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ABSTRACT

As the barriers to international trade melt away and globalization both deepens and proliferates, competition
intensifies. Focusing on competition within high technology industries, this study argues that the key to surviving
competition and overcoming the challenges of globalization lies in innovation. To establish this argument, two high
technology industries are used as case studies. the computer and the telecommunications industry.

R&D isthe key to technological innovation and innovation, in turn, is the basis upon which corporations cement
their market presence and expand their market shares. While the historical importance of innovation in high
technology industries has always been incontrovertible, globalization has maximized its importance. The reason, quite
simply, lies in that the intensification of competition trandates into the maximization of the importance of innovation as
the key to market survival. Having established the aforementioned, the study looks towards the role of both domestic
and foreign research and development in promoting US high technology industries. Employing the Grossman and
Helpman theoretical models, the study undertakes a comprehensive exploration of the named industries for the
purposes of determining the role of foreign investment and knowledge in motivating and promoting domestic R&D and
ensuring that the US computer and technology industries retain a pronounced presence in international markets.
Keywords: High-technology industry, R&D, Innovation.

INTRODUCTION

In the global economy, innovation in high-techngldgdustries is influenced by both foreign and detite
challenges and opportunities. A critical issueeichinology policy is how globalization affects inatien. An effective
domestic technology policy must address the questfdhow the interaction between domestic and fpreionditions
influences domestic innovation. In particular, thisdy addresses the need to better understamdléhef international
knowledge flows and absorptive capacity in innamatit the detailed industry level by examining éhedationships in
four distinct high-technology industries.

The empirical work here builds on the theoreticgahfework of Grossman and Helpman (1991a), whickslin
domestic productivity to investment in R&D and twerrnational trade at the country level. One dyrarhigh-
technology industries that rely heavily on investinéh research and development (R&D) is studiedmmater
equipment (SIC 357) which represents a range difn@ogical maturity and competitiveness on the glaftage,
facilitating an investigation of the multifaceteglationship between globalization and domestic wation. This study
addresses these gaps in three significant wayst, the analysis is carried out at a level of stdpdetail which allows
much greater insight into this relationship in aga of U.S. high-technology industries. Second; tesearch considers
the role of both imports and exports as channelstefnational knowledge transmission. Third, thialysis uses the
broad spectrum of industries to consider how thative strength of the domestic industry comparedts foreign
counterpart relates to domestic innovation.

Ultimately the results of the analysis in this stugliggest that the interaction of domestic cap#dsli foreign
R&D, and international trade matter for domesticawmation. These findings highlight the intertwiniangjdomestic and
foreign innovation and the importance of considgdiomestic innovation in a global context.
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INVOVATION AND TECHNOLOGICAL CHANGE

Fundamentally, innovation depends on developing famting knowledge and embodying it in new or bette
products or processes. Importantly, innovationoimes knowledge flows. Rather than a unidirectipraie-time
occurrence of transfer of basic scientific knowledg application, the processes of innovation amultedge transfer
are complex and interactive ones, in which a snsthtwo-way flow of information is critical. (Mowgrand Rosenberg,
1989, p.8)

Knowledge flows are a mix of efficient and highlgften deliberately, inefficient mechanisms. Techhic
knowledge comprises three quite different partyk(lowledge made available to users through théfieddscientific
and engineering literature; (2) proprietary knowgedwhich is codified and protected from diffusiop mechanisms
including trade secrets; and (3) the “tacit knowleltithat arises from “learning by doing.”

Not surprisingly, R&D is essential to both creatikgowledge and absorbing it. Absorptive capacityars
important component of R&D spillover; spilloversanore likely to occur if the "receiver" is advadanough to find
new knowledge, recognize its importance, and ottsenprepared to incorporate this knowledge effetyiv At the
same time, the flow of knowledge is not unimpedadrhanisms that mitigate the flow of knowledge fribra entity
that invested resources in innovation include treelerets and other intellectual property restmionnovation has
become increasingly decentralized, with the impar¢gaof central R&D laboratories of large compardesreasing.
Firms have become more reliant on outside sourteschnology which involves relationships with fiye as well as
domestic firms (Branscomb and Florida, 1998).

It is generally acknowledged that there are bagrier the transnational transmission of knowledgeluding
variations in absorptive capacity; in this case,0IR&road would not be as useful to domestic inrionads R&D at
home. Within a nation knowledge diffuses most glyickithin a limited geographic range due to the arpnce of
personal contact and other aspects facilitatedrbyimity (Jaffe, 1993; Mansfield, 1995). Other stslalso find that
the degree of technological similarity affects tlosv of knowledge. Looking at the U.S. and JapararBtetter (1996)
finds that foreign R&D has a greater impact on flawel innovation the closer the patent portfolims. The results of
these studies suggest that knowledge flows betwedions, but that this is neither complete nor maic. The
relationship between imports and domestic innovaisodiscussed in light of the literature on impaompetition. The
following section discusses the role of exportseSehconsiderations will be critical aspects ofahalysis presented in
this study.

Exporting grants access to a larger market, allgwdgreater economies of scale and potential gaingHR.
Exporting might also facilitate knowledge spilloserthrough contact with foreign R&D, which incressthe
cumulative stock of knowledge available. Howeverpwledge spillovers are likely to be bidirectionad, knowledge
might flow out as well as in, potentially provingtdmental. This might be particularly true withtechnically
sophisticated market.

Empirical evidence on the relationship between eipgp and TFP is mixed. At the firm level, Bernamdd
Jensen (1999) find little evidence that exportiegds to increased TFP performance, although theindcevidence
that more productive firms are more likely to exp@n the other hand, Lawrence (2000) finds a negaetlationship
between TFP growth and exports in U.S. manufaauairthe pooled three-digit level.

INDUSTRICAL COMPETITIVENESSAND REVEALED COMPARATIVE ADVANTAGE

In this study, competitiveness enters into the wlision as a means for characterizing the “strength”
“weakness” of the industries. In particular, conifpatness helps explain how international trade t@athnology might
interact differently depending on the trade poaitio

While export shares can tell us about the competitss of individual industries, relative shardevalus to
examine the distribution among the industries.sitéasonable to postulate that the relationshipvdmt trade and
innovation might be different in an industry thashcomparative advantage than in an industry wtiags not. One
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way to do this utilizes the work of Balassa in depéng the idea of revealed comparative advantagbowing Balassa,
revealed comparative advantage is calculated as:

RCA, =

US x, / USX 4100

world x, | world x
whereUSx= U.S. exports in industry i andgorld x= combined exports from the European Union, Japad,the U.S.
in industry i. LikewiseUS x andworld x are, respectively, the U.S. and combined Europesinrl) Japan, and U.S.
exports in all goods.
A revealed comparative advantage value above 1@hshnat the U.S. has a larger share in world ¢xpothis
industry than it does in total exports of all goo@snversely, a revealed comparative advantagenb®dd means that
the U.S. has a smaller share in world exportsigiitidustry than it does in total exports of albgs.

EMPIRICAL FRAMEWORK

Hypothesis

What is the relationship between domestic innovatamd interaction with technically sophisticatedde
partners? The previous discussion suggests seWgrmtheses about the plausible relationship betweé&m,
international trade, and domestic innovation irhkigch industries. These hypotheses are outlinkedvbe

1. Domestic R&D enhances domestic innovation. Domestic investment in R&D should lead to gains TiRP
performance.

2. Foreigh R&D may enhance or discourage domestic innovation. It is more likely that foreign R&D will be somewha
less helpful to the U.S. industry. There are a nemdf reasons why this might be, including geograarriers,
language differences, local specificity of knowledgnd research redundancy. Foreign R&D should hgesitive
relationship to domestic innovation in industridsiet are strong and where foreign R&D is significan

3. Imports may enhance or discourage domestic innmvaltmports might also allow domestic firms to effeetiy
exercise their comparative advantage in other amamtaining high productivity by relying on lovest imports in
non-critical areas of the product line. On the othand, import competition in finished goods migitove
deleterious to a weak domestic industry if it cantmmpete in price or quality. The consequencehisfsituation
might be a productivity decrease and plausiblycibrgraction or loss of the domestic industry.

4. Exports may enhance or discourage domestic inrmvaflhis could take the form of scale effects fromréased
market size, including greater efficiencies, aslvasl greater opportunity for learning by doing. ¥sll, more
general learning through exporting might occur e8ally as a by-product of engaging in trade. Oa ¢ther hand,
there is also the possibility of knowledge flowittgcompetitors, which might prove harmful to done#tdustry
performance in the future.

CONCEPTUAL FRAMEWORK AND MODEL

In the Grossman and Helpman (GH) model, innovatiocurs through investment in R&D, which resultsam
increase in either the number or the quality ofilabée intermediate goods for the production ofafirproducts.
International trade allows access to the cumulagteek of knowledge beyond domestic borders; tthescumulative
stock of knowledge increases with the cumulativiewve of international trade.

Grossman and Helpman Framewor k

In the GH model, investment in R&D leads to newieties of intermediate and simultaneously conteisub the
cumulative stock of knowledge due to knowledge lepdrs. International trade contributes to TFP dgfovy
expanding the pool of cumulative knowledge stock,embodied in the increasing number of differeatiainputs
available globally. In the simplest form final gisoare produced by a Cobb-Douglas production fanatiith constant
returns to scale using labor and intermediate gput
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Y = AD”L"*
whereA is the rate of technological progress, or the petidity parameter; D is an index of differentiatetermediate
inputs; andL is labor. Economic growth in this model occurs tigio an increase in total factor productivity (TFP).
Differentiated intermediate goods are produced witmmon, constant returns to scale production fanct

" 1/a
D=[Ix(j)aay} , O<a<l
0

where D is a single homogeneous consumption gosehaded from intermediate inputdf X = xn resources are used
in production of each final good, then the produttiunction can be expressed as:

D =xn"
and TFP increases as the number of variatigacreases:
D _
E=n(l AW 0<a<l
Each new variety is created by devotagnit of labor to R&D for timedt, or:
. L
n=—
a
In the steady state, the economy grows at theofatgroduction of new varieties of intermediates:
n
g=
n

Knowledge stock can be assumed to be directly ptigmal to the number of intermediates, n, and egped:
K=n
Knowledge contributes directly to creating "blueps!' for new intermediates, which can be appropddty the

producer (e.g., through patenting or other means).
When there is knowledge spillover, the existingktof knowledge is also augmented. Thus,

. KL
A=—
a

New intermediates thus are developed by utilizingits of labor to produce eaghintermediate.

Thus, trade introduces new incentives for the aguttiat starts out more advanced to introduce nmee
product varieties (innovate), while the slower douriaces diminished incentives to innovate. Imtigalar, foreign
R&D could be associated with more sophisticated petitors, which can have both positive and negatiyeacts on
domestic innovation beyond the increase in availakhowledge stock. While the GH framework lays ol
importance of exports as well as imports in intéomal knowledge transmission, the empirical wookdate has
primarily focused on imports.

SPECIFICATION AND DATA

Specification

The model that is used to explore the industryllestationship between TFP, domestic and foreignDR&nd
international trade is related to the Grossman Hietbman framework described in the previous sectibhe
specification which is estimated is:

Inyp3, = B, + B, -Inrdst, + B, -In frdst, + B, -expsal 1.+ 3, -impsal 1.+
B -(expsal _1.)-(In frdst,)+ B, -(impsal _1.)-(In frdst)+ 3, -time+ ¢
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wherei= 1,2,3,4 is the index of the four three-digit indiest considered in this dissertation. The timealad,time is
included to minimize the effects due primarily ta@mmon trend over time.

Table below summarizes the interpretation of theractive coefficients in this model. In the topht quadrant
the effect of trade is negative, but as there isenimowledge to tap into abroad, i.e. as the |®fdoreign R&D
increases, then this can begin to dominate andetidesffect of trade might have a positive relatip to TFP. On the
other hand, the lower left quadrargpresents the situation where trade might have a positivatienship to TFP.
However, as the level of foreign R&D increases,tdadnical sophistication of foreign competitiogri@ases.

Bsor ;>0 Bsor ;<0
OinTFP ambiguous, depends on
Ol TFP >0 otrade
Ps ot fs>0 Otrade Infrdst
O TFP .
S rade ambiguous, depends on O TFP
B or B5>0 Infidst dirade 0

Expectations on the coefficients in the equation:
Ingp3, = B, + B, -Inrdst, + B, -In frdst, + f, -expsal _1,+ B, -impsal _1, +
B -(expsal _1,)-(In frdst,)+ B - (impsal _1,)-(In frdst,)+ B, -time+¢&

Data and Estimation

The equation is estimated using industry level aatal.S. imports and exports, domestic R&D, anckifpr
R&D to address these questions in the industryuestion. Domestic and foreign R&D stock variakdes created
using the perpetual inventory method. Foreign R&bck is calculated from total R&D performed by ustty in the
European Union and Japan.

COMPUTER EQUIPMENT INDUSTRY

The importance of continued investment in R&D aliger of innovation and as a contributor to endgsin the
global arena is particularly apparent in the cabehe robust industry. Key characteristics inclutte role of
international linkages and competition in the pietof the evolving industry, and the domestic indus response and
adaptation to competitive pressures. The empitieallts suggest that domestic R&D is a key drived@mestic
innovation.

The discussion and data analysis is focused spaltyfion the computer and office equipment indysay by
defined by SIC 357 (1987 revision). SIC 357 is casgy of: computers (357I), storage devices (35%)ninals
(3573), peripherals (3574), calculating machinegs783, and office machinery not elsewhere classifi@d79). An
important distinction is that this classificatioaed not include software. Table below compositib8IC 357 (selected
years, fraction of value of shipments)
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Electronic Computer Computer Computer Calculating Office

Computers Storage Terminals Peripherals  and Machines
Devices ne.c. Accounting n.e.c.
Machines

year| 3571 3572 3575 3577 3578 3579
1972\ 0.451 0.086 0.041 0.187 0.078 0.158

1987 0.555 0.105 0.030 0.231 0.025 0.054

1996 0.575 0.121 0.009 0.239 0.018 0.037

Computers have comprised the largest share ofntthesiry over the entire period, accounting for 4504972
and nearly 60% by 1996. Peripherals make up the laeyést group, accounting for 19% in 1972 and 24%986.
Computer storage devices accounted for 9% in 19@2.2%0 by 1996. Terminals and calculators have besnadl and
decreasing portion of the industry over the ergeggod.

EMPIRICAL ANALYSIS
Results of OL S estimation

As explained earlier, in order to probe the compldationship between R&D, international trade, aodnestic
innovation, ordinary least squares (OLS) with sthatandard errors is used to estimate equatiang irsdustry level
data on U.S. imports and exports, domestic R&D, fangign R&D in the computer equipment industry.

The relationship between imports and domestic T&Fhore ambiguous when we account for the intenactio
between imports and foreign R&D stock. In columril coefficient on imporjgemains positive, but the coefficient
on the interactive term is negative. If we evaluatéhe mean of foreign R&D stock, we can calcuthtenet effect of
imports: a 1 percentage point increase in importates is associated with a 1.15% increase in daniésP. However,
if we evaluate at the maximum of foreign R&D stottie net effect of imports is negative: a 1 peragatpoint increase
in imports to sales is associated with a 1.26% @aserén domestic TFP.

These results suggest that as imports are moraitatly sophisticated, there is a negative impacidomestic
innovation. This might reflect greater competitiimn the high end of the market, where goods arge ¢esnmoditized
and productivity gains are harder to achieve. lteshnically sophisticated imports might affect deti@innovation
differently. Import competition in the more commbzitd segments of the industry might stimulate dstioe
manufacturers to seek more efficient methods oflpeton. Import competition on the commaoditized enight also
spur domestic manufacturers to introduce new attémgroducts.

Another potential concern is omitted variable lifzet arises from idiosyncratic factors which affé€tP and are
correlated with R&D and international trade, susishocks that affect the whole economy in a giveary

A final caveat is that this is a small sample slmited by the number of years of data availabieally, one
might want to pool data for all four industries amk industry dummy variables. However, given adersible industry
differences in the nature of innovation and the rol R&D, including intercept dummies for the inttiess does not
allow for a fundamentally different relationshiptiveen R&D stock and TFP by industry.

Summary
The relationship between international trade anshekiic TFP in this industry depends upon the lefdébreign
R&D stock. Exports can enhance domestic TFP aslahel of foreign R&D stock increases, whereas ingor
discourage domestic innovation as the level ofifpr&k&D stock increases.
Some key quantitative results are:
- After we account for the effects of foreign R&D amdernational trade in the full specification, fevery 1%
increase in domestic R&D stock, there is a 1.07 éteimse in domestic TFP.
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- When we evaluate at the mean values of exportales and imports to sales, we find that a 1% ineréas
foreign R&D stock is associated with a 1.75% de@éaslomestic TFP.

- Overall, exports contribute positively to domestimovation. The positive effect is a function otieasing
foreign R&D stock. Evaluated at the mean of foreRfaD stock, a 1% increase in exports to sales is@ated
with a 2.14% increase in domestic TFP.

- As the level of foreign R&D stock increases, imgdnave a negative impact on domestic innovationeW\e
evaluate at the mean of foreign R&D stock, a 1%ease in imports to sales is associated with a 1ih6féase
in domestic TFP. However, a 1 percentage poinesse in imports to sales is associated with a 1.@€tease
in domestic TFP at the maximum of foreign R&D stock

INDUSTRY CHARACTERISTICS

The results in previous section raise importantstjops about the role of foreign R&D and internaéibtrade in
the U.S. computer equipment industry. The resuditssa suggest that increasingly sophisticated fareigrkets might
aid domestic innovation through exports, but atdame time, the greater technical sophisticatiompbrts might hurt
domestic innovation in this industry. In the follmg section, we will consider these findings in tmntext of the
industry experience over this time period.

From the beginnings of the computer industry change market structure evolved concomitantly with
technological advance (Bresnahan, 1999; BresnahdnMalerba, 1999). This volatility has largely begriven by
technological advance creating new market segmergs,microcomputers, then PCs. Competition indbmputer
industry is rooted in technological advance. Ongdichnological displacement of older models aneheslasses of
computers occurs with the introduction of "bettesmputers, generally more powerful, cheaper andlsnia size.

The rapid technological progress in the computdustry derives from the extensive investment in Rt
characterizes this industry, and the remarkableracharistics of microelectronics technology throughich its
productivity was driven at a phenomenal rate. Abmation of government, academic and private saeources in
confluence resulted in a formidable advantageHerdevelopment of the U.S. computer industry. Tdréye/ears of the
commercially viable computer industry are almodirely an American story. Initial high risk purcteasf high speed
computers by the U.S. government contributed hgawithe first computers and continued for sevdealades (Flamm,
1988; M. I. T. Commission on Industrial Productyyii 989b).

In many respects, the computer industry has haetriational aspects from the start. The computéustry
began showing a trade deficit for the first timel®91, the magnitude of which increased in the yezars. However,
the deficit to some extent reflects the shiftinguna of the forefront of this industry. Severaltees remained domestic
strengths while others saw a growth in importsigberals, in particular, became increasingly don@deby imports.
As well, the growth in imports in these sectorstlgareflects shifts in production, particularly e sourcing of
components to lower-cost off-shore suppliers, ahiftssin the sources of value added to software hasiware
increasingly became commoditized.

CONCLUSION

Taken together, the empirical results and the agweént of the computer equipment industry suggesbiy in
which sophisticated foreign competition has hadstimulating effects and deleterious effects omestic innovation.
The U.S. industry has been a strong global industrithe entire period. Investment in R&D has besnimportant
component of innovation in the U.S. computer eq@pmindustry, as is borne out by the empirical Itesand in
consideration of the industry development.

At the same time, international connections wes® @n important part of the industry developmentni-the
start, the computer equipment industry involveceiinational distribution, and early advances in tetbgy were
developed in the U.K. and Germany as well as inUt®. While U.S. based firms attained significardrket share
domestically and abroad in the 1970s and 1980seasing competition from producers in Japan andurope was

290 Journal of International Management Sudies* February 2008



always a factor. The negative relationship we seivéen foreign R&D stock and domestic TFP in thengater
equipment industry supports the hypothesis thagidor R&D might discourage domestic innovation asdpicers
abroad become more technically sophisticated. At dhme time, the competition from increasingly sstiiated
producers abroad also seemed to spur domesticatinay
The relationship between increasing R&D abroad dachestic innovation is nuanced, particularly whea w

realize that the role of international trade aneifgn R&D is highly intertwined. We saw in the emigal results that in
the computer equipment industry, exports contrilpatsitively to domestic TFP as the level of foreR&D increases.
This might reflect the existence of more ideas iglabal setting, when foreign R&D is higher, thésemore to learn
through trade. As well, as foreign R&D increaseqyogting provides contact with a technically sopbated market
including knowledgeable consumers and suppliersisTthe effect of exporting reflects the possipibf knowledge
transmission, as well as the potentially stimutagffect of needing to compete in a highly innovatglobal market.
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