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THE DETERMINANTS OF OVERSEAS R&D BY US MNEs: 
AN ANALYSIS OF INDUSTRY LEVEL DATA 

Robert D. Pearce (*) 

1 - Introduction 

A number of pieces of work now exist which seek to delineate, and empir
ically test, the factors that influence the extent to which US MNEs have under
taken R & D overseas. The dominant conceptual approach embodied in these 
studies has been to see the MNEs' decision making on R & D as an attempt 
to achieve an optimal balance between forces tending to draw R & D into a 
centralised location (presumed, in these studies using data on US MNEs, to 
be in the home country) and those tending to pull it away from the center into 
other decentralised locations. Most of these pioneering studies (the exception 
is the work of Mansfield, Teece and Romeo, 1979) utilised US industry level 
data for 1966 to formulate their dependent variable. In this paper we set out 
to update this approach using information for 1982, derived from the most 
recent benchmark survey of US direct investment abroad (US Department of 
Commerce, 1985). We also derive all the independent variables included in our 
tests from this same data source, thus attaining a level of internal consistency 
not available to earlier researchers, though, as a compensating disadvantage, 
we are not able to derive a proxy for the potentially important (see section 2.5) 
R & D economies of scale. 

A second and potentially very rewarding approach, uniquely exemplified 
so far by the work of Hewitt (1980, 1983), places the evolution of foreign R 
& D in MNEs into a more broadly based scenario. Overseas R & Dis perceived 
as emerging with the overseas operations of the MNEs, but in ways which vary 
according to the basic motivation (or orientation) of the MNE and according 
to its means of organising its global operations. Whereas the approach balancing 
«centripetal versus centrifugal» forces may be seen as implying an attempt to 
balance these in a way that optimises a clearly defined efficiency-based objec
tive function, Hewitt sees his approach as embodying no such optimising 
presumption. Rather Hewitt views the «satisficing» or «behavioural» approach 
as providing the foundation for his scenario. Since the data used here does 
not permit tests which could encompass the various dimensions of Hewitt's 
scenario (indeed his own tests were somewhat constrained by data availabil
ity), we do not discuss his model in depth in our survey of hypotheses in sec-
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tion 2. However certain facets of his model, and several of his tests, do relate 
constructively to the approach we develop, and are incorporated as appropriate. 

In section 2 of this paper we review the various influences which previ
ous work has suggested may contribute to the decision on location of R & D 
by MNEs, either by pulling A & D away to peripheral sites or by supporting 
a tendency to keep it centralised at a dominant laboratory. In addition, where 
appropriate, we introduce the variables included in our own analysis to test 
these influences. The results of our tests are reported in section 3 and conclu
sions outlined in section 4. 

Our tests use a full sample of 30 manufacturing industries, and, following 
the precedent of Lall discussed in detail in section 2.2, we also derive subsam
ples of 9 engineering industries (1) and 14 process industries (2). 

The dependent variable for our test is ORDR (overseas R & D ratio) i. e. 
«R & D {3) of overseas affiliates as a percentage of total group R & D,. 

2 - Hypotheses 

2.1 - Level of overseas sales and production 

If R & D economies of scale (see section 2.5) are widely considered to 
be the most powerful centripetal force operating to discourage ·the geographi
cal dispersion of R & D, then the overseas spread of sales and production takes 
pride of place as its centrifugal equivalent. As the work of Ronstadt (1977-1978) 
and Behrman and Fischer (1980) has indicated effective foreign production and 
marketing by MNEs does tend to require R & D back-up, either to adapt exist
ing products or processes to new requirements, or to derive distinctive new 
products or processes to accommodate particularly idiosyncratic characteris
tics of those markets or producing locations. Where other influences (notably 
economies of scale and adequate intragroup communications) permit it is logi
cal to suggest that R & D back-up for overseas operations would be most effec
tively located in conjunction with the units to be supported. The internationali
sation of production and sales by MNEs therefore plays a central role in all 
empirical studies of the determinants of the industrialisation of their R & D. 

(1) Construction, mining and materials handling machinery; office and computing machines; 
other non-electrical machinery; household appliances; radio, TV and communications equipment; 
electrical components and accessories; other electrical and electronic equipment; instruments and 
related products. 

(2) Grain mill and bakery produts; beverages; other food and kindred; industrial chemicals 
and synthetics; drugs; soap, cleaners and toilet goods; agricultural chemicals; other chemicals and 
allied products; tobacco manufactures; textile products and apparel; paper and allied products; 
printing and publishing; rubber products; miscellaneous plastics products. 

(3) The A & D covered includes any performed for the MNE or affiliates by others, but not 
work performed by the MNE tor others (e. g. US government). In fact 97.7% of the A & D per
formed for manufacturing MNEs covered was carried out by their own facilities, i. e. only 2.3% 
was subcontracted. 
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In their analysis of a sample of 35 US firms Mansfield, Teece and Romeo 
( 1979) found a statistically significant positive relationship between «percentage 
of firms R & D expenditure carried out overseas» and «percentage of sales 
derived from abroad». For an alternative 20 firm sample (4), Mansfield, Teece 
and Romeo found <<percentage of firms R & D expenditures carried out over
seas» to be significantly positively related to <<percentage of firms sales from 
foreign subsidiaries» (i. e. overseas production), but significantly negatively 
related to <<percentage of sales from exports». They suggest (1979, p. 190) that 
the negative result for exports is compatible with a situation where <<exports 
may be more R & D intensive than domestic sales» and where the R & D sup
port of exports is carried out at home. This negative result for exports was 
confirmed by Hirschey and Caves (1981) using US industry level data. 

In their regression analysis based on industry level data Hirschey and 
Caves (1981) also found a significant positive relationship between their depen
dent variable <<foreign R & D spending as a percentage of total R & D spend
ing by US MNCs» (i. e. DISPER) and <<ratio of sales by foreign affiliates of US 
MNCs to worldwide sales». Hirschey and Caves extend the familiar line of argu
ment at this point, however, by suggesting that if overseas R & D is mainly 
undertaken to support the operations of individual affiliates, any one affiliate 
is more likely to obtain R & D back-up the greater the level of its sales. Thus, 
for a given overall level of internationalisation of sales, they suggest (1981, 
p. 119) <<we expect that the more concentrated are [overseas] sales among a 
few affiliates, the more favourable the opportunity to found an efficient-scale 
R & D facility abroad, and the higher will be DISPER. In addition to the advan
tages of efficient scale in R & D, a few large overseas R & D facilities should 
be easier to organise and manage from the parents headquarters.» The vari
able CENTRAL is derived, measuring «foreign affiliates exports to destinations 
other than the US divided by total sales by foreign affiliates». If 'this variable 
distinguishes between MNEs that service a given total overseas market from 
a large number of small dispersed facilities and MNEs that service a similar 
market from a small number of large facilities then it would be predicted that 
CENTRAL would be positively related to DISPER. This prediction is significantly 
verified in the empirical tests. 

Another interesting extension of the analysis pursued by Hirschey and Caves 
(1981, pp. 121-122) is to take account of the nature of intragroup trade, and 
its influence on the location of R & D. Though their own results, and those 
of Mansfield, Teece and Romeo, suggest that servicing foreign markets through 
exports does not stimulate foreign R & D they suggest that it may be neces
sary to qualify this view when the exports are intermediate goods transferred 
to foreign affiliates for further processing before sale. In such circumstances 
converting intermediate goods into final products suitable for a local market 
may require R & D capability in the foreign affiliate. A positive relationship is 

(4) For details of these samples see Mansfield, Teece and Romeo (1979), p. 187. 
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then predicted between the dependent variable DISPER and «the percentage 
of exports by US MNCs shipped to their foreign affiliates~~. The relationship was 
found to be positively signed, but did not approach significance. 

By contrast Hirschey and Caves expect «percentage of exports by foreign 
affiliates of US MNCs shipped to US parent companies~~ to be negatively related 
to DISPER. It is argued that such «sales to US parents usually consist of inputs 
for further processing and sale as final products. The foreign affiliated output 
constitutes one link in a chain of processes and ,any R & D needed for the 
chain takes place at home with the results transferred to foreign locations.» 
The predicted negative sign emerges, and is (marginally) significant. Hewitt 
(1970) includes in his tests a variable XUSI (export to US intensity) i. e., «majority 
owned foreign affiliates exports to the US divided by total foreign sales11. Hewitt 
suggests that the higher is XUSI the more likely is it that an industry's foreign 
subsidiaries have been granted world product mandates. The sign of the rela
tionship between XUSI and the propensity to perform R & D abroad is left 
unpredicted by Hewitt, since it is not clear if the mandated producing subsidi
ary will incorporate associated R & D work. This will depend on whether such 
R & D is most effectively located near production or near the main target mar
ket for that production (assumed to be the US). Of course the line of argument 
favoured by Hirschey and Caves for their comparable variable would predict 
a negative sign for XUSI: In fact Hewitt's tests produce a significant positive 
sign on XUSI, which encourages the tentative conclusion (1980, p. 324) that 
XUSI does reflect the degree of product mandating, and that such mandates 
do pull R & D into the host country. 

Lall's (1979) approach to his internationalisation variable (FS- the foreign 
spread of each industry, measured by «the sales of overseas affiliates of US 
firms as a percentage of total domestic sales of each industry» is to see it 
as reflecting the degree of experience of internationalisation of activity, with 
the implication that higher FS suggests the existence of conditions likely to allow 
the firm to overcome the coordination problems of decentralised R & D (5). 

In his tests Lall found FS to be positively related to «propensity to con
duct R & D overseas», for his full 28 industry sample. The relationship was 
also significantly positive for the 12 <<process» industries in the sample; it was 
significantly negative for the nine <<engineering)) industries, and ·insignificantly 
negative for seven <<other)) industries. The positive relationships are compatible 
with Lall's arguments (see section 2.2) about <<delinking11. Thus <<greater foreign 

(5) In his tests Hewitt (1980) found a strongly significant positive relationship between «the 
average age of US foreign subsidiaries in each manufacturing industry» and the industry propen
sity to perform R & D overseas. This suggests that the longer have the Mt-!Es operated abroad 
the more clearly have they come to perceive the potential advantages of moving away from an 
initial position of R & D centralisation, and the more aware they will have become of their own 
ability to organise decentralised activies. This relevance of gradually emerging perceptions is inter
preted by Hewitt (1980, p. 323) as one of the results in his study which recommends a «satisfic
ing» approach to the modelling of the globalisation of MNE R & D. 
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experience and spread help US MNCs to overcome the centralising tenden
cies that normally govern research activity>> (1979, p. 326). The fact that this 
is most strongly true for process industries is in line with Lall's view that «delink
ing» is most feasible in those industries. The absence of the positive relation
ship in engineering industries is interpreted as suggesting that «greater foreign 
spread and experiences is. . . inable to counterbalance the centralising ten
dencies that affect R & D location in these industries» (1979, p. 328), which 
again is compatible with the predictions of the «delinking» hypothesis. The emer
gence of the negative relationship in the engineering industries subsample is, 
however, less easy to explain. One possibility is that overseas production needs 
more R & D support (of a sufficiently advanced nature not to be easily decen
tralised i. e. <<major applied research» in Lall's formulation) than comparable 
domestic production, so that increasing FS implies (ceteris paribus) increases 
in total research not matched by increases in overseas research. Lall observes 
that <<engineering MNCs do undertake substantial amounts of R & D in every 
place they place a plant, but most of this seems to be devoted to minor tech
nological work and to be concentrated in older technologies». 

We incorporate five variables in our tests to cover the hypotheses out
lined in this section: 

OPR (overseas production ratio) i. e. <<overseas production as a per
centage of total group sales»; 

ER (export ratio) i. e. <<exports of parent company as a percentage 
of total goup sales»; 

FMER (further manufacturing export ratio) i. e. «exports of parent com
pany to overseas affiliates for further manufacturing as a per
centage of total parent exports»; 

HOME (US market orientation of overseas affiliates) i. e. <<sales of 
overseas affiliates to US as a percentage of total sales of over
seas affiliates»; 

CENT (centralised supply of overseas markets) i. e. <<exports of over
seas affiliates to other non-US destinations as a percentage of 
all sales of overseas affiliates except those to US». 

2.2 - R & D intensity 

In his empirical work Lall (1979) investigates the relationship between the 
propensity to perform R & D overseas by US MNEs and the overall R & D inten
sity (RD) of their industries. Central to the argument here is Lall's belief that 
<<the extent to which R & D can be shifted abroad depends on the 'linkages' 
between R & D and other activities in the MNE». It is a further crucial hypothesis 
then that it is the extent to which major applied research can be separated 
from the managerial and marketing functions in the MNE that is the main fac
tor determining the strength of these linkages. 
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The more basic types of scientific research are not expected to be partic
ularly closely linked to other functional areas of the firms operations, and Lall 
does not expect this type of research work to notably influence his empirical 
results since «there are no a priori grounds for expecting its linkages to differ 
significantly between industries» (1979 p. 323). By contrast minor development 
work, consisting «mainly of translating given technologies into practical use, 
and of tailoring them to specific material and marketing needs in each produc
tion unit», is seen as inextricably linked with location of production and as not 
having any close links with head office strategic planning decisions. The need 
for such development work will differ between industries, probably being most 
prevalent in engineering industries, where detailed design is an integral part 
of the production process. Because such adaptive R & D is likely to be under
taken, to some extent, in the vast majority of overseas and domestic subsidi
aries Lall suggests that «it may result in a high absolute value of foreign R & D, 
as well as high R & D in relation to sales, but not in a high propensity to under
take foreign R & D» (1979, p. 323). For this reason Lall indicates that the link
age between adaptive R & D and production cannot account for inter-industry 
differences in the propensity to perform R & D overseas. 

Having delineated major adaptive research as the point of focus for his 
analysis of linkages Lall perceives important differences between groups of 
industries, the basic premise being that these R & D functions can be more 
easily «delinked» in process (6) industries than in engineering (?) ones. 

It is Lall's hypothesis that in the process industries firms have greater free
dom to seek the ideal locations for particular parts of their applied research 
work. The characteristics pulling this R & D away from centralised locations 
in those process industries may be pure cost effectiveness influences, or the 
more indefinable (and unquantifiable) agglomeration factors (see section 2.6) 
which impart self-reinforcing reputations to particular areas for particular types 
of work. The relative freedom to seek such locations for applied research in 
process industries stems, according to Lall, from the relative weakness of cer
tain linkages in these industries. Thus in process industries the product rarely 
needs to be <<tailored» to the requirements of individual customers, so that close 
monitoring of, and reaction to, main markets is not a major factor drawing 
R & D units into contact with these markets. Lall also suggests that in these 
industries new product development can often be delinked quite effectively from 
research into new production processes, again creating scope for optimal diffu
sion of applied R & D. Following from the argument that the more committed 
to R & D and innovation a firm the more it will pursue the course of optimis-

(6) The 12 «process>> industries distinguished by Lall are grain mill products; beverages; other 
foods; paper; drugs; soaps; industrial chemicals; plastics; other chemicals; rubber; textiles; print
ing and publishing. 

(7) The 9 «engineering» industries distinguished are farm machinery; industrial machinery; 
office machinery; electronic and other non-electrical machinery; household and industrial electri
cal equipment; radio and TV; other electrical machinery; transportation equipment; instruments. 
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ing its activity in this area by incorporating efficient overseas locations in its 
R & D network, Lall hypothesis that in process industries «a greater degree 
of research intensity should lead to a higher propensity to undertake R & D 
abroad» (1979, p. 234). In line with this hypothesis the process industries emerge 
in Lall's empirical work as the only industry subgroup where research intensity 
and propensity to undertake R & D abroad are positively related. However, 
though statistically significant, R & D intensity is a relatively weak influence 
on propensity to undertake R & D in these industries (8). 

By contrast with the process industries Lall perceives that in the case of 
the engineering industries there is a stronger need for a continuous interac
tion between all the major functions related to innovation, and between these 
functions and those in procurement, production, management and marketing. 
These strong linkages are seen to reflect the special roll in the engineering 
industries' innovation process of the improvement and testing of new products 
and designs, in conjunction with leading customers. This makes it «more difficult 
to separate such functions as exploring the needs of major customers, bring
ing sicientific and technical skills to bear on these needs, getting rid of bottle
necks in successive stages of production, ensuring an adequate supply of new 
components of various kinds, marketing the product and reacting to 'feed back' 
from the users» (1979, p. 323). The argument is then that, in engineering indus
tries, the greater is the need for innovation-oriented major applied research the 
greater will be the overall research intensity and the greater the tendency to 
centralise R & D in the US. Thus a negative relationship is hypothesised between 
R & D intensity and propensity to perform R & D overseas. This prediction is 
strongly verified by Lall's results (9). 

Hewitt also found a significant negative relationship between overall indus
try level R & D intensity and propensity to perform R & D overseas. Though 
an explanation for this exists within his broadly based model of the evolution 
of overseas R & D, Hewitt also acknowledged (1980, pp. 324-325) the possibil
ity of a more direct explanation. Thus to the extent that higher values of R & D 
intensity reflect higher proportions of more expensive «original» (or basic) R & D 
relative to cheaper «adaptive» R & D, and to the extent that basic R & D is 
the type most likely to be centralised, the negative sign would be predicted, 
Hirschey and Caves (1981, p. 120) take a contrasting view, predicting a posi
tive relationship between their variable BASIC («proportion of research reported 

(B) Lall is also concerned about the extent to which this result for R & D intensity can be 
interpreted independently of this highly collinear relationship with FS (proportion of production car
ried out overseas) which is a much stronger positive determinant of the propensity to overseas 
R & D in process industries. In general, given the limited data available, Lall faced serionus problems 
of multi-collinearity. Attention is paid to these in the presentation and interpretation of results. 

(9) A significant negative relationship was also found between R & D intensity and propen
sity to perform overseas R & D for Lall's 7 «other» industries. This was, however, less influential 
than for the engineering industries group. The 7 «other» industries are primary metals; fabricated 
metals; aluminium; other metals; lumber wood and furniture; stone, clay and glass; miscellaneous. 
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by the US industry that is classified as basic, rather than applied or develop
mental») and the propensity to perform overseas R & D. Thus they expect that 
after controlling for other important influences (notably R & D economies of 
scale and the pull of overseas production facilities and markets) those indus
tries which have the greatest focus on basic R & D will have the greatest ten
dency to locate R & D abroad, in search of «access to foreign scientific com
munities and institutions where relevant research is underway». Though taking 
the predicted positive sign the relationship was never significant. 

Our tests using the 1982 US Benchmark data include the variable IRDI 
(industry R & D intensity) i. e. «total R & D expenditure of MNEs as a percen
tage of total sales of MNEs», to test the hypotheses introduced in this section. 

2.3 - Royalties 

Lall (1979, p. 322) includes amongst the independent variables in his regres
sion analysis ROYALTY, i. e. «royalties and fees earned abroad by US MNCs 
as a percentage of their R & D in the US», intended as a measure of their 
propensity to rely on licensing as a means of exploiting their technology. 

This may be positively related to the propensity to perform R & D over
seas for three reasons: 
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1) Since there does exist an active market in the sale of licences 
by US MNEs it is feasible that some foreign R & D may be under
taken to make these technologies more marketable by adapting 
them to non-US conditions. In effect the US MNEs may be entrust
ing the foreign licensing of their technology to their overseas affili
ates, who, as a result of their own experience of technology adap
tation, may be able to carry out the transfer most effectively. Thus 
Lall indicates that the more a US industry uses licensing as a 
means of exploiting its technology (as measured by the variable 
ROYALTY) the more it is likely to promote overseas R & D to sup
port the marketing of this technology in foreign countries; 

2) Reversing the causal connection from 1), however, «a larger 
R & D establishment abroad may, by producing a greater stock 
of readily transferable technology, promote a greater use of licens
ing>> (Lall, 1979, p. 322); 

3) Both high licensing and high overseas R & D may be related to 
a third factor, namely the age of the technology in question. Studies 
of licensing in MNEs have demonstrated that this is most com
mon for the older and more stable technologies. It is also these 
more mature technologies which are most amenable to the expan
sion of R & D abroad, since they retain fewer \<linkages» with the 
more centralised head office functions than the more recently inno
vated ones. In this way, Lal·l suggests, licensing abroad and for
eign R & D may grow together, without being causally related. 



In Lall's study ROYALTY is always positively related to the dependent vari
able, but this result is only strongly and persistently significant in the engineer
ing subsample. The strong results for engineering industries may be seen as 
compatible with Lall's «linkage)) approach. Thus if «linkage)) influences do cause 
innovative activity in these industries to be particularly strongly centralised, then 
when the stage of licensing is reached a relatively large amount of adaptive 
work may still need to be done to make the technology suitable for the environ
ments to which it is to be applied. Where possible, however, it will be attempted 
to carry out this adaptive activity in support of licensing in the environment 
to which it is to be applied. 

In our empirical analysis the variable formulated to test these hypotheses 
is ROYUN, i. e., «royalty receipts of MNE parents from unaffiliated foreigners 
as a percentage of parent R & D expenditure)). 

It should be noted that ROYUN improves on Lall's comparable variable 
ROYALTY [in a manner which Lall would have preferred (1979, pp. 325) but 
could not implement with his available data], since it focuses on royalty earn
ings from unaffiliated foreigners, and excludes intra-group royalty payments. 

2.4 - Nature of products 

The propensity to perform R & D overseas differs substantially between 
industries. Much of the difference may be attributable to those industry charac
teristics included as ifldependent variables in the multiple regressions carried 
out in the various studies (e. g. internationalisation of markets and production). 
Nevertheless it is expected that in some cases industry or product characteris
tics not explicitly quantifiable may influence the internationalisation of R & D. 

Thus Hirschey and Caves included in their multiple regression a dummy 
variable taking a value of one for industries producing durable goods, and found 
this to be (marginally) significantly positive. This result reflects the suggestion 
(Hirschey and Caves, 1981, p. 120) that «durable goods tend to have more com
plex configurations than other goods, and we might expect more R & D to be 
needed to modify or adapt them to local markets abroad. Both industrial and 
household goods may frequently need adaptation to different physical condi
tions of use or different relative values of labour time and relative factor costs 
in foreign markets. Also, the sheer complexity of capital goods means that more 
adaptation could be done.)) 

Mansfield, Teece and Romeo (1979) tested for, and found, a significantly 
above average propensity to perform overseas R & D in pharmaceuticals. This 
may have reflected a number of factors. Host country governments may have 
a particularly pronounced tendency to insist on MNEs doing local R & D in 
this industry. Pharmaceutical firms themselves may have found it particularly 
desirable to do local R & D as the most effective means of ensuring adequate 
compliance with local health authority drug regulations. Also it was suggested 
that, at least when the Mansfield, Teece and Romeo survey was carried out, 
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US pharmaceutical firms may have moved a substantial amount of R & D 
abroad to avoid Food and Drug Administration regulations. A further possibility 
is that pharmaceuticals may be an industry where an unusually high propor
tion of the more attractive «agllomeration sites)) for R & D (see section 2.6) 
are outside the US. 

It may be considered to be an implication of Lall's <<linkages)) approach, 
outlined above, that firms in process industries would have a greater propor
tion of their R & D overseas than otherwise similar firms in engineering indus
tries. To test for this difference we incorporate in our regressions using the 
full sample of 30 industries the variables: 

ENG, a dummy variable taking a value of 1 for engineering industries; 
PROC, a dummy variable taking a value of 1 for process industries. 

2.5 - Economies of scale in R & D 

An idea that pervades most of the thinking on decentralisation of R & D 
and, though difficult to incorporate in tests directly, underlies much of the empir
ical analysis, is that of economies of scale in R & D facilities. It is often 
assumed that the implementation of additional, geographically dispersed, R & D 
facilities will only be considered as efficient when the first, or parent, labora
tory had achieved a «critical mass)) which makes full use of all its resources. 

The incorporation of expensive equipment in a laboratory may encourage 
the focusing of all R & D in this unit until this equipment is being optimally 
utilised (1°). Another factor which may contribute to the role Of economies of 
scale is the need for R & D workers to comprise balanced teams of specialists. 
This may place upward presure on the minimum efficient scale of use of the 
laboratory, firstly by requiring a large team in order to encompass all the rele
vant specialist areas of expertise, and secondly to fully employ outstanding 
specialists in the use of their unique and distinctive talent. 

It may be a plausible speculation that, once a MNE has implemented some 
decentralised R & D facilities the relevance of economies of scale on the fur
ther evolution of this system may decline. Or, put another way, the optimal level 
of use of a laboratory may be less when it is part of a decentralised system 
of such facilities than it would be if it were the sole unit. If the factor setting 
a substantial minimum efficient scale of use for a laboratory is an expensive 
and high capacity piece of equipment then, once sister laboratories do exist, 
full use of this equipment could be achieved by making it accessible to assist 
the work of other units, rather than by expanding the work of the unit in which 
it is housed up to its optimal capacity. Similarly if a high level of use of a labora
tory is considered necessary to fully employ a particular scientist in the type 

(10) Thomas (1983, p. 31) provides illustrative examples of the need to optimise the use of. 
expensive capital equipment as a motive for centralised R & D. 
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of work at which he or she may be an outstanding specialist, then this becomes 
less relevant if that person can spend time assisting decentralised laborato
ries. Thus we are arguing that if a major factor encouraging large centralised 
R & D facilities, and mitigating against geographical decentralisation, is cer
tain distinctive high capacity units of physical or human capital then this 
becomes a less crucial influence if these can be shared with sister R & D facil
ities. However, the effective implementation of this escape from R & D econ
omies of scale as a vital centralising influence depends not only on the exis
tence of decentralised laboratories, but also on an effective communications 
network, and mood of mutualy supportive cooperation, between the dispersed 
units (1 1). Thus the fact that access to a centrally located piece of equipment 
could benefit a decentralised laboratory, and usefully expand the creative use 
of that equipment, may only be perceived where knowledge of the ongoing work 
and capabilities within the dispersed network is effectively diffused and assimi
lated. The same point, of course, applies to the realisation of the value of visits 
to other laboratories by leading centrally based specialists. 

Even if we can argue that the concept of minimum efficient scale in R & D 
may become as less relevant influence within a well developed and effectively 
coordinated globally dispersed network of R & D facilities, it remains plausible 
that it may well be a notable constraining factor operating to deter the emer
gence of such networks. For this reason it would still appear relevant to attempt 
to incorporate it in empirical tests of the decentralisation of R & D in MNEs. 

In fact direct measures of economies of scale in R & D have not been 
available in a form suitable for inclusion in the tests so far performed. Though 
they could not incorporate them in their regression tests Mansfield, Teece and 
Romeo (1979) did derive useful estimates from their sample of firms for «annual 
R & D expenditure for an overseas laboratory of minimum economic scale in 
1975». Minimum economic scale was found to vary substantially between indus
tries. It was also predictably influenced by the type and scope of the laborato
ries responsibilities. Thus Mansfield, Teece and Romeo found it to be less for 
a laboratory performing either research or development than for one combin
ing both, and also less where the laboratory deals with a single product line 
than where it encompasses a wider product range. Again as would be expected 
Mansfield, Teece and Romeo were able to verify the relatively low cost of effi
cient overseas R & D concerned entirely with the implementation of minor 
product charges (1979, p. 190} (12). 

Hirschey and Caves (1981, pp. 118-119} created a proxy measure to indi
cate scale economies in R & D in their tests of industry level data. As predicted 
this was found to be significantly negatively related to the percentage of R & D 
performed overseas. Hewitt's tests of his scenario for the evolution of foreign 
R & D in MNEs included two estimates of R & D scale economies (Hewitt, 

(11) See Lall (1979), pp. 320-321). 
(12) See also Behrman & Fischer (1980), pp. 73-77. 
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1980, p. 320). Neither was found to be at all related to the propensity to per
form R & D overseas. Hewitt found this compatible with the relatively small 
role played by R & D economies of scale in influencing R & D abroad in his 
«behavioural'' view of the influences on such decisions. 

It should be noted that though several of the studies of the determinants 
of overseas R & D were forced to forego the direct incorporation of an indepen
dent variable to measure R & D economies of scale, the potential relevance 
of the concept frequently underlies the articulation of the hypotheses relating 
to variables that are included (e. g. see Pearce, 1986). 

As we noted in section 1 it is not possible to create a reasonable proxy 
for R & D economies of scale from the data source used in our tests. 

2.6 - Agglomeration factors 

It is felt by many observers that a factor limiting the dispersion of R & D 
operations in several industries is the existence of research communities which 
have an established reputation as a dynamic focal point in their industry's crea
tive activity. It is felt that these closely knit research/development communi
ties, which incorporate and link private and public (e. g. university) facilities, 
are likely to generate an atmosphere of creative stimulus which is likely to pro
vide notable external benefits to any firm locating major operations within them. 
An alternative consideration, which may be starting to impinge on decision mak
ing is that firms may benefit from locating some R & D activity away from such 
recognised agglomeration sites, in order to avoid the «bandwagonism'' of such 
communities, and to seek. new independent perspectives. 

Clearly these agglomeration factors may contribute to the centralisation 
of a substancial part of a firms R & D somewhere, but not necessarily in its 
home country. This has made it difficult to incorporate these influences in the 
tests of R & D diffusion by MNEs so far carried out. It may be hoped, however, 
that some hypotheses relating to these agglomeration factors could eventually 
be derived and tested given a large multidimensional (i. e. divided by parent 
nationality and industry) firm level data base, and utilising informed judgements 
as to where an industry's strongest research agglomeration sites might be. Thus 
if, for sake of illustration, it was suggested that Europe was relatively strong 
compared to the USA in research agglomeration sites in chemicals (see Lall, 
1979, p. 321 ), then if tests were run for a sample of chemical firms it would 
be expected that, after allowing for all other relevant influences, European firms 
would have a lower propensity to overseas R & D (agglomeration influences 
keeping R & D at home) than US firms (agglomeration influences pulling R & D 
abroad). Similarly advocation of the USA as superior to Europe in research 
agglomeration sites in electronics would lead to the prediction that, again after 
allowing for all other potential influences, European electronics firms would have 
a higher propensity to overseas R & D than US electronics firms. 
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We may also suggest the possible existence of a firm-level «agglomera
tion dynamic». It may be considered plausible that certain of a firms R & D 
institutions, perhaps especially those in the home country, may develop an ongo
ing momentum which places a claim on a major part of the firms technical 
budget and creates psychological barriers to taking the decision to set up 
(«cold») new facilities in new locations. Thus established facilities may be a «hot
house» environment where current work is continually stimulating new offshoot 
ideas to provide the basis for the next generation of work. Then a new over
seas facility with a new team, strangers to each other and to the physical sup
port facility, will have to establish their roots «cold», before the various branches 
of their output begin to emerge. However, once new institutions are implemented 
they are likely to create their own dynamic, as indicated by Ronstadt's (1977, 
1 978) evidence on the changing function of overseas facilities. This would sup
port the empirical supposition of a relationship between the level of overseas 
production and overseas R & D, with overseas production providing the need 
for local technology transfer units, which then evolve to embrace more 
advanced functions. Thus overseas production could be quite well established 
before overseas R & D starts, but then R & D may grow faster than produc
tion as the «agglomeration dynamic» of the R & D facility generates the capabil
ity to encompass more expensive types of R & D. 

3- Results 

The results of multiple regressions seeking to test the hypotheses outlined 
in section 2 are presented in tables 1 to 3. These results should, of course, 
be treated with due caution bearing in mind the limited degrees of freedom, 
especially in the tests of the subsamples, and the potential for collinear rela
tionships between certain independent variables (13). 

The performance of OPR in our tests is very much in line with the 
hypotheses outlined in section 2.1, and with results of earlier researchers. In 
the full sample of 30 industries OPR is consistently significantly positively related 
to ORDR. For the 9 engineering industries the relationship between OPR and 
ORDR is negative, though only significant in equation 2.4. This result essen
tially replicates Lall's result for engineering industries and may be explained 
in terms of his <<linkages» approach in a manner outlined in section 2.1. Again 
in line with Lall's hypothesis and results our tests find a (usually significant) 
positive relationship between OPR and ORDR for the 14 process industries. 

In the regressions for the full 30 industry sample ER is never significant. 
Perhaps worthy of some scrutiny, however, is the change of sign from nega-

(13) The most obvious problem of this type indicated by the theory of MNEs could emerge 
from a relationship between OPR and IRDI. The simple correlation between these variables is 0.370, 
but this does not appear to unduly distort the regression results. 
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tive in equations 1.1 to 1.3 to positive in equations 1.4 and 1.5. The crucial 
influence here, we hypothesise is the absence from the latter two equations 
of the variables covering other aspects of the MNEs' trade orientation, espe
cially those (HOME and CENT) relating to the export orientation of overseas 
affiliates. In fact ER is highly correlated with HOME (simple correlation coeffi
cient 0.421) and CENT (simple correlation coefficient 0.723). The link between 
these variables reflects the extent to which firms· in industries tend to adopt 
strategies of supplying the global market for particular products from a limited 
number of locations (likely to produce high values of both ER and CEND or 
to specialise stages of production in particular locations generating substantial 
intra-group trade in components etc. (likely to produce high values of ER, HOME 
and CENT). In equations 1.4 and 1.5 it may be that ER is acting as a proxy 
for the general orientation of MNE activity, and, in particular, reflecting a ten
dency (indicated in equations 1.1 to 1.3) for higher export orientation in over
seas affiliates to lead to lower values of ORDR. With HOME and CENT included 
in the equations and insignifi~ant tendency for higher parent company export 
orientation to generate some supportive R & 0 overseas is suggested. 

TABLE 1 

Regressions using full sample of industries - Dependent variable ORDR 

1.1 1.2 1.3 1.4 1.5 

(*) 0.33798 (* *) 0.37231 (* *) 0.35941 (*) 0.24450 (*) 0.29779 

OPR . . . . . .... (2.0293) (2.3776) (2.3488) (1.8635) (2.3985) 

0.40732 0.25238 0.14488 - 0.20008 - 0.25441 

ER. . . . . . ... (0.64600) (0.61817) (0.39902) (- 0.58157) (- 1.0934) 

0.00144 0.00993 - 0.03365 

FMER. . . . . . . (0.01074) (0.07640) (- 0.31427) 

- 0.40849 - 0.48830 
IRDI ... (- 0.47124) (- 0.60920) 

0.26683 (*) 0.28441 (*) 0.29378 
ROYUN .. . .. (1.7249) (1.9470) (2.0506) 

- 0.17871 - 0.19805 - 0.21254 
HOME ... . . . . (- 0.78838) (- 0.96162) (- 1.0534) 

- 0.13227 - 0.09673 - 0.08803 
CENT . (- 0.70858) (- 0.62873) (- 0.05827) 
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1.1 

- 0.13804 
ENG .... .... (- 0.02797) 

2.2131 
PROC. (0.74383) 

R2 

F. 

.... 0.4008 

...... (+) 1.486 

(•) Significant at 10 %. 
(• •) Significant at 5 %. 

( +) Significant at 25 %. 
(+ +) Significant at 10 %. 

1.2 1.3 1.4 1.5 

2.1150 
(0.55277) 

3.8178 
(1.3628) 

0.3791 0.3687 0.2540 0.1983 

(+) 1.919 (+ +) 2.238 (+)2.128 (+ +) 3.340 

TABLE 2 

Regressions using engineering industries sample- Dependent variable ORDR 

2.1 2.2 2.3 2.4 

(-0.33375) -0.46741 -0.31498 (*) - 0.49308 
OPR ... . .... (-1.3854) (-1.8100) (-1.0900) (-2.9200) 

(**) -1.0530 (**)-1.1608 (*)-1.0773 0.21893 
ER .. . . . . . ... (-3.2898) (- 3.6181) (- 2.8119) (- 0.40492) 

-0.89256 -1.3590 -0.96967 (**)-1.4777 
IRDI ..... (-1.7562) (- 2.1504) (-1.4254) (-3.6657) 

- 1.1323 {*)- 1.5381 -1.1436 (**)-1.8355) 
ROY UN (- 2.0646) (- 2.4345) (-1.8142) (- 4.0629) 

-0.15347 
FMER .... ..... (1.1601) 

0.05386 
HOME ... . .... (0.21913) 

(*) - 0.59120 
CENT. . ... (- 2.5388) 
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R2. 

F .. 

. . ..... 

. . . . . ........... 

(") Significant at 10%. 
(••) Significant at 5%. 
(+) Significant at 25%. 
(+ +j Significant at 10%. 

2.1 

0.7740 

(+) 3.425 

2.2 2.3 2.4 

0.8440 0.7776 0.9282 

(+) 3.246 2.097 (+ +) 7.759 

TABLE 3 

Regressions using process industries sample - Dependent variable ORDR 

3.1 3.2 3.3 3.4 

(**) 0.60003 (**) 0.58490 (*) 0.46915 (*) 0.57652 
OPR. . . . . . . .... (2.7319) (2.5033) (2.0837) (1.9715) 

0.84233 1.0394 (*) 1.2778 0.93019 
ER . . . . . ...... (1.5078) (1.3613) (2.1164) (1.0474) 

-1.1759 -1.9360 -1.0830 -1.0661 
lAD I . . . . . . . . . . . . (-0.81395) (-0.80014) (-0.79551) (-0.61282) 

0.25556 0.26517 (*) 0.29154 0.26235 
ROY UN .... (-1.5628) (-1.5297) (- 1.8704) (1.4522) 

-0.11350 
FMER .. . . . ..... (0.40325) 

.' 
. . . ' 

0.72145 
HOME . . . . . . . . . (-1.4683) 

-0.04214 
CENT .......... ... (- 0.13270) 
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R2 .. . ' ...... . . . . . . . 

F. ........ . . . . . . 

(•) Significan1 a1 10 %. 

( .. ) Significan1 a1 5 %. 
(•) Significan1 a1 25%. 

3.1 

0.5167 

(+) 2.406 (+) 

3.2 3.3 3.4 

0.5264 0.6193 0.5178 

1.778 (+) 2.603 (+) 1.718 

For engeneering industries (see table 2) ER is significantly negatively 
related to ORDR in three of the four equations. An explanation for this result 
could be that exports in engineering industries need particularly extense R & D 
support (perhaps reflecting the frequently customised nature of the demand 
in these industries) thus increasing total industry R & D, but that this R & D 
is done in the parent country due to the centralising linkage influences in these 
industries suggested by Lall, thus lowering ORDR. However, when CENT is 
included in equation 2.4 it is found to be significantly negatively related to ORDR, 
whilst ER becomes insignificantly positive. This suggests that we cannot rule 
out the possibility that, when negative, ER was acting as a proxy for CENT 
(reflecting the general tendency to export orientation) and reflecting its nega
tive relationship with ORDR. For the process industries (see table 3) ER is con
sistently positively signed and significant in equation 3.3. This suggests that 
in these industries some overseas R & D tends to be generated to support 
exports. 

The variable FMER is formulated to test the hypothesis that a given value 
of ER is more likely to generate R & D the more important in these parent 
company exports are goods intended for further processing by overseas affili
ates. Though usually positively signed FMER never approaches significance. 

The basic hypothesis relating to the variable HOME is that, for a given 
OPR, the production of overseas affiliates is less likely to generate R & D the 
more it is intended for export to the US. One circumstance causing a high value 
of HOME would be if the overseas affiliates were mainly involved in process
ing local raw materials before export to the US. In such cases a small amount 
of process adaptive R & D might be needed to make an essentially standardised 
technology amenable to local conditions, but this would be quite a rare and 
inexpensive occurence. A high value of HOME would also be found where indus
tries have adopted the procedure of locating certain stages of proquction at 
overseas facilities, exporting components or assembled products back to the 
US. In such cases the technology is likely to be defined by the parent, which 
coordinates the process, and locations selected as amenable to the requeri
ments of the technology, so that local R & D is not implied. Though usually 
taking the hypothesised negative sign HOME is never significant in the tests. 
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It will be recalled that the original articulation of CENT derives from Hir
schey and Caves hypothesis (see section 2.1) that a given value of OPR is more 
likely to generate R & D if the overseas production is centralised in a small 
number of sites, increasing the likelyhood that these locations would be large 
enough to justify and support R & D work (i. e. an extension of the R & D econ
omies of scale argument). High values of CENT are then interpreted as imply
ing that a given overseas market is supplied through exports from a small 
number of relatively large producting units, rather than by widely dispersed 
smaller units in most of the local markets. This line of argument predicts a 
positive relationship between CENT and ORDR. In fact, though only significant 
in the engineering sample (equation 2.4), CENT is consistently negatively signed. 
Thus the more oriented are MNEs overseas subsidiaries to exporting (to other 
non-US locations), the smaller is the overseas share of R & D. Again we may 
suggest as an explanation that high export orientation implies that the over
seas subsidiary has been selected to play a specialised role in the MNEs global 
operations (e. g. performing a particular stage in a production process, produc
ing a component for assembly elsewhere, or producing a final product for a 
wider market), but that it has been selected because it is recognised as a 
suitable location to utilise existing technology, ruling out local R & D. Broadly 
then it seems that the results for both HOME and CENT tend to confirm the 
view that overseas R & D is most likely to support overseas producing opera
tions aimed at serving local markets. 

Our resultats for the relationship between industry level R & D intensity 
(IRDI) and ORDR are consistently negative, though only once (in engineering 
subsample equation 2.4) significant. A justification for a pervasively negative 
relationship was (as we noted in section 2.2) suggested by Hewiff in terms of 
the preponderant type of R & D. Thus if higt values of IRDI mainly reflect the 
relative dominance of expensive basic research, and if this is also the type 
most difficult to decentralise, the IRDI and ORDR should be negatively related. 
As we outlined in detail in section 2.2 Lall predicts a negative relationship 
between IRDI and ORDR in engineering industries, and a positive one in process 
industries. Thus our results confound this prediction by producing negative signs 
for both groups, though the relationship does have a stronger statistical sig
nificance in the engineering group. 

Our variable ROYUN seeks to test Lall's hypothesis (see section 3.3) that 
in order to effectively licence their parent company technology abroad US MNEs 
utilise the adaptive expertise of their overseas R & D facilities, thus predicting 
a positive relationship between ROYUN and ORDR. ROYUN takes the predicted 
positive sign in the full sample of industries and for the process industries 
subsample, but is negatively signed for engineering industries. Though Lall's 
tests had produced a positive relationship between royalty earnings and over
seas R & D for his engineering subsample, our negative relatonship may be 
compatible with his reasoning for these industries, suggesting that significant 
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adaptive work may be necessary to make engineering technology suitable for 
a licensors needs but that for linkage reasons (or simply due to the lack of 
suitable extant overseas facilities in these industries) this licensing support R 
& D is done at home. 

In our analysis of the full sample of 30 industries we included dummy vari
ables for engineering industries (ENG) and process industries (PROC). With dum
mies for the «other» industries omitted the coefficients on ENG and PROC reflect 
the difference between ORDR in these industries and «Other» industries, net 
of the influence of other variables included in an equation. Though never sig
nificant the coefficients on ENG and PROC in table 1 support the view that 
the technological characteristics of process industries are more amenable to 
the international decentralisation of R & D in MNEs than those in engineering 
industries. 

4 - Conclusions 

The pioneering researchers into the determinants of overseas R & D by 
MNEs have made very useful progress in outlining viable approaches to the 
issue and in delineating the nature of the important factors influencing deci
sions. The data available to date has, however, constrained the ability to fully 
test all the dimensions entering into the hypotheses derived. A multidimensional 
firm level data base, encompassing the variables discussed earlier, and also 
permitting the investigation of differences between industries and between 
MNE's country of origin, would represent an ideal step forward. 

The ground breaking empirical studies have, in the main, found it easier 
to address those influences likely to draw R & D away from centralised loca
tions thant to test directly those considered likely to pull R & D into these loca
tions (e. g. economies of scale in R & D, agglomeration influences). A partial 
exception to this generalisation is found in the work of Lall who makes a focus 
of his discussion the importance of various communication links as a potential 
centralising influence. Lall then makes these linkage hypotheses testable as 
factors determining the degree to which the (empirically more accessible) decen
tralising influences can operate. In the main Lall's approach proved to be an 
empirically rewarding refinement of the mainstream tests. 

The predicted influence of overseas production as a centrifugal force draw
ing R & D towards overseas facilities is substantially verified in the tests 
reported, though engineering industries emerge as an exception to this for rea
sons perceived to relate to communications or linkage influences. Exports from 
the parent country are found to be a stronger independent influence on R & 
D locations than perhaps might have been expected, though this influence 
seems to vary in a manner that merits _further investigation. Predominantly in 
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line with prediction are results that suggest that MNEs overseas producing units 
aimed at their local markets are more likely to generate decentralised support 
R & D than export oriented overseas facilities. Finnaly parent companies 
attempts to license their technology overseas often seem to generate support
ing R & D overseas, presumably to make the technology more suitable to new 
environments or more accessible to its foreign licensors. 
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