
Science and Inventions: Any Linkage? 

R.E. Evenson
 

The "linear" model of science has been in disrepute for many years. ThLx
 

model suggests that each inyntion can be traced back to its *ancestral origin"
 

in a scientific discovery and that this tracing is simple and direct (i.e.,
 

linear). Defenders of public spending on science who attempted to argue that
 

science is the "mother of all inventions" (or even a significant proportion of
 

them) generally could not support their claims (Project Hindsight). Critics
 

had a field day showing that the ancestry of inventions supported the old claim
 

that "necessity is the mother of inventions" more often than the claim that
 

science is the mother of inventions.
 

The rejection of the linear model has forced defenders of science budgets
 

to appaal to public goods arguments for support for science. This appeal, to
 

the extent that it is successful, has often been congenial to the baser
 

instincts of scientists themselves. This is because it frees them from a sense
 

of responsibility to produce something useful and allows them the luxury of
 

unfettered pursuit of pure knowledge.
 

Defenders of science who have argued that science can be useful through
 

"downstream trainingn, i.e., where 
training in a field of science constitutes
 

useful training for inventors (who are downstream in the sociological pecking
 

order and often perceived as failed scientists) have had a better rereption.
 

There is broad agreement that most sciences, particularly the general sciences,
 

mathematics, physics, biology, etc., do produce knowledge that can be
 

productive when mastered by non-scientists or more applied scientists.
 

What is the relevance of this for a developing country seeking to acquire
 

and put in place irproved technology? Should developing countries have a
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science policy? Will it support their more immediate and direct technology
 

objectives? If so, are there implications for the "mix" of science?
 

The full rejection of the linear model implies that "science builds on
 

science" and "technology builds on technology." Developing countries, it might
 

be argued, then need science only to support the training of engineers and
 

technologists (who in turn may facilitate copying and imitation of foreign
 

origin inventions). And even this need might be limited because of the option
 

for training in developed countries.
 

I shall argue in this brief note thet there are linkages between sience
 

and inventions and that they provide support for a science model that relies on
 

differentation between ficlds of science. Some fields of science do fit the
 

characterization of the pure science uncontaminated by the requirement that its
 

products (findings) have productive value (presumably they have ornamental
 

value as public goods, much as mLnuments and art galleries do). But many
 

fields of science accept a responsibility to produce findings, that, in some
 

sense, respond to a "demand" from inventors. These can be described as
 

pre-invention sciences.
 

Figure 1 depicts this situation in terms of four levels of specialization
 

in the conduct of research. These levels span the biological sciences and
 

biologically related economic activities. Similar categories for mechanical,
 

electrical, and chemical fields could be developed.
 

The level I general sciences are depicted as furthest upstream and furthest
 

removed from invention (level IV). Level II sciences are described as being
 

pre-invention sciences in a fairly general sense. They have specific
 

orientation to downstream sciences and to scme degree - invention fields.
 

Immunology and virology sciences are oriented to some degree to serve
 

downstream medical sciences. Level III sciences, on the other hand, are quite
 

clearly oriented to invention. Many scientists (and technoligists) in these
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Vigure 1: Clases of Science mid Invention 

I. fsnteral Sciences 	 biology, chemistry, physics, molecular biology,
biochemistry, biophysics, microbiology,
 
physiology, anatomy
 

II. 	Pre-Invention Science genetics, pathology, entomology, blo-engineering,
 
limnology, immunology, pharmacology, virology,
 
oceaiLology, endocrinology, animal pathelogy,
 
bometrics, economics, nutritiou, animal nutrition,
 
food chralstry
 

III. Atilied Invention
 
Sciences 	 urology, radiology, oncology, veterinary, plant
 

breeding, forestry, surgery, caidiovascular,
 
dietetics scfences, agronomy, fishery
 

IV. 	 Inventions & Practices instruments, -harmceuticals, animals, plants,
 
fertilizers, insecticides, equipment processes,
 
feed additives, hevbicides, micro-organisms
 

V. Commercialization, medLcal practice, seeds and chemicRls, extension
 
Extension science
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medical and agricultural sciences produce inventions and practices as well as
 

science. That ia, these units organize research utilizing tha framework of
 

science including publishing. They also engage in inventijns. Tevel IV
 

inventions and practices ar the activities of many level III researchers and
 

of other yet more applied inventors and technologists in public and private
 

firms. Level IV activities are the commerci&lization, developmental and
 

extension accivities dovwnstream from inventions.
 

This classification of levels is not particularly meaningful unless
 

bolstered with evidence of vertical li.ages between levels. We have two sets
 

of evidence suggesting a reasonable degree of linkage. The first set is for
 

citations between journals and this provides evidence for some vertical
 

integration or linkage between levels I, II and III for agricultural fields of
 

invention. The second is for direct invention scienco links using citations of
 

science by patents for agricultural, biotechnology and medical fields of
 

invention.
 

Evidence From the Agricultural Sciences
 

Researchers who specialize on research problems that are at only one level
 

of science exchange information both horizontJ, i.e., within their own field
 

of specialization and with other specialista working on similar problems, and
 

yerticailJy, i.e., with specialists "upstream" and "downstream" from this
 

specia..ization. Scientific communications systems have been developed
 

primarily to facilitate horizontal exchange in the general or basic sciences.
 

The journal papers, reference citations, specialized language, and elements of
 

style are chiefly designed to allow scientists working on similar problems to
 

disclose findings quickly and accurately to one another. This disclosure
 

process facilit.tes refereeirg of priority claims to new knowledge and the
 

cumulation of verified hypotheses that constitutes scientific knowledge in a
 

field.
 



-5.
 

The scientific exchange apparacus that originated in level I sciences has
 

been modified and used in Level II pre-technology sciences and even to some
 

extent in level III activities. At all levels, knowledge must be communicated
 

and exchanged to facilitate the knowledge cumulation process. Scientific
 

peners with their specializod language, usually associated with a discipline
 

and with standards set by scientists themselves, have been a useful vehicle for
 

horizontal exchange at all levels.
 

Scientific papers have also served as a vehicle for vertical knowledge
 

exchange, but some of the features of scientific papers that facilitate
 

horizontal exchange can hinder vertical exchange. Language and style, for
 

example, facilitate horizontal communication. But in different fields and
 

levels of science, they tend tn differ significantly. Thus, they can hinder
 

vertical exchange.
 

Reference citations are a source of evidence about the characteristics of
 

knowledge exchange and the effectiveness of the science system. The Appendix
 

reports a list of journals that have been related to science levels I, II, and
 

III shown in Figure 1. The Science Citation Index and Social Science Citation
 

Index (Institute for Scientific Information or ISI) report inter-journal
 

citations. They report the number of times in a given year that papers from
 

journal A were cited in journal B and vice-versa. Using these data one can
 

then construct measures of horizontal (i.e., within level) and vertical (i.e.,
 

between-level) citations, or upstream and downstream citations.
 

Data for citation patterns for 2 years, 1975 (1978 for journals in ISI,
 

Social Science Citation Index) and 1985, are summarized by field of science in
 

Table 1. The reader cdn appreciate that the actual classification of journals
 

into different l-vels of science contains some arbitrariness. Our objective in
 

classifying was to achieve relative homogeneity of research interest among the
 

categories.
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Three categories of general science--chemistry/biochemistir, biology/
 

molecular biology, and micro-biology--are shown. (The Appendix reports a list
 

of journals included in each level of science.)
 

The level II group of journals is important for agriculture, Genetics,
 

entomology, and environmental sciences are fairly distinct fields of science.
 

The crop-related and livestock-related journals in this category were selected
 

in a somewhat more general fashion (e.g., placing genetics in the level II
 

group). Note that I am treating economics as a level II field. The reason is
 

that only a portion of the research in this category is actually conducted by
 

USDA-SAES units.
 

The level III group is more applied than level II and frequently leads the
 

invention of new technology. Virtually all the articles published in level III
 

applied science Journals are the result of research conducted by USDA-SAES
 

units and private firms. The "agricultural sciences" thus encompass most of
 

the level III sciences and the level II sciences.
 

Citation patterns can be described and sunmarized in terms of citation
 

indexes. Table 1 reports the following indexes:
 

1) The proportion of citations-to-literature-published 10 or more years
 

before the citing publication. This is a measure of the degree of stability on
 

"softness" of a field of science and of its growth potential (Price, 1986).
 

Fields of science that cite publications that are 10 years or older at a high
 

rate are undergoing less change knd development than fields that primarily cite
 

newer publications.
 

2) The proportion of self-citations, i.e., to the same journal. This is
 

an index of "inwardness" or intelLectual incest of the field. It is affected
 

by the size of the field and the existince of similar journals.
 

3) The proportion of citations to the same journal- or science-group
 

(e.g., group 1A). This is also a measure of inwardness or horizontality.
 



Table 1. Total citations, and proportions in each grcup, 1975 and 1985. 

lemls of Science 
Total 

citations 

Older 
than 

10 years 
Same 

journal 
Sare 
group 

Prc orticns in Each Category 

Sae Upstream Citations 
level Gen. Sci. Pre-Tech. 

kwnstrean Citations 
Pre-Tech. Applied 

I. GearaA Sciences 356767 
-b /  

(171377W 
.241 

(.224) 
.135 

(.199) 
.873 

(.905) 
.949 

(.975) 
-
-

-
-

.046 
(.023) 

.004 
(.001) 

Q( istry/Biodmist (1A) 319285 
(143264) 

.240 
(.226) 

.141 
(.214) 

.944 
(.973) 

.966 
(.993) 

-
-

-

-

.033 
(.006) 

.007 
(.000) 

Biology/Ibolealar Biol. (1B) 36859 
(10365) 

.180 
(.208) 

.054 
(.025) 

.361 
(.140) 

.740 
(.583) 

-
-

-

-

.255 
(.391) 

.004 
(.025) 

Hiczo-Biology (ID) 49575 
(17708) 

.290 
(.207) 

.130 
(.177) 

.671 
(.570) 

.937 
(.950 

-
-

-

-

.035 
(.042) 

.027 
(.007) 

II. Pre-Technology Science 190722 
(77345) 

.309 
(,273) 

.157 
(.157) 

.714 
(.767) 

.732 
(.790) 

.216 
(.126) 

-
- -

.053 
(.082) 

Genetics (1C) 7623 
(5479) 

.361 
(.289) 

.130 
(.167) 

.712 
(.691) 

.786 
(.749) 

.098 
(.182) 

-
-

-
-

.116 
(.067) 

Entarm1ogy (E) 10007 
(4596) 

.441 
(.367) 

.154 
(.199) 

.710 
(.782) 

.734 
(.861) 

.129 
(.107) 

-
-

-
-

.136 
(.032) 

Ekwirmmtal Sciences (E) 9914 
(3093) 

.450 
(.416) 

.101 
(.141) 

.624 
(.575) 

.676 
(.703) 

0 
(.007) 

-
-

-
-

.323 
(.288) 

Crop-Related (II.A.3) 32597 
(15662) 

.336 
(.311) 

.112 
(.127) 

.524 
(.736) 

.554 
(.759) 

.350 
(.033) 

-
-

-
-

.095 
(.208) 

Livestock-Related (II.B.3) 139581 
(48515) 

.260 
(.241) 

.162 
(1.62) 

.775 
(.796) 

.781 
(.801) 

.202 
(.157) 

-
-

-
-

.017 
(.041) 

IlIla. Applied Crop S i ces 49923 
(20602) 

.462 
(.384) 

.152 
(.237) 

.873 
(.849) 

.945 
(.916) 

.010 
(.007) 

.045 
(.075) 

-
-

-
-

Crop Protection (II.A.2) 13509 
(6169) 

.447 
(.336) 

.175 
(.278) 

.854 
(.937) 

.958 
(.983) 

.019 
(.010) 

.023 
(.007) 

-
-

-
-

Field Crop Prod. (II.A.11) 22308 
(11510) 

.472 
(.373) 

.166 
(.244) 

.922 
(.881) 

.962 
(.926) 

.013 
(.009) 

.018 
(.065) 

-
-

-
-



Table 1. (Onue. ) 

Older 
Prqxprtions in Each Category 

Leels of Science 
Total 

citations 
than 

10 years 
Same 

journal 
Sam 
grou 

Sane 
level 

Upstream Citations 
Gn. Sci. Pre-Tech. 

Dnstream Citations 
Pre-Tech. Applied 

lbrt. Crcp Prod. (II.A.12) 9623 .464 .103 .648 .807 - .192 -
(1944) (.348) (.087) (.285) (.604) - (.395) -

Fo-try rr oim (II.A.13) 4486 .448 .116 .990 .... 
(979) (.882) (.177) (.854) (.925) - (.075) -

IIIb. Applied Livestock Science 78431 .358 .137 .743 .816 .019 .165 -

(29512) (.366) (.230) (.798) (.839) (.026) (. 128) -

Livestock P otection "II.B.2) 29402 .355 .090 .598 .659 .042 .299 - -
(11455) (.346) (.170) (.734) (.772) (.044) (.183) - -

Livestock Productin (II.B.1) 25327 
(13202) 

.282 
(.350) 

.271 
(.317) 

.884 
(.844) 

.903 
(.897) 

.007 
(.015) 

.090 
(.088) 

-
-

-
-

Mat. Res.-Wildlife (II.C) 23702 
(4855) 

.443 
(.451) 

.052 
(.133) 

.614 
(.769) 

.896 
(.821) 

.005 
(.016) 

.098 
(.162) 

-
-

-
-

Iic. Other Fields 
Food Tedology (III.A) 22634 

(10639) 
.410 

(.319) 
.127 

(.154) 
.726 

(.785) 
.855 

(.952) 
.127 

(.189) 
.018 

(.026) 
-
- -

Mmn Ntritin (III.B) 13821 
(5810) 

.351 
(.360) 

.069 
(.159) 

.543 
(.548) 

.637 
(.666) 

.293 
(.333) 

.181 
-

-
-

Hakm EGXUrTics 14364 .376 .121 .993 .997 .002 - -

(6793) (.299) (.110) (.999) (.999) - - -

Ph ruiics 22533 .324 .C86 .992 - - - .008 
(16148) (.312) (.104) (.993) (.993) - - (.007) 

Agricultural Ecrxmics 2838 .355 .139 .637 .648 - .351 -
(1620) (.280) (.154) (.552) (.552) - (.447) -

Iral Sociolcgy 1069 
(804) 

.354 
(.407) 

.47 
(.102) 

.999 
(.999) 

.999 
(.999) 

--

- -
-

-See Table 5.7 for journals listed in each field group,--Ihese data are for 1985. -- for 1975 when journals wre covered byS/Mnese data are 
the ISI, Science Citation Irdex, Journal Citation Peports and for 1978 wher journals were irDexd by the ISI, Social Science Citation Idex, 
Journal Citation Reorts. 
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This is less affectod than (2) by the size and complexity of the journals in 

the field.
 

4) The proportion of citations to the same science level. This again is a
 

measure of horizontality.
 

Items 2, 3, and 4 above are indexes of horizontalness or inwardness. Table
 

1 also reports direct measures of verticalness in the form of upstream and
 

downstream citations. (Note that level I has no upstream citations, and that
 

level III has no downstream citations.)
 

Certain general consistencies emerge from the cross-journal citation
 

patterns reported in Table 1.
 

1) Level I fields of science have the lowest level of stability or
 

softness, level II fields are intermediate, and level III fields are most
 

stable, hence softest. Among level II and III sciences, the livestock-related
 

sciences are harder than crop-related sciences.
 

2) The measures of horizontalness show different patterns according to the
 

indicator. Self-citation, i.e., to the same journal, does not show strong
 

patterns, although it is low as a proportion of total citations for the
 

molecular biology field. Same-group and same-level citations show stronger
 

patterns. Horizontalness is highest for the general sciences, especially
 

chemistry/biochemistry, and lowest for the level II sciences. Most applied
 

sciences also have a high degree of horizontalness. This is to some degree
 

governed by the fact that only the pre-technology sciences have both upstream
 

and downstream citing options.
 

3) The direct evidence for upstream and downstream citations shows
 

patterns more clearly. Upstream citations show science-linkage and reflect
 

ties into mother sciences. All pre-technology sciences except the
 

environmental sciences have reasonable strong ties to general science.
 

Upstream linkages are strongest for the crop- and livestock-related group.
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Among the applied sciences, upstream citation rates are higher to pre

technology sciences than to general science in all fields except food
 

technology and human nutrition. (These two fields are difficult to classify
 

and their pre-technology fields may differ from these identified here.) This
 

indicates that the level II sciences are playing a genuine pre-technology role.
 

Upstream citations in livestock protection are highest to pre-technology
 

sciences. Horticultural sciences also show strong upstream linkages, The
 

forestry field shows weak upstream linkages, while crop protection and crop
 

production show moderate mother-science linkages. In the livestock field,
 

linkages to mother sciences have strengthened over time.
 

4) In the food technology field, science linkages are strong (and, as
 

Chapter 5 will show, downstream linkages to inventors in this field are also
 

strong). Human nutrition sciences are also strongly linked upstream to general
 

science.
 

5) The social science parts of home economics (other than human nutrition)
 

are not science-linked. Agricultural economics shows linkage upstream to
 

economics but not to other applied agricultural science fields. Home economics
 

and rural sociology have no linkages upstream or downstream.
 

6) Downstream linkages from level I are much stronger to pre-technology
 

sciences than to applied sciences. The downstream linkage from biology/
 

molecular biology to the pre-technology sciences is especially strong.
 

Table 2 shows these linkages in more detail for specific fields of science
 

for 1985. From this table one can examine how a given field of science, e.g.,
 

applied crop protection, environmental sciences, is linked to upstream and
 

downstream science groups. The column for applied crop protection research
 

shows that this field cites field crop production research most heavily. It
 

also cites horticultural crop production sciences. It is a field with strong
 

upstream linkages to the pre-technology sciences (III) and to general sciences
 



Table 2. Cross-field citation levels 1985, citing-journal field: numbers of citations.
 

Cited Journal 
Fields 

Chem 

General 
Sciences 

Micro 
Biol Biol 

Genet-
ics 

Pre-Tech Sciences 
anv- crop Lvstk 

Ent Sc Sc Sc 

Applied 
Crop Tech 

Prot FC Hart For 

Applied 
Imstk 

Prot Prod 
Nat 
Res 

Food 
Tech 

h man 
Nutri Eao 

Agr 
Eco 

ibi 
c 

hkae 
EDO 

General Sciecre5 
IA cOmistry-
Bioc-emistry X 

a 
2184 3635 95 325 698 5844 25 38 222 26 7 687 659 6 

113 Bioloq~y-Me
cular Biology 
ID Micro-Biology 

685 
1184 

X 
126 X 73 

15 40 
252 

625 8 
45 38 39 

33 6 9 91 
9 

PreTht Scien 
IC Genetics 
TE Ent logy 

88 143 318 X 
7 

24 
X 14 

161 59 15 
14 

94 7 168 45 88 69 

ScienceIL .3 Crop Pe X 112 

tch 386 114 8 52 X 153 62 16 527 21 93 90 

XIS.3 
Tech 

Lvstk Pre
2253 1411 46 117 40 36 X 8 1830 726 71 15 470 

Techunolo, 

IIA.2 Crp Prot 34 110 28 35 92 X 74 7 35 8 22 

IIA.11 Field 
CropProd 90 30 153 33 588 328 X 433 19 33 376 45 

IIA. 12 Iort 
crop Prod 

IIA.13 Forest Prod 
14 34 

54 13 
167 
15 

91 
15 

38 X 
X 

7 
50 

68 

Tychnolo 

II.B2 LvstJc Prot 
II.Bl Lwstk Prod 

87 
69 

23 
103 

55 
25 13 14 

220 
209 70 

X 
289 

134 
X 63 

9 
372 183 

Other Scien Field! 
III.C Nat 
Wildlife 

esources1 
23 18 485 30 8 71 56 x 

13 X 51 
10 

III.A Food Tchno 
III.B hbuan Ptr 

12 
23 255 X 

I.FI.F Econrmics 17 8 55 X52 295X 7 

11.0 1r.En. 
II.E Rural Sociol 
II.C Home Econ 

X 
X 

An "X" indicates self-citation. 

Source: ISI, Science Citatio-! Index, Journal Citation Reports and IS1, Social Science Citation 

Index, ournal Citation Reports. 
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(I). Reference to the row for IIA.2 shown that the general and pro-technology
 

sciences have strong downstream linkages to applied crop protection sciences.
 

Reference to the applied livestock protection sciences shows that they are even
 

more integrated with upstream sciences and that the livestock pre-technology
 

sciences have very strong upstream and downstream exchange patterns.
 

This is in contrast to the environmental pre-technology sciences which have
 

more upstream linkages and strong downstream linkages. The social sciences can
 

be seen to be isolated from the other sciences.
 

The modern system of scientific specialization and knowledge exchange
 

described in Tables 1 and 2 evolved over a long period of time. It represents
 

the outcome of years of conflict between serving the demanders of level III and
 

IV technology and the development of a supply capability. Economic studies
 

reported in Evenson and Huffman show that the level II pre-technology sciences
 

and their linkages to the level III sciences have been vital to the
 

effectiveness and productivity of agricultural sciences. 
Most of the level II
 

pre-technology sciences would not have been created had the state experiment
 

stations not either created them or influenced state universities to erect
 

them. The natural tendencies in the sciences favor level I sciences over level
 

II sciences and do not lead to active downstream links. The ultimate viability
 

and effectiveness of level III sciences, however, does depend to a considerable
 

degree on the level II sciences.
 

Evidence From Patents
 

Patent examiners examine patents and have a responsibility to establish
 

that novelty and inventive stop requirements have been met. It is the general
 

practice to cite prior patents, industrial literature and scientific
 

literature. (The appendix shows examples of first page references.) One
 

cannot say for certain why each reference was made, but in general the examiner
 

is identifying the "next best" art, i.e., the prior technology to which the
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current invention is closest. In many cases this may be construed to be a
 

measure of intellectual "ancestry". In fact the interpretation of intellectual
 

ancestry is probably as valid for patents as for the scientific literature.
 

Many patents cite scientific publications as 'germplasm" in addition to
 

prior pioneering inventions. It does not necessarily follow that a scientific
 

discovery was the "initiating" factor behind the invention. The inventive
 

effort may have been motivated by demand factors. When patent examiners city a
 

science reference they are indicating that a scientific find was a facilitating
 

or germplasmic factor in the invention. While this is not a precise definition
 

of pre-invention science it is a workable definition.
 

Do patents cite science? Evidence for patents in six production technology
 

fields, biotechnology and post-harvest technologies is summarized in Table 3.
 

Total citations per patent have Increased over time. This is in part due
 

to changes in examiners and application practices. Foreign cites are divided
 

into direct and indirect categories. Direct foreign cites are to foreign
 

patents. Indirect foreign cites are to U.S. patents of foreign origin. The
 

percent of U.S. inventions linked to foreign origin inventions has increased
 

over the two periods. This percent variea considerably by technology field,
 

being especially low in the animal husbandry field. Citations to scientific
 

papers are generally quite low, except in biotechnology, fertilizers, and
 

post-harvest technology. For these fields, a considerable degree of science
 

linkage is apparent. This linkage is also growing over time.
 

A second sample of U.S. patent were drawn from technology fields that could
 

be classed as molecular biology, botany and genetics, zoology, general
 

agriculture and medicine. The biotechnology field is the new field
 

classification set up by the U.S. patent office in 1985. (Class 435.) All
 

patents obtained for one full year in 1984-5 and in 1984-90 were analyzed.
 

The three modern high technology fields show high growth in patenting
 



Table . U.S. atwts 4ranted in qricaltural !buxdcmy Fields 

Earth-
W1rking Planters larvesting Threshirg AnMal Bio-

Item Equipment Diggers Equipment Equipment Husbandry Fertilizers techology II 

Patents Granted 
1975-79 554 128 339 83 807 1251 493 2866 
1980-84 451 120 418 96 786 1085 527 2340 

Ratio, 1980-84/ 
1975-79 .82 .94 1.23 1.16 .97 .87 1.06 .82 

% U.S. Corporation 
1975-79 .38 .25 .50 .55 .24 .58 .40 .52 
1980-84 .36 .33 .48 .35 .24 .52 .42 .49 

%U.S.Governent 
1975-79 .00 .02 .00 .01 .01 .01 .03 .03 
1980-84 .01 .02 .00 .01 .01 .02 .02 .01 

%U.S. Irdividual 
1975-79 .27 .36 .26 .12 .58 .03 .03 .12 
1980-84 .30 .28 .24 .18 .51 .02 .04 .13 

%Foreign Origin 
1975-79 .35 .35 .24 .32 .17 .38 .54 .32 
1980-84 .34 .38 .28 .46 .24 .44 .52 .27 

Citations/Patents 9.52 17.01 5.71 13.19 15.67 7.53 12.64 7.08 
11.62 20.45 7.46 13.54 10.83 9.43 13.11 9.68 

% turaiown .57 .57 .33 .69 .44 .44 .68 .45 
i.e. n-E-63 cites .53 .63 .23 .61 .36 .36 .56 .36 
% Citations to 

1975-79 .21 .16 .16 .21 .11 .23 .27 .16 
U.S. Patents of 

Foreign Origin 
1980-84 .16 .12 .20 .24 .14 .22 .23 .18 

% Citation to 
Foreign Patents 
1975-79 .25 .32 .06 .11 .08 .09 .06 .08 
1980-84 .26 .41 .13 .20 .13 .18 .07 .13 

% Total Foreign 
Citations 
1975-79 .46 .48 .22 .32 .19 .32 .33 .24 
1980-84 .42 .53 .33 .44 .27 .40 .30 .31 

% Science Citations 
1975-79 .01 .03 .00 .00 .01 .18 .31 .11 
1980-84 .04 .02 .02 .01 .03 .15 .37 .13 
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between 1985 and 1990 (See Table 4.) The more traditional agricultural
 

invention field did not show growth. It is also clear that the three high tech
 

fields are highly science linked while the more traditional agricultural fields
 

of invention are not. In fact, more than 50 percent of the 1990 inventions for
 

the rapidly growing high tech fields have science cites, while only 15 percent
 

of the agricultural inventions have such citations.
 

Turning to the information on ownership of the inventions, the inventions
 

generated by academic and government organizacion are more science linked than
 

foreign inventions. Corporate inventions also show high science links.
 

Medical inventions, interestingly show a relatively low level of science
 

linkage, but the field shows strong demand growth.
 

Further Research
 

It is now possible to conduct exhaustive analysis of science-linked
 

inventions across all fields. This work requires recording not only the
 

science-cites (as well as other cites) but it also requires recording journal
 

titles. This is because one would like to stratify fields of science in a
 

structured way.
 

Why is this relevant to developing countries? Host of the poorer
 

developing countries contrq.t for the purchase of technology and ancillary
 

services at level V. Ar..ther cluster of countries have sufficient competence
 

to buy and "imitate or adapt" and some competence to copy (perhaps illegally).
 

That is they buy at level IV and invent and modify at level V. Advanced
 

developing countries (the HIC's) usually copy and buy selectively from abroad
 

at level IV but actually have some capacity to invent at level IV and they
 

regalarly invent at level V (unless copying at level IV to too easy).
 

It is easy to see why a capacity in level II and III sciences linked to the
 

production sector of advanced developing countries is relevant. These sciences
 

not only enhance invention locally but they are the right sciences for
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downstream training and capacity development.
 

This argument applies with decreasing power as one works backward from the
 

MIC's. Nonetheless, it appears that a better understending of the role of
 

science is going to be relevant for most developing countries.
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Appendix Table I
 

he name and date of establishinmt of learned AErican journals in sciences related to agriculture and in agricultural sciences. 

Year Journal Year Journal Year Jozrnal 

I. General Scies Related to Agriculture 

A. Chemistry, Biochenistry and Bicphysics B. (Contilired) E. Etmlcgy and Bwirxuametal Scienc 

1878 Journal of Aff-ican Cemical Society 1962 Life Sciences ab 1869 Transaction of the Arerican 
1905 
1932 

Journal of Biological heistry 
Annual Review of Biodrc~stry 

ab 1969 Current Topics n Cellular 
Regeneration ab 1885 

Entmological Society 
Entqimlcgi-l Americana 

ab 1941 
1942 
1954 
1958 

Bcs 
Archives of Biodemistry and Biophysics 
Methxds of liod-cal Analysis 
Jonal of Chrzmitography 

1972 Adv. in Cyclic Necleotide Research 
a 1981 Molecular and Cellular Biology 

C. Genetics 

1908 
1908 

ab 1913 
1916 

Journal of n. BntamlogY 
Anals of Bitamological Soc. 
Review of Applied nt__llll_ 
Memoirs of American 

1958 Entamlogical. Socet 
1959 Biotech logy and Bioewgineering 1910 Journal cf Heredity 192 Eo (1968) 
1959 Journal of Lipid Research 1916 Ceetics 1933 Pest Control 
1960 
1960 
1962 

Analytical Bio iistry 
Bicphysical Journal 
Bioqbgistry 

ab 1932 

1951 

Records of the Genetics Society 
of Mer-ica (1962) 

Advances in Genetics 

1947 
ab 1952 
ab 1957 

Coleoptyerists Bulletin 
Pesticide Review (1977) 
' dances in Pest Ccutrol Res. 

1963 
1970 

Bicpolymers 
Journd of Cellular Biochemistry 

ab 1960 
ab 1976 

Studies in Genetics (1972) 
Currant Advares in Genetics (1980) 

ab 1967 
ab 1968 

Pesticide Munitoring J. (1981) 
Internatinal Pest Control 

1971 
1972 

ab 1973 

Preparative BiodzLhe :r 
Critical Reviews in Biodhiustry 
Jcurnal of Biological Physics 

a 
a 

1979 
1981 

Developrmtal Genetics 
Journal of Molecular and 

Applied Genetics 
a 
a 

1971 
1975 
1976 

Insect Biocenistry 
Ecological Modelur 
Systematic Fntoinloy 

a 1975 Journal of Cyclic Mxle-'tide & Protein a 1982 Ewirnital Taidcoloy and 
Phpq*r rylatin Research D. cteriology and Microbiology Chwdstry 

1976 Applied iocheidstry and Bioegineeri rg 
1976 Cell Biopkysics 1916 Journal of Bacteriology F. Fcxirracs (major jirnals cnly" 

a 1979 Journalof Applied Biochemistry 1937 Microbiological Review 

B. Biology and Molecular Biology 
1947 
1950 

Annual Review of Microbiology 
Advarces in Applied Microbiology 

1886 Quarterly Jairnal of 
Eccncmcs 

1953 Applied and Fnwircrmmntal Micro- 1887 renrican Exrxmic Review 
1926 Qmarterly Review of Biology biology 1919 Journal of Political 

ab 1939 Synposiun of Society of Developmental ab 1974 Mycotoxin 1933 Rev. of Ecarmdcs & Statistics 
Biology 1974 Hicrd-ial Ecology 1933 Ecxnxretrica 

ab 1949 Sur&ve of Biological Progress (1962 )c a 1978 Current Microbiology 1933 Southern Ecurndic Journal 
ab 1950 Journal of Biology (1966) a 1977 Experirmatal Mycology 1933 Rev. of Eaxnidc Studies 

1934 Journal of Marketing 
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Year Journal Year Journal Year Journal 

I. General Sciences Related to Agriculture 

F. (Cmtiri.ed) 

1952 Ecnmic Develcpim~t and Cultural O-ange 
1960 International Eozmnic Review 
1962 Western Journal of FcomTics (Em-cnic 

1966 JournaI of Human Rescurces 
1966 Journal of Finance 
1968 Journal of money Credit and Banking 
1972 49Erl of Emvmics and Business 
1972 Jcurnal of Fxwletrics 
1974 Journal of Matheratical Ecuorimcs 

a 1975 Journal of Maarceam cs 
a 1977 Journal of Demlonmt Econmics 
a 1983 Journal of Labor Eoonrmics 
a 1985 Journal of Macroeconoics 
ab 1985 Eccna etric lheory 

II. Agricultural Science 

A. Field Crops, Horticultural Crops, and Forestry 

1. Production 2. Protecticn-taintenanue 3. Basic 

ab 1879 Drainage Journal ab 1885 Journal of Mycology ab 1897 Plant World 
ab 1898 kmrican Farm Equiprent 1909 HJm ogia 1897 Publication of Botanical 

1907 Agronom Journal 1911 Phytopathology Society of Aneica 
1913 Journal of Agricultural Research (1949) 1917 Plant Diseases 1898 -yologist 
1916 Soil Science ab 1928 Studies in Forest Pathology 1914 Arerican Journal of Botany 

ab 1924 W-eat Studies (1944) a 1962 Journal of Research on the ab 1923 Studies from the Plant 
ab 1926 Fertilizer Review Lpidoptera Rhysiology Lab. 

1936 Soil Science Society of America Journal 1969 Journal of Namrtology ab 1926 Plant Research 
1948 Journal of Rang Management ab 1982 Advances in Plant Pathology 1926 Plant Physiolc 
1949 Advances in Agrcox ab 1983 Journal of Envircrental ab 1933 fPf, oloiu 

ab 1951 Irrigation Journal Horticulture 1935 Botanical feview 
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Year Journal Year Journal Year Journal
 

1. Producticn 2. Protecticn-Maintenance 3. Basic 

1952 Weed Science 1947 Eccrnmic Botany 
1956 J. of Irrig. and Drainage Enginerir 1950 Annual Review of Plant 

ab 1958 Transactins of the nar. Assoc. of Phyiolog, 
Agricultural Engixeers ab 1961 o, 

1961 Crop Science 1965 Journal of Physiology 
ab 1963 Agronomist a 1976 Systmatic Botany 
ab 1970 WeEd Tdy a 1977 Egcpental Myology 
ab 1974 Peanut ScienKce a 1979 Journal of Plant Mitriticn 
ab 1976 Jcurnal of Seed Techology a 1981 Plant blecular Biology 
ab 1978 irely Soil Tcpics ab 1983 Plant Breedig Review 
a 1984 .barnal of Fertilizer Issues ab 1984 Advances in Plant Nutrition 
ab 1985 Fertilizer Tedrology 

1899 Rhdcra 
1903 Journal of Aierican Society of 

Horticulture Science 
ab 1915 Citrography 

1922 Aierican Horticulturalist 
ab 1923 Bulletin Aierican Horticulture 

Society (1926) 
ab 1935 Journal of Arbiculture (1974) 
ab 1935 Mrris Arboritun Bulletin 
ab 1946 Fruit Varieties Journal 
ab 1951 Garde Journal 
ab 1951 Plant Propagator 
ab 1966 Hort Sciece 

1979 Horticulture Review 

1902 Journal of Forestry (For. Qiarterly) 
ab 1924 Forest Worker (1933) 
ab 1934 Tree-Ring Bulletin 
ab 1934 Tinber Statistical Review 
ab 1947 Harvard Forest Papers (1965) 

1951 Forest Products Journal 
ab 1951 Journal of Agriculture ard Forestry 
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Year Journal Year Journal Year Journal 

1. (Contimid) 

1955 Forest Science
 
ab 1957 Journal of Forest History
 
ab 1964 Internaticral Review of Forestry Research
 

1968 Wbod Science (Wood and Fiber Scince)
 
ab 1977 Southern Journal of Applied Forestry
 

B. Livestock and Poultry 

1. Production 2. Protecticn-Mainteaie 3. Basic 

1917 Jrnal of Dairy Science 1877 Animal Veterinary (J.Am.Vet.Med. 1898 Anprican Journal of Thysiology
ab 1920 Intermational Rev. of Poultry Science (1939) Assoc.) 1904 Journal of Experimntal 

1921 Poltry Science 1911 Correll Veterinarian zoom 
1942 Journal of Anirml Science 1914 Journal of Parasitology 1916 Journal of Immuzxlogy

ab 1949 Proceedings, _ erican Society of ab 1931 Veterinary Bulletin 1917 Endocrinology 
Animal Science ab 1949 Souteastern Veterinarian 

ab 1949 Proce1inps, Council on Research of 1954 Journal of Protozoology 1940 American Journal of Veterinary
merican Meat Institutes 1957 Avian Diseases Research 

ab 1965 Dairy Field ab 1958 Veterinary Tcxiaology 1951 Experimn 1aParasitoloy
 
ab 1983 Animal Technlogy 1959 Journal of Invertebrate Pathology 1961 American Zoologist
 
ab 1985 Aniuml Nutrition and Health 1959 Journal An. Veterinary Radiology, 1961 Advances in Imumnlogy
 

Assoc. ab 1963 New Methods of Nutritional
 
1C60 Journal of Small Animal Practice Biochanistry 

ab 1962 Veterinary Eccrrmnics 1967 Methods of Inarology and 
ab 1963 Veterinarian-Internaticnal Journal Immmol-gis 

Devoted to Farm Aninal Practices ab 1969 Hawaiian Species 
1964 Veterinary Pathlogy 1974 Lmunogenetics 

ab 1965 Bovine Practitirr ab 1977 Advances in Nutrition Research 
1971 Journal of Veterinary Surgery a 1984 Journal of Leucocyte Biology 

a 1972 Immlogy Investigations 
a 1975 Veterinary Parasitology 
ab 1976 Livestock and Veterinary Sciences 
a 1976 Veterinary Microbiology 
ab 1977 Veterinary Clinical Pathology 
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Year Journal 	 Year Journal
 

2. (Ccntinued)
 

a 1978 Journal of Veterinary Pharnmcology 

and Mfherapeutics 

a 1979 Veterinary Imnmlogy & IBmunopathology 
ab 1980 Veterinary Medical Review 

1980 Imnmology Today 
ab 1985 Parisitology Today 

C. Natural Resources and Wildlife 	 D. Agricultural and Resource Ecxnmics 

1867 brerican Naturalist 1919 Journal Farm Econarics (Ai. J. Agr. Econ.) 
1909 Arerican Midland Naturalists 1925 Land Fnmiics 
1934 Progressive Fish Culturist b 1928 Studies in Land Ecxwrrcs 
1935 Soil Qonservatico (1980) b 1938 Agricultural Finance Review 

ab 	1935 Living Wilderress 1949 Agricultural Ecomics Research
 
1937 Journal of Wildlife Mnagment 1956 Agricultural Marketing (1971)
 
1939 Great Basin Naturalist b 1960 Food Research Institute Studies
 
1946 Journal of Soil and Water Chiservaticn b 1961 Agricultural Ecoxmic Report
 

ab 	1950 Gam Research Report b 1966 Land Fnnrdcs Monographs
 
1956 Southwestern Naturalist 1969 Southern Journal of Agricultural Economics
 
1958 Water Rescarce Bulletin 1972 Northeastern Journal of Agricultural Eaxrdcs
 

ab 1959 Wildlife Disease 1974 Journal of Envirui tal Eccmdcs and Ma-aement 
196] Natural Resources Journal b 1977 Western Journal of Agricultural Eccmuics 

ab 1962 Underwater Naturalists b 1979 North Central Journal of Agricultural Fncmics 
1963 Wildlife rxqoraph b 1979 Agricultural Law Review
 

ab 1962 Fisheries Industrial Research (1970) b 1983 Journal of Agribusiness
 
ab 1965 Coiservation Research Report
 

1965 Journal of Wildlife Diseases
 
ab 1968 Eccnmics of Clean Water E. Rural Sociology
 

1971 Internaticnal Wildlife
 
1972 Conservationist 1936 Rural Sociology
 
1972 Journal of Envirormmtal Quality ab 1973 Sociology of Rural Life
 
1973 Wildlife Society Bulletin ab 1980 Rural Develcgrent
 

ab 1974 Western Wildlands ab 1981 Rural Sociologist
 
ab 1974 Rangelands
 
a 1974 Agriculture and Environmnt (1982)
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Year Journal Year Journal 	 Year Journal
 

C. (Continued)
 
a 1976 Journal of Water Resource
 

Planning and Managmet
 
ab 1979 Prairie Naturalist
 

1981 Journal of Freshwater Ecology
 
ab 1981 North Anerican Jor-ral of
 

Fisheries Maagmt
 

III. Post-Harvest Sciences 
A. 	 Food amistry, Science &Tech. B. Humn Nutrition C. Ham Eca-mics (Social Sci. and Textiles)


ab 1906 Arerican Food Journal (1928) ab 1886 Dietetic and Hygienic Gazette (1914)a 1910 Journal of the Textile Institute
 
1924 Cereal 1928 Journal of Nutrition ab 1912 Journal of Howe Eccanics
 

a 1937 Journal of Milk and Food 1942 Nutrition Reviews 1931 Child Development
 
Technology (Journal of ab 1957 Journal of Aplied Nutrition a 1931 Textile Research Journal
 
Food Protection) ab 1966 Nutrition Today a 1934 Annals of Child Development


1939 Journal of Food Science a 1969 Journal of Nutrition Education 1939 Journal of Marriage and the Family
1947 Food Technoloy a 1977 International Journal of Obesity ab 1952 Housing

ab 1948 Mdvazces in Food Research a 1977 Journal of Food Safety ab 1957 Family Ecmincs Review 
1953 Journal of Agricultural and ab 1978 Nutrition Plaming ab 1960 Correll Hotel and Restaurant Qamrterly

Food Chemistry ab 1980 Journal of Nutrition of Elderly ab 1964 Advances in Gerentological Research (1972)
ab 1958 Agricnnical Age a 1981 Mitrition Research 1967 Journal of Cnsumr Affairs 
ab 1967 Food Developient (1982) ab 1982 Nutrition and Behavior ab 1969 Textile Gimmstry a"dColorist 
ab 1969 Food Industry Studies ab 1972 Hame Ecxxxnics Research Journal 
a 	 1975 Progress in Food and ab 1973 Housing and Society


hNtrition Science 
 a 1974 kvances in Consuner Research
 
ab 1976 Advances in Cereal Science 1974 Journal of Ccsmer Research
 

md Technology
 
a 	1977 Journal of Food Biochemistry
 
ab 	1977 Journal of Food Distribution 

Research
 
ab 1977 Journal of Food Quality
 
a 1977 Journal of Food Processing
 

ard Preserving
 
ab 1981 Dairy and Food Sanitation
 

alhe Journal is not indexed in the Journal Citaticn Reports of the 1975 Science Citation Index or the 1978 Social Science Citation Index. 
Journal is not indexed in the Jcurnal Citation Reports of the 1985 Science Citation Index or the Social Science Citation Index. 

chmbers in parentheses are dates whe journals went out of existence. 


