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This paper examine?; the relationship between US R&D 

expenditures and the pattern of US manufacturin& export\ and 

foreign affihat- sales acres: industries and regions for the years 

I%6 and 1976. While differences in relative research cqahility 

hetueen the United States and the rest of the *orId have 

I’.trrc”u.ed (rvcr Ihi., per& d. research effort Iill significantly 

expltins the pattern of US sales in foreign markets. For any 

region. the export md foreign affiliate sales performance of 

research-i 1;:nsive rndustries exceeds that of nnn-research-in- 

tenaive industries. Fe relative performanc: of the forme, 1s 
gxatrr in regions with larger market size aqd high per capita 

income. The analysis also reveals that over the time period 

studied the ratio of US exports IO ioreign affiliate sales has 
generally fallen for all industies and foreign mirrkets. 

‘I hese observations accord with a broad irrerpretation of 

the product cycle tl,eory. While the United Stales has IOSI its 

uniquenrss az a bcation of innovatmon. the a;*dity IO drvslop 

.md market new products through h&D expenditures L, still a 

strong forrw hehind its explts and salti abrcad. The drcrease 

in exports relali\c lo ff reign affiliate sa!cs ma> reflect a more 

rapid shirt in comparative advantage in the production of such 

proc!ucts to foreign Iocat,ons. Hence the positive effec: on L’S 

exports of development of any given new product may he 

I>ecFclming more short-lived. 

1. lntruductian 

The ro!e of research effo, t in export and foreign 
afftliulc production pcrformancc is well rwognized 

both Frotrl theory and observation. The technologv 

gap. nroouct cycle, and. to a [ebher cxtrnt. neo- 

Awc~ad Prcbfeh\or of t:cnnonirc\ .mJ Inte:n;rtuln~l Ruc,ncsh. 
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classical thearies all suggest links between research 

crfort and patterns of international trade and pro- 

duction of manufactures. The existence of such 

links is hest demonstrated hv the strength of the 
ilnited States since World Nar II as both an 

undertaker of research an& technological innova- 
tion and ?s an exporter and foreign producer of 
manufactured nroducts. 

In recent years thoq& it has been argued that 
relative to other countlics the pace of US rewarch 

and tect-aological innovation has declined. Indeed 

the research and product innovation capabilities of 
foreign countries have increased significantly. 

Nevertheless, research t ffort still significantly ex- 

plains the pattern of US export and foreign pro- 
duction performance across industries and rzgicns. 

This paper briefly reviews those theories which 

emphasize the relationship between research effor; 

and international trade and productic;n. 1 t then 
examines rccznt evidence for the case of the United 
States. I1 particular. it addresses the followin& 
questions: (I) What h:.\e been the relat!ve trends 
in factors conducive to product innovation in the 
United States snd other countries? and (2) What 

has been t; relationship betwpnq rtsearch effort 

and indust J and regiona, -#atterns of US e--9rts 

and foreig .Iffiliate produc. 9n of manufar:tL ’ 

1. TechnJogy gap and product cycle theories 

The technology gap theory discusses how cer- 

tain countries through research axd development 
inbestmenrs <ire able to innovate new and superior 
>roductx at a faster pJce thap others. ’ This rel;l- 

Re\earcl, Policy I I (1982) 359-372 

No .;h-Holland Publishing Cornpan! ’ The tec’lnology gap m,;de. was first propased by Posner [I]. 

004%7333/82/0000-000000/$02.75 C 1982 North-HoKand 



live ability to innovate constitutes a source of 

conlparative advantage in international trade in 

m;ulufactures which is additional or alternative to 

~crn~parative advantage based on relative factor 
,~hundance. A?; long as the gap persists and the 

technology for production of such products is 

unavai!able to foreign producers, demand in fore- 

ign markets is met by exports from the innovating 

country. Once the technology is transfcrrcd abroad 

t<‘ tither affiliated or unaffiliated foreign firms 
c,+>rts will cease to grow and may decline. 

The product cycle theory. which has many fea- 

lures in common with the technology gap theory. 

proT;ides an expialeation for why innovations occur 

in scjme countries only. ’ I! asserts that a :ompara- 

live &vantage in mnovating new products is en- 

gen&rerl by ;I combination of locatiw-specific 

demand and st~ppl? factors. On the d;mand hide. 

factors such as high per capita income and large 
market size generate a strong preference for new 

products. particularly products which are diff+zren- 
tiated and technol~$cally sophisticated. On the 
apply side, factors :,uch as plentiful research re- 
<our’ces and relatively abundant capital and skilled 

labor and scarce unskilled labor spur production 
t>f new technology-intensive and labor-saving 

;Jralducts. Differences between locations ia these 

Jemjnd and supply CLaracteristics col:vey a com- 

parative advantage in innovation: to those regions 

in u hich per c,lpita income and market size ‘s 

relatively great and research. capital, and skilled 

labor resource5 relstivciy more abundant and 

cheap. 

Tne product cycle theorq provides an explana- 

tion for the psttern of esports from innovating 
countries as well. It presumes that the marketing 

and production characteristics of new products 
follow a particular cycle over Time which, in turn. 
influlznces the location of production. Al the he- 

ginmng of this cycle locutions with a comparative 

advalnqe in innovation possess a comparative 

ad,--antage in production 35 well. Demand in other 

l;lcafions for these new products is strongest where 

pc~ capita income and market size are greatest and 

i.5 mr:t through exports. Changing input rrquirc- 

ment,s resulting from increased standardization in 

production over the cycle diminish the optimum 

mix of research effort. capital. skilled labor, and 

other f.lctors. This induces a shift in comparative 

advantage in production to other locations with 

lnnre appropriate resource endowments and a <or- 

responding fall in exports from innovating coun- 

tries. ’ At some point innovating locations may 

even implbrt. The location which possesc;es a com- 

parative advantage in prodw’ n in the long run 

depends on the optimum mix of factor inputs for 
which the production process stabilizes and on the 

relative factor abundance of different locations. 

The product cycle theory also provides some 

insights into the pattern of foreign affiliate pro- 

duction. If the innovating producers are capable of 

maintaining full control over the knowledge they 

create. the changes in comparative advantage in 

production that occur over the product cycle will 

motivate the establishment of affiliates in other 

locations. This may be interpreted as an “offen- 
sive” direct investment decision. However, as the 

production process utilizing thi+ knowledge Stan- 

dardizes, the knowledge is more easily imitated or 

transferred to others. If innovating producers dre 
unable to exercise full control over their knowl- 

edge. t+e shift in comparative advantage abrctad 
will be exploited at least in part by unaffiliated 
producers in foreign locations. Any esMlishm~~nt 
of foreign affiliates that occur> under these k.ir- 

cumstnnces may be interpreted as arising frtln 
“defensive” as well 2s “offensive” reasons. 

C’hanges in demand and resource elidowments 

over time add additional dynamic complicarions 

to the picture by creating changes in a location’s 

comparative advantage in innovation. Increases in 
per capita income. market size. and the relative 

abundancy of skilled labor and research resources 

in other locations may result In a shift in t’ie 
comparative advantage in innov.ttion to these Fo- 

cations. 

Changes in demitnd md resource endowments 

over lime may also’ affect the patter,1 of cxporlh 

and foreign production. ’ Dem,md increases in 
locations with existing markets and emerges in tll,r 



lowest income loccGons as the income and market 

size of these locations grows. As a result of these 

dem.lnd changes exports from the innovating loca- 

tion initirdlv increase. Onlv after production in 

other locations emerges will exports hepin to fal!. 

first to locations where production begins and 

later to other locations. Changes in re.source en- 

dowments that result in a narrowing of differences 

in relative endowments between the innovating 

and foreign location, will cause a more rapid shift 

in the comparative advantage in production ;o 

foreign locations over the product cycle. 1 This 

quickens t’le transition from exports to foreign 

production in noninnovating locations. 

‘ihe product cycle theory described above pro- 
vides a quite general framework for explaining 

international trade and production patterns of 

manufactured goods. However. the overall validity 

of this framework has been questioned on the 

grounds that no one county is Lhe sole source of 
new products and that many industries 01 prod- 

ucts do not appear to display predictable cycles. 

Nonetheless, as demonstrated below. such ap- 

parent departures from the general patterns im- 

plied by the product cycle theory can be accounted 

for ihrough flexible interpretation of the theov 

irhell’. 

AS a country with relatively high per capita 

income. large market size. and relatively abundant 
research resources and skilled labor. the United 
States ha% traditionally been regarded as the pro- 

totypr: innovating locatiorr in apphcations ot the 
theory. It has been argued that in recent years the 

I niled States has lost its uniqueness as a lochtiolr 

of innovation to Japan and countries in i-.urope 
because of an international narrowiug of dif- 

ferences in factors which spur innovation (Vernon 

i5)). But while the product cycle theory originally 

’ While the Justification for thi:. btatemcnt may noI *eem 

immtAiat4y Ipparent it is hased cm the ;Irsumptlon that ihe 

q tirnum input mix changek smoo’hly over the produ.:t 

cycle. Co sider a world of two locrtions. one of which I:, the 

innnvwng localion. The wider the dilference In rel.&ve 

rerource endowments between the IWO Itwations. the longer 

it will take for camp tralivc advantage in production lo shil: 

away from the innovating location. This is so because it will 

lake IonFer for the optimum input mix lo evolve lo Ihe point 

where a production shift IO the second location is optimai. 

If the endowment di’ferences are narrower a production 

shift lo :he second location hecclmrts optimal al an e.,rlier 

period iI* the product cycle. 

served as P useful explanation for US export and 

foreign affiliate production behavior. only its sim- 

plici!y and not ils calidity depends ,>n the unique- 

ness of the United States ai a location of innova- 
ti:)n As long as only sprnt’ and no all countries 

are capskie of innovating new products the -rod- 

uct cycle theory remains l~tentially applicable. 

11 has also been argued t.irat since multinationai 
affiliates. particularly those of the United States, 

are now more widely spread through the world. 
this wider affiiiate network has contributed to a 

shortening in the length of time between the in- 

not-ation of new products and their subsequent 
production in foreign locations (Vernon [5]). In- 

deed. Vernon and Davidson [b] report that in a 

sample of products first produced by US-based 

multinational firms the proportion of such prod- 

ucts produced by foreign affiliates within one year 

and three years of introduction in the United 

States has generally been increasing over the past 

30 years. However. this evidence does noi Imply 

that nzw products do not go through a product 
cycle. hut only that the transition between phases 
of this cycle, such as the shift in comparative 

advantage in production to for :ign locations. may 
occur more rapidly. This more rapid transi:ion 
may occur RS a result of the narrowing in re<ourcr 

endowment differences between locations that ;I 
multinational firm network facilitates through a 

1r;nsfer of resourc’cI=s. 
Others contend that in many industries there is 

!ittl:: evidence of a tendency towarll stability ,mJ 

standardization of products and their associated 

production F recesses over time. For example. 

Walker [ 11 argues that there is little evidence that 
technology innovations ever standardize ever lime 

in capital eood+ industrie?. The limited tendency 

towards slandar ,r.;ltion in sor-e industries may be 

interpreted. ho zvcr. as imp:vl. 1 that some prod- 

ucts becduse UT different cc)rnF, ‘itive pressures. 
may have very trunc. .rted life cycles. It is, therefore. 

possible that in such cases the obsolescence rate of 

products may occur too rapidly. as new products 

supersede older ones. for tble comparative ad- 

vantage in Froducl on of noninnov3ting locations 

to emerge. 
The prodr;ct cycle theory thus provides a frame- 

work for explaining intercatianal variations from 

the general pattern. We now turn to examining the 
implications of the :heory in tie case of the lJnited 

States. 



3. US Comparative advantage in product innovation 

:n order to ascertain the extent to which the 

uniqueness of the United States as an inilovating 

locatio:n has been affected over the last 20 years it 
is ,Tecessary to examine data on location-specific 

cL,aclleristics which are conducive to the innova- 

tion of new products. Table i presents several 

rough measures of market size and product prefer- 

ence within various foreign regions. In the context 

of the product cycle theory these variables may be 

viewed as demand side factors that stimulate the 

innovation and production of new products. In 
order 10 more clearly draw a comparisn.I between 

the strength of these factors abroad 2nd in the 

United States, all figures in the table ari= exprcswd 

in ratio form relative to the corresponding US 

figures. It should be noteti that l’oreigrl currency 

figures were rendered into common currency i.nitt. 
by using current dollar exchange rates. This in- 

7ahlc I 

version probablv overstates international dif- 
ferences in relative factor prices between thl: 

United States and the rest 0:’ the world. Therefore. 

an upward bias in foreign income levels is possihl! 

introduced. ’ Neverlheless, the figures in table I 

are still instructive. 
Gross domestic product and domestic con- 

sumption expenditures may be interpreted as ap- 

proximate measures of market size. The figures 

reveal that between 1963 and 1978 all foreign 

regions grew in size relative to the United States 

The region consisting of industrial countries other 

than Canada and Europe - primarily Japan - has 

grown proportionately ?he most. The gross domes.. 

tic product there was 14 percent the size of that 01’ 

the United States in 1960 and 54 percent in 1978 

’ Sue Kravis. Kenebsey. 1 ‘eblon. and Summers IX] and Krabk. 

Heston. und Summrrb [9] for aiternrtiv: means of making 
intcrnationd comparisons of gross prodwt expenditures. 
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Sharp :ncreases may he observed for the o!her 
regions as well. With the exception of Europe. 
however. foreign regional markets are still 
mtrkedly smaller than that of the United States; 
in 1978 all were generally half or less rn size. Only 
the European market now exceeds that of the 
United States in size. though only shghtly. 

Per capita gross domestic product and con- 
sumption expenditures may be interpreted as mea- 
sures of product preference since higher per capita 
spending should be associated with a relative pref- 
erence for sophisticated products. Table 1 indi- 
cates that between 1960 and 1978 foreign per 
capita spending in all regions grew in relation to 

ihat of the United States. Except for Canada. 

however, these figures were still significantly less 

ahan for the Umted States in 1978. While Canada’s 
per capita gross domestic product was 90 pprcent 
that ot’ the United States, for all other regions it 
was no greater than 74 percent. 

‘t’able 2 reports various research resource char- 
acteristics of the United States: France. West 
Germany. and the United Kingdom grouped to- 
gether; Japan: and Canada. In the context of the 
product cycle theory these *lariahlcs may be viewed 
as supply side factors that contribute to the in- 
novation and production of new products. 

Table 2 shows that for 1965 US per capita 
employment of scientists and engineers and total 
expenditures on research and development (R&D) 

No. of wientibts and engincvrs in R&D 

(Itlnusiltldsl 
Scientir .y RII~ engincerb engaged in R&D per 

10.000 I: ,nr bwce population 

R&D expenditure (billions of US $) 

R&D expenditure as a percentage of GNP 
--- 

’ Figures for United Kingdom from 1975. 

’ Figures for Germa y from 1962. 

Sourw See appendih. 

were more than twice as much as any of ils mqor 
rivals in innovation. Between 1965 and 137, the 
differential between the United States and the 
other countries dLcreased. particularly with respect 
to Japan. in 1977 the United Srxtes employed 57.4 
scientists and engineers for every 10,ooO peonle; 
Japan 49.9. While in absolute terms total JS 
R&D expenditures till dwtirf those of the other 
coumries, the differenriai in R&D expend tures as 
a percentage of gross national product has also 
narrowed. In 1961 the United States spent 2.7 
percent of GN p .ln R& D, s bove the level of 1.7 

percent for France, Germany, and the United 
Kingdom combined, snd 1.4 percent for Japan. In 
1977 the US figure had fallen to 2.3 percent. and 
the figures f,>r the other two areas had risen to 2.1 
and 1.9 prrceut. respectively. 

There; arc a number of reason< that may ;~ccou~.t 
for the narrowing differential ia R&D activity 
between the United States and the foreign coun- 
tries mentioned above. First. the continuing post- 
war recovery of the latter countries during the 
i960s and early 1970s has en.lbled them to in- 
crease significantly their expenditures for R&D. 
Second. US R&D activity leveled off in the latter 
part of this period as rhe result of cutbacks in 

defense and space-research programs which were 
nclt offset by increnses in industry-financed re- 
search. In 1965 US governruznt sponsored re- 
search for defense and space exploration accounted 

i‘haracteristies of R&D activity m the United States and selected foreign wuntries 
_____. ~- - - -._- --_ ._-_ --- .--- .____-_ _ - - 

’ inited States France. Japan C’;rnad;r 
--- W’c’bl <irrmar \ ___._ _._ .___. _ __.--_- 

I965 I977 and I ‘WI IV77 1965 197.1 

ilnited Kmgd~>m 
-__-- _- . 

I965 1476 .’ 

--.. .--- 



for over 50 percent of total US R&D expendi- 
tures. By 1976 this figure had fallen to 32 percent. ’ 

A third factor accounting for the narrowing of the 
technology gap has been the increased transfer 

abroad of advanced technology through foreign 
investment and licensing by US firms. ’ It has 

been estimated that in the early 1970s about one- 

half of the cornpan:-financed R&D performed in 

Canada and about one-seventh of that in Germany 

and the United Kingdom was done by US-owned 

firms. ’ 
The shove examination of particular demand 

and supy,ly factors that slimulate innovation indi- 
cates that for any given factor the US advantage 

appe;hrs to ho diminishing. Europt.an m.u-kcl siLe 

slightlv excreds that c,f the linited Stn~rc. Certain 

ccwntries. such as Canada. have cc~ml ~~~rahle peg 

capita incomes. Japanese research inte kveness is 

approaching that of the United Sta:es Ne\errhe- 

less. the United States is still the leadlng country 
in its combination of advantage in all s Jch factor% 

ILloreover. it should be noted that lvhile other 

countries may t+e making inore current orkkrr~ru to 
their stocks of :scientific and technical knowledge. 

the United States still possesses a much larger 
accumulated .vrock of knowledge. l‘he latter may 

constitute a rhore important indicator of techno- 
logical capabilities. So while other regions appear 

increasingly more capable of innovating, the 
Lynited States still appearl; qualitatively dwklant 

in this activity. 

4. US research effort and export and fureip af- 

filiate production performance of nmufacturing 
industries 

This xrction tx,mincs the role of research ef- 

iort. prr;xied bq R&D expsnditures. a< iI measure 
)f the wmparatlve ability of’ diCCerent industries to 

tnnovate and market. new products in wdcr to 

zsplain wws-industry wd ww-rcgiw pcltterns Pl 

7 See [ IO. tables l-5 and 2-21. 
’ II ih wmewhat paradoxrcal that while at tae time of the 

Vietnam war. overall US mihtary axpendi:ures increased 
svgmficantly. expenditures for militarv res.:arch were\ re- 

duced. kcreaseh in the LS military budget ilr the late 1970~ 
indicate ;I partial rcver\al in pric,ri:i:*s f<)r tht, use of defenbe 

funds in the direction of more rusearch. 

’ Conference Board [I 1). 

US export and foreign affiliate performance in 

1966 and 1976. I” In addition. attention is given to 

the role of regional income variables in explaining 

the observed patterns. Much of this analysis paral- 

lels an earlier tabular study by Gruber. Mehta. 

and Vernon [ 1 I] based on data for 1962. ” The 

analysis here also presents industry-region multi- 

ple regression results. 

Table 3 illustrates the link between research 

effort and export and foreign affiliate sales per- 

formance of US manufactures in 1966 and 

1976. “*” lt shows that in both years the four 

industries with the greatest research efforr. as meJ- 

sured hy R&D expendlrurcs as a percentage ‘of 

I.? 

II 

.4 rarietv of meahuro <)I lhe xtnlpa~.~l~vc ahdit\ of n- 

dwtrieh to innovate and market new product* have lwcn 

employed in studies similar IQ this. I‘he rno-t tomm.m 

measure, usrti here, has been the ievel of research &fort as 

prnxied hy research and drvelopment expenditures 1121. 

Other proxies for research effort include the number of 

employed scientists and technical personnel and the ratio of 

skilled labor to total labor (13). Hufbauer 1141 haa used the 

dqrce of product differentiation. proxirul bv the variance in 

product prices. ah a measure of ability to marlet new 

products. Finger IIS] Contends that the rate of new product 

turnover is mnrti consistent with what the produst cycle 

theory Implies is important for marketins capability. tie 

IIWS it proxy based on year-to-!ear change% in ‘I&it items 

lirtrd in I% export stihedules. 

Since this study makes extensive rise of foreign affiliate sales 

data which are available on a limited disa&regatcd ha+. 

the data reported here are generally classified into only nmr 

manufacturing categories. In the study by Gruber. Mehta, 

and Vernon [ 121 data for ninetLvn manufacturing c.rtegories 

here repnrtezi. Of these nineteen categories. five uere clas- 

sified as displaymg relatively greater research effort. Four of 

these five categories - transportation. electrical machinery. 

chemicals. and non-electrical machine&y - match up aith 

what are classified in this study as research-oriented in- 

dustries. The fifth category. instruments. IS here c*mtained 

III ‘other manufacturing.’ Th.r tends 10 hlur slightly the 

otherwise sharp differences hctwcen research-oricntvd in- 

dustries and the other industrie-. Of the remaining fourteen 

categories in the Gruber. Mchtu. and Vernon SW&. only 

rubber. food. paper, and metals (primary and Idhrici~ICd 

together) are hroken out here separately. The rest are Lcm- 

tainrd in other manufacturing. with the exceptIon .\I’ pe!ro- 

leum and coal manufactures. which are excluded here &o- 

getber. 

These figures are also affect& by differences moss in- 

dustries in transportation, tarif%. and factor costs. 
Foreign affiliate sales figures include local sales. seies to the 
United States. and sales to third countries. Exc:us~or. of 

hales to the United States doe:. not significantly a’fect anv 

or the reported conclusions. except as indicated bel.bw in the 

case of Canada. 
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‘I-iIahlc 3 

Research ep’ort and export and foreign affiliate sales performance by L!S m;muCacruriap induqrh. lghr, and 1976 
-- --- --- 

lnduq name a Total RID expenditures Exporls as percmtqe For+ .rfCili;tlr hdeb t<k;wrl\ and forclgn 
as percentage 0C sales of sales of domtik ;I$ prrccntage of S.&S ~fcAllc: hdk\ rib 
of domestic firms firms of domestic firms pWMlla~c Of Sakz 

ol domc~uc f -m\ 
- -----_- 

1966 197hh 1966 1976 1966 I976 II)66 1976 
-- ---_ -_- ___ - 

Transportation 9.6 ‘.I 4.7 14.9 15.6 39.5 >,I .? 54.4 
Electrical machinerv 8.9 R6 4.f 14.3 I0.R 2x 7 Ii4 4? I) 
Chemicals 3.4 2.9 6.5 I I.9 IX.2 4n I ‘4.7 53 h 
Machinery. 

non-eleclric 2.6 2.n I I.8 22.2 14.0 25.7 2%. I i? '4 

RI hber 1.4 I .o 1.4 I.R I5 1 20 R ;’ 5, ,’ h 
<Ither mam tacluriqg 0.6 0.7 I.6 3.4 ‘I 0 10 II E4 I1.l 
Paper 0.6 0.6 21 ?.U u \ :4 : II d ‘W I 
Metals 0.S 0.5 2.: I.0 4’1 utl ‘1 I,‘ 1 
Food 0.2 (1.2 0.’ (L w 7 I II x -‘r I 2 I% 
All nine m. u~lfws 2.9 2.3 3.r* 7.5 ‘I 1 :tr 4 23 ,“J 4 
Four indus ries with 5 

highest n-search 
effort 6.6 5.2 6.7 I5.8 14.7 3x 7 ?I i\ c4 5 

Five nther :nduswies 0.5 0.5 1.S 2.5 57 II 9 73 I4d 
-- _.~_~__ ___~. - 

a Indusrries arranged in descending order of research efCorl in 1%. defmed hv R&D expcn.lmwe .I\ 1 pcrw:n~.~pc III 1tl1.11 aIc* 411 
domestic firms. 

h R&D and sales figures for 1975. 
Surrrcr: !ke appendix. 

total sales by US domestic firms, displayed the 

best export and foreign affiliate sales performance 
in relation to sales of domestic firms. In 1966 these 

four industries - transportation, kctrical machin- 
ery. chemicals. and non-electric machinery - spent 

the equivalent of 6.6 percent of their sales on 
R&D compared to 0.5 percent for thr remaining 

industries. They exported 6.7 percent of their sales 

compared to I.5 percent for the remaining in- 

dustries and sold through Lreign al’filiates the 

equivalent of 14.7 percent of sales compared lo 5.7 

percent. I4 
lieflec~ing the increasing openness of the US 

cconom! over time, total US !nanufacturing ex- 

ports and foreign affiliate salfzs roughly doubled 

between 1966 and 1976. As a group the four 
rw:arch.intensrve industrie.9 more th+tn doubled 

their export and foreign affiliate sales percentages 

I4 It should be noted thal addition of exporlr wd I wgn 

affiliate sales may overstate Ihr exlent of US I’nreiyn market 

Frnetra.ion IO the degree th;t US exports MZ~C a> inlrr- 
rwdialc inputs for foreign aff hate produclwn. TIM htab III 
I he dar L c;nnot be eliminated. 

over this period and imrrovcd lhcrr ckport and 

foreign sales perl’ormance in relation IO the five 

other manufacturing industries. In 1976 they cx- 
ported 15.8 percent of their Aes ccmq~~rcd 10 2.5 

percent for the remaining industries arid sold 
through foreign .jffiliates the equivalent of 28.7 
percent of .+ales compared to I 1.9 pcrcenl. 

The figures in table 3 are scrmewhdt arhitraril> 

influenced by the way in which industries are 

categorized. r,tblr 4 gives a better indication CIC 

the proport; ,atc role of the reported industry 
categories i o\erJll manuf rctures for 1966 aid 

1976. T&k 4 re*,.cal\ that m 1966 the four in- 

dusWies clas~if~cil abo~ as rc~c;lr~h-oricnlcrl 

accounted for X9.4 percent o’ tot11 R&D cxpcndl- 

lurch and 79.7 percent of car Ipany-financed Ii& II 
oxpendltures in US manufacturing. I hey accounted 

for 73.4 percent of total ikanufacluring exporls 
and 65.5 percent of foreign affiliat: sales, but ont:d 

39.1 percent of the total s&s by domestic L:S 
firms. In 1976 they were rebponsihle for an cvcn 

slightIF greater proportron of tot;11 exports and 

affiliate sales - 79.0 and 66.1 percent. rLspzctiiel i 
- while accounting for ipnl) 37.5 percent of total 
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Table 4 
Distribution of rebearch effort and sales of dorr.esIic firms, exports. and foreign affiliates among, US rn~n~~ricturing industries. 1’466 
;.md 1976 

-~ --- ,,___~__.-__-_1_---~- 

Industry Percentage distribution 

name ’ - 

Total R&D Company Domestic firm Export sales Foreign 

expenditures financed R&D sales affiliate sales 

expenditures 
-- ---- - 

I966 1976 1966 I970 L 1966 1976 I 366 1976 IY66 I976 
- _- - 

Transporialion 4h.X 36.X 26.7 23.4 14.0 II.7 IX.5 23.4 23.5 21.0 
Electrical machinery 24.7 25.1 21.1 21.9 8.0 6.6 10.3 12.7 9.3 8.7 
Chemicals 9.6 13.0 IX.1 17.5 8.0 9.3 14.6 13.6 15.7 20.3 

Machinery. 
non-electrical x.3 12.1 13.x 16.6 9.1 9.9 30.0 29.3 13.7 lb.1 

Rubber I.1 I.3 2.2 I.9 2.3 2.H I.0 0.7 3.x 2.7 
Other manufacturing 49 7.0 X.6 9.9 23.3 22.3 IO.3 10.1) 9.x 10.2 
Paper 0.x 1.1 I 1.7 I.8 4.0 4.3 2.4 2.2 4.0 4.7 
hlelals 2.6 3.1 5.4 4.7 15.7 15.4 9.7 6.3 8.2 II.8 
Food I.1 !.5 2.4 2.3 15.6 17.7 3.1 I.8 II.9 ‘4.6 
All nine industries h IOtl.0 1tro.o 100.0 100.0 100.0 100.0 100.0 loo.0 lOO.0 lOO.0 

Four Industries with 

highest research 
efforl x9.4 86.0 79.7 79.4 39.1 37.5 73.4 79.0 62.2 66. I 

Five other industries 10.6 14.0 20.3 2O.h 60.9 62.5 26.6 21.0 34.5 33.9 
-__ .-- 

;’ Industries arranged in descending orler of research effort 111 1966. defined hy total R&D expendrImes as a percentage of rotal sales 

of domestic firms. 
’ Totals may not add to 100.0 due to rounding error. 

’ Figures for 1975. 

.%ww: See appendix. 

sales by domestic firms. Table 4 thus confirms the 
impression created by table 3 that research-ori- 

industries serve as the major producers of 
anufacturmg exports and foreign affiliate 

the product cycle theory suggests. This 

accords vith Gruber, Mehta and Vernon‘s find- 
ings for 1962 as well. 

Table 5 disaggregates export and for*Bign af-, 
filiate sales figures by region as well as by Ae foul 
industries with most research effort and the other 

Table b 

F<k:n affiliate sales and exports by region rmd research efftirt ” 

1 

of US manufacturing industry, I966 rnd 1976 
-- _-- ----.~-~_ 

Regio 1 

! 

L‘S foreign affiliate !iales (billions of dollars) US export b&s 
_-- -_-- .- -~- ----_ 

All nine Four industries Five other All nine 
I industries with highest induotries I nd .rsIries 
/ research effort 

--_____ -- --__I W-P_--- 

1966 1976 1966 1976 1966 1976 1966 IV76 

All regions 47.4 :12.w 29.5 140.5 17.9 72.3 IX.2 72.5 
Eurlspe 21.7 112.2 14.7 76.8 7.0 35.4 5’ 18.7 
Canada 14.9 49.3 8.5 30.0 6.4 19.3 5:; 19.0 
Other industrial 3.9 18.4 2.8 13.1 I.1 5.3 I.7 6.P 
Latin America 5.9 26.3 3.0 16.0 2.8 IO.3 3.6 12.x 
Other developing I.0 6.6 0.4 4.7 0.6 I.9 2.7 15.1 
-.~ --I__ -. --- ---.. 

” Research effort of industries defined hy to101 R&D expenditure as a penuntlrpc of IOIUI sales of domestic firms II-I 1966. 

Sourw: See appendix. Data disaggregated individually hy industry uw rvailahle from rha author upon re+ar. 
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five industries. for the years 1966 anct 1976. re- 
spectively. It shows that for both years the pa tern 
observed above between exports and foreig af- 
filiate sales of research-intensive and 

J 

on- 
research-intensive industries holds across r ons 
as well. For any given rttgion, exports add foreign 
affiliate sales of research-intensive industries ex- 
ceed those of the remaining industries. If these 
figures had been expressed relative to sales of 
domestic firms the differences would appear even 
greater .eince, as noted earlier. safes of domestic 
firms in research-oriented industries are smaller 
than those of other industries. In 1966 the sales of 
domestic firms in research-oriented industries and 
in other industries were $199.8 billion and $311.7 
billion. respectively. In 1976 the corresponding 
figures were $363.1 billion and !§606.6 billion. 

Upon further inspection of the figures in table 5 
a particular cross-region pattern emerges as well. 
Recalling the per capita and total income figures 
reported in table 1, the categorization of Europe. 
Canada, and ‘other industrial countries* as devel- 
oped regions and Latin America and ‘other devel- 
oping countries’ as developing regions is apparent. 
Frcm calculations based on the figures in table 5 it 
is possible to discern that in 1966 the ratio of 
affiliate sales of products in research-oriented 
industries to products in the remaining industries 
for the three developed regions together. 1.80, is 
greater than that for the two developing regions. 
1 .O I. A similar, though less strong. relationship 
exists for exports as well, 2.88 to 2.61. respectively. 
This pattern accords vith the implication of the 

product cycle that sophisticated, technological 
products should be realtively more marketable in 

comparison to less sophisticaced products in re- 
gions with large market size and high per capita 
income. This pattern holds up for foreign affiliate 
sales in 1976 as well. The ratio of affiliate sales of 
products in research-oriented industries to prod- 
ucts in the remaining industries for the developed’ 
regions was then 2.00, compared to 1.69 for the 
developing regions. The pattern does not hold up 
for exports in 1:‘76. For that year the export ratio 
for the developed regions was 3.35 and for the 
developing regions. 4.59. The figure for developing 
regions is somewhat brased upwards because of 
unusually large aircraft sales in the transportation 
category that occurred in that year. However. even 
if this bias is removed, it does not reverse the 
relationship. Possibly this may be accounted for 
by increased shipments of manufactured compo- 
nents and equipment to affiliates in developing 
countries for use in the production of products 
subsequently marketed in more developed regions. 

Table 5 also presents ratios of exports to af- 
filiate sales across industries and regions for the 
years 1466 and 1976. In both years for any given 
industry. exports in relation to affiliate sales are 
lower for the developed regions than for the devtl- 
oping regions. The research-intensive industries 
exhibit this pattern to a somewhat more marked 
degree. Thus it appears that the composition of 
-roducts marketed abroad by the United States 
n.. be such that developed countries have a com- 
parative advantage in production compared to de- 

!- -- 

(hill Ions of dollars) Ratio of US’expor~s to foreign affiliate r.lles 
- __-P-_.-~-- 

Four industries FM other All nine Four industries Five other 

witt highest Industries Industries with highesl Induatrles 

resexch effort research elfa vt 
- - -- _- .- _---. --- 

1966 1976 lJe6 1976 I966 1976 1966 1970 1966 1976 

---- 

_- -- -- -. .-.-- 

134 57.3 4R IS.2 (b.39 t-J.34 0.45 11.41 I) 27 0.21 

3.7 14.0 I.5 4.6 11.24 0.17 0.25 0.18 02’ 0.13 

3.8 15.0 I2 4.0 0.34 0.38 0.44 0.5b 0 I9 0.22 

I’ ._ 5.3 0.4 1.6 0.43 0.37 0.43 0.0(1 0 33 0.2R 
2.6 IO.1 IO 2.7 0.61 0.49 0.87 0.6r; 034 Cf.26 

I.F 12.8 0.8 2.3 2.66 2.29 4.7c3 2.i& I 29 ! 21 
_-- -~ 



Ir \I ,,uld ,114~~ h: Il~~lL’J l!I.l[ hClHCCl1 I%,h ;Illd 

lY70 IIIC r.llio elf c\porl\ 111 !tvc~gil ~ffIllalc pro- 

dwtlorr generally fell for iill regions and induslries, 

\\ith the broad exception of C‘ilt\ada \c here imports 

from t!ne United SlillcS are strongI\ dlfCClied by 

multin;_ttional intrafirm triin.sircti0n~. l’hls trend 

ma>’ indicate th211 tht! cOnlpill~illivc ad\aQla@ tn 

production of new products has shiftctl alwoad at 

;I f;nster rate or that the greater a\aila’>ilit) of 

production knov;ledge I0 UlXlCfiliated firms hits 

promplcd greater foreign affiliate expansion for 

defensive reasons. The falloff c>f US erports rela- 

tive to fore;@ affiliate production does not neces- 

bxrily impI:, that US ability to penetrate foreign 

markets through new product innovatil>n has been 

declining. The product cycle theory implies that a 

country’s comparative advantage in innovation 
manifests itself through both exports anti foreign 
affiliate production. The observation that US ex- 
ports are fa!ling in relation to foreign affiliate 

production may simply rcfb the quickening tran- 
siticm from exports to foreign production. This 

acc( rds with the contention discussed exlier that 

a narrowing of relative factor endowments be- 

tween countries and wider affiliate networks may 

ha\.r contributed to a shortening in the length of 
time between the innovation of new pwdu~ts in 

the United Statlzs and suhscquent productian in 
foreign w=ations. More particularly. as the cx- 

Ireme relative capital and skilled labor abunda,ice 

t-f the 1Jnited States has eroded. it has become !iess 

important to maintain produciion of newly in- 

r-owed products in the United Slates at the earlier 

stages of their development. Is The growth of US 

foreign affiliates abroad as well as the spread of 

technical knowledge to unaffiliated firm!; may have 

further facilitated the trend of increasing foreign 

production relative to exports. I6 

It is interesting to compare c’ianges in US 

exports and foreign production to averall foreign 

market growth. While total sales fram all sources 

would constitute the ideal measure of foreign 

market size, such data is uno+-:amMe on a con- 

sistent basis across all regions. .4j a crude ap- 

proximatic..l. regional income is ust!d instead. Ta- 

See Bowen [ 161 for empirical measuremc nl of the char&t3 

resource structure of rhe L’nited Slates .md various fcr-eign 

countries. He finds that the US world share of ph!.sical 

:apital fell from 42 percent in 1963 IO 13 percent in 975. 

The US share of skilled labor fell correspondingly from 29 

to 26 percent. 

Protectionist harriers may also have plr! rd a role in ir:duc- 

ing increases in US foreign affilsate p-oduction ahroad. 

However. over the per& 1965 to 1Y76 .lriff harriers ‘aced 

hy US exports in developed counrries f:ll. Non-tariff har- 

riers which are more difflcuh to measure. may have heen 

increasing. It should he noted Ihat an e rlier study [ 17) of 

effects of formation of the European Ecc comic Commmity 

could find no efftxzts of tariff harrizrc int uencmg US I irecl 

investment within the .~re.~. 

Table h 

I-or@ &Aate salei ,md cxpnrl!, relative IO regitln;.l income h> region ;md research effort ’ of 1’3 m;u~ufac~urmp Indu! try. IY6b and 

1976 
_~___.__ ____ -__-___-_ ~---- __-_-.- _-__ --_----_ 

K~p”‘” R&o of US foreign affcl~;r~r XI cs to rrglonal Income Kalio of 1 S e%.pI)rl a.dr* 10 
___-__-_- . ..-_ --__._ -- ._-- _----__-_ 

All IlIne I;o,lr ~riduhtrich Fibs other .AII nine 
industries wil ti I:qhc~l Induhlrirb mdu~lris~ 

rc’s>iirih eff(~rt 
------ ----- -- -- -. -._...-- .-- ___. __-._______. __, _ _-___ -_- - 

I%% 1976 I %h IU7r\ I ‘Ml ‘II-$ I wl IUiE 
.- ___._ -___ .--.-..-_ ____ --.- - --.--_ _. -._ ___ .__..__. __ _._ __ __ __----- _.- 
911 rqicw* 0.054 O.Oh7 0 034 !)A)44 NO20 rM!3 0 02 I 0.02 1 
turr)pe 0.043 O.l)bq 0.02u U.048 0014 0.022 0010 WI? 
Canada 0.254 0.250 0. I46 0.152 0. IO9 0.098 0 086 0.096 
Other mdu.trial 0.027 0.026 0.0 I9 O.OlR 0.007 0.007 (1011 0.010 
hvn AlllerIca 0.063 0.076 0.033 0.046 0.030 0.030 0.039 0.037 
Other devd )pq 0.013 0.022 0.00 0.0 I5 0.ou8 0.006 0.035 0.3.‘0 
__-.-__ --.-_ - - -__ .---~ - - 

” Research effort of klustrws defined hy total K&D cxpcnditure as a percentage of total ,ale. of \lomestIc firm:. in 1966 

.%ww: See aPPendk. lhta disaggrepated in&iduJl~ hv industry are avi~ilnhl~ I‘rc,ln Ihe ;,uth,lr ~,p~,ll requI:st. 



hle 6 presents figures on the ratios of US exports 

and fore gn affiliate production to regional income 

for 1966 and 1976. Several broad conclusions may 

he drawn from this data. First of all. both US 
exports and foreign affiliate sales to all regions 
aggregated together rose faster over the period 
than foreign income. However, a more enlight- 
ening pattern emerges when the data is categorized 
by industry research effort. With the exception of 
foreign affiliate sale: in Europe, US expcsrts and 
foreign affiliate sales in the less research-intensive 
industries have either remained flat or have fallen 
in relatton to foreign income. With the exception 

of the ‘other industrial countries’ region, US ex- 
ports and foreign affiliates sales in the mast rc- 
search-intensive industries have all risen in rela- 
tion to foreign income. ” Thus US ability io 

penetrate foreign markets appears to have kept 
pace with foreign market size only in research-in- 
tensive industries. This pattern holds for develop- 

ing regions as well a> for developed regions. As the 
market in developing countries has grown their 
demand for research-intensive products has grown 
as well. 

The interpretation of the product cycle theory 
and the tabular analysis above have both sug- 
gesred me existence of a positive relation between 

” The clvergenl pattern of the ‘other cnd\lslrial counrrie,’ 

region probably arises from an upward bias in the dollirr 

value cf Japanese inccwle due to the sharp apprectation elf 

the yer in the mid-195 Is. 

IJS fcjreign market penetration. through either L S 
exp<Ms or foreign affiliate production. and in- 

dustry R&D ( RD). regional market incomc, ( I’ ). 
and regional per capita income (PI’). In These 
hypotheses were further tested by estimating joint 

industry and region cross-section regression?; of 
the sum of total US exports and affiliate produc- 

lion on these variable for the years 1966 and 1974. 
The estimated coefficients may be regarded as 

average measures of the effects of the independent 
variables on US foreign market penetration across 
different industries and regions. 

The results of these regressions are reported in 
table 7. All variables were found to conform with 

expected positive signs. PY and _RD were signifi- 

cant throughout at the 0.01 Izvel. Y was significant 

at the 0.05 level for both >ears. In order to de- 
termine whether there was any ciange in the 

cross-section regression coefficients over time, the 

data for the two years 1966 and 1976 were pooled 

and the equation was estimated with the inclusion 
of dummy interaction terms. The null hypothesis 
that there was no change in the ctefficient hz- 

tueen 1966 and 1976 was accepted for Y and P t’. 
but was rejected for RI) at the OA 1 level. The 
coefficient for RD was slightly more positive In 

1976 as compared to 966. This suggests that 

‘* In order I(> ~~pturc IIX rcl;l# on Irf produr.l tc;hnolti~p~ to 11~~ 

accumulated SIOC~. rather 0.an the flow. of tcchmcal kno1.v - 

edge. the Rll variable aas caltulated h! summing up Ihe 

previous Cite years annual K&C expendllurrs. 

--_ --- .--. .- - - -.. ___ _- ._____.. 

rqwnul cncome Ralio 0i liS srporl* MNI fotei~n nffil1;1 ; 53 ch IO rq:lontil inc’omc 
--- -- --. -_- -- _.__ _ _._ .--_-- 

hour indt slrier FM other All runt Ftlur Intlu*lrle* I:I\ : olhcr 

wi .h highch! InduWie. Indu*lrlcc \rl!h Ilig;,cr~ Indd\trirS 

rcsuarch tffort rebsarch .*ff~rrt 
----.--._- ___~__ -_-.--_-. ___.____._. _-. _ .- .--- -- ---- 

19% I976 I966 I V6 IQ66 1976 1966 IY’h IYf h I Wh 
_.___.P--.-__----- --. 

O(Il5 ~.OlX o.OM 0.00~ 0 074 O.WO 0.049 (I.1 f>? O.O,h 0.1):.X 

O.W7 0.009 0.003 0.003 0.053 o.on I 0.036 W&h 0.t 1’7 0.025 

0.065 0.076 0.02 I 0.020 0 141 0.347 0.211 O..!‘X 0.131) 0. I IX 

O.OfJY 0.007 0.002 0.002 0.03x 0.025 O.OZh 0. KXl 0.1 I 1 OS’I 0 

0.02u 0.029 0.010 o.oon 0.102 0.1 I2 0.061 0. )J6 (J.lkll 0.037 

0.025 0.042 0.010 0.00x 0.04H 0.0?2 0.030 0. )>X O.Olh 0.0 I4 

--_ -. ___-_----- ______ .--. - - _.__ _ ._.__---- 
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Table 7 

Region-industry cross-section rcgrrsslons on US total fnrergn market penetration. 1966 and 1976 
_______-__- -_ _----- 

Xear c Y FY RD R2 RSE 

1%6 - 0.265 0.003I 0.636 0.056 0.57 0.627 

(1.07) (2.51)’ (6.02)** (4.10)** 

1976 - 1.257 0.0042 0.618 0.213 0.45 0.752 

(0.929) (2.09)+ (3.67)** (4.31)** 
_----- 

Regressions corrected for heteroscedasticity by scaling variables by linear functions of Y estimated from residuals of unscaled 

regressions. Two-tailed levels of significance are indicated as l(O.O.5) and **(O.Ol), with r-statistics reported in parentheses. RZ is rhe 

*madjusted coefficient of determination for scaled regression equations. RSE is the standard error of each scaled regression relative to 

the mean of its dependent variable. 

R&D expenditures have been having mxe of an 
impact on US foreign market penetration over the 
course of the period. I9 Possibly more rapidly di- 
minishing US relative advantage in other endow- 
ments, such as physical capital. have encouraged 
this increasing R&D intensity of IJS overseas 
sales. 

Identically specified regression equations were 
estimated for foreign affiliate production and ex- 
ports separately. The results, which al-e not shown 
here. indicate that for foreign affiliate pn.lduction 
all variables had the expected signs. The I=l.>effi- 
cirnts on aH variables, including the const;rr,t term. 
w-rre statistically significant at the 0.05 kc! for 
1966 and slightly below 0.05 for 197tx There was 
evidence that the coefficients on Y. PY. and RD 

were significantly more positive in 1976 than in 
1966. This suggests that foreign affiliate sales have 
become more sensitive to these variables over time. 
For exports the resu!ts were much less satisfactory. 
f’ nx. found to bc ir:significant in all cases. P Y 
had the correct sign and wa: signifkant at the 0.10 
level Ibr 1966. but was no1 significant r’or 1976. 
IMy Rfl was fount! to have the correct sign and 
be significant for both years. There was also evi- 
dence that the coefficient on RD was man: positive 
in 19’76 than in ‘1966. In some sense the greater 
Instability over time of the coefficients of the 
regional variables. Y and PY, in these separate 
regressions points indirectly to the trade-off be- 
tween exports and foreign affiliate production as 
means of penetrating foreign markets. While it 

xould have been desirable to include measures of 

” A ~G-nilar result was found in a study by Stern and Maskus 

[let. 

il 

trade barriers as explanatory variables. this did 
not prove pos+le given dif&Aies in obtaining 
such measures for the aggregated industry and 
regional categories used for two dates in time. 

5. Conclusions 

Research effort still plays .I great role in ex- 
plaining the pattern of export and foreign affiliate 
production performance of the United States 
across industries and regions. Notwithstanding the 
narrowing of differences in relative research capa- 
hilit) between the United States and the rest of the 
world. the 1JS industries which are research-inten- 
sive perform best in foreign markets. The relative 
performance of these industries is greater in those 
regions with large markat size and high per capita 
income. In addition, it is observed that over the 
period between 1966 and 1976 the ratio of US 
exports tt> foreign affiliate sales has generally fal- 
len for LII industries and foreign markets. This 
possibly reflects a quickening in the transition 
from exporting of nt w products to their foreign 
production. 

These observations accord with a broad inter- 
pretiltion of the product cycle theory. While the 
United States has lost its uniqueness as a location 
of irmovalion. the abihty to develop and market 
new products through R&D expenditures is still a 
strong force behind its exports and sales abroad. 
The dwrease in export,< relative to foreign affiliate 
sales may reflect a snore rapid shift in comparative 
advantage in the proCuction of such products to 
foreign locations. Hence the positive effect on US 
exports of the development of any given neH 
product may be becoming more short-lived. 



Appendix 

This appendix describes the sources and trans- 

formations of data used in text tables. 
Annual data on gross national product and 

consumption expenditures in national currency 
units, average exc!tmnge rates expressed in dollars 

per unit of national currency, and population fig- 

ures for individual countries listed in tablc 8 were 
taken from tne IMF International Financial Statis- 
tics tape for April ‘981. National currency figures 
converted into dollar terms and population figures 

were then summed over countries in each regional 

ca legory. 

of GNP - were taken from NSF‘ Science In&u- 

tom. 1978. tables I-1 and l-3. pp. 140-141. 143 
[IO]. Where necessary, national currenq figures 

were converted into dollar units by ,lverage annual 

dollar exchange rates. Annual industry level total 

R&D expenditures for 1966 were taken from NSF 

R&D in indumy. 1971. 73- 305, table B-3, p. 28 

[ 191: and for 1975 from NSF R& D in Indusry, 

1976, 78-314. table B-3. p. 30 [i9]. Company-fi- 
nanced R&D expenditures for 1966 were taken 

from [ 19) 73-305, table H-1 1, p. 36: and for 1975 

from [I91 78-334. table B-9, p. 36. Industry cate- 
gories referred IO in the text were defined accord- 

ing to the SIC schedule described in table 9. 
National R&D activity measures -- number of Annual total sales of domestic firms by m- 

scier.tists and engineers in R&D. scientists and dus~q were measured by value of shipmen& data. 
engineers engaged in R&D per capita. Rt D ex- Figures for 1966 were obtamed from US Bureau ol’ 
penditure, and R&D expenditure as a percentage the Census, Annual Swwy of Manufactures, 1971, 

Count&5 conta.aed in r*onal measures of gross domestic producl. con\umptinn expenditure and pvpul.iIlon 

Region 
--- 

Canad; 
---- 

--. _~___~------ ---- 

Eurc pe Other industrial Latin Amrrtc.8 t I! h,:r do cltqtlng 
---pep--p - - .--_ -. __- _.. -._--..- .- 

(‘anad; German> 

Id\ 

France 

United Kmpdem 

Sweden 

Spain 

Netherlands 

Belg8um 

tiree:e 

Turkey 
_----- 

JapAlll 

Nes Zealand 

r\U~lKlll~~ 

Sm11~ Africa 

----- - -.._ _---.- - -.-- _.--_-___.-- __~._..._ 

Tohle 9 
Concordance between C ommercc Deparlmcnt manufacturing categcml*x and SIT<’ .urd SIL \cheuulr~ 
----- --- ----_ . -- -___-. --__- .- _____ ._-.. ___. - 

SITC SIC‘ 
__ _ -___- -_-- - --- ,__ .__ _ _ __ _ ._-_--._-. _ - a___-____ - - - -- - .--......--------- -- 

Food Producls 013. 023. 024. 03:. 046. 047. 04x. 0: 3. 055. 061. 20 
fW2.09l.OQ9. Ill. II? 

Paper products 64 26 

Chemicals 5 2H 

Rubber 62 30 

Primary and labricated 

melals 67. 68. b9 !I 34 

Non-electrical rnechmery 71 35 

k’cctric al machmerb 72 36 
Transp.xtalion 73 37 
Other manufacturing 61. 63. 65. 66. 8. 122 21 . A... ” .._. ‘3 21. 25. ‘7. 31, 32. 3x. ?J 

--- _____-- __-_.--- _.-- 



WP(AS)-IO [ICS]. and for 1975 and 1976 from US 
Burvau of the Census, ,4nnuul Stcm~v of Mwufuc- 
.~~wws. fO76. M76(AS)-7 (201. Foreign affiliate sales 
fipurt:> by industry and region were ca,nstructed 
l’rom lJS Department of Commerce dafa in 

unpublished tables and in the Surury q/ C‘mml 
Bltsimxs, August 1974, May 1976, and May 1978 
[21]. US export figures by industqv and region 
were constructed from annual issues of OECD, 
Trudc hv Conmodirm, Series R [22]. 

[IO] US National Science Fomdation. Sciwre Indtwwx IY7N 

(Government Printing OffIce. Washington. DC. lY79). 

1 I I] Conference Board. Oret F~IIS Re.tearch und Dereh~pmenf 61 

1!.S. hfuknationab, IWfi 1475 (C‘or:ferencc Board. Nr\; 

!‘ork. 1976). 

[ i2] W. Gruher. D. Mehla vr~d R. Vcrntbn. : hc R&D Factor in 

international Trade and Investment of U.S. Industries, 

Jourttatal of Politicul EcorVomy (Feb. 1967). 

(I31 S. Hirsch, The product Cycle Model of International 

Trade:. A Multi-Country Cross-Se&n Analysis, O.~@ti 

lk~wmic Bulietin of Ectwomics ;nd S~atisrics. (Nov. 1975). 
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