceraean . 50,600 8.100 1.100 1,900 14,700
1983 ... 54,800 8.000 7.700 2.100 14,700
1miled States

1973 e 980,700 94,000 47,000 13,800 140,600
1914 ... .o 1,008,700 101,000 43,500 15,100 145,400
1975 viiiiiiiin 967,900 100,500 40,160 16,500 137,900
1976 .. v.vvvnnnnnns 997.500 102,300 39,100 18.300 132,500
1977 oo ol 993,000 101.600 41,600 20,200 125.100
1978 ...l . 997,200 95,200 47,400 21.000 120,500
1979 . et 1,000,600 97.500 53.700 21,600 115,800
1980 00 veriianans 1,010,800 96.800 59,200 21,100 114,800
1981 oo 1.019.200 98.500 64,100 20,200 112,100
1982 .o 1,036,600 102,300 67,800 15,200 112,800
1983 ... 1,054,200 104,300 73.000 19.260 110,360

ncludes physial, mathemancal. 30d biokopeal stiences
SOURCES" S1aisbeches Bundesaml. Frulmgen a0 Hochscholer 1983, 1965, and the Nationat Scie0ce Foundation
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Tabfe B-26. Number of doctoral degrees granted: 1973-83

Natural Social
Year Al fields sifences’ Engineering Agriculture sCiences
West Germany
W3 .. 10,100 2,000 709 200 1,200
1994 ... ... 10,700 2,400 800 300 1.400
975 ... 11,400 2,600 1,000 3no 1,300
1976 ............ 11.500 2,700 1,000 300 1.300
1977 ...l 11,400 2,800 1.000 300 1,300
1978 ............ 11,800 2,600 1,000 300 1,300
1979 ..... s 11,900 2,700 1.100 300 1,200
1980 ....eeneee 11,200 2,700 1,000 300 1,200
1981 ............ 12,300 2.700 1.000 300 1,200
1982 ............ 13,000 2.600 1.000 400 1.300
1983 ............ 13,600 2.700 1,000 400 1,300
Uiiited Slates

1973 . ........... 33.800 9,000 3.400 900 5.800
194 ............ 33,000 8,500 3.100 800 5.900
975 ...l 33,000 8,400 3,000 900 6,100
W6, 32,900 8,100 2.800 800 6,200
1977 . n 31,700 7.900 2,660 800 6,100
1978 ............ 30,900 7.700 2.400 900 6,100
199 ....oeaenl. 31,200 7.900 2,500 900 6.000
1980 . ........... 31,300 7.900 2,500 800 5.900
W L 31,300 8,000 2,500 1,000 6,100
1982 ............ 31,000 8,200 2,600 1.000 5.800
1983 ...c0eennn. 31,200 8,200 2.800 1,000 6,000

Hnages Do, mathematical, and tealogical sorences M
SOURCES Statistisches Bundesami. Frufungen an Hochschulen 1963, 1985, and the Nahonal Science Faundz1on

Table B-28. Doctoral degrees per 100,000 Table B-30. West German female student
population: sefected years enroliment in universities, winter
semester: 1983/34

Natural sciences
Year West Germa Uniited Staies Total Female | Percent
— = o — Field studerts | students | female
o a4 15 Altteids ... | 873172 | 351,920 | 40.3
1982 ... ... 4.2 3.5 Natural sciences 167.760 | 56,584 | 33.7
1983 ... . .... 44 35 Engineerng .... 95.206 9,155 9.6
Engicering Agrculture ... 781 | 9,920 | 456
Social sciences . | 206,938 69,938 338
LR S 11 1.6 Other fieglds ... [ 381407 | 206.304 | 541
981 .......... 1.6 1.1
1982 .......... 16 1.1 SOU'RCE Slastisches Bundesam. Siudenten an Hochschulen Winter.
1983 ......... 1.6 1.2 semester 158354, Aon! 1984 .

Vinchsdes physical, mathemateal. and beologueal scsences
Table B-27. First university degrees per SOURCES. Statsusehes Bundesantt aad the Nationzl Soience Foundation

100,060 population: sefected years

Natural sciences’ Table B-29. west Genman student
enroliment distribution, winter semester: Table B-31. West German foreign student
West Germa United States iy *
Year il 1983/84 enroliment, winter semester: 1983/34 ,
1973 .......... 8.8 44.4
981 .......... 1.8 429 Total Total Foreign | Percent
19682 ......... :3; 44:—; Field students | Percent Field students | students | foreign
1983 eeeenee : - Al fields ............. 873,172 | 100.0 Allfetds ... | 8731472 | 50.568 5.8
Engineering

Matural sciences .......... 167,760 192 Natural sciences 167.760 8,596 5.1
913 ..., 1.4 22.2 Engileering ... ... ...... 95,286 109 Engineering .... 95,286 9,258 9.7
1981 .......... 11.0 219 Agricuitare ... .......... 21,781 25 Agntulture ..... 21,781 1.266 5.8
1982 .......... 1.5 29.2 Social sciences ........... 206,939 23.7 Social sciences . | 206,938 9,180 4.4
1983 .......... 12.5 3t Other fields .............. 381,407 43.7 Other fields ..., | 381,407 22.268 5.8
Tincdudes physcal, mathematical, and Csofogieat scences SOURCE Stansirsches Bundesaml. Studaaten v Hochschulen Winter SOURCE Stansirsches Bundesaml. Stodenten an Hochschulen Winltr
SOURCES: Stabstisches Bundesamt and the Natipnal Scrence Foundsbon somester 195134, Agnl 1884 semester I98VEA. Apnt 1984
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Table B-32. National patent applications:

1970-84
Year Total | Domestic | Foraign
West Germany
1970 ...... .. 66,132 | 32.772 | 33,360
1971 ......... 65,756 | 32,874 | 32,882
1972 ......... 67,354 | 33,381 | 33973
1973 ......... 66,223 3,969 34,314
974 ......... 63,545 30,534 33,0
1975 ......... 60,095 30,198 29,897
1976 ......... 61,705 | 31,065 | 30,640
977 ... 60,401 | 30,247 | 30,154
1978 ......... 58,492 30,308 28,184
979 ........ 56,184 | 30,879 | 24,305
1980 ......... 51,345 | 30314 | 21,0m
1981 ......... 46,579 29,841 16,738
1982 ......... 47,826 30,668 17,158
1983 ..... ... 47,103 | 31,658 | 15445
1984 ......... 45,209 32.598 12,611
LUnited States

1970 ... ... 103,175 | 76,195 | 26,980
1971 ... 104,729 | 71,089 | 33,640
1972 ......... 993,298 65,943 33,355
1973 ...l 104,079 | 66,935 | 37,144
1974 ......... 102,538 | 64,003 | 38,445
1975 ......... 101,014 | 84,445 | 36,569
1996 ......... 102,344 65,050 37,204
1977 ..... ... 100,931 62,863 38,068
978 ...... .. 100,916 61,441 39,475
1979 ......... 100,494 60,635 39,959
1980 ......... 104,320 | 62,098 | 42.231
1981 ......... 106,413 | 62,404 | 44,009
1982 ......... 109,625 63,316 46,309
1983 ......... 103,703 54,390 44 313
1984 ... ..... 111,284 | 61,841 | 49,443
SOURCES® Orgamsation or Econonuc Co-0p dDevtiopment, Wortd

intellectual Property Organization, and the U S Patent and Trademark Othce

Tahie B-33. Palents granted in West Germany: 1970-84

Patents Untted States

Domestic Foreign granied percent of
patents patents 10 Unted foregn
Year Totat granted granted States patents
1970 . 12,887 6,386 6,501 2,882 44.3
1971 . . 18,149 8.295 9,854 4,393 446
€., . .. ... 20,600 9,642 10,958 4,575 418
1973 . 23,934 1t,191 12,743 4,949 3ga
L3 Y L S 20,539 9,793 10.746 3.913 36.4
W5 e 18,290 9,077 9,213 3,140 kR
1976 .. ... 20,965 10,395 10,570 3.3 316
1977 . 21,749 10,815 10,934 3,488 n9
1978 ......... 23,514 11,581 11,933 a,8t9 2.0
W9 . 22,534 10,895 11,639 3.713 ng
1930 20,188 9,826 10,362 aan no
1981 . 13.429 6,537 §.892 2,229 2.3
1682 . 16,306 8,279 a.027 2,50 s
eI . L 20,913 10,709 10,204 3,10 308
1984 | 21,758 11,402 10,356 2.907 28.8

SOURCE Workd Intel:.¢tual Property Organizabon

Table B-34. External patent applications by

West Germany and the United States:
1970-82
Year West Germany | Linited States
1970 70,337 123,724
1172 I 70,793 116,052
1972 .......... 70,636 119,984
1973 .. ..., 74,073 116,581
1974 67,335 102,711
1955 ..ol 60,810 93,042
1976 ......... 58,310 93,356
1977 ......... 59,517 95,749
1978 .......... 53.657 85,352
1979 ... ... 49,539 80,744
190 ..... ... 48,650 79,078
1981 ..., 42,323 73,895
1982 .. ...... 39.816 57197

SOURCE" Orgamsabon for Economs; Co-operabon ind Development

Tahle B-35. West German and U.S. technological balance of payments: 1970-83

[Constant 1975 dolfars in milliens)

West German United States

Year Receipts | Payments | Balance | Receipts | Paymeris | Balance
1970 . 198.4 509.6 -311.3 | 29233 ans.2 2,615.1
191 218.6 553.7 -335.1 | 30841 3130 214
W72 . 257.3 555 2 -2979 | 32075 7.5 2,840.0
W73 o o e 212.6 518.9 -326.3 | 3.596.4 458.3 3,138.1
W e e 2408 535.0 -294.2 | 38957 3761 3,519.6
1975 . o e e s 252.3 597 6 ~3452 | 4,008.0 473.0 3.535.0
1976 o e 2356 565.1 -3296 | 3,528 454.7 3.398.1
1977 o e e e 242.3 590.2 ~348.0 | 4,020.5 3875 3.633.0
1978 . .. 257.2 576.6 -3194 | 4,426.7 508.3 3,918.3
W79 . e 2589 561.0 -302.1 | 4,387.0 583,2 3.803.8
1980 ... 279.6 572.8 -2942 | 4.627.3 532.9 4,094.4
1981 ... s e 287.3 562.5 -275.2 | 4,399.4 442.2 3,955.1
1982 .. e e s e 299.3 551.8 -2524 4,1434 120.5 4,022.9
1983 ... 319.5 603.7 -2842 | 4,353.2 132.9 4,220 2

SOURCES Organesateyn for Economic Co-pperation and Development, Federal Munisiry for Research and Tachaology—Bundesmamnstanom fuf Forschung und
Technologee {BMLFT), Bundesbencht Forschung 1384, 1964, and U § Depaniment of Commitice
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Tabie B-36. West German trade with the United States in
technology-intensive products:® 1970-84

{Dollars in milfions)

Exparts to Imports from Balance with
Year the United States | the United Stales | the United States
1970 ... $454 $957 $-503
9 e 507 1,048 -5
1972 ... 606 1,101 —495
117 856 1,392 =536
1974 ........... 1,032 1.627 - 595
1975 ...l 45 1.816 -8n
1976 ........... 982 2120 -1,138
1997 .......... 1,275 2,389 -1,114
1978 ........... .M 3,292 -1,581
1979 ........... 2119 4,124 =2.005
1980 ........... 2181 4,695 -2.514
191 ........... 2,144 4,99 -2.847
1982 ........... 2,122 4,386 -2.264
1983 ........... 2,504 4,356 -1,852
193‘ ----------- 2.%9 ‘.5& _1.531

YTachnology-ictensive products s defwied hers 2 those for which (5D expanditures wiceed 2 36 percent of sajes
SOURCE Seacial tabutations Preganed fior the Drvision of Scisnce Resources Studes., Kabonal Scentce Foundabon, by
Data Rasources, Inc . 1988

Yable B-37. West German trade In selected high technology products' with the
United States and the world: 1984

[Dotars in mullions)

Exporls mports Balince
United United United
Product group States Word? States World? States World?
ot e $2.968.9 | $38.652.9 | $4.500.3 1 $28.063.8 |$-1.5314 £10.589.1

Alrcraftangpans .. ............... 119.5| 4.263.7 27031 4,062.7 -150.7 2111
Offica compuling and accounting

machines ....oovvmvrvninnnns KTEM | 3.637.1 | 13610 42750 | -1.0199| -637.9
Electrical transmission znd distnbution

CQUIpMIENt . ...y 542.3 6.7635 880.7| 3.480.4 -33841 32831
Compmunication equipment and

electronic components . .......... 1801 3,151.2 5685| 3,120.7 -388.4 30.5
Professional and scientific instruments 666.1 38796 4352 | 2,448.2 2309 1405
1107 S 135.0 1,984.9 139.9 1.139.1 -49 855.8
Plastlc materials and synthetics ...... 3055 7.015.7 34421 41101 -387] 2.905.6
Engines and turbines .............. 39561 3.088.6 126.0 1.270.1 269.5| 1.818.2
Agricultural chemicals ............. 4.5 1.160.9 241 686.2 20.4 474.7
Industrial Inofganic chemicals ... .... 2203 24447 48| 1.9581 -124.5 486.6
Radio and TV receiving equipment ... 90| 1.2531 56| 15200 133 -270.0

echaolopy-triensive products arm those defined hery 23 thoss lor which RAD expanddures exceed 2 35 pevtent of stiss
Wodld trade dats i bised on DECO Trade Serles € reflacting mdommation om 24 reportng countnes and naary 200 partner courtnes
SOURCE: Speciat tabulations prepared lor the Drvision of Sclence Rasources Studs, Nabonat Scence Foundabon, by Oata Resources, Inc , 1386
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