; SPECIAL REPORT

Facts & Fi (gures for

Rebeccal. Rawis, C&EN Washington

‘Research and development in the
U.S. is growing modestly. Total ex-
- penditures for R&D are eapected to
top $122 billion in 1987, an increase
of 6% over R&D spending from all
sources last vear. That's the small-

est year-to-vear change in the past  EOBEFEloHE

decade. a decade that has seen R&D
funding nearly triple. in current dol- J_. A look at the total U.S. R&D effort. Where funds come from, who

lars. from 1977's $42.8 billion. For spends them, and how they are divided among basic and applied research
the decade as a whole, R&D spend-  and development. Who gets U.S. patents...................... e 35
ing in the U.5 has been growing’
L1% per yvear—nearly twice the rate
atwhich.it is growing now.
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Stll, 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.................cooneiiinniinn. 40 -

this-year-does-represent-real-growth;

outpacing=anticipated=inflation-by-
some 2%. In keeping with the re-

cent pattern, about half that money QC%I Spending for R&D by industry as a whole and by the chemical-
comes from the federal govern- industry. How company size affects R&D spending. How much major

;‘g;‘;[ff’,f’:’rﬂ;;‘}fo‘,;‘ :::z;r;f'%z!: - companies spend on R&D. Employment trends in industrial R&D..... 51

versities and other nonprofit insti-
tutions will kick in a relatively 74

£ T
zf:ief;l?vz;:mmn only 3% of the Where academic institutions get R&D funds and how they spend

Government spending for R&D “them. Which schools spend the most on 'all R&Q and_on chemistry.
is actually growing a good deal Degrees awarded in chemistry and chemical engineering................ 58
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faster than federal spending as a
whole. If Gramm-Rudman deficit re-
" duction targets are to be met in this
vear's budget—an event that most
observers consider unlikelv—the
overall federal budget probably wili
_rise only a very modest 1% for the
vear ending Sept. 30. Federal R&D
_.support. by contrast, is expected to
be up 7% for 1987 as a whole. In
general, the Reagan Administration
and Congress have been relatively
~ kind to R&D budgets during the
_past seven vears. doubling federal
support for R&D from its pre-Reagan
level of $29.5 billion in 1980. Even
when intlation i1s taken into account,
federal R&D support has grown 46%
sinice 1980.
Until recently, industrial support
for R&Dhas kept pace

‘with the

however, current levels of support
for R&D in the U.S. are quite high.
R&D spending appears to be level-
ing off at about 2.7% of gross na-
tionai product. For most of the past
two decades it has been considera-
bly lower than that, reaching its
most recent nadir in 1978 at just

“above 2.1%. Not since the mid-1960s,

when massive efforts in space and

defense led the federal government’

to spend twice what industry did to
support R&D, has such a large frac-
tion of the nation’s total output of
goods and services, as measured by
GNP. been devoted to supporting
R&D. Though the rate of growth

‘may be declining, overall support

for R&D in the U.S. appears strong.

Chemical R&D, of course, is only ..

1987, however, preliminary figures
- indicate that industry’s support for
~ R&D is lagging behind that of gov-
ernment. R&D spending by all in-
_dustry is expected to rise 5% this
vear, following a 6% increase in 1986
and one of 7% in 1985. Federal sup-
port over the same period rose, on
average, 10% per year.

" Considered in a broader context,

ederal-etfort-Tr1986 4id again in

ture. Just how much of the total
national effort focuses on chemis-
try is never easy to measure, in part
because the point where chemical
R&D breaks off and R&D begins in
some closely related field —materials
science, say, or biotechnology —has
never been clearly defined.

This year, separating out that part
of the overall R&D effort that can
reasonably be called chemical is

even harder than usual. That's be-

cause some of the key data, particu-
tarly on the industrially financed

- haif of the R&D picture, have yet to

be compiled by the National Sci-
ence Foundation. NSF is the chief
source of statistical information on
R&D in the U.S., and its data—
collected in large part by the Cen-
sus Bureau—form much of the ba-
sis of this special report. Recent re-
organizations at both the Census
Bureau and NSF's division of sci-
ence resources studies have delayed
the compilation of some of these
data by three or four months. As a
result, the most recent data avail-
able for many aspects of industrial
R&D spending are based on infor-

..mation collected in. 1983, too-long-
_a small piece of the total R&D pic-...ago.to.give a-precise-picture-of-the-

state of that R&D effort now.

Of the federally funded half of
US. R&D, the biggest share—69%
for the 1987 fiscal year—is funded
by the Defense Department. De-

fense’s share of the federal R&D "

budget has been climbing steadily
in recent years, from a level of about
45% that prevailed throughout the
late 1970s. That shift parailels an-
other one that is taking place, name-
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Almost three quarters of
| alt R&D is by industry

Federal
government

Nongprofit
institutions

Universities

1987 total R&D spending =
$122.3 bitlion

Source: National Science Foundation

-ly 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 aimost 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

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
overal! for federal support for chem-
ical research—no change at all when
inflation is taken into account.

At universities, where haif 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 wiil 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-

Total R&D as % of gross nationat product

R&D share of U.S. GNP levels off after rise of early 1980s
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Federal funds account for
half of all U.S. R&D

“Civilian related
Space related

1987 total R&D spending =
$122.3 billion
Source: Nations Science Foundation

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 ail 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 growthis - ~
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- .

ustry;are~increasing their ‘R&D "~

ridiTig faster tHaf are basic cheii-
cal companies. Another contribut-
ing factor is a major divestment that
took piace 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-
cal company R&D spending rose 7%
in 1986. ' a
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. Although U.S. outlays for R&D are up - . . . they are only two thirds higher
i fourfold in the past 15 years . . . if inflation is taken into account -
‘ Sources of R&D tunds, $ biltions, current Sources of R&D funds, $ hilliens, constant (1982) ' '

120 _.

120

Total

100

mm

Ol bocde © o
1972 73 74 75 78 77 78 79 B0 B1 82 83 B4 B85 g6t &7

20

0 Gkl R T
1972 13 74 78 76 77 78 79 8C 81 82 53 84 85t 85 07

¢ a CAEN estimates. Source: National Science Foundation

SOURCES OF R&D FUNDS: industry and federal goverment each contribiste nearly ha

D ' o $ Biions (current) _ __Anmeusl chenge
_ 1907° 1000 W6" B4 1963 1962 1981 1580 18T 18T 1877 1888-87 187787
Industry $ 581 $553 $522 $488 $435 $40.1 $359 $30.9 8261 3225 $1968 5% 1%
e fedMsigovernment - 600  58.0 §18 4S8 407 9385 334 205 288 .239 ..218. .7 .. Al ... ;
Universities andcolleges .. 27 - a8 .33 . .38 18 AT . 3 1.0.....09. .8 ",.;:W‘IQ it
Other nonproMt insiiutions 1.5 1.4 13 1.2 1.1 1.0 1.0 0.8 0.8 0.8 0.7 7 8 ,
TOTAL $1223 $115.2 31075 S07.8 $87.2 $79.3 $71.8 $42.0 $549 $48.1 3428 6% 1% A
MAL CHANGE 6% . 7% 10% 12% 10% 10% 1%  14% . 4% 12% 10% S . G
: $ Biliors (1982, constant)
Induetry $ 488 $ 483 3468 $452 S419 3401 $383 3381 $332 $31.1 $292 1% 5%
Federal government 50.4 489 48.5 423 39.2 365 35.7 S5 343 332 2 2 5

 Universitios and colleges 2.3 22 21 19 18 17 18 16  15- 14 13 :
Other nonprofit insiihutions 1.3 12 12 1ot 10 100 1Y 11 11 10 8 3
TOTAL $102.7 51008 3904 3905 3839 $79.3 766 $73.2 $70.1 3648 83T 2% 5%

AMNUAL CHANGE 2% 4% 7% 8% 8% 4% 5% 4% 5% 5% 2%
. 8 CAEN estimates. Seurce: National Science Foundaion . : :
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Two fifths of chemisfry papers i | Japanese now receive nearly
are in biochemistry I | 20% of U.S. patents

Macromolecular
chemistry

Organic chemistry

Physical, -

. L~ inorganic & . !
Applied chemistry & : analytical chemistry Others ]
chemical engineering . . _ Erance 3%

, 1986 total papers® = 474,429

\ West Germany
U.K. 3%

1986 total U.S. patents issued = 70,860
: a Number of abstracts of papers putlished in Chemical Absrracts . i
; -Source: Chemical Abstracts Service . i Source: U.5. Patent & Trademark Office

E _1

PERFOR MERS OF R&D: Industry’s share is six times that of government

N . . $ Blltions {curront) Annual change
1987*  198e*  1885* 1984 1983 1982 1981 1980 1879 1978 . 1877  1%@6-87 1877-87

’ Industry - $ 887 $ 844 $ 782 $71.5 $63.4 $58.0 $51.8 3445 $38.2 $33.3 $29.8 5% . 12%
| Federal government 15.1 13.4 13.0 116 106 9.1 8.4 7.6 7.4 6.8 60 13 10
i Universities and colleges 10.7 10.3 9.5 8.5 78 73 6.8 6.1 5.4 4.6 41 4 10
1 University-associated FFRDCs? 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 g

TOTAL - $122.3 '$115.2 $107.5 $97.6 $87.2 $79.3 $71.8 $62.6 $54.9 $48.1 $42.8 6% 1%

$ Blllions {1982, constant)

Tndustry 7 T $ 745 5737 $70.1 $66.9 $61.0 $58.0 $551 73519 $48.7 '$46.1 $443 1% 5%
Federal government 127 . 1.7 - 117 10.8 10.2 9.1 9.0 90 @ 95 9.5 8.0 9 4
Universities and colleges 9.0 9.0 85 - 79 7.5 7.3 7.3 7.2 6.9 6.4 6.1 0 4.
University-associated FFRDCs® . 3.4 3.3 3.1 2.9 2.6 25 2.7 2.7 2.5 2.4 2.1 3 5
Other nonprofit institutions 31 30 30 28 2.6 2.4 2.4 2.5 25 2.3 2.2 3 3

TOTAL . $102.7 $100.6 $96.4 $90.5 $83.9 $79.3 $76.6 $73.2 370.1 $66.8 $63.7. 2% 5%

‘a CAEN estimatas. b Federally funded R&D centars. Those adminisiered by both sndustry and by nenprofit institutions are included in totals for their respective sectors
Source: National Science Foundaticn

“HARACTER OF RO Uniform growth in all three.sectors

. ) : " Annual cha nge
= 1987% 1988 1985 1964 E [ R T~ 1 R T R Y & S o r P o e
Basic research - %147 5138 $ 130 3$121 S110 $99 $92 $81 §73 $64 8§55 7% 10%
Applied research. 26.4 247 23.4 223 20.4 18.5 16.9 141 12.3 10.8 9.7 7 M
Development 81.2 76.5 711 62.9 55.8 50.9 45.8 40.5 353 309 27.5 6 BERE
TOTAL . $122.3° $115.2 $107.5 $97.6 $37.2 $79.3 $71.8 $62.6 $54.9 $48.1 $42.8 6% 11%
$ Billions {1982, constant)
Basic research $ 123 $ 13121 S$117  $112 3106 $ 99 $98 $95 $9%3 589 § 83 2% 4%
Applied research 22.2 218 210 207 19.6 18.5 18.0 16.5 15.8 15.1 4.5 3 4
Development | 68.2 66.8 633 58.3 53.7 50.9 48.8 473 450 428 40.9 2 5
TOTAL - $102.7 5100.6 $96.4 $90.5 $83.9 §$79.3 8756 $73.2 ¢§701 556..8 $63.7 2% 5™

a C&EN esbimates Source: Nanonal Science Founcanon
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PATENT ACTIVITY OF U.S. COMPANIES:? Significant decline for chemicals in 1986
Total
Number of p | d 1488 1985 1984 1983 1932 1881 1880 1979 19748 1977 1077:80
CHEMICAL COMPANIES o
Dow Chemical : 371 335 328 246 276 260 249 217 334 297 2,913
Du Pont 328 342 348 326 283 343 289 227 386 431 3,304
Ciba-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
i PPG Industries 124 128 137 137 177 189 166 118 190 196 1,562
Monsanto . 110 100 138 136 131 211 208 144 264 192 1,631
American Cyanamid 92 115 11 128 129 188 205 143 225 215 1,551
Olin - 81 117 112 85 80 80 106 82 99 91 933
Ethyl 77 105 76 44 31 43 51 . 25§ 41 48 539
International Flavors & Fragrances 76 104 95 87 87 96 78 60 80 52 813
Stauffer Chemical 75 104 95 81 87 94 23 80 132 116 - 957
Celanese 66 67 94 57 56 58 56 44 71 70 639
Hercules _ 43 41 39 a7 30 52 23 24 a9 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 g5 94 = 822
GAF 12 23 19 21 32 - 47 48 .54 57 26 139
TOTAL® 1983 2204 2207 1918 1980 2413 2233 1796 2861 2518 21,913
ANNUAL CHANGE ~-10% 0% 15% —3% —18% 8% 24% —33% 6% —90%

. a'lncludes U.S. chernical comganies or U.5.-based subsidianes of foreign companies that have receivad more than 993 U.S. patents sinca 1362, b Thess totals include patents issued 1g the
chemical companies shown in this tabfe only. Sewrce: U.5. Patent & Tradermark Office

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

Number of patents lssued 1908 1983 1984 1983 1902 16881 1980 1979 ' 1972 1977 1#;.-“"
U.S. origin 38,124 39554 38,385 32,871 33,808 39,223 37,358 30,079 41,256 41485 372,207
" 1o U.S. corporations 27324 28,944 28,002 24,038 24,085 27,623 25967 21,145 29421 29566 266,115
to U.S. goverﬁment 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. 9461 . 9243 B.B87 7,562 8,539 10241 9940 7,804 10,389 10,248 = 92,325
to foreign-owned 328 243 248 228 289 242 217 169 201 186 2,331
corporations in the U.S.

Foreign origin 32,736 32,107 28,835 23969 23,092 26,548 24,483 18,775 24,848 23,784 280,077

1o U S.-owned corporations 2,231 2,274 2032 1660 1715 1,839 1694 1,364 1861 1970 18,740
abroad L L S .

“16 foreign corporations 26,196 25721 22.985 19.019 18,589 20.549 18,685 14,447 18875 17.87% 202,925
to foreign governments 471 483 440 336 368 249 253 186 249 215 3,250
to foreign individuals 3.838 23629 3378 2974 3320 391t 385t 2778 3,763 3720 15,182
TOTAL 70,860 71,861 67,200 56,360 57,388 65,771 61,819 43,854 66,102 65209 832,284
% FOREIGN 486.2% 44.8% 42.9% 42.2% 41.4% 40.4% 29.6% 384% . 37.6% 36.4% 41.1%

a Patent hqures ware low i1 1979 because the U.S. Patent & Trademark Office was short of funds 1o print patents It might ctherwise have issued. Source: U.S. Patent & Trademark Office

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

* of patents 1948 1988 1084 1983 1982 1981 1980 1978 1978 nr7 143-78

4% . . “,mﬁ , SR —

18 17 15 14 12 n 10 10 14 5

West Germany 10 9 9 10 9 9 9 9 8 9 7
UK. ' 3 3 3 a. 4 4 A 4 4 4 4 4
France 3 3 3 3 3 3 3 3 3 3 3 3
Switzeriand 2 2 2 2 2 2 2 2 2 2 2 2
--Canada - 2 2 2 2 "2 2 22 2 Y 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
Natherlands 1 1 1 1 1 1 1 1 1 1 B | 1
US.SA. — - - — - 1 1 1 1 1 — -
Cthers 2 — — — — _ — — — — k! 2

# Data for mdivadual countres My ol equal This Numder becauss of rounding Source: U.S. Patent § Trademark OMce
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ABSTRACTS OF PAPERS IN CHEMICAL ABS?'RACTS: Biochemistry’s share hoids steady at 40%

Percantage
point change,
1986 1985 1984 1983 1982 1981 1978 1978-28
BIOCHEMISTRY 40.4% 40.5% 40.5% 38.3% 39.5% 38.0% 38.8% 16% .
% of all biochemistry abstracts A
Mammalian hormones® . 12.5% 123% 12.4% 12.9% 12.2% 6.8% 5.9% 6.6% ’
Pharmacoliogy 122 0 123 11.6 11.8 12.0 12.4 12.0 0.2
Mammalian biochemistry*® 10.8 111 11.3 111 11 R:} 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 53 4.8 - 42 4.4 34 —_ —
Biochamical genetics® . 6.1 5.2 4.2 38 33 — — — '
Microbial blochemistry* 57 5.7 _ 5.2 5.1 53 5.6 5.0 0.7 L )
Enzymaes 5.6 5.6 5.8 6.1 5.9 5.9 6.4 —0.8
Plant blochemistry? ) 5.2 55 6.2 59 6.2 - 5.8 8.1 =09 b
Biochemical methods 5.0 - 49 49 49 4.6 5.7 —_ —_ : ot
General biochemistry - 4.7 49 53 58 6.0 7.5 7.1 —-2.4
Others ' ' 18.3 19.3 20.3 19.9 20.4 22.8 348 - —
PHYSICAL. INORGANIC. AND ANALYTICAL CHEMISTRY 29.5 29.8 28.8 296 28.5 28.0 27.5 2.3
: % of all physicai, inorganic, and analytical chemistry abstracts :
Spectra : 20.0 18.4 18.0 17.6 C17.2 18.0 17.8 2.2
‘Nuclear chemistry 19.9 21.8 22.2 22.5 22.6 21.6 19.7 0.2
Electric phenomena 10.8 10.8 10.8 10.0 w5 110 10.5 0.3
Crystallography and liquid crystais 7.0 7.5 7.8 K] 8.7 8.9 9.7 -2.7
General physicai chemistry . 7.0 8.9 6.9 7.3 7.3 7.2 7.0 0.0
Anaiytical chemistry ' 6.8 6.1 6.3 6.2 5.4 5.8 6.6 0.2
Others ' 28.5 285 28.0 28.1 283 27.5 28.7 —=0.2
APPLIED CHEMISTRY AND CHEMICAL ENGINEERING  18.2 184 17.6 19.4 18.5 19.1 18.8 -0.6
% of all applied chemistry and chemical engineering abstracts : _
" Water, wastes, and poliution . 21.9 20.2 21.0 19.8 217 240 18.6 33
‘Metals and alloys 208 20.0 18.9 19.1 22.2 17.9 27.8 -7.0
Minsralogical and geological chemistry - 12.0 12.5 148 141 . 136 14.1 17.6 —5.6
Fossti tuels, derivatives, and related products - 2.0 10.1 101 10.3 9.4 9.4 6.0 3.0
Unit operations and processes : 7.1 7.5 7.0 7.5 6.9 6.4 - 48 23
_Others . _ . . 292 297 | 284 294 282 28.2 25.2 40
QRGANIC CHEMISTRY 59 6.4 7.8 7.3 7.2 8.7 8.7 —2.8
' % of ail organic chemistry abstracts
Physical organic chemistiry 213 - 30.8 320 305 315 - 37.0 8.4 —-111
Organometallic and organometatioidal compounds  ~ 18.3 16.2 171 16.3 14.8 83 8.7 - 9.6
Heterocyclic compounds® 15.0 16.1 15.6 16.2 15.6 18.2 17.4 —-2.4
- Carbohydrates - 18 87 5.7 5.8 5.9 ‘5.4 5.1 27
Aromatic compounds® _ ' 7.3 6.3 6.3 71 7.2 87 8.0 -0.7
Biomolecuies and thelr synthetic ansioge® 5.0 49 44 4.5 a7 — - —
Aliphatic compounds® - . 4.4 42 36 43 §.2 8.8 6.5 =21
_*_ Amino acids, peptides, and proteins® 39 48 48 45 44 42 43 -0.4
. Others . . IR | A SR O X ) ' 1 BRI
MACROMOLECULAR CHEMISTRY ’ 5.7 - 4.9 $5 - 5.4 5.3 5.2 8.2 -0.5
' ‘ : % of all macromoleculss. chemistry sbetracts
Synthetic high polymers 341 M 34.0 4 4.7 303 28.3 5.8
Plastics manulacture and uses ) 238 25.3 24.2 244 218 84 268 =30
Caliuioss, lignin, paper, and other wood products 9.8 - 9.1 X ) 9.1 9.7 10.1 9.1 0.7
Texthies . 3.8 8.2 73 7¢ &2 - 9.9 1. -23
Caoastings, inks, and relsted products _ 1.2 1.2 78 8.6 7.8 15 7.6 -0.4
Symhetic slastomers and natural rubber 87 88 13 15 7.8 79 8.8 T =19
Others : 26 - 9.3 88 10.1 2.4 79 8.5 1.1

How 1o road this tabie: Using blochemistry & an example, ‘ouuunmmnmwmmmnnnmmaw 12 5%
of glf abOFECS 1 DAOCHITITY. hmnhthwmlzZIdmmnhm and 30 on. 8 Definition of section changid w
1942, u--unmm mmww
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Others
" 8% -

o ~Heaith & Human
National Science Services
Foundation 2% - “Energy

Nationat Aeronautics & Space Administration

Estimated fiscal 1987 total federal

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

- Defense’s share of federal support grows

Agricuiture -

Nationai Science

Health & Human - Foundation

Services

Estimated fiscal 1987 federal chemistry -

R&D obligations = $59.2 billion

research obligations = $671 miliion

Sourge: Nzuonal Seiance Foundation

FEDERAL OBLIGATIONS FOR R&D: Up strongly thanks to big boost__fof military funds

. Annual change

$ Millions ' 1987 1986* 198% 1984 ’ 1983 1982 1986-87 1982-87

S4d.673.8 $33,646.3 $29,791.5 $25.372.9

Defense $22,992.8 $20,6226 21% 5%

Air Force 17.356.5 13.757.5 13,2609 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 ] " 13
Army 5,710.2 4.850.2 4570.8 42255 3.998.1 3.760.5 18 9
Cefense agencies® 8.775.3 - 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 -—§. §
National Institutes of Health 46723 49773 . 4,827.72 4,257.4 3.789.2 34331 -6 3
Alcohol, Drug Abuse & Mental Health 383.1 396.2 377.6 - 337.2 3c2.2 248.1 . =3 9
! Administration . _
[ Energy 4,770.7 4.691.6 4,996.0 - 4,673.6 4,536.7 4,708.2 2 0
1 National Aeronautics & Space 3.826.0 3,478.4 3,327.2 2.821.9 2,661.6 3.0779 13 5
Ad_miniatig_g_\tiq_gr _ ‘ C . :
T National Science YEGES YRR, 202 62:0 o75:
Agriculture 809,27 TR : 566 B47:6 797:3-
Agricultural Research Service 497.0 463.1 469.7 451.3 443.4 404.9
Cooperative State Research Service 234.4 263.1 284.3 235.7 232.2 219.0
Forest Service ’ 111.% 120.1 1131 108.4 107.7 1121
_Interior - 350.6 388.3 g7 410.9 3825 381.t
Geological Survey 2076 2188 214.9 208.9 157.0 152.6
---Environmental Protection Agency L3096 3338 3204 - 2612 240.7 335.1
Commerce : 300.8 381.1 398.8 358.2 335.0 3363 -2y -2
National Oceanic & Atmospheric 186 3 268 1 2698 2443 2220 2220 =27 -2
Administration
National Bureau of Standards 914 393 100 5 355 350 a8 -3 !
- 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 3$52.061.8 $48,332.3 $42,224.9 $38.711.5 $36.432.6 142 10,
ANNUAL CHANGE 14% 8% 14% © 9% . % 4%

Hote: Ziscal wears a Esimated bincludes Defense Advanced Researon Prowos ey Detense Nuciear Agency a0 2iners Source: Nanonar 3senca ©ounzarcn
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PERFORMERS OF FEDERALLY FUNDED RESEARCH: 54 % is undertaken by industry

e

$ Milllons 1987 1988* 1985 1984 1983 1982 198887 1982-87
Indusiry $31.787.9 $26,847.9 3237743 $20,3615 $18,649.0 $18,698.6 18% 1%,
Federal Intramural programs 15,396.7 13,533.4 12,998 4 11,5723 10,581.9 9,141.0 14 11
Universities and colleges 6,558.7 6,554.7 6,299.0 §,5665.1 4,966.4 4,605.5 0 7
University-associated FFRDCs® 2,712.8 2,446.2 2,534.5 2,324.9 2,265.8 1.976.7 ik 7
Nonprofit institutions 24513 2,318.1 2,365.0 2,094.4 1,822.9 1,612.3 ] 9
Forelgn 219.8 257.8 2559 175.8 2385 2143 15 1
State and local governments 82.4 103.6 105.2 130.9 186.0 1843 -—-20 =15
TOTAL $58,209.6 $52,061.8 $48, 332-3 $42,224.9 $38,7118 $36,432.6 14% 10%

. Note: Fiscal years. a Estimated, s Federaily funded RAD centers. ﬂwsemlmsleredbybummnandbywoﬁnuﬁmﬂonsarainctmdhmulummm Sowrce:
Natlonal Science Foundation : .

FEDERAL OBLIGATIONS FOR SCIENTIFIC DISCIPLINES: Stow growth for chemistry this year

" a Estimated. Sowce: National Science Foundation

Federal support for physical science Ilttle
changed since 1983 in real dollars

Federal obhgatrons for research s bulluons

Annuali change
$ Mitions for research only 1%987* 1988 1985 1984 1983 1982 198887 1902-1987
Life sclences " $6,289.2 §$ 65,4576 § 6,368.2 $ 56359 §$ 51779 $ 4,7455 —3% &%
Engineering 3,857.8 3,684.4 3,628.5 3,624.1 3,517.0 3,388.5 5 3
Chemical 186.0 243.5 254.1 144.5 145.0 951 24 ] 14
Metallurgy and materialg 465.5 464.1 439.1 341.1 332.5 309.1 Q 9
Physical sclences 3,300.3 3,071.8 - 3,044.0. 2,969.0 2,891.4 2,500.4 T 6
Chernistry 6709 - §53.4 644.5 606.4 520.3 481.2 3 7
Physics 1,965.4 1,829.4 1,820.0 1,836.4 1,854.6 1,610.5 7 4
Environmental scienced 1,483.4 1,458.2 1,403.8 1,275.9 1,251.2 1,148.3 2 . 5
Mathematics and computer sclences 759.0 665.0 577.5 440.3 419.4 350.1 14 17
Cther sciences 1,151.4 1,117.7 1,1103 1,033.6 996.6 891.4 3 5
" TOTAL $16,841.1 $16,454.7 $16,130.1 $14,978.8 §$14,253.5  $13,022.2 2% 5%
ANNUAL CHANGE o 2% 2% 8% 5% 2% - 7% . -

" Government funding of basic research

catching up with applied research support

Federal obligations for research, § billions

10rFr - S
: B $Currgnt : :

&8 Constant (1962)

Sk )
o X Ft Fway ¢y ) obt 1 R W R B
1977 78 79 80 81 82 83 84 85 86" 87" 1977 78 79 80 81 82 83 84 85 86" 87’

Note: Fiscal years. 8 Estimated. Source: Nationat Scionc.e Foundation

Note: Fiscal years. a Estimated. Source: Nations! Scisnce Foundation
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FEDERAL OBLIGATIONS FOR BASIC RESEARCH: Little growth this year

Ancust
$ Millions 1987 10se° 1988 184 1983 1982 1988-97 1982-1987
Health & Human Services $3182.4 . $3357.1 $3232.5 . $28145 $2475.4 $2144.7 —-8% 2%

Nationat Institutes of Health . 29383 3133.6 3018.00 2624.8 2313.0 2020.7 -6 8

Alcohol, Drug Abuse & Mental .

Heaith Administration 204 4 206.2 196.8 170.8 145.0 117.3 -1 12 ) .
National Sclence Foundation 1422.8 12585.7 1261.8 1132.3 999.1 9181 ‘13 -}
Energy 1083.1 945.9 942.6 830.4 767.7 842.2 12 11 i
Defense 995.9 9%4.3 861.4 847.9 785.8 888.7 0 8 “.

Navy 385.6 350.5 3431 315.8 3054 280.3 10 7

Air Force 284.5 2344 198.3 192.4 164.2 145.8 2% 14

Army 249.3 242.4 240.8 2221 208.3 187.7 3 6

Defense agencies® 76.5 167.0 . 79.2 117.6 107.7 729 —~54 1

National Aeronautics & Space - ' :
Administration 986.1 850.4 750.9 754.5 817.0 535.7 18 13
Agriculture 434.1 432.7 445.4 92.6 382.0 3308 0 6
Agricultural Research Service 2672 2476 2502 . 240.6 215.3 192.9 8 7
Cooperative State Ressearch )
Service 115.8 126.2 - 1415 99.68 -98.8 91.3 —8 5
Foraest Service 431 50.5 44.1 41.2 38.8 387 -15 2
Interior 115.7 1378 - 1383 1259 - 103.0 785 -18 9
Geological Survey 795 83.4 80.5 78.8 64.7 526 - -3 9
Environmental Protection Agency 37.0 39.3 388 208 22.2 3.7 -8 3
Commerce 19.5 221 23.2 206 19.2 16.9 -12 3
National Bureau of Standards 19.1 21.2 22.1 202 18.4 18.5 =10 3
National Oceanic & Atmospheric
Administration 0 1] 0 0 0 0 — ——
Others 1113 110.0 124.0- 1191 108.9 9.3 1 2
TOTAL $8347.7 $8145.1 $7818.7 $7067.4  $8280.1 $5481.0 2% %
ANNUAL CHANGE 2% 4% 11% 13% 14% 9%
Note: Fiscal years. » Estimated. b ir Cx Ay d Projects Agency, Defense Nuclear AQency, and others. Source: Nationai Sclence Foundation
FZ2=7AL OBLIGATIONS FOR APPLIED RESEARCH: Increases for Defense, NASA, and NSF
$ Miltlons er 1988* 1988 1984 1983 1982 198847 19821987
‘Defense $2636.1  $2364.8  $2306.9  $2200.7  $2437.0  $2266.1 11% 3%
3 Army 719.4 551.3 5826 486.7 485.3 4518 30 10
i . Air Force 582.2 §73.4 538.4 547.7 524.2 488.1 -2 3
: Navy 4646 463.9 448.2 449.6 521.6 498.4 0 -1
Defense agencies® 889.9 776.2 731.7 716.6 905.9 828.1 18 1
.Health & Human Saervices 1724.0 1834.0 1795.8 1651.5 1545.4 1480.9 -4 3
Natienal institutes of Heaith 1368.2 1452.8 1430.1* 1285.6 1165.2 1103.8 _—6 : 4
Alcohol, Drug Abuse & ] : ’

Mentzl Health Administration- 177.5 188.8 179.7 165.2 155.4 128.7 _.—6 7
Nationat Aeronautics & Space '

Administration 1398.5 1114.4 1032.7 154.7 927.8 714 3 )
Energy 9133 1080.4 1198.4 1194.5 1193.4 10539 15 - -3
Agriculture 444.0 450.8 4888 442.2 4358 438.7 -3 N
__Agricultural Research Service 2024 188 1918 1837 2028 @ es2 & 2.
“"Cooperative State Research - L L . S e

~Sarvice ™ B 8 [ i R R T T B K i R 1< - S "5 v i 13 ¥ ¥
Forest Service 654 8.7 65.7 639 5.1 é9.0 -3 -1
Commerce 230.7 304.4 3010 278.1 2008 2902 - -2
National Oceanic & Atmospheric o : S
Administration 163.8 229.7 224.4 197.7 188.¢ 128.5 -2¢ -3
National Bureau of Standerds 635 - 858 4.5 638 3.1 57.4 ~3 2
.. Intevior e 2109 2275 310 2543 L28AT. . IT8H -7 -4
Gaological Survey 118.2 127.8 130.0 128.1 »9 0.4 2 (]
Environmental Protection Agency 170.0 180.4 1780 142.3 1324 2.7 e -4
. National Science Foundation “w.7 7.8 [~ R ] 708 [ -1 ] (18] 19 3
- Others §76.2 487.0 720.3 T24.8 e.7 %e.s 1 1
TOTAL $8403.4 03085 83113 M4 $7T903.4 T840 2% 2%
ANNUAL CHANGE 2% % 5% -1% "% %

. Mste: Fiecal yeurs. & Estmiont. b Inchuies Dutenss Advanced Sesasrch Projects Agency. Delenas Nucies Agency, and oihers. Sewes Malioral Schince Fourdaion
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. FEDERAL OBLIGATIONS FOR DEVELOPMENT: Nearly 90% goes for milll_ary work

) Annual ch.
$ Mullons 987" 1988* T 1988 1984 1983 1982 1988-87 1982-87
Delense $37,048.8 $30,287.2 $26,623.2 $22,324.3 §19,770.1  $17,869.8 22% 18%
Air Force’ 16,509.8 12,9497 12,5243 11,3515 10,124.2 B.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 47416 4,056.8 3,747.4 3.516.8 3,3048 3.121.3 17 9
Defense agencies® - 5,808.9 3.847.5 1,964.8 557.3 1,038.7 7171 51 52

Energy 2,794.4 2,6685.3 2,825.0 2,648.7 2,575.8 3,012.1 5 -1

National Aeronautics & Space 1,543.4 1513.6 1,543.6 1,112.7 1,116.8 1,670.7 2 it
Administration : - .

Health & Human Services 384.3 420.2 422.7 364.7 331.7 335.2 -8 3
National Institutes of Heaith 365.8 390.9 399.62 ¢ 3470 31N 308.7 —6 3
Alcohol, Drug Abuse & Mentatl Health 1.2 1.2 1.1 .12 1.8 2.1 0 —-11

Administration : . .

Environmental Protection Agency .o102.8 113.9 105.8 89.2 88.1 81.7 —10 2

Commerce : 4.7 84.8 74.8 815 50.2 60.2 -3 -8
National Oceanic & Atmospheric 325 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

Agricuiture 311 315 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 45 3 —8

Cooperative State Research Service 0 0 0 0 0 0 -— -
Interior 23.0 23.2 224 30.7 248 29.8 3 -4
- Geological Survey 99 7.4 4.4 49 - 23 0.5 34 82
Nationai Sclence Foundation L3 0 0 _ 0 0 2.2 — -
- Others oo 397.2 487.6 552.8 583.0 492.7 508.1 -19 -5
" TOTAL $42,368.5 §35,607.1  $32,2021 $27,248.1  $24,458.0 $234104 ° 19% 13%
ANNUAL CHANGE 19% 1% 18% 1% - 4% 3%

Nole: Fiscal ysars. 8 Estimated. b includes Defense Advanced Ressarch Projects Agency, Detensa Nucisar Agency, and others, Soyrce: National Scisnce Foundation

- UNIVERSITY RESEARCH: Not much change in funding overail, but chemistry gets more

Anousi change

Fuederal obiigations, 3 milllons 1987* © 1988 1995 1984 1983 1982 1988-87 1982-87
Lite sciences : $3124.8  $3288.8 331922  $2800.2 $2460.0  $2205.0 ~5% 7%
_ Physical sciences : 816.9 757.2 749.7 697.8 598.5 559.1 8 8
- Chemistry _ 2870 259.7 266.8 242.3 205.7 189.6 11 9
Physics 429.8 408.5 401.8 375.2 328.8 306.0 6 7
Enginaering 577.8 £59.0 507.t 4742 408.7 3815 3 10
Chemical . 437 . 488 45.8 512 .. .. 236 194 - —10 - 18
~--etaflurgy and materials 1211 125.9 107.2 87.7 86.0 753 —4 10
Environmaental sciences 410.2 380.2 381.1 319.5 318.9 274.7 8 8
Mathematics and computer sciences 338.3 302.8 253.1 181.8 172.4 139.7 12 19
Other sciences _ 360.8 387.4 78 304.1 297.8 . 255.7 -2 7
TOTAL $5820.8  $5855.4 $5411.0  $4777.4 $4252.3  $3795.7 9% 8%
ANNUAL CHANGE 0% 8% 13% 12% 12% 2%
Nete: Fiscal yaars. a Estimated. Sowce: Netional Science Foundetion
- UNIVERSITY BASIC RESEARCH: More than half goes for life sciences
. - ) . . .Mlll eﬂ.m
NERERESS: - PET S SIITE Y U S23068  RINTEE  $i7007 314837  ~5% 9%
Physical sclences _ T14.1 648.7 288 5819 502.2 4853 10 ?
Chemistry : 259.3 2279 2349 2121 181.9 185.3 14 9
Physics .. 3823 3328 3o, 2939 284.7 238.6 g g
448.0 419.7 360.6 340.3 058 259.0 7 12
Chemical 33.7 29.9 278 298 18.9 16.8 13 15
Metallurgy and materials L 087 1183 958 798 - 788 - - 09.6 -7 Ty
" Envifonmental sclences 380.4 350.2 330.7 2880 784.3 220 9 ]
Mathematics and computer sciences - 203.1 202.0 1721 152.8 1488 115.8 0 11
Other aciences 2022 187.8 100.0 147.4 147.2 1208 -0 1"
TOTAL $4214.) $4108.3 $3874.0 $3490.7 s$orr.? $24900.3 1% %
ANNUAL CHANGE 1% 8% H% 19% 1% "% :
- Mot Fiacal yeary. 9 Egtiratenl. Sangros: National Science Founderion
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BASIC RESEARCH M PHYSICAL SCIENCE: NSF, Defense score biggest gains for chemistry

1987 19880 1988 1984 1983
Physical Physical Physical Physicai Physical

Fuadaral obtigations, $ mittions sciesnces Chemisiry sclences Chamistry k <h ¥ . Y k Che Y

Energy $ 8525 $112.1 § 7431 $1085 § 736.1 $102.3 $ 6884 51084 § 639.2 $1043

National Aeronautics & 535.6 7.8 437.7 5.1 377.9 10.2 338.7 5.4 329.5 7.7
Space Administration

Mational Science Foundation 380.7 128.9 340.6 109.9 347.9 1127 330.2 106.8 2835 88.5

Defense 213.2 82.1 212.7 739 1855 70.1 212.2 80.0 198.4 55.8
Navy 87.5 303 84.8 T 26.1 739 26.7 100.4 20.7 98.0 18.7
Air Force 77.6 32.7 83.9 27.0 S4.1 22.8 48.3 20.3 393 17.5
Army 46.2 19.0 51.7 20.8 54.3 206 598 191 58.7 19.4
Defense agencies® 1.8 0 12.3 0 3.2 0 3.7 Q 2.5 0

Heaith & Human Services 81.4 73.4 88.8 78.3 a83.6 754 720 8%.0 61.8 55.0
National Institutes of Heaith 79.3 71.4 846 76.1 81.5% 73.32 70.8 63.8 60.9 54.2

- Alconhol. Drug Abuse & 2.1 2.0 2.2 2.1 21 2.1 1.2 1.2 09 .09

Mental Heaith Administration ’

Agriculture 335 33.3 35.6 335 56 33.¢ 45.4 435 40.0 38.2"
Agricultural Research Service 26.9 25.5 25.0 23.7 25.2 23.9 37.4 36.0 3358 322
Cooperative State Research 4.6 46 6.1 6.1 6.4 6.4 54 5.4 4.1 4.1

Service .

Forest Service 39 3.2 4.6 37 4.0 3.3 2.6 2.1 2.4 19
Commerce : 15.8 5.2 18.1 8.7 19.7 7.2 16.3 4.3 15.7 4.7
- National Bureau of Standards 15.9 5.2 17.86 6.3 18.9 6.4 16.3 4.8 15.7 4.6
Interior ’ 7.0 55 1.9 8.3 7.8 6.0 7.1 5.8 29 1.8

Geotlogicat Survey 7.0 55 7.9 6.3 7.6 6.0 7.1 58 2.6 1.8
Environmental Protection Agency 3.4 2.9 3.6 3.1 s 3.0 3.0 0 23 1.9
Cthers 17.8 0.4 156 0.2 16.8 0.3 14.7 0.9 13.5 R

- TOTAL $2141.0 54513 $1901.7 $425.4 $1814.0 34208 $1728.0 $403.4 315872 $362.2
ANNUAL CHANGE 13% 8% 5% 1% 5% 4% 9% 11% 14% 18%

Nole: Fiscal years. a Estimated. b Inchudes Defense Advanced Ressarch Projects Agency. Defense Nuciear Agency, and others. Source: National Science Foundation

ENGINEERING RESEARCH: Support for chemical engineering drops sharply this year but is still twice

1987 1088* 1988
. Chemical Metaliurgy & Chomical Melafiurgy & Chamical
§ Milliors Enginsaring  Stvpineecing materisle  Engineering  enginderig  Maderials  Enginesring ngineering
Defense - $1624.9 $ 545 $281.1 $1523.9
Air Force 488.1 3.2 38.9 472.7
235 413 3361
278 120.1 4085
0.': R ﬂn g‘,MMWM‘u1- i
8.8 738 4838 126.2 6. 5113 136.8
412 - 418 198.8 4 @i 1933 328
a4 2.4 84.9 49 @we 108.2 a8 .
0.4 1.0 3.9 (% 28 49.4 0.8
173 25 “s 1.1 27 “s o,
23 10.5 9.7 19 1.2 E I 17 5
5.8 (] 3.1 58 e n7 54
0.3 (T 7128 (V] 0.4 2774 0.4
_TOTAL - $3887.8 $106.0 4088 $9004.4 0 $484.1 536288 $254.1
ANNUAL CHANGE 5% -24% 0% 1% -4% (13 " 8%

msum.-mummmmmem—m.umu-—mmm-—
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APPLIED RESEARCH IN PHYSICAL SCIENCE: Chemical funding down slightly this year

1987

1986° 1988 1904 1983
Physical Physical Physloal Physical Physical

$ Milllons® sciences Chemistry sciences Chemistry  scl istry . sck Yy sch h ¥

Energy $ 5116 $ 249 § 538.7 $373 $6061 406 $ 6035 § 320 §5848 § 13.3

Defense 434.8 102.7 415.1 93.4 412.0 88.3 477.2 79.8 562.0 66.3
Army 129.7 71.0 116.4 62.1 124.2 57.5 77.4 47.2 86.9 389
Air Force 59.0 17.0 60.2 17.3 57.5 16.7 58.6 16.4 545 137
Navy 556 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 2721 0.3 2B5.4 0.3

National Aeronautics & 819 6.0 79.9 6.0 ©76.3 8.1 - 25.8 1.9 40.4. 1.7
Space Administration . .

Commerce ‘ 34.0 9.8 35.1 104 35.2 - 10.5 36.9 10.5 339 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 8.8 1.3 10.1 2.0 9.9 1.4 88 1.3 7.2 t.2

Administration ' .

Health & Human Services 26.5 23.0 28.4 248 27.3 238 24.7 21.3 2286 19.2
National Institutes of Health 24.6 21.1 26.1 22.4 25.48 21,8 23.6 20.3 215 18.1
Alcohol. Drug Abuse & Mental 1.9 - 1.9 2.3 2.2 1.8 1.8 1.1. 1.1 1.2 1.1

Heaith Administration

Agriculture - 24.2 22.2 25.8 23.8 264 24.4 213 255 27.6 258
Agricultural Research Service 13.9 12.9 12.9 120 131 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 35 2.4 . 38 2.5 35 24 2.4 1.8 2.3 1.7
Environmental Protection Agency 15.4 14.1 16.1 " 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 145 - 12.5 16.2 13.9 15.5 13.3 149 12.8 47 3.8

’ Nationat Science Foundation 125 3.1 11.3 2.7 11.8 29 10.9 a1 8.4 3.9
Others 3.9 1.3 3.3 1.0 38 - 14 5.4 2.4 © 4.2 1.6
TOTAL_ $1159.3 $219.6 $1170.0 $228.0 $1230.1 $223.0 $1241.0 $203.0 313043 $158.1
ANNUA_L CHANGE -1% —4% ~5% 2% -1% 10% —5% 28% 1% -7%

© Note: Fiscal ysars. a Estimated. b Obligat;ons: ¢ Inciudes Defensa Advanced Research Projects Agency, Defense Nuclear Agency, and dthers. Sourca: National Science Foundation

the level of five years ago

1985 1904

1983

192
Metaiturgy & Chamics Metalurgy & Chemical Metaliurgy & Chemical Melativrgy &
materials Enginesering sngineering matérisie Engineering ngineering Materialy Engineering sngineering materiale
$260.9 $1488.4 $ 384 $180.3 $1573.9 S 449 $179.3 $1473.3 $39.0 $159.3
- 286 4395 a5 30.3 419.3 31 38.2 387.3 29 35.1
' 324.8 235 355 3189 2.3 28.4 297.2 244 3tz
398.4 1.3 53.9 . 119 50.0 . 3780 483
=325 T 2o @eemrrarcmon G @ 4 0.8 B D X X S 43,1
BT T N BN ¥, WSe——e 790:8" S WY 18.2
88.4 439.0 46.1 8.7 440.2 51.9 2 420.8 1.1 81.2
£2.7 164.9 7 5 27.3 142.5 218 ns. 120.9 1.4 26.4
98 111.4 &5 422 1.4 0.4 ns T 1.4 328
18 - 511 1.2 1.9 56.1 1.0 1.4 8.3 0.8 1.0
2.8 37.8 1.8 0 a8 10.7 38 16,4 4.0 5.2
6.9 353 1.8 4.4 ars 13 7.8 120 2.0 1.1
0 58.7 0.4 0 54.7 .2 ] $1.2 58 0
0.5 271.7 0.3 0.1 2134 0.1 [ 2088 0.1 0
$439.1 $3824.1 $144.5 $341.1 $3517.0 . $148.0 $332.8 $3306.8 $95.1 $308.1
2% 3% 0% % 4% 3% "% 0% 0% 21%
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Industrial support for R&D up only 5%

H ] . . !
i With inflation low, chemical companies’ Outlays for industrial R&D are rising at |
. ‘R&D outlays rise smartly in real terms | slightly faster rate than industrial sales
iw' $ Biilions . R&D spending as % of net sales i
; 10 g : 10
| = $ Constant (1982) J
8 8 i
Chemicals and allied products Drugs
6 AN &
4 a . | . ! . _ -
. ° :.j
2 2 . :
. : Industrial chemicais o o
N N I O W H L TS WU VO S B B ) NS R SN SR S DA S N S NN N T T
- 1972 73 74 75 76 77 78 7% 80 B B2 BY 84 45 as 1972 73 T4 78 T8 . TT e T 80 81 02 B3 84 85 88
;. & CAEN pstimates Source: National Science Foundation ) a CAEN sstimates. Source: Nationa! Science Foundation ’

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

SO Anmual ¢l
§ Millions 1988 1985 1904 1983 1992 1981 1980 1079 1978 877 1978 1985-08 1978-84
! Chemicals and $ 9500 $ 8667 $ 8,028 % 7,293 % 58590 § 56258 48363 4,038 $ 3,580 % 3,202 8 3,017 10% 12%

ailied products _ .
industrial chermicals 4,150 3.915 3,512 3411 3.301 2,802 2,197 1,962 1,798 1,668 1,524 8 11

Drugs 4.070 3.543} 1.777 1517 1,308 L1417 1081 15 14
4516 3,882 3358 2823 :

_ Other chemicals 1.280  1.204 { 662 559 474 417 401 & . 12

Other industries 74900 69,512 83,442 56,110 51,337 46,185 39,089 34,188 29,724 26,823 23580 8 12

-~ TOTAL $84,400 378,179 $71,470 $83,403 $57.996 $51810 $44,505 $38,226 $33,304 329,825 $26,997 8% 12%

a CAEN esumates Source: National Scence Foundation

| __chpANv FUNDS FOR INDUSTRIAL R&D: Chemical indusiry spends about a sixth of the total

Asairl
$ Milliors: ‘ 19488 104 1983 182 ?i:!! 1989 1978 0718 wre wre 7e 1984-08 1975-04
Chemicals and $8352 $ 7,707 $ 68455 6220 $ 5,205 $ 4,264 $ 3,602 8 3,250 $ 2907 $ 2,751 3 2490 7%  13%
noustrial chemicals 3,618 3,289 2970 2879 2393 1858 1,817 1473 1,387 1,278 1,173 10 12
Drugs 3545 3381 2937 2490 2084 1,758 5
' : : : 2078 1777 1520 1476 1317 14
Other chemicals 1,189 1,126 938 856 747 853 8
Other industries 43,344 40511 38,018 33,288 30223 26,212 22,016 15,088 15,433 14888 1002 7 13

TOTAL $51,600 340,308 $42.081 339,312 335,428 $30,478 $25,708 322,118 310,340 917,436 $13.582 7% 13%
Seurce: Netiona! Science Foundasion .
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FEDERAL FUNDS FOR INDUSTRIAL R&D: Of little significance for the chemical industry

. ) : : Annusl
5 $ Miona 1988 1984 1983 1952 1981 1980 1T 1978 1977 1978 1975 1084-25 1975.35
! . Chemicails and $ 3188 2323 4485 434 % 421 % 3728 348 s 330% 295 $ 286 $ 238 38% 3%
allied products . _ o
1 Industrial chemicals 298 223 440 423 409 n 345 325 281 249 218 34 3
: Drugs and other 18 g 8 11 12 31 -1 5§ 14 17 18 100 0
f chemicals ' _ :
i _Other industries 26,188 22,930 20,094 18,049 15961 13,657 12,172 10,850 10,190 9295 8369 14 12 - i
i . TOTAL $26,484 $23,162 $20,542 310,483 $16,382 $14,029 $12,513 $11,189 $10,485 30581 38805 14% 12%
Source: National Scince Foundation : ' ' 7 i
1 Sours _ .
: R&D BY U.S. COMPANIES ABROAD: Relatively small but expanding steadily
: $ Mimons 1950° 1985 1984 1983 1882 1881 1980 18IS 1878 TIT 1976 1985-86 19T6-36
i Chemicais and alliedproducts $ 900 $ 818 $ 793 $ 732 $ 684 $ 715 $ 603 $ 500 $ 295 $ 332 $ 312 10% 11%
! Industrial and other chemicals 440 409 363 354 313 287 245 199 151 133 w08 8 15
: . Drugs 480 406 430 378 371 428 357 301 244 199 204 13 -8
F Qther indusiries 3100 2931 2786 1544 2413 2679 2562 2254 1814 1545 1347 8 8

TOTAL $4000 $3747 $3579 $3278 $3097 $3393 $3185 $2754 $2200 $1A77 $1659 7% 9%
3 CEEN estimates. Sowrce: ) ) Sciance Foundati : '

' '_CHEMICAL R&D SPENDING: Slight rise Iast year largely reflects Carbide’s major divestments

. . 7 .1965"::!%
$ Mitlions 1984 Hs = e 143 19482 11 1980 1979 1978 1977 1978 of salen
Air Products $ 61 $ 51 § 44 § 40 $ 37 $ 32 $ 30 $ 24 $ 23 $ 24 § 19 3.9%
American Cyanamid 278 251 232 208 185 166 148 130 108 96 83 7.3
Dow Chemical 805  S47 507 492 480 404 314 269 232 203 188 54
iy Du Pont* 1070 1080 1000 875 775 647 591 509 461 367 353 9.0
1 Ethyl 47 47 40 39 39 37 34 29 25 28 25 30
i W, R, Grace 94 92 81 73 64 57 45 42 57 32 28 2.5
' 71 76 72 74 74 65 57 50 43 40 37 2.7
320,80 a0, 29 .27 24 20 16 6.3
ar %33 .. .28 . 2 21. .. .19 17 s
596 470 370 290 264 233 208 161 136 132 114 8.7
3. 82 32 30 33 30 28 . 21 17 14 12 45
56 53 52 49 45 38 a1 2 25 25 23 33
Permwal 45 a9 36 33 3t 27 24 22 23 21 19 41
Petrofte "~ 2 12T e 13 10 g 7 g -5 B A A3
.PPG Industries 204 176 150 127 127 118 103 83 70 81 56 - 43
Rohm & Haas 133 124 109 100 92 77 87 = 54 49 45 43 6.4
Union Carbide® 148 275 265 245 240 207 166 161 156 156 143 2.4
TOTAL | $3543 33403  $3067 $2757 $2543 $221C $1910 $1837 $1455 $1288 $1180 5.7%

ANNUAL CHANGE 4% 11% 1% 8% 15% 10% 17% 13% 13% 9% 8%

a Figures exchude petroleurn and coal segments. b Union Carbide divested a substantial part of its businesses in 1988; on a pro forma basis. RAD spending was 5181 million in 1985 and $178
million in 1984. Source: Company data Rk - : .

52 July 27, 1987 CAEN




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

$10 mitlion
to 5100

$10 million

‘million ; =
to $100 $10 million
24% million to $100
21% million

15% -

Lass than : Loas than - Less than
$10 miltion _ $10million 3% = ' $10 million
1985 chemicals and allled 1985 industrial chemicals 1985 industry R&D
praducts R&D funds = $8.7 billion R&D funds =$3.9 billion funds = $78.2 billion

Nots: Ranges indicate size of companies’ 1985 RAD peogram. Souncs: Nationai Scienca Foundation

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

Annual change
Thousands* 1988 1985 1984 1983 1982 1981 1980 1979 1978 1977 1978 1985-88 1876-88
Chemicais and 713 67.0 671 660 616 547 514 500 483 464 444 6% 5%
allied products )
- Industrial chemicals 26,8  25.0 267 27.2 259 216 209 214 213 206  20.1 7 3
Drugs 333 307 301 282 256 233 216 208 195 7.8 166 8 7
' ‘Other chemicais 112 113 103 106 101 98 89 78 7.5 8.0 78 -1 4
Other industries 509.0 493.2 477.4 456.1 4482 4331 399.2 373.9 3561 3364 3200 3 5
5%

TOTAL 580.3 560.2 5445 522.1 509.8 487.8 4506 423.9 4044 3828 3644 4%

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

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

Fewer

25,000 or more
73%

25,000 or more
63%

to 9999 to 24,999 , e R
1985 chemicala and allied 1985 industrial chemicals 1985 industry R&D
products R&D funds = $8.4 billion» R&D funds = $3.6 billion* ' funds = $51.7 billion*

Note: Aanges indicate companies’ number of smployesa in 1985 a Excludes isderal unding. Source: National Science Foundation
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| Chemical and drug companies provide jobs for 12% of
industrial scientists and engineers al
Motor vehicles and
related oqulpmont

R SRR - S
Industriai
chemicals 4% E::it:t:::\t
Drugs 8%
Other
chemicals 2%
Machinery
Aircraft and missiles

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

a Fulklime squivalent, as of January 1988. Source: Natianai Scisnce Foundation

. R&D SCIENTISTS AND ENGINEERS PER 1000 EMPLOYEES: At new high in chemical. industry

1084 0 e

s 1963 1942 1981 1978 . w78 wrs
Chemicals and allled products 55 84 - 54 51 a4 42 42 43 42 49 4
Industrial chemicals 42 44 45 44 ar 38 n 38 38 38 38
Drugs 93 a8 a2 74 - 80 82 8% 62 84 59
Other chemicals 38 37 38 36 a3 0 27 27 29 28 28
Al induslry 38 » 36 33 2 14 7T 7 27 14 20

mmmw'

COST PER INDUSTRIAL R&D SCIENTIST OR ENGINEER: More than doubled in past decade

$ Thowsante ! 1 1084 9 1982 11 10 e e 1977 178 1978
mmmm $126.2 S118.1  $100.8 31044 3 968 S 874 STES 3728 678 3865 3800
Industrial chermicals 151.1 135.1 1268 1243 1180 1034 928 842 796 747 675
Drugs a 1112 1007 2 a 792 714 648 589 634 609
- Qther'chemicals A B SR S s 685 665 616 533 508  43.2
AN industry , $137.0 *$120.7 S$1159 $112.4 $163.9 $ S4.0 S87.4 3804 S758  $T22  S644 .
# NOt separstaly svaliabis but inchxied in chamicals and siied aroducts. Sewres: National Sclence Foundstion '
Chemical firms’ share of _
R&D personnel up in 1986 CHEMISTS IN INDUSTRY: Drugs biggest employer
% of total industrial R&D scientists and ’ otaideF
. - g % of intissivial chawisle Ween selery (8 Shounands )
:r:r;%maers nthe Ch?Tm industry® nhstry Alchemiste S5 WS PO S8 M8 PAD
5 ':Lfﬂ:_]-‘-?f > .r Pharmaceuticals® 18% 17% 20% 17% $40.2 $42.4 $57.2
12.5 bapmsrian ] Speciaity chemicals 15 13 12 16 418 45 :
e 2 ..aslc chemicals oD B 408 43.8
. i " plestics ... 5 5 .. 6.8 423 47, .
: o i — : gy & S
12.0 . Agricultursi chemicals 4 2 4 5§ 378 480 544
R Coatings 4 5 4 3 418 477 508
_ va Electronics ° 4 3 4 4 412 482 589
s Food 3 5 4 2 398 482 565 |
Metals and minerals 2 4 2 ] 402 388 470 |
e Rubber -2 3 2 2 40.7--37.8 - 54.T- |
1.0 Blochemical products 2 1 2 2 381 385 578
Soaps and detergents 1 1 L 2 383 472 598
A Rt Paper 1 1t 1 372 378 548 |
W78 77 78 79 80 81 82 83 84 8586 Other manutacturing 17 20 17 18 41.2 441 55.1 .
Nonmanulscturing 10 13 12 7 40.7 41.0 50.1 |

4 Full-ume equrvalent. as of January of sach year
Source: Nanonal Scence Foundation

$4 Ay 27, 1967 CAEN

8 As of March 1, 1947; w0 faciiiets cOmpEron. mewn selries are aduted i Sfferences in average lengh of

SXDENINnce 1or sach Jrowup. B INChuiie personsl Care products. Seras: ACS survey
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- University R&D increased 8%, last year

Nearly two thirds of academic R&D  More than haif of academic R&D is -
funding comes from federal government in the life sciences '

Ty

: ' Federal
Industry . i

government
Other
Other sciencgs
i nonprofit - -
r institutions ]
i Environmental
: sciences
! Universities and Physical ineeri
colleges sciences Engineering
Estimated f_iscal 1586 academic Estimated fiscal 1986 academic
R&D expenditures = $10. 25 biilion - R&D expenditures = $10.25 billion
; Source: Nalionat Science Foynaé[son SOUICE Tt 4 om mre Temrge ee ’ :

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

. Annual chiso
$ Mitlions 1908 1ges 1984 1983 1982 1981 1980 1979 19780 1977 978 1985-88 1976-88
Basicresearch 3 6,900 $8377 $5638 $5269 $4857 $4576  $4026 $3612 $3176  $2800 $2549 8% 10%
‘Applled research 2,780 2580° _ 237100 2101 2004 1866 1691 .1465 1213 ¢ 1067 1015 7 11
Deavelopmaent 590 5178 4952 437 415 377 343 284 236 200 164 8 ) 14
-TOTAL $10.250 $0504 $8503 $7807 57278 $8819 $6060 $5361 $4625 $4087 $3729 8% 1%
ANNUAL CHANGE 8% 2% 9% T% - % 13% - 13% 18% 14% _ 9% 9% '
Mote: Data for instifutional fiscal years. a CAEN aslimafe& b Estimated. based on data trom Ph.D.-granting institutions only. Source: Natkonal Science Fomdnum;\
'~ SOURCE OF UNIVERSITY R&D FUNDS: Federal share is largest, but it is falling
Tguilions T T 7 ieses 19es iead 1983 1982 1981 1980 1979 1978 1977 1978 1985-88  1978-38
Faderat government $ 6,400 $6003 $5388 54960 $4752 $4562 $4096 $3595 $3059 $2726 $2512 7% 10%
- Industry - 580 538 458 379 334 291 237 194 170 139 123 8 17
Universities 2,500 2258 2024 1881 1590 1520 1319 1198 1537 BB8 810 11 12
QOther sources 770 704 633 _58? 530 446 409 374 359 314 284 . 3 10
TOTAL $10,250 59504 $8503 $7807 §$7276 $6819 $6060 $5361 $4625 54087 $3729 8% 11%

Note: Data for institutional fiscal years. a CAEN estimates b Estimated Saseq on 2ata from Ph D -granting inatiutions only Source: National Science Foundation
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FIELDS OF UNIVERSITY R&D SPENDING: Biggest growth for computers and math

Anwsl change
T § Milllons . 1988" ] 1984 1983 1982 1984 1980 1978 1978 1977 1978 198588 1!?.-"‘-
AN sciences $ 8730 $8120.5 $7296.5 $6695.5 $8250.2 $5857.6 $5195.4 $4593.0 $4023.8 $3568.5 $3297.3 8% 10%F
" Lite ' 5,510 51385 4607.3 4233.0 3972.4 3673.1 32169 28325 25380 22588 21017 7 10 % - -
Physical 1,230 11366 9969 898.9 8243 7663 6774 B019 4604 4235 3794 8 12
Physics 600 54989 4708 4144 3662 3572 3222 2920 2351 2017 1831 9 13
Chemistry 4356 4145 3712 336.0 300.4 2851 2440 2064 183.1 1594 140.1 5. 12
Enviranmental 755 707.0 649.5 6205 5593 5503 509.1 4529 3794 3194 2085 7 10
Computer 340 2777 2227 1755 1495 1131 1142 979 674 558 445 22 23
Mathematical 145 129.4- 1244 108.4 93.9 89.1 788 785 - 588 523 425 12 13
Others 750 7313 6357 659.1 6458 6458 S599.1 . 539.3 4837 4589 4407 3 5
Engineoring 1,520 1383.2 12064 11113 10258 9610 6649 7884 &01.1 4985 4317 10 13
Chemical " 115 109.0 96.2 90.8 836 832 678 na nra  na - ma 8 na
TOTAL $10,250 $9503.7 $8503.0 $7806.8 $7276.1 $6818.6 $6060.3 $5381.4 $4824.7 $4087.0 $3729.0 8% 1%
ANNUAL CHANGE 8%  12% 9% 7% 7% 13% 13% 10% 4% 9% 9%
Note: Data for inatitutional fiscal years. a CREN estimates, b NSF eslln'tate's.basadondu_ataﬁth.D.-wmmmamody.u-ﬂot limlyle.' Source: National Sci Foundation

-

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

-3 Mitiions. 1988 1988 19084 1988 1982 1081 1980 1978 e 1977 W76 100858 197088
All sciences $5420 $5145.0 $4609.4 $4221.8 $4054.0 $3099.3 $3500.86 $3008.9 $2051.2 $2389.4 $2221.% 5% %
Life 3290 3138.7 27939 2565.3 24944 2364.2 20940 1818.8 1826.4 1474.0 1380.8 5. L)

: '_Physlcal 920 - B83.3 7793 698.5 650.0 8190 5548 4907 3923 3388 3054 4 12
Physics 480 4547 3879 340.0 3062 3087 2799 2525 1992 1719 156t 8 12
Chemistry 320 3084 2789 2486 231.1 218.8 189.4 156.5 138.0 1215 1079 4 1

" Environmental 500 4807 4515 4279 3922 3927 3725 3202 2751 2388 2118 4 9
Computer 230 193.1 161.6 127.8 107.0 93.5 77.0 69.2 412 37.5 329 18 21
Mathematica 115 96.1 9.3 76.7 72.1 67.9 811 60.4 44.1 40.8 329 20 13

- Others : 365 353.1 331.8 3255 3384 3619 3412 3006 2720 2599 2574 3 4

Engineering 880 B575 778.8 73798 . 698.2 0625 5954 5284 4075 3387 2005 14 13

Chemical 65 579 544 521 496 552 461 na na na na 12 na
TOTAL 36‘400 $6002.6 $5388.0 $4959.7 $4752.2 $4581.8 3_4090.0 $3565.3 $3058.7 $2728.1 325119 7% 0%
ANNUAL : 7% 11% 9% 4% 4% 11% 14% 18% 12% 9% 10%

CHANGE .

Money for academic R&D, in constant ... . and funding for R&D in chemistry also |
' dollars, is growing strongly . .. - forges higher in real terms _ -

$ Billion _ $ Millions

0 ] e . o { [ S P
1976 77 78 79 80 81 82 83 B4 985 ae" 1976 77 8 79 80 81 82 83 g4 85 a8’

Note: Data for ingtitutional tiscal years. a C4EN astimates. Source: National Sciance Foundation
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TOP 10 UNIVERSITIES IN R&D SPENDING: 21% of total goes to top 10 Institutions

Physical . . Envivonmental LHe Math and Other
$ Mitlions, tiscal 1985 sciences Chemistry® Enginesring L h L 1! . b Total
1 Johns Hopkins U ) © $ 583 § 42 § 1168 $ 283 § 99.6 § 71.7 $ 139 $ 388.8
2 Massachussetis Inst. of Technology 70.7 12.4 103.8 12.5 311 13.4 11.5 243.0
3 U of Wisconsin, Madison 237 = 5.2 21.8 17.8 115.8 7.4 21.9 208.4
4 Cornell U 368.2 6.3 30.6 5.2 14,5 6.8 10.1 203.2
5 Stanford U 3s5.2 7.1 58.3 3.2 831 . 14.1 5.3 199.2
6 U of Minnesota - ] 11.2 3.3 181 3.7 127.2 3.4 9.7 173.3
7 U of Washington ' 11.8 2.0 11.9 18.0 99.8 . 3.8 18.9 164.0
B U of Michigan ’ 11.4 2.3 23.0 9.6 79.3 a7 36.7 163.7
9 U of California, Berkeley 31.8 9.9 319 2.4 62.6 2.8 18.4 149.9
10 U of California, Los Angeles 15.5 6.7 18.5 B8 933 1.2 12.4 148.7
- TOTAL, TOP 10 iNSTITUTIONS $ 305.7 $ 584 § 4347 $109.4 $ 906.4 $128.1 $158.7 $2043.0
TOTAL, ALL INSTITUTIONS .$1136.6 $308.4 $1383.2 _ $707.0 $5138.5 $407.1 . $731.3  $8503.7
a Included in physical sci b Inciudes social sci . psychalogy, and othar sciences not listed separately. Source: National Science Foundation
Fewer degrees awarded at undergraduate level CHEMICAL DEGREES:
‘Degrees awarded. thousands : Doctorates increase
M Academic ’
) fiscal yanr . Bachelors Masters Ph.D.s
- 10 T Bacheiors In chemistry® . DEGREES IN CKEMISTRY
' . 1968 - 8,735 1839 1571
8 — 1987 9,872 1831 1744
. _ 1968 10,847 2014 1757
11 tge9 11,807 2070 1941
6 - 1970 11,617 2146 2208
: . : _ 1971 11,183 2284 2160
- Bacheiors in chemical sngineering ) 1972 10,721 2259 1971
4 1973 - 10,226 2230 - 1882
: 1974 10.525 2138 1828
L ' Ph.D. b chasistry* 1975 10649 2006 1824
1978 11,107 1798 1623
o 1977 - 11,322 1775 1571
o] 1 i F L 1 i 1 L 1 1 | L 1 1 | } 1 L 1978 11,474 - 1892 1525
1966 67 B8 89 70 71 72 73 74 75 Y6 17T 8 79 80 81 82 63 s4 a5 1979 . 11,643 1765 1518
Note: Academic liscal years. a Excludes biochemisiry and geochemisiry. 1980 11,446 1733 1551
_ Scurcs: National Center for Education Statistics ‘ 1".‘ . 11.347 1654 1622
e e — — 1982 - - 11,062 1751 - 1722
) 1983 10,748 1604 1746
-- . . 1984 10,704 1667 1744
2P 10 U:J::?;?SITY R8|zD- CENTERS: 40% of funding goes to 1985 10482 1719 1789
support w physica I DEGREES IN CHEMICAL ENGINEERING
Physices - tol  comput 1968 2848 994 354
$ Mililons. fiscal 1985 sciences  finginearing © sclences  sclences  Tola 1967 2868 949 305
ILawrence LivermoreLab  $ 2305 $ 4322  $ 264  $950 § 8053 | (oe8 B e o
2 Los Alamos National Lab ’ 3358 233.0 16.9 64.1 704.0 1970 3720 10458 438
3 Jet Propulsion Lab - 727 295.2 61.8 238.5 688.2 1971 2615 1100 408
. 4 Lincoin Lab 50.3 188.2° 0 27.8° 2045 1972 3683 1154 a3%4
5 Argonne National Lab 893 1185 24.5 23 2237 | 19713 3836 1081 397
8 Brookhaven National Lab "~ 1347 298 T ) | 1era. . 3454 1045 400 e
""""" FLEwronce Berki W“‘"W BER[1< X 1ﬂ= _ 1748 ::;: ;;;g 1::? m '
U:::MNM Accelersior 1513 1] R 0 151.3 w77 3881 1088 291
9 Plasma Physics i.ab 131.7 0 0 0 1ty | 19N - 4815 27 258
10 Stantord Linear Accelerator 79.7 0 0 0 797 | W78 5855 1749 304
Conter 1980 6383 127 284
AN others 70.2 33 45.8 24 1290 | :m :;g :g:; o
TOTAL ALL FEDERALLY  $1420.0 813124 $202.4 84343 3201 | ... 7148 1304 319
FUNDED RAD CENTERS
- 1904 7475 1514 330
Nabe: Oata for unrversRy-adminkstired, fderally Arded REO Civiiirs. & INCIutin Ute SCIENCES 81 OIF SCIENCAS NOL 18808 7148 1544 418
lgted separuiely. b Estimated. Seurce; Nationsl Science Fourdation
. & Exchuing Diochermisty &nd QROCHhBMiEYY.
Senroe: Nationas Centar Jor Education Statietics
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SCHOOLS SPENDING MOST ON CHEMICAL R&D: More than 20 speﬂt at least $5 million In 1985

1945

Rank sp::';i:!g ro::m 1984 1983 1982 1981 1980 Annual ch
1985 1984 {S' thousands) funds (% thousanda) . 1984-35 198023
1 1 Massachuseits inst. of Technology § 13.221 94% $ 11,741 § 8914 $ 9792 § 8222 § 6.764 13% 14%
2 3 U of Calitornia, Berkeley 10,804 92 7.850 7945 6,283 6,553 6,022 38 12
3 2 Harvardu 8.663 76 83272 6.898° 55122 . §,123% 4797 4 13
-4 5 Stanford U 8,354 85 6,809 6.375 6.116 5564 4,788 23 12
5 & Cornelit . 7.962 79 6,710 57170 6.239% 4,618 3,808 19 16
- & 8 California Inst, of Technology 7.605 92 6,446 6994 6,136 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 of Maryland, College Park . 7.289 46 6,324 6,3334 4,718 3.109 2766 15 21
9 4 U of California, Los Angeles ‘ 7.243 93 7.219 5.498 5,187 4,420 415¢ = 0 12
10 10 U of Minols, 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 60,872 54,871 47 .669 16 . 127
11 16 Pennsylvania State U : 6,509 90 5.124 4,729 3,564 3413 . 2973 27 17
12 26 U of Colorado 6,360 85 . 4,134 3,302 3,492 4,047 3332 54 14
13 11 U of Massachusetis, Amherst 6291 63 6,137 5,162 4,364 3,230 1.889 3 27
14 13 U of Chicago 6.287 91 5,735 4,798% 4,396 41392 3958 10 10
15 15 Purdue U . 6.018 90 5,443 4,542 4,459 4,600 3596 11 11
18 19 Texas AAMU . 5896 71 4,610 4,963 4,521 4,088 4087 28 8
17 14 Indianay. - Lo | 5820 84 . 5642 5551 5,341 3,637 3147 3 13
~18~ 17 U of Notre Dame o ; 5.549 92 4,760 4,022 4.020 3.855 3,457 17 10
19 27 Ohio State U 5422 71 4,104 3,739 2.907  3.227 2654 32 15
20 18 Columbia U, main division 5,188 87 4,662 4,281 4,700 3,564 4437 11 3
Total. tirst 20 institutions 144,910 82%  124.137 110,957 102,736 92,652 B1.209  17°: 12%
21 25 YaleU 5086 90 4,134 3,341 2.875 2,781 2023 23 20
22 20 Norhwesternt 5062 78 4,557 3,413 3,026 2,995 2,387 11 16
23 21 U of Pennsylvania " 5025 88 4375 = 4,982 3,088 3,386 3888 15 6
24 34 U of Utah 4,840 91 3.830 3,638 3.364 3,078 281 26 11
25 22 Uof Caiifornia, San Diego 4642 87 4,355 3,910 - 3894 4,430 4,425% 7 1
.26 23 U of Oregon, main campus 4,640 85 4,255 3,351 2,971 1,389 1,118 9 33
27 7 U of Texas, Austin 4,588 47 6,639 5,938 4,843 4779 3.870 -1 3
28 31 U of Pitisburgh ' 4580 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 4,066 4852 11 -1
30 30 U of Florida 4,380 53 4,024 2,347 2,248 2,302 2289 9 14
Total. first 30 institutions 192,229 81% 168,307 149,736 136,460 123,895 110,188 14% 12%
31 28 U of Minnesota 4,167 79 4087 4,047 4,297 4,260 2,642 2 10
32 36 Princetony : 3963 78 3,670 3,509 3,062 2,513 2,085 8 14
.33 37 U of South Carolina 3728 75 3,423 2,721 2,483 1,087° 9704 9 ki
34 33 Georgia Inst. of Technology 3684 56 3.848 3,401 3327 3,660 3655 -4+ 0
35 40 State U of New York, Stony Brook = 3,431 &7 . 3,084 2.807 - 2,783 2691 - 1968 13 12
36 38 Lehighu : 3456 39 3361 3,864 2584 1880 1,086 3 27
37 24 U ol Conneclkut 3429 M 4,135 2,720 2,049 . 1,748 1,300 -17 21
38 44 Virginia Polytechnic inst. & smo v 3,339 59 2.633 2,208 1,740 1,581 1612 27 16
39 39 Florida State U . 3278 232 3137 2.500 2959 3,012 2.791 4 3
40 — Howardl 3.269 @1 3,872 2,336 982 1,408 1,287 -1 20
Tolat. tirst 40 institutions 228,022 79% 203329 179.447 182,726 147533 129542 2% 12%
ST lﬂehlgm smo u A : 3,222 +-80-~ 28685 = ATETTUV098 0 12 14
427741 U of North Carolina, chqnl HM 3,201 90 2,945 2,018 1,780 9 12
43 32 U of Rochester 3,196 90 3,858 2968 2,088 -17 9
4 — U ot Calornia, rvine 3,142 97, 2,117 1915 1,398 a4 18
45 U of California, Santa Berbars 3.080 88 2,172 1,534 1434 41 18
48 — Uof Virginia _ 3048 71 2,516 1781 1203 21 20 -
47 loul State U ) ) L 2988 M4 -2:239 1,272 1,159 33 21 i
48 "= Uoi Washington 2964 &8 2,340 2,182 2,278 1,500 1,326 27 17 1
49 40 Wayne State U 2093 99 3.0M 2,848 2,858 2,281 2,163 -32 -1 :
.50 — Syracuss U . 2,900 52 2.110 2171 2,588 2,259 784 - 27 . 31
Totat, tirst 50 institutions $250.844 70% $229.82¢ 3202354 3184981 8107 515 $144.508 13% 12% :
NATIONAL FOTAL $414,529 74% $371,102 $336.025 3309371 $285.520 3244434 12% 11%

Wote: Dma for wwttusionat facel yeurs. & Extimassd. & Imputsd. Seares: National Science Foundesion
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WEST NORTH CENTRAL
;43’2 million

EAST NORTH CENTRAL
$186.1 milllon
16.7%

T1.5%

. m.om% 1

PACIFIC® -
$216.4 miilion -
19.5%

WEST SOUTH OENTHI&,
:7392 milllon

5 "".‘"'

wpenditures of $1.11 billion in the physical sciences

. & Includes Aluska, Hawall, and outlying aress. Source: National Science Foundation

EMandWeaCOastschoolsaocoumm&%ofR&DspendlnglnphyslcaIsclences
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GRADUATE SCIENCE STUDENTS  Chemistry, blochemlsh'y d\emlcalengheerlngtotal 8%

La i 2

e e e

Mﬂ ’
Thousands 1888 1084 1983 1982 1981 . 1080 1079 1978 1877 1978 1975 198485 197588 E
204 284 277 285 258 254 249 247 248 248 245 4% 2% :
186 165 168 152 151 149 148 146 144 141 4 2 - 3
1.0 105 100 9.9 86 . 83 9.2 9.5 9.6 98 3 2 ’
938 925 912 907 909 907 875 859 833 772 736 1 2
4.7 45 42 . 4.1 40 .. 40 39 40 a8 Ay TRy arvTTyT
_ 918 883 884 782  TA& 101 8T2  6h3  BAA 628 TTEEE—% 4
. Chemical 7.0 7.2 7.4 6.9 6.3 59 5.4 52 5.1 5.1 49 -3 4
_ Metallurgical & 3.8 3.6 33 3.0 3.0 2.8 2.7 25 25 23 23 -6 5
materials . '
Pstroleum 08 07 0.7 0.6 0.5 05 04 0.4 0.4 0.4 03 14 10
_Envionmemdsl 143 143 143 138 131 128 128 122 123 1.7 110 O 3
Mathematical and 30 354 332 303 279 280 227 218 211 27 213 7 ]
compuler sclences
Psychology and 1028 1045 105.4 107.3 1087 1097 1058 1012 1008 99.8 987 -2 0
soclal sciences ,
TOTAL 3711 3635 3501 3468 340.0 333.7 3206 308.8 3088 2982 2933 2% 2%
ANNUAL CHANGE 2% 2% 3% 2% 2% 4% 3% 1% 3% 1% - :
NOTE: Duta for Ph.O.-granting institutions onty. $ National Science Foundation
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" SPECIAL REPORT | o

Facts & Figures for

- Chenite)!

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 6% 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 1
11 fu,:dmg nearly teriple, in current dol- A look at the total U.S. R&D effort. Where funds come from, who
| .

lars, from 1977's $42.8 billion. For spends them, and how they are divided among basic and applied research
the decade as a whole, R&D spend-  and development. Who gets U.S. patents.............ccooeeiniiinn, 35
ing in the U.S. has been growing :

11% per vear—nearly twice the rate

at which it is growing now. -
Still, 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 chemlstry,
increase in R&D funding expected  physical sciences, and engineering..........c..co.overvriorerercieennnennes
RIS VEETr 668 represent réal '

. :":";""'"""O—Tpac;ng anticipated i mflation™ By ay—g"
some 2%. In keeping with the re- 4%
~ cent pattern, about half that money Spending for R&D by industry as a whole and by the chemical
comes from the federal govern- . 4 oo "pol company size affects R&D spending. How much major

t—360 billion in 1987 —and al- A . .
23; allsthe rLS:Of?oi:: industr;T'U:i- companies spend on R&D. Employment trends in industrial R&D.....

versities and other nonprofit insti-
tutions will kick in a relatively /

f;?ﬁef:\i?)}ial:uion' only 3% of the Where academic institutions get R&D funds and how they spend

Government spending for R&D them. Which schools spend the most on _all R&D_ and on chemistry.
is actually growing a good deal Degrees awarded in chemistry and chemical engineering................

W TV Fat e eIV LV i Vet o)
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-faster than federal spending as a
whole. If Gramm-Rudman deficit re-
duction targets are to be met in this
‘vear’s budget—an event that most
observers consider unlikely—the
overall federal budget probably will
rise only a very modest 1% for the
vear ending Sept. 30. Federal R&D
“support, by contrast, is expected to
be up 7% for 1987 as a. whole. In
general, the Reagan Administration
and Congress have been relatively
kind to R&D budgets during the
" past seven years, doubling federal
support for R&D from its pre-Reagan
level of $29.5 billion in 1980. Even
when inflation is taken into account,
federal R&D support has grown 46%
since 1980.
Until recently. industrial support

federal effort. In 1986 and again in
1987, however, preliminary figures
indicate that industry’s support for
R&D is lagging behind that of gov-
ernment. R&D spending by all in-

—dustry is expected to rise 5% this "

year, following a 6% increase in 1986
and one of 7% in 1985. Federal sup-

port over the same period rose, on -

average, 10% per year.
Considered in a broader context,

however, current levels of support
for R&D in the U.S. are quite high.
R&D spending appears to be level-
ing off at about 2.7% of gross na-
tional product. For most of the past
two decades it has been considera-
bly lower than that, reaching its
most recent nadir in 1978 at just
above 2.1%. Not since the mid-1960s,
when massive efforts in space and
defense led the federal government
to spend twice what industry did to
support R&D, has such a large frac-
tion of the nation’s total output of
goods and services, as measured by
GNP, been devoted to supporting
R&D. Though the rate of growth
may be declining, overall support
for R&D in the U.S. appears strong.

_ «-Chemical-R&D, of course, is only~n
for R&D..has. kept.pace.with..the.— small-piece-of-the-total-R&D-pic-~~agoto-give a precise picture of the

. ture. Just how much of the total
national effort focuses on chemis-
try is never easy to measure, in part
because the point where chemical
R&D breaks off and R&D begins in
some closely related field—materials
science, say, or biotechnology—has
never been clearly defined.

This year, separating out that part
of the overall R&D effort that can
reasonably be called chemical is

even harder than usual. That's be-
cause some of the key data, particu-
larly on the industrially financed
half of the R&D picture, have yet to
be compiled by the National Sci-
ence Foundation. NSF is the chief
source of statistical information on
R&D in the U.S., and its data—
collected in large part by the Cen-
sus Bureau—form much of the ba-
sis of this special report. Recent re-
organizations at both the Census
Bureau and NSF’s division of sci-
ence resources studies have delayed
the compilation of some of these
data by three or four months. As a
result, the most recent data avail-
able for many aspects of industrial
R&D spending are based on infor- .

mation collected in 1983, too long "~

state of that R&D effort now.

Of the federally funded half of
US. R&D, the biggest share—69%
for the 1987 fiscal year—is funded

by the Defense Department. De- ... . ..

fense’s share of the federal R&D’
budget has been climbing steadily
in recent years, from a level of about
45% that prevailed throughout the
late 1970s. That shift parallels an-
other one that is taking place, name-
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Almost three quarters of
alt R&Dis by industry

Federal
government

Nonprofit
institutions

3% Universities

1987 total R&D spending =
$122.3 billion

Source: Nationat Science Foundation -

ly 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

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 B% hike from 1985. The federal
government is the principal funder
of university R&D—supplying near-
ly two thirds of the $11.1 biilion
universities expect to spend on R&D
in1987.

Though universities have a major
role in performing basic research in
the US., 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-

Totat R&D as % of gross national product

R&D share of U.S. GNP levels off after rise of early 1980s

3.0

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

Civilian reinted
Space related

1987 total R&D spending =
$122.3 billion

Source: Nationai Science Fpundmion

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

2.5

‘2.0

1973 74
a C&EN eslimales. Source: National Science Foundation
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spending faster than are basic chemi-
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-
cal company R&D spending rose 7%
in 1986. 0

chemicals and. allied. products. in-.

__.dustry, are_increasing. their. R&D
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| ! Although U.S. outlays for R&D are up . .« they are only two thirds higher |
; fourfoldinthe past 15years... if inflation is taken into.account ‘ -
J -Sources of R&D funds, $ billions, current ) Sources of R&D funds, $ billions, constant (1982)

100 100
80 80
. Industry
60 : 60
40 ' — 40
20 —— 20
. and ather nonprofit institutions
( 10972 ‘ h ' - - 7 ’ . h ;:‘_le' 19727 3‘:1' 5 76~“.7 80 N 83 84 85' 8 7'.
i & C&EN estimates. Source: National Science Foundatian
| ) “" IR
: i
. SOURCES OF R&D FUNDS: industry and federal government each contribute nearly half
, S $ Biitions {(current) . ) __Annusi change i
i - 1987 e 1985° 14 1983 1982 1.1 1980 1978 "wrn 1977 1988-27 1977-47 !
industry $ 581 $553 §$522 $48.8 S$43.5 $40.1 $359 $30.9 $26.1 $225 $196 5% 11%
518 456 407 365 334 205 268 239 218 7 11
2'3 20 1.9 1.7 15 13 L?KLOU, 08 8 .. 12
: _ . : 13 1.2 1.3 1.0 1009 08 08 077 g ‘ :
TOTAL $122.3  $115.2  $107.5 $97.6 387.2 . $79.3 S7T18 3028 3540 3481 3428 6% 11% i e
ANNUAL CHANGE 8% 7% 0% 12% 10% 10% 5% 4% 14%  12% 10% .
$ Bitllons (1982, constant)
Industry 3483 $483 3468 $452 $41.9 $40.1 $38.3 $36.1 $332 $31.1 $28.2 1% 5%
Federal government 50.4 48.9 48.5 423 392 385 357 345 343 332 322 3 5 :
© Universities and colleges 23 2.2 21 1.9 1.8 17 18 1.6 1.5 14 13 5 6 :
Other nonprofit institutions 1.3 1.2 1.2 1.1 11 10 1.0 1.1 1111 19 8 3
TOTAL $102.7 $100.6 3964 $90.5 $83.9 3$79.3 $76.8 3732 $70.1 $688 $83.7 2% 5%

ANNUAL CHANGE ‘2% 4% 7% 8% 8% 4% 5% 4% 5% 5% 2%
4 CSEN estimates. Saurce: Netional Science Foundation : S '
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] Two fifths of chemistry papers Japanese now receive nearly g
are in biochemistry 20% of U.S. patents |
!
Macromolecular
chemistry |
_ o
Organic chemistry N
i Physical, | N
O . inorganic & ! ! West Germany
Applied chemistry & analytical chemistry | Others U.K. 3%
_ chemical engineering France 3% o
h a -
1 __ 1986 total papers® = 474,429 1986 total U.S. patents lssued = 70,860
a Number of abstracts ol papurs published in Chemical Abstracts. i ) . -
] Source: Chemical Abstracts Service | Source: U.S. Patent & Trademark Office
| ' (o e as :
‘1 PERFORMERS OF R&D: Industry’s share is six times that of government
. . $ Billions (current) Annual change
' 1987° 1986" 14852 1984 1983 1982 1981 1980 1979 1978 1977  1986-B7  1977-87
Industry $ 887 S 844 $.782 $71.5 $63.4 $58.0 $51.8 $44.5 $38.2 $33.3 $29.8 5% 12%
; Federal government 15.1 13.4 13.0 116 106 91 8.4 7.6 7.4 6.8 6.0 13 10
Universiﬁes and colleges 10.7 10.3 9.5 85 7.8 7.3 6.8 6.1 5.4 4.6 4.1 4 10
University-associated FFRDCs? 4.0 3.8 3.5 341 2.7 2.5 2.5 2.2 1.9 1.7 1.4 5 11
3 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 $62.6 $54.9 $48.1 $a2.8 6% 11%
...... $ Billions (1982, constant)
Indusiry $ 745 § 73.7  $70.1 $66.9 $61.0 $58.0 $55.1 $51.9 5487 $46.1 35443 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
University-associated FFRDCs? 3.4 3.3 31 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 25 2.5 23 2.2 3 3
o TOTAL $102.7 $100.6 $96.4 3$90.5 §$83.9 $79.3 $76.6 $73.2 $70.1 $66.8 $63.7 2% 5%
a C&EN estimatas. b Federally funded R&D centers. Those administerad by beth industry and by nenprofit institutions are included in totals for their respective sectors. .
Source: National Science Foundation : )
CHARACTER OF R&D: Uniform growth in all three sectors
......... (O o et s $-Billions.{chrrent).— S
1987* 1986* 19854 1984 1983 1982 1981 1980 1979 1978 1977
. Basic research $ 147 $ 13.8 $ 13.0 $12.1 $110 $99 $92 $81 3573 §$§64 $55 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 A40.5 35.3 308 275 6 11
_TOTAL _ $122.3 $115.2 $107.5 $97.6 $87.2 $79.3 $71.8 $62.6 $549 $48.1 $42.8 6% 11%
§ Billions (1982, constant)
Basic research $ 123 $ 121 $11.7 $112 $106 $ 99 $98 $985 $93 $895 %83 2% 4%
Applied research 22.2 21.6 21.0 207 19.6 18.5 18.0 16.5 i5.8 15.1 145 3 4
Development 68.2 66.8 a3.8 58.3 53.7 50.9 48.8 47.3 45.0 42.8 40.9 2 5
TOTAL $102.7 $100.6 $96.4 $905 $83.9 §79.3 $76.6 $73.2 $70.1 $66.8 $63.7 2% 5%
a CEEN estimales. Source: National Science Foundation
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PATENT ACTIVITY OF U.S. COMPANIES:? Significant decline for chemicals in 1986

Nuriber of patents lssued 1986 1985 1984 1983 1982 19814 1980 w79 1978 1977 101;0;535
CHEMICAL COMPANIES :
Dow Chemical 3N 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
Ciba-Geigy 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 1,562
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
Ethyt 77 105 76 44 31 43 51 25 41 46 539
international Flavors & Fragrances 78 104 95 87 87 96 78 60 80 52 813
Stautter Chemical 75 104 95 81 87 94 93 80 132 116 957
Celanese 66 &7 94 57 56 58 56 44 71 70 839
Hercules 43 41 39 37 30 52 23 24 43 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 94 622
GAF ) 12 23 19 21 32 a7 48 54 57 26 339
TOTAL® 1983 2204 2207 1918 1980 2413 2233 - 1796 2661 . 2518 21,913
ANNUAL CHANGE- —10% 0% 15% —3% —18% 8% 24% —33% 6% 8%

a Includes U.S. chemical companies or U.S.-based subsidiaries ot foreign companies that have recaived more than 999 U.S. patents since 1962, b These totals include patents issued to the
chemical companies shown in this table only. Source: U.S. Patent & Tradermark Qtlice

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

Numbar of patents issued 1986 1985 1984 1983 1982 1081 1980 1978 1978 1977 19;?!':8
U.S. origin 38,124 39,554 38,365 32,871 33,806 39,223 37,356 30,079 41,254 41,485 372,207
to U.S. corporations 27.324 28944 28,002 24,038 24085 27623 25967 21,145 29,421 29,566 266,115
to U.S. government 1,011 1,124 1.228 1.043 1,003 1117 1,232 961 1,233 1,484 11,436
to individuals in the U.S. 9,461 9,243 8,887 7.562 8,539 10.241 9,940 7.804 10,398 10,248 92,325
to foreign-owned 328 243 248 228 269 242 217 169 201 186 2,331
corporations in the U.5.
Foreign origin 32,736 32,107 28,835 23,989 23,892 26548 24463 18,775 24,848 23,784 260,077
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 R S s S B )
to foreign corporations 26,186 25721 22,985 19,018 18,589 20.549 18,665 14,447 18,876 17.879 202,925
to foreign governments 471 483 440 336 368 249 253 186 248 215 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 35,162
TOTAL © 70,860 71,681 67,200 56,860 57,888 65,771 61,819 48,854 66,102 65,269 632,284
% FOREIGN 46.2% 44.8% 42.9% 42.2% 41.4% 404% 39.68% 3IBA4A% 3I76% 36.4% M.1%

a Patgnt ligures were Jow in 1970 because tha U.S. Patent & Trademark Office was short of tunds 1o pelrt patents it might gtherwise have issued. Source: U.S. Patent & Trademark Otfice

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

Total
% of patents 1968 1988 1984 1983 1982 1981 1980 1979 1978 977 1977-86 1963-78

> 48 43 7 o ) R | B | - S I 12
18 17 15 14 13 12 1" 10 . 10 14 S
‘West Germany 10 9 9 10 9 10 9 ] 9 8 9 7
U.K. 3 3 3 2 4 4 4 4 4 4 4 4
France 3 3 3 3 3 3 3 3 3 3 3 3
Switzeriand 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
USSR, n —_ —_ —_ —_ 1 1 1 1 1 —_ —
Others 2 - — — —_ —_ _ — —_ — 3 2

4 Data for indivicual Countries may not squal this number bacause of rounding. Source: U.S. Petent & Trademark Otfice
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ABSTRACTS OF PAPERS IN CHEMICAL ABSTRACTS: Biochemistry’s share holds steady at 40%

Pearcentage
point change,
1988 1985 1904 1883 1992 98 1976 1$768-86
BIOCHEMISTRY . 40.4% 0.5% 40.5% 38.3% 39.5% 39.0% 38.8% 1.6%
: % of ail biochemistry abstracts
Mammalian hormones® 12.5% 12.3% 12.4% 12.9% 12.2% 6.8% 59% 6.6%
Pharmacology -o122 12.3 11.6 11.8 12.0 12.4 12.0 0.2
Mammalian biochemistry® 10.8 1.1 113 11.1 11.6 15.6 16.3 —5.5
Toxicology 7.8 7.9 8.0 85 8.1 8.7 6.4 1.4
Immunochemistry 6.1 53 4.8 4.2 4.4 3.4 —_ —
Biochemical genetics® ‘ 6.1 5.2 4.2 3.8 33 — — —
Microbial biochemistry? 5.7 5.7 5.2 51 5.3 5.6 5.0 0.7
Enzymes 56 5.6 5.8 6.1 59 59 6.4 —0.8
Plant biochemistry® ) ) 5.2 55 6.2 5.9 6.2 5.8 6.1 - —0.9
Biochemical methods 5.0 4.9 49 49 4.6 57 . — —
General biochemistry ' 4.7 4.9 53 5.8 6.0 7.5 7.1 —2.4
Others 18.3 19.3 20.3 199 204 22.6 34.8 —
PHYSICAL. INORGANIC. AND ANALYTICAL CHEMISTRY 29.8 29.8 28.8 29.6 28.5 28.0 27.5 2.3
% of all physical, inorganic, and analytical chemistry abstracts
Spectra ' 20.0 18.4 18.0 17.6 17.2 18.0 17.8 2.2
Nuclear chemistry 199 . 218 22,2 22,5 22.6 21.6 19.7 0.2
Electric phenomena 10.8 10.8 10.8 10.0 10.5 11.0 10.5 0.3
Crystallography and liquid crystals 7.0 7.5 7.8 8.3 8.7 8.9 9.7 —~2.7
General physical chemistry _ 7.0 6.9 6.9 7.3 73 7.2 7.0 0.0
Analytical chemistry 6.8 6.1 6.3 6.2 5.4 5.8 6.6 0.2
Others ' 28.5 285 ~ 280 28.1 28.3 27.5 28.7 -0.2
APPLIED CHEMISTRY AND CHEMICAL ENGINEERING 18.2 18.4 17.6 19.4 19.5 18.1 18.8 —0.6
% of all applied chemistry and chemical engineering abstracts
Water, wastes, and pollution 219 20.2 21.0 19.6 21.7 24.0 18.6 3.3
Metatls and alloys : 20.8 20.0 18.9 19.1 22,2 17.9 27.8 -7.0
. Mineralogical and geclogical chemistry ) 12.0 12.5 14.6 14.1 13.6 14.1 17.6 —5.8
i Fossll fuels, derivatives, and related products - 8.0 10.1 10.1 10.3 9.4 9.4 6.0 3.0
: Unit operations and pmcosses 7.1 7.5 7.0 7.5 6.9 6.4 4.8 2.3
"Others ‘ o 29.2 29.7 28.4 29.4 - 26.2 28.2 .25.2 4.0
CRGANIC CHEMISTRY - 5.9 6.4 7.6 7.3 7.2 8.7 8.7 —-2.8
' ‘ % of all organic chemistry abstracts
Physical organic chemisiry 273 306 320 305 315 37.0 384 —111
Organcmetallic and organometalloidal compounds 18.3 16.2 17.1 16.3 14.8 83 8.7 9.6
Heterocyclic compounds® 15.0 16.1 156  16.2 15.6 18.2 17.4 2.4 i
Carbohydrates 7.8 5.7 57 5.8 58 54 . 51 2.7 ot
Aromatic compeunds® 73 6.3 6.3 7.1 7.2 8.7 8.0 -0.7 S
Biomolecules and their synthelic analogs® 5.0 a9 4.4 4.5 3.7 - - —
Aliphatic compounds® 4.4 4.2 36 4.3 6.6 -2.1
- Amino.acids,. poplldot. and. prolnin‘ . 3.9 B 4.8 4.5 ~0.4
- Olhers... ‘ it ] 1.0 114105 e
MACROMOLECULAR CHEMISTRY 5.7 4.9 55 5.4 53 5.2 8.2 -0.5
: % of all macromolecyiar chemistry abstracts
Synthetic high potymers 341 3441 34.0 4.4 34.7 30.3 28.3 5.8
_Plastics manufacture and uses . ..238.. . 253 242 244 219 284 268  -30
Calivioss, ﬂmh.plpﬂ lndoﬂl«woodproducu 9.8 9.1 9.6 2.1 9.7 10.1. 9.1 0.7
Texties 8.8 8.2 7.3 7.9 8.9 9.9 11.1 =23
Coatings, inks, and reisted products 7.2 1.2 7.8 8.6 78 1.5 7.8 —0.4
Synthetic siastomers and natural rubber 6.7 6.8 1.3 15 78 7.9 8.6 -1.9
Others 9.6 8.3 9.8 10.1 9.4 1.9 85 1.1

How 10 read this Lable: Using blochemisiry as an example, 40.4% of all tha papers ateiracted by Chemical Abs¥acts Service in 1088 are In the various subdisciplines of blochemistry: 12.5%
of il abetracs I biochemisiry, in Wrn, are in the subdiscipliing of maminalien hormones, 12.2% of blochemisiry absiracts are in pharmacology, and 30 on. a Definition of section changed in
1982 & New section in 1982, mmmm
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Defense’s share of federal support grows

i

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

i . .
1
i

Otsr‘;’zg\ _ ) “Agriculture !

"~ Health & Human :

National Science P Services 5

|~ Foundation 2% : National Sci o :
/ Energy Health & Human Foundation
‘; National Aeronautics & Space Administration Services
Estimated fiscal 1987 total federal Estimated fiscal 1987 federal chemistry ;
R&D cobligations = $59.2 billion : research obligations = $671 million . .

Source: MNational Science Foundation i .

FEDERAL OBLIGATIONS FOR R&D: Up strongly thanks to big boost for military funds :

Annual change

$ Millions ) 19872 1986° isas 1984 1983 1982 1986-87 1982-87 ‘
Defense $40,678.8 $33,646.3 $29,791.5 $25,372.9 $22,992.8 $20,6226 21% 15% ‘
Air Force 17,356.5 13,757.5 13,260.9 12,091.6 10,812.86 93579 26 13
Navy 10,700.8 10,137.3 9,127.4 7.605.6 6,068.2 5,845.1 8 i3
Army ' 5,710.2 - 4,850.2 4,570.8 4,225.5. 3,598.1 3,760.5 - 18 9
Defense agencies® 6,775.3 4,790.7 2,781.7 1,381.5 2,052.3 16181 41 33
Heaith & Human Services 5,270.8 5,611.3 5,451.0 4,830.7 4,352.5 3,840.7 -6 6
Mationai Institutes of Health ’ 46723 4.977.3 4,827.72 4,257.4 3,789.2 34331 -6 3
Alcohol, Drug Abuse & Mental Heaith 383.1 396.2 3776 337.2 30z.2 2481 -3 9
Administration . . .
Energy 4,770.7 4,691.6 4,996.0 4,673.6 4,536.7 4,708.2 2 0

'3,926.0 3,478.4 3,327.2 . 2,821.9 2,661.6 3,077.9 13 5

].’_5.9‘3:3;,,..N, -:"nh,a B .. 4,;'2_4:,l:.,,.w;_,.,‘.,._i 202.8

! - Agriculture 909.2 923.0 943.0 866.2 847.6 7973 —1
}. " Agricultural Research Service 4897.0 463.1 - 469.7 451.3 443.4 404.6 7
| © . Cooperalive State Research Service 234.4 263.1 2843 2357 232.3 2190 —1%
| . Forest Service 111.5 1201 113.1 108.4 1077 1121 —7 .
| Interior 350.6 388.3 391.7 410.9 3825 381.1 —10 .
Geological Survey 207.6 218.6 214.9 208.9 157.0 152.6 —5
Environmental Protection Agency. 309.6 3338 320.4 261.2 240.7 3351 -7
Commerce 300.8 391.1 398.8 358.2 335.0 336.3 —23
National Cceanic & Atmospheric 196.3 268.1 269.8 2443 222.¢ 222.0 =27
Administration
National Bureau of Standards 914 99.3 100.5 95.5 95.0 888 —8 1
Others 1,184.7 1,264.7 1,367 .1 1,426.5 1,300.1 1,2581 —86 -1
TOTAL $59,209.6 $52,061.8 $48,332.3 $42,224.9 $38,711.5 $36,432.6 14% 10%
ANNUAL CHANGE 14% 8% 14% 3% 6% 4%

Note: Fiscal years, a Estimated. b Incluges Delense 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

A:nualdumgo'

$ Millions 19874 19880 © 1985 1984 1983 1982 1986-87  1982-87

Industry $31,787.9 $26,847.9 $23,774.3 $20,361.5 $18,649.0  $18,698.6 18% 11%
- Federal Intramural programs 15,396.7 13,5334 12,9984 115723 10,5819 9,141.0 14 11
" Universilies and colleges 6,558.7 6,554.7 6,299.0 5,565.1 4,966.4 4,605.5 o 7
University-associated FFRDCs® 2,712.8 24462 25345 2,3249 . 2,265.8 1,976.7 11 7
Nonprofit institutions - 2,451.3 2,318.1 2,365.0 2,094.4 1,8229 16123 = 6 ]
Foraign 219.8 257.8 255.9 175.8 2395 .. 2143 15 1
State and local gmremmants . 824 103.6 105.2 1309 - 186,06 . 1843 -—20 -~15

'I'O‘I'AL sss 209.6 $52,061.8 $48,332.3 $42,224.9 sss,’ru.s 536,432 6 - 14% 10%

Note: Fuseal years..a Estimated. Fadarﬂly lmded R&D eenters Those administered by boﬂ\ industry and by nonproﬁl nstitutions are included in mls I‘or thei' rmpectne sactors, Source:

Natlonal Science Fuundahon L

'FEDERAL OBLIGATIONS FOR SCIENTIFIC DISCIPLINES: Slow growth for chemistry this year

: Annual change
‘S Mitlions for research only 1987* 1586° 1985 1984 1983 1982 . 1986-87 1982-1987
Life sciences " $6,288.2 $ 64576 $ 6,366.2 $ 56359 $ 51779 $ 47455 @ —3% 6%
Engineering 3,857.8 3,684.4 3,628.5 3,624.1 3,517.0 3,386.5 5 3
Chemical 186.0 243.5 254.1 144.5 145.0 95.1 =24 14
Metallurgy and materials 465.5 464.% 439.1 “3411 332.5 309.1 0 8
Physical sciences 3,300.3 3,071.8 3,0_44.0 1 2,969.0 28914 2,500.4 T 8
Chemistry - §70.9 653.4 644.5 - 606.4 5203 . 4812 .3 7
Physics 1,965.4 1,829.4 - 1,8200 1,836.4 - 1,854.6 1,610.5 - 7 4
Environmental sciences 7 1,483.4 1,458.2 1,403.6 1,275.9 1,251.2 1,148.3 2 5
Mathematics and computer sciences 759.0 665.0 577.5 440.3 419.4 350.1 14 . 17
Other sclences 1,151.4 1,117.7 1,110.3 - 1,033.6 996.6 891.4 3 - ‘5
TOTAL . . .$1.6,341.1 $16,454.7 $16,130.1 $14,978.8 314 253 5 $_13,022.2 2% 5% )
ANNUAI. CHANGE 2% 2% 8% 5% 9% % 7 T

3.5

3.0

b 25

20

1.5

1.0

| Science Faundation

Federal support for physical science llttle
. changed since 1983 in real dollars

Federal cbligations for research, $ billIOnS

Government funding of basic research
catching up with applied research support

Federal obhgatuons for research, $ b||l|ons
10

1977 78 79 80 81 82

83 84 85 86" 87"

Hote: Fiscal years. a Estimated. Source: National Sclence Foundalion

0 : 1...\“

1977 .78 79

80

81 82 83 84 85

Note: Fiscal years. a Estimated. Sourca: National Science Foundation
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FEDERAL OBLIGATIONS FOR BASIC RESEARCH: Little growth this year

Annual change
$ Mitions 1987 1988* 1985 1984 1983 1982 1966887 1982-1987
Health & Human Services $3162.4 $3357.1 $32325 $2814.5 $2475.4 $2144.7 —8% 8%
National Instifutes of Health 2938.3 31336 3a018.0t 26248 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 1281.8 1132.3 999.1 816.1 13 9
Energy 1063.1 945.9 942.6 830.4 767.7 642.2 12 11
" Defense ) 995.9 994.3 861.4 B847.9 785.6 688.7 o 8 ' » o
Navy 385.6 350.5 343.1 315.8 3054 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 2221 208.3 187.7 .3 6
Defanse agencies® 78.5 167.0 79.2 117.6 107.7 72.8 —54 1
~ National Aeronautics & Space -
Administration _ 986.1 850.4 750.9 7545 817.0 535.7 16 13
Agricufture . 434, 432.7 445.4 392.6 362.0 330.8 0 6
Agricultural Research Service - 287.2 247.6 250.2 240.6 2153 192.9 8 7
Cooperative State Research ‘ : .
Service - 115.8 126.2 141.5 99.6 98.8 . 91.3 —8 5
Forest Service ' 431 50.5 441 41.2 38.8 38.7 -15 2
interior . o 118.7 137.6 138.3 125.9 103.0 78.5 -18 9
Geological Survey - 795 83.4 . 80.5 789 64.7 52.6 -3 9
.Environmental Protaction Agency 37.0 39.3 38.6 29.6 22.2 2.7 -8 3
Commerce 19.5 22, 23.2 20.8 19.2 16.9 -12 3
National Bureau of Standards ) 19.1 21.2 221 20.2 18.4 16.5 =10 3
Nationat Oceanic & Atmospheric
Administration 0 0 0 [} 0 0 — —
Others 1113 110.0 124.0 119.1 108.9 29.3 1 .2
TOTAL $8347.7 $8145.1 $7818.7 $7067.4 $6260.1 $54813.8 2% 9%
ANNUAL CHANGE 2% 4% 11% 13% 14% 2%
'Mote: Fiscal years. a Esti b Inchades Dok Advanced Projects Agency, Defensa Nuclear Agency. and others. Source: National Sclence Foundation

_§ Millions 1987 1088" 1988 1984 1983 1982 1988-87 1982-1987
Defense : $2836.1 $2364.8 $2308.9 $2200.7 . $2437.0 $2288.1 1% 3%
Army ’ 719.4 551.3 582.6 486.7 -485.3 451.6 30 10
Air Force 562.2 5734 = 5384 547.7 524.2 488.1 -2 3
: Navy 4646 - 463.9 448.2 4496 521.6 458.4 ] -1
] Defense agencies® 889.9 776.2 737.7 716.6 905.9 828.1 15 1
,! " Health & Human Services 1724.0 1834.0 1795.8 18515 1545.4 1480.9 -8 3
| National Institutes of Heaith 1368.2 1452.8 141018 1285.6 1165.2 ~ 1103.8 -6 4
} Alcohol, Drug Abuse & .
L Mental Health Administration 177.5 188.8 179.7 1685.2 155.4 128.7 —8 7
National Aeronautics & Space
Administration 1388.5 1114.4 1032.7 9547 | 9278 871.4 25 10
Energy . . 913.3 - 1080.4 1198.4 1194.5 1193.4 1053.9 -15 -3 ,
Agricullure : . 444.0 458.8 485.8 4422 2 4585 435.7 -3 0
Agriculturai Research-Service. .\ P S 1. pe— L & - S 183.7 e 202.8 188.2 e B N S B
Cooperative, State Research...... s e b s RO SR e
Service 118.7 136.9 142.8 © 138.2 1338 127.7 -1 -1 . ’
Forest Service _ : 65.4 68.7 65.7 . 83.9 65.1 90 - -2 -1
Commerce ' 238.7 304.4 3jot.0 278.1 2084 250.2 —-22 -2
-~ -National Oceanic & Atmospheric T : :
Adeninistration ) 163.8 229.7 224.4 197.7 1889 188.5 -29 -3
National Bureau of Standands 835 85.8 84.5 831.5 63.1 574 -3 2
interior 2109 22718 231.0 843 2854.7 275.0 -7 -5
Geological Survey 118.2 127.8 130.0 125.1 299 9.4 2 8 S
Environmental Protection Agency 170.0 104 176.0 142.3 1824 210.7 s | —~4 ;
National Science Foundastion 5.7 7.8 3. 708 ?2 I 1 | 10 [ ]
Others §76.2 687.0 720.3 T24.8 "e.7 50.¢ 1 1
TOTAL $8493.4 383095 83118 STH1L4 STE34 STEADN 2% 2%
ANNUAL CHANGE 2% % 5% -1% "% $%

mswm.aw.ummwmmm.mmw.mmmwmm
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FEDERAL OBLIGATIONS FOR DEVELOPMENT: Nearly 90% goes for military work

Annual changs
" $ Milllons 1987* 1886" 1985 1984 1983 1982 1886-87 1982-87
Defense $37,048.8  $30,287.2 $26,823.2 $22,324.3 $19,77901  $17,869.8 2% 16%
Air Force 16,509.8 12,949.7 12,5243 11,3515 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 4,056.6 3,747.4 3.516.8 3,304.5 3,121.3 17 g
Defense agencies® 5,808.9 3,847.5 1,964.8 557.3 1,038.7 7171 51 52
Energy 2,794.4 2,685.3 2,825.0 2,648.7 2,575.8 3,012.1 5 -1
\ National Aeronautics & Space 1,543.4 1,513.8 1,543.8 1,112.7 1,116.8 1,670.7 2 -2
Administration
" Health & Human Services 384.3 420.2 422.7 384.7 331.7 335.2 -9 3
Nationat Institutes of Health 365.8 390.9 399.62 347.0 3110 308.7 -6 3
Alcohol, Drug Abuse & Mental Health 1.2 1.2 1.1 1.2 1.8 21 0 —-11
Administration .
Environmental Protection Agency 102.8 113.9 105.8 89.2 66.1 91.7 —10 2
Commerce 44.7 64.6 74.6 61.5 50.2 60.2 —31 -6
National Oceanic & Atmospheric 325 38.4 45.4 46.6 331 335 =15 -1
Administration
National Bureau of Standards 8.8 12.5 14.0 11.8 13.6 149 =30 —-10
Agriculture 31.1 31.5 32.0 313 30.0 30.8 -1 0
Agricultural Research Service 27.4 27.4 7.7 27.0 25.5 25.8 0 1
Forest Service 3.0 2.9 33 3.3 3.8 4.5 3 -8
Cooperative State Research Service 0 0 0 0 ¢ 0 — —
Interlor 24.0 23.2 22.4 30.7 24.8 29.8 3 -4
Geological Survey 9.9 74 44 4.9 23 0.5 34 a2
National Science Foundation 0 ¢ (1] 0 0 2.2 — —
Others 397.2 487.6 §52.8 583.0 492.7 508.1 -18 -5
TOTAL $42,368.5 $35,6807.1 $32,202.1 $27,246.1 $24,458.0 $23,410.4 19% 13%
ANNUAL CHANGE 19% 1% 18% 1% 4% 3%

Mote: Fiscal years, a Estimated. b includes Defense Advanced Research Projects Agency, Detense Nuclear Agency, and others. Source: National Science Foundation

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

Fedaral obligations, $ milllons

Anmual change

Neote: Fiscal years. a Estimated. Souros: Netional Science Foundation

-~ CRCLE 31 ON READER SERVICE CARD

1987 1988 1988 1984 1983 1982 198887 1982-87
Life sciences $3124.8 $3288.8 $3192.2 $2800.2 $2480.0 $2205.0 -5% 7%
Physical sciences 816.9 757.2 749.7 697.3 598.5 559.1 8 8
Chemistry 287.0 259.7 266.8 . 2423 205.7 189.6 11 9
Physics 429.8 _ 406.5 401.8° 375.2 328.8 306.0 <] 7
Enginearing 577.8 559.0 507.1 474.2 408.7 .15 3 10
omeeChemical 43,7 48.8 456 51,2 236 19.4 —-10 18
Metallurgy and materiais 121.1 125.9 107.2 87.7 86.0 753 —4 10
Environmental sciences 410.2 380.2 3811 319.5 318.9 274.7 8 8
Mathematics and computer sciences 338.3 302.8 2831 181.8 172.4 138.7 12 19
P : Other sciences 380.6 3674 347.8 304.1 297.8 255.7 -2 7
. TOTAL $5628.6 $5655.4 $5411.0 $4777.4 $4252.3 $3795.7 0% 8%
ANNUAL CHANGE 0% 5% 13% 12% 12% 2%
' Note: Fiscal years. a Estimated. Source: National Science Foundation
. UNIVERSITY BASIC RESEARCH: More than haif goes for life sciences
" : Federal obligat % X ™ vt 1“‘., 1'“ " . 1.“ 1..‘i ’
Life sciences $2207.5 $2379.2 $2308.0 $1979.8 $1701.7 $1483.7 -5% 9%
Physical sciences T14.1 848.7 8288 581.9 502.2 455.3 10 9
" Chemistry 259.3 227.9 2349 212.1 1819 165.3 14 9
Physics J62.3 3328 3170 203.9 264.7 2386 8 9
Engineering 448.0 419.7 3s8.8 340.3 2055 2580 7 12
Chemical 33.7 299 2786 29.6 18.9 16.8 13 15
Metallurgy and materials 108.7 116.3 95.9 79.% 76.8 €9.8 -7 9
Environmental sclences 804 350.2 330.7 288.9 2843 258.0 ] ]
Mathematics and compuier sclences 202.1 202.0 1721 152.8 148.8 118.8 0 "
Other sciences 202.2 187.8 168.0 T4 147.2 1205 8 1"
TOTAL $4214.3 341885 39740 $3490.7 $3077.7 $2693.3 1% 9%
ANNUAL CHANGE 1% 5% % 13% 14% 9%
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BASIC RESEARCH M PHYSICAL SCIENCE: NSF, Defense score biggest gains for chemistry

) 1987 1886* 1985 1984 1983
Physical Physical Physical Physical Physical
Feaderal obligations, $ millions Chamistry } Ch ¥y 1 Ch Y 1 Chemistry ) Civemistry

Energy $ 8525 S$112.1 $ 743.1 $1085 §$ 736.1 $1023 $ 688.4 $1084 % 639.2 $104.3

Natlonal Aeronautics & 535.8 7.8 431.7 5.1 377.9 10.2 338.7 54 329.5 7.7
Space Administration _

National Science Foundation 330.7 1289 340.6 109.8 . 3479 112.7 330.2 106.8 283.5 88.5

Defense 213.2 a2.1 212.7 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 8.0 18.7
Air Force 776 32.7 63.9 27.0 541 228 48.3 20.3 393 17.5
Army 46.2 19.0 51.7 208 54.3 20.6 59.8 19.1 58.7 19.4
Defense agencies® 1.8 0 12.3 0 3.2 0 3.7 1] 2.5 0

Health & Hurman Services 81.4 73.4 86.8 78.3 83.6 75.4 120 €50 61.8 55.0
National Institutes of Health 79.3 714 84.6 76.1 81.5% 73.32 70.8 63.8 60.9 54.2
Alcohol, Drug Abuse & 2.1 2.0 22 2.1 2.1 2.1 1.2 1.2 0.9 0.9

Mental Health Administration .

Agricuiture 335 3313 35.6 335 35.6 338 45.4 43.5 40.0 38.2
Agricuitural Research Service 26.9 25.5 25.0 23.7 25.2 23.9 37.4 36.0 335 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 46 3.7 4.0 3.3 . 286 21 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 8.3 1.8 8.0 71 5.6 2.9 1.8
Geoiogical Survey 7.0 55 7.9 8.3 7.6, 8.0 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 23 1.9

Others . 17.8 0.4 15.6 0.2 16.6 0.3 14.7 0.9 135 35
TOTAL $2141.0 $451.3 $1901.7 $425.4 $1814.0 34208 $1728.0 $403.4 $1587.2 $362.2
ANNUAL CHANGE 13% 8% 5% 1% 5% 4% 9% 1% 14% 16%

Note: Fiscal years. a Estimated. b Includes Dedense Advanced Research Projects Agency, Defensa Nuclear Agency, and others. Source: Natlonal Science Foundation

ENGINEERING RESEARCH: Support for chemical engineering drops sharply this year but is still twice t

1887° 1988" 1988
Chemical Metaliurgy & Chermical Metaliurgy & Chemicsl
$ Millions Engineering  engineering materials Engineering  engineering materials Enginesring engineering
Defense $1624.9 $ 545 $281.1 $1523.9  $ 503 $277.9 $1502.0 $ 533
Air Force 488.1 3.2 36.9 4727 33 - 343 4239 R I
Army 4349 235 413 338.1 209 77 3443 26.7
Navy , - 409.9 278 1201 4085 281 1211 4212 248
... Delense agencies® oo 2821 @ . . 828 . 3068 . 0 . 848 3128 0.1..
Natlonal Aeronauiics & Space 1270.0 0.8 234 10218 [ X1 17.7 9318 0.8
~ Administration
Energy 3220 5.8 738 4538 126.2 887 511.3 136.6
‘Natlonal Science Foundation 213 4.2 478 1958 M4 a1 1933 326
Interior Lo 6. 44 25.4 1 21 ) 49 40.9 © 100.2 a
Transportation , ' 44.1 04 1.0 - 838 0.7 2s LY o8 -
 Environmental Protection Agency 43.7 7.8 28 4.8 1.1 27 “us 180 i
Commerce 38.0 23 105 . 437 19 12 ne LB B
Agriculture 28.9 5.8 ° 2.1 88 o 287 8.8
Others 185.3 0.3 0.8 2128 0.4 0.4 2274 o4
TOTAL $3857.0 $188.0 $485.5 $30044 243 $484.1 $3020.3 $254.1
'ANNUAL CHANGE 5% -24% 0% 2% ~4% "% " 8%

Note: Fiscal years. & Estimated. b Includes Detense Advanced Projects Agency, Detenss NUCIeEr AQency. e owrs. Seures Nations! Sclence Fowndntion
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APPLIED RESEARCH IN PHYSICAL SCIENCE: Chemical funding down slightly this year

1967* 1986* 1988 1984 1983

. . Physicat Physicai Physical Physical Physlcal

$ Miltions® sclences Chemistry sclences Chemistry sclences  Chemisiry L Ch Yy sct Chemistry

Energy $ 5116 $ 249 $ 5387 $37.3 $ 68061 $ 40.6 $ 6035 § 320 % 5848 3 133

Defense 434.8 102.7 415.1 934 4120 86.3 477.2 79.8 §62.0 66.3
Army 129.7 71.0 116.4 62.1 124.2 575 77.4 47.2 86.9 39.9
Air Force 58.0 17.0 - 60.2 17.3 57.5 16.7 58.6 16.4 54.5 13.7
Navy 556 13.8 53.9 13.4 50.7 11.6 69.2 15.8 135.2 123 .
Defense agencies® 190.5 0.8 184.6 0.6 179.6 04 272.1 0.3 285.4 0.3

National Aeronautics & 81.9 6.0 79.9 6.0 76.3 6.1 256 1.9 40.4 1.7
Space Administration

Commerce 34.0 9.8 35.1 10.4 35.2 10.5 35.9 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 Qceanic & Atmospheric 8.9 1.3 10.1 2.0 9.9 1.4 3.9 1.3 7.2 1.

Administration C : : )

Health & Human Services 26.5 23.0 28.4 24.6 273 23.8 24.7 213 226 19.2
National Institutes of Health 24.6 211 26.1 22.4° 25.42 21.8° 23.6 203 21.5 18.1
Alcohol, Drug Abuse & Mental 1.9 1.9 23 2.2 1.9 1.8 1.1 1.1 1.2 1.1

Health Administration
Agriculture 24.2 22.2 25.8 23.8 28.4 24.4 27.3 255 27.6 25.6
© Agricuttural Research Service 13.8 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 36 2.5 35 2.4 2.4 1.8 23 1.7
Environmental Protection Agency 15.4 14.1 16.1 14.9 15.7 14.5 138 12.9 13.9 12.8
.Interior 14.5 12.5 16.2 13.9 18.5 133 15.7 13.6 5.5 4.4
. Geofogical Survey 14.5 12.5 16.2 13.8 15.5 13.3 14.9 12.8 47 - . 3.8

National Science Foundation 12.5 3.1 11.3 2.7 11.8 29 10.9 3.1 9.4 3.9

Qthers 3.9 1.3 3.3 1.0 3.8 1.4 5.4 24 4.2 1.6
TOTAL . . $1159.3 352196 $1170.0 $228.0 $1230.1 $223.8 $1241.0 $203.0 $13043 $158.1
ANNUAL CHANGE ~1% —4% -5% 2% ~1% 10% —5% 28% 1% —T%

Nole: Fiscal years. a Estimated. b Obligations. ¢ Inciudes Defense Advanpgd R_ese_arch Proie(_:_ts_ chncy,_oelensa Nuclear Agency, and others. Source: National Science Foundation
. the level of five years ago
1983 1084 1983 1982
Mataiturgy & Chemical Matallurgy & Chamical Metabiurgy & Chemical Mwetallurgy &
~ materiats Engineering snpineering materials Enginesring sngineering materials Engiresring - engineering lal
$260.9 $1488.4 $ 384 $180.3 $1573.9 $ 449 $179.3 $1473.3 $39.0 - $159.3
28.6 439_.5 ) 3.5 30.3 419.2 3.1 382 3873 29 35.1
42.2 3248 235 355 3189 29.3 28.4 297.2 244 a7
121.1 398.4 1.3 539 3985 119 800 3780 -49.3 ..
e oGOG8y T 08 4M02 . 08 628 Bl
““““““““““ S L 9678 TR 799.6 ) 1.0 19_-1 18.2
6.4 439.0 48.1 8.7 440.2 519 82.8 4203 1.1 - 8.2
42.7 164.9 21.7 27.3 1428 218 13 1290.¢ 8.5 26.4
- 39.8 111.4 4.5 42.2 ) 91.4 0.4 s 871 1.4 32.s
1.5 51.1 1.2 1.9 56.1 1.0 1.4 45.3 0s 1.0
2.8 37.8 17.8 0 47.8 16.7 s 78.4 26.0 5.2
89 35.3 18 6.4 37.4 13 7.9 20 20 7.1
0 58.7 84 ] 54.7 8.2 0 5.2 3.8 0
0.5 2.7 0.3 0.1 273.4 0.1 [ 205.9 0.1 ]
$439.1 $3624.1 $144.5 $341.1 - 335170 $145.0 $332.8 $3384.8 $935.1 $300.1
2% 3% 0% 3% 4% 53% 8% 0% % 21%
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Industrial support for R&D up only 59

With inflation low, chemical companies’ Outlays for industrial R&D are rising at |
R&D outfays rise smartly in real terms slightly faster rate than industrial sales
$ Bilfions ' R&D spending as % of net sales
T "5’ current 10 |
@ $ Constant (1982)
8
Chemicals and allled products
6 S %

I I Y ' 'S IR S A W VA S AN SN N S N T

oL _{+ [ & i
1972 73. 74 75 76 77 78 79 80 81 82 83 84 85 88 1872 73 74 75 78 77 73 79 80 &1 82 B3 84 B85 B6°
, @ C&EN estimates. Source: National Scisnce Foundation 4 CSEN estimates. Source: National Science Foundation

:

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

Annual cha;
$ Millions 1986* 1985 1984 1983 1982 1981 1980 1979 1978 1977 1978 1985-84 1976-08
Chemicals and $ 9500 $ 8667 $ 89,0286 % 7,293 % 6659 §$ 56258 4636 % 4,038 $ 3,580 § 3,202 § 3,017 10% 12%

k ailied products
i industrial chernicals 4,150 3815 3512 3411 3301 2,802 2,197 1962 1,798 1668 1524 & 11

Drugs 4,070 3,548 1,777 1,517 1,308 1117 1,097 15 14
4516 3882 3,358 2823 { :
Other chemicals 1.280 1,204 662 559 474 417 401 6 12
Other industries 74,900 69,512 63,442 56,110 51,337 46,185 39,889 34,188 29,724 26,623 23980 8 12
TOTAL $84,400 $78,179 $71,470 $63,403 357,996 $51,810 $44,505 $38.226 $33,304 $28,825 $26,997 8% 12% Co

-

& CAEN estvmates Source: Mational Science Foundation

E

COMPANY FUNDS FOR INDUSTRIAL R&D: Chemical industry spends about a sixth of the total

Annust
$ Milions 1988 1984 1002 1982 1981 1980 1070 1876 1977 176 1978 1934-38 1078-08
Chamicals and $ 8352 $ 7,797 $ 00458 8220 $ 520535 42648 30028 3,250 829073 275182400 7% 13%
allled products
Industriat chemicals 3,618 3,289 2970 2879 2393 1.858 1.617 1,473 1,387 1,275 1,173 10 12
Drugs 3,545 3,381 2,937 2490 2,084 1,756 5
2,075 1,777 1,520 1,476 1317 14
: Other chemicals 1,189 1,128 938 856 747 853 6
Other indusiries 43,344 40511 38,016 33,288 30,223 26,212 22016 15,885 19,433 14088 13002 7 13
! TOTAL $51,808 $48,308 342,881 339,512 335,428 $30,476 $25,708 $22,118 $19,340 $17,436 315582 7% 13%
i - . )
: Source: Nationsl Science Foundation
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' CHEMICAL R&D SPENDING: Slight rise last year largely reflects Carbide’s major divestments

oo :.hlmema“onal‘Ha‘m,_.A.,M..,....-..._..‘,‘\39,..,.....,.,m..\...‘,.34‘- RTINS 1 NSSSONAE.: | MRS | | SO

gl

FEDERAL. FUNp_s-Fon INDUSTRIAL R&D: Of litft'le significance for the chemical industry

Annual change

$ Milllons. - - 1985 1984 1983 1982 1981 1980 19719 1978 1977 1978 1975  1984-85 1975-8%
Chemicals and $ 316 % 232 % 448 % 434 % 421§ 3728 3468 3308 295 §$ 266 $ 238 3I6% 3%
aflied producls ] : :
Industrial chemicals 298 223 440 423 409 341 345 325 281 249 218 34 3
Drugs and other 18 9 8 11 12 31 | 5 ¢ 14 . 17 18 100 0
chemicals :

'6lher industries 26,168 22,930 20,094 18,049 15961 13,657 12,172 10,859 10,190 - 9295 8389 14 12

TOTAL $26,484 323,162 $20,542 $18,483 $18,382 $14,029 812,51'_8 $11,189 $10,485 $9561 38605_ 14%. . 129%
Sowrce: National Sclarica Foundation i R ' . T "

R&D BY U.S. COMPANIES ABROAD: Relatively small but expanding steadily

$ Milllons : . X 1968* - 1985 1584 1063 1982 1081 19830 1w 1978 1977 1976 1963-88 1876-86
Chemicals and allled products  $ 960 $ 816 $ 793 $:732 $ 684 $ 715 $ 603 $ 500 $.395°$ 332 $ 312 0% 11%
Industriat and other chemicals 440 408 363 354 313 287 245 199 15% 133 108 . &8 . 15
Drugs _ 460 406 430 378 371 428 357 301 244 199 204 13 8

Other industries - oo 31000 2931 2786 2544 2413 2679 2562 2254 1814 1545 1347 & 9

TOTAL 34000 $3747 $3579 $3276 $3087 $3393 $3165 $2754 $2200 $1877 $1659. 7% 9%
a CAEN estimates. Source: National Sclence Foundation ' ' I B :

. _ 1988 RAD
) . S o spending as %
$ Millions 1908 1985 1984 1983 082 . 1981 1980 1979 1978 1977 1978 of sales
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 875 775 647 501 509 461 367 353 8.0
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
Hercules 71 76 72 74 74 65 57 ) 50

L SN~ S
. SRR, - .

==ppbrlzol-e—— 59: 44 B8 OF B33
Monsanto _ 596 470 370 - 200 264 233 208 161 136 132 114 8.7
Nalco Chemical a3 32 32 30 33 30 28 21 17 14 12 45
Ofin 56 53 52 49 45 38 31 26 25 25 23 33
Pennwalt 45 39 36 33 31 27 24 22 23 21 19 4.1
Pelrclite 12 12 12 13 10 8 7 6 -5 5 4 43
PPG Industrles 204 - 176 150 127 127 119 103 83 700 81 56 43
Rohm & Haas 133 124 109 100 92 77 67 54 49 45 43 6.4
Union Garblde® 148 275 265 245 240 207 166 . 161 156 156 143 2.4

TOTAL - $3543 $3403 $3067 $2757 $2543 $2210 $1910 $1637 $1455 $1288 $1180 5.7%

ANNUAL CHANGE 4% 11% 11% 8% 15% 16% 17% 13% 13% 9% 8%

a Figures exclude petroleum and coal segments. b Union Carbide divested a substantlal part of its businesses In 1986; on a pro forma basls, R&D spending was $181 million in 1985 and $178
million in 1984, Source: Company data ! .
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Companies whose annual R&D budgets tbp $100 million do more than 70% of all R&D

$10 miflion
to 5100
million
245,

$10 million § ' e
to 3100 $10 million
million to $100

million
21% 15%

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

Annual change
Thousands® 1986 1985 1984 1983 1982 1981 1986 1979 1978 1877 1976 1885-86 1976-88

Chemicals and 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 27.2 259 216 20.9 21.4 21.3 20.6 20.1 7 3
Drugs 333 30.7 30.1 28.2 25.6 23.3 21.6 20.8 195 . 17.8 16.6 8 7
: Other chemicals 11.2 11.3 10.3 10.6 10.1 9.8 89 . 7.8 7.5 8.0 7.8 —1 4
Other indusiries | 500.0 493.2 4774 456.1 448.2 4331 399.2 373.9 3561 3364 3200 3 5
| TOTAL 580.3 560.2 5445 5221 509.8 487.8 450.6 4239 4044 38238 3644 4% = 5%

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

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

25,000 or more

25,000 or more
42% 73%

25,000 or more
63%

$51 7 billionﬂ

’ Note RanQES mdlcatecompames number ot employeea in 1985 a Excludes fsdera} fundmg Source Natlonal Science Founda!lo 15
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. Chemical and drug companies provide jobs for 12% of
- industrial scientists and engineers fonstor ofal

Motor vehicles and

related equipment Cther indusiries

. .l:ém

_ Chemiiy s 3ed
[T HERE S
Industrial
chemicals 4%
Drugs 8%

Cther
chemicals 2%

""

Machinery

Aircraft and missites

. o . 1986 total industrial R&D scientists and engineers” = 580,300

& Full-time equivalent, as of January 1988. Source: Nationai Science Foundation

' —

R&D SCIENTISTS AND ENGINEERS PER 1000 EMPLO_YEES; At new high in chemical.industry

1996 1H84 - 1983 1982 bl 1980 1978 1078 e 1976 s
Chemicals and allled producis 58 54 54 1 4“ 42 42 43 42 40 41
Industrial chemicais 42 44 45 44 a7 38 - 38 38 38 36 38
Drugs 93 88 82 74 66 0 62 65 62 64 59
. Other chemicals 38 37 36 38 33 a0 - 27 2r 29 28 29
All indusiry 38 as 35 33 » F14 14 27 27 27 28

COST PER INDUSTRIAL ﬁ&D SCIENTIST OR ENGINEER: More than doubled n past decade

$ Thousands ! 145 1884 1983 1982 1981 190 178 178 "wn w78 1978
Chemicals and allied products  $125.2 $119.1  $109.8 $1044 $ 968 $ 87.4 $708 $728 $67.6 $88.5 3809
" industrial chemicals 1511 135.1 126.6 1243 1180 1034 928 842 796 747 875 |
..DrUgS o .......& . HLZ. 1007 a . a 792 714 848 589 634 609
Other chemicals a a a ©a a 665 665 616 538 508 432
All industry ' $137.0  $120.7 $118.9  $1124 $103.9 §$ 949 $374  $804 $758 3722 3668
# Nt separataly sveiiable but inchuded in chemicals and aliied products. Sowrce: Netional Science Foundation ' )
Chemicat firms’ share of

R&D personnel up in 1986  CHEMISTS IN INDUSTRY: Drugs biggest employer

% of total industrial R&D scientists and

i H @ . . % of Indusirial chemists Mo salary (3 housands)*
1eg%lniers n treﬁherta}tial 'u: todustry Alchemists BS. M3, PhD, B8 MS. _ PhD.
5 Pharmacsuticals® 18% 17% 20% 17% $40.3 $42.4 $57.2 -
. Specisity chemicais . 15 13 12 16 418 457 53.3
Plastics. .. —— 5 5. ... 8. 8. 423
Potrcleum and nalural 5 3 4 8 45.1
Agricultural chemicals 4 2 4 5 37.8
Coatings 4 5 4 3 418 47 6
Electronics 4 3 4 4 412 48.2 56.9
" Food 3 -] 4 2 358 482 585
Metals and minerals 2 4 2 1 402 388 47.0
Rubber 2 3. 2 2 40.7 378 54.7
11.0 Biochemical products 2 1 2 2 35.1 355 57.5
_Soags and detergents 1 1 1 2 383 472 588
O{J.,,,,,ii{ . “Paper 1 1 1 1 312 378 548
1976 77 78 79 80 81 82 83 B4 8588 ) Other manutacturing 17 20 17 16 412 4417 551,
Nonmanulacturing 10 13 12 7 40.7 410 501

" aFulkime squivalant, as of January of each year
Source: Nationat Scisnce Foundation 8 As of March 1, 1987; to lackitale comparison; mean salaries are adiusted for differences in average length of
' experience for sach group. b includes personal care products. Source: AGS survey
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Univérsity R&D increased 8 9% last year

T
Nearly two thirds of academic R&D ' More than half of academic R&D is
‘funding comes from federal government in the life sciences '

Federal

Industry ~ government
i Other . _
Other ; sgiences
nonprofit — : |
institutions !

Environmental

sciences
Universities and - Physicail Engi ;
colleges . sciences g:neenng
Estimated ffscal 1986 academic L Estimated fiscal 1986 academic
R&D expenditures = $10. 25 billion j R&D expenditures = $10.25 billion
Source: National Science Foundation ‘ Source: fiatana Soence Founcaton .

[E—

— - - - e . - - — . T T

CHARACTER OF UNIVERSITY R&D SPENDING: Basic research gets two thirds
’ . Annual change
$ Mililons 1986+ 1985 1984 1983 1982 1981 1980 1979 1978° 1977 1976  1985-86 1978-86
Baslc research $ 6,900 $6377 $5638 $5269 $4857 34576 $4026 $3612 $3176 . $2800 $2549 8% 10%
- 'Applied research 2,760 25802 23707 2101 2004 1866 1681 1465 1213 1067 1015 7 11
Development 590 5172 4952 437 415 377 343 284 236 200. 164 8 14
TOTAL $10,250 $9504 $8503 $7807 $7276 $6819 S$60680 $5361 $4625 $4087 $3T29 8% 1%

ANNUAL CHANGE 8% 12% 9% 7% 7% 13% 13% 18% 14% 9% 9%

Neta: Data for institutlonal fiscal years. a CAEN 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

Annuat change j

$ Millions 1986* 1985 1934 1983 1982 1981 1980 1979 1978b - 1977 1876  1985-88 1978-86
Federai government $ 6,400 $6003 $5388 $4960 $4752 354562 34096 $3595 $3059 52726 $2512 7% 10%
Industry 580 538 458 379 334 291 237 194 170 139 123 8 17
Universities 2,500 2258 2024 1881 1630 1520 1319 1198 1037 8as a0 1N 12
Other sources 770 704 633 587 500 446 409 374 359 314 284 9 10
TOTAL $10,250 $9504 $8503 $7807 $7276 $6819 $6060 $5361 $4625 - $4067 $3729 8% 11%

‘Note: Data for institutional fiscal years. a CAEN estimates. b Estimated. based cn data from Ph.D) -granting institutions oniy. Source: National Science Foundation
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FIELDS OF UNIVERSITY R&D SPENDING: Biggest growth for computers and math- " . .

*$ Millions. - - 1986 1985 1984 1963 1982 1931 ..19801

* Note: Data for institistionial fiscal years. a GEEN estimates. b NSF estimates, based on data from Ph.D.granting institutions onty. na = not availabie. Source: National Scierice Foundation,

Lo

S ) - Anmalchmgo )
$ Millions <, . toRg* 41985 1934 1983 1962 - 1981 1986 1978 1918" 1977 1876  1985-38 1070-%
All sciences ©$ 8,730 $8120.5 $7296.5 $6695.5 $6250.2 $5857.6 $5105.4 $4503.0: $4023.6 $3568.5 $3207.3 8% 10%:E
' Life 5510 51385 46073 4233.0 39724 3673.1 32169 28325 2538.0- 2258.8 21017 7 10 # =
Physical 1,230 1136:6 996.% 8989 8243 7663 6774 6019 4694 4235:. 3794 8. 12
Physics 600 5499 4708 4144 3662 357.2 3222 209200 2351 2017 1831 9 13
Chemistry - 435 4145 3712 3360 309.4 2851 2440 2064 1831 1594 14D.1 & 12
Enwronmental 755 707.0 6495 6205 5593 5503 509.1 4529 3794 - 3184 2885 7 10
‘Computer 340 2777 2227 1755 1495 © 113.1 . 1142 979 674 - 556 445- 22 23
Mathematical © 145 0 1294 - 1244 1084 989 891 788 78.5 58.8 523 425 12 - 13
Others 750 . 731.3 6357 ©59.1 6458 6458 599.1 539.3. 4837 458.9- 4407 3 ]
Engineering 1,520 1383.2 12064 11113 10258 961.0 98649 ' 768.4 = 601.1 498§ 487107 13
Chemical : 115 108.0 96.2 90.8 83.6 83.2 678 na’ - na 7 " @ Sl na . 6 na
TOTAL -~ $10,250 $9503.7 $8503.G $7806.8 $7276.1 $6818.6 $6060:3 $5361.4 §4624.7 $4067.0-83729.0:° 8% -11%

ANNUAL GHANGE 8% 12% 9% 7% T% 13% 13% 16% M%h. . 9% . . 9%.

Ali sclences $5420 $5145.0 $4609.4 $4221.8 $4054.0 $3889.3 $3500.6. 33068.9* 2651.2 $23894 8222”3‘

Lite . - . 3280 31387 2793.9 25653 24944 2364.2 20040 1818.8- 1474.0- 13
Physical '920. - 883.3 7793 6985 6500 619.0 - 554.8 - 430.7 - ;-_ - 33818 - 12
Physics 480 4547 387.9 3400 3062 3087 279.9 - 2525 e : 12 i
Chemistry 320 3084 2789 2486 2311 - 2168 1894 - 156.5 . 138. 107.9 - 11 :
Environmental 500 480.7 4515 427.9 3922 3927 = 3726 329.2 '2'75;1 2386 9
Computer - 230 1931 1616 1278 107.0 935 770 69.2 412 375 21
. Mathematical 115 961 913 767 721 . 679 - 611 604 441 406 13 5
- Others = . . 385 3531 331.8 3255 3384 3619 3412 3006 2720 259.9 4 :
Engineering. - 980 - 857.56 778.8 737.9 698.2 8625 5954 5264 4075 ;330-.7 13
Chemical _ 57.9 544 521 496 852 -46.1 na na na- ¥ na
TOTAL - $8400 $6002.6 $5380.0 $4950.7 $4752.2 SASGLE $4096.0 $3595.3 $3058.7 $2726.1 $25119 7%  10%
ANNUAL 7% 1M% 9% 4% 4% 11%  14% 18% 12% 9% 0%

CHANGE : ' ' - ' L : S

Money for academic R&D, inconstant ~  ...and funding for R&D in chemistry also
dollars, is growmg strongly ves forges higher in real terms - : i

k> Bl" ns : ' $ Mllhons

1976 77 78 79 80 81 82 83 84 85 66" 1976 77 78 79 S0 8t 82 83 84 85 86°

Note: Data for institutional fiscal years. a C&EN estimates. Source: National Science Foundation
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"TOP 10 UNIVERSITIES IN R&D SPENDING: 21% of total goes to top 10 institutions

Physicat Emrlronmomal Llfc Maih and Olhcr
" § Miilions, fiscal 1985 sciences cnmnmry Englneering p i Total
1 Johns Hopkins U $ 583 $ 4.2 $ 116.8 $ 283 $ 99.6 $ 71.7 $ 139 § 3838
2 Massachusetts Inst. of Technology 70.7 12.4 103.8 2.5 LA | 134 115 243.0
3 U of Wisconsin, Madison 23.7 5.2 21.8 17.8 115.8 7.4 219 208.4
4 Cornell 1) 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 53 1998.2
6 U of Minnesota 11.2 33 18.1 3.7 127.2 3.4 9.7 173.3
7 U of Washlﬁg!on 11.6 2.0 11.9 18.0 99.8 3.8 18.9 164.0
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 1499
10 U of California, Los Angeles 185 6.7 18.5 8.8 93.3 1.2 12.4 149.7
TOTAL, TOP 10 INSTITUTIONS $ 305.7 $ 59.4 $ 434.7 $108.4 $ 906.4 $128.1 $158.7 $2043.0
TOTAL, ALL INSTITUTIONS $1136.6 $308.4 $1383.2 - $707.0 $51385 $407.1 $731.3 $9503.7
a Inclwded in physical sciances, b Includes social sciences, psychology, and other sciences not Hsted separately, Source: National Science Foundation
Fewer degrees awarded at undergraduate level CHEMICAL DEGREES:
5)2egrees awarded, thousands Doctorates increase
Academic
flscat yaar Bachelors Masters  Ph.D.s
DEGREES IN CHEMISTRY "
1966 9,735 1832 1571
1967 9,872 183t 1744
1968 10,847 2014 1757
1969 11,807 2070 1941
1970 11,617 2146 2208
1971 11,183 2284 2160
1972 10,721 2259 1971
1973 . 10,228 2230 1882
1974 10,525 2138~ 1828
1975 10,649 2006 1824
1978 11,107 1786 1623
i 1877 11,322 1775 1571
e e T T B By 1978 11474 1892 1525
1966 &7 68 69 70 71 72 73 74 75 78 77 78 T9 BOD 81 B2 83 b4 85 1979 11,643 1765 1518
Note: Academic fiscal years. a Excludes biochemisiry and geochemistry. . 1980 11,446 1733 1551
Source: National Canter for Education Statistics 1981 1 1'34.” 1654 1622
cm 1982 11,062° 1751 1722
. . 1983 10,746 1604 1746
- . : 1984 10,704 1667 1744
"OP 10 UNIVERSITY R&D CENTERS: 40% of funding goesto | .55 104e2 1710 1789
support work in physical sciences
DEGREES iN CHEMICAL ENGINEERING
_ Prysical Ervironmental  coainy 1966 2848 994 354
$ Millions, tiscal 1985 sclences  Engineering sclences wciences Totat* 1887 2869 949 305
: i 1968 . 3211 . 1156 367
1 Lawrence Livermore Lab $ 2305 § 432.2 $ 264 $ 950 § 8053 1069 T a857 1136 - 409
2 Los Alamos Natlnr_;al Lab 335.8 233.0 ) 16.9 4.1 704.0 1970 . ar20 1045 438
3 Jet Propisision Lab ) 727 295.2 61.8 236.5 666.2 1971 . 3615 1100 406
4 Lincoin Lab : . 5030 186.2° 0 27.8° 264.5 1972, 3683 1154 394
5 Argonne National Lab 693 1165 245 - 23 2237 WM. 3838 . N08) .. 397 i
“6 Brookhaven National Lab ™~ S o4 07 199.0 | 1974 3454 1045 - 400
R T AWTence DeTkeley Lab ; ] 17.6° 550 1746 | 1978 3142 . 980 346
8 Fermi Nationat Accelerator 151.3 0 0 0 151.3 | 1970 - 3203 1031 308
Lab : 1977 L 388 1086 = . 291
9 Piasma Physics Lab 131.7 0o 0 0 1317 | 1978 - 4615 1297 259
10 Stanford Linear Accelerator 79.7 0 0 0 797 | W S685 1149 - 304
Center . : 1980 6383 1271 284
Al others 70.2 33 458 24 1290 :::; :?3; :gg; 3
TOTAL, ALL FEDERALLY $1429.0 $1312.4 $202.4 $434.3 $3NN.1 1983 7145 - 1304 319
FUNDED R&D CENTERS 1984 7475 1514 a3
Note: Data for university-administersd, federally funded RAD centars. & inciudes Hife sclences and other sciences Nt 1988 7148 1544 418
listed separatety. b Estimated. Source: Naticnal Sciance Foundation
» Excludes blochemisyy and
Sowros: National Canter for Education Siatistics
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SCHOOLS SPENDING MOST ON CHEMICAL R&D: More than 20 spent at least $5 miillion in 1985

1985

Rank :p:::;l:‘!g le::ral 1984 1983 1982 1981 1980 __Annual change
1985 1984 ($ thousands) funds ($ thousands) 1884-85 1980-85
1 1 Massachusells Inst, of Technology $ 13,221 94% 5 11,741 § 8914 § 9,792 § 8,222 § 6,764 13% 14%
2 3 U of California, Berkeley 10,804 92 7.850 7.945 6,283 6,553 6,022 as 12
3 2 Harvard U 8663 76 8,327 6,898 5,5122 6,1232 4,797° 4 13
4 5 Stanford U 8,354 &5 6,809 6,375 6,118 5,564 4,788 23 12
5 6. Cornell U 7,962 79 6,710 57172 6,2392 4618 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 of Wisconsin, Madison 7,35¢ 70 6,076 5310 4 567 4,122 3,978 21 13
8 9 U of Maryland, College Park 7.289 46 8.324 86,3332 4,718 3,109 2,766 15 21
9 4 U of California, Los Angeles 7.243 93 7.219 5,486 5,187 4,420 4,159 0 12
10 0 U of lllinois, Urbana 7079 76 6,284 5,886 6,422 5,238 4,261 13 11
Total. first 10 institutions 85,570 82% 73.786 65,868 60,972 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 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 of Chicago 6,287 91 5,735 4,798 4,396 4,139° 3,958 10 10
15 18 Purdue U 6,018 80 5,443 4,542 4,459 4,600 3,596 11 11
16 19 Texas AZMU 5,896 71 4,610 4,963 4,521 4,069 4,097 28 B8
- 17 14 Indiana U 5820 B4 5,642 5,551 5,341 3,637 3,147 3 13
18 17 U of Notre Dame 5,549 92 4,760 4,022 4,020 3,855 3,457 17 10
19 27 Ohijo State U 5422 11 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. first 20 institutions 144,910 - 82% 124,137 110,857 102.736 92,652 81.209 17 % 12%
21 25 YaleU 5096 90 4,134 3,341 2,875 2,781 2,023 23 20
22 20 Northwestern U 5062 78 4,557 3,413 3,026 2,995 2,367 11 16
23 21 U of Pennsylvania 5025 88 4,375 4,982 3,068 3,388 3,688 15 [
24 34 UofUtah 4840 91 3,830 3,638 3,364 3,076 2,811 26 11
25 22 U of Calitornia, San Diego 4642 87 4,355 3,810 3,894 4,430 4,4252 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 Uof Texas, Austin 4588 47 6,639 5,938 4,843 4,779 3,970 -3 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 4466 93 4,030 4,5920 -~ 4721 4,066 4,652 11 -1
30 30 U of Fiorida 4,380 53 4,024 2,347 2,248 2.302 2,2830 9 14
Total. firs! 30 institutions 192,228 81% 168,301 149,736 136,460 123.895 110,188 14%  12%
31 28 U of Minnesota 4,167 79 4,067 4,047 4,297 4,260 2,642 2 10
32 36 PrincetonU 3,963 78 3,670 3,509 3,082 2,513 2,065 8 14
33 37 U of South Carolina 3729 75 3,423 2721 2,483 1,087° 970° 9 3t
34 33 Georgla Inst. of Technology 3,684 58 3,846 3,401 3,327 3.660 3655 —4 Q.
35 40. State U of New York, Stony Brook 3,481 87 3,084 2,607 2,783 2,691 1,966 13 12
36 38 Lehighl 3,458 39 3,381 3,664 2,584 1,680 1,066 3 27
37 24 U of Connecticut 3,429 44 4,135 2,720 2,049 1,748 1,300 —~17 21
38 44 Virginia Polytechnic inst. & State U 3,332 59 2,633 2,208 1,740 1,581 1612 27 16
38 39 Florida State U 3,276 32 3137 2,500 $ 2,959 3,012 27N 4 3
40 — HowardU . . 3,269 9N 3,672 2,336 982 1,408 1,287 -1t 20
Tolal, lirst 40 institutions . . 228,022 79% 203.329 179.447 182,726 ° 147,533 129,542 12% 12%
4:1—44—Michigan-State-U-=== -2 .+ S 2,493 2,178 1,638 12 14
42 41 U of North Carolina, Chapel Hill 3,201 90 2,945 2,397 2,240 2,018 1,789 9 12
43 32 Uof Rochester ‘3,196 90 3.858 3,187 3,123 2968 - 2089 -7 9
44 -~ U of Callfornia, lrvine - 3,142 97 2,177 1,777 1,681 1,915 1,398 44 18
45 — U of California, Santa Barbawa 3,080 89 2,172 1.902 1.698 1,834 1434 41 16
A48  — Uof Virginia 3,046 71 2518 2,089 1,778 1,781 1,203 21 20
47 — lowa State U 2988 41 2,238 1,903 1,402 1,272 1,158 33 21
48 — U of Washingion 2,964 68 2,340 2,182 2,218 1,500 1,328 27 17
40 40 Wayne State U 2083 99 3,071 2,645 2,658 2,281 2,183 =32 -1
50 — Syrecuse U 2,500 52 2,110 21 2,868 2,259 764 37 31
Total, tirst 50 Institutions $258.644 780% $229,826 $202,354 $184,981 $167,515 $144,505 13% 12%
NATIONAL TOTAL $414,529 74°% $371,182 $338,025 $308,371 $285,520 3$244,454 12% 11%
ote: Data for instiutionas Ascal yeary. a Estimsted. b impuited. Sewrce: Netions! Sclence Foundation
July 27, 1987 CAEN #1
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WEST NORTH CENTRAL
$40.3 miliion
3.6%

EAST NORTH CENTRAL
$186.1 million
16.7%

PACIFIC®
$216.4 million:
19.5%

WEST SOUTH CENTHR
$73.6 million
6.6%

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

NEW ENGLAND
$153.0 million

.4 million

EAST SOUTH CENTRAL:
$13.9 million
1.3%

Key to map: Using the Middle Atlantic states as an example $170.8 million, or 15,4%,,0f all R&D expenditures in lhe phyalcal sciences by alt Ph.0. -granﬂng unlvsrsmas and
colieges are made in this geographical area. Note: Data are based on R&D expendturas of $1.11 billlon in the physical sciences during the 1985 flacal year.
a Includes Alaska, Hawvall, and outlying areas. Source: National Science Foundation

GRADUATE SCIENCE STUDENTS: Chemlstry biochemistry, chemical, engmeering total 8%

NOTE: Data for Ph.D).-granting institutions only. Source: Naticnal Sclence Foundation

62 July 27, 1987 C&EN

Annwal change
Thousands 1985 1004 1983 1982 1981 1980 1978 197! 1977 1978 1975 198485 1975-35
Physical sciences 29.4 284 277 265 258 254 249 247 248 248 245 . 4% 2%
Chemistry. 173 188 165 158 152 151 149 148 148 144 141 . 4 2
Physics 113 1.0 105 100 9.9 8.8 8.3 9.2 9.5 9.8 96 3 2
1. 90.7.........90.9......90.7, 875....059%.....6833 .. .717T2 736 .. 1 2.
4, % WSSV Y : " X 1) 3.9 .40 37.. .37 - 4 2.
Engineering’ 918 883 864 762 744 701 672 643 644 629 _764.67 4 4
* Chemical . 7.0 7.2 7.4 6.9 6.3 59 54 5.2 5.1 51 49 -3 4
Metaflurgical & 38 36 33° 3.0 8.0 2.8 27 25 2.5 2.3 23 6 5
materials : ) I
Petroteum 08 07 07 0.6 05 05 04 0.4 04 04 03 . 14 10
_Environmental 143 143 143 138 134 128 126 122 923 1.7 110 0 3
e .
Mathematical and 38.0 354 332 303 274 250 227 215 214 217 213 7 6
computer sciences ' ' ‘
Psychology and 1028 1045 1054 107.3 108.7 108.7 1058 10t.2 1006 99.8 . 987 —2 ]
social sclences :
TOTAL 3711 3635 358.1 3468 340.0 3337 3206 309.8 3066 298.2 2038 2% 2%
ANNUAL CHANGE 2% 2% 3% 2% 2% 4% 3% 1% 3% 1% -




= ““*‘**“fowf e past 15 years . ..

. . . they are only two thirds higher
if inflation is taken into account
Sources of R&D funds, $bri!lons constant {1982)

Sourgeginds, § billions, current

120

100

80

lnduétry )
60

40

20

32 83 84 85‘ 86‘ 87’

77.78. 79 80 81

2 Natfonal Science Foundation’

0 B :
1972 73 74 75 76 17

8 79 80 81 82 83 B84 85"

. " $ Bilifons (current)
1987

- @OURCES OF R&D FUNDS: lndustry and tederal govemment each contribute nearly half

- 1988 1985 1984 1983 1982 1981 1980 1979 1978 1977  1986-87 1&
;;u’;;—_ $581 $553 $522 $488 $43.5 $40.1 $359 $309 $26.1 $225 $19.6 5% -SSSESENEE
" Federal govemment 800 560 518 456  40. e BB e 7 . e
L univasﬂhs and colleges. ... .27 msm R . . W,,_o__x_mo 5 T
: g W S— . ; . 08 08 07 7
i TOT. $122.3 $1152 S107.5 $97.6 $87.2 $70.3 S$718 $626 $549 $4B.1 $428 6% 1
ANNUAL CHANGE 6% 7% 0% 12% 0% 0% 15% 14% 14% 12% 10%
: $ Billlons (1982, constant) _
/-’—7 . e
, oy $ 488 $ 483 $468 $45.2 $419  $40.1 $383 $36.1 $32 311 8202 1% 5 <
Federal govemment 50.4 489 465 423 392 365 357 345 343 332 322 5
U n,,,,smes and colleges 2.3 2.2 2.1 19 18 1.7 16 16 15 14 13 5 6
institutions 1.3 1.2 1.2 1 11 10 10 11 1t 1t 10 8 3
TOTAL $102.7 $100.6 $96.4 $90.5 $83.9 $79.3 S$76.6 $73.2 S70.1 $66.8 $63.7 2% 5 Cmemmmm—==T
ANNUAL CHANGE 2% 4% 7% 8% 6% 4% 5% 4% §% 5% 2%
tas. S Nationa! Science Foundation .

303'5” o35
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iR&D SCIENHSTS AND ENGINEERS PER 1000 EMPLOYEES: At new hlgh in chemscaundusuy'"’

Motor vehicles and

| Other industries
related equipment

Chemicals and
Mlind pregucts 12%,

Industrial

H
1
i

chemicals 4% Elcf:iglrﬁzln't
~ Drugs 6%
Other

chemicals 2%

Machinery

Aircraft and missiles

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

a Full-time equivalent, as of Janyary 1986, Souree; Nationat Science Foundation

A —— e

. 1985 1984 1983 1982 1901 1980 1979 1978 191’1 1070 1975
Chemicals and allled products 55 54 54 51 7] 42 ‘42 43 a2 40 - a
 Industrial chemicals - 42 44 45 44 37 36 . 38 38 38 36 38
-Drugs : 93 88 82 74 66 60 62 65 62 64 . 53
Dther chemicals 38 37 36 36 33 30 27 27 29 - 28 29
; Aulndustry 36 38 35 33 29 27 27 27 27 27 26

s-quc. NaﬂonalScIenceFmtion

" aFul-time equivalent, as of January of each

'S4 July 27, 1987 CAEN

COST PER INDUSTRIAL R&D SCIENTIST OR ENGINEER: More than doubled in past decade

" $ Thousande -1 1985 1984 1983 982 1981 1980 1979 1978 1977 1978 1975
chomlcals and allied products $125.2 $119.1 $1006 $1044 $ 966 $ 874 S$T96 $728 $676 $66.5 350.9
Industrial chemicals - 151.1 135.1 1266 1243 118.0° 1034 92.8 84.2 796 747 6758
Other chemicals a a - a a a - 665 685 . 616 53.8 50.8 43.2,

. AII- inctustry _ $137.0 $129.7 $118.9 $1124 $103.9 §$ 849 §$874 $80.4 §$75.8 $72.2 $66.5
ammmwhbmummmmmmm Source: National Sclence Foundation ' ' :

Chemrcal fmns share of
R&D personnel up in 1986

% of total industrial R&D scientists and

HEMISTS IN INDUSTRY: Drugs biggest employer

% of indusirial chem ) Maan salary ($ ih ds)*

fg‘ggners in t.he chemlcal mdustry YT BS. 'f's' tho. Ty Ty ‘ D
Pharmaceuticals® 18% 17% 20% 17% $40.3 $42.4 $57.2
f Specialty chemicals 5 13 1216 418 457 53.3
15,;5 Baslc.chemicals - G i By e Qe ) G A Gy G G
- . Elasn;s A ——— S p— Bcnivin "'6‘-"-‘-‘“"‘"”“"’6"""' e 56:87
12.0 Petroleum and natural gas 5 3 4 6 . 4 636
‘ Agricultural chemicals 4 2 4 5 37.8 460 544
: Coatlngs 4 5 4 3 416 477 506
: Electronics 4 3 4 4 412 462 56.9.
5 Food 3 5 4 2 398 462 565
Metals and minerals 2 4 2 1 40,2 388  47.0
TR Rubber 2 3 2 2 40.7 37.8 547
MO — Biochemical products 2 1 2 2 . 351 355 575
R L Soaps and detergents 1 1 1 2 363 472 598
_0{ TN Paper 1 1 1 1 872 318 548
1976 77 78 79 80 B1 82 83 84 85 86 I Other manufacturing 17 20 17 16 41.2 441 551,
| Noamanufaciuring 10 13, 12, 7 40.7. 410 501

Source Mational Science Foundation a As of March 1, 1987; to facilitate comparison, mean salarles are adjusted for differences in average length of

experience for each group. b Includes personal care products. Sowrce: ACS survey
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Software Protection—Integrating
Patent, Copyright and Trade Secret
| | -~ Law

 Gregory J. Maier* .

n intel]ectual pro'perty't'erms “software is a true. hybrid Although -

OsSesses functionality; a

- property that clearly dlstmgmshes it from ordinary writings. To Wiite ™
- ’software is to formulate instructions for reconfiguring a collection of .
. electronic logic gates and memory cells into a virtual structure capable
of accomphshtng a predetermmed obiective. Thus what begins intel-
-"“lectunally as aform 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 the form of
U writings: Software- is.a- ‘hybrid because it both expresses intelléctual o -
L. . concepts and has the power to physwaily lmplement them w1th the B B
s ald ofa computer EEER
Lo +It'is the hybnd nature’ of software that causes its’ faliure to fit
o neatly into any one existing category of intellectual property, resulting -
~’in'seemingly endless confusion as.to’how it may best be protected..
... The purpose of this article is not to'place software into any particular
- wcategory of intellectual property protection, but rather to identify the
- - hybrid natiire of software and to demonstrate that the very different
- intellectual property concepts embodied within software can be coex- -
" tensively protected by patent, copyright, and trade secret. This article -
.- advocates a prospectively straightforward approach to protecting the
- “various types of intellectual property found in software: an approach .
. in ‘which patents protect functlomng implementations of concepts, -
REE copynghts protect. modes of expression,. and trade secrets protect - .1
s functlonal aSpects when patent protectton is unavatlable or undesnr- R &

able

s *Oblon F:sher Spnvak ‘McCleliand & Mmer, P. C The authior gratefully acknowledges the'
e asststance of Donna L. Angom, a law revtew ‘student at Georgetown Umverstty Law Center

BOT




152 Gregory 1. Maier ' JPTOS

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.

PATENT PROTECTION |
- Misinformation concerning patent protection for software is wide-

117

ments such as: ““There is little chance in obtaining a patent for software

spread Many programmers still believe that software cannot be pro--
_-tected by patent.’ Pamphlets and publlcatlons make. erroneous state-

.and ‘[Tlhe great majority of software does not qualify for patent

_protection.”’’ The academic community, also_misperceives. the utility.

sz

of patent protection. A recent law review comment states that case
~“but that protection does not extend to software programs them-
patent law for the large number of computer programs that are neither

embodied in firmware nor related to a process of production s
- Confusion regarding the nonpatentabﬂlty 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 plaj}ed in its
- development by the Patent and Trademark Office (PTO) because one

- 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 of the Court of

- Appeals for the Federal Circuit) strongly suggested that the CCPA

- judged software patentable by the same staridards as any other tech- -
- -nology.® 1t was the PTO that originated the theory that software did - -
~not fall' within the broad statutory classes of patentable technology
-set forth_ in 35 U.S.C. 101 Sadiy, this theo'ry had its origins in bureau- -

*. 1 ABA Comm. On Computer Software, Res 4063, dlscuss:on (1986)) .
- 2.Id. {quoting How to Copyright Software and Secure Trademarks (Sofprotex ed n.d. ))
3 Id. (quoting Salone, How to-Copyright Software (1984)).
... 4 Comment, Combating Software Piracy: A Smrmory Proposal to Slrenglhen Saftware
Copyrrgh! 34 De Paul L Rev (1985), at 1005. : ) .

5 1d. at 1006

law “‘suggests that processes that use computers may be patented,.

selves,”’* and that ‘“‘there continues to be no protection under current .

. would think that the PTO, the nation’s. only agency empowered to . .

i

R} See Parker v: Flook 437 U S 584 587-—588 (1978}, rev'g In re Flook 559 F.2d 21 (C C.P. A
1977)

6 See In re Benson, 441 F 2d 682 (C C.PA. 1971), rev d sub nom. Gottschaik v. Benson 409 o
UL 63 (1972); In re Fiook 559 F.2d 21 (C C P.A. 1977), rev'd sub nom. Parker v, Flook 437 .
< 1.8, 584 (1978). "
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cratic concerns over workioad, rather than in careful theoretical anal-
ysis.® In the early 1970’s, the PTO 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. '

_ The first such decision was Gottschalk v. Benson," .which involved:
" a method for converting binary coded decimal numerals directly into
binary numerals for use with a general purpose. d1g1ta1 computer The

“elaimed

scourt-stated=that;sinc Athetiaticalfermulas™

~~process involved

“ and in practical-effect would be a patent on the algorithm itself.”"”?
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 apphcattons.” The court, persuaded by the PTO, felt

'_ . that there was sufficient growth.in the software. industry without need_‘-_ '
- for'patent. protectlon i5-Thus ‘the Supreme Court, instigated’ by the

< PTO, relied as much upon buréaucratic economic arguments as legal

- prmc1p1es in foreclosing one of the fastest growmg areas of technology -

' : "_from adequate patent protectlon

'8 Seeid. .
-9 See id.

10 See;-¢. g Gottschalk v, Benson 409 U.S. 63 (1972). rey’ g dn-re Benson. 441 F. 2(! 682-

(C C.P.A. 1971); Dann v. Johnston, 425 U.S. 219. (1976), rev’'g In re Johnston, 502 F.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 the prior art did not possess the - -, -

ability to allow a'large number of small users to get.the benefit of a large scale computer and
< ‘still use individual bookkeepmg methods) Flaok 437 .8, 584.

hiad o application except in CONABCHON With 3 com-™""
puter, any patent “‘would wholly preempt the mathematical formula -

11 Behson; 409U S 63,
'"12 Id.;at72Z;

14 1d.

S concluded that it was available.

o 13 See id-at. 72—73 (quotmg Report of the Presndent 5 CDmmISSIOH on the Patenl System ;
:_,(1966))‘. _ S RO ;

15 See td at 72 Wlthout revxewm gthe scope or- destrabtl ity of copynght protectlon the court _'
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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™ that a claim was directed to unpatentable subject .
matter if the point of novelty lay in the formula or algorithm recited
- in the claims."” Conventional or obvious post-solution activity was not
sufficient.to transform an unpatentable principle into a patentable
~ process.'® The court again considered the PTO’s interest in not having
to process ‘‘thousands of additional patent applications.”"”

i £

== Jhis-case-truely=marks-the-low-point-for-patent-protection-of+=

~software-mventions:The-court*s-approach-improperly-imported-into-
- its analysis of eligibility of subject matter for patent protection (under
§101) the considerations of novelty and ‘“‘inventiveness’’ which are
“the proper concerns of §§ 102 and 103.° The point of novelty test is
wholly inconsistent with the conventlonal v1ew that a patent claim
- must be considered as a whole.

. Just prior to Flook, the CCPA had expressed 1ts opinion that the
**point of novelty™ approach was inappropriate,” and had set forth its

L two step (Freeman) analysis for determining whethera claim preempts

".nonstatutory subject matter as a whole:

' Fll‘St it must be determmed whether the clalm “directly or 1nd1rectly 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 algonthm Second,
the claim must be further analyzed to ascertam whether in its entirety it

- -_wholly preempts that algonthm z

. The Freeman court addressed the confusmn regardmg the word
. algonthm The Benson court had defined an algorithm as “*A pro-
~cedure for solving a given type of mathematical problem.”* In Free-

3

©7 16 Meyer, Patentability of Business Methods Implemented by Computer, 2 Computer Law,
12, 14 (Feb. 1985); see Diamond v. Diehr, 450 U.S. 175, 205 (1981) (Stevens 1., dlssemmg)
“aff'g In re Diehr, 602 F.2d 982 (C.C.P.A. 1979). . ) )

. 17":See Flook, 437 11.8. at 594,
18 See id. at 590. L
19 1d, at 587--588.

e T at 00 (SIEWAETTF YT dlssenung) TR -
21 'In re Freeman, 573 F 2d 1237-1243 (C.C. P A. 1978) (mvoivmg a system for typesettmg
; alphanumenc information which positions mathematical symbols in an expression in accordance .
© - with their appearance while mamtammg the mathcmaucal mtegmy of the cxpressnon) ;

© . 22 Id. at 1245, : o .

w0 23 Benson, 409 U.S. at 63, -.
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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.’’ 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.?

Followmg Flook, the CCPA oncé 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

upreme=Court-has~acted-in-a*manner-so-potentially-destructive.. ..

' '_The”CCPA restated thesecond step-of the: Freeman-test:

-"If it appears that the mathematical algonthm is lmplememed ina spemﬁc
manner to define structural relationships between the physical elements of
~"the claim (in apparatus.claims) or to refine or limit claim steps (in process

claims). the claim bemg otherw:se statutory, the c!atm passes muster under "

:'=§101 5.

. _the ‘“pomt of novelty approach by saymg, :

o In determmmg the eligibility . . . for patent. protectlon[ . C‘laitns‘must be' o
+ considered as a whole. 1t is mappropnate to dissect the elauns into old and -

new elements-and then to ignore the presence of the old elements in the
ana1y51s ... The question therefore of whether a particular invention is

- novel is wholiy apart. from- whether the mvention falls mto a eategory of
g _statutory sub;ect matter” . '_ : .

" 'The confusion between the requtrements of § 101 and those of §§ 102' '
and’ 1(}3 was at last resolved The court also addressed the confusnon .

B

24 Fréeman, 573 F.ad at 1245—1246
V. 25-1d. at 1246, :

226 0d. : ' o
27 See. Inre Waller 618 F 2d 758 766 (C C P. A 1980) (x

28 Id.

e FJnaliy, in Dzamond v. Dtehr the Supreme Court changed dlrec— o
" tion and upheld the ehg:bnllty for patent protection for claims drawn
- t0.a process:for curmg synthetic rubber.* The Diehr Court rejec:ted-

o!vmg a method and apparalus.

ot cross-correlatmg Tetirm Jumbled sighals withthe” original™
the earth in seisrmc prospectlng and surveymg)

- 29dd at 76T,
30 Diehr, 450 U.S. 175
-__31 Jd.at 188-189.

Tl whlch Was transmltted into=e
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regarding the term ‘‘algorithm,’’ rejecting the broad definition espoused
by the PTO* and affirming the narrow definition set forth in Benson.*

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 articie 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

-most“srgnlﬁcanted-rfference*between“th cases*was not-in-the-charae

teristics of the inventions; but rather the manner in-which 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.* The court found no mathematlcal formula or calculatlon :
present in the claims i n the case.® '

32 Id. at note 9. The PTO defined the term “‘algorithm” as: .
" -1. A fixed step-by-step procedure for accomplishing a given result; usually a simplified procedure for
- solving a complex probiem, also a full statement of a 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 and/or algebraicAogical 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. at'191-193.
35 Id. at 209-210 (Stevens, J., dissenting).
36 Id. at note 32 (Stevens, J., d:ssenung)
37 The reasoning in Stevens’ dissent goes astray in analyzing the requlrements of §101 and
§102. The dissent would further the confusxon regarding the term “*algorithim’” by presenting yet -
_ another definition of the term: .
~*'the term algomhm lS Synonymous wnh the term computer program v Id al (Stevens :

&

i J “dissentng).
: Furthermore the dissent considers the burden on the PTO in decrdmg the case. Id at 219,
38 Dlamond v, Bracl]ey, 450 U.S. 381 (1981), aff g In re Bradley. 600 F.2d 807 (C C.P.A.
1979). . o .
-39 Inre Pardo 684 F.2d 912 (C.C.P.A. 1982}
40 Id at 916




Mar, 1987 Software Protection . 157

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 hkeW1se 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,”™* while other similar cialms were deemed ehgible for patent
protection.

The mescapable conclusion to be drawn from this case law is that

IFsoftware-claimsare-eligible: forﬂpatent~protect10n-~u-nless«»theywsmply

ifvolve: lhe“u AN d"malh’élﬁdﬁtdl fOI‘lliula”to calculate and chsplay g\

" number.* .
' Software patentablllty isade facto reahty 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 by’blt‘:lllb mvolvmg artificial

_intelligence have also been granted.” _
Perhaps the best known software patent was issued to Merrill
Lynch for a Securities Brokerage and Cash Management Systent. 1
This patent was the subject of a court action which resulted in an
oplmon denymg a motlon for summary Judgment of 1nva11d1ty under

-41-Inre Abele 684 F 2d 902 (C C P A, 1982)

42 Id. at 907.

43 Id. at 909, )

"44 Sumner, The Versanltry of Software Parem Protection: From Subrourmes to Loak and
Feel, 3 Computer Law. 1, 3 (June 1986). An approach treating patent claims directed to subject
" matter impiemented at least in’ part. with software the same as other inventions has been adopted :

by.the ABA. ABA Comm. on Computer Software, Res. 406-3 (1986) S
- 45 U.S. Patem 3 618 045 :

47-U.8. Patent 4.355.371.' LT
U.S. Patent 4,374,408. _
: -49 .8, Patent 4,555,755,
* 50 U.S. Patents 4,593,367 and 4,599 693. o
51.U.S. Patent 4,346,442. _
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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 recttation of a procedure for solving a mathematical
problem.*

: This initiaily_favorable court action, together with the issuance
- of software patents by the PTO, lends considerable support to the
premise that software is now generally patentable subject matter,

_ Stating that software is ‘‘patentable’ is somewhat misleading -
because, as has been explained, software is a complex hybrid in terms

perty“concepts it“embodies:*More~accurately;

“the intellectual property emmbodied i the-fiinctional-aspects~of-the
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 ali

- 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.*

“ .One of the 1mp0rtant advantages ol palenls over copyrights i 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, whnle ccpy-

right would provide no protection.

52 Paine, Webber, Jackson and Curtis, Inc. v. Merrill Lyrich, Pierce, Fenner and Smith, Inc.;
564 F. Supp. 1358 (D. Del. 1983).
53 See id. at 1367, 1368. i
© 54 Id. at 1368, The court then addressed the issue of whcther the claims were drawn to non-
statutory subject matter for claiming a method of doing business. The court held that the claims
-effectuating a useful business method would be unpatentable if done by hand but pass the
of § 101 since they tea ‘method of operation on a computer to effectuate a

T b

s Activity. Id. at 1369. Fora'd
" the issue of patent eligibility for methods of doing business, 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, against producers and distributors of software as well -

- as against users, is beyond the scope of this ariicle. It is noted that legal theories such as .

. contributory infringement and inducement may be explored. .

iSsion Of Lhe effect of the defifiition of * algotithm ™ [T




Mar. 1987 Software Protection : 159

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

COpyrlght protects original works of authorshlp,“‘ meaning the'
-mtellectual property embodied in the mode of expression by which

inteHectual-conceptsare*conveyed:> Fhe»¢opyright™

W RKPTES Sy

=prohibits-copyright-protettioiof any idéd; procedure, process, §ys-
tem, method of operatlon 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 dertvative works;® all of which are valuable rights, since soft_ware'
1 easrly 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‘{avored extending copyright to protect the mode™
of expression. embodied in the ‘‘look and feel’’s* as well as the hteral

text of software : : :

56 17 U.S.C. §102(a) . o
57 See Baker v. Selden, 101 U.S. 99 (1880} (setting forth the distinction betwcen the descnp-
'tlon of the art which may. be secured by c0pynght and the art :tself which may only be secured

" by patent).

58 17 U.S.C. § 102(b).
59 Applying the idea/expression dichotomy to computer programs, the court in Apple Com-~

puter, Inc, v, Frankiin Computer Corp.,;714 F.2d 1240, 1252 (3d Cir. 1983}, identified the _'

expression adopted by the programmer as the copynghtable eiemcm in a compiller program,
60 17 U.5.C. § 106.
- 61 Russo and Dcrwm Copyright in 1 the **Look and Feel”’ of Compu:er Sofrware 2 Computer
Law: i (Feb. 1985).
... 62 Id. at 11; see Whelan Assocs. v. Jasiow Den1al I_,ab lnc 797 F. 2d 1222 (3d Cir. 1986),
Caff'g. 609 F. Supp: 1307 {E:D. Pa. 1985) (discussed in following text), SAS Inst.. Inc. v. S & H
" Computer.Sys., Inc., 605 F. Supp. 816 (M.D. Tenn. 1985) {applying a broad test for substantial - -

- though this 'code was-independently written), Comment. supra, note 4, at 1019-1022. The court:

similartyand indinginfrngement i adopting the ofganizational scheme of aiother § code even |

- in Williams v. Amdt, 626 F. Supp. 571 (D. Mass 1985) extended the scope of copyright protection o

©- by finding liability in translating a prose work into computer language. See Gesmer, Develop-
" ments in the Law of Computer Software Copyright Infringement,’ 26 Jurimetrics.224 (Spring
1986) for a dlscussmn of the role of facts amoummg to mlsconduct in Whelan, SAS and Amdr
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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.®

grams can be found in Whelan Associates, Inc. v. Jaslow Dental
- Lab..” a recent landmark decision holding that copyright protection .

‘The farthest extension-of copyright protectlon of computer.pro- .. .

O COTIpUter propram extend‘beyond-theprograms’literal-code.

to théir structa
—affirmed a holdmg Wthh broadly defined the expresston of an idea in
" a computer program as ‘‘the manner in which the program operates,
conirols and regulates the computer in receiving, assembiing, calcu-
lating, retaining, correlating, and producing information either on a
screen, print out or by audio communication.”’® 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.

~102(b) and which are perhaps better protected by patent.®

: - 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

63 Roth Greeting Cards v. United Card Co., 429 F.2d 1106 (9th Cir. 1970} {finding infringement
of the association of elements of a greeting ca:d despite the lack of infringement of any of the
individual elements). B

64 See Comment, supra, note 4, at 1019. The *‘total concept and feel™ test originated in Roth, -
429 F.2d at 1106. Roth is cnllc1zed for finding the whole work grealer than the sum of its parts.
Id. at 1110, .

65 Whelan, 797 F.2d 1222,

Jand-organization:-The court-of-appeals -

__66 Whelan Assocs. v. Jasiow Dental Lab Inc 609F S D 1307 1320 (ED Pa. 1985),_' e

Taffd, 19T F.2d 12227 (3d Cir.1986).
67 Patents are meant 1o protect utilitarian creations: Patent protect!on can bc v1ewed as
-stronger than copyright protection in that there is no defense of independent developmem agamst
a claim of patent infringement,
68 See Comment. supra, note 4; Final Report of National Commission on New Technologlcal
. 'Uses of Copyrighted Works (1978), reprinted in A. Latman, Copyright for the 80's 129 (1985). .
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their most valuable efforts.””® (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
 asubstantial area of overlap between patent and copyright protection.

In effect, copyright protéection has béen 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

were.discouraged from.seeking.patent.protection.due. to the changing..

.status-of-the. law. regarding- the- patentablhty 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 ultlmately be little
need to'so siretch the bounds of copynght protection.

1t-should be noted further that there is no central appeals court

for copyrights as there is for patents. Thus, the scope of copyright

law in protecting software may vary among the circuit courts of appeals.
This fact, and the unusual circumstances of Whelan, snggest 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 R : ,
other factual circumstances. Nonetheless, Whelan is-an important .. ... .. ...
precedent when one must rely excluswely upon copyright in software-

-htlgatron

-One must not suppose that copyrlght 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 develdpment, of the 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

69 Whe!an 797 F 2d at 1236

70 Copyright in the Look and’ Feel of Compuler Software 309 Copyrlghl arld New Tech-' )

nology 181 (1985).

71 See supra, notes 57—59 and accompanymg text. Bur see supra, notes 65-69 and accom- . R

panymg text.
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TRADE SECRET PROTECTION

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:

Trade secret means information, including but not limited to, a formula,

pattern, compilation, program, device, method, technique, of process, that:.

. 1.. Derives independent economic value, actual or potential, from not being
_ gene:;glly known to, and not bemg readlly ascertainable by proper means by,

erp obtaii economic Valie Frontitsd

2. Is the subject of efforts that are Teasonable under th
maintain its secrecy.”

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 iong 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 ievel 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 tradltlonally requlred for tracie secret
protection.”™ "
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,”

72 Unif. Trade Secret Act.
13 Rice, Trade Secret Clauses in Shrink-Wrap chenses 2 Computer Law. 17 (Feb. 1985).
74 See id. at 18.

'H See, xd athllﬂ 19 .

76 A non-disciosure clause ina shnnk-wrap license néither ev:dences nor creates a conﬁden-“""""'“""‘""’ "

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 difficuit to enforce the clauses on contract™
theory Id at 19,
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states such as Louisiana have enacted laws to give these clauses legal
effect.”

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 o 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,
-short.life.span.or.unpatentable,

AL s

software, such inexpensive protection .

v«mayﬁ.-zbe;al-lwthatm.,isg.economncally.ljus,tlﬁ_fc_d‘ available.. But _for more

vatuable, more unigue software where patent protection is available,
shrink-wrap licenses may be needed only while patents are pendmg,
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 apphcation, 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.™ The best mode of carrying out the invention must aiso 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

77 Id at 20 Such laws might perhaps be challenged on conshtutlonal grounds for gwlng
-patent-like-protection-in-perpetuity.-which.violates the basic po

* basts of shrink-wrap trade secret clauses, any protecuon provnded is fraught w;th doubt. Id
78 Sumner, supra; note 44 at 4 o
“79 35 US.COE 12
80 1d. . .

‘There are also possible conflicts with federal antitrust laws. D il
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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 softwate
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
was considered.a trade secret and.was.not publicly.available,.the court
correctly concluded that. the patent.was.invalid..Had the patent.included
~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. _ _ o
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.® Such a requirement

- 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 well
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 dlfﬁculty based upon the disclo-

. sure. -

81 In re Sherwood, 613 F.2d 809 (C.C.P.A. 1980}, cert. denied, 450 U.S. 994 (1981).
L= RiteConsal. Indus.-v.-Vega-Servo-Control,.Ine.,-713.E.2d.788.(Fed..Cir.-1983)
83 1iL. Tool Works, Inc. v. Foster Grant Co., Inc., 547F2d 1300 (7th Cir. 1976), cert. denied, -

_would require that an_invention be disclosed so that a person.of .

431 U.8,929; aff"g, 395 F. Supp. 234 (N.D. Ill 1974) (exact identity of description is not requlred o

by the enablement regeirement). .
‘84 But see Comment; The Disclosure Reqmremems of 35 U.8.C.§ 112 and 5 ofrware-Re[ared
Patenr App!:canons Debuggmg the Sy.srem Conn. L. Rev. 1.
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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 detailed and clearly written narrative of thie'program is requived,

since most patents examiners are not enthusiastic about disecting
computer listings and normally will not issue patents on inventions

they don’t understand.® '
' Happlly the disclosure guestions for software inventions appcar
lving’ losure must be sufficient

“of*t

‘make and Usé the invéntion without “Undie eXperimentation.” " What ™™
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 ail 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 sophlsncatlon among those of

“ordinary skill.”’ As a result, issues concerning fulfiliment of the

-+ statutory disclosure requirements for software mventrons should become

B less 51gnlﬁcant n the future _ _
S CONCLUSION

Now that the courts and PTO have abandoned their excesswe
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

EHTOTT 1o~

. to resume their traditional scopes and continué their complementary - .~
o 'relatlonshlps particujarly in protecting intellectual property embodied

-m software

85 See leschfeid v. Banner, 462 F. Supp 135; 141 142 (DDC 1978) (Markey C. J

C.C.PA. sitting by designati affd 615 F.2d ] 980) cert, denied, 450
(1981}, : o i
86 But see Comment, supra ‘note 84 at 18-19.
87 Hirschfeld, 462 F. Supp. at 142,

. 88 See White Consol., 713 F.2d at 791, (where the details of a program were requlred tobe.
_disclosed since no suitable substitutes were known or available and could not be obtained -
.. without 12102 years of effort).- : o




Reexamination—
At Is_sue With Mr. Neff

Dear Gregor ' '
~ Your articie in the December 1986 JPTOS is excellent but I must
disagree with the conclusion you reached. The survey which you
quoted in your article is flawed to some extent because I received four
COPIES: oﬂﬂthe»questlonnmre and .N0.0n€.. glse.in my law ﬁrm received

e AN COP]CS

_ Having been 1nvo]ved In four reexammanon matters 1 agree w1th
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
1s 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 1 personally believe we should
-let-it alone-for a while.. B
My concern is that 1f we create more of an inter partes proceedmg '
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
- brcathmg 1ts last gasps and I am one who believes thls is unfortunate.

Smcerely yours """

Herbert B. Roberts
HAVERSTOCK, GARRETT & ROBERTS .
St LO!.llS M1ssour1 _
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ABSTRACT OF SECRETARIAL CORRESPONDENCE

T0: The Secretary ' ‘ X | The Deputy Secretacy

INFORMATION MEMORANDUM -

From: Director, National Bureau of Standards
Prepared by: K.F. Gordon/NBS/PBF/975—2664-
Subject: : Report of Coordinating Committee on Emerglng

"Technologles

‘Attached is a report from the Coordinating Committee on Emerging
-..Technologies you created in April 1986, for which I -served -as -
Chairman. : ' : :

As requested, it presents a consensus of the Committee on what

the important emerging technologies will be over the next decade _

or two. In addition, the Committee ranked these technologies

based on expected economic impact, and also identified the major"

"barriers to the commerc1allzat10n 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 approprlate
expertise and mandate for that task.

I would 11ke 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. : :

: PREPARED BY CLEARED BY CLEARED BY CLEARED aY CLEAMED aY CLEARED aY
SURNAME AND . ]
oncanizaTion |Director, "ExSec -
Tred) NBS :
JAN g 1587
IHIVIALS AND
Joave B iihan gy

USCOMM.DC 1030-F80
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FINAL REPORT

' THE STATUS OF EMERGING TECHNOLOGIES:
AN ECONOMIC/TECHNOLOGICAL ASSESSMENT TO THE YEAR 2000

' COORDINATING COMMITTEE ON EMERGING TECHNOLOGIES

3‘I‘RQBUCTIGI€ ‘ -

The COordlnatlng 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 pollcy. Appendix C lists the
members. ' _ '

" The mandate'of the Committee was: 1)'to identify major
technologies that are likely to have large impacts on future

economi¢ 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 3udgments among the participating cOmmerce units.

This is a report arrlved at through dellberatlons at elght
Committee meetings from June 1986 to January 1987. It is based
‘on individual assessments of sclentlflc/lndustrial plans and the
existing and/or required policies involved in fostering the
successful commercialization of new and innovative technologles..

IDENTIFICATION OF EMERGING TECHNOLOGIES | IR
As its initial task, the Committee focused 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 ﬁelphi 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 yse of the term "industry" is meant to include the full
economic spectrum of manufacturing, agriculture, services,
mining, and construction.



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 '

~useit. Although 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

~useful—to-policymakers——Thus-we expect-th IitéemsTon our

—-final-Yist-will~have-a major-impact -in"the fitire, and many WilTl"
" be of the "breakthrough" type.

A necessary part of each technology is the inherent sclentlflc
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 presented probably will not include many surprzses to
anyone active in monitéring 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 any one
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 technologles were categorlzed by thelr relatlve

1mportance to our nation's economy using the criterion -

- cont but on U.S. oss nationa roduct P) by the year
2000. While this is an 1mprec1se measure requiring highly

- qualitative forecasts, it is probably the best proxy to judglng

* relative 1mportance. It is 1mportant to stress the criterion

should be economic in nature, not scientific sophlstlcatlon or

engineering unigueness.

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.




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 alsoc 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. _

"While the exact ranklng of each is probably not slgniflcant 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
-'1ndustr1a1 applications.

- BARRIERS

‘The Commlttee thought it should go. beyond just identifying

emerging technologies with potential economic benefits and also S

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 Appendlx A lists the impediments the Commlttee judged
would be significant barriers to achlev1ng the maximum economic
benefits from many or all of the emerging technolog:.es. Because
these short titles for the barriers represent complex issues, .
Appendix B presents detailed descriptions that elaborate on the

- background and 51gn1ficance 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 technoleogical opportunities is not the main

~mEvenwjudgxng—the“areas*vf*QTéﬁfwﬁt”economzc ‘potential

~is-not-difficulty

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 ¢ompared 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. inltlatlng policy or other actions

that will reduce them. Our Committee did agree on ten 1mportant%ﬁwmmm@;m

" 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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' Table 1

Technoloay

1. Advanced Materials
A. Ceramics
(high
performance
structwral and

electronic |
ceramics)

B. Polymer
Composites

(high strength

fiber reinforcved

plastic resin} -
C. Metals

(rapid solid-
ification, &
metal matrix

carposites)
2.

A. Advanced
- Microelectronics
(enhanced VISI
and VHSIC chips)

 properties

. Higher efficiency .
. photovoltaic conversion

. What does j,t do new
or _b_etter?

Better h.igh tarperature
strength~to~weight
properties
Better dielectric &
optical properties

Higher strengm-to-
weight l:atio

Design flexibilitf

because of spatial
asymmetry

high-temp perfomance

s_peed, size

Inprovedmgnetic.

ggglied to what

M or processes?

 Heat engine components,

turbine blades, heat
shields

Electronic 'substrates,

integrated optics

Electro-megnetic
equipment '

Information storage

- Solar cells

Used by What Major
- Industries?

f! *.ze&.aimft

Etj.ect:mic&optical'
cmpcmarts&systaes

: _f ornatim procaasing

E:'Iergy generation




B.

Optoelectronics

(optical fiber
and light wave
pmcessi.ng)

C. Millimeter Wave

Technology

. Business and
- Office Systems

(computexr -appli- |

cations within

an organizatim) _

Services

(computer appli- |

cations in the
provision of
commexrcial
services)

- or better?

Inprovedperfomancein

speed, size, capaclty,-
and security :

Higher dersity. |
information storage

¥hen replacing radio
systems it frees RF
spectrum for other uses

Flexible ,
reconfigquration of
production processes

" Integrated control of

all production
operations

Efficient information
storage, retrieval, &
exchange

Efficient high-volume
information storage,

. retrieval & exchange

Networkmg word

procassmg,&database :

Infomatim retrieval
and distribution, data

7 management:, .
education and training

‘Financial services,
~ielectronic mail,
-.telecammications, .
: prof&mimal service




4. Biotedmolgy

" A. Genetic
Engineering
(design &
production of

‘highly selective
) .

B. Biochemical
Processing

5. Computing

what does it do new
_o;better?‘ :

therapeutic drugs
Improved plants,
pesticides, & animal -
supplements
Neutralize pollutants

Improved computer
replication of human
jlﬂgnexrt g

Mll&i to what .

products or processes ?

 Health Services

Foods and pesticides

Chemical separations
and reactions,
biosensors

Information processing
and computer control

and conputer control

 Potentially all

A applications using




6. Matical Techvolony

A. Drugs

(cﬂmdmgsam

included in
catecory 4 ~ -

Biotechnology) -

B. Instruments &
Devices '

(semiconductor
applications
-also are -
included in
" Electronics)

A. Surfaces &
Intexrfaces

B. Menbranes

NBS/Gordon/1/7/87

What does‘ t

mprwedinmmlogyém

therapeutic systems -

‘Tproved control and -

yield of chemical
reactions

New electronic &
optical properties

.New chemical

properties, better
chemical separation

Applied to what

Health Servicas

Magnetic Zm:ne
Imaging & CAT scanning,
rad:.atmn; treatment

Chemical catalysis

Semiconductor devices,
surface modification

" Chemical separaticns.




hppendix-a (Continued)

Table 2

EMERGING TECHNOLOGIES RANKED BY ECONOMIC IMPACT

Group A (Highest) Advanced Materials: Composites
' ' : Biotechnology; Genetic Engineering
Electronics; Optoelectronics
'Electronics; aAdvanced Microelectronics
Computing; Computing equipment
Automation. Manufacturing

Group B  Automation; Business and Offlce Systems
C ‘ Biotechnology; Biochemical Proce551ng
' Medical Technology; Drugs
Advanced Materials;: Ceramics
Automation; Technical Services
Computing; Artificial Intelllgence Tech.
Medical Technology. Devices

Group C o Thin Layer Technology. Membranes
: ' Advanced Materials; Metals
Thin Layer Tech.; Surfaces & Interfaces
Electronics; Mllllmeter Wave Technology .
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Appendix A (Continued)

Table 3

GENERIC BARRIERS TO ACHIEVING HAXIMUM 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 because of

excessive importance attached to short-range financial statements

and concomitant managerial incentives. B

2. Restrictive trade policies in foreign markets.

3. High costs of capital funds in the U.S. relative to foreign

" ‘competitors.

4. Inadequate'laws, regﬁlations, and enforcement protecting
- intellectual property rights in the U.S. or overseas.

5. Restraints and uncertainty caused by product liahility 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 occupat10nal
health regulations)

8. Poor integration of manufacturing, de51gn, and R&D functione.

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.

11



/APPENDIX B
o DETAILED DESCRIPTIONS OF :
_ GENERIC BARRIERS TO ACHIEVING MAXIMUM ECONOMIC BENEFITS FROM
EMERGING TECHENOLOGIES :

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 financ;al '
statements and concomitant managerial incentives. ' o

- U.S. firms have often not taken the actlons 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 firmes 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 acceleratlng. _

‘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 buy outs, and hostile takeovers make
these pressures even stronger. .

12



2. = Restrictive Trade Policies in Foreign Markets

Restrictive trade polidies 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 barr;ers. .

i u;fEEE“GOVernmen'“'“““_'*

e type of policy. affectlng;,WWQ!-i

~ trade. 1Included 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 g;actices are a second type of policy._ o

_Included here are-

- Standards codes, testing, labeling, and certificatlon-

requirements which interfere with market avallablllty-
- 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
governnents which undermine the ability to exploit
markets with new products.

on-trade a ' -qoVv men eagures 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 vu.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 .

13



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 protectlng

intellectual property rights in the U.S. or overseas.

U.s?wbusinesse5”re1y“upon”stroﬁgwfﬁtﬁllé&tﬁﬁrwﬁioperf?w“”“"
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-year patent term for certain agrlcultural

“and pharmaceutical products which are subject to extensive B

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 p0551b111t1es of realization. of
: world market potential.

5. Restraints and uncertalnty 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 strlklngly different and
contradictory results.

-- The enormous transaction costs for all partles'
e involved in litigation.

14



-~ The high costs of insurance for product-liability
related protection.

Over the past 20 years our product 1iability 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
construct new and safe products, businesses should generally

_be held 1iable only for FéﬁWide&SEa on faults—

6.

Export controls on advanced technologies and high-technology

products.

7.

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 -

 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.

. 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 requife;-somewhere in their
‘development and production, some form of environmental

- and/or health clearance or requlation. 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 exlstlng _
water, air and dlsposal 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 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
stringent health and environmental standards. The- current

-issues-surrounding-the-regqulation-and-testing of-

' genetically~altered naturally occurring organisms ig a prlme .
- 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 integratlon of manufacturing, de51gn, and R&D
functlons.

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 1mprovement has occurred
in recent years. A contributing factor in the U.S. has been
the lower status, reflected in lower salaries and :
recoghition, given to manufacturing relative to other
branches of engineering.

Lack of cooperation and integration among instjtutions 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. o

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 neﬁ'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 countries” conﬁinue to employ & variety

“"to 'encourage the growth of hew 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 i
law will have a stultifying effect upon venture cap1ta1 '
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.sS.

businessmen. Drafting of regulations often lag behind S
- legislation signlflcantly. 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 75 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 anachronlsm, 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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The Assistant Secretary for Administution

L ¥ b » | UNITED STATES DEPARTMENT OF COMMERGCE
7 ' Washington, Dc 20230

L0000 1987

MEMORANDUM FOR Ernest Ambler, Chairman
Emerging Technologies Coord1nat1ng Committee

EASSEUSREN 8 a0} 11 4 “rKay = Bulo

“RegTgtant” Sec"

'tary“for Administration

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 organizational -
“unit will be preparing planning docéuments that identify both I
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 Tecdhnologies 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. OQur 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 especzally welcome the Committee's
views and recommendatlons on:

O Program and policy prlorities for this area from
a Departmentwide viewpoint; :

0. The adequacy of the Department's existing policy
goals and program objectives in this area; and Rec’d Div. 100

JAN T {987




0O 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 ybu

will need to prepare your plans (see attached memo). Additional

“Pilanning and budget officers by my staff. TIf you

detalls on next year's planning process are being provxded to

pa
need additional lnformatxon or 3351stance, please call Cora Beebe
‘on 377-3499,

 Attachment




Proposed Remarks for Deputy Secretary Brown
News Briefing on Emeraqing Tecnnologles
June 9, 1987

Good morning. It is no secret that this country has a trade

nrnhlnmm_ |1KEWlSE1w4$—1SMHGMSEGFe%wfﬂﬂ%=9%“ieﬂs%“ﬁﬂft ef“tﬁe

problem has been our inability to take full commerciul advantage
of sclentific and technological developments made in the U.S,
~Time and time agoin we have seen forelgn competltors, most
notably, but not exclusively, tne Japanese, turn our
technological developments into thelr commercial product

T 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_awukening{ ‘The President has
put forward @ comprenenSive-package of proposals to deal with
this problem, and tne Adminlstration is tuklng a series of steas |

~-to-improve our situation.

__This morning, I want to take a longer view of our trade and
technology Dosition; I want to draw gttention to the future and
to the technologies that just now are emerging from the |
laborgtory and seem particularly promising in both a sclentific
and commercigl context.



_ 2
I am firmly convinced that America’s ability to exploit a new set
of emerging technologies with huge market potential in the vear
2000 and beyond: wlll play @ big role in determining tne country s

economic SUCCESSES Of' fGllUl’BS WEII lﬂtD the npxr r‘nnturu

‘Recognizing the importance of these tecnnologies, [ asked @ group
- of technical experts and top officials from Cdmmerce'Department
agencies to examine the latest sclentific and technological
advancements and to report to me on which technologles seemed.

especially important, what barriers stood in the way of their

commerciullzotlon within the United States, and what steps could
: De taken to remove those. obstacles.

This group, headed by Dr. Ernest Ambler, director of the National _'
‘Buregu of Standards, who Is with us this morning, studied
~ scientific and industrial plans and the commercialization nrocess .
here cnd abroad. |

- They identified 17 emerging technologies in 7 major groups which

are expected to lead to new products or processes in the future.

'Among other-things, the review panel considered the expected
contribution of each technology to the gross national product.

Here is therlist the group came up with:

SHOW POSTERBOARD WITH EMERGING TECHNOLOGIES LIST
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Anggged materigis. These 1hclUde nigh performante ceramiCs;
polymer composites; and advanced metals. They will Dring
- improvements in qutomotive and alrcraft engines, electronic ,
'components, electrlcal machinery, and manufactured components.

Eigggggalgg; Here the panel singled out advanced
microelectronics critical to semiconductor. devlces,
.optoelectronics--- which covers optical fiber and ligntwcve
processing vital to advances in communications and computers --
and millimeter wave tecnnology, wnlcn can be used in voice cna |

data communlcation systems, | 3 - .‘ -

~Automation. Computer—Integfdted'cnd flexible systems for

“monufacturing are on the list, as are computer applications in
business and office systems as well as applications for
commercial services such as financial transactions and electronic |
mail,

Blotechnology. Both genetic engineering -- for improved

" diagnostic and therapeutic drugs and agricultural and food
applications -- as well as biochemical processing for chemical
‘mgnufacturing, are criticol 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 thelr promise. ‘We now spend $160 billion
a vear on electrical power In this country, and we waste a full

--20-percent-0f-that-power -due to” Tosses I transmssTons, IF T

| nigh temperature superconductors can be developed to thE polnt

where they can be substltuted for conventional electrical .
'trunsmlssion w1res, we could save more than $30 billion 0 yeur.

~When [ talk about the notentlal of emerging tecnnologies, tnat ls“wm”” H

” wnut 1 am talking about, d revolution that COUld foECt gvery
1ndustry in America and around the globe,

- But there are DGFFIEFSt
SHOW POSTERBOARD WITH GENERIC BARRIERS

* This 1ist of generic barriers to achieving moximum economic
benefits from emerging technologies should look familiar,

The reldtively hign'costs of capital funds and the less favorable
tax incentives 1n the United States compored to forelgn
competitors top the iist,

Management’s focus on short-term, rather than ‘longer range, goals
for returns on investments, poor integration of manufacturing,




| 6 | | |
design and researcn and development functions within U.S. firms,
and the lack of cooperation among American 1nst1tutions, hurt our -
chances of- exp101t1ng emerging technologies. |

 fsdfﬂﬁjiﬁﬁﬂgggﬂxemjnws+mtegulations;mana@enfonGEmEHtwppeteeﬁingwwwwaaé#wwé

intEIIECtUGl‘DFODEFty rignts in the United States or OVEFSEQS.

~ Complacency and a dependence on the domestic market -- the lack

of awareness of the need to compete with Jopan and other .
countries head-to-head in the international marketplace --area
basic stumbling block.

~ Restrictive trade policies In foreign markets,
Federal or state regulations on corporate activities,
‘Export controls on advanced technologies and hlgn tecnnology

products,

© Restraints and uncertainty caused by product liability and tort

~ laws, and

Antl-trust restrictions -- real and perceived ~---ggainst
cooperative ventures for R&D, mquetlng or production;

ALl are formidable barriers to the commerclalization of these -
emerging technologies.



. Now, Wth do we do. about breoklng down these barrlers°

VYOU hGVE a description of the recommendatlons in your press kits. -

'";1hﬁyﬁlﬂpluquwwwmwwmi11:v;1‘

-- 7_continued Vigilance to réduce_federal budget deficits_
| and to aveld high interest rates which affect the coSt'
of capital |

== creation of venture capital pools at the state and.
local levels | |

- | addltlonel tax Incentlves and other actions to increase
aggregate savings

-~ commitment to making future changes in the tax'laws_l
~ focus on the Incentives avallable for modernization
* investment in all stages of proguction, marketing, and
- distribution |

-- _ fostering participative management by employees

--  training managers In the production_pfocesé\and
updating business school curricule



-~ 8 _
-~ elimingting provisions in foreign tax laws and
regulations that discriminate against U.S. products,
“and |

=" improving export-controls;-reforming-proauct-ltantiity

and tort laws, and lifting antitrust restrictions.

In g recent hearing before his Committee on Commerce, Science and
Transportation, Sengtor Fritz Hollings complained, “America may

still 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
'burriers'cnd.recommendctionsgfor 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 - must take the lead.



: o S . |
This country has done enough looking back and talking about how
many different areas of technology we have already lost to the
commercial comoetition. Our look ahead at‘critical emerging'

'”take SWlft action now to break down the barriers to tne
commercialization of new tecnnologles, we are going to be fuc1ng
the same internatlional trade problems we confront today right on
Into the next century,

e have made -some progress, Although we neither talk nor redd
enough about them, this country has some WOnderful success

stories and some good things happening to show that businesses
and even entire inqustrial sectors can and are taking decisive

actions to improve the situgtion. We have firms joining togetner'

in research consortic, corporgtions cutting down on excessive
managerial positions, companies finding new market niches
overseas. | o

iWe slmply must be vigilant and. moke UddltiOﬂGl ChGﬂQES now if the

country s economic future is tO be bright when the new century
arrives.,

Now, [‘d be happy to toke any questions you may have.
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The Department of Commerce has concluded, in a review of
emerging technologies and their future impact on the econonmy,
that American businesses lag behind many of their foreign
competitors, especially the Japanese, in exploiting technologlcal-
breakthroughs.

_ The review was ordered by Deputy Secretary CIarence_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—reducingthe-barriers.— It is baged on an -

assessment by technical experts and agency heads within the
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 play- am~~ueam

significant role in future growth.

Identlfylng the technologlcal opportunitles and their
probable economic effect is not difficult. The real problem 4
facing U.S. companies is converting these copportunities into real
economic success. The review's primary focus is upon identifying
ten barriers to commercialization and makxng recommendations for
overcoming them. The recommendations require action by all
sectors of Amerlcan life, sometimes unilaterally and occa51ona11y
together.

The barriers to commercialization are also ranked in order
of importance. The two most important are inadequate tax
incentives and the hlgh cost of capital. The remainlng barrlers
include two that require actions by individual companies. The
Department found that there is a lack of 1ntegratxon and
communication among functions within companies, and it also cites

. companies for being too complacent and dependent on the domestlc
market for growth opportunities.

The recommendations include fosterlng partlclpatlve
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 teort:
laws, and lifting antitrust restrictlons. .

Since the list of technologies was determlned there have
been significant and highly publicized breakthroughs in the field

1l



of superconductors -- materials that have 2zero 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 o

known whether this is possible, superconductors should be .

considered a m&sa_mﬂwum

The accompanying appendlces describe in detail the

o technologlesLmhéz;ig:sF_and~:ecommendaxlonswf
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Technology

1. Advanced Materials
A. Ceramics |

(high
performance
structural and
electronic
ceramics)
“B. Polymer
- Composites

(high strength
fiber reinforced
plastic resin)

C. Metals
(rapid solid-
ification, &

metal matrix
camposites)

2. Electronics

A, Mivanced
Microelectronics

(enhanced VIST
and VHSIC chips)

Téble 1

EMERGING TECHNOLOGIES

~ What does it do new
or better?

Better high tarpexature
strength-to-weight
properties

Better dielectric & |

optical properties

Higher stmxgth—toé

- weight ratio

Design flexibility

- because of spatial

asymetry

high-temp performance
Inpzwednagnetic
properties

Improved performance in
speed, size :

_Inpzwednagngtic B

properties

Higher efficiency
photovoltaic conversion

émlied to what

products or processes? -

Heat engine curponerrtsl‘

turbine blades heat
shields

Electronic substrates,
integrated optics

Electmﬁagﬁetic

Semiconductor devices
Information storage

Solar cells

 Used by What Major
. Industries?

mtmotive & aircraft

ect.rmic&optical
ccmpments&systans

Iqumatim processing |




B'

Technoloqy

Optoelectronics

(optical fiber
and light wave

processing)

C.

Millimeter Wave
Techrwlogy

3. Autamation

A.

Hamfach:rin; "

(computer
integrated and
flexible

SY'-?tﬂ"S)

Office Systems

(camputer appli- |

cations within
an organization)
Technical
Services

(computer appli-

cations in the
provision of
commercial

. servioes)

' Qr_.b_et-.'tﬂ?

Improved performance i.n

speed, swe, mpacuty,
ard security

Higher density
information storage
when replacing radio
systens it frees RF
spectrum for other uses

‘ Flexible

reconfiguration of
production processes

Integrated ocontrol of
all production

_- operations -

Efficlent information
. storage, retrieval, &
- exchange '

Efficient high-volume
information storage,
retrieva_l & exchange -

lied to what

- products _or. pmcesses’? L

Electronic eqtupnent
mfomatlm pmcossirq _

odrwfersfstémofail

sizes

- Voice & data
- commmication systems

All nmmfadmrirg'

‘processing, & data base -

Information retrieval
and dlstribution, data

base management,

education and train.'I.ng

Telecopmmications
carriers & corporate
use| for private
circuits

Al1 | manufacturing

- Financial services, -

electronic mail,

‘ e}nmunicatiom, '

o pmfssialal service




Equipment

(

parallel
processing,
computer arch.)

B. Artificial
Intelllgence

What does it do new
or _better?

therapeutic dzugs :

Improved plarrts
pesticides, & animal
supplements

Neutralize pollutants

Improved control of |

" chemical processes,

outputs, and yields

Faster, lower-cost

Inprqved conputer
replication of human

Applied to what

products or_prooesses?’

| Health Sewio&s

Foods and pfa&ticid&s :

Environmental control

Chemical sebamtions
and reactions, -

‘biosensors

Informtim; processing
and camputer control -

Informati@iprooessi:q _ |

and computer control -

Potentially all.

All applications using
camputers




6.

Medical Technology
A. Drugs

(other drugs are .

included in
cztegory 4 -
Bmtedmlogy)

B. Instruments &
Devices

(semiconductor
applications

. also are
included in
Electronics)

A, Surfaces &
Interfaces

B. Menbranes

What does it do new
- or better?

-Inpmvedimm:ologyam

treatment

© Improved diagl'nstic and.
- therapeutic systems

Improved control and
yield of chemical
reactions

New electrmic &
optical pmperties

lied to

products or processes?

Health Services

ing & CAT scaming,

tion treatment

Chemical catalysis -

Saniomductor devices,
surface modification
and ooatings

Chemical separat:ims

Used / What

Hﬁmoa:ticals

Medicine




Table 2

‘;_

EMERGING TECHNOLOGIES RANKED BY ECONOMIC IMPACT

Group'a_ (Highest)

Advanced Materials; Cbmpbsites

Biotechnology; Genetic Englneerlng

: Eiectrentcs*weptoetectronfcs—‘

Group B

Group C

Computing; Computing eguipment -
Automation; Manufacturing

. Automation; Business and Office Systems

Biotechnology; Biochemical Processing
Medical Technology:; Drugs

Advanced Materials; Ceramlcs"
Automation; Technical Services

‘Computing; Artificial Intelligence Tech.

Medical Technology Devzces

' Thin Layer Technology; Membranes

Advanced Materials; Metals

‘Thin Layer Tech.:; Surfaces & Interfaces

Electronics; Millimeter Wave Technology



Table 3

GENERIC BARRIERS TO ACHIEVING HAXIHUH ECONOMIC BENEFITS FROM :
: EMERGING TECHNOLOGIES

1. Bigh costs of cap1ta1 funds in the v.s. relat;ve to forelgn -

__"ompetoﬁors.

2. Tax 1ncent1ves for U.8. companles relative to forelgn
competitors to deploy emerging technologles (includlng the
stablllty of tax regulations). .

3. Poor integration of manufacturing, design,-aﬁd R&D functions.

4. Inadequate laws, regulations, and enforcement protecting
intellectual property rights in the U.S. or overseas.

5. Complacency and dependence 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 occupatlonal
health regulations).

8. Export controls on advanced technologies and high-technology
products.. .

9. Restraints. and uncertalnty caused by product 11ab111ty 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 eased by legislation in 1984.
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APPENDIX B
DETAILED DESCRIPTIONS OF .

GENERIC BARRIERS TO ACHIEVING MAXIMUM ECONOMIC BENEFITS 'FROM

EMERGING TECHNOLOGIES

High costs of cap1tal funds in the U S. relatlve to forelgn

“Ueempetiters. T T e

2.

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
- differentials, but the above factors combine to keep that

differential hlgh.

Tax incentives for U.S. companies relative to foreign

competitors to deploy emerglng technologles (1nclud1ng 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 capltal thus
denying U.S. firms access to a previously major source of

fundlng for new high—technology firms.

Fregquent 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.

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 appllcation of new

“£o 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 lncentxve, expertise, or funds to develop
themselves.

The Japanese are said to be particularly strong in e
integrating functions; this may partly account for the rapld
speed with which their firms introduce new products into the

- market. Rotation of staff among these functions 1n Japan
also helps this integration process.

4. Inadequate laws, regulatlons, and enforcement protectlng
intellectual property rights in the U.S. or overseas.

. U.S. businesses rely upon strong 1nte11ectual property
protection to realize the bénefits of emerglng technologies.
In fact, the rate of development of emerging technologies may"

- well depend_upon patents as incentives and security for R&D

~—technologiés could be the result of closer coupling of f¢rms@wwawﬂ

..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-year patent term for certain agricultural
and pharmaceutical products which are subject to extensive
premarket testing, and (2) the absenceé 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 forelgn-owned_
technologies or of creative and artistic works. This robs

11



the inventor or creator end, of course, the associated

business concern of any possibzlities of realization of world

market potential.
Complacency and Dependance*on the Domestic Market
This barrier encompasses the attltudlnal problems generated

by the size and ready availability of the U.S. market for new
products and servzces -~ the lack of an immediatel apparent

Treed-toconpe th Japan and other countries head-=t

~in-the international marketplace. 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 technologlcal
1mprovements 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.

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 51gn1f1cant trade
barriers.

Direct Government Pra g;i ces- are one- type of-policy affectlng e

‘trade. Included here are:

- Tarlffs and other import duties des1gned to protect a
domestic market rather than to raise revenues. _
- Import licensing designed to create uncertainty,
delays, and discrimination for foreign preducts.
- Government procurement (i.e., buy national products)
- Product development and export subsidies programs.

- Indjirect govegggent P;gctigeg aré a second type of pollcy.

Included here are:

- Standards codes, test;ng, labeling, and certification
requirements which interfere with market availability
and acceptance of foreign products.

- Local or domestic content (e.g. rules or orlgln)

12




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 explo;t
" markets wzth new products.

easures a t’ces-are a .

Inc%udedﬂhere:areff-’“ )

._ : _~thix~'d=typ W

- 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.. bulldlng -
-codes, “environmental laws, occupational health regulatlons, 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 depend;ng 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 regqulations 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
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

13



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 emerglng 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 intngygdugtion_fas;erfwthus_pur+1“ﬂ s-S

suppliers at a competitive . disadvantage.--There -are- severalﬂwﬁ@QW”

recent examples in the pharmaceutical industry of the effect
‘of these differences.

8.  Export controls on advanced technologles and hlgh-technology
preducts.

While the need for control of the export of ﬁechnology for
purposes of U.S. national securlty has been clearly
established, the costs attributable to "over-control” are

also now- becomlng more apparent- Tha.t ...... j. s' the Executlve

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
instablllty 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-llablllty
related protection.

14



Over the past 20 years our product liability law has moved
awvay 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 .
construct new and safe products, businesses should generally
be held liable only for behavior based on fault. :

'10. Anti-trust restrictions égalnst cooperative ventures for
marketlng or productlon. There may still be erce;yed_harrlersgf

~cooperative R&D, but legal rest

."W”prC5ﬁpét1tlve R&D were eased by legislation in 1984,

Many U.S. anti-trust restrictipns have been in place,
substantially unchanged, for over 75 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 manufacturlng 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

strictions against. . . ..

the result that some cooperative U.S. ventures are not belngmwm,,:mm

mmundertaken in. fear of anti-trust prosecutlon.

15




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 shoulducnntznu

~because-of-negative-effects of the “high’ ‘deficits on..capita

~--markets-and-on interést rates.

State 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 sav;ngs in the ' .
U.S. Additional tax incentives . (beyond the recent tax: B
'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

cap1ta1 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, marketlng, and
distribution processes. ‘Changes in cost recovery provisions
-should not force U.S. companles into a competitive o
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 through
_leglslatlon.

BARRIER: POOR INTEGRATION OF MANUFACTURING, DESIGN AND R&D
MARKETING FUNCTIONS

All managers should have a grounding in the basic production

process of the company. Beyond this, managers should
receive cross-functional training so they have at least a
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minimal appreciation of finance, personnel, technoiogy

development, marketing, as well as production.
-~

Top management must foster attitudes throughout management
staff that foster flexibility, change, innovation and
adaptability. _

Business schools must update curricula to train business
students in the total process ~- from R&D to marketing and .
servicing. Bu51ness students must see any Qartlcular e

Mm”specta%%zatf

BARRIER: INTELLECTUAL PROPERTY PROTECTION

Industrial firms in the U.S should take great care in
transferring their technology and other intellectual
property to foreign firms. For protecting the.
competitiveness of the nation as a whele, firms should
establish safeguards against non-economic transfers.

“intellectual property protectlon 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, tariffs, 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 countrles is often the weakest link in

the protection process.

Ownership of rights stemming from collaborative research
should be clarified. The goal 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 beneflt
‘from while doing research 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 50 that executive
- responsibilities are taught more within the context of
"owners" respon51bllities rather than "management“

respms-ib les - ) ) i . R

“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 hlstorlc
adVersarlal 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

Shlpplng dock, it has hit the world market, even if it is .

only being shipped across town. This perspectlve must
permeate all management levels.

'BARRIER: RESTRICTIVE TRADE POLICIES IN FOREIGN MARKETS
Adaptability to foreign preferences 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 B

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 o
greater ability to understand foreign needs/preferences, and
have an increased ability to successfully do bu51ness
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 competitors
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 costs
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 curreént glohal 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 I

dlrects the Cablnet to review the export controls program
and provide recommendations to achieve the following:

o Decontrolllnq those technologies that offer no serious
threat to U.S. security:;

° :Strengthening'enforcement controls on those technologies
that could harm U.S. security;

© Elinminating unilateral controls in those areas where -
" there is widespread forelgn availabillty. )

'_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 egreement 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 mllltary
capabllltles, and :

© - 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: _ :

© Retain a fault-based standard of liability; ' o |
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© Eliminate joint and several liability except in cases.
where defendants have acted in concert;
>
4 (e} Limit noneconomlc damages to a fair and reasonable
' B ' amount;

=} Provide for periodic,_instead of lump sum, payments of
.damages for future medical care or lost income;

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 .

eThe January 1987 Pre51dent's COmpetltlveness Initiative
proposes several methods to overcome this barrier. The
statutory proposals include:

© Amending Section 7 of the Clayton Act to distinguish
more clearly between pro-competltlve mergers and mergers
that would create a significant probability of increased
prices to consumers;

© Limiting private and Government antitrust actions to
actual (rather than treble) damages, except for damages
"caused by overcharges or underpayments;

‘0 Removing unwarranted and cumbersome restrzctions on
interlocking directorates;

‘o Clarifying the application of U.S. antitrust laws in
~private cases involving international trade; and

© Requiring that any antitrust claims remaining against

other defendants after a partial settlement in a case be_"

appropriately reduced.

20



