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Research and development in the
U.S. is growing modestly. Total ex
penditures for R&D are expected to
top S122 billion in 19R7. an increase
of 6';; over R&D spending from all
sources last year. That's the small
est vear-ro-vear change in the past
decade. a decade that has seen R&D
funding nearly triple. in current dol
lars. from 197i's $-12.8 billion. For
the decade as a whole. R&D spend
i ng In the U.s has been growing
II ,; per vear-nearlv twice the rate
.\t whichit is growing now.

Snll. although Significantly more R&D funding by the U.S. government. How much federal agencies
modest than In the recent past. the spend and what they spend it on. especially for research in chemistry.
increase in R&D funding expected physical sciences. and engineering 40

........ . ··this-veer-does represent real growth""" .., ..•..............

;===.==<.:::ae;~~~~::~~:=::~t:~:;': .....~....~~~~~~~~~~~~~~~~~~~~~~~~~~~~=c=""='"
cent pattern. about halfthat money
comes from the federal govern
ment-560 billion in 1987-and al
most all the rest from ind.l1stry. Uni
versities and other nonprofit insti
tutions will kick in a relatively
modest 54.2 billion. only 3% of the
total, this year.

Government spending for R&D
is actually growing a good deal
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faster than federal spending as a however, current levels of support even harder than usual. That's be
whole. If Gramm-Rudman deficit re- for R&D in the U'.S. are quite high. cause some of the key data, particu
duction targets are to be met in this R&D spending appears to be level- larly on the industrially financed
vears budget-an event that most ing off at about 2.7% of gross na- . half of the R&D picture, have yet to
observers consider unlikelv-the tionai product. For most of the past be compiled by the National Sci
overall federal budget probably will two decades it has been considera- ence Foundation. NSF is the chief
rise onlv a verv modest 1% for the bly lower than that, reaching its source of statistical information on
vear ending Sept. 30. Federal R&D most recent nadir in 1978 at just R&D in the U.S., and its data
support. by contrast. is expected to above 2.1%. Not since the mid-1960s, collected in large part by the Cen
be up 7'< for 1987 as a whole. In when massive efforts in space and sus Bureau-form much of the ba
general. the Reagan Administration defense led the federal government sis of this special report. Recent re
and Congress have been relatively to spend twice what industry did to organizations at both the Census
kind to R&D budgets during the support R&D, has such a large frac- Bureau and NSF's division of sci
past seven years. doubling federal tion of the nation's total output of ence resources studies have delayed
support for R&D from its pre-Reagan goods and services, as measured by the compilation of some of these
level of 529.5 billion in 1980. Even GNP, been devoted to supporting data by three or four months. As a
when inflation IS taken into account, R&D. Though the rate of growth result, the most recent data avail
federal R&D support has grown 46% may be declining, overall support able for many aspects of industrial
since 1980. for R&D in the Ll.S. appears strong. R&D spending are based on infer-

Until recently, industrial support '" c;hernicaIRo!<I:>, of course is only .mation collected in 1983, too long
.·······forR&Dhas·· kept. pac~withtheisrnallpieceofthe...totaIR&Qpic-ag<ktocgLYlLacpreciSl4'icturecof4he,=====

,=c='fe,:l'etanffb'fFfn-1'98oa
CnClagaul

In'' ture. Just how much ol the total state ol that R&D effort now.
1987, however, preliminary figures national eHort focuses on chemis- Of the federally funded half of
indicate that industry's support for try is never easy to measure, in part U.S. R&D, the biggest share-69%
R&D is lagging behind that of gov- because the point where chemical for the 1987 fiscal year-is funded
ernment. R&D spending by all in- R&D breaks off and R&D begins in by the Defense Department. De
dustry is expected to rise 5% this some closely related field-materials fense's share of the federal R&D'
year, following a 6% increase in 1986 science. say. or biotechnology-has budget has been climbing steadily
and one of 7% in 1985. Federal sup- never been clearly defined. in recent years, from a level of about
port over the same period rose. on This year. separating out that part 45% that prevailed throughout the
average. 10%per year. of the overall R&D effort that can late 19705. That shift parallels an-

Considered in a broader context, reasonably be' called chemical is other one that is taking place. name-
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1987 total R&D spending =
$122.3 billion

Federal funds account for
half of all U.5. R&D

merit-run R&D facilities each per
form about equal shares of the
remainder.

Historically, the overall chemicals
and allied products industry per
forms about 70% of all the applied
R&D done on chemicals or drugs
by industry. R&D performed by
companies in the chemicals and al
lied products industry is estimated
to have increased 10% in 1986 to
$9.5 billion. That level of growth is
off a bit from the 12% average an
nual rate of increase for the. past
decade. When adjusted for inflation,
however, the real growth in spend
ing for 1986, at 7%, is slightly better
than the 6% annual rate for the dec
ade as a whole.

Growth in R&D at major indus
trial chemical companies was not so
high as that for the chemicals and
allied products industry as a whole
in 1986-up only 4%. Some of this
difference comes about because drug
companies, which are part of the
chemicals and allied products in-
d ustry;are ••·increasingtheirR&p·....

"Spel'fdiiijjfaster~"iti'e"bUiC'clfellli-.-' .
cal companies. Another contribut-
ing factor is a major divestment that
took place at Union Carbide in 1986.
The company sold off nearly $2 bil-
lion of its assets. largely in consum-
er products fields. The much small-
er Union Carbide spent less on R&D
in 1986 than its predecessor com pa-
ny had in 1985. When this change
is taken into account, major chemi-
ca! company R&D spending rose 7%
in 1986. a

.........13.2"

support to $132 million, nearly to
the level of the second largest sup
porter of chemical research in the
federal government-the Depart
ment of Energy, which expects to
spend $139 million on such research
in fiscal 1987, down 6% from 1986.
In fact, except for the Defense De
partment and NSF, all the major
supporters of chemical research in
the federal government will de
crease their spending in this area in
1987. The net effect is a 3% rise
overall for federal support for chem
ical research-no change at all when
inflation is taken into account.

At universities, where half of the
nation's basic research is performed,
overall budgets for basic research
were up a healthly 8% in 1986.
Funds for applied R&D, which to
gether account for only a third of
total R&D spending at universities,
also were up 8% in 1986. Spending
at universities on chemical R&D
reached $450 million in 1986, also
an 8% hike from 1985. The federal
government is the principal funder
of university R&D-supplying near
ly two thirds of the $11.1 billion
universities expect to spend on R&D
in 1987.

Though universities have a major
role in performing basic research in
the U.s., they trail far behind in
dustry when it comes to carrying
out applied research or develop
ment. In fact, industry will do 73%
of the total R&D conducted in the
U.S. this year, a fraction that has
held essentially constant for the past
decade. Universities and govern-

..77"751173 74

1987 total R&D spending =
$122.3 billion

o

Source: Nalionat Science Founctalion

2.5

R&D share of U.S. GNP levels off after rise of early 19805
Total R&D asOfo of gross national product
30

• elEN esl,matn SoUrce: NaIIOftllIsc~ Founcl.ltlOn

Almost three quarters of
all R&Dis by industry

Iy that more and more federal funds
are going into the development part
of R&D~72% in 1987, up from 64%
five years ago. The Defense Depart
ment is the overwhelming source
of federal development funds, sup
plying almost 90% in 1987.

Chemical research also finds its
single largest federal patron in the
Defense Department, which in the
1987 budget year is expected to
spend $185 million for it. That's 28%
of total federal chemical research
support, which is estimated to reach
$671 million. Defense Department
support is up 10% from 1986 levels.
Crowing even faster is support from
the National Science Foundation,
which expects a 17~ boost in its
funding for chemical research in
fiscal 1987. That would bring its

u ,July 27. 1987 C&EN
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Two fifths of chemistry papers
are in biochemistry

Japanese now receive nearly
20% of U.S. patents

~
West Germany-,

U.K. 30/0

U.S.
S4'M>

i
France 3%

Others

Physical,
inorganic &

analytical chemistry

-"'.-

,/
Applied chemistry &

chemical engineering

MacromOleCUlal~r~~~~~~
chemistry

1986 total papers' = 474,429
a Number of abstracts of papers published in Chemical Abstracts.
Source: Chemical Abstracts Service

1986 total U.S. patents issued = 70,860
Source: u.s. Patent& Trademark: Office

. .__ .--.J

PERFORMERS OF R&D: Industry's share is six times that of government
$ Billions (current)

1984 1983 1982 1981 1980 1979 1978

Annual change
1977 1986-87 1977-87

Industry $ 88.7 $ 84.4 $ 78.2 $71.5 $83.4 $58.0 $51.8 $44.5 $38.2 $33.3 $29.8 5%
Federal government 15.1 13.4 13.0 11.6 10.6 9.1 8.4 7.8 7.4 6.8 6.0 13
Universities and colleges 10.7 10.3 9.5 8.5 7.8 7.3 6.8 6.1 5.4 4.6 4.1 4
University-associated FFROCSb 4.0 3.8 3.5 3.1 2.7 2.5 2.5 2.2 1.9 1.7 1.4 5
Other nonprofit institutions 3.7 3.4 3.3 3.0 2.7 2.4 2.3 2.2 2.0 1.7 1.5 9

TOTAL $122.3 $115.2 $107.5 $97.6 $87.2 $79.3 $71.8 $62.6 $54.9 $48.1 $42.8 6%

$ Billions (1982, constant)

Industry $ 74.5 $ 73.7 $70.1 $66.9 $61.0 $58.0 $55.1 $51.9 $48.7 $46.1 $44.3 1%

Federal government 12.7 11.7 11.7 10.8 10.2 9.1 9.0 9.0 9.5 9.5 9.0 9
Universities and colleges 9.0 9.0 8.5 7.9 7.5 7.3 7.3 72 6.9 6.4 6.1 0
unrversfty-assccteted FFRDCsb 3.4 3.3 3.1 2.9 2.6 2.5 2.7 2.7 2.5 2.4 2.1 3
Other nonprofit institutions 3.1 3.0 3.0 2.8 2.6 2.4 2.4 2.5 2.5 2.3 2.2 3

TOTAL $102.7 $100.6 $96.4 $90.5 $83.9 $79.3 $76.6 $73.2 $70.1 $66.8 $63.7 2%

"aC&EN estimates. b Federally funded R&D centers. Those administered by both induslry'and by nonpront insUlulions are included in totals foru-e.rrespective sectors
Source: National Science Foundation

12%
10
10

11
9

11%

5%
4

4

5
3
5%

~H,ll,RI:..cTE;::; OF R;3<D Uniform growth in all three sectors
'?'-"V"V_"·'~"·"'~'s""BimorisIcurrenFr" -, ,,' ,,', -"'---'Annuar<fna'ijQ'e'"

"""no' N .- f9-sir='"::;''::f-9"i'6i··"·~,,m'f9i5.'''·'''''''''--f9ii~''~~''''1i8:C"'~'mi"'''''~~'fn,==a8r=='1-g19'~=;:''f9'ilf''''''-''''':19;ti=:;;:;'f9'81i"~'r""''''I:9'7'~7'''''~''''

Basic research

Applied research.
Development

TOTAL

Basic research
Applied research
Development

TOTAL·

$ 14.7 $ 13.8 $ 13.0 $12.1 $11.0 $ 9.9 $ 9.2 $ 8.1 S 7.3 S 6.4 S 5.5 7 (liO

26.4 24.7 23.4 22~ 20.4 18.5 16.9 14.1 12.3 10.8 9.7 7
81,2 76,5 71.1 62.9 55.8 50.9 45.8 40.5 353 309 27.5 6

$122.3 $115.2 $107.5 $97.6 587.2 $79.3 $71.8 $62.6 $54.9 $48.1 $42.8 6%

$ Billions (1982, constant)

S 12,3 $ 12 1 S11 7 $11.2 510.6 S 99 $ 9.8 $ 9.5 S 93 S 89 S 83 2 ~,~

222 216 210 207 196 18.5 18.0 165 158 15.1 14.5 3

68.2 66.8 638 58.3 53.7 50.9 48.8 47 3 45.0 428 40.9 2
$102.7 5100.6 596.4 $90.5 583.9 579,3 $78.6 $73.2 $70.1 $68.8 563.7 2%

10c)'J

11
11

11%

a C&EN est.mates Source: Nanooar Sc.eoce Foundation
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PATENT ACTIVITY OF U.S. COMPANIEs:a Significant decline for chemicals in 1986
Total

Number of patent. luued 1888 1SUI5 1iS" 1183 1li182 '881 '110 1171 117. 1,n 1'77-11

CHEMICAL COMPANIES
Dow Chemical 371 335 328 246 276 260 249 217 334 297 2.913
Du Pont 329 342 348 326 283 343 289 227 386 431 3.304
Clba-Gelgy 244 305 290 244 281 345 309 248 347 354 2.987
Union Carbide 208 242 231 182 202 262 211 197 215 224 2.174

PPG Industrle. 124 128 137 137 177 189 166 118 190 196 1,582
Monsanto 110 100 138 136 131 211 205 144 264 192 1,831
American Cyanamid 92 115 111 128 129 188 205 143 225 215 1.551
Olin 81 117 112 85 80 80 106 82 99 91 933

Ethyl 77 105 76 44 31 43 51 25 41 46 539
International FlavorS & Fragrances 76 104 95 87 87 96 76 60 80 52 813
Stauffer Chemical 75 104 95 81 87 94 93 80 132 116 957
Celanese 66 67 94 57 56 58 56 44 71 70 839

Hercules 43 41 39 37 30 52 23 24 49 51 389
W. R. Grace 42 45 57 52 49 68 72 56 76 63 580
Rohm & Haas 33 31 37 55 49 77 74 77 95 94 822
GAF 12 23 19 21 32 47 48 54 57 26 339

TOTAL' 1983 2204 2207 1918 ·'980 2413 2233 1798 2881 2518 21.913
ANNUAL CHANGE -10% 0% 15% -3% -18% 8% 24% -33% 8% -9%

a"Includes U,S. chemical ecmoames Of U,S.-based subsidiarIes ollorelgn companies that nave received more than 999 U.S. pillents sinell 1982. b These totals include patents issued to the
chemical companies shown In this teere only. Source: U.S. Patent & Tr~mark OHice

U.S. PATENTS: Those of foreign origin rose 2% in 1986 as those of U.S. origin declined 4%
Total

Number of palMI, I...,ed 1988 II" 1.... '"' '"2 '"' 1110 1'"'' 117. 1177 1'77-11

U.S. origin 38.124 39,554 38.385 32,871 33.898 39.223 37.358 30.079 41,254 41,485 372.207
to U.S. corporations 27.324 28,944 28.002 24,038 24,085 27.623 25,967 21,145 29,421 29.566 288.115
to U.S. government 1.011 1.124 1.228 1,043 1.003 1,117 1.232 961 1.233 1,484 11.438
10 individuals in the U.S. 9.461 9.243 8.887 7,562 8.539 10,241 9,940 7,804 10,399 10.249 92.325
to toretqn-owned 328 243 .248 228 289 242 217 189 201 186 2.331

corporations in the U.S

Foreign origin 32.738 32,107 28.835 23,981 23,992 28,548 24,483 18.775 24.848 23,784 280.077
to US.-owned corporations 2.231 2.274 2.032 1,660 1,715 1,839 1,694 1,364 1,981 1.970 18.740

abroad
to foreign' corporations 26.196 25.721 22,985 19,019 18,589 20.549 18,685 14,447 18,875 17,879 202,925
to foreign governments 471 483 440 338 388 249 253 188 249 215 3.250
to foreign individuals 3.838 3,629 3,378 2,974 3,320 3.911 3,851 2,778 3,763 3.720 35.182
TOTAL 70.880 71,881 87.200 58,880 57,888 85.771 81.819 48,854 88,102 85,289 832.284
% FOREIGN 48.2% 44.8% 42.9% 42.2% 41.4% 40.4% 39.1% 38.4% 37.8% 38,4% 41.1%

.II Patent figures were low ,n 1979l:le<:ausethe U.S. Patent &Tr~ Ottice was -Shanof funClto print patentl It~~... ...,. iMued, Ioww: U.S. P.tenl & rtadetn,w1(Office

HOLDERS OF U.S. PATENTS: Japan's share doubles In past decade
T....

~ of p.t.m. ,- 1I1S 1114 1113 1"2 ,.., 1110 1171 117' 1111 1177-H 1M3-7'

........JV1,!lrIgI" ..n ... .55. .57 .... 51 ·.5•••• · ·80 ·80 • .. ···.2· .2 84· ·51 73
.;:'.F9f.lon_"orlgln~"N .41 .. A$ .... 43 ~_:: ·~,,~·2·, o.:_4,1_~,~,,,,. ·AlI· · ..AlI 31· ·······3.··· ..31 ·····U·· -210

Japan 19 18 17 15 14 13 12 11 10 10 14 5
West Germany 10 9 9 10 9 10 I 9 9 8 9 7
U.K. 3 3 3 3. 4 4 4 4 4 4 4 4
France 3 3 3 3 3 3 3 3 3 3 3 3
Switzerland 2 2 2 2 2 2 2 2 2 2 2 2
Canada 2 2 2 2 2 2 2 2 2 2 2 2

Sw-" 1 1 1 1 1 1 1 1 1 1 1 1
Italy 1 1 1 1 1 1 1 1 1 1 1 1

Netherland. 1 1 1 1 1 1 1 1 1 1 1 1
U.S.S.R. 1 1 1 1 1
Other. 2 3 2
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ABSTRACTS OF PAPERS IN CHEMICAL ABSTRACTS: BIochemlslry's share holds steady at 40%
Pwc:entate-_.

1'.' '"' 1.... '"3 1••2 1"1 1171 1178-18

BIOCHEMISTRY 40.4% 40.5% 40.5% 38.3% 39.5% 39.0% 38.8% 1.6%
% of all biochemistry abstracts

Mammalian hor~••• 12.5% 12.3% 12.4% 12.9% 12.2% 6.8% 5.9% 6.6%
Pharmacology 12.2 12.3 11.6 11.8 12.0 12.4 12.0 0.2
Mammalian biochemistry· 10.8 11.1 11.3 11.1 11.6 15.6 16.3 -5.5
Toxicology 7.8 7.9 8.0 8.5 8.1 8.7 6.4 1.4
Immunochemistry 6.1 5.3 4.8 4.2 4.4 3.4
Biochemical genetlcslt 6.1 5.2 4.2 3.8 3.3
Microbial biochemistry- 5.7 5.7 5.2 5.1 5.3 5.6 5.0 0.7
Enzyme. "5.6 5.6 5.8 6.1 5.9 5.9 6.4 -0.8
Plant biochemistry· 5.2 5.5 6.2 5.9 6.2 5.8 6.1 -0.9
Biochemical methods 5.0 4.9 4.9 4.9 4.6 5.7
General biochemistry 4.7 4.9 5.3 5.8 6.0 7.5 7.1 -2.4
Other. 18.3 19.3 20.3 19.9 20.4 22.6 34.6

. \

PHYSICAL. INORGANIC. AND ANAL YTICAL CHEMISTRY 29.8

Spectra
Nucle.r chemistry
Electric phenomena
Cryll.llograph, .nd liquid cryll."
General physical chemistry
An.lytlc.1 chemillry
others

20.0
19.9
10.8

7.0
7.0
6.8

28.5

29.8 28.8 29.6 28.5 28.0 27.5
% of all physical. inorganic. and analytical chemistry abstracts

18.4 18.0 17.8 17.2 18.0 17.8
21.8 22.2 22.5 22.6 21.6 19.7
10.6 10.8 10.0 10.5 11.0 10.5

7.5 7.6 8.3 6.7 8.9 9.7
6.9 6.9 7.3 7.3 7.2 7.0
6.1 6.3 6.2 5.4 5.8 6.6

28.5 28.0 28.1 28.3 27.5 28.7

2.3

2.2
0.2
0.3

-2.7
0.0
0.2

-0.2

APPLIED CHEMISTRY AND CHEMICAL ENGINEERING

Wat.... walt.., and pollutIon
Metals and alloy.

Mlnar.loglc.1 .nd geologic.' chemlllry
Foutl tuell, derlvat'v••, and related product.
Unit operations and proc.....

others

18.2 18.4 17.6 19.4 19.5 19.1 18.8
% of all appUed chemistry and chemical engineering abstracts

ai.s 20.2 21.0 19.6 21.7 24.0 18.6
20.8 20.0 18.9 19.1 22.2 17.9 27.8
12.0 12.5 14.6 14.1 13.6 14.1 17.6
9.0 10.1 10.1 10.3 9.4 9.4 6.0
7.1 7.5 7.0 7.5 6.9 6.4 4.8

29.2 29.7 28.4 29.4 26.2 28.2 25.2

-0.6

3.3
-7.0
-5.6

3.0
2.3
4.0

-2.8

-2.1
-0.4

-11.1
9.6

-2.4
2.7

-0.7

8.7

38.4
8.7

17.4
5.1
8.0

6.5
4.3

11:8 .

8.7

6.6
4.2

'11.8""

6.4 7.8 7.3 .7.2
% of all organic chemistry abstr.cts

30.6 32.0 30.5 31.5 . 37.0
16.2 17.1 16.3 14.8 8.3
16.1 15.6 18.2 15.6 18.2
5.7 5.7 5.8 5.8 5.4
6.3 6.3 7.1 7.2 8.7
4.9 4.4 4.5 3.7
4.2 3.6 4.3 5.2
4.6 4.8 4.5 4.4

.n:4 ."10:5 '10:$" '11.8 .

27.3
18.3
15.0

7.8
7.3
5.0
4.4
3.9

lio

5.9ORGANIC CHEMISTRY

Physical organic chernlatry
Org.nomet.lllc .nd o.g._8IIold•• ...........
Hat",oc,cllc compou_
C._,cIr.taa
Aromatic compou~
BkHnolecu...·and their .,ntMIIc· ..,.1aa.'
A'IplI.'1c c",-,,*,
AmInO ackil, ,.,...... MIl Piollh.'."".".C:iiiMIn~~M_' .~ .."',"""'"''','''""..,''"_. ,.. ,"."".

MACROMOLECULAR CHEMISTRY

s,-...... potr......-----e....,a•• , 19*',,.,.,.....wood 111 aductaT._
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Defense's share of federal support grows

Defense gets nearly 70% of federal R&D funding but less than a third of funds for chemistry
.,

National Science
FoundationHealth & Human'

Services

Agriculture
--Health & Human

Services

"Energy

National Aeronautics & Space Administration

Others
5%

National Science
Poundattcn 2%"

Estimated fiscal 1987 total federal
R&D obligations = $59.2 billion

Estimated fiscal 1987 federal chemistry
research obligations = $671 million

Source: National SCience Foundation

<:EDERAL OBLIGATiONS FOR R&D: Up strongly thanks to big boost for military funds
A.nnualchange

S Millions 1987- 1986- 1985 1984 1983 1982 1986-87 1982-87

Defense $40.678.8 $33.646.3 $29,791.5 $25.372.9 522.992.8 520,622.6 21% 15%
Air Force 17.356.5 13.757.5 13.260.9 12.091.6 10.812.6 9.357.9 26. 13
Navy 10.700.6 10.137.3 9.127.4 7.6056 6.068.2 5.8451 8 13
Army 5.710.2 4.850.2 4.570.8 4.2255 3.998.1 3.760.5 18 9
Defense aqenctes'' 6.775.3 4.790.7 2.781.7 1.391.5 2.052.3 1.618.1 41 33

Health & Human Services 5,270.8 5.611.3 5,451.0 4.830.7 4.352.5 3.940.7 -8 8
National Institutes of Health 4.672.3 4.977.3 4.827.7a 4.257.4 3.789.2 3.433.1 -6 3
Alcohol. Drug Abuse & Mental Health 383.1 396.2 377.6 337.2 302.2 248.1 -3 9

Administration

Energy 4.770.7 4,691.6 4,996.0 4.673.6 4.536.7 4,708.2 2 0
National Aeronautics & Space 3.926.0 3.478.4 3,327.2 2.821.9 2.661.6 3.077.9 13 5

Administration
- ·"''''''~~f_O;_-~"'' ___.". __ '_''''·~'''';'____ '·_';''''_:''_,.-~,",·.".-.-"'_-_"''''·''.''''~,' __;'w_.

1:508:3 ····1;3:13:5 . 1;345:6'Natjo'!.!&1 ~~.i.~_~.~e. Foundation 1:202:8 1:082,0' ·975,3 ·13 9
Agriculture m --- .. -- .. 'i:;-Oi':2'~""-- - 923:0 94:1:0 86a' 64'7:6· ···········7-9'7';3··-+ .. ···3

Aqncufturat Research Service 4970 463.1 469.7 4513 443.4 404.9 7 4
Cooperative State Research Service 234. 263.1 284.3 235.; 2323 2'90 -11 ,
Forest Service 111.5 ',0.' 113.1 '08.4 107.7 , 121 -7 0

Interior 350.6 388.3 391.7 410.9 362.5 381.1 -10 -2
Georcqrcat Survey 2076 2186 214.9 2089 157.0 1526 -5 6

Environmental. Protection Agency 309.6 333.6 320.4 261.2 240.7 335.1 -7 -2
Commerce 300.9 391.1 398.8 358.2 335.0 336.3 -'23 -2

Natrona! Oceanic & Atmospheric '963 268 1 2698 2443 2220 2220 -27 -2
Administration

National Bureau of Standards 9' • 993 1005 955 350 888 -8
Others 1,184.7 1,264.7 1.367.1 1.426.5 1.300.1 1.258.1 -6 -1

TOTAL 559.209.6 552.061.8 548.332.3 542.224.9' 538.711.5 536.432.6 14 'l~ 10 '.,
ANNUAL CHANGE 140,1'0 80,1'0 14°(0 9°'0 60;'0 4010
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PERFORMERS OF FEDERALLY FUNDED RESEARCH: 54% is undertaken by indusIry
...............

SM_ 101· ,.... ,oas ,... ,- '112 118&-81 1112-11

Industry $31.787.9 $26.847.9 $23.774.3 $20.361.5 $18.649.0 $18.698.6 18% 11%
Feelerallntramural programs 15.396.7 13.533.4 12.998.4 11,572.3 10.581.9 9.141.0 14 11 , .\
UnlY_,,", and coI~ 6.558.7 6.554.7 6.299.0 5.565.1 4.966.4 4,605,5 0 7
Unlvenlty-aaoctalod FFRDCs'> 2.712.8 2.446.2 2,534.5 2,324.9 2.265.8 1,976.7 11 7

~1nII~ 2.451.3 -2.318.1 2.365.0 2.094.4 1.822.9 1,612.3 6 9
Foreign 219.8 257.8 255.9 175.8 239.5 214.3 -15 1

Stat_1'nd local gDYet'1U1'NH1t8 82.4 103.6 105.2 130.9 186.0 184.3 -20 -15

TOTAL SS9,209.6 552,061.8 548,332.3 542,224.9 538,711.1 S38,432.8. 14% 10%

Note: Fiscal years. a estimated. b FecIenatIy flnted R&D C*1t8rS. ThOseadministered by both irdJstry and by nonproffl instltutions are inCUilldin totalS for their respeCtive sectors. SOwce:
National SCience Foundation

FEDERAL OBLIGATIONS FOR SCIENTIFIC DISCIPLINES: Slow growth for chemisIry this year
...............

S MNHons tor .....arch only 1.11· 1•••• "IS ,... 103 1112 ,_17 1112-1'11

Life sciences 5 6,289.2 5 6,457.6 5 8,368.2 5 5,635.9 5 5,177.9 5 4,745.5 -3% 6%
Engineering 3,857.8 3,684.4 3,628.5 3,824.1 3,517.0 3,388,5 5 3

Chemical 186.0 243.5 254.1 144.5 145.0 95.1 -24 14
Metallurgy and material$ 465.5 464.1 439.1 341.1 332.5 309.1 0 9

Physical sciences 3,300.3 3,071.8 3,044.0 2,989.0 2,891.4 2,500.4 7 6
Chemistry 670.9 653.4 644.5 606.4 520.3 48.1.2 3 7
Physics 1.965.4 1.829.4 1.620.0 1.836.4 1,854.6 1,610.5 7 4

Environmental sciences 1,483.4 1,458.2 1,403.8 1,275.9 1,251.2 1,148.3 2 5
Mathematics and computer sclenc.. 759.0 885,0 517.5 440.3 419.4 350.1 14 17

Other sciences 1,151.4 1,117.7 1,110.3 1,033.8 996.8 891.4 3 5

TOTAL 518,841,1 518;454.7 518,130.1 514,978.8 514,253.5 513,022.2 2% 5%

ANNUAL CHANGE 2% 2% 8% 5% .% 7%

a Estimated. Sowl* National SCience Foundation

...tCunwIl ~i
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1977 78 79 80 81 82 83 84 85 86' 87'

Government funding of basic research
catching up with applied research support
Federal obligations lor research. $ billions
10

"
78 79 80 81 82 83 84 85 86' 87'

Federal support for physical science little
changed since 1983 in real dollars
Federal obligations lor research, $ billions
a5 _'

Nolti: Fiscal years. a ESlimaled. Soun:e: Nalional SCience Foundalion Note: Fiscal years.• Estimal8d. Source: National Science FoundMlOn
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FEDERAL OBLIGAnONS FOR BASIC RESEARCH: little growth this year
AnnuIII ch!np

$- 1111- 1...• ..U .- ..13 '112 1'''-11 1"2-'117

HeaHh I: Human services S31.2.4 S33$7.1 $3232.5 S2814.5 S2475.4 S2144.7 -.% 8%
National InsliMes of Heatth 2938.3 3133.6 3018.0- 2624.8 2313.0 2020.7 -6 8
Alcohol. Drug Abuse & Mental

Health AdministratiOn 204.4 206.2 196.8 170.8 145.0 117.3 -1 12
National Science Foundation 1422.' 1255.7 12.1.8 1132.3 9n.l 91'.1 13 9
Energy 10'3.1 945.9 942.' '30.4 7'7.7 842.2 12 11

\Def..... 995.9 994.3 Itl.4 '47.9 7'5.' ....7 0 •Navy 385.6 350.5 343.1 315.8 305.4 280.3 10 7
,

Air Force 284.5 234.4 198.3 192.4 164.2 145.8 21 14
Army 249.3 242.4 240.8 222.1 208.3 187.7 3 6
Defense agenciesb 78.5 167.0 79.2 117.6 107.7 72.9 -54 1

Nattonal Aeronautics a Space
Administration 98'.1 850.4 750.9 754.5 '17.0 535.7 l' 13

AgrtcuHur. 434.1 432.7 445.4 392.' 3'2.0 330.8 0 •Agricultural Research service 267.2 247.6 250.2 240.8 215.3 192.9 8 7
Cooperative State Research

Service 115.8 126.2 141.5 99.8 98.8 91.3 -8 5
Forest Service 43.1 50.5 44.1 41.2 38.8 38.7 -15 2

Interior 115.7 137.8 138.3 125.9 103.0 7'.5 -1. 9
Geological Survey 79.5 83,4 80.5 78.9 64.7 52.8 -3 9

Environmental Protection Agency 37.0 39.3 38.' 29.' 22.2 32.7 -. 3
Commerce 19.5 22.1 23.2 20.' 19.2 1'.' -12 3

National Bureau of Standards 19.1 21.2 22.1 20.2 18.4 18.5 -10 3
National Oceanic & Atmospheric

Administration 0 0 0 0 0 0
Others 111.3 110.0 124.0 11'.1 108.' 9'.3 1 2

TOTAL $8347.7 $8145.1 S7818.7 $7017.4 $8210.1 SS4l1.8 2% .%
ANNUAL CHANGE 2% 4% 11% 13% 14% 9%

Note: Fiscal years. a Estimated. b Includes Defense Advanced ProtectsA~, Del... Hue-. Agtncy. and ot.s. IOIftr.~ SC-.ce Four'IdmIOn

::::;:;=""AL OBLIGATIONS FOR APPLIED RESEARCH: Increases for Defense, NASA, and NSF
..............

S MIHIons '"7- 1...• '111 .... .- 'tl2 1......7 '''Z-1••7

De'ense S283'.1 '2314.8 .230... '2200.7 '20137.0 '2_.1 11% 3%
Army 719.4 551.3 582.6 466.7 485.3 451.6 30 10
Air Force 562.2 573.4 536.4 547.7 524.2 488.1 -2 3
Navy 464.6 483.9 448.2 449.6 521.6 498.4 0 -1
Defense agenciesb 889.9 776.2 737.7 716.8 905.9 828.1 15 1

Health I: Human hAlc" 1724.0 1134.0 1715.8 11111.5 1545.4 1_.' -. 3
National Institutes of Health 1368.2 1452.8 1410.1· 1285.6 1165.2 1103.8 -8 4
Alcohol. Drug Abuse &

Mental Health AdministraUon 177.5 168.8 179.7 185.2 155.4 128.7 -. 7
National Aeronautics a Sp.ce

Administration 13".5 1114.4 1032.7 1114.7 '27.' 871.4 25 10
Energ, ,,3.3 1010.' 1111.4 1114.5 ,,'3.4 1053.' -15 -3
A9f 1cu"ure .....0 ..... ..... 442.2 ..... 435.7 -3 0

Agricultllal R..-ch Service .. ~~... ,,,.,
.1~H .. 163-7 ~~:! l!H. .6 2

. ·CQ9Peiii!ivi$liiiR"'ai
... &!Nice' ... ,1.c7.....,34�;e.·...,~2;a······,341;2······,33:5... ··,21c7-······,3· -- .. '1" ~."' M.n • • • ;

Forest &!Nice 115.4 •.7 111.7 83.' 111.1 ".0 -2 -1
COll..... ce -.7 :IOU :101.0 271.1 ••• :111.2 -22 -2

National OCeanic • AImO1~"'1c
Adminla1ratlcn 113.' 221.7 224.4 ,'7.7 ,.... ,".5 -21 -3

National a..-_ofs_ 83.5 III.' 14.5 13.5 13.1 57.4 -3 2- ZlU 227.5 231.0 au 214.7 27U -7 -s
GeoIcglco' SIney 111.2 127.' 130.0 125.1 •.t t... 2 •Ea.," 01.......... ProtecIIon AgMcy 170.' 110.4 171.0 ,... 111.4 1....7 ... -4

......... Idence , .... I' 115.7 77.' 13.' 7U IU 17.1 1. •- 171.2 1157.0 720.3 724.. -.7 .... 1 1
TOTAL "-.4 .UOU $1311.1 17I1U I7IIU I7I4U 2' 2'
AMalAL CHAIlClI Z' 0' S, -1' ., .,

...... F..,...• ~.lIrlC:*&IIIIo.e._................"........._=r.ee.. ..... ."".,.....................,........
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FEDERAL OBLIGATIONS FOR DEVELOPMENT, Nearly 90% goes'or mllRary wor1<
AnnualChanpe

OM_ 1117- 1'''- 1185 111. 1'83 '112 1"'-81 1112-17

0.'_ 537.048.8 530,287.2 $28,823.2 522,324.3 519,770.1 517,889.8 22% 18%
Air Force 16.509.8 12.949.7 12.524.3 11.35'1.5 10.124.2 8.724.0 27 14
Navy 9.850.6 9.322.9 8.336.1 6.840.2 5.241.2 5.066.4 6 14
Army 4.741.6 4.058.6 3,747.4 3.516.8 3.304.5 3.121.3 17 '9
Defense agenciesb 5.808.9 3.847.5 1.964.8 557.3 1.038.7 717.1 51 52

Energy 2,794.4 2,885.3 2,825.0 2.848.7 2.575.8 3.012.1 5 -1
National Aeronautics & Space 1,543.4 1,513.8 1,543.8 1,112.7 1.118.8 1.870.7 2 -2

Administration
Hea"h & Human Service. 384.3 420.2 422.7 384.7 331.7 335.2 -9 3

National Institutes of Health 365.8 390.9 399.6a 347.0 311.0 308.7 -6 3
Alcohol. Drug Abuse & Mental Health 1.2 1.2 1.1 1.2 1.8 2.1 0 -11

Administration

Environmental Protection Agen4?Y 102.8 113.9 105.8 99.2 88.1 91.7 -10 2
Commerce 44.7 84.8 74.8 81.5 50.2 80.2 -31 -8

National Oceanic & Atmospheric 32.5 38.4 45.4 46.6 33.1 33.5 -15 -1
Administration

National Bureau of Standards 8.8 12.5 14.0 11.8 13.6 14.9 -30 -10
Agriculture 31.1 31.5 32.0 31.3 30.0 30.8 -1 0

Agricultural Research Service 27.4 27.4 27.7 27.0 25.5 25.8 0 1
Forest Service 3.0 2.9 3.3 3.3 3.8 4.5 3 -8
Cooperative State Research Service 0 0 0 0 0 0

Interior 24.0 23.2 22.4 30.7 24.8 29.8 3 -4
Geological Survey 9.9 7.4 4.4 .4.9 2.3 0.5 34 82

National Science Foundation 0 0 0 0 0 2.2
Other. 397.2 487.8 552.8 583.0 492.7 508.1 -19 -5

TOTAL 542,388.5 535,807.1 532,202.1 527,248.1 524,458.0 523,410.4 18% 13%
ANNUAL CHANGE 19% 11% 18% 11% 4% 3%

Note: Fiscal years. a Estimated. b Includes Defense Advanced Research Projects Agency. oe""ae NucIe8f Agency, and others. Souroe: National Science Foundation

UNIVERSITY RESEARCH: Not much change in funding overall. but chemistry gets more



BASIC RESc,.l..RC,.. i~; :>HYSICAL SCIENCE: NSF, Defense score biggest gains for chemistry
1.17- 18"· 1••5 '11. 111a

Physical Phystea' .......' Phy.a' Phy8tca1
Fearal obl~.tlona, S mlllloM Kiene.. Chen'll'" selene.. CtMmlslry ........ C_ _..

~
.._..
~

Energy 5 852.5 5112.1 5 ,743.1 5108.5 5 738.1 5102.3 5 888.4 5108.4 5 639.2 5104.3
National Aeronautics & 535.8 7.6 437.7 5.1 377.9 10.2 338.7 5.4 329.5 7.7

Space Administration
National·Science Foundation 380.7 126.9 340.6 109.9 347.9 112.7 330.2 106.8 283.5 66.5
Defense 213.2 62.1 212.7 73.9 165.5 70.1 212.2 60.0 198.4 55.6

Navy 87.5 30.3 84.8 - 26.1 73.9 26.7 100A 20.7 98.0 18.7
Air Force 776 32.7 83.9 27.0 54.1 22.8 48.3 20.3 39.3 17.5
Army 46.2 19.0 51.7 20.8 54.3 20.6 59.8 19.1 58.7 19.4
Defense acenctes'' 1.8 0 12.3 0 3.2 0 3.7 0 2.5 0

Health & Human Services 81.4 73.4 86.8 78.3 83.6 75.4 72.0 85,0 61.6 55.0
National Institutes of Health 793 71.4 84.6 76.1 81.S a 73.3- 70.8 63.8 60.9 54.2
Alcohol. Drug Abuse & 2.1 2.0 2.2 2.1 2,1 2.1 1.2 1.2 0.9 0.9

Mental Health Administration
Agriculture 33.5 33.3 35.6 33.5 35.6 33.6 45.4 43.5 40.0 38.2·

Agricultural Research Service 26.9 25.5 25.0 23.7 25.2 23.9 37.4 36.0 33.5 32.2
Cooperative State Research 4.6 4.6 6.1 6.1 6.4 6.4 5.4 5.4 4.1 4.1

Service
Forest Service 3.9 3.2 4.6 3.7 4.0 3.3 2.6 2.1 2.4 1.9

Commerce 15.9 5.2 16.1 6.7 19.7 7.2 16.3 4.6 15.7 4.7
National Bureau of Standards 15.9 5.2 17.6 6.3 18.9 6.4 16.3 4.8 16.7 4,6

Interior 7.0 5.5 7.9 8.3 7.6 6.0 7.1 5.6 2.9 1.8
Geological Survey 7.0 5.5 7.9 6.3 7.6 6.0 7.1 5.6 2.6 1.8

Environmental Protection Agency 3.4 2.9 3.6 3.1 3.5 3.0 3.0 3.0 2.3 1.9
Others 17.6 0.4 15.6 0.2 16.6 0.3 14.7 0.9 13.5 3.5

TOTAL 52141.0 5451.3 51901.7 5425.4 51614.0 5420.1 $1721.0 $403.4 $1517.2 5362.2
ANNUAL CHANGE 13% 6% 5% 1% 5% 4% 9% 11% 14% 16%

Note: Fiscal years. a Estimated. b Includes Defense AdVanced Res4NIfctl Projects AQenCY. Oet.... NuctIiao Agency. rd~. Sourer. .....ttonIIlScIeilQ FoundaUon

ENGINEERING RESEARCH: Support for chemical englneerli1g drops sharply this year but Is stili twice tt
1117- ,- ,--.. --a -.. ......". .........

S MIllIoM ......_11. ...teee .... -- .'''-''. ......_11. -- .........11• .........11•
Defen.. 51624.9 $ 54.5 5261.1 51523.9 $ 50.3 $277.9 $1502.0 $ 53.3

Air Force 486.1 3.2 36.9 472.7 3.3 34.3 423.9 1.7
Army 434.9 23.5 41.3 338;1 20.9 37.7 344.3 26.7

Navy 409.9 27.1 120.1 401.5 28.1 121.1 421.2 24.6

.~---,.·""Defense,agenciea9 ,,·212,,1, 0 12:1· -308;8·' ·0' 14:1-· '312:1' 0:1"'··

,N_"'_6'SpllCO'- ·'12'.000 - ---'·'0." .. _.. '2Si4"--'1011:8-" "Q --17:' 'nl;l" ... -'0'1A__

E_tIJ 322.0 sa.1 73.' ... 121.2 ., 111.3 131.1IU_SC_'_ 231.3 41.2 47.1 ,... M.4 a.1 1ta.3 32.1- ••• 4.4 21.4 .... U 40.1 111.2 U
Tr~ ".1 0.4 1.' IU o.r 2.1 41.. •••
In"..01........ ProIecUon AtencY 43.7 17" 2.1 ... 1L1 U .... 1L•

Cot•••Wice 31.0 U 1... 43.7 1.. 11.2 at 1.7-.-. 2... ... • 21.1 ... • a, 5.1
0lIlen 1••3 .., ... 112.1 ... OA 217.4 OA

TOTAL "'7.1 $1.0 ..... ..... ..... ......1 ..... 1214.1
_AL~ I~ -24~ .~ 2~ ...~ .~ .~ 71~_.-.-..._._---_._-_...._---",-_. J,
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.l?PLlEO RESE.6.RCH IN PHYSICAL SCIENCE: Chemical funding down slightly this year
1187- 1988- lias 1114 "13

Physical Physlca' Phy*al Ph,... Ph,...,
$ Millions· selene.. Chemistry selene•• Chen'll-.:ry ~I.nc:.. Chemistry

.._..
Chemistry selene.. Chemist"

Energy $ 511.6 $ 24.9 $ 538.7 $ 37.3 $ 606.1 $ 40.6' $ 603.5 $ 32.0 $ 584.8 $ 13.3
Defense 434.8 102.7 415.1 93.4 412.0 66.3 477.2 79.8 562.0 66.3

Army 129.7 71.0 116.4 62.1 124.2 57.5 77.4 47.2 86.9 39.9
Air Force 59.0 17.0 60.2 17.3 57.5 16.7 58.6 16.4 54.5 13.7
Navy 55.6 13.9 53.9 13.4 50.7 11.6 69.2 15.9 135.2 12.3
Defense agencies' 190.5 0.8 184.6 0.6 179.6 0.4 272.1 0.3 285.4 03

National Aeronautics & 81.9 6.0 79.9 6.0 76.3 6.1 25.8 1.9 40.4 1.7
Space Administration

Commerce 34.0 9.8 35.1 10.4 35.2 10.5 38.9 10.5 33.9 9.3
National Bureau of Standards 25.1 8.5 25.0 8.4 25.3 9.0 28.1 9.3 26.7 8.1
National Oceanic & Atmospheric 8.9 1.3 10.1 2.0 9.9 1.4 8.9 1.3 7.2 1.2

Administration

Health·&·Human Servic•• 26.5 23.0 28.4 24.8 27.3 23.8 24.7 21.3 22.8 19.2
National Institutes of Health 24.6 21.1 26.1 22.4 25.4 3 21.8 8 23.6 20.3 21.5 18. ,
Alcohol. Drug Abuse & Mental 1.9 1.9 2.3 2.2 1.9 1.9 1.1 1.1 1.2 1.1

Health Administration

Agriculture 24.2 22.2 25.8 23.8 28.4 24.4 27.3 25.5 27.8 25.8
Agricultural Research Service 13.9 12.9 12.9 12.0 13.1 12.2 16.9 15.6 18.6 17.2
Cooperative Slate Research 6.8 6.8 9.3 9.3 9.7 9.7 8.1 8.1 6.7 6.7

Service
Forest Service 3.5 2.4 3.6 2.5 3.5 2.4 2.4 1.8 2.3 1.7

Environmental Protection Agency 15.4 14.1 18.1 14.9 15.7 14.5 13.8 12.9 13.9 12.8
Interior 14.5 12.5 18.2 13.9 15.5 13.3 15.7 13.8 5.5 4.4

Geological Survey 14.5 12.5 16.2 13.9 15.5 13.3 14.9 12.8 4.7 3.8
National Science Foundation 12.5 3.1 11.3 2.7 11.8 2.9 10.9 3.1 9.4 3.9
Olhers 3.9 1.3 3.3 1.0 3.8 1.4 5.4 2.4 4.2 1.8

TOTAL $1159.3 $219.8 $1170.0 522a.o $1230.1 $223.8 11241.0 1203.0 $1304.3 $158.1
ANNUAL CHANGE -1% -4% -5% 2% -1% 10% -5% 28% 1% -7%

~l.: Fiscal years, • Estimated. b ObligatIOnS, C lncll.des Defense AdVanced ResearCh Projects Agency. Defense Nuc'" Agency, and othIr1. Sourer. Nlltkw\ll Sclenee FoundIillOn

the level of five years ago
1915 "14 118" '18"

M.lallur", .. a-oI ........ ~ .........,. _..
--'"

m~l.rl.l. Engln ....lng .........a-. - ._.. ............ -- I ........... .......... ..........
5260.9 $1488.4 1 38.4 $180.3 $1573,9 $ 44.9 $179.3 11473.3 $39.0 $159.3

28.6 439.5 3.5 30.3 4193 3.1 38.2 387.3 2.9 35.1
422 324.8 23.5 35.5 318.9 29.3 28.4 297.2 24.4 31.7

121.1 398.4 11.3 53.9 395.5 11.9 50.0 378.0 11.8 49.3

. '0•.•69.0, .325,7"'0", 00,2 0 ··80:8" '·'440;2 0:8" "82:8 ·410:1'" 0.2 ···.Ii}
15 8· 881.8· ,,·0,1 "14ii'" . ··1tt;e···· 1.0 .' ........:'1. ft1.f ··0···· 18.2

88.C 431.0 48.1 81.7 440.2 11.1 12.1 00.. 1.1 81.2

42.7 "... 27.7 27.3 142.5 21.1 27.3 1." 18.1 2U

31.' 111.4 ... CU 11.4 U 31.. 81.1 1.4 12.1

1.5 51.1 1.2 1.1 58.1 1.0 1.4 4U 0.1 1.0

U 37.1 17.' 0 47.' 1'.7 U 7... ao 5.2

'.1 38.3 1.1 8•• 37.4 1.3 7.' 32.0 2.0 7.1

0 51.7 8•• 0 54.7 U 0 81.2 ... 0

0.5 271.7 0.3 0.1 273.4 0.1 0 a ... 0.1 0

5831.1 13824.1 "88.5 S381.1 13817.0 '181.0 S33U NaIU ".1 '-.1

a~ 3~ O~ I~ 4~ 53~ .~ 1'" .~ 21~

Mr27.1H7CUN •



Industrial support for R&D up only 5%

4
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Outlays for industrial R&D are rising at
slightly faster rate than industrial sales
R&D spending as oM of net sales
10o ,ClImInt

• , Con8lant (1982)

61-----f":--------:

81--------------, ~:;;0111111

With inflation low, chemical companies'
R&D outlays rise smartly in real terms
$ Billions
10

,0 ~I,-~__=~,_:'::___=-::'-.L,_-J--L-'--'-..J..~
1972 73 74 75 76 n 78 79 80 81 82 83 U 85 as-
• C&EN estimates SGu;c.: National Science Foundalion

o.~~L,__,~,!,_..l,_..l.-..,J_-'--L.-l.-J-1--.L-.J
,.72 73 74 75 7' T7 ,. 11 10 81 .2 13 .. .5 ...

• C&EN estimales.~:NatiOnal SCience FounclatiOn

TOTAL FUNDS FOR INDUSTRIAL R&D: Drug producers continue to set a fast pace
AnnualCh!np

S MIllion. 198'- 1t15 ,.... 1113 'liZ '"' .... "7' "71 t177 '.7' '.U-" "71-"
Chemicals and $ 9.500 $ 8.887 $ 8,028 $ 7,283 $ 8,851 , 5,825 , 4.131 , 4.038 , 3,510 , 3.202 , 3.017 10% 12%

allied products
inoustTial coencats 4.150 3.915 3.512 3.411 3.301 2.802 2.197 1.982 1.798 1.668 1.524 6 11

Drugs 4.070 3.548} {1.777 1.517 1,308 1.117 1.091 15 14
4.516 3.682 3.358 2.823

Other chemicals 1.280 1.204 662 559 474 417 401 6 12
Other industries 74,900 81.512 13.442 51,110 51,337 41.115 31,"1 34,111 21,724 21,123 23.110 8 12

TOTAL $84,400 '78.171 '71,470 '83,403 $57,"8 '51,810 $44,505 $38,221 '33.304 '21.'25 '2....7 .% 12%

.aC&EN estimates Source: NaIIOf\llI Sc..-ceF~tion

_ ·,"_",_,,~.."r_ -,,",-.- - " .. -''''-,-...~",''_.,~..,-

'NCOMPANY FUNDS FOR INDUSTRIAL R&D: ChemlcaIIndu8try .... about a sixth oIlhe total

.- ..u .... ,_
1"t .... .... .... .." - .......1"" 1........ 1111-t1

• '.352 , 7,717 ....... $ ',221 • '.201 • 4,2M • ".2 • 3,210 • 2,107 • 2,7$1 '2,410Chemk:... _

......~-Drugs

0Ihe<ct>emicals
0IMr1ndu.......

TOTAL

3.1"
3.545

1.111
43.....

sal."

3.2'9 2,170 2,'79 2.393 use 1,117 1,473 1,317 1,275 1,173
3.311 2,937 2,490 2.064 U5e}

2.075 1,777 1.520 1,47' 1.317
1.128 931 .se 747 IS3

40,111 31.01' 33.211 30.221 21,212 22,01. 1.... 1"- 14,'" 13.012
.....301 542,1.1 $31,512 .35,42. SSG.47' $31.701 .11••1.......17.... '11,S12

7,. 13,.

10 12
5

14
I
7 13
7,. 13"
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R&D BY U.S. COMPANIES ABROAD: Relatively smaD but expanding sleaclly
Annual ........- .... 'ISS ,... ,... 'M2 '18' ,- ,... "70 1117 1.7t 1181-H 117a-u

Chemicals and anled productS $ 900 $ 818 $ 793 $ 732 $884 $ 715 $ 803 $ 500 $ 395 $ 332 $ 312 10% 11%
Industrial and other chemicals 440 409 383 354 313 287 245 199 151 133 108 8 15
Drugs 480 408 430 378 371 428 357 301 244 199 204 13 80Iher_

3100 2131 2788 2544 2413 2879 2582 2254 1814 1545 1347 8 9
TOTAL S4000 $3747 $3579 $3278 S3097 $3393 $3185 $2754 $2209 $1877 $1859 7% 9%

a C&ENestimates. saur;=e: National Science Foundation

CHEMICAL R&D SPENDING: Slight rise last year largely reftects carbide's major dlveslmems
,.URaD........ '".- 'ISS .... ,... 'M2 'M2 '18' ,SSG .... 1'7' 1,n 117. ..-

Air_ $ 81 $ 51 $ 44 $ 40 $ 37 $ 32 $ 30 $ 24 $ 23 5 24 5 19 3.1%
AmerIcan ey_ 278 251 232 208 185 188 148 130 108 98 83 7.3
Dow~ 805 547 507 492 480 404 314 288 232 203 188 5.4
OUP_ 1070 1080 1000 875 775 847 591 509 481 387 353 9.0
Ethyl 47 47 40 39 39 37 34 29 25 28 25 3.0

W.R.Gr_ 94 92 81 73 84 57 45 42 37 32 28 2.5
Herculn 71 76 72 74 74 65 57 50 43 40 37 2.7

·········Inlomallonal ........··. ....39 .. . 34. 32. ... 32. ..31. 30 .. .........29. .n. . . 24 ' ... 20 16 6.3
.• ' .. ·:..:.LIIbrlzoI·..· ..._...,~- .~,-,~ .~-~~5l ~:~U:,"":"~ ... 33. ..... 37. ..... ..36.. ......33.. .2.8 .....2~ . ...21.. 19 17 ·········5.2··

-_ .... ,,,
_~W"M._"_0

596 470 370 290 264 233 206 '61 138 132 ',4 8.7
Nalco~al 33 32 . 32 30 33 30 28 21 17 14 12 4.5
Olin 58 53 52 49' 45 38 31 26 25 25 23 3.3
Pennwa" 45 39 36 33 31 27 24 22 23 21 19 4.1

Petroltt. 12 12 12 13 10 6 7 6 ·5 5 4 4.3
PPGI_1eo 204 176 150 127 127 119 103 63 70 61 56 4.3
Rohm' Ha•• 133 124 109 100 92 77 67 54 49 45 43 6.4
Union Carblcle" 146 275 265 245 240 207 166 161 156 156 143 2.4

TOTAL 53543 53403 53067 52757 $2543 $2210 51110 51837 51455 $1288 51180 5.7%
ANNUAL CHANGE 4% 11% 11% 8% 15% 18% 17% 13% 13% 9% 8%

• Figu'es exclt.de petrOIeUTl and coal segments. b Union carbide divested a SlJbstantlalPI'1of Its buslI'leIIMt In 1988; on a pro forma bais, R&D spending was S181 million in 1985 and $178
million in 1984. Sourc« Company data

52 July 27. 1987 C&EN

•

FEDERAL FUNDS FOR INDUSTRIAL R&D: or little slgnlftcance for the chemical Industry
Annual .........- 'ISS .... .... 1112 '11' .... 1in 11n .." 1171 1.75 '"4-15 1175_15

C_alsand $ 318 $ 232 $ 448 $ 434 $ 421 $ 372 $ 348 $ 330 $ 215 $ 2" $ 238 31% 3%
ailledpr_
IncUltriaI chemicaIo 298 223 440 423 409 341 345 325 281 249 218 34 3. !
Drugs and other 18 9 8 11 '2 31 1 5 14 17 18 100 0

chemicals
ilther_ 28,1" 22,930 20,094 18,049 15,H1 13,857 12,172 10,85. 10,190 9_ 8389 14 12

TOTAL $28,_ $23,182 $20,542 $18,483 $18,382 $14,021 $12,518 $11,188 $10,485 $9581 SIlOS 14% 12%

Source: NatioMl SCil!ll'Ct FOI.I'Id8tIon



Companies whose annual R&D budgets top $100 million do more than 70% of all R&D

.....S10m/RIon

1985 chemlc8lsand allied
products R&D funds=sa.7 bIIUon

.....-S10 mIIIJan 3~

1985 InduslrIaI ch8m1cals
RId) funds=S:J.9 bIIUon

L__

S10 million

1985 Industry R&D
funds =S78.2 billion

R&D SCIENTiSTS AND ENGINEERS IN INDUSTRY: Increasing faster for chemicals
Annual change

Thousands· 1985 1985 1984 1983 1982 1981 1980 1979 1978 1977 1978 1985-88 1978-88

Chemicals and 71.3 67.0 67.1 66.0 61.6 54.7 51.4 50.0 46.3 46.4 44.4 6% 5%
allied products
Industrial chemicals 26.8 25.0 26.7 27.2 25.9 21.6 20.9 21.4 21.3 20.6 20.1 7 3
Drugs 33.3 30.7 30.1 28.2 25.6 23.3 21.6 20.8 19.5 17.8 16.6 8 7
Other chemicals 11.2 11.3 10.3 10.6 10.1 9.8 8.9 7.8 7.5 8.0 7.8 -1 4

Other industries
,

509.0 493.2 477.4 456.1 448.2 433.1 399.2 373.9 358.1 338.4 320.0 3 5
TOTAL 580.3 560.2 544.5 522.1 509.8 487.8 450.8 423.9 404.4 382.8 364.4 4% 5%

Note: Data as 01January 01each year. a Full-time equivalent. Source: National Science Foundation

Chemical companies with 10,000 to 25,000 employees perform more than a third of R&D

10.00It
1024._
3~'

1985 chemicals and allied
products R&D funds =sa.4 billion"

1985 Industrlal ch8m1ca1s
R&D funds =$3.6 binlon"

5000
to 9999

1985 Industry R&D
funds =SSl.7 billion"

Note: Ranges indicate companies' number of empIoyeee in 1985. • Excll.lde8ledefaj IundIng. Source: N8tIonal SCience Foundatlon
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~lcal and drug companies provide jobs for 12% of all
Industrial sclentIsfs and engineers

{

Induetrlal
chemicals 4%

Drug. 1%
Ot...,

. chemic.l. 2%

Electrical
equipment

Aircraft lnet missil..

0.

1986 total Industrial R&D sclentllta and engineers"=580,300
• Full-lime eqUlYaienl.as 01January 1918. Source: NaUonal Science Foundation

R&D SCIENTISTS AND ENGINEERS PER 1000 EMPLOYEES: At new hW'Iln chen*:al.ftIu8Iry- ,- - - -,
,_

1070 ,_ .... .... ....
etwa, ' • MIl...IXa'uett 51 14 14 51 44 4Z 4Z q 4Z 40 41-- 42 44 45 44 37 31 31 31 31 31 31

Dnlgo 93 88 12 74 II 10 12 lIS 12 Il4 58
DlIwr_ 31 37 31 31 33 30 27 27 28 21 28

AI-, 31 31 31 33 21 27 27 27 27 27 21

..... NIIIcInII SCiIncI FauIdIdan

COST PER INDUSTRIAL R&D SCIENTIST OR ENGINEER: More than doubled In past decade
.n ,- - - ,_ ,., ,- 1070

,_
,on .... ,-

a.,,·........... a.tCta '121.2 '11'.1 .101.1 '104.4 ..... ••7.4 '71.1 172.1 117.1 SIU .....-- 151.1 135.1 121.1 124.3 111.0 103.4 92.8 14.2 18.8 74.7 87.5
Dnlgo • 111.2 100.7 • • 782 71.4 14.8 58.8 83.4 10.9DlIwr__

• • • • • 11.5 11.5 11.8 53.8 50.8 43.2
AI-, '137.0 • '121.7 .•111.1 '112.4 '101.1 ..... 117.4 ..... '7U .72.2 .....
•Nat.........,......W IncIudIdiI~...................NIIkNIIc:IInl» FOlMdIIIOn

CHEMISTS IN INDUSTRY: DrugI biggsIt 8i';pIoJer

• "- Of MIrd'I 1, ,"l; to~ COiI__.. ,.. ............ _~ In ............ Of

.~ tor ..cfllr'O'lP. "ncuIIII,.... care produetI. ---= ACI.....,

,................... --!!I!r7(S. Srr
... PILD.

17% 140.3 142.4 157.2
18 41.8 45.7 53.3
9 .~\t...~:l.~.t
ii 42.3 47.1 58.1
"s" .. ··45:\·..·..-:".·· ..83:'·· .
5 37.8 48.0 54.4
3 41.8 47.7 SO.I
4 412 48.2 sa.9
2 38.8 48.2 sa.5
1 40.2 3I.a 47.0
2 40,7 37,8 54,7
2 35.1 35.5 57.5
2 38.3 47.2 58.1
1 37.2 37.8 54.8

18 41.2 44.1 55.1
7 40.7 41.0 SO. 1

18% 17% 20%
15 13 12
7 ~ 5

T 58'5 ....:1 ..· ...
4 2 4
454
434
354
242
232
2 1 2
1 1 1
1 1 1

17 20 17
10 13 12

-..........·...c~
.......,cMii'=...

,-,~,!!E/__~.J,~,.,'---C""-",,,,,,·,,,;-~",.»7rM~_""'""~_"""-

........ cheil'= ...
COlli.
EllCb... :
F_---..-Iia cllemk:al ptIi ~ heta
Soopo _ dol......

'-0lII0r -octurtne
Noc·'....utocturtne

1~7::.:-:n:-:7=.~7t~IO:-:.':-, -:.l:-2-13,L,..L.J••- ....J

Chemical finns' share of
R&D personnel up In 1986
% ot total industrial R&Dscientiols and
engineersin the chemical industry.

13.0 ~. '.' ,,~.
":':'4".' e-,. .

12.5

12.0

1151---"';

110r-----------i

• FuH-llme lIlqulV..."l. as 01January at e-.en yea'
Soura: NlIIOI1al ScIWlCe FO\,IndatlOt'l
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University R&D increased 8 %last year

Nearly two thirds of academic R&D
funding comes from federal government

Industry .

Other
nonprofit

institutions

Universities and
colleges

Estimated fiscal 1986 academic
R&D expenditures =$10. 25 billion

More than half of academic R&D is
in the life sciences

Other
sciences

Environmental
sciences

Physical
sciences

Estimated fiscal 1986 academic
R&D expenditures =$10.25 billion

source: National SCience Fcuncanoo
Sourc~ . :'- -

CHARACTER OF UNIVERSITY R&D SPENDING: Basic research gets two thirds
Annualch'"-- ,.... ,.IS 1". ,.13 1'12 '11' '"0 ,.7t lin' "77 1878 tits-I' 1178-"

a.afcr....rch $ 6.900 $6377 $5638 $5269 $4657 $4576 $4026 $3612 $3176 $2800 $2549 8% 10%
'Applled ,_arch 2.760 2580a 2370a 2101 2004 1666 1691 1465 1213 1067 1015 7 11
ll4Iy ......_ 590 517· 495' 437 415 377 343 284 238 200 184 6 14

TOTAL 510.250 51504 58503 57807 57278 58819 58080 55381 54825 54087 53729 8% 11%
ANNUAL CHANGE 8% 12% 9% 7% 7% 13% 13% 18% 14% 9% 9%

HoI.: Data for insl/tutlonal fIscal~.• ClEN estimates. b estimated. based on data from Ptoi.D.-granting InstitutionS only. Sowca: NaIIONlI Science Foundation

SOURCE OF UNIVERSITY R&D FUNDS: Federal share is largest, but it is failing
Annual ehenv-

$ MIUIons '.1.- '"' 1914 1983 1982 19111 1980 1979 1975' 1977 "78 '.15-8' 19715-86

Federal government $ 6.400 $6003 $5388 $4960 $4752 $4562 $4096 $3595 $3059 $2726 $2512 7% 10%

Industry 580 538 458 3i9 334 291 237 194 170 139 123 8 17

Universities 2,500 2258 2024 1881 1690 1520 1319 1198 1037 888 810 11 12
Other sources 770 704 633 587 500 446 409 374 359 314 284 9 10

TOTAL 510.250 59504 $8503 57807 $7276 56819 $6060 55361 54825 54087 $3729 8% 11%

HoCe:Data lor ,nstiMlon&lli:scat years. a C4~N esnmates b Est'mate<! aaseo cc ;.]:a Irom Ph 0 "<;1ran1ong .nsnumoos only Source: National SCience FOUf'datlOf\

5. July 27. 1987 C&EN



FIELDS OF UNIVERSITY R&D SPENDING: BIggest growth tor computers and math

S MiIIIona 1'''' 4811 IBM 1.n "'12 1'" 1NO 11n 111" 11n 1171

•AM _ 5 8,730 $8'120.5 57218.5 $8885.5 58250.2 $5857.8 $5195.4 SU93-0 Ma23•• $3588.5 $3217.3
. Life 5.510 5138.5 4607.3 4233.0 3972.4 3673.1 3218.9 2832.5 2538.0 2258.8 2101.7

Physical 1,230 113&,6 996.9 898.9 824.3 766.3 677.4 801.9 489.4 423.5 379.4
Physics 600 549.9 470.8 414.4 366.2 357.2 322.2 292.0 235.1 201.7 183.1
Chemistry 435 414.5 371.2 336.0 309.4 285.1 244.0 208.4 183.1159.4 140.1

EnVironmental 755 707.0 649.5 620.5 559.3 550.3 509.1 452.9 379.4 319.4 288.5
Computer 340 277.7 222.7 175.5 149.5 113.1 114.2 97.9 67.4 55.8 44.5
Ma1hemetlcal 145 129.4 124.4 108.4 98.9 89.1 78.8 78.5 58.8 52.3 42.5
Others 750 731.3 635.7 659.1 645.8 845.8 599.1 539.3 483.7 458.9 440.7

Engtneerlllll 1,520 1383.2 1208.4 1111.3 1025.8 981.0 SM.9 788.4 801.1 "U "1.7
Chemical 115 109.0 96.2 90.8 83.6 83.2 67.6 na na na na
TOTAL 510,250 Sl503.7 58503.0 57806.8 57276.1 58818.8 58080.3 $5381.01 2..7 $C087.0 $372t.O
-'-JAL CHANGE 8% 12% 9% 7% 7% 13% 13% 18'" % 9'" 9'"

- ............. 11N--1a
'f

8% 10"'t
7 .. 10 ~.

8 12
9 . 13
5 12
7 10

22 23
12 13
3 5

10 13
8 na
8'" 11%

Hole: Data fOr InatlMlOOal fiscal years. a C&EN estimates, b NSFestimates. based on data from Ph.O.-gantIng InstItut60nt onty..... not nalllible.'.....NdOnlII SoIence F~1on

FEDERALLY FINANCED R&D SPENDING AT UNIVERSmES: Growth slows In physical science

s_ 1.... 11as ,... 1I1S ,... 1'" ,on - .....11N 1-'" 1"......

Allsc_
Life
Physical

Physics
Chemistry

Environmental
Computer
Mathematical
Others

EngI-lIlI
Chemical
TOTAL
ANNUAL
CHANGE

$5420 $51U.0 Sol809.4 Sol221.8 SolOS4.0 $3....3 $3580.1 S3lI88.t 128ol1.2 S23II.4 U22t.a.
3290 3138.7 2793.9 2565.3 2494.4 236<4:2 209ol.0 1818.8 1828.4 1474.0 1380.1

920 . 883.3 779.3 698.5 650.0 619.0 554.6 490.7 392.3 338.8 306.4
480 454.7 387.9 340.0 306.2 308.7 279.9 252.5 199.2 171.9 1511.1
320' 308.4 278.9 248.6 231.1 216.8 189.4 156.5 138.0 121.5 107.9
500 480.7 451.5 427.9 392.2 392.7 372.5 329.2 275.1 238.8 211.9
230 193.1 161.6 127.8 107.0 93.5 77.0 89.2 41.2 37.5 32.9
115 96.1 91.3 76.7 72.1 67.9 61.1 80.4 44.1 40.6 32.9
365 353.1 331.8 325.5 338.4 361.9 341.2 300.8 272.0 259.9 257.4
980 857.5 778.6 737.9 698.2 882.5 595.4 528.4 407.5 338.7 280.&
t 65 57.9 54.4 52.1 49.6 55.2 48.1 na na na na

56<400 56002.6 55388.0 54959.7 Sol752.2 5U81.8 SolO98.0 $3595.3 S3058.7 32728.1 52511.1
7% 11% 9% 4% 4% 11'" 14'" 18'" 12% 9'" 10'"

5'"
5
4
6
4
4

1&
20
3

14
12

7'"

9'"
9

12
12
11
9

21
13
4

13
na
10'"

HoI« Data IOf institutional fiscal ye8rS•• C&EN estimates. b NSf esttmates. baed on dIta from Ph.D.1Pftting InatItutIons onty..... not aval.......... NItIon8I8dInce FoundlItIon•

12 13 I. 15 lei.,0"","_
1t7e 77 71 71 10

100

• . . and funding for R&D in chemistry also
forges higher in real tenns
$ Millions

500 r----~.....-; -----=-. '. .....

~f~ ·
.--".

~. "~' :.:

....- ....... ,.•~.

82 83 U 85 ael
79 80 81

".

77 7'

4

8

6

o &....;.---1_...L........J._"--I.._"--'-_.l..--'--'.
197'

Money for academic R&D, in constant
dollars, is growing strongly •••
$ Billions
12

Note: uere for instill.llional fiscal years. I e&EN estimates. Source: Nalional SCience Foundallon

J4ir27. ,987 C&EN 5. c.



TOP 10 UNIVERSITIES IN R&D SPENDING: 21 % of total goes to top 10 Institutions

........ I!n.Io=...."I~ Uto Math and Otho<
S MJftIona. ,.... 1118 - - E....ne.rlng ......... -" computer teleftcH .clene"- Total

1 J ...... Hopkins U $ 58.3 $ 4.2 $ 116.8 $ 28.3 $ 99.6 $ 71.7 $ 13.9 $ 388.8
2 M....cttu..tta 'nat. Of Tect",alogy 70.7 12.4 103.8 12.5 31.1 13.4 11.5 243.0
3 U 0' Wlsconaln, Madison 23.7 5.2 21.8 17.8 115.8 7.4 21.9 208.4
4 Cornell U 36.2 6.3 30.6 5.2 114.5 6.8 10.1 203.2
5 Stanford U 35.2 7.1 58.3 3.2 83.1 14.1 5.3 118.2
6 U 0' Minnesota 11.2 3.3 18.1 3.7 127.2 3.4 9.7 173.3
7 U 0' Wasllinglon 11.6 2.0 11.9 18.0 99.8 3.8 18.9 184.0
8 U of Mlch".n 11.4 2.3 23.0 9.6 79.3 3.7 36.7 183.7
9 U of CaIHar"'., Berteel.y 31.8 9.9 31.9 2.4 62.6 2.8 18.4 149.9

10 U of California. Los Angel•• 15.5 6.7 18.5 8.8 93.3 1.2 12.4 149.r
TOTAL. TOP 10 INSTITUTIONS $ 305.7 $ 58.4 $ 434.7 $109.4 $ 908.4 $128.1 $158.7 $2043.0
TOTAL. ALL INSTITUTIONS $1138.8 $308.4 $1383.2 $707.0 $5138.5 $407.1 $731.3 $9503.7

a Included in physical sciences. b IncludeS social sciences. psychology. and other sciences I'\Ot listed $4tp8I'"ately. Source: National Science Foundation

Note: AcademiC tiscal y.lrs. a excludn biochemlSlry and ;.ochem,Slry.
Source: National Center fOf EducatIOn StatIstICS

Nlillt:c..tarwll........' • .-.ii4. ~......,ND......~..~INI..........-_.._----

8~--------~~~---1

CHEMICAL DEGREES:
Doctorates increase
Ae_
IlK.I,••r lactMlora M.IIC'" Ph.D••

DEGREES IN CHEMISTR Y

1988 9.735 1839 1571
1987 9.872 1831 1744
1988 10.847 2014 1757
1988 11.807 2070 1941
1870 11.617 2148 2208
1871 11.183 2284 2180
1972 10.721 2259 1971
1873 10.228 2230 1882
1874 10.525 2138 1828
1875 10.649 2006 1824
1878 11,107 1796 1623
1977 11,322 1775 1571
1978 11.474 1892 1525
1879 11.843 1765 1518
1810 11.448 1733 1551
1811 11.347 1654 1622
1812 11,062 1751 1722
1813 10.748 1604 1746
1984 10.704 1667 1744
1815 10.482 1719 1789

DEGREES IN CHEMICAL ENGINEERING

18. 2848 994 354
1817 2869 949 305
1_ 3211 1156 387
1... 3557 1138 409
1170 3720 1045 438
1871 3615 1100 408
1.72 3163 1154 394
1173 3838 1051 397

'li1if' '3454 1'045 ·····400·····
'811 '314:2. .·9liO'··346....··

I'" 3203 1031 308
1.77 3581 1011 291
117. 44115 1237 259
1.71 5865 1148 304
1_ t3I3 1271 284
1.1 U27 1287 300I• 8740 1285 311
1. 71441 1304 319
1.... 7475 1514 330I. 71441 1544 418

.&cuI:IIIllIUCI.'_....' .,-..__e-IOr__

131.7
7'.7

121.1
.....1

o
o

Ph.D. III It 111 .0

o
o

45.8
1202.4

• Clllo.III-.......·

o
o

U
11.12.4

--........ lie,••••,...... CMIlpUIer
........................ T....

131.7
78.7

70.2
11421.1

Fewer degrees awarded at undergraduate level
Degrees awarded. thousands

12~~~~10

S Millions. fl... ,.15

8,--------------:::;;;iii;;;!

, jP 10 UNIVERSITY R&D CENTERS: 40% of fundIIlQ goes to
support work in physical sctences

?...~-:6'='7--:'...:--6~9~7~0'""":7:':l--:7~2--:'73:--7~4~7=5--:7'='6-=n:--7~8--:7:':9--:60:=-~8':-1--:'82~83-==--:84~-:'8·.

1 La..,_e U._e UIl S 230.5 S 432.2 S 26.4 S 95.0 S 805.3
2 Los Alamoo National UIl 335.8 233.0 16.9 64.1 704.0

II 3 Jet Propu_ Lab 72.7 295.2 81.8 238.5 688.2
4 LlnoOln UIl 50.3" 1•.2" 0 27.8" 214.5

j 5 A,_ National UIl 81.3 118.5 24.5 2.3 223.7
···········8·IlI.o.diiiiiiNiitliiiiiilLilf 1:14:1 ':2i[5 .'9:4' 0.71ii:i:r

....·rCi.'0iiIc1l1liilliIiY4:llIIc="=·=···""·m:P1i:PF·····= =· ·=·,7'1.;·=······==·=·il'jlj···········liu··
IFormIN___ 151.3 0 0 0 151.3

UIl
IPl_~""10'-Llna _

Cent..A._
TOTAL, ALL I'l!DeIIALLY
~""DQ"liM'

• ....,27.1.7CaEN



SCHOOLS SPENDING MOST ON CHEMICAL R&D: More than 20 spent at least $5 million In 1985
1t1'

Total "Ra" ........ federal ,.,. ,113 '112 1111 ,." "rIM- change
,''' 1184 (' thousands' ,.- (S IhOuNndIi) , ....·15 '110_15

1 1 Massachusetts lnat. of Technology $ 13.221 94% $ 11.741 $ 8.914 $ 9.792 $ 8.222 $ 6.784 13% 14%
2 3 U of California, Berkel.y 10.804 92 7.850 7.945 6.283 6.553 6.022 38 12
3 2 Harvard U 8.683 78 8.327s 6,898- 5.512· 6,123· 4.797· 4 13
4 5 Stanford U 8.354 85 6.809 6.375 6.116 5.584 4.788 23 12
5 6 Cornell U 7.962 79 6.710 5.7178 6.239" 4.618 3.808 19 16
6 8 California Inst. of Technology 7.605 92 6.446 6.994 6.138 6.901 6.328 18 4
7 12 U of Wisconsin, Madison 7.350 70 6.076 5.310 4.567 4.122 3.976 21 13
8 9 U 0' Maryland,: College Park 7.289 46 6.324 6,333a 4,718· 3.109 2.766 15 21
9 4 U of California, Los Angel•• 7.243 93 7.219 5.496 5.187 4,420 4.159 0 12

10 10 U of IllinOis, Urbana 7.079 76 6.284 5.888 6,422 5.239 4,261 13 11
Total. first 10 institutions 65.570 82 01

" 73.786 65,868 80.972 54,871 47.669 16 -"', 12

11 16 Pennsylvania State U 6.509 90 5.124 4,729 3.564 3.413 '2.973 27 17
12 26 U 0' Colorado 6.360 85 4.134 3.302 3.492 4,047 3.332 54 14
13 11 U 0' Massachusetts. Amherst 6,291 63 6.137 5.162 4.384 3.230 1.889 3 27
14 13 U of Chicago 6.287 91 5.735 4.798· 4,396 4.139" 3,958' 10 10
15 15 Purdue U 6.018 90 5.443 4.542 4,459 4.800 3.596 11 11
16 19 TexasAAM U 5.898 71 4.610 4.963 4.521 4.069 4.097 28 8
17 14 lndlana-U 5.820 84 5.642 5.551 5.341 3.637 3.147 3 ,3
18 17 U of Notr. Dame 5.549 92 4.760 4.022 4.020 3.855 3.457 17 10
19 27 Ohio State U 5.422 71 4.104 3.739 2.907 3.227 2.654 32 15
20 18 Columbia U. main division 5.188 87 4.882 4.281 4.700 3.564 4,437 11 3

Total. urst 20 institutions 144.910 82°'0 124.137 110.957 102.736 92.652 81.209 17'~ , 12 0
"0

21 25 VaieU 5.096 90 4.134 3.341 2.875 2.781 2.023 23 20
22 20 Northwest.rn U 5.082 78 4.557 3.413 3.028 2.995 2.387 11 16
23 21 U of Pennsylvania 5.025 88 4.375 4.982 3.088 3.386 3.688 15 6
24 34 U of UI.h 4.840 91 3.830 3.638 3.364 3.076 2.811 26 11
25 22 U ot California. San Diego 4.642 87 4.355 3.910 3.894 4.430 4,425- 7 1
26 23 U ot Oregon. main campus 4.840 85 4.255 3.351 2.971 1.389 1.119 9 33
27 7 Uot Tellas, Austin 4.588 47 6,639 5.938 4.843 4.779 3.970 -31 3
28 31 U of PIllSburgh 4.580 84 3.965 3.267 2.714 2.039 1.641 16 23
29 29 Johns Hopkins U 4.486 93 4.030 4.592" 4.721 4.066 4.852 11 -1
30 30 U of Florida 4.380 53 4.024 2.347 2.248 2.302 2.283' 9 14

Total. first 30 institutions 192.229 81% 168.301 149.736 136.460 123.895 110.188 14 Q/o 12 Q,0

31 28 U of Minnesota 4.187 79 4.087 4.047 4.297 4.260 2.642 2 10
32 36 Princeton U 3.963 78 3.670 3.509 3.082 2.513 2.085 8 14
33 37 U of South Carolina 3.729 75 3.423 2.721 2.483 1.087' 970- 9 31
34 33 Georgl. Inll. of TechnOlogy 3.884 56 3.848 3.401 3.327 3.860 3.855 -4 0
35 40 51.'0 U 0' Now Yorl<. SIOftJ_ . 3.481 67 , 3.084 2.607 2.783 2.691 1.968 13 12
38 38 Lohlgh U 3.456 39 3.381 3.884 2.584 1.680 1.088 3 27
37 24 U 0' Connoctlcul 3.429 44 4.135 2.720 2.O49 1.748 1.300 -17 21
38 44 Vlrglnl. PoIyt_ ...... 1 ..t. U 3.339 59 2.833 2.208 1.740 1.581 1,812 27 18
39 39 Florid. 5'.'0 U 3.276 32 3.137 2.500 2.959 3.012 2.791 4 3
40 HowardU 3.289 91 3.872 2.338 982 1._ 1.287 -11 20

Totat. urst 40 instltutAona 228.022 79 Q/
Q 203.329 179.447 182.728 147.533 129.542 12% 12%

·:!J::.~~:.:::~!!!~!~t~.... ':831 ~T2 ·····"4' -.--~+

··.·.3.222 ,~60· ....~,.... ' "·'2:71.' "2;483 .•. "2;118 \
l''''''CO,''/'" ····42 ·41 U af _ C_. CIIllIIOl H. 3.201 90 2.M5 2.387 2.240 2.018 1.7. 8 12

43 32 UafR_.. 3.1" 90 3.858 3.187 3.123 2,1" 2.081 -17 9
44 UafC-,_ 3.142 97, 2.177 1,777 1,881 1,115 1._ 44 18
45 UafC-. ........... 3.080 88 2.172 U02 1.... 1,134 1,434 41 18
48 U af VJr;nIa 3,048 71 2.518 2.081 1.778 1,781 U03 21 20
47 low. Stale U 2,1" 41 2.238 1,103 1,482 U72 1.151 33 21
48 UafW....glon 2,184 III 2,340 2,182 2,278 1,S00 1,321 27 17
4. 40 W.,... ..... U 2,013 9t 3,071 2,148 use 2.211 2.183 -32 -1
50 S,,_U 2.900 52 2,110 2.171 2.8" 2.251 784 37. 31

Tol." Iltll 50 InotUullona 5251,844 71% 5221.82' 5202.354 5114,"1 5187.515 5144,505 13% 12%
NATIONAL TOTAL 5414.528 7.% 1371,112 S33t.025 5301.371 5215,520 5244,454 12% 11%

_O"IrOr .......,...,.,......~.~"'NIIIolWSC6ence~

,-27,l117C1Sl 11



East and West Coast schools account for 64% of R&D spending In physical sciences

PACIFIC'
$218.4 mlJIIoII
111.5'1'

WEST NORTH CENTRAl.
$otC1.3 million
3.8'1'

; -- .. -,

EASTNORTH CENTRAL
$188.1 million
18.~

-;.~,

EASTSOUTH CENTRAE.::_
$13.11 mtnlon
1.3'1'

NEW ENGLAND
$153.0 million
13.8'1'

GRADUATE SCIENCE STUDENTS: Cherlll.,. bIochemIsIrt. chemlcalengfneerfng total 8%

0.4 0.4 0.4 0.3 14 10
12.2 -12.3 11.7 11.0 0 3

21.5 21.1 21.7 21.3 7 8

101.2 100.8 18.8 111.7 -2 0

301.' 308.8 2111.2 2113.' 2% 2%
1% 3% 1%

- llU 1_ lH1 lH1 1111 ,." ,.71""'_oc_ 211.4 28.4 27.7 28.5 25.8 25.4 24.11
Chemistry -17.3 18.8 18.5 15.8 15.2 15.1 14.9
Physics 11.3 11.0 10.5 10.0 9.9 9.8 9.3

!-. 1Jl~1C1t!!!1~!L _ .'5,8._. 5~~ ._,81,~ 50,! ~,5 50'! 87.5
"____ '.. ,BI_lo1J;y., 4.7. _.- 4At _.~L. 4.1 .. _.,..4.0 4.0 is

Enll·II'''~1lI 111.8 88.3 88.4 71.2 74.4 70.1 87.2
Chemical 7.0 7.2 7.4 8.9 8.3 5.9 5.4
Melallll'glcsi & 3.8 3.8 3.3 3.0 3.0 2.8 2.7

ll181erlais
Petrolitum 0.8 0.7 0.7 0.8 0.5 0.5 0.4

En.~_"" 14.3 14.3 14.3 13.8 13.1 12.8 12.'
lel.nee.

M_lcaIend 38.0 35.4 33.2 30.3 27.1 25.0 22.7
compuI. Icllnces

Poychology end lOU 104.5 lOU 107.3 101.7 108.7 lOU
IOCIaI • CII tcee
TOTAL 371.1 383.5 358.1 348.8 340.0 333.7 320.8
~ALCHANGE 2% 2% 3% 2% 2% 4% 3%

NOTI: o.ta for PtI.D.~ InItItutianIonly. Iaur'ClI:~ 8dence FOlM'IdIItIOn
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Facts &Figures for

Rebecca L. Rawls. C&EN Washington

Research and development in the
U.s. is growing modestly. Total ex
penditures for R&D are expected to
top $122 billion in 1987. an increase
of 69< over R&D spending from all
sources last year. That's the small
est year-to-year change in the past
decade, a decade that has seen R&D
funding nearly triple. in current dol
lars. from 1977's $42.8 billion. For
the decade as a whole, R&D spend
ing in the U'.S. has been growing
11(1 per year-nearly twice the rate
at which it is growing now.

Still. although significantly more
modest than in the recent past, the
increase in R&D funding expected
thi~yeardogrepreseiifrealgrowth;""

==···=····'ji~~:~~g·l~if~~:~~;-~;~1~~7!=····=·~~§~~~~~§~~~~~~~~~~~~~~~~~~~~=i=
cent pattern, about half that money
comes from the federal govern
ment-$60 billion in 1987-and al
most all the rest from industry. Uni
versities and other nonprofit insti
tutions will kick in a relatively
modest $4.2 billion, only 3% of the
total, this year.

Government spending for R&D
is actually growing a good deal



faster than federal spending as a however, current levels of support even harder than usual. That's be
whole. If Gramm-Rudman deficit re- for R&D in the U.S. are quite high. cause some of the key data, particu
duction targets are to be met in this R&D spending appears to be level- larly on the industrially financed
year's budget-an event that most ing off at about 2.7% of gross na- half of the R&D picture, have yet to
observers consider unlikelv-the tional product. For most of the past be compiled by the National Sci
overall federal budget probably will two decades it has been considera- ence Foundation. NSF is the chief
rise onlv a verv modest I% for the bly lower than that, reaching its source of statistical information on
year ending Sept, 30. Federal R&D most recent nadir in 1978 at just R&D in the U.S., and its data
support. by contrast, is expected to above 2.1%. Not since the mid-19605, collected in large part by the Cen
be up 7% for 1987 as a whole. In when massive efforts in space and sus Bureau-form much of the ba
general. the Reagan Administration defense led the federal government sis of this special report. Recent re
and Congress have been relatively to spend twice what industry did to organizations at both the Census
kind to R&D budgets during the support R&D, has such a large frac- Bureau and NSF's division of sci
past seven years, doubling federal tion of the nation's total output of ence resources studies have delayed
support for R&D from its pre-Reagan goods and services, as measured by the compilation of some of these
level of $29.5 billion in 1980. Even GNP, been devoted to supporting data by three or four months. As a
when inflation is taken into account, R&D. Though the rate of growth result, the most recent data avail
federal R&D support has grown 46% may be declining, overall support able for many aspects of industrial
since 1980. for R&D in the U'.S. appears strong. R&D spending are based on infor-

...Unti l recently, industrial support Chemical R&D, of course, is only~ationcoUectedin1983,toolon~ ....• •
.for .....R&Dhasmkept ..... p..a<:e=Wjthdhe··a·csmaU~piee~of~thl!"'total~R&:e·pic.~glfto·give ...-pre'd'Se-pi.:tUye-ocr-t!\e
federal effort. In 1986 and again in . ture. Just how much of the total state of that R&D effort now.
1987, however, preliminary figures national effort focuses on chemis- Of the federally funded half of
indicate that industry'S support for try is never easy to measure, in part U.S. R&:D, the biggest share-69%
R&D is lagging behind that of gov- because the point where chemical for the 1987 fiscal year-is funded
ernment. R&D spending by all in- R&D breaks off and R&D begins in by the Defense Department. De
dustry is expected to rise 5% this some closely nelated field-materials fense's share of the federal R&:D'
year, following a 6% incnease in 1986 science, say, or biotechnology-has budget has been climbing steadily
and one of 7% in 1985. Federal sup- never been clearly defined. in recent years, from a level of about
port over the same period rose, on This year, separating out that part 45% that prevailed throughout the
average, 10%per year. of the overall R&D effort that can late 19705. That shift parallels an-

Considered in a broader context, reasonably be called chemical is other one that is taking place, name-
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Source: National science Foundation

Space related

1987 total R&D spending =
$122.3 billion

Federal funds account for
half of all U.S. R&D

I
_>"J

ment-run R&D facilities each per
form about equal shares of the
remainder.

Historically, the overall chemicals
and allied products industry per
forms about 70% of all the applied
R&D done on chemicals or drugs
by industry. R&D performed by
companies in the chemicals and al
lied products industry is estimated
to have increased 10% in 1986 to
$9.5 billion. That level of growth is
off a bit from the 12% average an
nual rate of increase for the past
decade. When adjusted for inflation,
however, the real growth in spend-
ing for 1986, at 7%, is slightly better
than the 6% annual rate for the dec
ade as a whole.

Growth in R&D at major indus
trial chemical companies was not so
high as that for the chemicals and
allied products industry as a whole
in 1986-up only 4%. Some of this
difference comes about because drug
companies, which are part of the.>:i;.~.r

... chemlcalsand allied products...jn"~~di~~k .

......dustg~.are.jncreasing.their .. R&D
spending faster than are basicchemi
cal companies. Another contribut
ing factor is a major divestment that
took place at Union Carbide in 1986.
The company sold off nearly $2 bil
lion of its assets, largely in consum
er products fields. The much small
er Union Carbide spent less on R&D
in 1986 than its predecessor compa
ny had in 1985. When this change
is taken into account. major chemi
ca! company R&D spending rose 7%
in 1986. 0

II' .,........• 2.,

support to $132 million, nearly to
the level of the second largest sup
porter of chemical research in the
federal government-the Depart
ment of Energy, which expects to
spend $139 million on such research
in fiscal 1987, down 6% from 1986.
In fact, except for the Defense De
partment and NSF, all the major
supporters of chemical research in
the federal government will de
crease their spending in this area in
1987. The net effect is a 3% rise
overall for federal support for chem
ical research-no change at all when
inflation is taken into account.

At universities, where half of the
nation's basic research is performed,
overall budgets for basic research
were up a healthly 8% in 1986.
Funds for applied R&D, which to
gether account for only a third of
total R&D spending at universities,
also were up 8% in 1986. Spending
at universities on chemical R&D
reached $450 million in 1986, also
an 8% hike from 1985. The federal
government is the principal funder
of university R&D-supplying near
ly two thirds of the $11.1 billion
universities expect to spend on R&D
in 1987.

Though universities have a major
role in performing basic research in
the U.S., they trail far behind in
dustry when it comes to carrying
out applied research or develop
ment. In fact, industry will do 73%
of the total R&D conducted in the
U.S. this year, a fraction that has
held essentially constant for the past
decade. Universities and govern-

..rr7.7.1973 74

• elEN estimates Source: NatiOnal SCienceFoundalion

2.51---------------
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Almost three quarters of
all R&Dis by Industry

Iy that more and more federal funds
are going into the development part
of R&D-72% in 1987, up from 64%
five years ago. The Defense Depart
ment is the overwhelming source
of federal development funds, sup
plying almost 90% in 1987.

Chemical research also finds its
single largest federal patron in the
Defense Department, which in the
1987 budget year is expected to
spend $185 million for it. That's 28%
of total federal chemical research
support, which is estimated to reach
$671 million. Defense Department
support is up 10% from 1986 levels.
Growing even faster is support from
the National Science Foundation,
which expects a 17~ boost in its
funding for chemical research in
fiscal 1987. That would bring its

Federal
government

Universities.

1987 total R&D spending =
$122.3 billion

R&D share of U.S. GNP levels off after rise of early 19805
'toter R&D as % of gross national product
3.0

Source: National SCience Foundation
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if inflation is taken into account
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Although U.S. outlays for R&D are up
fourfold in the past 15 years.
Sources of R&D funds. $ billions, current
120

• C&EN estimates. Source: National Science Foundation
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sOURCES OF R&D FUNDS: InciIBIIy and federal governmenl each CClnblbute nearly half

1117"

3 _ (cu:renl)

,... . 1'" 1111 llU 1N1 1110 11.. 1171 - .......1117 1......7 1177-17

IncIuotry 3 58.1 3 55.3F_a1_,",... 60.0 58.0
OriIYiiilllii"~"2:7"2:5

~""·,-~""~-OIIiit-i......~. • ---""Tj{ -"_.,,,..~ 1".4--
TOTAL 3122.3 3115.2
ANNUAL CH_ 8% 7%

3 52.2 $48.8 $43.5 $40.1 $35.9 330.9 328.1 322.5
51.8 45.8 40.7 38.5 33.4 29.5 28.8 23.9

2:3 -"W'2:if .. {9· ·'Ti:s'l'3 '·il!· '{if
1T~·'E:f··l.1·w·r.o··r.o···o~f·'0.8 0.8

3107.5 387.8 $17.2 318.3 37U $12.8 354.' $48.1
10% 12% 10% 10% 15% 14% 14% 12%

319.8
21.8
'0:9

0.7
$42.8
10%

5% 11%
7 11
S"12.,:;-". ,~"., .....". 8"

8% 11%

• __ (1"2. COIIIlMl)

IIIdUi:lij 348.8 • 48.3 $48.8 345.2 $41.9 $40.1 338.3 338.1 333:2 331.1 '29.2 1% 5%
F...... gowe",wnt 50.4 48.9 48.5 42.3 39.2 38.5 35.7 34.5 34.3 33.2 32.2 3 5
~ondcol'- 2.3 2.2 2.1 1.9 1.8 1.7 1.8 1.8 1.5 1.4 1.3 5 8
0lh0r~_1I1. 1.3 1.2 1.2 1.1 1.1 1.0 1.0 1.1 1.1 1.1 1.0 8 3

TOTAL 3102.7 '100.8 3".4 SlO.5 383.' 37'.3 37'.' '73.2 370.1 $I'" $13.7 2% 5%
A-.JALCH_ 2% 4% 7% I'll. 8% 4% 5% 4% 5% 5% 2%

• C&EN eettnwIeI. s..c.: NIItIonII Sdence~
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Two fifths of chemistry papers
are in biochemistry

Japanese now receive nearly
20% of U.S. patents

Source: u.s. Patent & Trademark Office

1986 total U.S. patents Issued = 70,86.0

West Germany

U.K. 3%France 3%
Others

'-'--------~-~--_._---~.

a Numberof abStractsor papers publlsned in Chemical Abstracts.
Source: Chemical Abstracts Service

Appliedchemistry &
chemical engineering

1986 total papers" = 474,429

Macromo,ecu",a;rf~~~~~~chemistry-

PERFORMERS OF R&D: Industry's share is six times that of government

$ Billions (current) Annual change
1987~ 1986- 1985· 1984 1983 1982 1981 1980 1979 1978 1977 1986-87 1977-87

Industry $ 88.7 $ 84.4 $ 78.2 $71~5 $63.4 $58.0 $51.8 $44.5 $38.2 $33.3 $29.8 5% 12%
Federal government 15.1 13.4 13.0 11.6 10.8 9.1 8.4 7.6 7.4 6.8 8.0 13 10
Universities and colleges 10.7 10.3 9.5 8.5 7.8 7.3 6.8 6.1 5.4 4.8 4.1 4 10
University-associated FFRDCsb 4.0 3.8 3.5 3.1 2.7 2.5 2.5 2.2 1.9 1.7 1.4 5 11
Other nonprofit institutions 3.7 3.4 3.3 3.0 2.7 2.4 2.3 2.2 2.0 1.7 1.5 9 9

TOTAL $122.3 $115.2 $107.5 $97.6 $87.2 $79.3 $71.8 $82.8 $54.9 $48.1 $42.8 6% 11%

$ Billions (1982, constant)

Industry $ 74.5 $ 73.7 $70.1 $66.9 $61.0 $58.0 $55.1 $51.9 $48.7 $46.1 $44.3 1% 5%
Federal government 12.7 11.7 11.7 10.8 10.2 9.1 9.0 9.0 9.5 9.5 9.0 9 4
Universities and colleges 9.0 9.0 8.5 7.9 7.5 7.3 7.3 7.2 6.9 6.4 6.1 0 4
Unlverslty-assoclated FFRDCsb 3.4 3.3 3.1 2.9 2.6 2.5 2.7 2.7 2.5 2.4 2.1 3 5
Other nonprofit Institutions 3.1 3.0 3.0 2.8 2.6 2.4 2.4 2.5 2.5 2.3 2.2 3 3

TOTAL $102.7 $100.6 $96.4 $90.5 $83.9 $79.3 $76.8 $73.2 $70.1 $66.8 $63.7 2% 5%

aC&EN estimates. b Federally funded R&D centers. Those administered by both industry and by nonprofit institutions are included in lotals for their respective sectors.
scurce: National Science Foundation

CHARACTER OF R&D: Uniform growth in all three sectors
~'~""""'''''~''''-'"''~~~'''''''''''''''''''';'''''';'''<'-'~'''""""~'-"""""'<'''''''''_'_'_-'_''''"...".,.:,.;.,""""''''"''''''''''''''-''"'''''''-''>''_'':''.'''~''''_''''''..".""".,,,,-,,,,;,,,,.,,.,.•,,,,,,,..~.,.~':"_"" ••"'_"· " ~" " " "'~" ,", 'U"·"" '_~' ; " '~'" ';"" ". ,__._." ...."",,

~" ~'~'-~~-,--,.,- ... ~.."~,_.._~,,,.~ .'-"' .... '--$-aJllionso«>urmnI) " .. ;.:An"l,!_~_I,J:;,haJ')Q!~_

1987- 1986& 1985& 1984 1983 1982 1981 1980 1979 1978 1977 1986-87 1977 87

Basic research $ 14.7 $ 13.8 $ 13.0 $12.1 $11.0 $ 9.9 $ 9.2 $ 8.1 $ 7.3 $ 6.4 $ 5.5 7% 10%
Applied research 26.4 24.7 23.4 22.3 20.4 18.5 16.9 14.1 12.3 10.8 9.7 7 11
Development 81.2 76.5 71.1 62.9 55.8 50.9 45.8 40.5 35.3 30.9 27.5 6 11

TOTAL $122.3 $115.2 $107.5 $97.6 $87.2 $79.3 $71.8 $62.6 $54.9 $48.1 $42.8 6% 11%

$ Billions (1982, constant)

Basic research $ 12.3 $ 12.1 $11.7 $11.2 $10.8 $ 9.9 $ 9.8 $ 9.5 $ 9.3 $ 8.9 $ 8.3 2% 4%
Applied research 22.2 21.6 21.0 20.7 19.6 18.5 18.0 16.5 15.8 15.1 14.5 3 4

1
Development 68.2 53.7 50.9 40.9 5

I
66.8 63.8 58.3 48.8 47.3 45.0 42.8 2

TOTAL $102.7 $100.8 $96.4 $90.5 $83.9 $79.3 $76.6 $73.2 $70.1 $86.8 $83.7 2% 5%

I
a C&EN estimates. Source: National Science Foundation
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PATENT ACTIVITY OF U.S. COMPANIEs:a Significant decline for chemicals In 1986
Total

Number of patente Issued 1986 1985 1984 1983 1982 1981 1180 1971 1178 1977 1177-86

CHEMICAL COMPANIES
Dow Chemical 371 335 328 248 276 260 249 217 334 297 2,913
Du Pont 329 342 348 326 283 343 289 227 386 431 3,304
Clba*Gelgy 244 305 290 244 281 345 309 248 347 354 2,967
Union Carbide 208 242 231 182 202 262 211 197 215 224 2,174

PPG Industries 124 128 137 137 177 189 166 118 190 196 1,582
Monsanto 110 100 138 136 131 211 205 144 264 192 1,831
American Cyanamid 92 115 111 128 129 188 205 143 225 215 1,551
Olin 81 117 112 85 80 80 106 82 99 91 933

Ethyl 77 105 76 44 31 43 51 25 41 46 539
International Flavors & Fragrances 76 104 95 87 87 96 76 60 80 52 813
StauHer Chemical 75 104 95 81 87 94 93 80 132 116 957
Celanese 66 67 94 57 56 58 56 44 71 70 839

Hercules 43 41 39 37 30 52 23 24 49 51 389
W. R. Grace 42 45 57 52 49 68 72 56 76 63 580
Rohm & Haas 33 31 37 55 49 77 74 77 95 94 822
GAF 12 23 19 21 32 47 48 54 57 26 339

TOTAL' 1983 2204 2207 1918 1980 2413 2233 1798 2881 2518 21,913
ANNUAL CHANGE -10% 0% 15% -3% -18% 8% 24% -33% 8% -9%

a Includes u.s. chemicalcompanies or u.s.-beseosubsidiaries ot foreigncompanies thathavereceivedrTlOfe than999 U.S.patentssince 1962.b Thesetolals includepatentsIssued to the
cnemsce! ccrrearues shownIn this tableonly.Souree: U.S.Patent & Trademark Office

U.S. PATENTS: Those of foreign origin rose 2% In 1986 as those of U.S. origin declined 4%
Tot..

Number of patents Issued 1986 1985 1984 1983 1982 11.1 1910 1171· 1178 1977 1177-88

U.S. origin 38,124 39,554 38,385 32,871 33,898 39,223 37,358 30,079 41,254 41,485 372,207
to U.S. corporations n324 28.944 28.002 24,038 24.085 27.623 25,967 21,145 29,421 29.566 288,115
to U.S. government 1,011 1.124 1.228 1,043 1.003 1,117 1.232 961 1.233 1,484 11,438
to individuals in the U.S. 9,461 9,243 8.887 7.562 8.539 10,241 9.940 7.804 10,399 10,249 92,325
to foreign-owned 328 243 248 228 269 242 217 169 201 186 2,331

corporations in the U.S.

Foreign origin 32,736 32,107 28,835 23,989 23,992 28,548 24,483 18,775 24,848 23,784 280,077
to U.S.-owned corporations 2.231 2.274 2.032 1,860 1.715 1.839 1.694 1,364 1,961 1.970 18,740

abroad

to foreign corporations 26.196 25.721 22.985 19.019 18,589 20,549 18.665 14,447 18.875 17,879 202,925
to foreign governments 471 483 440 338 368 249 253 186 249 215 3,250
to foreign individuals 3.838 3.629 3,378 2.974 3,320 3.911 3,851 2.778 3.763 3,720 35,182
TOTAL 70,880 71,881 87,200 58,880 57,888 85,771 81,819 48,854 88,102 85,289 832,284
% FOREIGN 48.2% 44.8% 42.9% 42.2% 41.4% 40.4% 39.8% 38.4% 37.8% 38.4% 41.1%

a Patentligureswere low in 1979 because !tie U.S.Patent& Trademark Office was short 01funds to print patentsIt mightotherwisehave Issued. aoun:.: U.S.Patent& Trademark Office

HOLDERS OF U.S. PATENTS: Japan's share doubles in past decade
Total

% 01patents 188. 11.5 11'4 11., 1882 1111 ..10 1171 1171 1177 1177-11 1113-7'

4ee~ccU:S;orI9Inee e54eccceee55c c57 w cS8cec- st eeoc 10" ecn e ececuee A W ce S•
e ceccct3 c

"Foreign"Orlglna
.-

C ecc48cceceec45ccece43ceeecUee e-4l e40eeec4Ircccn~e 38
eee,lfcc eeee cc

4cc
Japan 19 18 17 15 14 13 12 11 10 10 14 5
West Germany 10 9 9 10 9 10 9 9 9 8 9 7
UK 3 3 3 e 4 4 4 4 4 4 4 4
France 3 3 3 3 3 3 3 3 3 3 3 3
Switzerland 2 2 2 2 2 2 2 2 2 2 2 2
Canada 2 2 2 2 2 2 2 2 2 2 2 2
Sweden 1 1 1 1 1 1 1 1 1 1 1 1
Italy 1 1 1 1 1 1 1 1 1 1 1 1
Netherlands 1 1 1 1 1 1 1 1 1 1 1 1
UeSeSR 1 1 1 1 1
Others 2 3 2
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ABSTRACTS OF PAPERS IN CHEMICAL ASS7RAC7S:Biochemistry's share holds steady at 40%

40.5 % 38.3 % 39.5 %
% of all biochemistry abstracts
12.4% 12.9% 12.2%
11.6 11.8 12.0
11.3 11.1 11.6
8.0 8.5 8.1
4.8 4.2 4.4
4.2 3.8 3.3
5.2 5.1 5.3
5.8 6.1 5.9
6.2 5.9 6.2
4.9 4.9 4.6
5.3 5.8 6.0

20.3 19.9 20.4

Percentao-_.
1178 1978-88

BIOCHEMISTRY

Mammalian hormones·
Pharmacology
Mammalian biochemistry
Toxicology
Immunochemistry
Biochemical genetlcsb

Microbial blochemlstryl
Enzymes
Plant biochemistry·
Biochemical methods
General biochemistry
Others

1988

40.4%

12.5%
12.2
10.8
7.8
6.1
6.1
5.7
5.6
5.2
5.0
4.7

18.3

1985

40.5%

12.3%
12.3
11.1

7.9
5.3
5.2
5.7
5.6
5.5
4.9
4.9

19.3

1984 1983 1982 1111

39.0%

6.8%
12.4
15.6

8.7
3.4

5.6
5.9
5.8
5.7
7.5

22.6

38.8%

5.9%
12.0
16.3
6.4

5.0
6.4
6.1

7.1
34.8

1.6%

6.6%
0.2

-5.5
1.4

0.7
-0.8
-0.9

-2.4

PHYSICAL. INORGANIC. AND ANALYTlCAlCHEMISTRY 29.8

Spectra
Nuclear chemistry
Electric phenomena
Crystallography and liquid crystals
General physical chemistry
Analytical chemistry
Other.

20.0
19.9
10.8
7.0
7.0
6.8

28.5

29.8 28.8 29.6 28.5 28.0 27.5
% of all physical, inorganic. and analytical chemistry abstracts

18.4 18.0 17.6 17.2 18.0 17.8
21.8 22.2 22.5 22.6 21.6 19.7
10.8 10.8 10.0 10.5 11.0 10.5
7.5 7.8 8.3 8.7 8.9 9.7
6.9 6.9 7.3 7.3 7.2 7.0
6.1 6.3 6.2 5.4 5.8 6.6

28.5 28.0 28.1 28.3 27.5 28.7

2.3

2.2
0.2
0.3

-2.7
0.0
0.2

-0.2

18.2 18.4 17.6 19.4 19.5 19.1 18.8
% of all applied chemistry and chemical engineering abstracts

21.9 20.2 21.0 19.6 21.7 24.0 18.6
20.8 20.0 lB.9 19.1 22.2 17.9 27.8
12.0 12.5 14.6 14.1 13.6 14.1 17.6
9.0 10.1 10.1 10.3 9.4 9.4 6.0
7.1 7.5 7.0 7.5 6.9 6.4 4.8

29.2 29.7 28.4 29.4 26.2 28.225.2

3.3
-7.0
-5.6

3.0
2.3
4.0

-2.8

-2.1
-0.4

-0.6

-11.1
9.6

-2.4
2.7

-0.7

8.7

38.4
8.7

17.4
5.1
8.0

6.5
4.3

11,~.

8.76.4 7.6 7.3 7.2
% of all organic chemistry abstracts

30.6 32.0 30.5 31.5 37.0
16.2 17.1 16.3 14.8 8.3
16.1 15.6 16.2 15.6 18.2
5.7 5.7 5.8 5.8 5.4
6.3 6.3 7.1 7.2 8.7
4.9 4.4 4.5 3.7
4.2 3.6 4.3 5.2 8.6

.4.6...... 4.84..5 • H 4.2.
; ..11.4 ..... 10.5 ........J'O.8.. 1..1.11.. 1.1,J1,

5.9

27.3
18.3
15.0
7.8
7.3
5.0
4.4

......3.9...
... 1..1.0.

APPLIED CHEMISTRY ANDCHEMICAL ENGINEERING

ORGANIC CHEMISTRY

Water. wastes, and pollution
Metals and alloys
Mineralogical and geological chemistry
Fossil fuels, derivatives. and related products
Unit operations and proce....
Others

Physical organic chemistry
Organometallic and organometallokl.1 compounds
Heterocyclic compounds-

Carbohydrates
Aromatlc compounda*
Blomolocules and tllelr .,n11le11c........
Aliphatic compounds'

" .•Amlnoacldl,~ldes,.and ......_ ..

c==="0\bedl

MACROMOLECULAR CHEMISTRY 5.7 4.8 5.5 5.4 5.3 5.2 8.2 -0.5

% 01all macromofecular chemII1ry abIItrlIC\IS,_ high poly ...... 34.1 34.1 34.0 34.4 34.7 30.3 28.3 5.8._-_._- 23.8 25.3 24.2 24.4 21.8 28.4 26.8 -3.0

CellUlo.,. lignin. ".." and other wood productI 9.8 9.1 9.8 9.1 9.7 10.1 9.1 0.7T._ 8.8 8.2 7.3 7.9 8.9 9.9 11.1 -2.3
eo.tlngo, Ink., and.-... productI 7.2 7.2 7.8 8.8 7.8 7.5 7.8 -0.4S,-____.._

8.7 6.8 7.3 7.5 7.8 7.9 8.8 -1.9- 9.8 9.3 9.8 10.1 9.4 7.9 8.5 1.1

......,... .......UIinObIUd.'.... , 40.4" ot.............,bra..Nc8lAblnCll8eNlce1n 1....1n..~. t, '$1"- ofblod••lbiay: 12.5%
oI .......-lnblUd.'.... ,.InIlm,.. In t1 I:x .of".'i•....,~ 12.2% 01 bIocJ.,....,.....-.. Inpl." 'lZ._lOon.• DefInIt6OnofMCUon<:l'Wlgld In
102.'''' -=-n In 102. __ 0WrnIcII Ab1nct18eNIce
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venlil'lent

Defense's share of federal support grows
,---------'---------------------'-----.

Defense gets nearly 70% of federal R&D funding but less than a third of funds for chemistry
.1

Health & Human
Services

Agriculture
Health & Human

Services

/ Energy
National Aeronautics & Space Administration

Others5% ____
--~

National Science
Foundation 2%""'---

Estimated fiscal 1987 total federal
R&D obligations = $59.2 billion

Estimated fiscal 1987 federal chemistry
research obligations = $671 million

Source; National Science Foundation

FEOIJERAL OBLIGATIONS FOR R&D: Up strongly thanks to big boost for military funds
Annual change

$ Millions 1967a 1986a 1985 1984 1983 1982 1986-87 1982-87

Defense $40.678.8 $33,646.3 $29,791.5 $25.372.9 522.992.8 $20,622.6 21% 15%
Air Force 17,356,5 13,757.5 13,260.9 12.091.6 10,812.6 9,357.9 26 13
Navy 10,700.8 10,137.3 9,127.4 7,605.6 6,068.2 5,845.1 6 13
Army 5,710.2 4,850.2 4,570.8 4,225.5 3,998.1 3,760.5 18 9
Defense aqencles'' 6,775.3 4,790.7 2,781,7 1,391.5 2,052.3 1,618.1 41 33

Health & Human Services 5,270.8 5.611.3 5,451.0 4.830.7 4,352.5 3,940.7 -6 6
National Institutes of Health 4,672.3 4,977.3 4,827.7a 4,257.4 3,789.2 3,433.1 -6 3
Alcohol, Drug Abuse & Mental Health 383.1 395.2 377.6 337.2 302.2 248.1 -3 9

Administration
Energy 4,770.7 4,691,6 4,996.0 4,673.6 4.536.7 4,708.2 2 0
National Aeronautics & Space 3,926.0 3.478.4 3,327,2 2,821.9 2,661,6 3.077.9 13 5

~~~ ~ ~ Administration ~ ~ - .-.".'N,"'~"',','~,~~,'"_ ..

:-":"""-.,,-"-~.'""w·"..~NaiiO-nM'S'cl€ifc"e_"FounlfatioH ,- ow-1j50&'3 . ~1."33·5 :·~.1'i3A5~o,o,,-"'-,~:'::.m,'~,2Q2;8 1,062,0..... ....... ~9L!;.~ . .w.Hw .w!~
Agriculture 909.2 923.0 943.0 866.2 847.6 797,3 -1 3

Agricultural Research Service 497.0 463.1 469.7 451.3 443.4 404.9 7 4
Cooperative State Research Service 234.4 263.1 284.3 235.7 232.3 219.0 -11 1
Forest Service 111.5 120.1 113.1 108.4 107.7 112.1 -7 0

Interior 350.6 388.3 391,7 410.9 382.5 381.1 -10 -2
Geological Survey 207.6 218.6 214.9 208.9 157.0 152.6 -5 6

Environmental Protection Agency 309.6 333.6 320,4 261.2 240.7 335,1 -7 -2
Commerce 300.9 391.1 398.8 358.2 335.0 336,3 -23 -2

National Oceanic & Atmospheric 196.3 268.1 269.8 244.3 222.0 222.0 -27 -2
Administration

National Bureau of Standards 91.4 99.3 100.5 95.5 95.0 88.8 -8 1
Others 1,184.7 1,264,7 1,367,1 1,426.5 1,300.1 1.258,1 -6 -1

TOTAL $59,209.6 552,061.8 $48,332.3 542,224.9 $38,711,5 536,432,6 14% 10%
ANNUAL CHANGE 14% 8% 14% 9% 6% 4%

Note: Fiscal years. a Estimated. b Includes Defense Advanced Research Projects Agency, Defense Nuclear Agency. and others. Source: National Science Foundation
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PERFORMERS OF FEDERALLY FUNDED RESEARCH: 54 % is undertaken by industry.............
S Millions 1987- 1988- ,." 1'84 ,." ,." 1988-87 1982-87

IndusIrJ $31.787.9 $26.847.9 $23.774.3 $20.361.5 $18.649.0 $18.698.6 18% 11%
Feelerallntramural programs 15.396.7 13.533.4 12.998.4 11.572.3 10.581.9 9.141.0 14 11
Universities and colleges 6.558.7 6.554.7 6,299.0 5.565.1 4.966.4 4.605.5 0 7
Unlverslly-aoooc:lal8d FFRDCs'> 2.712.8 2.446.2 2,534.5 2.324.9 2.265.8 1.976.7 11 7
NonprolR Institutions 2,451.3 '2.318.1 2,365.0 2.094.4 1.822.9 1;612.3 6 9
Foreign 219.8 257.8 255.9 175.8 239:5 214.3 -15 1
State~and local gOvernments 82.4 103.6 105.2 130.9 186.~ 184.3 -20 -15

TOTAL $59,209.6 $52,061.8 $48,332.3 $42,224.9 $38;711.5 $36,432.6 14% 10%
. ... - . .

Note: Fiscal years. a Estimated.'bFeder8JIy.furided R&Dceoters. Thoseadministeredby both industry and by nonproffl institutions are IncludedIn totals for their respective sectors. Source:
,

National SCience Foundation

FEDERAL OBLIGAnONS FOR SCIENTIFIC DISCIPLINES: Slow growth for chemistry this year

S MIllions for research onl,

Life sciences
Engineering

Chemical
Metallurgy and materiats

Physical sciences
Chemistry
Physics

Environmental sciences
Mathematlf?$ and computer sciences
Other sciences

TOTAL
ANNUAL CHANGE

$ 6,289.2
3,857.8

186.0
465.5

3,300.3
670.9

1.965.4
1,483.4

759.0
1,151.4

$16,841.1
2%

$ 6,457.6
3,684.4

243.5
464.1

3,071.8
653.4

1.829.4
1,458.2

885.0
1,117.7

$18,454.7
2%

1985

$ 6,386.2
3,628.5

254.1
439.1

3,044.0
644.5

1,820.0
1,403.6

577.5
1,110.3

$16,130.1
8%

Annual change
1984 1983 1982 1988-87 1982-1987

$ 5,635.9 $ 5,177.9 $ 4,745.5 -3% 6%
3,824.1 3,517.0 3,388.5 5 3

144.5 145.0 95.1 -24 14
341.1 332.5 309.1 0 9

2,969.0 2,891.4 2,500;4 7 8
606.4 520.3 48.1.2 3 7

1.836.4 1.854.6 1.610.5 7 4
1,275.9 1,251.2 1,148.3 2 5

440.3 419.4 350.1 14 17
1,033.6 996.8 891.4 3 5

$14,978.8 $14,253.5 $13,022.2 2% 5%
5% 9% 7%

a Estimated.Source: National Science Foundation

.'

Federal support for physical science little
changed since 1983 in real dollars
Federal Obligations for research, $ billions
3.5

78 79 80 81 82 83 84 85 86' 87'
Note: Fiscalyears.a Estimated.Source: National SCience Foundalion

Government funding of basic research
catching up with applied research support
Federal obligations for research, $ billions

10 ;:I_t1~;f;';' ",c.

. 78 79 80 81 82 83 84 85 86" 87"
Note: Fiscal years. illEstimated.Source: NationalScie':'C8 Foundation
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FEDERAL OBLIGATIONS FOR BASIC RESEARCH: LillIe growth this year
..............

• M...... 1887- 1.0- ,... ,... 1113 1'.2 110-17 1112-1"7

HeaUh &:Human services $3162.4 $3357.1 $3232.5 $2614.5 $2475.4 $2144.7 -6% 6%
National Institutes of Health 2938.3 3133.6 3018.0" 2624.8 2313.0 2020.7 -6 8
Alcohol. Drug Abuse & Mental

Health Administration 204.4 206.2 196.8 170.8 145.0 117.3 -1 12
National Science Foundation 1422.6 1255.7 1261.8 1132.3 999.1 916.1 13 9
Energy 1063.1 945.8 942.8 830.4 767.7 642.2 12 11 IDefense 995.9 994.3 861.4 647.9 785.6 666.7 0 8

Navy 385.6 350.5 343.1 315.8 305.4 280.3 10 7
,

Air Force 284.5 234.4 198.3 192.4 164.2 145.8 21 14
Army 249.3 242.4 240.8 222.1 208.3 187.7 3 6
Defense aeenctes'' 76.5 167.0 79.2 117.6 107.7 72.9 -54 1

National Aeronautics & Space
Administration 986.1 850.4 750.8 754.5 617.0 535.7 16 13

Agriculture 434.1 432.7 445.4 392.6 382.0 330.8 0 6
Agricultural Research. Service 267.2 247.6 250.2 240.6 215.3 192.9 8 7
Cooperative State Research

Service 115.8 126.2 141.5 99.6 98.8 . 91.3 -8 5
Forest Service 43.1 50.5 44.1 41.2 38.8 38.7 -15 2

Interior 115.7 137.6 138.3 125.9 103.0 78.5 -16 9
Geological Survey 79.5 83.4 80.5 78.9 64.7 52.6 -3 9

Environmental Protectl~ Agency 37.0 39.3 36.6 29.6 22.2 32.7 -6 3
Commerce 19.5 22.1 23.2 20.6 19.2 16.9 -12 3

National Bureau of Standards 19.1 21.2 22.1 20.2 18.4 16.5 -10 3
National Oceanic & Atmospheric

Administration 0 0 0 0 0 0
others 111.3 110.0 124.0 119.1 108.9 99.3 1 .2

TOTAL $6347.7 $6145.1 $7818.7 $7067.4 $6260.1 $5481.6 2% 9%
ANNUAL CHANGE 2% 4% 11% 13% 14% 9%

Note: Fiscal years. a Estimated. b Includes Defense Advanced Protects Agency. Defense Hue.. Agency. and others. Saurer. National Science FotnlilItIon

FED"'~AL OBLIGATIONS FOR APPLIED RESEARCH: Increases for Defense, NASA, and NSF
..............

S Millions 1••7- 1•••• ,... .... lila 1••2 1118-17 1"2-1117

Defense $2836.1 $2364.8 $2308.9 $2200.7 $2437.0 $2266.1 11% 3%
Army 719.4 551.3 582.6 486.7 485.3 451.6 30 10
Air Force 562.2 573.4 538.4 547.7 524.2 488.1 -2 3
Navy 464.6 463.9 448.2 449.6 521.6 498.4 0 -1
Defense aqencles" 889.9 776.2 737.7 716.6 905.9 628.1 15 1

Health & Human services 1724.0 1834.0 17'5.6 1651.5 1545.4 1460.9 -6 3
National Institutes of Health 1368.2 1452.8 1410.1' 1285.8 1165.2 1103.8 -6 4
Alcohol, Drug Abuse &

Mental Health Administration 177.5 188.8 179.7 165.2 155.4 128.7 -6 7
National Aeronautics" Space

Administration 1398.5 1114.4 1032.7 '54.7 927.8 171.4 25 10
Energy 913.3 1080.4 1198.4 1194.5 1193.4 1053.9 -15 -3
Agrlcuttur. 444.0 458.8 465.1 442.2 455.5 435.7 -3 0

""~ow~~,v~,.~~."•.•,Agricultural·Research,,Service '",' 202,4 .~~.188.1 ••. · .•...·191.8 ...•..183.7 . ......•. 202.8 •• ..188.2. 8 ..2 ... "",,,,.~,,.,,.,"~~

..•••GQ;QP!l!:ali.veSlale.l'l._"".. a_ -'''''',-c,..,'.'''''-~''

136.2 1i3:$' ····m::r '::::1i' '::::r ,-" " "'·"O'·',~.""."."';

service 118.7 138.9 142.8
Forest service 85.4 88.7 65.7 83.9 65.1 19.0 -2 -1

eon-rc. 238.7 304.4 301.0 271.1 28... 211.2 -22 -2
National Oc:eenic & Atmospheric

Administration 183.8 229.7 224.4 117.7 188.9 188.5 -29 -3
National Buraeu 01S_ 83.5 65.8 64.5 83.5 83.1 57.4 -3 2

1nI_ 210.1 227.1 231.0 2I4.S 214.7 271.0 -7 -5
Geological Swvey 118.2 127.8 130.0 125.1 ••• 111.4 2 8

En...01....... Protection Agency 170.0 1••4 171.0 14Z.J 111.4 210.7 -I -4
_~F_

••7 77.1 13.1 70.1 IU 17.1 10 1- 171.2 117.0 720.3 724.1 -.7 110.1 1 1

TOTAL 11413.4 SI3OI.I ...11.1 17111.4 I7IIU 17...... 2'" 2'"
AMNAL CHA.NGE 2'" 0'" 5'" -1'" I'" I'"

teIeII: F... YlMt'.•~.IIb:::U* oee... ~~f'ratec* AgInCJ, 0.... ...... AcIInCY........__............. FuldIIkln I42 JUiot 27. 1987caEN CIlClE 31 ON READER SERVICl: CARD-



FEDERAL OBLlGAnONS FOR DEVELOPMENT: Nearly 90% goes for military wor1<
Annual change

S Millions 1987- 1985- 1985 1984 1183 1982 1988-87 1982-87

Defense $37,048.8 $30,287.2 $28,823.2 $22,324.3 $19,770.1 $17,889.8 22% 18%
Air Force 18.509.8 12.949.7 12.524.3 11.351.5 10.124.2 8.724.0 27 14
Navy 9.850.6 9.322.9 6,338.1 6.840.2 5.241.2 5.066.4 6 14
Army 4.741.6 4.056.6 3.747.4 3.516.6 3.304.5 3.121.3 17 9
Defense agenciesb 5.808.9 3.847.5 1.964.8 557.3 1.038.7 717.1 51 52

energy 2,794.4 2,885.3 2,825.0 2,848.7 2,575.8 3,012.1 5 -1

National Aeronautics & Space 1,543.4 1,513.8 1,543.8 1,112.7 1.118.8 1,870.7 2 -2
Administration

Hearth & Human Services 384.3 420.2 422.7 384.7 331.7 335.2 -9 3
National Institutes of Health 385.8 390.9 399.6a 347.0 311.0 308.7 -8 3
Alcohol, Drug Abuse & Mental Health 1.2 1.2 1.1 1.2 1.8 2.1 0 -11

Administration
Environmental Protection Agency 102.8 113.9 105.8 89.2 88.1 91.7 -10 2
Commerce 44.7 84.8 74.8 81.5 50.2 80.2 -31 -8

National Oceanic & Atmospheric 32.5 38.4 45.4 46.6 33.1 33.5 -15 -1
Administration

National Bureau of Standards 8.8 12.5 14.0 11.8 13.6 14.9 -30 -10
Agrlcurture 31.1 31.5 32.0 31.3 30.0 30.8 -1 0

Agricultural Research Service 27.4 27.4 27.7 27.0 25.5 25.8 0 1
Forest Service 3.0 2.9 3.3 3.3 3.8 4.5 3 -8
Cooperative State Research Service 0 0 0 0 0 0

Interior 24.0 23.2 22.4 30.7 24.8 29.8 3 -4
Geological Survey 9.9 7.4 4.4 4.9 2.3 0.5 34 82

National Science Foundation 0 0 0 0 0 2.2
others 397.2 487.8 552.8 583.0 492.7 508.1 -19 -5

TOTAL $42,388.5 $35,807.1 $32.202.1 $27,246.1 $24.456.0 $23.410.4 19% 13%
ANNUAL CHANGE 16% 11% 16% 11% 4% 3%

Nota: Fiscal years. a Estlmated. b Inctudes Defense Advanced Research ProJectsAgency. Defense Nuclear Agency. and others. Sourc.: National Science Foundation

UNIVERSITY RESEARCH: Not much change in funding overall, but chemistry gets more
Annual chang.

Federal obligations. $ millions 19S7- 19S5- 11S5 11'" 1983 1982 198'-87 1982-87

Life sciences $3124.6 $3268.8 $3192.2 $2600.2 $2460.0 $2205.0 -5% 7%
Physical sciences 616.9 757.2 749.7 697.8 596.5 559.1 8 8

Chemistry 287.0 259.7 268.8 242.3 205.7 189.6 11 9
Physics 429.8 408.5 401.8 375.2 328.8 306.0 8 7

Engtneerlng 577.8 559.0 507.1 474.2 408.7 361.5 3 10
Chemical 43.7 48.8 45.8 51.2 23.6 19.4 -10 18
Metallurgy and materials 121.1 125.9 107.2 87.7 86.0 75.3 -4 10

Environmental sciences 410.2 360.2 361.1 319.5 316.9 274.7 6 6
Mathematics and computer selene.. 336.3 302.8 253.1 161.6 172.4 139.7 12 19
Other sciences 360.6 367.4 347.6 304.1 297.6 255.7 -2 7

TOTAL $5626.6 $5655.4 $5411.0 $4777.4 54252.3 $3795.7 0% 8%
ANNUAL CHANGE 0% 5% 13% 12% 12% 2%

Note: Fiscal years. a Estimated. Sowce: Natklnal Science Foundation

• UNIVERSITY BASIC RESEARCH: More than half goes for life sciences
....................... ,'·cV·'·'·"'W~·"'."

··'F.....,obIIgaUons;·S·'rntIfIoM--- '. '''1ti',..- -"';""1''''---' '" 1111 '1M ___~.I!~vw._.~ ...~. ._J!!2 ,l'U.~'7 ...:;;..1-'12,.,11..__,,,u. ,,,,,,,,~_,,~'~m_

LHelC_ $2287.5 $2379.2 5230... $197... $1701.7 $1483.7 -5% 9%
PhylicellC_ 714.1 14U 828.8 581.9 502.2 455.3 10 9

Chemistry 259.3 227.9 234.9 212.1 181.9 185.3 14 9
Physics 362.3 332.8 317.0 293.9 214.7 236.6 9 9

E..........ng 441.0 419.7 3M.8 34Q.3 285.5 25'.0 7 12
Chemical 33.7 29.9 27.6 29.6 18.9 16.6 13 15
Melall... gy and materials 108.7 116.3 95.8 79.9 76.8 69.6 -7 9

En."........... _ 360.4 350.2 330.7 28... 284.3 258.0 • 8
M.........ue. and comput. lel.nee. 202.1 202.0 172.1 152.8 148.8 118.8 0 11-- 202.2 187.8 ,".0 147.4 147.2 1200S 8 11

TOTAL 14214.3 1418U ..74.0 ""'.7 13071.7 I28tU 1% .%
AIlIIUAL CHANGE 1% 5% 14% 13% 14% .%

IlIIIe.; F*-i,.....• e.m..ct. ao..: ...... SC*nct FCU'IdItion
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BASIC RESEARC;-o iN "HYSICAL SCIENCE: NSF, Defense score biggest gains for chemistry
1987- 1988- 1185 1184 "83

Ph,..lcal Physical Ptlplcal Ptlyefcal Phy.tcal
Federal obligations. $ millions selene.. Chemistry selene.. Chemistry ..-.. Chemistry sclenc.. ChemiStry

.._.. c__

Energy $ 852.5 $112.1 $ 743.1 $108.5 $ 738.1 $102.3 $ 888.4 $108.4 $ 839.2 $104.3
National Aeronautics &: 535.8 7.8 437.7 5.1 377.9 10.2 338.7 5.4 329.5 7.7

Space Administration
National Science Foundation 380.7 128.9 340.8 109.9 347.9 112.7 330.2 106.8 283.5 88.5
Defense 213.2 82.1 212.7 73.9 185.5 70.1 212.2 60.0 198.4 55.6

Navy 87.5 30.3 84.8 26.1 73.9 26.7 100.4 20.7 98.0 18.7
Air Force 77.6 32.7 63.9 27.0 54.1 22.8 48.3 20.3 39.3 17.5
Army 46.2 19.0 51.7 20.8 54.3 20.6 59.8 19.1 58.7 19.4
Defense aqencies'' 1.8 0 12.3 0 3.2 0 3.7 0 2.5 0

Health &: Human Services 81.4 73.4 88.8 78.3 83.8 75.4 72.0 85.0 81.8 55.0
National Institutes of Health 79.3 71.4 84.6 76.1 81.Sa 73.3 a 70.8 63.8 60.9 54.2
Alcohol, Drug Abuse & 2.1 2.0 2.2 2.1 2.1 2.1 1.2 1.2 0.9 0.9

Mental Health Administration
Agriculture 33.5 33.3 35.6 33.5 35.6 33.6 45.4 43.5 40.0 38.2

Agricultural Research Service 26.9 25.5 25.0 23.7 25.2 23.9 37.4 36.0 33.5 32.2
Cooperative State Research 4.6 4.6 6.1 6.1 6.4 6.4 5.4 5.4 4.1 4.1

Service
Forest Service 3.9 3.2 4.6 3.7 4.0 3.3 2.6 2.1 2.4 1.9

Commerce 15.9 5.2 18.1 6.7 19.7 7.2 16.3 4.8 15.7 4.7
National Bureau of Standards 15.9 5.2 17.6 6.3 18.9 6.4 16.3 4.8 15.7 4.6

Interior 7.0 5.5 7.9 6.3 7.8 8.0 7.1 5.8 2.9 1.8
Geological Survey 7.0 5.5 7.9 6.3 7.6. 6.0 7.1 5.6 2.6 1.8

Environmental Protection Agency 3.4 2.9 3.6 3.1 3.5 3.0 3.0 3.0 2.3 1.9
Others 17.8 0.4 15.8 0.2 18.8 0.3 14.7 0.9 13.5 3.5

TOTAL $2141.0 $451.3 $1901.7 $425.4 $1814.0 $420.8 $1728.0 $403.4 $1587.2 $382.2
ANNUAL CHANGE 13% 8% 5% 1% 5% 4% 9% 11% 14% 18%

Nota: Fiscal years. 8 Estimated. b Includes Delense Advanced Research Projeca Agency, Delense Nuc'" Agency, and others. Source: NatIOnal Science FotnilII11On

ENGINEERING RESEARCH: Support for chemical engineering drops sharply this year but Is stili twice . tt
1117· ,....

CMmIcaI ........"a CIoomIcal
_ ...... a

S Millions Engi...... lnu ..•..h. mot_ ......... .......... -- Ii"',,,,••
Defense $1624.9 $ 54.5 $281.1 $1523.9 $ 50.3 $277.9 $1502.0

Air Force 488.1 3.2 38.9 472.7 3.3 34.3 423.9
Army 434.9 23.5 41.3 338.1 20.9 37.7 344.3
Navy 409.9 27.8 120.1 408.5 28.1 121.1 421.2

.~~:::gel~~:"~f!<~.~=:~.~o.~ .~.292..L Q.~ .~ ......~~H ........~....~:~........ JL~ ... ~~I .. ~.~.1.~.!
National A__1ea•~ 1270.0 0.' 23,4 1021.1 0.' 17.7 01.1

A_alIGn
Energy 322.0 5... 73.1 -.. 1lt.2 11.7 '11.3
National SCienceF_ 231.3 41.2 47.' 1M.' 34.4 42.1 113.3
Int_ ••8 U 21.4 M.I ... 40.' 100.2
Tr~ 44.1 U 1.0 13.1 0.7 2.S 41.4
EII,~"" ...UI_1Gn AfInCJ 43.7 17.5 2.1 41.' 11.1 2.7 44.1
e-ce 31.0 2.3 10.5 47 1.. 11.2 •••
AgrIcoAn 21.1 $.I 0 ••1 $.I 0 .,7- lM.3 0.3 0.5 112.1 0.4 U 227.4

TOTAL 0117.1 11".0 141... ....... II4U .......1 .....
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APPLIED RESE.A.RCH IN PHYSICAL SCIENCE: Chemical funding down slightly this year
1987- 1988- 1985 1V84 1983

Physical Physical Physical Phy~cal Phyalcal
S Mllllonsl> sclenc•• Chemistry science. Chemlatry aclenc•• Chemistry sclenc•• Chemistry wenc•• Chern'''"

Energy $ 511.6 $ 24.9 $ 538.7 $ 37.3 $ 606.1 $ 40.6 $ 603.5 $ 32.0 $ 584.8 $ 13.3
Defense 434.8 102.7 415.1 93.4 412.0 86.3 477.2 79.8 562.0 66.3

Army 129.7 71.0 116.4 62.1 124.2 57.5 77.4 47.2 86.9 39.9
Air Force 59.0 17.0 60.2 17.3 57.5 16.7 58.6 16.4 54.5 13.7
Navy 55.6 13.9 53.9 13.4 50.7 11.6 69.2 15.9 135.2 12.3
Defense aqencies- 190.5 0.8 164.6 0.6 179.6 0.4 272.1 0.3 285.4 0.3

National Aeronautics & 81.9 6.0 79.9 6.0 76.3 8.1 25.6 1.9 40.4 1.7
Space Administration

Commerce 34.0 9.8 35.1 10.4 35.2 10.5 36.9 10.5 33.9 9.3
National Bureau of Standards 25.1 8.5 25.0 8.4 25.3 9.0 28.1 9.3 26.7 8.1
National Oceanic & Atmospheric 8.9 1.3 10,1 2.0 9.9 1.4 8.9 1.3 7.2 1.2

Administration
Health & Human Services 26.5 23.0 28.4 24.6 27.3 23.8 24.7 21.3 22.6 19.2

National Institutes of Health 24.6 21.1 26.1 22.4 25.4 3 21.8 3 23.6 20.3 21.5 18.1
Alcohol, Drug Abuse & Mental 1.9 1.9 2.3 2.2 1.9 1.9 1.1 1.1 1.2 1.1

Health Administration
Agriculture 24.2 22.2 25.8 23.8 26.4 24.4 27.3 25.5 27.6 25.8

Agricultural Research Service 13.9 12.9 12.9 12.0 13.1 12.2 16.9 15.6 18.6 17.2
Cooperative State Research 6.8 6.8 9.3 9.3 9.7 9.7 8.1 8.1 6.7 6.7

Service
Forest Service 3.5 2.4 3.6 2.5 3.5 2.4 2.4 1.8 2.3 1.7

Environmental Protection Agency 15.4 14.1 18.1 14.9 15.7 14.5 13.8 12.9 13.9 12.8
Interior 14.5 12.5 18.2 13.9 15.5 13.3 15.7 13.8 5.5 4.4

Geological Survey 14.5 12.5 16.2 13.9 15.5 13.3 14.9 12.8 4.7 3.8
National Science Foundation 12.5 3.1 11.3 2.7 11.8 2.9 10.9 3.1 9.4 3.9
Others 3.9 1.3 3.3 1.0 3.8 1.4 5.4 2.4 4.2 1.6

TOTAL $1159.3 5219.8 $1170.0 5228.0 $1230.1 $223.8 $1241.0 $203.0 $1304.3 $158.1
ANNUAL CHANGE -1% -4% -5% 2% -1% 10% -5% 28% 1% -7%

Nole: Fiscal years. a Estimated. b Obligations. c InclUdes Defense Advanced Research Projects Agency, Delttnse Nuc::1eBt Agency, andothefs. Sowce: NatIOnal Science FoundatiOn

the level of five years ago
1985 1'.4 1"3 1"2

Metallurgy & CMmk:al Metallwor .. ChemIc.. .......... a ChemIc.. u.talhlru ..
materials Englne.rlng engln..rlng m...,.. Eng' ......I.. ....- _......

Eilgl....; ... - mIIlerI...

$260.9 $1488.4 $ 38.4 $180.3 $1573.9 $ 44.9 $179.3 $1473.3 $39.0 $159.3

28.6 439.5 3.5 30.3 419.3 3.1 38.2 387.3 2.9 35.1

42.2 324.8 23.5 35.5 318.9 29.3 28.4 297.2 24.4 31.7

121. 1 398.4 11.3 53.9 395.5 11.9 .. JQ,P .. .......~IM . .J1...6... ..49.3" .
'69,0' 325',r'" "enf' '60:6' ~~il:2"'" o.,!!.. ...~6g&.... ... ~..~10,6~. ...0.2 ... ... .4 ..1 • m .-,~.,~,,~,~,,-,.

'1~8 t8701' -"ij':3 "'OCr '799~8 1.0 1'.1 771.7 0.4 11.2
.;1
I::'

88.4 43'.0 48.1 11.7 440.2 51.1 82.. 420.' 1.1 '1.2 1
1

42.7 1'4.' 27.7 27.3 142.5 2U 27.3 121.1 1... 28.4

31.8 111.4 4.5 42.2 .1.4 0.4 31.5 '7.1 1.4 32.8

1.5 51.1 1.2 1.1 58.1 1.0 1.4 4U 0.5 1.0

2.8 37.' 17.' 0 47.8 1'.7 3.S 78.4 28.0 5.2

••• 31.3 1.8 '.4 37.4 1.3 7.' 32.0 2.0 7.1

0 5'.7 '.4 0 54.7 1.2 0 S1.2 S.' 0

O.S 271.7 0.3 0.1 273.4 0.1 0 21$.1 0.1 0

543'.1 $3824.1 $l44.S $341.1 . $3517.0 $145.0 S332.8 S3SIU SII.l S3OI.l
21% 3% 0% 3% 4% 53% .% 10% 38% 21%

..., 27, 1187C&EH •--
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Industrial support for R&D up only 5 %

a C&EN estimates. Source: National Science Foundation
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Outlays for industrial R&D are rising at
slightly faster rate than industrial sales
R&D spending as % of net sales
10

19~2:-:7=3-:7~.~7:-S-=7S:-:77:=--.'7'-8--:79:-:80=-""'8~'-:8':-' ~S3:-:-!-84"""'8~S~SS"
• e&EN estimates. Sou~: National Science Foundation

a$Cumlnt
• $ Conatant (1982)
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ChemICIIla and alllad produet8

With inflation low, chemical companies'
R&D outlays rise smartly in real terms
$ Billions
10

t~72~7!::3--::7CC.-:!:7S"-'7:':.'--'7='=7-:7CcS-:!:79"-':':SO:-"CS!.,,-:S'=.-:!:S3:-"CS:':'-:S:'::S-S-'s·

TOTAL FUNDS FOR INDUSTRIAL R&D: Drug producers continue to set a fast pace
Annualch.1'!g!

S Millions 1988- 1985 1"" 1983 1982 1181 1.80 "71 1171 1177 '17' 1'8S-8' 1178-8'

Chemicals and $ 9,500 $ 8,867 $ 8,028 $ 7.293 $ 8.859 $ 5,625 $ 4.836 $ 4.038 $ 3.580 $ 3.202 $ 3.017 10% 12% .
allied products
Industrial chemicals 4.150 3.915 3,512 3.411 3,301 2,802 2,197 1,962 1,798 1,668 1,524 6 11
Drugs 4.070 3,548} f·777

1,517 1.308 1,117 1.091 15 14
4,518 3,882 3,358 2.823

Other chemicals 1.280 1.204 662 559 474 417 401 6 12
Other industries 74.900 69.512 63,442 58.110 51.337 46.185 39.889 34,188 29.724 28.823 23.980 8 12

TOTAL $84.400 $78,179 $71.470 $83.403 $5T,998 $51,810 $44,505 538.228 $33.304 $29,825 $28.997 8% 12%

a C&EN esernatee Source: National Science Founcfe,lion

COMPANY FUNDS FOR INOUS'mIAL R&D: ChemIcal Industry spends about a sixth of the total

s_ ..D ..80 'D2 ,tI, .... ••711 1171 .a77 '''1 - .......1111 laM-II 1111-11

oUr27.'187C&EN '1------------------------...,-..... ,

i
R

Chemk:alland
allled",--Drugs

Otherchemicals0lIIar_
TOTAL

$ 8,352 $ 7.717 • 8.'45 $ ',228 $ 5.201 $ 4,214 $ 3.02 $ 3.250 $ 2,t07 $ 2,751 $ 2,480

3.818 3.289 2.970 2.879 2,393 1.858 1.'17 1.473 1.387 1,275 1.173
3.545 3,381 2.937 2.490 2.064 1.758}

2.075 1,777 1.520 1.47' 1.317
1.1'9 1,126 938 856 747 653

43.344 40.511 3••01. 33,20 30.223 28.212 22,01' 1.... 1'" 14," 13,012
$51.... 344.308 $42,01 $31,512 $35,42' $30.47' $25.701 S22,11. $11,340 '17._ $1'.112

7% 13%

10 12
5

14
6
7 13
7% 13%
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FEDERAL FUNDS FOR INDUSTRIAL R&D: Of little signifICance for the .chemical industry
Annue' chmge

$ Millions '.85 1984 1983 1982 1981 ,." ,.19 1978 ,.77 1978 1975 1884-85 1175-85

Chemicals and $ 318 $ 232 $ 448 $ 434 $ 421 $ 372 $ 348 $ 330 $ 295 $ 288 $ 238 38% 3%
allied product.
~chemicaIs 298 223 440 423 409 341 345 325 281 249 218 34 3
Drugs and other 18 9 8 11 12 31 1 5 14 17 18 100 0

chemicals
Other Industries 28,188 22,930 20,094 18,048 15,981 13,857 12,172 10,859 10,190 9295 9389 14 12

TOTAL $28,494 $23,182 $20,542 $18,493 $18,382 $14,029 $12,518 $11,189 $10,485 $9581 $8805 14% 12%

SOUrce:National SclericeFoundation

CHEMICAL R&D SPENDING: Slight rise last year largely reflects Carbide's major divestments
1988 R&D

spending as %
$ Millions ,... ..85 .... '... ,." 1111 1180 1979 1978 1977 1978 01.....

Air Products $ 61 $ 51 $ 44 $ 40 $ 37 $ 32 $ 30 $ 24 $ 23 $ 24 $ 19 3.1%
American Cyanamid 278 251 232 208 185 166 148 130 108 96 83 7.3
DOw Chemical 605 547 507 492 460 404 314 269 232 203 188 5.4
Du Pont" 1070 1080 1000 875 775 647 591 509 461 367 353 9.0
Ethyl 47 47 40 39 39 37 34 29 25 28 25 3.0

W. R.Grace 94 92 81 73 64 57 45 42 37 32 28 2.5
Hercules 71 76 72 74 74 65 57 50 43 40 37 2.7

\'"-~""-"-''''-'''-'':Internatlonal''Flavors'''' M '39 34' ,,32 ",,32··· 31·.. ..·30· ·····29 ... ·.. 27. .24 .•.20 .. 16 ... .... M. MN,,,·,··,..._,,_,ec,_.,, 'r··_··,,,_,,~,,"'ffl'"

.... .. "'~L_lzol'"'''''''''' .. "" 5~~"'" 44 '33 ..· .. ··· 31·".....36··· ..33 ,,···28 "',,._ ".23 .2.1." ..19 .17... ......5.2 ...--'-.....

Monsanto 596 470 370 290 264 233 208 161 136 132 114 8.7
Nelca Chemical 33 32 32 30 33 30 28 21 17 14 12 4.5
Olin 56 53 52 49 45 38 31 26 25 25 23 3.3
Pennwalt 45 39 36 33 31 27 24 22 23 21 19 4.1

Petrollte 12 12 12 13 10 8 7 6 ·5 5 4 4.3
PPG Industries 204 176 150 127 127 119 103 83 70 61 56 4.3
Rohm& Haas 133 124 109 100 92 77 67 54 49 45 43 6.4
Union Carbldeb 148 275 265 245 240 207 166 161 156 156 143 2.4

TOTAL $3543 $3403 $3067 $2757 $2543 $2210 $1910 $1837 $1455 $1288 $1180 5.7%
ANNUAL CHANGE 4% 11% 11% 8% 15% 16% 17% 13% 13% 9% 8%

a Figuresexclude petroleumandcoal segments.b UnionCarbidedivesteda substantialpart of its businessesIn 1986;on a pro forma basis.R&Dspending was $181 million in 1985 and$178
million in 1984. SOUrce: ,Company data

52 July 27,1987 C&EN



Companies whose annual R&D budgets top $100 million do more than 70% of all R&D

R&D SCIENTISTS AND ENGINEERS IN INDUSTRY: Increasing faster for chemicals
Annual change

Thousands· 1986 1985 1984 1983 1982 1981 1980 1979 1978 1977 1976 1985-86 1976-86

Chemicals a'nd 71.3 67.0 67.1 66.0 61.6 54.7 51.4 50.0 48.3 46.4 44.4 6% 5%
allied products
Industrial chemicals 26.8 25.0 26.7 27.2 25.9 21.6 20.9 21.4 21.3 20.6 20.1 7 3
Drugs 33.3 30.7 30.1 28.2 25.6 23.3 21.6 20.8 19.5 17.8 16.6 8 7
Other chemicals 11.2 11.3 10.3 10.6 10.1 9.8 8.9 7.8 7.5 8.0 7.8 -1 4

Other industries
,

509.0 493.2 477.4 458.1 448.2 433.1 399.2 373.9 356.1 336.4 320.0 3 5
TOTAL 580.3 560.2 544.5 522.1 509.8 487.8 450.6 423.9 404.4 382.8 364.4 4% 5%

Nole: Data as 01January of each year. a Full-time equivalent. Source: National Science Foundation

Chemical companies with 10,000 to 25,000 employees perform more than a third of R&D

1985 chemicals and allied
products R&D funds=$8.4 billion"

1985 industrial chemlCllls
R&D funds=S3.6 billion"

1985 industry R&D
funds = $51.7 billion"

., .
Note: Ranges indicate companies' nUmber of employees in 1985. a ExclUdes federal funding. Source: NBtional'SClenc.e Foundation
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Chemical and drug companies provide jobs for 12% of all
industrial scientists and engineers

cnem-c.r s ;,"'J

":;':..'-3 ,""'{'..:'.'V:~S '2~:

Industrial
chemicals 4%

Drugs 8% ",...-.:..

Other
chemicals 2%

Machinery

Electrical
equipment

Aircraft and missiles

...

'.
1986 lotallndustrlal R&D sclenllata and engineers"=580,300

• Full-limeequivalent,asof January 1986. Source: Nallonal serence FOl,lndation

R&D SCIENTISTS AND ENGINEERS PER 1000 EMPLOYEES: At new high In chen*:alJrldustry,. ,- .... ,_
'"' ,- "" 11" 1I1'T 117. 1171

CMmI!:'" and ..... product8 sa 84 84 81 44 42 42 43 42 40 411_- 42 44 45 44 37 38 38 38 38 38 38
Drugs 93 88 82 74 88 80 62 65 62 64 59
0Iher_ 38 37 36 38 33 30 27 27 29 26 29

AI-, 38 38 as 33 21 27 27 27 27 27 21
___ NIIIcIniIIScience FoundIUon

COST PER INDUSTRIAL R&D SCIENTIST OR ENGINEER: More than doubIecIln past cIecade
'11 ·rb ,- ,- ,- ,_

'"'
,.

"" 117. 1111 ,- 1171

ct.Illc'" and ..... product8 '125.2 '111.1 '1at.' '104.4 ..... • '7.4 171.1 .72.1 117.1 $II.S seo.1-- 151.1 135.1 128.6 124.3 116.0 103.4 92.6 84.2 79.8 74.7 67.5
Drugs a 111.2 100.7 a a 79.2 71.4 84.8 59.9 83.4 80.9
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CHEMISTS IN INDUSTRY: DrugsblggBlIt employer

• As 01 ...c:h 1. 1987; to ~COiill.iaon; n--. ........~ tor~ in .... 1englh 01
experienCe for Mc:h~. b IncIuc* I*SQNI c.e products. lIOurCr. ACS .....,.

3 4 6 45.1 49.4 83.8
2 4 5 37.8 48.0 54.4
5 4 3 41.8 47.7 50.6
3 4 4 41.2 48.2 58.9
5 4 2 39.8 48.2 56.5
4 2 1 40.2 38.8 47.0
3 . 2 2 40.7 37.8 54.7
1 2 2 35.1 35.5 57.5
1 1 2 38.3 47.2 59.6
1 1 1 37.2 37.8 54.8

20 17 16 41.2 44.1 55.1.
13 12 7 40.7 41.0 50.1

17% 20% 17% S40.3 $42.4 $57.2
13 12 16 41.8 45.7 53.3
4 5"9 ."40.8..""""43.8..."".."58.2."""

.....L ., _..8. ~._8_ .••..42.3~.__4J.e_~ 5l!.,~5__ ~... _ _~
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.~ ..._ .._ ~.~ . .5.

Chemical finns' share of
R&D personnel up in 1986
% of total industrial R&D scientists and
engineers in the chemical industry-

13.0~~~

11.5r,----

l1.0I----------j

• Full-lime equivalent. as 01January of each year
Sourc.: Nallonaf SCienceF~ndalion
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University R&D increased 8 %last year

~--\

1

Nearly two thirds of academic R&D
funding comes from federal government

Industry

Other
nonprofit ---

institutions

Universities and
colleges

Estimated fiscal 1986 academic
R&D expenditures = $10. 25 billion

source: National Science Foundation

'-------------_ ..

More than half of academic R&D is
in the life sciences

Other 
sciences

Environmental ,---"
sciences

Physical
sciences

Estimated flscat 1986 academic
R&D expenditures=$10.25 billion

CHARACTER OF UNIVERSITY R&D SPENDING: Basic research gets two thirds
Annual change

$ Millions 1985- 1985 1984 1983 1982 1981 1980 1979 1978b 1977 1978 1185-88 1978-88

Basic research 5 6.900 56377 55638 55269 54857 54576 54026 53612 53176 $2600 $2549 8% 10%
'Applied research 2.760 2580a 2370' 2101 2004 1866 1691 1465 1213 1067 1015 7 11
Development 590 517 a 4953 437 415 377 343 284 236 200 164 8 14

TOTAL $10,250 59504 $8503 $7807 57276 56819 56060 $5361 $4625 $4067 $3729 6% 11%
ANNUAL CHANGE 8% 12% 9% 7% 7% 13% 13% 16% 14% 9% 9%

Note: Data fO(institutIonal llscalyears. a C&EN estimates. b Estimated. based on data from Ph.D...granting institutions only. Source: National Science Foundation

SOURCE OF UNIVERSITY R&D FUNDS: Federal share is largest, but it is falling
Annual change

$ Millions 1986- 1985 1984 1983 1982 1981 1980 1979 1978 b - 1977 1976 1985-86 1978-88

Federal government $ 6,400 $6003 $5386 $4960 $4752 $4562 $4096 53595 $3059 $2726 $2512 7% 10%
Industry 560 536 456 379 334 291 237 194 170 139 123 8 17
Universities 2.500 2258 2024 1881 1690 1520 1319 1198 1037 868 810 11 12
Other sources 770 704 533 587 500 446 409 374 359 314 264 9 10

TOTAL $10,250 $9504 $8503 $7807 $7276 $6819 $6060 $5361 $4625 $4067 $3729 8% 11%

Note: Data for iristiMlonal fiscal years, a C&EN estimates. b Estimated, based on data from Ph.D.-granting institutions only. SOurce: National Science Foundation
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FIELDS OF UNIVERSITY R&D SPENDING: Biggest growth fOl' computers and math

9% 10%i
7 10;;; "
8 12
9 13
5 12
7 10

22 23
12 13
3 5

10 13
6 na
8% 11%

-'1981-81 1'~_
1t.!

1171197718...1811198219831984

5138.5 4607.3 4233.0 3972.4 3673.1 3216.9 2832.5 2538.0 2258.8 2101.7
1136,6 996.9 898.9 824.3 766.3 677.4 601.9, 469.4 423.5" 379.4
549.9 470.8 414.4 368.2 357.2 322.2 292.0 235.1 201.7 183.1
414.5 371.2 336.0 309.4 285.1 244.0 206.4 183;1 '159.4 140.1
707.0 649.5 620.5 559.3 550.3 509.1 452.9 379.4 319,4 288.5
277.7 222.7 175.5 149.5 113.1 114.2 97;9 67.4 55.6 44;5
129.4' 124.4 108.4 98.9 89.1 78.8 78.5 58.8 52.342.5
731.3 635.7 659.1 645.8 645.8 599.1 539$, 483.7 458.9 440.7

1383.2 1206.4 1111.3 1025.8 981.0 864.9 768.4' 601.1 498.5 ,431.7
109.0 96.2 90.8 83.6 83.2 67;6 • na' na na;' lUi

$9503.7 $8503.0 $7806.8 $7276.1 $6818.8 $6060;3:$536'1:4:.$4624.7 $4087.0,$3728.0'
12% 9% 7% 7% 13% 13% 16% 11$%,. ,9.% 9% '

1988-- 4985

$ 8,730 $&120.5 $7298.5 $6695.5 $6250.2 $5857.8 $5195.4 $4593.0 $4023.8 $3588.5 $3287.3All sciences
Life 5,510
Physical 1,230

Physics 600
Chemistry 435

Environmental 755
Compmer 340
Mathematical 145
Others 750

Englneerln9 1,520
Chemical 115
TOTAL $10,250
ANNUALCHANGE 8%

S Militons

;'

Not~ Data for Institutlonal fiscal years. a C&ENestfma~es. b NSFestimates. baSed on data from Ph.D.-granting Jnstttutions only: nil = notavallable._~_~I ScIence Fooridatlon

FEDERALLY FINANCED R&D SPENDING AT UNIVERSITIES: Growth slows In physical sclence

$ Millions 1988- 1985 1983- 1982 1881 18...

All sciences
Life
Physical

Physics
Chemistry

Environmental
Computer

Mathematical
Others

Engineering

Chemic;::al
TOTAL
ANNUAL
CHANGE

$5420$5145.0 $4609.4 $4221.8 $4054.0$3899.3 $3500.f!c~0~.I!o.:i8s.,:2'2:i89."$22tt~·;:5%
3290 3138.7 2793.9 2565.3 2494.4 2364.2 2094.0 1818.8 1826.4 1474.0 1360;8"Oi 5.

920 . 883.3 779.3 698.5 650.0 619.0 554.8, 490,7, 392;3,·,'338"F305""" 4
480 454.7 387.9 340.0 306.2 308.7 279.9 252.5' .199.2 '171;9 156.1 6
320 308.4 278.9 248.6 231.1 216.8 189.4156.5 138,0 121.5107.9' 4
500 480.7 451.5 427.9 392.2 392.7 372.5 329.2275:,1 238:6 2'11.S" 4
230 193.1 161.6 127.8 107.0 93.5 77.0 69;2 41.2 a7.5 a2.9,- 19.
115 96.1 91.3 76.7 72.1 67.9 ' 61.1 60.4 44.1 40.6 32,9' 20
365 353.1 331.8 325:5 338.4 361.9 341.2 300:6 272.0' 259.9 257.4 3
980 857.5 778.8 7a7.9 896.2' 662:5 595.4 528.4 407.5 336.7 290.5 14
t 65 57.9 54.4 52.1 49.6 55.2 '46.1 na na na na 12

$6400 $8002.8 $5386.0 $4959.7 $4752.2 $4561.8 $4096.0 $3595.3 $3058.7 $2726.1 $2511.9 7%
7% 11% 9% 4% 4%' 11% 14% 18% 12% 9% 10%

9%
9

12
12
11
9

21
13
4

13
na
10%

Neil.,: DataforlnstitutlOiialfisealyears~ 8 C&EN estimates. b NSF ~$tlmates. b8sed on data from Ph.O.-granting InstIMlons only. na "" not available. Sourc« NatIonal Science Foundation .

Money for academic R&D, in constant
dollars, is growing strongly •••
$ Simons
12 h

10

77 78 79 80 81 82 83 84 85 86 8

• • • and funding for R&D in chemistry also
forges higher in real tenns
$ Millions
500 r ........7:"";::=:~,·,~-----:::'~"""'"I.'':1

77 78 79 80 81 82 83 84 85 86'

Note: beta for institlltional fiscal years. a C&EN estimates. Sourc~: National Science Foundation
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TOP 10 UNIVERSITIES IN R&D SPENDING: 21 % of total goes to top 10 institutions
Ph)'afCal EnYlronmenta' Lit. Meth and OIher

S Milifon.. r1.c.1 1185 00'...... Chemistry- Engln..,lng .e,ene•• selene.. computet selene.. sclencn" Total

1 Johns Hopkins U $ 58.3 $ 4.2 $ 118.8 $ 28.3 $ 99.6 $ 71.7 $ 13.9 $ 388.8
2 Massachusetts Inst. of Technology 70.7 12.4 103.8 12.5 31.1 13.4 11.5 243.0
3 U of Wisconsin, Madison 23.7 5.2 21.8 17.8 115.8 7.4 21.9 208.4
4 Cornell U 36.2 6.3 30.6 5.2 114.5 6.6 10.1 203.2
5 Stanford U 35.2 7.1 58.3 3.2 83.1 14.1 5.3 199.2
6 U of Minnesota 11.2 3.3 18.1 3.7 127.2 3.4 9.7 173.3
7 U of Washington 11.6 2.0 11.9 18.0 99.8 3.8 18.9 184.0
8 U of Michigan 11.4 2.3 23.0 9.6 79.3 3.7 36.7 163.7
9 U of California. Berkeley 31.8 9.9 31.9 2.4 62.6 2.8 18.4 149.9

10 U of California, Los Angeles 15.5 6.7 18.5 8.8 93.3 1.2 12.4 149.7
TOTAL. TOP 10 INSTITUTIONS $ 305.7 $ 59.4 $ 434.7 $109.4 $ 908.4 $128.1 $158.7 $2043.0
TOTAL. ALL INSTITUTIONS $1138.8 $308.4 $1383.2 $707.0 $5138.5 $407.1 $731.3 59503.7

a Included in physical sciences. b Includes social sciences, psychOlogy, and ottlef sciences not listed separately. Source: National Science Foundation

'--'-'----. ~~----J

Note: Academic fiscal years. a Excludes biochemiSlry and geochemistry.
Source: National center for Education Stalistics

~961;"""~6:':7""'":68:':--:6~9""'":7:':0""'":7~'""'":7:':2""'":7~3 -=74'-"J7s'-n-!::-""n-!::-""7:LS--:7:'9--:S:LO--:S:"--:S:':Z--:S'=3""'":84":--'!SS'

CHEMICAL DEGREES:
Doctorates increase
AoaHmlc
'Iacal yea, Baohelors Matt .... Ph.D..

DEGREES IN CHEMISTRY

1988 9,735 1839 1571
1987 9.872 1831 1744
1988 10.847 2014 1757
1989 11.807 2070 1941
1970 11.617 2146 2208
1971 11,183 2284 2160
1972 10,721 2259 1971
1973 10,226 2230 1882
1974 10,525 2138 1828
1975 10.649 2006 1824
1978 11.107 1796 1623
1977 11,322 1775 1571
1978 11,474 1892 1525
1979 11.843 1765 1518
1980 11.446 1733 1551
1981 11.347 1654 1622
1982 11,062 175' 1722
1983 10,746 1604 1746
1984 10,704 1667 1744
1995 10,482 1719 1789

Bachelors In chemIsb,.
10

Fewer degrees awarded at undergraduate level
Degrees awarded. thousands

12~~~~

~OP 10 UNIVERSITY R&D CENTERS: 40% of funding goes to
support work in physical sciences

S Millions. lIac.' 1,.5 E"'..........
lii...04.'........

131.7
79.7

129.1
"21.1

o
o

2.4
$434.3

o
o

45.8
8202.4

$ 28.4
16.9
61.8
o

24.5

Jl~.
17.8'
o

o
o

3.3
8131U

131.7
79.7

1 Lawrence Livermore Lab $ 230.5 5 432.2
2 Los Aismos Natlonsl Lab 335.8 233.0
3 Jet Propulsion Lsb 72.7 295.2
4 Lincoln Lab 50.3" 188.2"
5 Argonne Natlona' Lab 89.3 118.5

········811'~tii'iiiNiiiiOiiafLiii . . ····l:UT ..~~[~_~,_
==·=-7iUwr..ncalu,kiiiefLlib=·==~f6~il" 18.5

8 Fermi Natlonel A_ator 151.3 0
Lab

I PI_ "",oIcI Lab
10 51_ line... A_elor

center
AII_

TOTAL, ALL FEDERALLY
FUNDED RaD CENTERS

Natr.o.tI for~""'i*lI_"........hnI'iiCIND~.• ~1Ife1dencel_oIWlJCilralnaI
11fted~.~ EstiiNMd. __ NIItiorWI $ciefQ1 FOWIdIIdan

• EJcc:tudIe: tlIOd.,..f end tfiCI'CI.,.,.---= NIitIONI e-- fOrEcIucIdon StaIIItIcs
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SCHOOLS SPENDING MOST ON CHEMICAL R&D: More than 20 spent at least $5 million in 1985
1985

Total %
Rank spending faderal 1984 1983 1982 1181 1'80 Annual change

1985 1984 (S thousands) funds ($ thousands) 1984~8S 1880-85

1 1 Massachusetts Inst. of Technology $ 13,221 94% $ 11,741 $ 8,914 $ 9,792 $ 8,222 $ 8,784 13% 14%
2 3 u of California. Berkeley 10,804 92 7,850 7,945 6,283 6,553 6,022 38 12
3 2 Harvard U 8,863 76 8,3278 6.89S 8 5.512 8 6,1238 4,7976J 4 13
4 5 Stanford U 8,354 85 6,809 6,375 6,116 5,564 4,788 23 12
5 6 Cornell U 7,962 79 6,710 5,7178 6.2398 4,818 3,808 19 16
6 8 California Inst. of Technology 7,605 92 6,446 6,994 6,136 6,901 6,328 18 4
7 12 U 0' Wisconsin, Madison 7,350 70 6,076 5,310 4,567 4,122 3,976 21 13
8 9 U of Maryland. College Park; 7,289 46 6,324 6.3338 4,7188 3,109 2,766 15 21
9 4 U of California. Los Angeles 7,243 93 7,219 5,496 5,187 4,420 4,159 0 12

10 10 U of IllinOis, Urbana 7,079 76 6,284 5,888 6,422 5,239 4,261 13 11
Total. first 10 institutions 85,570 82% 73,786 65,868 60,972 54.871 47,669 16 "/0 12"·:'

11 16 Pennsylvania State U 8,509 90 5,124 4,729 3,564 3,413 2,973 27 17
12 28 U of Colorado 6,360 85 4,134 3,302 3,492 4,047 3,332 54 14
13 11 U of Massachusetts. Amherst 6,291 63 6,137 5,162 4,364 3,230 1,889 3 27
14 13 U 0' Chicago 8,287 91 5,735 4,798' 4,396 4.1398 3,9588 10 10
15 15 Purdue U 6,018 90 5,443 4,542 4,459 4,600 3,596 11 11
18 19 Texas A&M U 5,896 71 4,610 4,963 4,521 4,069 4,097 28 8
17 14 Indiana U 5,820 84 5,642 5,551 5,341 3,837 3,147 3 13
'8 '7 U of Notre Dame 5,549 92 4,760 4,022 4,020 3,855 3,457 17 10
19 27 Ohio State U 5,422 71 4,104 3,739 2,907 3,227 2,654 32 15
20 18 Columbia U, main division 5,188 87 4,662 4,281 4,700 3,564 4,437 11 3

Total. lirst 20 institutions 144.910 82~/o 124,137 110,957 102,736 92,652 81,209 17 ':'0 12%

21 25 YaieU 5,098 90 4,134 3,341 2,875 2,781 2,023 23 20
22 20 Northwestern U 5,062 78 4,557 3,413 3,026 2,995 2,367 11 16
23 21 U of Pennsylvania 5,025 88 4,375 4,982 3,068 3,386 3,688 15 6
24 34 U of Utah 4,840 91 3,830 3,838 3,364 3,076 2,811 26 11
25 22 U of California. San Diego 4,642 87 4,355 3,910 3,894 4,430 4,42Sa 7 1
26 23 U of Oregon, main campus 4,640 85 4,255 3,351 2,971 1,389 1,119 9 33
27 7 U of Texas, Austin 4,588 47 6,639 5,938 4,843 4,779 3,970 -31 3
28 31 U of Pittsburgh 4,580 84 3,965 3,267 2,714 2,039 1,641 16 23
29 29 Johns Hopkins U 4,466 93 4,030 4,592' 4,721 4,086 4,652 11 -1
30 30 U of Florida 4,380 53 4,024 2,347 2,248 2,302 2,283' 9 14

Total. first 30 institutions 192,229 81% 168,301 149,736 136,460 123,895 110,188 14% 12%

31 28 U 0' Minnesota 4,167 79 4,067 4,047 4,297 4,260 2,642 2 10
32 36 Princelon U 3,963 78 3,670 3.509 3,062 2,513 2,065 8 14
33 37 U of South Carolina 3,729 75 3,423 2,721 2,483 1,087' 970" 9 31
34 33 Georgia Inst. of Technology 3,884 56 3,846 3,401 3,327 3,860 3,655 -4 0
35 40 Siale U of New York, Siony Brook 3,481 67 3,084 2,807 2,783 2,691 1,986 13 12
36 36 lehigh U 3,456 39 3,361 3,664 2,584 1,680 1,066 3 27
37 24 U of Connecticut 3,429 44 4,135 2,720 2,049 1,746 1,300 -17 21
38 44 Virginia Polytechnic lnot, I SIal. U 3,339 59 2,633 2,206 1,740 1,581 1,612 27 18
39 39 Florida State U 3,276 32 3,137 2,500 2,959 3,012 2,791 4 3
40 Howard U 3,269 91 3,672 2,338 982 1,40$ 1,287 -11 20

Total, lirst 40 institutions 226,022 79% 203,329 179,447 162,728 147,533 129,542 12% 12%

,,·,·_,_·,_.,_,~'C~'__ 'O'
-"'-~"-~"----"

. __ n __...._~·,~,..' .._·

.=.~~.41'~44=M1chlgan4lIal.""··.. 3;22290 ·2.lf69"~2:Yl~ 2.493 2,178 1,838 12 14
42 41 U of No<lh Carolina,~ Hm 3.201 90 2,945 2.397 2,240 2,018 1,789 9 12
43 32 UofR_.. 3.198 90 3.858 3,187 3.123 2,988 2,089 -17 9
44 U of California, IrYfM 3.142 97 2, '77 1.777 1,681 1,915 1,398 44 18
45 U of CallIomIa, Santa _e 3,0$0 89 2,172 1,902 1,698 1,634 1.434 41 16
48 . U of Virginia 3,046 71 2,518 2,089 1,778 1,781 1,203 21 20
47 lowe Stale U 2,988 41 2,239 1.903 1.462 1.272 1,159 33 21
46 UofWaalllnGton 2,984 68 2.340 2,182 2,278 1.500 1.321 27 17
41 40 Weyne State U 2,0$3 99 3,071 2.1145 2.1158 2,281 2.183 -32 -1
50 Syr_U 2,900 52 2,110 2,171 2,888 2,259 784 37 31

Total. IIrsl 50 InsUlutlona $258,844 78% 5221,826 5202,354 5184,181 5167,515 5144,505 13% 12%
NATIONAL TOTAL 5414,529 74% 5371,112 5338,025 5301,371 5285.520 $244,454 12% 11 %

Note: DetIlfor~ ftIcaI ,....• EJtinWId. It..,.........NItianII SCIenc:e F......

""'27,1187CHN 11
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East and west Coast schools account for 64% of R&D spending In IJh)'Sical sciences

WEST NORTHCENTRAL
$40.3 million
3.8%

EAST NORTH CENTRAL
$188.1 million '
18.7%

NEW ENGLAND
$153.0 million
13.8%

GRADUATE SCIENCE STUDENTS: Chemistry, biochemistry, chemica~engineerlngtotal 8%

I,

Annual change

1875 1984-85 1975-85197819771878,87818801981118Z19831984....

KeytolMp: Using the MkklleAtlantlc: states as an example, $170.8 million. Of 15.4%'lotsll R&D expendllures in the physical sciences by all Ph.O.~rantlng universities and
colleges are rnad8 in this geographical area. Note: Dataarebasedon R&Dexpendituresof $1.11billion in the physical sciencesdUringthe 1985fiscal year.
• IncludesAlaska, HBWaIl, and outlying areas. Source: Natlonal SCience FoundBlion

•

Physical sclancas 29.4 28.4 27.7 2&.5 25.8 25.4 24.9 24.7 24.8 24.8 24.5 4'l6 2%
Cliemlstry '17,3 16.6 16,5 15.8 15.2 15,1 14,9 14.8 14.6 14.4 14.1 4 2
Physics 11.3 11.0 10,5 10.0 9.9 9,6 9,3 9.2 9,5 9,6 9,6 3 2

'" ·""'",,,,,,,,LIIa,scleneas, , ,,,,,,93.8,,,,,, ,92.5 ",,91.2. .",.90.7, ".90.9, ",,,90.7 .., ,81.5, 85.9, ",83.3 11.2." , .13.,8",,, .,1", ",,2,
, ••• m".~""'~",, iClCbemistry ·~:~-~A7~,~:,:_,:-,·,A5,-~~~ ~.,~4'2 __..4 ·.. ~·4.0 .......4.0.. ., .. 3.ge.. "".,..4.0,. " ....3,,8.. ~......3.1... . ....3J:.... ~4.~ ....,...2,.....

Englnasrlng 91.8 88.3 88.4 78.2 74.4 70.1 87.2 84.3 84.4 82.8 84.8 4 4
Chemical 7.0 7,2 7.4 6.9 6.3 5,9 5.4 5.2 5.1 5,1 4,9 -3 4
Metallurgical& 3.8 3,6 3,3 3.0 3.0 2,8 2,7 2.5 2,5 2,3 2.3 6 5

materials
Petroleum 0.8 0.7 0,7 0.6 0.5 0,5 0.4 0.4 0,4 0,4 0.3 14 10

Environmental 14.3 14.3 14.3 13.8 13.1 12.8 12.8 12.2 -12.3 11.7 11.0 0 3
sclancas

Mathematical and 39.0 35.4 33.2 30.3 27.1 25.0 22.7 21.5 21.1 21.7 21.3 7 6
computersclancas

Pl)'cholOSY and 102.8 104.5 105.4 107.3 108.7 109.7 105.8 101.2 100.8 99.8 98.7 -2 0
socl81sclancas
TOTAL 371.1 383.5 358.1 348.8 340.0 333.7 320.8 309.8 308.8 298.2 293.8 2% 2%
ANNUALCHANGE 2% 2% 3% 2% 2% 4% 3% 1% 3% 1%

NOTE:Data for Ph.D.-grantIng institutions only. Source: National Science FoundatIon
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OURCES OF R&D FUNDS: IndUstry andfecteral government each contribute nearly half

60

o
1972 73 74 75 76 77 78 79 80 81 82 83 84 85-

20

401------------""

100 r----------------:::;.;;;;;;;;;;;;;;;;;;;

, .. they are only two thirds higher
if inflation is taken into account
Sources of R&D funds, $ billions, constant (1982)
120

· .·Qverview

. to,,?--jy/~-,L~.~~!~~~Fe outlays for R&D are upe past 15 years,
SOurces nds, $ billions, current
120

::

Annual,*,
1977 1986-87 11978197918ao

$ BIIII_ (current)
1984 1983 19~2 1981

$ 58.1§e:~::.~a.;,It;'::;:;:;..~;m;:;;;II:eg:~:.--:; '.6:,.. ~~:~i.=$~~~:~.:~:.- ;$::~1~:;3~.~$;:~..~~;i;.. :-;..~jrj~;j.~:.. ·:1E~.~~··~i=·=_~.~~;~;:1i:==:·~~····~:;~~[•.;.=':~~;1l:;ii:·.···:~$.~;-~~.~~[=.:=-;$:.1;1:!~1:-:.~..l~!9§~=~.=_2·T;.;~~~~~
~!!<!!!I!!'!'!!!~ ..t.5~··=··==""·~'4·· ··T'3··T:r---·-i-:1- 1.0 1.0 0.9 0.8 0.8 0.7 7

~....= TOTAL $122.3 $115.2 $107.5 $97.8 $87.2 $79.3 $71.8 $82.6 $54.9 $48.1 $42.8 8% 1
A ....UALCHANGE 8% 7% 10% 12% 10% 10% 15% 14% 14% 12% 10%

$ Billions (1982, constant)-- $ 48.8 $ 48.3 $46.8 $45.2 $41.9 $40.1 $38.3 $36.1 $3302 $31.1 $29.2,,.dlJSl<Y 1% 5

Federal government 50.4 48.9 46.5 42.3 39.2 36.5 35.7 34.5 34.3 33.2 32.2 3 5
ni1fersn,es and c(lilleges 2.3 2.2 2.1 1.9 1.8 1.7 1.6 1.6 1.5 1.4 1.3 5 6

~~ Instllutlons 1.3 1.2 1.2 1.1 1.1 1.0 1.0 1.1 1.1 1.1 1.0 8 ·3

TOTAL $102.7 $100.6 $96.4 $90.5 $83.9 $79.3 $78.8 $73.2 $70.1 $88.8 $63.7 2% 5
ANNUAL CHANGE 2% 4% 7% 8% 6% 4% 5% 4% 5% 5% 2%

a c&EN estimates. Source: National Science FounclatJon

JUly27, 19B7 CaEN

._~.,.'-'"'-.'----- ---_._---._--~----._---..-



R&D SCIENTISTS AND ENGINEERS PER 1000 EMPLOYEES: Arne"" high in chemicaU~

Electrical
equipment

Aircraft and missiles

Industrial
chemicals 4%

Drugs 6%
Other

chemicals 2%

Machinery

1986 total industrial R&D scientists and engineers'=580,300

Chemicals and
aflied prcaucts 12°0

Chemical and d ' ide jobs for 12% of~
scientists and engineers .f

1

a suu-eme equivalent, as of January 1986. Source: National Science Foundation

i
I -

~~=~~~-~----------------'

'.

.- ..14 ..83 1182 1981 .... 117' 1978 ,.n 1178 .197S

CIIemlcaIoand allied producIa 55 54 54 51 44 42 42 43 42 40 41
Industrialchemicals 42 44 45 44 37 36 36 38 38 36 38
Drugs 93 88 82 74 66 60 62 65 62 64 59
'P!her chemicals 38 37 36 36 33 30 27 27 29 28 29

AUCInduoIry 36 38 35 33 29 27 27 27 27 27 26

~: NatIonal SCIenceFOWlCIation

COST PER INDUSTRIAL R&D SCIENTISTOR I;NGINEER: More than doubled In past deCade-- .11as "14 1983 1182 1181 ,... 1171 1978 1177 ,.75 "7~

Ctiemlcalo and aUIedproducIa $125.2 $119.1 $109.6 $104A $ 96.6 $ 87A $79.8 $72.8 $87.8 $86.5 $80.9
Industrisl chemicals 151.1 135.1 126.6 124.3 118.0 103.4 92.8 84.2 79.6 74.7 67.5 •
Drugs a 111.2 100.7 a a 79.2 71.4 64.8 59.9 63.4 60.9
Other chemicals a a a a a 66.5 66.5 61.6 53.8 50.8 43.2.

Alllnduolry $137.0 $129.7 $118.9 $112.4 $103.9 $ 94.9 $87.4 $80.4 $75.8 $72.2 $86,8

• Not separatelyavallabte but Inctudeclin~ and allied procl.K:ts. Source:National Sdence Foundation

Chemical firms' share of
R&D personnel up in 1
% of total industrial R&D scientists and
engineersin thechemicaJ industry8
13.0

79 80 81 82 83 84 85 86

8 FUll-time equivalent,as of Januaryof each
Source:NationalScIenceFoundation '

54 July 27. 1987C&EN

EMISTS IN INDUSTRY: Drugs biggest employer
'% oIlndus1r1al~ Mean Alary ($ Ihouaanda)"'

AII~ B.S. M.S. ....D. B.S. M.S. ....D.

18% 17% 20% 17% $40.3 $42.4 $57.2
15 13 12 16 45.7 53.3

_and_gas 5 4 6 45.1 49.4 63.6
Agricultural chemicals 4 2 4 5 37.8 46.0 54.4
Coallngs 4 5 4 3 41.6 47.7 50.6
Electronics 4 3 4 4 41.2 46.2 56.9
Food 3 5 4 2 39.8 46.2 56.5
Metals and minerals 2 4 2 1 40.2 38.8 47.0
Rubber 2 3 '2 2 40.7 37.8 54.7
Biochemical products 2 1 2 2 35.1 35.5 57.5
Soaps and detergents 1 1 1 2 36.3 47.2 59.8
Paper 1 1 1 1 37.2 37.8 54.8
other manufacturing 17 20 17 16 41.2 44.1 55.1,
Nonmanufacturlng 10 13.· 12. 7 40.7 41.0 50.1

a As of March 1, 1981; to facilitate comparison. mean salaries are adjusted for differenCeS In average Ienglh of
experience for each group. b Includes personaf care products..Source: ACS swvey

~
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Software Protection-Integrating
Patent, Copyright and Trade Secret

Law
Gregory I, Maier*

""'0~'_"0l,I:!.i!J!~J!~C!IIllLl?rol?~rty t~rJ:!l~,s{)ft",Vareisa. true hybrid. A:lthough;;""I :.2: 'IigJ(iif~~JI~iT!i:~rrg:([X[S£!((iijg:~]t~li1~o~p·O[s~:[Ses·T(jItctldha.litY:'·jt'0······&·"I·_"0.n . 0 00.W _·.'0••••••••" .••'0'w••'0•••••~.'w'
property that clearly distinguishes ii"frbmbiainary·wntiIigs.To·write······················ c « •• «.

software is to formulate instructions for reconfiguring a collection of
electronic logic gates and memory cells into avirtual structure capable
ofaccomplishing a predetermined objective. Thus what begins intel-
lectually as a form of coded writing ultimately operates as an electronic
network. The same, certainly, cannot be said of other types of writ-
ings, which are simply not capable of reconfiguring logic gates, but
Only' of expressing intellectual concepts. Similarly, other types of
electronic networks are not capable of existing entirely in theform of
writingsvSoftware is a hybrid because it both expresses intellectual
concepts.andhasthe power to. physically. implement them with the
aid of a computer. . . .' ..' .• .

.It is the hybrid nature of software that causes its failure to fit
neatly into anyone existing category of intellectualproperty, resulting
in seemingly endless confusion as to how it may best be protected.
The purpose ofthis article is not to place software into any particular
category of intellectual property protection, but rather to identify the
hybrid nature of software and to demonstrate that the very different
intellectual property conceptsembodiedwithinsoftware can be coex
tensively protected by patent, copyright, and trade secret. This article
advocates a prospectively straightforward approach to protecting the
various types ofintellectual property found in software: an approach
in which patents protect functioning implementations of concepts,

fll .... copyrights protect modes of expression, and trade secrets protect

9.1........ ···_·~ffl~~!{)I1a1!~e;~~~.~?e~.!att:I1~.£;ot~.~~~.~is.~.~:~~!!:~!.e~~.~~d.:~!~: """.+ ...; '. ' ~ ..

*Oblon, Fisher, 'Spivak,McClelhuld& Maier,p.C. The authorgratefully acknowledges the
assistance of Donna L. Angotti, a law reviewstudent at Georgetown University Law Center.
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As patent protection for software has experienced a more trou
bled legal history than copyright or trade secret protection. somewhat
more emphasis is placed on historical development in this area than
in the other areas.

JPTOSGregoryJ. Maier152

PATENT PROTECTION

Misinformation concerning patent protection for software is wide
spread. Many programmers still believe that software cannot be pro
tected by patent.' Pamphlets and publications make erroneous state
ments such as: "There is little chance in obtaininga patent for software'?

~'''C~~'C",",".".!t!!£!",.:.:CII!:!£••gISel~.m~iQrit\u?~(%§'5l!llNil!:!i~9.Q!:,.§~!!!ll~g!!J!!jfx ••fQ[=Bj!lS!!!••••••••ss,••;_•••••w" •••••••,~••w••••% ••••••, ••,.~•••••••=.
""",_.,._P.J;Qt!<~tiQn,,::;.Il1~.ll,~ll,A~mi~.cQmmunity_alsQ.misp!<r~!<iy~stQ~utility ••_ •• _. '

of patent protection. A recent law review comment states that case
law "suggests that processes that use computers may be patented,
but that protection does not extend to software programs them
selves,"4 and that "there continues to be no protection under current
patent law for the large number of computer programs that are neither
embodied in firmware nor related to a process of production."?

Confusion regarding the nonpatentability of software is not the
fault of academic writers, but has its origin in case law,

The most troubling aspect of the case law is the part played in its
development by the Patent and Trademark Office (PTa) because one
would jhink .thatthe PTO, the nation's, only agency empowered to
issue patents, would have had an interest in encouraging, rather than
discouraging, the patenting of new technology, Early decisions of the
Court of Custom and Patent Appeals (the predecessor ofthe Court of
Appeals for the Federal Circuit) strongly suggested that the CCPA
judged software patentable by the same standards as any other tech
nology" It was the PTa that originated the theory that software did
not fall within the broad statutory classes of patentable technology
set forth in 35U.S.C. 101.' Sadly, this theory had its origins in bureau-

I ABA Corum. On Computer Software. Res. 406-3, discussion (986».
2Id.(quoting How to Copyright Software and Secure Trademarks (Sofprotex ed. n.d.j).
3 ld. (quoting Salone. How to Copyright Software (1984». .,..
4 Comment. Combating. Software Piracy: A Statutory Proposal to Strengthen Software~:~

Copyright. 34 De Paul L. Rev. (1985), at 1005. " "_~

•.,""'="••••.,;.,.5"!<!"~t..].1)(}§.~.=.oo.+-====.,, ••,,= ""'= ,.,.,"'=..=.,,=""=' "••c==-.===- =.~.~.="--..,., ·.~=..~,=.c ·= , i =.=,· ·
6 See In re Benson. 441 F.2d 682 (C,C.P.A. 1971), rev'd sub nom. Gottschalk v. Benson. 409 'itl

U.S ..63 (1972); In re Flook, 559 F.2d 21 (C.C.P.A. 1977), revd sub nom. Parker v. Flook, 437 .•••
U.S. 584 (1978). ",

7 See Parker v ; Flook, 437 U.S. 584, 587-588 (1978), rev'g In re Flook, 559 F.2d21 (C.C.P.A. ','
1977). '~
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cratic concerns over workload, rather than in careful theoretical anal
ysis.' In the early 1970's, theP'TO anticipated a deluge of software
applications at a time when it did not have the resources to hire skilled
software examiners! Worry about workload and backlog motivated
the PTO to lead the fight against software patentability.

The fight was against the respected logic of the CCPA and led to
several rather tentative Supreme Court decisions. 10

The first such decision was Gottschalkv. Benson, II which involved .
ainethod for converting binary coded decimal numerals directly into I
binary numerals for use with a general purpose digital computer. The I. . '" ...nn.'>'W

....,,':::::·:·::·:~~d~:~~f~~~j~~~!i;:Jlf::;;;;;~~i~~~:J~:f;'(jJW~~~i~&!£~ii0~~~W~~:::::::::::P::::::':'::::::::::::::::::::::::::::::::::::::::::::::
puter, any patent "would wholly preempt the mathematical formula i
and in practical effect would be a patent on the algorithm itself." 12 !
Despite the courts' noble attempt at a theoretical explanation of its
preemption theory, its conclusion was influenced more by the cry for
help from the PTO" than by sound principles of intellectual property
law. In its opinion, the court cited the PTO's lack of classification
techniques and search. files to handle the'supposed burden of exam-
ining software applications." The court, persuaded bythe PTO, felt
that there was sufficient growth .inthe software industry without need
forpatent protection. is Thus the Supreme Court, instigated by the
PTO, relied as much upon bureaucratic economic arguments as legal
principles in foreclosing one of the fastest growingareas oftechnology
from adequate patent protection.

8 See id.
9 See id,
10 See;'e~g.,_ Gottschalk.v. Benson.-409 U.S. 6J(1972);rev.'i1n-reBenson; 441 F.ld 682

(C.C.P.A. -197l);·Dann v.Johnston, 425U.8.219(1976), rev'g In.reJohnston,.502F.2d 765
(C.C.P.A~_1974) (finding obvious claims to a machine system for automatic recording of bank
checksand deposits under which checks and deposits are customer labeled with code categories
which.are processed by a data processor and permitting a bank to furnish a.customer with a
categorized breakdown of his transactions, despite the fact that theprierart did not possess the
ability to allowalargenumber of small users to get. the benefit of a large scale computer and ,
stilluseindividualbookkeeping methods); Fl()ok, 437 U:S. 584. ":',, < '''' "",, ,',', ',' ,!

=n~1 __'_7 __~~·_::;":t~n409__Y~.S.~6.3."_'_7 __""__ -7---"-'-'---'7'--- ---. ------____·-·--c- --r------oo--,oo-----o----' - '7- - --

13 See.ld at ·72-73 (quoting Report of the President's-Commission ori the Patent. System i
(1%6)). i

14 [d. I
.IS"SeeM. at72. Without reviewing the scope ordeslrability of copyright protection. the court J

concluded that it was available. '

iw
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The CCPA resisted the Supreme Court's questionable logic and
there ensued a further conflict between the courts." Subsequently in
Parker v. Flook, involving a method for updating alarm limits during
catalytic conversion processes, the Supreme Court set forth its' 'point
of novelty test" thata claim was directed to unpatentable subject
matter if the point of novelty lay in the formula or algorithm recited
in the claims. I? Conventional or obvious post-solution activity was not
sufficient to transform an unpatentable principle into a patentable
process. IS The court again considered the PTO's interest in not having
to process "thousands of additional patent applications. "'9

~""""",;m"M%''Fhis''·ease''truelY'·,maFlcsmthe··low·,point'{appatentmproteetian·afw•M•••••

'software'inventions;'The'court"s'approach'improperlrimported·into'···
its analysis of eligibility of subject matter for patent protection (under
§ 10I) the considerations of novelty and "inventiveness" which are
the proper concerns of §§ 102 and 103.20 The point of novelty test is
wholly inconsistent with the conventional view that a patent claim
must be considered as a whole.

Just prior to Flook, the CCPA had expressed its opinion that the
, "point of novelty" approach was inappropriate," and had set forth its
two step (Freeman) analysis for determining whether a claim preempts
nonstatutory subject matter as a whole:

First, it mu~t be determined whether the claimdirectly or indirectly recites
an algorithm in the Benson sense of that term, for a claim which fails even
to recite an algorithm clearly cannot wholly preempt an algorithm. Second,
the claim must be further analyzed to ascertain whether in its entirety it
wholly preempts that algorithm. 22

The Freeman court addressed the confusion regarding the word
"algorithm." The Benson court had defined an algorithm as "A pro
cedure for solving a given type of mathematical problem."" In Free-

~-~

~'"
-.;~

16 Meyer. Patentability a/Business Methods Implemented bv Computer, 2 Computer Law.
12, 14 (Feb. 1985); see Diamond v. Diehr, 450 U.S. 175,205 (1981) (Stevens. J., dissenting),
aff'g ln re Diehr, 602 F.2d 982 (C.C.P.A. 1979).

17 See Flook, 437 U.S. a1594.
18 See id. at590~
19Id. aI587-588. • ••.

,,:,:,:::-~. """-"""'-'~--'-"'-""~::2U''''rtEat'OOO"lStewaff;''J;';''aissenIihgJ':"""-:C::~'=C"""":'"'='''''''=':''T'''':,":±:'='~'''',,-':_,:c":""""_""""_"'''';(''===';;;:''':''''':''''~''''_T:'~"_""""""""'""::o:'i'%'

,::~:;:~I .:,21 In re Freeman. 573 F.2d 1237-1243 (C.C~P.A. 1978) (involving a system for typesetting
<~i - alphanumeric informationwhichpositionsmathematical symbolsinanexpression in accordance

with their appearancewhile maintaining the mathematical integrity of the expression).
22 Id. at 1245.
23 Benson, 409 U.S. at 65.
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man, the CCPA rejected a broader definition of an algorithm as "a
step-by-step procedure for solving a problem or accomplishing some
end.' '24 Such a definition, said the court, is "unnecessarily detrimental
to our patent system and leads to reading the word 'process' out of
the statute.':" The CCPA interpreted Benson as concerned only with
mathematical algorithms. ze

Following Flook, the CCPA once again rejected the "point of
novelty" approach." The CCPA did not read Flook .as adopting a
"point of novelty" test (despite the fact that this is exactly what the
Supreme Court had done) because it could not believe that "the

-4..c~"",~~&"' .."" . ~Q . . ' t-h . ,. et d-in- .•.... . A· .... · ste ·t: ·Il.y···d tructi e.;'.28.m . ....,.~"".." 0u£~em~ .'-::~.1.1~~ .~~ac.~ In a man~ersopo n la '~ ~s ~ I'\< . •u., ~ ~ ,. ".vc..,. 'A.".~••'.".Ao•.' ,.w,.~' ,,' .
The .CCPA restated' the second ·step·ofthe·'Preeman·test;--······· •·•..·..·..· · ~ .w "•••.... ......, .

If it. appears that the mathematical' algorithm is implemented' in a specific
manner to define structural relationships between the physical elements of
the claim (in apparatus claims) or to refine or limitclaim steps (in process
claims). the claim being otherwise statutOry, the claim passes muster under
§ 101."

Finally, in Diamondv, Diehr, the Supreme Court changed direc
tion and upheld the eligibility for. patent protection for claims drawn
toaprocess .for curing synthetic rubber, 30 The Diehr Court rejected
the "point of novelty" approach by saying,

.'

In determining the eligibility.... for patentprotectionj.].. .. claims must be
considered as a Whole. It is inappropriate to dissect the claims into old and
new elements' and then to ignore the presence of the old elements in the
analysis, ..... The question therefore of whether a particular invention is
novel is wholly apart from whether the invention falls into a category of
statutory subject matter."

The confusion between.therequirements of § 101 and those of §§ 102
and 103 was at last resolved. The court also addressed the confusion

,

24 Freeman, 573F.2d at 1245-1246.
25 Id. at 1246.

...~. 26 Id.
dj>:c ,,'c;;"_T~'"'C_,_~?:,-~!-,/,n r,e'f~~~r; ,~_1_~J=':2d75~,766 (C.C.P.A; 1980) (invol~ing ~_metbod and apparatus. ',""," ,L

. •.\. . . . for cross-correlatingretum Jum6feasigiliilS,\Vitli11j'eTrigiilal'signal·wliich'w.nransmitted·into~~-'~-'T-'__'_'~'_'. -r~-·"'-,~",.. " ~~,~""-~
the earth in seismic prospecting and surveying). . I

28 Id.
29 Id. at 767.
30 Diehr. 450 U.S. 175.
31 u. at 188-189.

,

- .1
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dissent considers the.burden on thePTO in deciding the case.ld. at 219.
38 Diamond v. Bradley. 450 U.S. 381 (1981), aff'g In re Bradley. 600 F,2d 807 (C.C.P.A.

Pardo. 684 Fc2d 912 (C.C.P.A. 1982).
40 Id. at 916.

156

32 Jd.at note 9. The PTO defined the term "algorithm" as:
L Afixed step-by-step procedure for accomplishing a given result;usually a simplified procedure for

solving a complex problem. also a full statement ofa finite number of steps. 2. A defined process or set
of rules that leads [sic] and assures development of a desired output from a given input. A sequence of
formulas andlor aigebraicdogical steps to calculate or determine a given task; processing rules.
33 Id. at 186 (algorithm defined as a procedure for solving a given type of mathematical

problem). :;
34 Id. atl91-193.
351d. at 209-210 (Stevens, J., dissenting).
36ld. at note 32 (Stevens, J., dissenting).
37 The reasoning in Stevens' dissent goes astray in analyzing the requirements of §101 and

§102. The dissent would further the confusion regardingthe term "algorithmtt by presenting yet
another definition of the term:

... is svnonvmous with the ·termcomDuter program." [d. at

regarding the term "algorithm," rejecting the broad definition espoused
by the PTO" and affirming the narrow definition set forth in Benson. 33

Though the majority in Diehr attempted to distinguish Diehr from
Flook on the grounds that Flook's claimed invention contained insig
nificant post-solution activity while Diehr's claimed invention trans
formed or reduced an article to a different state or thing," this dis
tinction is questionable in technical terms. Stevens' dissent in Diehr
provides an excellent analysis of the striking similarity in the method
of updating the curing time calculation in Diehr and the method of
updating the alarm limit in Flook:" His analysis concludes that the

<"'~"A~""Q'mo.st~significa.n~'diffe~ence'between'the'eases'wa~·'not'·!n'the'cha~ac.'A"QA'·'~l
··,;;iI..·",········terrstlcs·Of..thc·lnVentWns;·burtathe·t the'manncr'ln"whrch the -claims

were drafted." If this analysis is accepted as accurate, it is clear that
the Flook and Diehr cases should have been decided the same way,"
in favor of eligibility for patent.

Later in Diamond v. Bradley, the Supreme Court affirmed the
CCPA in holding that there was no "algorithm" in an invention relat
ing to a firmware module which directs data transfers between regis
ters and memory." This solidified the narrow definition of the term
"algorithm" adopted in Benson.

The CCPA further clarified the meaning of the term "algorithm,"
holding in In re Pardo that the applicants' use of the term "algorithm"

. to describe the invention is not an admission of nonstatutory subject
matter. 39 The court found no mathematical formula or calculation
present in the claims in the case."
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..
The CCPA again refined and finalized the Freeman software

patentability test in the case In re Abele" stating: "Thus, if the claims
would be 'otherwise statutory,' id., albeit inoperative or less useful
without the algorithm, the claim likewise presents statutory subject
matter when the algorithm is included.":" The court found some claims
ineligible for patent protection because they were "no more than the
calculation of a number and display of the result, albeit in a particular
format,' '43 while other similar claims were deemed eligible for patent
protection. .

The inescapable conclusion to be drawn from this case law is that
'~00•••ss·'ttU·software0claims·are·eligible'for'patent·proteetion·unless·they.simply""•••0w••m •••0•••.n •••s.••••••••••••••·••••••••••·••.·•.0.••_ •.•0."•••.•••'

'invl)]VeTlIeUSe'O[lI'mlrrlrematicalfomtulno'ca!culate'and'display"'a'
number."

Software patentability is a de facto reality today, as the PTO now
commonly issues patents for software inventions. Examples of patented
software inventions include a process for a management control sys
tem for multiprogrammed data processing," a method of constructing
a task program for operating a word processing system," a program
that checks for spelling errors," and a program that converts one
programming language into another (an RPG to COBOL compiler)."

A patent for an AC current control.system is an example of how
close claims can come to reciting calculations and still be accepted by
the Patent Office." Patents for software systems involving artificial
intelligence have also been granted."

Perhaps the best known software patent was issued to Merrill
Lynch for a Securities Brokerage and Cash Management System."
This patent was the subject of a court action which resulted in an
opinion denying a motion for summary judgment of invalidity under

41 In re Abele. 684 F.2d 902 (C.C.P,A,. 1982).
42 Id. at 907.
43 Id. at 909.
44 Sumner, The Versatility of Software Patent Protection: From Subroutines to Look and

Feel.B Computer Law. I, 3 (June 1986). An approach treating patent claims directed to SUbject
matter implemented at least in-part.with software the same as other inventions has been adopted
by the ABA. ABAComm. on Computer Software, Res. 406~3 (1986).

48 U.S. Patent 4,374,408.
49 U.S. Patent 4,555.755.
50 U.S. Patents 4,593.367 and 4,599,693.
51 U.S. Patent 4,346.442.
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52 Paine, Webber,Jackson andCurtis:Inc. v. Merrill Lynch. Pierce, FennerandSmith, Inc.;
564 F. Supp. 1358 (D, Del. 1983).

53 See id. at 1367. 1368.
54 Id. at 1368.The court then addressedthe issue of whetherthe claims were drawn to non

statutory subject matterfor claiminga methodof doingbusiness. The court held thatthe claims
effectuating a useful business method would be unpatentable if done by hand but pass the

h,-_,_,~;Q,M,i;~~-f;Ih~~_~L~, ~.~l,\,.~.in.ce_.~h~~7'~~a~~c,~T_:t~~~'"~~._t:)e~~l<l~io~ C~7 ~ ~~~te~ t<? :~:_c~".lt~~~~....~... ",_-';
busmess acnvrty. [d. at 1369. For a'dlscusslon ofthe"effectof ffieaefimtloO"of&PaIgontnm""on-"""/""'"
the issue.of patent eligibilityfor methodsof doingbusiness, see Meyer. supra note 16,at 15. 16.

55 A.discussion of. the manner.of enforcing by an infringement suit a method or system
apparatus claim for a software invention. againstproducers anddistributors of softwareas well
as against users, is beyond the scope of this article. It is noted that legal theories such as
contributory infringement and inducementmay be explored.

35 U.S.C. § 101 for not claiming patentable subject matter." The
decision, following earlier CCPA precedent, rejected the contention
that a computer program is inherently an algorithm" and found no
direct or indirect recitation of a procedure for solving a mathematical
problem."

This initially favorable court action. together with the issuance
of software patents by the PTa, lends considerable support to the
premise that software is now generally patentable subject minter.

Stating that software is "patentable" is somewhat misleading
. ..... because, as has been explained, software is a complex hybrid in terms
'*-.•.•..'.•...r""""'='··"'Of.tlfe.itlteltectUltl·Pfoperty.coneeptS'··it·etnbodieS'?,M.o.·re·aeeu.r..ate.ly••.zzz:
·"~I·"·········tIfe·iITtelleclua:qmjperty··eifjlJodied"'in·lhe·fi1netiotl<tI·<tspeetS'·ohhe······

software is protected by patent. The mode of expression embodied in
the code that comprises the software is not specifically protected by
patent, but the basic organization of the software and the manner in
which it operates are in principle protectable by patent-assuming all
other standard requirements for patentability are met. Thus, while a
patent may not protect against copying the mode of expression found
in a software code, it would provide the legal right to prevent others
from making, using, or selling the claimed software invention. On the
other hand, it is difficult to imagine a situation in which copying a
software code would not also result in patent infringement.55

One of the important advantages of patents over copyrights is
that patents protect against independent development, while copy
rights only protect against derivation from protected works. Thus, a
broadly claimed software patent could provide protection against a
range of independently developed software, including programs
achieving similar results with differing code structures, while copy
right would provide no protection.
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dII

The patent's advantage in broader protection is, to an extent,
offset by the significantly higher cost and levels of difficulty in securing
protection relative to the simplicity and low cost of obtaining a copy
right. When basic or valuable software concepts are at stake, however,
the cost and effort involved in obtaining patent protection are minor
compared to the insurance value of the rights obtained.

COPYRIGHT PROTECTION

Copyright protects original works of authorship," meaning the
intellectual property embodied in the mode of expression by which

~-*,,:2-::·::·:t~~~~~::~~~~~i~~~;~~:~~~~~~~~~;~';:~~~~gk~~~f~~;i:;!:i~~2 ::':::':::::::::::::::::::::::2:·:::::::·~:::-::::··::::::::
tern, method of operation, concept, principle, or discovery, regardless
of the form in which it is described." A Copyright therefore, as applied
to software, would appear to protect only the intellectual property
embodied in software as a mode of expression." Copyright arms its
owner with the legal right to prevent copying of the protected work,
to prevent the distribution of copies, and to prevent the preparation
of derivative works;" all of which are valuable rights, since software
is easily copied.

The originality and creativity of a computer program may lie in
the appearance and presentation of software, known as the" look and
feel.'?" Many have favored extending copyright toprotect the mode
of expression embodied in the "look and feel"" as well as the literal
text of software.

56 17 V.S.c. § 102(a).
57 See Baker v. Selden, IOIU .S. 99 (1880) (setting forth the distinction between the descrip

tion.of the art which may be secured by copyright and the aft itselfwhich may only be secured
by patent).

58 17 V.S.c. § 102(b).
59 Applying the idea/expression dichotomy to computer programs. the court inApple Com

puter. Inc; v. Franklin Computer Corp.q714 F.2d 1240. 1252 (3d CiT. 1983), identified the
expression adopted by the programmer as the copyrightable element in a computer program.

60 17 V.S.c. § 106.
.61 Russo and Derwin,Copyright in the . 'Look and Feel" ofComputer Software, 2 Computer

Law. I (Feb. 1985).
62 Id.at II; see Whelan Assocs. v, .Jaslow Dental Lab .. .Inc., 797 F;2d 1222 (3d Cir. 1986),

" ,:Y-f offg.,609 F. Supp. 1307 (£-;D. Pa.1985) (discussed in following text), SAS 'Inst.. Inc. v . S& H

•..••......•.••.•.:•..:•.·.:•..•.•..:•.·.•:•••.•c•.•••.•.•••.••.'. " , co__m.~u)~rs. y.s, ._!n~c." ~5.;.!::' S~_~-:"'~~J_~ ~M~,...:~~~.T :~Il:.1 ~?J}~PC.JI_I>:i.~g,.a...,,,,?r,,~~.7~'~~tC',!2}.~....~.'.?"S~'~.',!1},i,~,~;_0_"')':;.,;;,.c::."7.:,7,"~;;,;"'~;;c",;,_, ..:~_.','_",.',',.,',:_, ...,','=,"cc:,:b,_~., .. ":,"o;-,:,~._,.,,.-,'_,',=,,'3, =."'_"'7"","",
'}~-'=·~-,:::;:·:;""''"s1iTidafIty:afia'fi'nolfi1fmfimgementm-aiIoptmgtfie orgamzatIonal scheme of another s code even' , 'I "

:~:+:~ , though this code was independently written). Commenu szc-e. note 4. at 1019...:-1022. The court
'::.'-,<i!:~ " in Williams v , Arndt. 626 F. Supp. 571 (D. Mass 1985)extended the scope ofcopyright protection

,..':c2i ,by finding liability in translating a prose work into computer language. See Gesmer, Develop
ments in the Law of Computer Software Copyright Infringement. 26 Jurimetrics224 (Spring
1986)for a discussion of the role offacts amounting to misconduct in Whelan. SAS, and Arndt.

.- 'i
j:,',ij••
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Patents are meant to protect 'utilitarian creations; .Patent protection can be. viewed as
strongerthancopyrightprotectioninthatthereis nodefense of independent developmentagainst
a claim of patent infringement.

68 -See Comment;supra, note 4; Final Report of National Commissionon New Technological
Uses of Copyrighted Works (1978), reprinted in A. Latman. Copyright for the 80's 129 (1985)~

63 RothGreetingCards v. UnitedCardCo..429 F.Zd 1106 (9thCir. 1970) (finding infringement
of the association of elements of a greeting card despite the lack of infringement of any of the
individual elements).

64 See Comment. supra, note 4. at 1019. The "total concept and feel" test originated in Roth,
429 F.2d at 1106. Roth is criticized for finding the whole work greater than the sum of its parts.
[d. at 1110.

65 Whelan.

To constitute copyright infringement, there must be substantial
similarity between the accused work and the work copyrighted, and
that similarity must have been caused by the infringer "copying" the
copyright owner's work." Those in favor of protecting the "look and
feel" of software by copyright adopt the position that two works are
substantially similar if the "total concept and feel" of the works are
alike.""

The farthest extension of copyright protection of computer pro,
grams can be found in Whelan Associates, Inc, v. Jaslow Dental
Lab..es a recent landmark decision holding that copyright protection

,,·,,·,",,······1'5f·cofflfltlti!f·llfl5gfams··may·extenrr·beyond··the:'pFogFam·s~.liteFahcodew."•.••",.
fo'theirsIf\Jc'tOt~;si!qOefiCt:;amIorgallization:·Thc····couFt·o[·appeals·······

affirmed a holding which broadly defined the expression of an idea in
a computer program as "the manner in which the program operates,
controls and regulates the computer in receiving, assembling, calcu
lating, retaining, correlating, and producing information either on a
screen, print-out or by audio communication. "66 This case is very
significant in extending the scope of copyright protection to methods
of operation, procedures, and processes 'which would appear to have
been expressly excluded from copyright protection under 17 U .S.C.
I02(b) and which are perhaps better protected by patent. 67

The rationale relied upon in favor of extending copyright protec
tion for computer programs includes: 1) the belief that computer pro
grammers deserve some form of protection for the intellectual prop,
erty they create, and 2) the assumption that there exists no other
adequate means of protection." In Whelan the court was concerned
with providing the "proper incentive for programmers by protecting
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and "Feel" ofComputer Software, 309 Copyright andNew Tech

supra, notes 57-59 and accompanying text. But see supra, notes 65~9-and accom
text.

their most valuable efforts. ""9 (Since patent protection was not con
sidered applicable at the time the software was created.)

The expansive definition of "expression" in Whelan could be
interpreted as extending copyright protection to the internal workings
of a computer, not the traditional subject of copyright." and suggesting
a substantial area of overlap between patent and copyright protection.

In effect, copyright protection has been stretched in Whelan to
fill the gap left when the courts denied software inventions patent
protection, Stretching copyright protection is understandable, from

. an equitable point of view, to protect software authors/inventors who
..",~Lgw.v.~•••••~exe•.disJ~g!!!:age.d.fl;Qr:nAseeking..patent.p;;o,lJ,>;,liQJleJ!!!e.tQ.l!lc.&ltal!g!ngw ••"'.•_ .•••••.& ••••••••••• • • •• • • • • • •• .• • •• g •••••••••••" .••.•••" .•••••

.;.:1;........statlls...of.the•.law.regarding.thepatentability•...of.software.inventions,.....................................•..•...••.••.•
The equities are particularly important in cases involving misconduct.
Prospectively, however, as the intellectual property community accepts
the notion that software is patentable, there may ultimately be little
need to so stretch the bounds ofcopyright protection.

It should be noted further that there is no central appeals court
for copyrights as there is for patents. Thus, the scope of copyright
lawin protecting software may vary among the circuit courts of appeals.
This fact, and the unusual circumstances of Whelan, suggest that it
may not be prudent to conclude that copyright protection will be
applied with the same breadth as in Whelan by other courts faced with
other factual circumstances .. Nonetheless,.Whelan is. an important
precedent when one must rely exclusively upon copyright in software
litigation.

One must not suppose that copyright and patent protection are in
any way at odds -, Copyright protection can mesh very neatly with
patent protection to provide a unique continuum of intellectual prop
erty protection in the software environment. Copyright protects against
literal copying and against slavish imitation of code or mode of expres
sion." Patent protects against infringing use, whether through deri
vation or independent development, ofthe broader functional aspects
of software. Thus the combination of available copyright and patent
protection would appear to make software the most protectable of all
technology-a far cry from its position a decade ago.

..
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Under this basic definition of trade secret, it is clear that a com
puter program including logic, structure, and organization can qualify
for trade secret protection as long as it is not generally known." Where
major software is developed by corporations for internal use, or where
a very limited distribution of software is anticipated. the traditionally
required level of secrecy is easily maintained. Similarly, if software is
developed for sale on a limited basis, contractual or licensing provi
sions can easily be provided to maintain trade secret protection. But
in mass marketing software to over-the-counter customers, it is cer
tainly questionable as to whether an adequate degree of secrecy can
be maintained," or whether any contractual trade secrecy provisions
can be enforced to the extent traditionally required for trade secret
protection. 73

The concept of "shrink-wrap licensing" was developed in an
intriguing attempt to accommodate the situation, Due to the dubious
common law basis for enforcing shrink-wrap trade secret clauses,",

Trade Secret law has also been relied upon to partially fill the
void left when software was denied patent protection by the courts.
The Uniform Trade Secret Act presents the following definition of a
trade secret:

72 Unif. Trade Secret Act.
73 Rice. Trade Secret Clauses in Shrink-Wrap Licenses,2 Computer Law. 17 (Feb. 1985).
74 See id, at 18.

"=".=C;;7?;"'~i~.g"i4:~d~:,h.!-~".,,l-2:,,~;,=,':=,~'"'_:c:,,==c",""".:.."",.""i':,~"'~. __~"._'._, .. ;.~__~.,;,,._,'~'".-,;s,~,=.:7~~_''''''';,-':t,c_'''.,''''''''''"'"=_;c'7''':c''.""'.;,,,., ..~.:.,:'-0,''',,~_"
76 A non-disclosure clause in a shrink-wraplicense neithef evidences nor create's a.-confiden~·-·_·,-,:cc;q:;

tial relationship since special facts are required to transform an arms-length market transaction
to a confidential' one. Id. Furthermore, the remoteness of the parties precludes a finding of
negotiated' terms, ,and consequently. it would be' difficult to -enforce the clauses on contract
theory.ld. at 19.

Trade secret means information, including but not limited to. a formula.
pattern. compilation, program. device. method. technique. or process. that:

1. Derives independenteconomic value.actualor potential,fromnotbeing
generallyknownto, and not being readily ascertainableby proper meansby.

!9<,,=······o{i1erpersons·wnocartoD(atn'economlc"VaJu~ITomTt~·Qi"stltrsilre·or·USl';aifd········

··"""········2~·Is·ihesub]ecroTeffortstharare·reasonabreunderllle'C1rcuI'ilSlances!o"
maintain its secrecy. 7~
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states such as Louisiana have enacted laws to give these clauses legal
effect. 77

Just as in the area of copyrights, the "shrink-wrap" extension of
trade secret law to protect mass marketed software might be inter
preted as a response to a perceived lack of adequate protection by
patent. Given that many software authors/inventors have been dis
couraged from seeking patent protection, it is understandable that
techniques such as shrink-wrap licenses including trade secret clauses
would be developed in order to obtain at least a modicum of intellectual
property protection. Indeed, in some circumstances such as low cost,

::::I::::::::::~:r~~:e;~I~iti;i:j~~~~~J;f~~l§-:f~~tI~d:'*~·l1t7rfbT~~j~~gf~~~~"__•__""_'_"''''__·_·'''''''·_·'_'_'-_···_~_.--•••iy .. Y J . . _ a._.~.._ ~ _ ~ __~~_ _.. _. __ _.•._ __." _ _ ~•._..,,~_ .._ I

valuable, more unique software where patent protection is available, '., .. .
shrink-wrap licenses may be needed only while patents are pending,
or not at all.

TRADE SECRETS AND PATENT DISCLOSURE

Patent protection may, of course, coexist with trade secret pro
tection." Trade secret protection may be -important during the pen
dency of a patent application, and may even protect undisclosed
details of an invention during the term of, or after the expiration of,
the patent. As trade secret protection is relinquished to the extent an
invention is disclosed in a patent application, there is sometimes
motivation to minimize the disclosure made in a patent application in
order to obtain broad patent protection and yet retain significant trade
secret protection. In software terms, this can mean a patent disclosure
that does not reveal any code.

Under 35 U .S.C. § 112, first paragraph, one must disclose the
invention "in such full, clear, concise and exact terms as to enable
any person skilled in the art to which it pertains ... to make and use"
it.79 The best mode of carrying out the invention must also be dis
closed." A present issue of controversy is whether a program listing
or other detailed code disclosure must be made in order to satisfy

:1

J
;ii

____. ·1
;',"/1', ","', 77Jd. at 20. Such .laws might perhaps be challenged on constitutional grounds for giving <,.]'
~~'~,""'''"'','',c''''-''',:'",-,patent".like,prot,eetion,in,perp_etuit·y;""whi,C:h,?yi91<tJ~M_Q~"~~;iA~_;pg4sr-,,s~gm~~L!.e"~<;,~*~~~J"R~.l\1IJLl~~'0~,~~~ .."'c~,.~,:J:iC:C-7T

:'(-::'iSt There are also possible conflicts with federal antitrust laws. Due-to the unce'rtain theoretical - <---~--~. "-""'~'::f!l-- .,'""'''''c'::'::;;c:=-=,-'''-::,,,G:t,~_~_?:,,c::s-_::-::;c>_,'',,·.__i,"_''" ;~ , . , -- -=,

-:"::::~ basis of shrink-wrap trade secret clauses, any protection provided is fraught with doubt.ld. ,::;1
;::-?'~ 78Suinner, supra;ilote 44 at4. :ii!
"'~ 79 35 U. S.C. § 112. ,iii
~ wu.
.. "I::1,
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81 In re Sherwood, 613 F.2d 809 (C.C.P.A. 1980), ce-t. denied,'450 U.S. 994 (1981).
ill;ci:itJ,_,_""',,-c:"""::-''''',J~2_"'J¥hJ(l!oJ::Q~~Q!·-illdl,ls-.:cy:,,,:l{ega"s.e:1;l'Q"c;ontfQlj-}nc,;·n7,-1-3,~E.-2d,,;Z88-'(.Fed.'"Cir.;,1983:)-.--,.";=,,,"co:;-'::::::: -

83 III.Tool Works, Inc. v, Foster Grant Co.• Inc., 547 F.2d 1300 (7th Cir.J976), cert. denied,
431 U.S. 929; affg, 395 F. Supp. 234 (N .D. III. 1974)(exact identity ofdescription isnotrequired
by the enablement requirement).

84 But see Comment; The Disclosure Requirements of35 U.S.C. § 112 and Software-Related
Patent Applications: Debugging the System, Conn. L. Rev. I.
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these statutory requirements. In the case of In re Sherwood," disclo
sure of the listing of the program was found unnecessary to satisfy the
best mode requirement because an outline of the methodology used
was provided, and detail of the code was considered to be within the
ability of typical programmers. On the other hand, in. White
Consolidated" a patent was invalidated for failure to comply with the
disclosure requirements under 35 U.S.C. § 112 because key software
was not disclosed. However, in White Consolidated no effort was
made to disclose the missing software, other than an attempt to incor
porate it into the patent by reference. Since the software in question

'~'6w,a,»:I\§,,£QJ)liiQ~r\;g,l!Jr.l!g.e,§£,.<;;'te,tl!!lQ,»:a§.,nQtpl!11Ii£lY,l!)£l!ill!.!?le"lh£,A;Ql!r!"M~'_,,"
.,"'..•.., ....•correctly.concludedthaLthe.patenLwasinvalid«.Had.the.patenLincluded.....

a software disclosure of the level found in the Sherwood case, it may
be assumed that the patent in White Consolidated would have been
found valid.

Regarding this disclosure question, it is well established law that
there is no need to describe any invention in the detail needed for
direct production." Reasonable experimentation may be required to
make and use an invention disclosed in a patent specification. To
require an applicant for a software patent to provide a complete pro
gram listing would raise the standard of disclosure for software inven
tions far above that for any other technology.84 Such a requirement
would require that an ..invention be disclosed so .that..a person of
virtually no programming experience would be able to make and use
it. Furthermore, all trade secrets in the program listing would be lost
through publication. In general, therefore, it is consistent with weI!
established law that complete program listings should not be' required
to satisfy statutory disclosure requirements in software patent appli
cations. Disclosure of algorithms and techniques of attaining results
sought must be described, but nothing further, as long as an ordinary
skilled programmer could be expected to draft a workable code with
no more than a reasonable degree of difficulty based upon the disclo-
sure.
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85 See Hirschfeld v . Banner. 462F. Supp. 135;141-142 (D.D.C. 1978) (Markey, C. J..
,~~c~:~:~.(i~~~ig-by-.d~Sign~ti~n),qffd-ro<", .•-6J5X2!U~p], (lU:._9r. I.2JlQ),.~~rt. denied,_4JO --c-~- . . ', ._ ... ',__

86 BUlsee Comment. supra, note84atl8-19.
8THirschfeld, 462F. Supp.at 142.
88 See White Consol., 713 F.2d at791 , (where the details of a programwere required to be

disclosed since ·no suitable substitutes were -known.or available and.could not be obtained
without Plz to 2 years of effort).

Block diagrams, flow charts and top-down diagrams are presently
considered the preferable means of disclosing a program, as a person
does not have to understand any particular computer language to
understand such diagrams." Whether or not a program listing is pro
vided, a detaiIedand cleatlywriuen narrative of the program is required,
since most patents examiners are not enthusiastic about disecting
computer listings and normally will not issue patents on inventions
they don't understand."

Happily, the disclosure questions for software inventions appear
to be resolving themselves to a degree. Disclosure must be sufficient ,

···j:::::::::~I~~~i~~~~~~~~;1~~H~~n;rff~~F:~rJ~·i~~;f;~~;:r;:~~;o:;~~:::::::::::'::::::':::::':::::::::::::::::::::=::::::t
is considered "undue experimentation" depends upon the nature of
the invention and the level of "ordinary skill" in the art." As the
experience of nearly all technically educated people with software is
increasing rapidly, it becomes apparent that "ordinary skill" today is
nearly as common as it was rare a decade ago. Furthermore, today's
rapid spread of computer technology in schools and even homes will
assure continued growth in the level of sophistication among those of
"ordinary skill." As a result, issues concerning fulfillment of the
statutory disclosure requirements for software inventions should become
less significant in the future.

CONCLUSION

Now that the courts and PTO have abandoned their excessive
concern over the job of examining software applications, patent pro
tection is presently available for virtually all software inventions. As
software authors/inventors come to understand this, extensions of
copyright and trade secret law to protect functionality will be less
necessary. Patent, copyright, and trade secret law will again be able
to resume their traditional scopes and continue their complementary
relationships, particularly in protecting intellectual property embodied
in software.

...
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Herbert B. Roberts
HAVJ;lRSTOCK, GARRETT & ROBERTS
St. Louis, Missouri

Having been involved in four reexamination matters, I agree
your observation that reexamination is most favorable to the patent
owner and isn't being used very much by third parties. Is this bad? It
is my opinion that this is what we expected when the act was passed.
The legislative history will reflect that the PTO and many patent
lawyers felt that there should be some inexpensive way for later
discovered prior art to be considered by the Examiner in the PTO.
What Examiner could possibly be better qualified to do this than the
examiner who examined the original application. Thus, the law is
functioning the way it was intended and I personally believe we should
let it alone for a while.

My concern is that if we create more of an inter partes proceeding
in reexaminations, we would soon have it more complicated and much
more expensive. An example to consider is our "legal tinkering" with
interference practice. Most of us believe that interference law is now
breathing its last gasps and I am one who believes this is unfortunate.

Reexamination
At Issue with Mr. Neff

Dear Gregor:
Your article in the December 1986 JPTOS is excellent but I must

disagree with the conclusion you reached. The survey which you
quoted in vour article is flawed to some extent because I received four
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INFORMATION MEMORANDUM
.
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.

From: Director, National Bureau of Standards

Prepared by: K.F. Gordon/NBS/PBF/975-2664

Subject: Report of Coordinating Committee on Emerging
Technologies

Attached is a report from the Coordinating Committee on Emerging
'...... Technologies you created in April 1986 , for which I served aSI

Chairman.

As requested, it presents a consensus of the Committee on what
the important emerging technologies will be over the next decade

I or two. In addition, the Committee ranked these technologies
based on expected economic impact, and also identified the major
barriers to the commercialization of these technologies .

.

Although discussing the barriers quickly raises the issue of
formulating policies or actions aimed at removing them, we judged
the operating units of Commerce had the more ap~ropriate

expertise and mandate for that task.

I would like to brief you on the results of our activities at
your convenience.

I suggest the next step after your briefing might be to arrange a
presentation to Department officials on these results, perhaps
at one of your monthly staff meetings. I think this could be
important for two reasons. First, to obtain their concurrence,
and second, so that they can make sure the policy formulation and
programmatic actions of their agencies are focused upon removing
the barriers identified. .
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DfOGAH'ZATlON Director, EXSec
rrr-J NBS

IN'TIALS 4NO IIAN II 1987
DATE: :": .~';.: :,;:.;..:. Sl~. 1510.:.

"':.a~'" - - .~:~

• . ,.•- USCOIrM".DC ,0_....0

" .. '



FINAL REPORT

THE STATUS OF EMERGING TECHNOLOGIES:
AN ECONOMIC/TECHNOLOGICAL ASSESSMENT TO THE YEAR 2000

COORDINATING COMMITTEE ON EMERGING TECHNOLOGIES



TABLE OF CONTENTS

INTRODUCTION

IDENTIFICATION OF EMERGING TECHNOLOGIES

RELATIVE IMPORTANCE

CONCLUSIONS

RECOMMENDATIONS

1

1

2

4

4

APPENDIX A - DESCRIPTIVE TABLES

Table 1 - Emerging Technologies 6

Table 2 - Emerging Technologies Ranked by Economic
Impaqt 10

Table 3 - Generic Barriers to Achieving Maximum
Benefits From Emerging Technologies 11

APPENDIX B -

APPENDIX C -

DETAILED DESCRIPTIONS OF BARRIERS

REPRESENTATIVES PARTICIPATING IN
COMMITTEE ACTIVITIES

12

18



"

\

FINAL REPORT

THE STATUS OF EMERqING TECHNOLOGIES:
AN ECONOMIC/TECHNOLOGICAL ASSESSMENT TO THE YEAR 2000

COORDINATING COMMITTEE ON EMERGING TECHNOLOGIES

iL_.. . . '.. l'NTRODUCTXaN u....u.'

The Coordinating Committee on Emerging Technologies was
established by Deputy Secretary Clarence Brown in April 1986.
The committee was chaired by Dr. Ernest Ambler, Director of the
National Bureau of Standards, with participating members
appointed by the head of the bureaus of the Department concerned
with technology or technology policy. Appendix C lists the
members~

The mandate of the Committee was: 1) to identify major
technologies that are likely to have large impacts on ~uture ....,....
economic growth of the U.S., 2) to analyze the relative economic
and technological importance of these new areas, and 3) to
identify the primary barriers to their commercialization. The
recommended approach was to formulate a consensus among
knOWledgeable units of Commerce, and in the process to share
information and jUdgments among the participating Commerce units.

This is a report arrived at through deliberations at eight
Committee meetings from June 1986 to January 1987. It is based
on individual assessments of scientific/industrial plans and the
existing and/or required policies involved in fostering the
successful commercialization of new and innovative technologies.

IDENTIFICATION OF EMERGING TECHNOLOGIES

As its initial task, the Committee £ocused upon identifying the
major emerging technologies of interest to U.S. industry and
government. 1 By.emerging technologies we mean new or
significantly modified technologies expected to lead to improved
industrial processes or innovative products. Such technologies
are usually derived from new scientific knowledge or new
applications of existing scientific knowledge.

Using a Delphi approach involving several iterations and
discussions, the Committee agreed upon the list of emerging
technologies shown in Table 1 of Appendix A. There are 17

1 Use of the term "industry" is meant to include the full
economic spectrum of manUfacturing, agriculture, services,
mining, and construction.

1



separate technologies grouped into 7 categories. For each
technology, the mUlti-page table provides brief descriptive
information, describes what it does new or better, what products
or processes it might be applied to, and what industries might
use it; Al_though details could not be shown, interactions and
synergistic effects among technologies are also expected.

A high level of aggregation was desired for this study, since a
reasonably short list of technologies was wanted_that would be

L -- -- - -us~~ulc'bo=po-Meymakers. -- -Thus-we e:ll:peet-that lI-rl~tems ()1'I;-~our
---final list will havea-majorimpaetin---tne -futufe-, anclmany-:wur

be of the "breakthrough" type.

A necessary part of each technology is the inherent scientific
information, technical data, standards, and measurement methods
(often produced by Government agencies) that industry needs to
design and produce products in a reliable and efficient way.
Therefore, the technology descriptions and barriers to
commercialization do not separately identify these factors.

The list presente~ probably win not include many surprises to
anyone active in monitoring technological trends or science

- policy. Its intended value comes from the consensus of the
knowledgeable people involved (and the agencies they represent),
and the comprehensive coverage that may be broader than anyone
expert.

RELATIVE IMPORTANCE

Anyone concerned with allocation of resources would want to know
which emerging technologies are expected to bring the most
benefits to the nation, as well as those which might result in
benefits greater than currently projected if given added support.

The emerging technologies were categorized by their relative
importance to our nation's economy using the criterion
contribution to U.S. gross national product (GNP) by the year
2000. While this is an imprecise measure requiring highly
qualitative forecasts, it is probably the best proxy to jUdging
relative importance. It is important to stress the criterion
should be economic in nature, not scientific sophistication or
engineering uniqueness.

The year 2000 is somewhat arbitrary. Since a decade or more is
_usually needed for new scientific understanding to be converted
into commercial products (and probably another decade to reach
its full market penetration)_, that means we are discussing
technologies for which the underlying science is already
understood.
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Using the economic contribution criterion defined above, the
Committee ranked the technologies listed in Table 1. The
rankings should be recognized to be highly qualitative and
aggregative~ they did not attempt to extend into employment
displacement and other second-order effects. They also assume
U.S. firms are aggressive in applying new technologies in both
domestic and foreign markets, and that firms from Japan or other
nations do not overwhelm emerging markets.

_n, ~_ .,_.__ ••_ _' .---.-

·········WtiiletheexactrankingofeachIsprobabIyiiotsIgnIfIcant;· a
grouping into categories having similar scores provides useful
information. Such a grouping is presented in Table 2 of Appendix
A, with group A having the highest economic impact. Calling them
high, moderate, and low, would not be appropriate because no one
would be listed at all unless it was thought to have significant
industrial applications.

BARRIERS

-The. Committee thought it e;hou1d go beyond just identifying
emerging technologies with potential economic benefits and also
identify the barriers or impediments that could prevent or slow
the U.S. from achieving these benefits in its domestic or
international commerce. In these very competitive times, the
ability to rapidly offer new commercial products will determine
if any market success is obtained. Removing or reducing the
barrier should have the important effect of accelerating the
economic benefits or beating out a competitor to those benefits.
Particular barriers may have a stronger effect for one technology
versus another.

Table 3 of Appendix A lists the impediments the Committee judged
would be significant barriers to achieving the maximum economic
benefits from many or all of the emerging technologies. Because
these short titles for the barriers represent complex issues,
Appendix B presents detailed descriptions that elaborate on the
background and significance of each barrier.

The Committee members wanted to emphasize that uncertainty about
the interpretation or future changes of each barrier can be an
equally important impediment to meaningful action. Businessmen
are hesitant to make investments in developing new technology in
the face of uncertainty, particularly when long time horizons are
involved.

While the ten barriers listed are limited to those the Committee
jUdged important, it also felt that barrier No. 1 (Inadequate
strategic planning and execution by U.S. firms) stands out as the
most critical factor.
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CONCLUSIONS

There are a significant number of emerging technologies that can
have an important economic impact to individual firms and for the
overall competitive position of the nation. There is general
agreement on these technologies within the Department and within
u.S. industry (and within Japan and Europe). In other words,
identifying the technological opportunities is not the main

J---- .pt"okl-Jcem-.---"E-ven 1udginq=1:he=a:recr~test economrc-'potentta-r
is not difficult; .. . .... .._mm,m-·

The real problem is converting these opportunities into real
economic success. Many U.S firms have not adopted new technology
fast enough or marketed superior products compared to Japanese
competitors in recent years.

The more important task in improving the use of emerging
technologies appears to be understanding the barriers to
implementation and possibly initiating policy or other actions
that will reduce them. Our Committee did agree on ten important
barriers to achieving maximum economic benefits from emerging
technologies. Several of these barriers cannot be overcome by
the Federal government, although it can actively encourage
private sector action. Others are outside the mission of the
Commerce Department. Because it is primarily technologically
oriented, this Committee felt it is not the best place to pursue
remedial activities. However, several of the operating units of
the Commerce Department do have the necessary policy analysis
capabilities, and some are already active in these areas.

RECOMMENDATIONS

The Committee recommends sharing the results of this stUdy among
the operating units of Commerce so they can benefit from the
consensus aspect of our results. While not new information to
officials already dealing with competitiveness problems, it may
represent useful confirmation for some and trigger ideas for
others. One alternative is for the Deputy Secretary to arrange a
briefing for agency heads and staff to see if they agree with the
conclusions of the Committee and to discuss subsequent actions.

Identifying possible legislative or policy initiatives and taking
actions in those directions is outside the expertise or charter
of this Committee. We recommend the operating units that have
policy formulation responsibilities be asked to take appropriate
follow-up actions. In at least some barrier areas, we know this
is already being done. However, coordination by the Deputy
Secretary's office would serve to ensure complete and prompt
coverage.
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Appendix A
Table 1

EMERIDIG 'I'EOIOOLOGIES

Ted!nol.OQY What does it do new
or better?

Applied tp what
~ or prpoesses?

by What Maior
IIU~es?

iEl-ectrical machinery
[

[

l*otmtion pt..,c: inq
I
]'

I~ecuadc & qJtical
lmliXlilenls & svstems

I
I,
~ve & aircraft

rr a dc
.......

a
..

t~ autcmDtive,

~, autcmDtive,
~-~--~
--p--

j

~,

Infotnation storage

semiconductor devioes

Solar cells

structural CUiPJIlel Its

Electronic substrates,
integrated qJtics

structural CUIPJIlellts

Heat erqine·CUlp:HJe1lts,
tutbine ~lades, heat
shields

structural CUlPJ1le1lts
SUper cxn:luc:t:iIJ}
cuip:aaerlls

Elect.I.'tHta<metic
equipnent

I1lproVed performance in
speed, size

I1lproVed magnetic
ptqleL'ties

I1lproVed magnetic
ptqleL'ties

Higher effic;iency
photovoltaic conversion

Higher st.J:en;Jth-to
weight ratio

Design flexibility
because of spatial
asymnetry

I1lproVed strength &
high-tetp performance

Better hi~ teIpetature
stJ:'en;Jth-t:o-weight
ptopetties

Better dielectric &
qJtical ptqleL'ties

1. 1ld'IIanced Materials

A. ceramics

(high
performance
st:Iuct::ural am
electronic
oermnics)

B. Polymer
(hlposites

'" (high stJ:'en;Jth
fiber reinforced
plastic resin)

C. Metals

(rapid solid~

ification, &
metal natrix
cuiposites)

2. Elwkadcs

A. Mvanoed
Microelec:tJ:adcs

(enhancled VISI
am VHSIC dlips)



-.l

Tec:tlIlOl.oqy

B. Optoelectronics

(qtica1 fiber
an:! light wave
plooossing)

C. Millimeter Wave
Technology

3. Autanation

A. Manufacturing

(CXl'l'Plter
integrated an:!
flexible .
systems)

B. DJsiness an:!
Office systems

(CXl'l'Plter 8R?li
cations within
an organization)

C. Tectmica1
setvioes

(CXl'l'Plter 8R?li
cations in the
provision of
OlAiiuercial
servioes)

What ro.... it do new
or tetter?

In'praIIed perfonnanoe in
speed, size, capacity,
an:! security

Higher density
information storage

When replacing radio
systems it frees RF
spectrum for other uses

Flexible
recxmfiguration of
production plOt'!sses

Integrated control of
all production
operations

Efficient information
storage, retrieval, &
exd1ange

Efficient hig!Hlolume
information storage,

. retrieval & exd1ange

Ag21:Led to what
productS or PI' qesses?

Electronic equipnent,
information plcxs;.sing

eatpIterl systems of all
sizes

Voice & data
<XJI11Il.Ulication systems

All lI1aJ1Ufacturing
pLv:esse;;

Networki.J:lg, word
plOcessing, & data base
manageme!'Jt

Information retrieval
an:! disti-.ib.ttion, data
base lIIal'JdgESIi3ilt,
education an:! training

1

Used by Jilat Major
Irrlustries?

cfam..mtcations ,
~

L;
\;

l:
Te1ecnmunications
ciarriers & wtpotaLe
Use for private .
I#rcuits

.All nanufacturing
R

!;

~l organizations

vF:J.nancial servioes,
eie::tLadc mil,
~e(l""unications,
ptofessional. service

I
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Ted1noloay

4. Biotedmoloay

A. Genetic
~ineerirq

(design &
production of
highly selective
agents)

B. Biochemical
Prooessirq

5. carrotineJ

A. CtIrpJt.ing
Equipnent

(superoatpJters,
.parallel
Ploa::ssirq,
oc:.upJt:er ardl.)

B. Artificial
Intelligence
Techniques

(inclu::les EDq:leI't
syst:ens, natural
larguage, am
robotic wnb:ol)

What does it do new
or better?

D1'pJ:aVed diagnostic am
therapeutic dn1gs

D1'pJ:aVed plants,
pesticides, & animal
Sl.g)lements

Neutralize pollutants

D1'pJ:aVed wnb:ol of
chemical ptooesses,
ou1:pJts, am yields

Faster, lower-wst
Cl:IIp.ltin;J

D1'pJ:aVed COIlpIter
replication of human
ju:1gruellt

Health Services

Foods am pesticides

EnviIOIuuental COI1b:ol
plooesses

O1emical separations
am :reactions,
biosensors

Irifonnation Ploa::ssirq
am COIlpIter wnb:ol

MajorUsed~~?

E··.
,··· ~w.Cine''. oeuticals,,
~icu1turer ptooessirq .

f.....:. cal JIBI'ft1!actur:inJ&t:reatment
I
I ~

I
¢emi.cal manufactur:inJ

~tenti.ally all

applications usinJ
utero



TedU'Iol.oav

6. Medi"., 'l\dulOlogy

A. Drugs

(ather drugs are
incll.ded in
category 4 -,
Biotechnology)

B. Instruments &
Devioes

7. 'Ihin Layer
Tedmoloay

What does it do new
or '?ettw?

I11proved .bmunology am
treatment

Inproved diagnostic am
therapeutic systems

&Jplied to what
products or Ptv 'PSses?

Health 5eIvioes

MagneticResonanoe
Draqinq & CAT sc:anninq,
radiation treatment

I
1

7-[

Used by What Major
Industries?

,cine,

,cine

\0

(semioomuctor
applications
,also are
incll.ded in
ElecLtalics)

A. SUrfaces &
Interfaoes

B. Mesttn:anes

NBS/Gordon,ll/7/87

I1lproVed control am
yiel~ of chemi.cal
reactions

New elecLtonic &
optical prq;lerties

,New chemi.cal
properties, better
chemi.cal separation
tedmiques

Clemical catalysis

SemiClCl\'rlul::tor devioes,
surface trodificaticm
am CXlat:i.Jlgs

Clemical separations



Appendix A (Continued)

Table 2

EMERGING TECHNOLOGIES RANKED BY ECONOMIC IMPACT

Group A (Highest)

Group B

Group C

Advanced Materials; Composites
Biotechnology; Genetic Engineering
~lectronics; Optoelectronics
Electronics; Advanced Microelectronics
Computing; Computing equipment
Automation; Manufacturing

Automation; Business and Office Systems
Biotec:hnology; Biochemical.Proc:essing
Medical Technology; Drugs
Advanced Materials; Ceramics
Automation; Technical Services
Computing; Artificial Intelligence Tech.
Medical Technology; Devices

Thin Layer Technology; Membranes
Advanced Materials; Metals
Thin Layer Tech.; SUrfaces & Interfaces
Electronics; Millimeter Wave Technology
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Appendix A (Continued)

Table 3

GENERIC BARRIERS TO ACHIEVING MAXIMUM ECONOMIC BENEFITS FROM

1. Inadequate long-range strategic planning by U.S. firms, and/or
failure to execute long-range strategic plans, often because of
excessive importance attached to short-range financial statements
and concomitant managerial incentives.

2. Restrictive trade policies in foreign markets.

3. High costs of capital funds in the U.S. relative to foreign
competitors.

4. Inadequate laws, regulations, and enforcement protecting
intellectual property rights in the U.S. or overseas.

5. Restraints and uncertainty caused by product liability and
tort laws.

6. Export controls on advanced technologies and high-technology
products.

7. Federal or State regulations on corporate activities intended
to protect the public health and safety (e.g., building codes,
environmental laws, drug approval regulations, and occupational
health regulations).

8. Poor integration of manufacturing, design, and R&D functions.

9. Inadquate tax incentives for U.S. companies relative to
foreign competitors to deploy emerging technologies (including
the instability of tax regulations).

10. Anti-trust restrictions against cooperative ventures for
marketing or production. There may still be perceived barriers
against cooperative R&D, but legal restrictions against
procompetitive R&D were eased. by legislation in 1984.
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APPENDIX B

DETAILED DESCRIPTIONS OF
GENERIC BARRIERS TO ACHIEVING MAXIMUM ECONOMIC BENEFITS FROM

EMERGING TECHNOLOGIES

1. Inadequate long-range strategic planning by u.S. firms,
and/or failure to execute long-range strategic plans, often

·· __···~~·t~t~~~n~~~~~~~~~}65mt~i~~!:~~~~·:~i"il~r~c~~·tl~ir:=];8:!19~.f.!Jla,llq!~~-~ ... '.'M'" ". .. .' g .. . '. '. . . .. ..

u.S. firms have often not taken the actions or made
decisions needed for strategic effectiveness. That is, they
have been "out managed" by their Japanese competitors. In
tight competitive markets, it is important to have a well
developed strategy that continues to offer customers
products or services with comparative advantages over other
alternatives in the market. Firms must aggressively move to
develop new products with superior features, automate
manufacturing to lower costs, capitalize on new
technologies, and improve quality/service. In contrast to
Japanese competitors, many u.S. companies do not think of
technology as a strategic variable and using it to gain
market advantage. Often Japanese firms introduce new
products in u.S. markets, even though the technology it uses
was developed in American laboratories. u.S. firms have
shown very little initiative to jointly address generic or
structural challenges of a long-term nature.

Many factors contribute to this barrier. Many managers had
become complacent with their successes during the last three
decades, were not sensitive to foreign competition in
domestic markets, and not interested in exports even though

. almost all markets had become worldwide. They were
reluctant to take risk, and slow to react to change when
rates of change were accelerating.

Perhaps the most pervasive cause is the strong pressure on
u.S. managers toward short-term actions and results. The
financial markets, SEC reporting requirements, and the
necessity of raising capital (plUS the accompanying
managerial rewards and incentives) force managers of public
corporations to give priority to showing short-term profits
over long-term investments. Recent U.S. activities in
mergers, leveraged buyouts, and hostile takeovers make
these pressures even stronger.
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2. Restrictive Trade Policies in Foreign Markets

Restrictive trade policies take many forms ~- laws,
regulations and practices -- with an overriding consequence
of protecting a home market from foreign products.. Although
most of these policies are sponsored by governments,
business practices and social mores may also act as
significant trade barriers.

-- . 'D;rt"llct'-Coverfimi§fitPracticesare oneteofoncafrectTn '. c···· .._.......... • _.......... . yI> I> y g .

Tariffs and other import duties designed to protect a
domestic market rather than to raise revenues.
Import licensing designed to create uncertainty,
delays, and discrimination for foreign products.
Government procurement (i.e., bUy national products)

. Product development and export subsidies programs.

Indirect Government Practices are a second type of policy.
Included here are:

standards codes, testing, labeling, and certification
requirements which interfere with market availability
and acceptance of foreign products.
Local or domestic content (e.g. rules or origin)
requirements on foreign products which adversely
affect technology and process innovations.
Market reserve policies that designate certain
markets for domestic products only.
Disregard of intellectual property rights by foreign
governments which undermine the ability to exploit
markets with new products.

Non-trade and Non-government Measures and Practices are a
third type. Included here are:

Public health and safety laws that indirectly
restrict the importation of foreign products.
Local and national distribution systems that
discriminate against foreign products through
interlocking relationships among manufacturers,
wholesalers, and financial institutions.

3. High costs of capital funds in the u.s. relative to foreign
competitors.

Higher interest rates, lower debt-equity ratios, cultural
practices, and tax laws combine to make the effective cost
of capital funds for u.s. firms up to twice as high as
their Japanese competitors. For example, u.s. savings
rates, as a percentage of GNP, have historically been, and
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continue to be, among the lowest of developed countries (and
about half that of Japan). Recent declines in the value of
the dollar relative to foreign currencies have reduced some
capital cost differentials, but the above factors combine to
keep that differential high.

4. Inadequate laws, regulations, and enforcement protecting
intellectual property rights in the u.s. or overseas.

········U.S.······businesses···rely·····upOn·strofiq·ifiteIlectuaI"property·······
protection to realize the benefits of emerging technologies.
In fact, the rate of development of emerging technologies
may well depend upon patents as incentives and security for
R&D or marketing investment, and upon trademarks to build
and protect reputations for quality. Barriers exist where
laws, regulations or enforcement procedures are inadequate.
When innovation is neither rewarded nor encouraged, markets
are either forfeited, left untapped, or are underdeveloped.
Examples of domestic barriers include (1) the inadequacy of
the statutory 17-yearpatentterm for certain agricultural
and pharmaceutical products which are sUbject to extensive
premarket testing, and (2) the absence of effective
protection for process patent holders against imports of
products made abroad under the patented process.

On the international front, it is well recognized that many
countries do not offer adequate intellectual property
protection and, in some cases, actually sanction abuse of
intellectual property rights. This would include, for
example, a nation's outright appropriation of foreign-owned
technologies or of creative and artistic works. This robs
the inventor or creator and, of course, the associated
business concern of any possibilities of realization of
world market potential.

5. Restraints and uncertainty caused byproduct liability and
tort laws.

with increasing frequency, claims are made that innovation
and ability to compete are retarded in the u.s. by product
liability and tort laws. The resulting uncertainty and
instability have brought about a need for reform. Reasons
include: .

-- A patchwork of 50 different state laws on product
liability. Cases based on similar facts, but tried in
different states, can produce strikingly different and
contradictory results.

-- The enormous transaction costs for all parties
involved in litigation.
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The high costs of insurance for product-liability
related protection.

Over the past 20 years our product liability law has moved
away from fault as its basic guiding principle. The
Commerce Department has taken the position that as a matter
of fairness to manufacturers and as an incentive to them to

I ~~Jl~;~i~~:;ea~~l;a~~l~~~~g~~::~~~~~;a~~~~ld genera:l
y

.

6. Export controls on advanced technologies and high-technology
products.

While the need for control of the export of technology for
purposes of U.S. national security has been clearly
established, the costs attributable to "over-control" are
also now becoming more apparent. That is, the Executive
Branch's inability to decontrol goods and technology -- that
are no longer strategic or are available from foreign
competitors-~is now seen as inhibiting our ability to remain
technologically superior to our international competitors as
well as contributing to the erosion of our defense
industrial base. The Department of Commerce is trying to
establish interagency procedures that will facilitate the
decontrol to take place as Congress intended.

7. federal or State regulations on corporate activities
intended to protect the public health and safety (e.g., building
codes, environmental laws, occupational health regulations, and
drug approvals).

Emerging technologies generally require, somewhere in their
development and production, some form of environmental
and/or health clearance or regulation. This will occur on
the federal or State levels depending on which of the
federal regulation(s) apply.

Those technologies involving large-scale use of new
materials, particularly in the broader electronics
categories, will have to continue to meet the existing
water, air and disposal requirements. In the case of new
and exotic materials, such as the new semiconductor
compounds (e.g. Gallium Arsenide), OSHA regulations are
constantly being revised to protect against potential
hazards, while EPA has control of various emissions through
clean air and clean water legislation.

Solid waste reclamation also will enter into the cost of
. using new technologies. Disposal of new composite materials
as scrap in products that have reached the end of their
useful life, will impose a new set of costs and possible
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barriers. The present case of what to do with worn-out lead
storage batteries is a good example of what might happen to
a higher technology material withend-of-cycle toxicity.

For those technologies involved in medical and health care,
regulations covering production, product certification,
standards, OSHA considerations and disposal add to the
burden of time/testing, as well as to the cost of meeting
stringent health and environmental standards. Thecurrent

"""""issues"'surround'i'ng"'the"'requl'at'ion'"and"ta'st'±ng"ofc" "" " " """"" """"""~"""""""""

genettcally-altE!'radnatura:lly"""occUrr±ngorga:nisDis"isaprimtir"
example of an emerging technology in the early stages of
development.

The costs and time delays involved are further exacerbated
if competing countries have less stringent certification and
environmental requirements. Technologies in those countries
are often put into production faster, thus putting u.S.
suppliers at a competitive disadvantage. There are several
recent examples in the pharmaceutical industry of the effect
of these differences.

8. Poor integration of manufacturing, design, and R&D
functions.

For rapid movement of new technologies through the
functions of R&D, design, product development, and
production, it is necessary to have effective communication
among these functions. Lack of willingness and opportunity
of key technical staff to move with the emerging technology
from R&D into manufacturing, for example, has been common in
u.S. organizations, although much improvement has occurred
in recent years. A contributing factor in the u.S. has been
the lower status~ reflected in lower salaries and
recognition, given to manufacturing relative to other
branches of engineering.

Lack of cooperation and integration among institutions in
the u.S. is just as important a barrier as among functions
within a firm. For example, more rapid application of new
technologies could be the result of closer coupling of firms
to technical activities in Universities and Federal
laboratories, and from intercompany cooperation to jointly
address generic or structural technical problems of a
longer-term nature. In this category would fall the classic
Government research (carried out by NBS, NOAA, and NTIA) to
provide technical data and standards that industry needs to
design reliable new products/processes, but single firms do
not have the incentive, expertise, or funds to develop
themselves.

The Japanese are said to be particularly strong in
integrating functions; this may partly account for the rapid
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speed with which their firms introduce new products into the
market. Rotation of staff among these functions in Japan
also helps this integration process.

9. Tax incentives for u.s. companies relative to foreign
competitors to deploy emerging technologies (including the
stability of tax regulations).

Foreign ·countrresccmtln1.1eto emp1:oy···avariety·oflncent:tves
. to·····encouragethegroWt:hofnew··techni51ogies;·· "Tneserange .

from subsidies for the conduct of R&D to import protection
of the products derived from the new technologies, at least
in their early marketing stages. u.s. firms receive few
such subsidies. Some predict that recent changes in the tax
law will have a stultifying effect upon venture capital,
thus denying u.s. firms access to a previously major source
of funding for new high-technology firms.

Frequent changes have made it difficult for u.s.
businessmen. Drafting of regulations often lag behind
legislation significantly. These changes and delays have
created an air of uncertainty in business planning:
uncertainty is always an anathema to the businessman.

10. Anti-trust restrictions against cooperative ventures for
marketing or production. There may still be perceived barriers
against cooperative R&D, but legal restrictions against
procompetitive R&D were eased by legislation in 1984.

Many U.s. anti-trust restrictions have been in place,
substantially unchanged, for over 7S years. In these times
of strong foreign competition and worldwide markets, u.s.
firms are at a disadvantage when compared to foreign firms
not SUbject to such strong, legal strictures. Production
economies not envisaged when the original laws were enacted
are now possible. These economics permit firms jointly to
build and operate facilities at lower cost, thus improving
world-competitive positions. Facilities housing flexible
auomated manufacturing systems are one example, but other
shared facilities are also possible. Joint production by
large firms, joint marketing of the products, and mergers of
such large firms are SUbject to close scrutiny by u.s.
Federal agencies, even though they may increase efficiency.
This is viewed as an anachronism, particularly in the light
of foreign practice. .

Cooperative funding of procompetitive R&D was eased by
changes enacted in 1984 which, among other things, reduced
damages to be assessed to losses actually incurred. These
changes are still not as widely known as they might be, with
the result that some cooperative u.s. ventures are not being
undertaken in fear of anti-trust prosecution.
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APPENDIX C

REPRESENTATIVES PARTICIPATING IN COMMITTEE ACTIVITIES

Agency

Office of the Secretary

National Bureau of Standards

. International Trade Administration

Patent & Trademark Office

Office of Productivity,
Technology & Innovation

National Technical
& Information Service

National Telecommunications &
Information Administration

Bureau of Economic Analysis

National Oceanic & Atmospheric
Administration
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UNITED STATES DEPARTMENT OF COMMERCE
The Assisunt Secretary for Administration
Waahington. D.C. 20230

MEMORANDUM FOR Ernest Ambler, Chairman
Emerging Technologies Coordinating Committee

,CE'rOllF.n" "K'ay BlllO~'~'" , '"
Assis'tartt"See ··t'ary·f(frA'dffinrist:r~n:Tofr'

Subject: Long-Range Planning Process

The Department is now beginning its formal, long-range planning
process for fiscal years 1989-1991. We will be revising our goal
oriented policy framework, at the subgoal level, to establish new
policy directions for the next two years and each organizat'ional
unit will be preparing planning documents that identify both
short-range and long-range strategies for achieving our goals.
To complement this process of organizational planning, the Deputy
Secretary has requested that special, crosscutting long-range
plans be developed for the five policy goal areas where the
Department has established formal coordinating committees.

I am requesting that you, as Chairman, ask the Department's
Coordinating Committee on Emerging Technologies to assess our
current and proposed goals, plans and strategies for this area and
prepare a crosscutting, Departmentwide plan by February 16.
Operating Unit plans are due by February 2, and should be
available for your use shortly thereafter. However, we are not
expecting the Committee to simply consolidate or "package" these
plans. Our main objective is to obtain from your Committee a
Departmentwide perspective on what our goals, policies, strategies
and program priorities should be, both for'the next two years and'
for 1989 and beyond.

The Committee's plans should provide the vehicle for a
broader-based policy discussion of crosscutting issues and
strategies than can be obtained from individual Operating Unit
plans. To that end, we sould especially welcome the Committee's
vie~s and recommendations on:

o Program and policy priorities for this area from
a Departmentwide viewpoint~

o The adequacy of the Department's existing POliCt~~~~ ~

goals and program objectives in this area~and R..c'dOit."100 •

JAN 7 1981
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o Major issues that need to be resolved or legislation
that should be considered by the Department to further
these goals.

I have asked each Operating Unit to cooperate fully with your
Committee in providing you with the information and assistance you
will need to prepare your plans (see attached memo). Additional

~:'~:;~~e~~'a~e,~ia~~t,~~sa~~a~~~!1;EP~~~~~~i=r~b:in~fi~~;i~t~.t~u.., ·.-1--;
······ne~d·ad(rr€IonalrnfOrrnaHon··o~···;issTsttance·;-~re~secaIIcoraYBeebe' , , ..

on 377-3490.

Attachment
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Proposed RemarkS for Deputy secretary Brovln
News BrIefing on EmeraInq TecnnologleS

June 9, 198i

rl",.. ,.,..- I c:1r1I:"'..:>::::..-~,.._,.,.................._" is

Good morning. It is no secret that this country has a trade
,... 1" I i1"" •.rt e e ft- '1" 1'\" """ A" .. '._-' ~. ' ••__ L - • ~ ••l _. _- -- - P[O~kld:;moO==L.-*~~lo~ '_*'_"""PvlF"lift"F~"'~-""'''''o-~-PUI''~-IJI-~II'''

prob em has been our inability to take full commercial advantage
of scient1fic and technological developments made in the U.S.
Time ana time again we have seen foreign competitors, most
notably, but not excluSively, the Japanese, turn our
technological developments into their commercial product
successes.

I think it is fair to say that the country has awakened to this
dilemma. The national attention to the general SUbject.of
competitiveness is evidence of our awakening. The President nas
put forward a comprehensive package of proposals to deal with
this problem, and the Administration is taking a series of steps
to improve oursltuatlon.

This morning, 1 want to take a longer view of our trade and
technology position. r want to draw attention to the future and
to the teChnologies that just now are emerging from tne
laboratory and seem particularly promising in both a sCientific
and commercial context.
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I am firmly convinced that America's ability to exploit a new set
of emerging technologies with huge market potential in the year
2000 and beyond will plOY a big role in determining the country's
economic successes or fai lures we.1L1n.to thR nexue~tIJr::y._ .

- ..'- . ,-,' '--,--'-' -,---- -- - ~ -~ --~-

RecOgniZing the importance of these technologies, I asked a group
of technical experts and top officials from Commerce Department
agencies to examine the latest scientific and technological
advancements and ta report to me on which technologies seemed
especially important. what barriers stood in the way of their
commercialization within the United States. and what steps could
be taken to remove those.obstacles.

This group, headed by Dr. Ernest Ambler. director of the National
Bureau of Standards, who is with us this morning. studied
scientific and industrial plans and the commercialization process
here and abroad.

'. They identified 17 emerging technologies in 7 major groups. which
are~xpected to lead to new products or processes in the future.
'AmOng other things, tne review panel considered the expected
contribution of each technology to the gross national prOduct.

Here is the list the group came UP With:

SHOW POSTERBOARD WITH EMERGING TECHNOLOGIES LIST
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~vanced materi~s. These include high performance ceramics,
polymer composites, and advanced metals. They will bring
improvements in automotive and aircraft engines, electronic
components, electrical machinery, and manufactured cOmponents.

E,lectronics. Here tile panel singled out advanced
microelectronics critical to semiconductor·devices,
optoelectronics -- whicll covers optical fiber and lightwave
processing vital to advances in communi-cations and computers -
and millimeter wave technology, which can be used in voice and
data communication systems.

Automation. Computer-integrated and flexible systems for
manufacturing are on tile list, as are computer applications in
business and office systems as well as apPlications for
commercial services such as financial transactions and electronic
mail.

Biotecllnology. Both genetic engineering -~ for improved
diagnostic and therapeutic drugs and agricultural and food
applications -- as well os biochemical processing for chemical
manufacturing, are critical technologies.
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But all you have to do Is to look at one possible applIcatIon for
these superconductors, the transmIssIon of electrical energy, to .
realize the enormity of their promise. We now spend $160 billIon

. .a year on electrIcal power In thIs country, and we waste a full
cc.·'· c·~·2ec~pe·Fcent~of·that··power···dtle·tOCrd-S·se·s-:clh·tra:flsmIs·sIofrs:;:-:-:If::::::::::::.·······,

~_ ' -<' _ 'h'_' W '~. .. ." ""._,,,._.. ,..,,_.,.'._·._..m._,W_.,_~'__·,'_..,,_.,,'.'.'.•".'.c ."•.'~,·.",_.··;"_.,·",.".'_-,."-.·",,,·'.·._·.'..",_'.,_'.'."'.,_,."'.".,._,,., '_._._._'.. ,'__..,·.'-.,·.·.·" ••.0'•.•...•,'....•.. , .' ' ..'.-.- ..

high-temperature superconductors can be developed to the point
where they can be substItuted for conventIonal electrIcal
tronsnisston wires, we could save more than $30 bIllIon a year,

When I talk about the potentIal of emergIng technologIes, that Is
wHat I am talkIng about. a revolutIon that could affect every
industry in America and aroUnd the globe .

. But there are barrIers,

SHOW POSTERBOARD WITH GENERIC BARRIERS

ThIs list of generIc barrIers to achIevIng maxImum economIc,

benefIts from emergIng technologIes Should look famIlIar.

The relatively high costs of capital fundS and the less favorable
tax Incentives in the UnIted States compared to foreIgn
competItors top the lIst.

Management's focus on short-term, rather than longer range, goals
for returns on Investments, poor IntegratIon of manufacturIng,
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design and research and development functions within U,S, firms,
and the lack of cooperation among American institutions, hurt our
chances of. exploiting emerging technologies.

so..•• O!1 ..tmJ(j~guat~Iaw.s, :regulatlor:1S: and:enfOrcement:.prot'ect1ng' . .
,~.""~~_'.,.,,;,,,..;'.'__..'.~~.',"._,' _"'",.. ''''''' ' .. n , .. ···· .. ···,····· .. ········· " ..

intellectual property rights in the United States or overseas,

Complacency and a dependence on the domestic market -- the lack
of awareness of the need to compete wfth Japan and other
countries head-to-head in the international marketplace -- are a
basic stumbling block.

Restrictive trade policies in foreign markets,

Federal or state regulations on corporate activities,
Export controls on advanced technologies and high-technology
products,

Restraints and uncertainty caused by product liability and tort
laws, and

Anti-trust restrictions -- real and perceived -- against
cooperative ventures for R&D, marketing or production;

All are formidable barriers to the commercialization of these
emerging technologies.
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NoW, what do we dO about breaking down these barriers?
You have a description of the recommendations in your press kits,

continued vigilance to reduce federal bUdget deficits
and to avoid high interest rates which affect the cost
of capital

. creation of venture capital pools at the state and
local levels

additional tax incentives and other actions to increase
aggregate savings

a commitment to making future changes in the tax laws
focus on the incentives available for modernization
investment in all stages of production, marketing, and
distribution

fostering participative management by employees

training managers in the production proc~ss and
uPdating business school curricula



--

~~----~----~.. ....••Im'p-rovtng:..:e.Xf;loFt Gont'rotsJ··fefofmingprOa~ct· tt0011ttY==-::::':::::
and tort laws, and lIftIng antItrust restrictions ..

rna recent hearing before his Committee on Commerce, Science and
Transportation, Senator Fritz Hollings complained, "America may
st ill invest enough in research to win most of. the Nobel Prizes,
but the Japanese make all the profits on them." Well, we cannot
let that continue to happen. As you can see by looking at the
barriers and recommendations for commercializing emerging
teChnologies, the government has an important role to play, But
the private sector - the people whO work in and run America's

. factories and board rooms - ~ust take the lead.
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This country has done enough loOking back and talking about how
many different areas of technology we have alreadY lost to the
commercial competition. Our look ahead at critical emerging

===~teCJJnQlQ91es' sI1QUJcLtl~~wQ,r;J::J,J~~Aot bJFl±es~~~l::IH:=tegether=aTTd..... ·········takeswTftactTonnowtobre·akdo~nth~b~~~l~~~t·~th;···· .. . ~... .
commercialization of new technologies, we are going to be facing
the same international trade problems we confront tOday right on
into the next century,

We have made some progress. Although we neither falknor read
enough about them, this country has some wonderful success
stories and some good things happening to ShOW that businesses

.and even entire industrial sectors can and are taking decisive
actions to improve the situation. we have firms joining together
in research consortia, corporations cutting down on excessive.
managerial positions, companies finding new market niChes
overseas.

We simply must be vigilant and make additional changes now if the
country's economic future is to be bright when the new century
arrives.

Now, I'd be happy to take any Questions you may have.



FINAL REPORT

THE STATUS OF EMERGING TECHNOLOGIES:

AN ECONOMIC/TECHNOLOGICAL ASSESSMENT TO THE YEAR 2000



The Department of Commerce has concluded, in a review of
emerging technologies and their future impact on the economy,
that American businesses lag behind many of their foreign
competitors, especially the Japanese, in exploiting technological
breakthroughs.

The review was ordered by Deputy Secretary Clarence J. Brown
in April 1986 to identify the new technologies that will lead to

. new products or processes, analyze their commercialization, and
=====..=.-~recommend=means 'of-]:edu<.::±n9t1Ye:l:Ja.n:';eJ:'s-:' ...·... It'...:is.. .I)a:sr~:a.c:lll.an
_. . "assessmentbytechnical: experts and agency neadswithin t.ne·~-·- .....

Department. They studied scientific and industrial plans and the
commercialization process here and abroad.

Once the list of technologies was determined, the experts
determined their probable contribution to the gross national
product by the year 2000. While recognizing this as an imprecise
measure requiring some subjective forecasting, the Department
believes it to be the best proxy to judge economic impact.
Although the technologies are ranked in terms of high, moderate
or low impact, the terms are relative: all are expected to playa
significant role in future growth.

Identifying the technological opportunities and their
probable economic effect is not difficult. The real problem
facing u.s. companies is converting these opportunities into real
economic success. The review's primary focus is upon identifying
ten barriers to commercialization and making recommendations for
overcoming them. The recommendations require action by all
sectors of American life, sometimes unilaterally and occasionally
together.

The barriers to commercialization are also ranked in order
of importance. The two most important are inadequate tax
incentives and the high cost of capital. The remaining barriers
include two that require actions by individual companies. The
Department found that there is a lack of integration and

/ communication among functions within companies, and it also cites
companies for being too complacent and dependent on .the domestic
market for growth opportunities.

The recommendations include fostering participative
management by employees, training managers in the production
process, eliminating provisions in foreign tax laws that
discriminate against u.S. products, and updating business school
curricula. They also reiterate recommendations of President
Reagan's competitiveness initiative, such as those regarding
improving export controls, reforming product liability and tort
laws, and lifting antitrust restrictions.

Since the list of technologies was determined, there have
been significant and highly publicized breakthroughs in the field

1



of superconductors -- materials that have zero electrical
resistance. Several developments must be achieved before their
economic potential can be realized, particularly an improvement
in the current-carrying capacity of these materials. Until it is
known whether this is possible, superconductors should be
considered a potential emerging technology.

The accompanying appendices describe in detail the
technologies, barrie~li!o,=~1!dJ:"@'£Qmm~pgat.ions_. - - - - .. --__=_._._,___ _ ~.. ,"'~_ . _" ,w__·.~_·_··_ ~-'.-~ " •
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Table 1

EMER:;ING 'l'EDIOOIDGIES

'l'edmology What does it do new
or better?

Applied to \>hat
products or prc?£'Afses?

Jsei by What Major
: Iniustries?

1':-

1

If

Higher efficiency Solar cells
Iil<Jl:ovoltaic conversicn

, '!
, ,J

~ce, autalDtive,
iJl1:~f 0lXlSt.

i ~. i

~~~~ve,
.LILI.!. ""'-1111::)'-'_

El~ical lIBChinety

El~c & q:Jtica1
cujlf'leI1ts ~ systems

'\ .]
Infotma,'.C ticn Plocessirg

, ;1',

1
~ generaticn

, l l
I

t
i

l

III
Malaitactm:ed COI\OlIlIlts

'!' ,1:

J: '1:
• j ,

:ive & aircraft

t
El~c ....i•• aw:w.t~

-j

stzu:::t:ural CUip:llleJIts

SElniconh1ctor devices

Infonnaticnstorage

Electronic substrates,
integrated optics

Heat fDJinej cuUpollellts,
turbine blades, heat
shields

stzu:::t:ural CUI\JCl'slts

stzu:::t:ural CUipaents
SUper ocniuctin}
CUiponellts

Elec:tro-1llagnetc
equ!pnent

Inpraved mgnetic
properties

Inpraved magnetic
properties

Inpraved performarx:.e in
speed, size

Higher ~-to
weight ratio

Design flexibility
because of spatial
asynmetry

Inproved~ &
high-tenp performarx:.e

Better high t:esr(Jerature
~-to-weight

properties

Better dielectric &
q:Jtica1 properties

1. 1dYanoed Materials

A. ceramics

(high
perfonnance
structural and
electronic
ceramics)

B. R:llymer
OAlposites

(high~

fiber reinforced
plastic resin)

c. Metals

(rapid solid-
ificaticn, &
metal matrix
culposites)

2. Elect.rooics

A. Mvanoed
Microelectronics

(enhanced VISI
and VHSIC chips)



Technology

B. Optoelectronics

(C¢ica1 fiber
am light wave
prooessirg)

C. Millimeter Wave
Technology

3. J\utanation

A. Marufacturirg

(<lCI1{AJt:er
integrated am
flexible
systems)

B. aJsiness am
Office Systems

(<lCI1{AJt:er appli...
cations within
an organization)

C. Ted1nica1
BeIvices

(<lCI1{AJt:er appli
cations in the
provision of
a:mnerc:ial
services)

What does it do new
or better?

Inproved perfOI'lll!lJ'X'Je in
speed, size, capacity,
am security

Higher density
infomtion storage

When replacin;J radio
systems it frees RF
spec:t.rom for other uses

Integrated .control of
all production
cpm1tions

Efficient infOl1llation
storage, retrieval, ,
exc:ha.rge

Efficient high-'Volume
infOl1llation storage,
retrieval , t!Ill:".tlar¥]e

5

Amlied to what
products or prpqee:ses?

Electronic equipnent,
infomtion prooessirg

eatpJter systems of all
sizes

Voice ,data
OCIII\I.U\ication systems

All manufacturin;J
ptooesses

NetworJdrg,wom
Plpoessin;J, , data base
management

InfOl1llation' retrieval
am distrib.rt:ion, data
base mar.agaldtt,
edQcation 'w trai.niJq

1
i'
j

,I" •
i l!1sed by What MellorIII Wustries?

4 m i cations ,

Jr
~.~~-

~II '
~

-.,

F~ia1 services, ,

el~..... .f:..~~mail,tel'rir-.•:.......cations,
PIPi~ional setVice

,\ ')

; 'j

I

\'
I



Technology

4. Biot:edmology

A. Genetic
F..rgineeri.n:J

(design & .
produc:tica of
highly selective
agents)

B. Biodlemical
Ptocessi.n:J

5. carwtim

A. CO'IpltinJ
Equipnent:

(superoatp.1ters,
parallel
proeessi.n:J,
0CIlp.Jter arch.)

B. Artificial
Intelligence
Ted1ni.ques

(ioolu:ies expert
systelts, natural
lan:JUage, am
robotic cxmtrol)

What does it do new
or better?

IIlproved diagnostic am
therapeutic dIUgs

Inpraved plants,
pesticides, & anilI'al.
supplements

Neutralize pOllutants

Inpraved cnrt:rol of
chemical prnoesses,
artplts, am yields

Faster, lcwer""<lOSt
CXlIpltinJ

Inpraved oatpJt:er
replicatica of human
ju:igment

6

Applied to what
products or processes?

Health SeIvioes

Foods am pesticides

Fnvizaaualtal culb:ol
pUM:'E!Sses

Chemical separaticas
am reacticas,
biosensors

Infonnatica pLiee si.n:J
am oatpJt:er cnrt:rol

Infonnatica' pLOOSSSirg
ani oatpJt:er control

Hlabnaoeuticals
I

I: j'

JI9r'cultu:I:l:!.J

11,,' prooessi.n:J
iiiru
~i~mrufacturirg
)~

aWical mrufacb1rirg
- .jl

Ii

~lyall..

I

:r.=caticas usinI



Technology What does it do new
or better?

Arp!ied to what
products or processes?

6. Medical Tedmology

A. Dn¥]s

(other dr:u:]s are
iJx:lOOed in
category 4 
Biot:.ec:tloology)

B. Instruments &
Devices

7. 'Ibin IAwr
Techrplogy

(semicxniuct:ar
awlicatiQ'lS
also are
iJx:lu:led in
Electronics)

Dlproved .iJmunology am
U'eatJtent

Dlproved diagnostic am
therapeutic .systems

Health Services

Magnetic Resa1ance
Imaqin:) & CAT scanni.r¥:J,
radiation treatJtent

!

~

.cine

cals

.~!

A. surfaces &
Interfaces

B. Meslbranes

Dlproved ocnt:rol am
yield of cbeIIIi.cal
reactiQ'lS

New electronic &
optical properties

New cbeIIIi.cal
properties, better
d1emi.cal separation
tedmiques

7

Chemical catalysis

semJ.cxniuctor devices,
surface toodification
am ooatin:Js

Chemical separatiQ'lS

~cal mamtacturin:),

fn~in:)

e~ClCUrl1l.:1:_c.lSlt!inl':,

fcloc'it prooessin:)

I
i
!
I,

\
!'
!



Group A (Highest)

Table 2

"EMERGING TECHNOLOGIES RANKED BY ECONOMIC IMPACT

Advanced Materials~ Composites
Biotechnology~ Genetic Engineering

u'" .. _ ._ .." E-l-eQtoron-iesu~-·cOptoe:;leetron:i'es
.. ·······-El-ectronicsrkdvaneed·MierOtaTectronics······

Computing; Computing equipment
Automation; Manufacturing

Group B

Group C

Automation~ Business and Office Systems
Biotechnology~ Biochemical Processing
Medical Technology~ Drugs
Advanced Materials~ Ceramics
Automation~ Technical Services
Compu~ing~Artificial :rnt.elligE!nce Tech •...
Medical Technology~ Devices

Thin Layer Technology~ Membranes
Advanced Materials; Metals
Thin Layer Tech.; Surfaces & Interfaces
Electronics~ Millimeter Wave Technology
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Table 3

GENERIC BARRIERS TO ACHIEVING MAXIMUM ECONOMIC BENEFITS FROM
EMERGING TECHNOLOGIES

1. High costs of capital funds in the U.S. relative to foreig~n~======
- -eompl!'t~t'iol1'S-.-- --- -____w---~_____

2. Tax incentives for-U.S. companies relative to foreign
competitors to deploy emerging technologies (including the
stability of tax regulations).

3. Poor integration of manufacturing, design, and R&D functions.

4. Inadequate .laws,regulations, and enforcement protecting
intellectual property rights in the U.S. or overseas •

.
5. Complacency and depend~nc~ on the domestic market.

6. Restrictive trade policies in foreign markets.

7. Federal or state regulations on corporate activities intended
to protect the public health and safety (e.g., building codes,
environmental laws, drug approval regulations, and occupational
health regulations).

8. Export controls on advanced technologies and high-technology
products.

9. Restraints and uncertainty caused by product liability and
tort laws. .

10. Anti-trust restrictions against cooperative ventures for
marketing or production methods. There may still be perceived
barriers against cooperative R&D, but legal restrictions against
procompetitive R&D were ea~ed by legislation in 1984.

9



APPENDIX B

DETAILED DESCRIPTIONS OF
GENERIC BARRIERs TO ACHIEVING MAXIMUM ECONOMIC BENEFITS FROM

EMERGING TECHNOLOGIES

1. costs of funds in the u.S. relative to

I

Higher interest rates, lower debt-equity ratios, cultural
practices, and tax laws combine to make the effective cost of
capital funds for u.S. firms up to twice as high as their
Japanese competitors. For example, u.S. savings rates, .as a
percentage of GNP, have historically been, and continue to
be, among the lowest of developed countries (and about half
that of Japan). Recent declines in the value of the dollar
relative to foreign currencies have reduced some capital cost
pifferentials, but the above factors combine to keep that
differential high.

2. Tax incentives for u.S. companies relative to foreign
competitors to deploy emerging technologies (including the
stability of tax regulations).

Foreign countries continue to employ a variety of incentives
to encourage the growth of new technologies. These range
from subsidies for the conduct of R&D to import protection of
the products derived from the new technologies, at least in
their early marketing stages•. u.S. firms receive few such
subsidies. Some predict that recent changes 'in the tax law
will have a stUltifying effect upon venture capital, thus
denying U.S. firms access to a previously major source of
funding for new high-technology firms.

Frequent changes have made it difficult for u.S. businessmen.
Draf~ing of regulations often lag behind legislation
significantly. These changes and delays have created an air
of uncertainty in business planning: uncertainty is always an
anathema to the businessman.

3. Poor integration of manufacturing, design, and R&D functions.

For rapid movement of new technologies through the functions
of R&D, design, product development, and production, it is
necessary to have effective communication among these
functions. Lack of willingness and opportunity of key
technical staff to move with the emerging technology from R&D
into manufacturing, for example, has been common in u.S.

10



organizations, although much improvement has occurred in
recent years. A contributing factor in the U.S. has been the
lower status, reflected in lower salaries and recognition,
given to manufacturing relative to other branches of
engineering.

Lack of cooperation and integration among institutions in·
the U.S. is just as important a barrier as among functions
within a firm •. For example, more rapid application of new ..
t.ac:I1-!1"ClJ:()g:!i;!s.. C::l:J'-;ll"C1.:l[e.:1:I:'i..li! r;~!l1l!J. ..3?"f c::.!.2!1.li!:r· c::Qypl~.~g Q! tj,rms .

.. to techriicalactivltles in Universities and Federal
laboratories, and from intercompany cooperation to jointly
address generic or structural technical problems of a
longer-term nature. In this catego;ry would fall the classic
Government research (carried out by NBS, NOAA, and NTIA) to
provide technical data and standards that indust;ry needs to
design reliable new products/processes, but single firms do
not have the incentive, expertise, or funds to develop
themselves.

The Japanese are said to be particularly strong in
integrating functions; this may partly account for the rapid
speed with which their firms introduce new products into the
market. Rotation of staff among these functions in Japan
also helps this integration process •.

4. Inadequate laws, regulations, and enforcement protecting
intellectual property rights in the U.S. or overseas.

U.S. businesses rely upon strong intellectual property
protection to realize the benefits of emerging technologies.
In fact, the rate of development of emerging technologies may
well depend upon patents as incentives and security for R&D
or marketing investment, and upon trademarks to build and
protect reputations for quality. Barriers exist where laws,
regulations or enforcement procedures are inadequate. When
innovation is neither rewarded nor encouraged, markets are
either forfeited, left untapped, or are underdeveloped.
Examples of domestic barriers include (1) the inadequacy of
the statuto;ry 17-year patent term for certain agricultural
and pharmaceutical products which are subject to extensive
pr~arket testing, and (2) the absence of effective
protection for process patent holders against imports of
products made abroad under the patented process. .

On the international front, it is well recognized that many
countries do not offer adequate intellectual property
protection and, in some cases, actually sanction abuse of
intellectual property right~. This would include, for
example, a nation's outright appropriation of foreign-owned
technologies or of creative and artistic works. This robs

11



and, of course, the associated
possibilities of realization of

~

5.

the inventor or creator
business concern of any
market potential.

Complacency and Dependance on the Domestic Market

worl.d

This barrier encompasses the attitudinal problems generated
by the size and ready availability of the u.s. market for new
products and services -- the lack of an immediately apparent~~~~

~~=~~"=.~-~...~.==."1·n-.•eed=tO"C"CflIII'ete!i:~h .. :~~e~!I •..:!~~.c:s:t:l1~t~2H!!Y:!!§:D!!liig=tQ=bea<t;..
Uin"theinternationalmarketplace. American companies,

separately and in joint ventures, must aggressively seek
export opportunities abroad and anticipate challenges in the
u.s. from new foreign competitors. This barrier also
encompasses the attitudinal differences toward "risk taking"
between U.S. and Japanese firms and the cultural differences·
in approaches to production and marketing. The Japanese
preference is to produce and market technological
improvements in small increments, thereby gaining a foothold
and experience in the marketplace. The u.s. approach is to
complete as much research and development as possible before
producing and marketing a new product which "leapfrogs"
existing technology.

6. Restrictive Trade Policies in Foreign Markets

Restrictive trade policies take many forms -~ laws,
regulations and practices -- with an overriding consequence
of protecting a home market from foreign products. Although
most of these policies are sponsored by governments, business
practices and social mores may also act as significant trade
barriers.

Direct Government Practices are one type of policy affecting
trade. Included here are:

Tariffs and other import duties designed to protect a
domestic market rather than to raise revenues.

Import licensing designed to create uncertainty,
delays, and discrimination for foreign products.
Government procurement (i.e., bUy national products)
Product development and export subsidies programs.

Indirect Government Practices are a second type of policy.
Included here are:

Standards codes, testing, labeling, and certification
requirements which interfere with market availability
and acceptance of foreign products.
Local or domestic content (e.g. rules or origin)

12



require.ents on foreign products which adversely
affect technology an~ process innovations.
Market reserve policles that designate certain
markets for domestic products only.
Disregard of intellectual property rights by foreign
governments which undermine the ability to exploit
markets with new products.

Non-trade and Non-government Measures and Practices·are a
t ~. ._,th~~~ype..'fnc-.],ucle~here-are:· .. .~--- .

Public health and safety laws that indirectly
restrict the importation of foreign products.
Local and national distribution systems that
discriminate against foreign products through
interlocking relationships among manUfacturers,
wholesalers, and financial institutions.

7. Federal or State regulations on corporate activities
intended to protect the public health and safety (e.g., building
codes, environmental laws, occupational health regulations, and
drug approvals).

Emerging technologies generally require, somewhere in their
development and production, some form of environmental
and/or health clearance or regulation. This will occur on
the Federal or State levels depending on which of the
Federal regulation(s) apply.

Those technologies involving large-scale use of new
materials, particularly in the broader electronics
categories, will have to continue to meet the existing
water~ air and disposal requirements. In the case of new
and exotic materials, such as the new semiconductor
compounds (e.g. Gallium Arsenide), OSHA regulations are
constantly being revised to protect against potential
hazards, while EPA has control of various emissions through
clean air and clean water legislation.

Solid waste reclamation also will enter into the cost of
using new technologies. Disposal of new composite materials
as scrap in products that have reached the end of their
useful life, w~ll impose a new set of costs and possible
barriers. The present case of what to do with worn-out lead
storage batteries is a good example of what might happen to
a higher technology material with end-of-cycle toxicity.

For those technologies involved in medical and health care,
regulations covering production, product certification,
standards, OSHA considerations and disposal add to the
burden of time/testing, as well as to the cost of meeting
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stringent health and environmental standards. The current
issues surrounding the. regulation and testing of
genetically-altered naturally occurring organisms is a prime
example of-an emerging technology in the early stages of
development.

The costs and time delays involved are further exacerbated
if competing countries have less stringent certification and
environmental requirements. Technologies in those- countries
·are often pu~ int;~~~~c;..t,ton fasj:1ar_r=thuSbputt--i.n9=y..,s~·,c,-

~.~:~!i:ep!!!rs_~t; _.i!Io):;olDpet.i.tive disadvantage.--'l'hercearesevera::J:·~·· .
.. . recent examples in the pharmaceutical industry of the effect

of these differences.

8. Export controls on advanced technologies and high-technology
products.

While the need for control of the export of technology for
purposes of u.s. national security has been clearly
established, the costs attributable to "over-control" are
also now becoming more apparent~ That is, the Executive
Branch's inability to decontrol goods and technology -- that
are no longer strategic or are available from foreign
competitors--is now seen as inhibiting our ability to remain
technologically superior to our international competitors as
well as contributing to the erosion of our defense
industrial base. The Department of Commerce is trying to
establish interagency procedures that will facilitate the
decontrol to take place as Congress intended.

9. Restraints and uncertainty caused by product liability and
tort laws.

-With increasing frequency, claims are made that innovation
and ability to compete are retarded in the u.s. by product
liability and tort laws. The resulting uncertainty and
instability have brought about a need for reform. Reasons
include: -

A patchwork of 50 different state laws on product
liability. Cases based on similar facts, but tried
in different states, can produce strikingly
different and contradictory results.

The enormous transaction costs for all parties
involved in litigation.

The high costs of insurance for product-liability
related protection. -
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Over the past 20 years our product liability law has moved
awayrrom fault as its basic guiding principle. The
Commerce Department has taken the position that as a matter
of fairness to manufacturers and as an incentive to them to
construct new and safe products, businesses should generally
be held liable only for behavior based on fault.

10. Anti-trust restrictions against cooperative ventures for
marketing or production. . There may still be__ReJ;~9~e~eg __b~~i~s---
against-. cooperat-:tvl!-R:GiI)";_J?!!;_:~!!!gi'\:[;:gs:!;i;gtiQn$against- _ ·.··.· _-_ .

---proeOIl\tfetT1:1veR'!:iwereeased by legislation in 1984.

Many U.S. anti-trust restrictions have been in place,
substantially unchanged, for over 15 years. In these times
of strong foreign competition and worldwide markets, u.S.
firms are at a disadvantage when compared to foreign firms
not subject to such strong~ legal strictures. Production
economies not envisaged when the original laws were enacted
are now possible. These economics permit firms jointly to
build and operate facilities at lower cost, thus- improving
world-competitive positions. Facilities housing flexible
automated manUfacturing systems are one example, but other
shared facilities are also possible. Joint production by
large firms, joint marketing of the products, and mergers of
such large firms are subject to close scrutiny by U.S.
Federal agencies, even though they may increase efficiency.
This is viewed as an anachronism, particularly in the light
of foreign practice.

Cooperative funding of procompetitive R&D was eased by
changes enacted in ·1984 which, among other things, reduced
damages to be assessed to losses actually incurred. These
changes are still not as widely known as they might be, with
the result that some cooperative u.S. ventures are not being
undertaken in fear of anti-trust prosecution;
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APPENDIX C

RECOMMENDATIONS OF METHODS TO OVERCOME BARRIERS

BARRIER: HIGH COST OF CAPITAL IN THE u.s , RELATIVE TO FOREIGN
COMPETITORS

Efforts to reduce Federal budget deficits shoulq c9Dtinu~e=.=.======~
L- _. -tleCl:"<luse,o£. lIeqat1:V'e'l!'ft.li!:C~!5 oft:!'i!Ji:f,cigggfli:;its.on .capitaa;:.· ...

marketsandonihterestrates: _. . . ..

Stat~ and local level efforts to meet local capital needs
should be encouraged. The creation of venture capital pools
would help increase the availability of capital for the new,
high-risk developments that sometimes have very large
innovation and competitive payoffs. Investment rebates and
other incentives might also be used.

Actions should be taken to increase aggregate savings in the
u.s. Additional tax incentives (beyond the recent tax
reform), direct appeal to savers, and other actions could
increase savers willingness to save rather than consume.
Increased savings levels are necessary to help increase
capital supply and lower interest rates. The u.s. savings
level is much lower than in competitor nations.

BARRIER: TAX INCENTIVES FOR DEVELOPMENT OF NEW TECHNOLOGIES

In order to encourage rapid commercialization of
technological advances, any future changes in the tax law
should focus on the incentives available for long-term
investment in all factors of the production, marketing, and
distribution processes. Changes in cost recovery provisions
should not force u.S. companies into a competitive
disadvantage. American businesses must have confidence that
major tax changes will not be made repeatedly.

The tax laws of foreign countries should be analyzed to
determine if they discriminate against u.s. products being
sold there. Discriminatory effects should be alleviated
through negotiation or, if necessary, compensated tbrough
legislation.

BARRIER: POOR INTEGRATION OF MANUFACTURING, DESIGN, AND R&D
MARKETING FUNCTIONS

All managers should have
process of the company.
receive cross-functional

a grounding in the basic production
Beyond this, managers should .
training so they have at least a
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minimal appreciation of finance, personnel, technology
development, marketinq, as well as production.

~

Top manaqement must foster attitudes throuqhout management
staff that foster flexibility, change, innovation and
adaptability.

Industrial firms in the u.s should take qreat care in
transferrinq their technology and other intellectual
property to foreign firms. For protecting the
competitiv~ness of the nation as a whole, firms should
establish safeguards against non-economic transfers.

Export control procedures should be chanqed to include
intellectual property protection agreements and concerns, so
that sales by U.S. firms are protected and enhanced•.

Insist other nations protect U.S-owned intellectual
property. Treaties, reciprocal agreements, tar~ffs, and
other mechanisms used by the U.S. government in dealing with
other nations should incorporate strong intellectual
property provisions. U.S. laws could be strengthened to
insure reciprocity and to prevent unapproved imports of
products made abroad by processes patented in the U.S.
Enforcement in other countries is often the weakest link in
the protection process.

Ownership of rights stemminq from collaborative research
should be clarified. The goa~ is to eliminate uncertainty
and thus maximize the incentives to rapidly commercialize
technological developments by U.S. firms. Similarly,
actions should be taken to assure that ownership rights and
other benefits from Federally-funded research flow to U.S.
organizations.

Ways should be sought to obtain payments from foreign
graduate students for the intellectual property they benefit
from while doinq researc~ in the U.S.

BARRIER: COMPLACENCY AND DEPENDENCE ON THE DOMESTIC MARKET

We must foster entrepreneurial risk-taking. Several steps
can be taken. Promote greater ownership·by executives of.
corporate stock so that executives become owners, not simply
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managers. Include employees in "participative management"
so that more decisions are made by those closest to
production operations. Incentive systems must be improved
so that more employees feel they have a greater stake in the
success of the company.

Shift emphasis in our business schools so that executive
responsibilities are taught more within the context of
"owners" responsibilities rather than "m<;lnagement" .

L resPJmsibUities .: .. ... .....

We must promote a greater sense of the "common good" so that
government, management and labor interact on a basis of
achieving positive goals rather than on the historic
adversarial basis.

We must foster the awareness that there is no longer
anything such as a purely "domestic" market. What we think
of as the U.S. domestic market is, in fact, part of the
global market. Thus as soon as a product leaves the
shipping dock, it has hit the world market, even if it is
only being shipped across town. This perspective must
permeate all management levels.

BARRIER: RESTRICTIVE TRADE POLICIES IN FOREIGN MARKETS

Adaptability to foreign prefer~nces should be improved by
U.S. firms. The result should be U.S.-made products that
better meet the special preferences of consumers in other
nations and better performance in the marketing/distribution
systems overseas. Increased exports and reduced trade
deficits are the obvious goal.

Foreign languages should be introduced earlier into the U.S.
educational process, so that our citizens will have a
greater ability to understand foreign needs/preferences, and
have an increased ability to successfully do business
overseas.

BARRIER: FEDERAL AND STATE REGULATIONS FOR PROTECTION OF HEALTH
AND SAFETY

Wherever possible, domestic regulations (from such sources
as EPA, OSHA, FDA, and SEC) should be reduced and simplified
in order to minimize their negative effects on industrY's
use of'new technology. In some cases, foreign compe.titors
have an advantage of less stringent or loosely enforced
regulations.

A better balance should be achieved between the desirable
safety goals of domestic regulations and. the economic cos~s

to U.S. manufacturers and businesses. In addition to the
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added costs, firms often have the application of new
technology or marketing of new products delayed
significantly. In the current global economy, we should
recognize that economic viability is as important a national
goal as public safety. The key is to balance these goals in
a meaningful way.

BARRIER: EXPORT CONTROLS ON ADVANCED TECHNOLOGIES AND
HIGH-TECHNOLOGY PRODUCTS

_.~ -- ."-
----~-===

The-JanuarY
directs the
and provide

= -..- ·_~-~-------1987prelS.i:derIt·scompetltrvenesslliitIatI;; .------
Cabinet to review the export controls program
recommendations to achieve the following: .

o Decontrolling those technologies that offer no serious
threat to U.S. security;

o Strengthening enforcement controls on those technologies
that could harm U.S. security;

"'-o Eliminating unilateral controls in those areas where
there is widespread foreign availability;

o Reducing the time required to acquire a license by at
least one-third and implementing a fair; equitable, and
timely dispute resolution process;

o Seeking agreement with our allies for concrete actions
to be taken which will make export control procedures
more uniform and enforcement more rigorous;

o Seeking overall to level the competitive playing field
while strengthening multinational controls over products
and technologies that can contribute to Soviet military
capabilities; and

o Recognizing the continued improvement in U.S./People's
Republic of China (PRC) relations and the commitment of
the PRC to protect sensitive technology, and working
with our allies to further liberalize high technology
trade with China.

BARRIER: RESTRAINTS AND UNCERTAINTY CAUSED BY PRODUCT LIABILITY
LAWS

The January 1987 President's Competitiveness Initiative
proposes several methods to overcome this- barrier. Proposed
legislation would:

o Retain a fault-based standard of liability;
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;,
o Eliminate joint and several liability except in cases

where defendants have acted in concert;
~

o Limit noneconomi9 damages to a fair and reasonable
amount;

o Provide for periodic, instead of lump sum, payments of
damages for future medical care or lost income;

.,----- ==.,-

0- ...Reauc~ -ll,W:ll,J:"dS iii~cases where a plaintiff also is
compensated by other sources, such as government
benefits;

o Reduce transaction costs by limiting attorneys'
contingent fees to reasonable amounts on a sliding
scale: and

o Encourage litigants to resolve more cases out of court.

BARRIER: ANTI-TRUST RESTRICTION AGAINST COOPERATIVE VENTURES

The January 1987 President's competitiveness Initiative
proposes several methods to overcome this barrier. The
statutory proposals include:

o Amending Section 7 of the Clayton Act to distinguish
more clearly between pro-competitive mergers and mergers
that would create a significant probability of increased
prices to consumers:

o Limiting private and Government antitrust actions to
actual (rather than treble) damages, except for damages
caused by overcharges or unde:rpayments;

o Removing unwarranted and cumbersome restrictions on
interlocking directorates;

o Clarifying the application of U.S. antitrust laws in
private cases involving international trade: and

o Requiring that any antitrust claims remaining against
other defendants after a partial settlement in a case be
appropriately reduced.
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