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Chapter VI

TRANSNATIONAL CORPORATIONS,
TECHNOLOGY AND GROWTH

Technology plays an undisputed role in economic growth by increasing the productivity potential
of all factors of production, both tangibles such as labour and capital and intangibles such as organization
and quality control. As the economies of the world are becoming increasingly globalized, technology
emerges as the most decisive factor in determining international competitiveness and hence growth
prospects. The present chapter provides a brief overview of the relationship between technology and
growth, evaluates the role of TNCs in that relationship and draws some policy implications relevant to
strengthening the contribution of TNCs to growth through technology transfer.

A. Technology as a determinant of growth

1. Linkage between technology and growth

The concepts of technology and technological change encompass many dimensions. Technological
progress in some cases involves process innovation, implying that new ways are found to produce existing
goods and services, often involving less use of resources. In others, it involves product innovation,
implying the introduction of new products or the improvement of quality. Technology comprises more
than machinery and other forms of hardware embodied in physical goods. It can be considered as “the
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stock of knowledge (technical or management)” ! used in production and marketing. A part of that
knowledge is embodied in machines, but much of it is also embodied in human skills, management
methods, organizational structures and work routines. Technology, therefore, takes different forms:
“hardware”, such as machinery and equipment; “software”, such as blue prints and process specifications;
and the “services” of technicians and professionals for tasks such as quality improvements, management
and marketing know-how and process and product design. The software and service components of
technology are becoming increasingly important in the international economy, with the emergence of
information technology as the central element in the production of many goods and services.

The pervasive nature of the concept of technology, as indicated above, raises several problems in
relating technology to growth. There is no single measure of the level of technology and the rate of
technological change; it is not easy to separate the independent contribution of technology from other
factors of production, particularly capital and labour, in which technology often becomes embodied,; 2
and the impact of technology on growth depends on complex interactions between technological change,
the structure of incentives confronting enterprises to apply, adapt and innovate upon available technol-
ogies, as well as institutional arrangements regarding, among other things, the flow of information and
the functioning of markets. 3

Despite those problems, analysts generally agree on the importance of technology as a determinant
of growth. At the conceptual level, technology is considered to promote growth in several ways. First,
advancements in technology enable a country to obtain a greater output from any given combination of
inputs, which means that the productivity of factors of production is enhanced by technology. Second,
technology can promote and sustain growth through the production of new products (including qualita-
tively superior products), with higher value-added and greater income elasticity. Third (related to the
above but deserving of special mention), technology can foster growth through improved export
performance, which often requires a shift in the composition of exports from primary commodities to
manufactures, and within manufactures to more technology-intensive products.

2. Some empirical evidence on technology and growth

A substantial body of empirical evidence drawn from developed countries provides empirical
support for the conceptual links between technology and growth. Empirical evidence for the central
importance of product innovations in long-term growth was provided by S. Kuznets as early as 1930. 4
Based on the premise that old consumer goods typically suffer from low long-term income and price
elasticity, he argued that a cost-reducing impact of technological change in old goods would have a small
aggregative impact on growth. The long-term growth impulse, therefore, came from new products.
Similarly, J. Schumpeter emphasized the role of “creative destruction” of old products and their
replacement by new ones in the dynamics of growth. 3 Many subsequent studies at both the aggregate
and sectoral levels have provided empirical evidence for the beneficial impact of technology on growth
through increased productivity of factors of production. 6
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Recent empirical studies on developing countries also demonstrate a significant impact of technol-
ogy on growth through higher factor productivity. According to one study on Latin America, for example,
nearly 20 per cent of growth in output for that region for the period 1940-1970 was accounted for by
growth in total factor productivity. ' The findings of several studies on countries/territories in Asia are
presented in table VI.1. Very recently, furthermore, one study based on a sample of 25 countries,
comprising developed countries as well as six newly industrializing economies (Argentina, Brazil, Hong
Kong, Mexico, Republic of Korea and Taiwan Province of China), has found that innovation and diffusion
of technology exerted a significant impact on growth of GDP and productivity for the period 1960-1985. 8

As was noted earlier, technology can promote growth through improved export performance, which
often requires a change in the composition of exports in favour of manufactures. Available evidence
shows that, within the manufactures group of exports, R&D intensive industries have been the most
rapidly growing exporters. Thus, over the
period 1980-1987, the rate of growth of im-
ports into developed countries averaged
10 per cent for high R&D intensive indus-
tries, while that of low R&D intensive indus-

Table VL.1. Selected developing economies in Asia:
growth of output and contribution of
total factor productivity

) ' Percentage
tries was only 5 per cent. ? It follows that, in ( &)
so far as exports exert an influence on Contribution
growth, the technological content will deter- of total
mine the strength of (export-led) growth. Growth rate factor
Economy Period in output | productivity
The studies cited above provide con-

.. rical evid fthe significant Hong Kong 1955-70 9.3 46.5
vincing empirical evidence of the significan 1970-80 0.6 213
contribution of technology to growth, which |ingia 1950-80 35 39.1
in recent decades appears to have assumed 1970-80 3.0 0.2
an even greater importance for growth. For |Indonesia 1970-80 17 315
example, from about the mid-1970s, per ca- |Korea, Republic of iggg'gg 22 ‘51?‘2‘
pita use of commodity materials (spch 38, |\falaysia 1070-80 be 217
energy, steel, cgpper, cemept) declined or Philippines 1957-62 49 0.0
levelled off, while per capita world GDP 1963-69 5.2 15.4
continued its upward trend; the difference }g;g-;?) g; 19-2
between the growth in the use of materials | _ ) : 20.

. Singapore 1957-70 6.6 55.2
and the growth of GDP can be largely attrib- 1966-72 12.5 48
uted to growth in the use of knowledge-in- 1972-80 8.0 -11.3
tensive new technologies such as 1970-80 9.1 19.7

: . Taiwan Province of

electr.omcs, c?mputers and pew materials. China 1955-77 8.0 53.6
Consistent with that assertion, data show a 1970-80 8.5 50.0
generally declining trend in the intensity of |Thailand 1970-80 6.9 19.7

raw materials per unit of GDP in developed
countries (figures V1.1 and VI.2).

Source: Yukio lkemoto, “Technical progress and level of
technology in 1970-1980: a translog index approach”, The Developing
Economies, vol. XXIV, No. 4 (December 1986), pp. 368-390.
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Figure VL1. Intensity of use of selected agricultural raw materials in developed countries
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B. Transnational corporations and technology development

As mentioned earlier, the common denominator linking technology to growth is that it permits
production of a greater amount of, or new output from, a given amount of resources. That production
requires new technological development that normally involves R&D efforts. Results of R&D, in turn,
are often reflected in patents. The present section, therefore, deals with the role of TNCs in technology
development, as indicated by R&D and patents.
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Figure VL.2. Intensity of use of selected minerals, ores and metals in developed countries
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(March 1989), p. 4.
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tional market place, science and technology have become more and more linked. It is being increasingly
recognized that a large part of technological development occurs because of actions taken by
enterprises. 1 Tndeed, TNCs devote substantial resources to R&D, in addition to having a variety of
institutional arrangements with universities, research institutions and other enterprises.

The role of private companies in R&D relative to overall national expenditure on R&D by major
home countries of TNCs is illustrated in table V1.2. It is interesting to observe that the proportion of sales
spent by these companies on R&D far exceeds the proportion of total national expenditure as a proportion
of GDP. Furthermore, R&D expenditures of the limited number of companies for which data are
presented in table V1.2 account for a significant share of total national expenditures. And most of these
firms, in turn, are TNCs, which, recognizing the key importance of technologies, have undertaken
extensive research programmes. Such TNCs as IBM, General Electric, Hitachi, General Motors and
Siemens have allocated funds amounting to billions of dollars annually for R&D (table VI.3).

Research-and-development expenditures capture the resources devoted to technological develop-
ment. They are, therefore, an input indicator. Results of R&D often find expression in patents, which can
be viewed as an output indicator of technological development. Here, again, available data on patents
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registered in the United States
clearly show the dominant role of
corporations. Foreign-owned cor-
porations together with those of
United States origin account for
over three-fourths of patents regis-
tered in the United States; the
share of foreign-owned corpora-
tions has increased from the mid-
1980s and is now larger than that
of domestic firms (table V1.4). The
top 50 TNCs accounted for more
than one-fourth of all patents
granted to corporations during the
1980s. Overall, the development
of technologies appears to be in-
* creasingly undertaken by TNCs.

2. Theinternationalization
of technological develop-
ment and transnational
corporations

Historically, TNCs have un-
dertaken technological develop-
ment mostly in their home
countries. Foreign affiliates gener-
ally undertook modifications and
adaptations to innovations, ema-
nating mainly from the R&D es-
tablishments of their parent firms
in home countries. That is still the
predominant pattern. In recent
times, however, there has been a
marked growth in the internation-
alization of R&D. As TNCs be-
come progressively more global
and acquire a world orientation for
their inputs, products and markets,
a number of them are establishing

Table VL2. Research-and-development expenditure of
selected countries and top companies ?

A. National R&D expenditure, latest available years

R&D
expenditure | Share of R&d
(Million expenditure in GDP

Country dollars) Per cent Year
Canada 7250.6 1.3 1989
France 222410 23 1989
Germany, Federal
Republic of 34234.0 2.6 1989
Italy 11 189.6 1.3 1989
Japan 82 853.1 2.7 1989
Netherlands 47923 2.1 1989
Sweden 5459.5 2.9 1989
Switzerland 3899.6 29 1986
United Kingdom 18 356.3 24 1988
United States 144 867.0 2.7 1989

B. R&D expenditure of top companies

R&D
expenditure of
top R&D
companies expenditure as
(Million percentage of Number of
Country dollars) sales companies
Canada 2 069 4.6 6
France 6 997 4.2 17
Germany, Federal
Republic of 14 086 6.1 19
Italy 2640 4.2 8
Japan 27 295 49 74
Netherlands 4208 3.0 7
Sweden 3454 6.5 10
Switzerland 4426 5.9 10
United Kingdom 7570 2.1 33
United States 37 569 4.7 28

Sources: Calculations of the Transnational Corporations and Management
Division, based on OECD, Basic Science and Technology Statistics (Paris, 1991),
table 3; United Nations, National Accounts Statistics: Analysis of Main
Aggregates, various issues; and Business Week; Quality 1991, pp. 171-172 and
176-208.

a Companies with the highest absolute amount of R&D expenditures.
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Table VI.3. Research-and-development expenditure by
top 20 transnational corporations, 1990

integrated R&D systems, with overseas
laboratories playing a significant role.

The increasing importance of economies (Millions of dollars)
of scope, shorter product cycles and rapid .
obsolescence, all of which require closer Ten non-United R&D Ten United R&D
) ) ? w q - States TNCs expenditure States TNCs expenditure
interaction with customers, have necessi-
tated Sl:lCh an 1t?temz.1t101'1allzatlon. In som.e Siemens 4132 |General Motors 5342
cases, internationalization has been moti- | Hitachi 3011 |IBM 4914
vated by the desire to take advantage of |Matsushita ) Ford Motor 3558
ientifi d technical 1 Electrical Industrial 2423 AT&T 2433
scarce scientific and technical personnel, | ppiipg Electronics 2411 |Digital Equipment 1614
in which particular host countries possess | Alcatel Alsthom 2237 |General Electric 1479
a comparative advantage. At the same [Fujitsu 2097 | Du Pont 1428
ti th has b facilitated b Toshiba 1864 |Hewlett-Packard 1367
1me, the process has been ale 1tateda by Nippon Telegraph Eastman Kodak 1329
the development of transnational com- | & Telephone 1739 |Dow Chemical 1136
puter-communication networks and on- gEC i Zgg
. . ayer
line systems that permit the smooth flow Y

of data and information among remote
sites and, indeed, the on-line conduct of
R&D. 12

Source: Business Week, Quality 1991, p. 176.

No comprehensive data exist on the geographical distribution of the R&D efforts of TNCs by
country of origin. But the sketchy evidence available from limited survey data lends support to a growing
internationalization. In the case of United States TNCs, the proportion of R&D expenditure accounted
for by foreign affiliates increased to 10 per cent in 1989, from seven per cent in 1966. 13 The data seem
to indicate that European TNCs have reached a considerably higher degree of internationalization of their
R&D expenditures. Some 23 per cent of the R&D expenditures by 20 Swedish TNCs were undertaken
abroad in 1987, compared with 21 per cent in 1980. 4 In the case of TNCs from the Federal Republic
of Germany, it has been noted that the growth of R&D employment abroad has risen much faster than
the growth of total employment abroad. A survey of 33 major firms showed that 18 per cent of their total
R&D employees in 1989 were employed in affiliates abroad. B contrast, a survey of 11 large TNCs
from the Federal Republic of Germany at the end of the 1970s revealed that 15 per cent of their R&D
personnel were employed abroad. 16 Some of the leading European TNCs, such as Ciba Geigy, Royal
Dutch Shell, Bull, Philips, Olivetti, ABB and Norsk Hydro, each spend more than a third of their total
R&D expenditure in foreign locations. 17

Available data on patents also generally indicate a rising importance of R&D in foreign locations
(table VLS). Between the early 1970s and mid-1980s, the share of patents filed in the United States by
TNCs that are credited to research undertaken outside the home country of the parent company has
increased in 7 of the 11 countries included in the table.
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Table VI.4. Number of United States patents, by type of grantee, % 1980-1991
(Thousands)

Year

1980 | 1981 | 1982 | 1983 | 1984 | 1985 | 1986 | 1987 | 1988 | 1989 | 1990 |1991°

United States-owned

Individuals 114 | 120 | 103 92| 104 | 107 | 11.0 | 109 | 11.7 | 147 | 149 7.7
Corporations © 276 | 294 1 258 | 257 | 299 | 309 | 29.3 | 33.5 | 31.3 | 379 | 360 | 18.6
Top 50 United States-
based TNCs ¢ 9.2 | 10.1 8.7 8.8 | 10.1 | 103 9.6 | 10.8 95| 11.2 | 105 9.2
Government 1.2 1.1 1.0 1.0 1.2 1.1 1.0 1.0 0.7 0.8 1.0 0.6

Foreign-owned

Individuals 4.1 42 34 33 3.7 40 | 43 49 4.8 54 53 2.7
Corporations ° 19.2 | 213 | 196 | 199 | 240 | 268 | 27.6 | 33.5 | 32.1 | 387 | 37.3 | 19.1

Top 50 non-United
States-based TNCs ¢ 6.3 72 6.9 7.0 8.6 9.5 94 | 11.6 | 113 | 13.6 | 125 6.2

Government 0.3 03 04 0.3 04 0.5 0.5 0.6 0.5 0.4 04 0.8
All corporations ¢ 468 | 50.7 | 454 | 45.6 | 539 | 57.7 | 569 | 67.0 | 634 | 76.7 | 73.3 | 37.7
TopSOTNCsd 116 | 132 | 11.8 ] 12.1 | 142 | 153 | 148 | 176 | 165 | 202 | 19.1 | 10.0
All corporations as a

percentage of total 734 | 742 | 752 | 76.8 | 774 | 780 | 77.2 | 794 | 782 | 783 | 773 | 76.2
Foreign corporations

as a percentage of all

corporations ° 410 | 420 432 | 436 | 445 | 464 | 48.5 | 50.0 | 50.6 | 50.5 | 50.9 | 50.7
Top 50 TNCs ® as a

percentage

of all corporations © 247 | 26.0 | 260 | 265 | 263 | 26.5 | 26.0 | 263 | 260 | 263 | 26.0 | 26.5

Sources: United States Patent and Trademark Office, OEIPS/TAF Program within the Office of Information Systems, All Technologies
Report, January 1963-June 1991 (Washington, November 1991), Design Patents Report, January 1977-June 1991 (Washington, November
1991) and OEIPS/TAF Program Database (Washington, June 1991).

Utility and design patents only.

Figures up to June 1991.

May also include non-corporate organizations.

Inventor patents only.

May exclude subsidiaries identified separately from parent organizations.

o Lo o
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In sum, TNCs account for the bulk of R&D expenditures in their home countries, which, in turn,
are the global leaders of technological development. A small but increasing share of those expenditures
is being shifted to host countries, albeit primarily to developed ones.

Obviously, technology development is the pre-requisite for improved factor productivity and
product innovations which, in turn, fuel growth. By virtue of their dominance in technological develop-
ment, TNCs play a major role in the growth process, a role that is likely to become of greater importance
in the future because of the increasing importance of technology as a determinant of growth.

C. Transnational corporations and the transfer of
technology to developing countries

The preceding section has demonstrated the importance of TNCs in the development of technology
at the global level. The focus of analysis in the present section is on their role in technology transfer to
developing countries. 18 The rationale is that, as demonstrated in the preceding section, technology
development by TNCs mostly takes place in the home countries of those firms or in other developed host
countries. 1° Therefore, access to technologies for developing countries is largely a matter of acquiring
technologies from TNCs in developed countries. The impact of technology transfer from TNCs on the

Table VLS. The share of United States patents of the largest firms world-wide
attributable to research in foreign locations (outside the home
country of the parent company), organized by the nationality of
parent firms, 1969-1986

(Percentage)
Country 1969-72 1973-77 1978-82 1983-86
Belgium 49.6 54.2 56.1 71.3
Canada 42.0 40.0 39.8 355
France 10.2 94 8.8 10.9
Germany, Federal Republic of 13.6 11.5 123 144
Italy 20.1 18.3 13.7 11.7
Japan .29 1.9 1.3
Netherlands 63.9 68.8 64.1 70.0
Sweden 20.9 17.8 25.9 313
Switzerland 45.0 443 44.1 42.6
United Kingdom 433 40.5 38.7 45.0
United States 43 55 6.0 7.4

Source: John H. Dunning, “Multinational enterprises and the globalization of innovatory capacity”, Rutgers University
GSM working paper No. 91-03 (January 1991), table 7, p. 18.
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growth of the host economy, however, depends on how the various modes of technology transfer interact
with the local technological capabilities, incentive structures and institutional arrangements.

The principal sources of technology acquisition are scientific and technical publications (typically
widely accessible at low costs); trade (through the import of machinery and equipment); FDI (through
both wholly-owned foreign affiliates and joint ventures); and non-equity links with TNCs through
mechanisms such as patents, licenses, technical assistance agreements and other contractual arrange-
ments, as well as strategic alliances. Transnational corporations play a major role in all those modes of
transferring technology, particularly so in the latter three.

1. Transnational corporations and the supply of capital goods

The import of capital goods is a prime determinant of the productive capacities of developing
countries. As table V1.6 shows, developing countries in Africa recorded a significant decline in the
absolute value of capital-goods imports during the decade of 1980s; those in Latin America and the
Caribbean achieved only a marginal increase; and those in Asia and the Pacific raised their imports by
nearly three-fourths. That is undoubtedly a significant explanatory variable in the differential growth
performance of those groups of countries.

Table VL6. Capital goods ® imports by developing countries, 1980-1989
(Billions of dollars)

Country group 1980 | 1981 | 1982 | 1983 | 1984 | 1985 | 1986 | 1987 | 1988 | 1989

All developing
countries .| 1153 1305 1224 | 1062 | 1059 | 1014 | 1124 | 126.1 | 1439 | 155.2
Africa 235 263} 225 18.2 17.6 16.7 16.5 16.5 17.2 18.2
Asia and the 7
Pacific 56.7 65.1 68.2 65.3 624 | 56.7 63.7 74.0 87.2 95.8

Latin America and
the Caribbean 31.1 35.8 29.0 20.3 23.6 25.3 28.5 31.8 35.0 36.3

Source: UNCTAD Secretariat.

a Includes SITC Rev. 1, Section 7, machinery and transport equipment, except 7194 domestic appliances non-electrical;
7241 television receivers; 7242 radio receivers; 7250 domestic electrical equipment; 7321 passenger motor cars; 7326 chasis
for passenger motor cars; 7329 motor cycles; and 7331 bicycles.
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The key issue in the present context is the role of TNCs in capital-goods imports. The non-avail-
ability of data does not permit a disaggregation of imports of capital goods from TNCs as compared with
imports from other entities. Indirect evidence suggests, however, a major role of TNCs in the supply of
capital goods. For example, in 1989, at least 80 per cent of United States foreign trade was undertaken
by those corporations, including parent companies in the United States, foreign affiliates of United States
TNCs and United States affiliates of foreign TNCs. It is, therefore, not unrealistic to assume that the
proportion of capital-goods imports of developing countries from the United States accounted for by
TNC:s is quite high. The importance of TNCs in the supply of capital goods is also underscored by the
high proportion of intra-firm trade in some capital goods items. For example, exports of non-electrical
machinery by United States TNCs are substantially intra-firm; in 1989, 60 per cent of such exports were
represented by intra-firm transactions. 20 The importance of intra-affiliate transactions in total capital
goods imports of developing countries, however, would be considerably less (see chapter VIII).

2. Technology transfer through foreign direct investment

A TNC normally undertakes FDI when it possesses certain technological or other economic
advantages over its competitors, which it finds in its best interest to exploit internally from a foreign
location. 2! Technology forms an important part of the competitive advantage of a TNC, and many firms
choose to service their foreign markets through FDI, not only to exploit that advantage but also to retain
company control over their technology. Transnational corporations generally transfer their most recent
technolongzto their affiliates, while selling or licensing older technology to locally-owned firms and joint
ventures. ““ Hence, FDI may be the only way for many developing countries to gain access to the latest

technology and especially to certain key technologies.

Foreign direct investment can promote technological change in developing countries—and, as
box VI.1 shows, in developed countries as well—in a number of ways. The direct impact may occur
through its contribution to higher factor productivity, changes in product and export composition, R&D
undertaken by foreign affiliates, the introduction of organizational innovation and improved management
practices, and employment and training (the last of these aspects is being dealt with in chapter VII).
Indirect impacts occur through collaboration with local R&D institutions, technology transfer to local
downstream and upstream producers, the effects of the presence of foreign affiliates on competition and
on the efficiency of local producers and the turn-over of trained personnel.

(a) Direct effects
(i) Transnational corporations and factor productivity

An important contribution of technology to growth is through increased factor productivity. An
evaluation of the contribution of TNCs to that process would require highly disaggregated data on the
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Box VL1. Foreign direct investment in developed countries and technology transfer

A good part of the discussion of FDI and technology transfer in developed countries focuses on the
possibility that FDI may, in fact, reduce the technological capacity of the host economy and, hence, impair its
growth prospects. For example, it has been argued that Japanese TNCs in the United States cause a drain of
United States technology to Japan. More specifically, it is feared that, when Japanese companies acquire United
States firms, especially in high-technology industries, they do so in order to capture innovative products and
their technologies for the parent firm in Japan. Ttis argued that, in the longer run, foreign investors will shift
the bulk of R&D activities from the United States to their home countries and denude the United States of its
innovative capacity by making the results of R&D unavailable to firms in the United States.

It is very difficult to assess the longer run impact of foreign investors acquiring or displacing United
States firms on the development of technological capacity in the United States. However, if the concern is that
foreign investors will shift R&D activities from their United States affiliates back to headquarters, the data
show that, in fact, foreign affiliates in all industries taken together in the United States perform twice as much
R&D per worker than United States firms (table 1). In the manufacturing sector, however, the differential is
less pronounced and the amount of company-funded R&D expenditure per worker for United States firms is
marginally lower than for foreign affiliates. Those figures do not give any indication of the type or quality of
R&D undertaken by the two categories of firms, but they do not support the view that foreign firms are
transferring large amounts of R&D from their United States affiliates to headquarters. Similarly, a study of
royalties and licence fees found that transfer of
foreign technology into the United States by
foreign affiliates was more than five times
larger than technology transferred out by

Table 1. Researéh and development by United States
affiliates of foreign firms, 1988

them. 2 In fact, measured by royalties and United States firms
licence fees, the largest proportion of technol-
ogy transfer from_ the United States was ac- Foreign , | Company-
counted for by United States parents of foreign affiliates Total Junded
affiliates. All industries

Many foreign investors may locate their R&D (millions of dollars) 7382 97 889 65583
R&D activities in the United States in order to Employment
take advanta§e of the technology centres in (thousands of workers) 3682 91 076
that country. ~ A study of Japanese entries into R&D per worker
297 United States industries showed that | (thousandsofdollars) 2.00 1.07 0.72
Japanese FDI predominated in R&D intensive |Manufacturing
industries in respect of establishment of new R&D (millions of dollars) 6402 89776 60223
plants, but there is no indication that Japanese Employment
acquisitions are more frequent in high-tech- (thousands of workers) 1762 19341
nology industries. 4 Many Japanese com- R&D per worker
panies pursue a strategy of vertical integration | (thousands of dollars) 3.63 4.64 3
for their overseas activities. Fujitsu, for ex-

ample, has constructed a $100 million R&D, Source: Edward M. Graham and Paul R. Krugman, Foreign Direct

manufacturing and service facility in Texas for  1,vesment in the United States (Washington, D.C., Institute for International
the development of fiber optic transmission Economics, 1991), table 3.3, p. 73.

systems for the United States market, jointly a Data are preliminary
by United States and Japanese engineers. b Includes federally funded as well as company-funded expenditure.
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(Box V1.1, continued)

Likewise, in 1985, Honda established an R&D facility in Ohio, now employing 200 persons. Honda’s goal is
to employ 500 people in R&D centres in the United States by 1995. The strategy of the company is to develop
and build cars in the areas in which they are sold. 6

Foreign affiliates in the United States may also be helping to increase United States factor productivity
by introducing new technology and management methods. This may particularly be the case in industries in
which the United States is losing international competitiveness. In the automotive industry, the Japanese
automakers in the United States are introducing new standards in the manufacturing and engineering of cars,
which serve as models for United States automakers. For example, in 1990 the Ford Motor Company switched
to the production of a new model without stopping the assembly line, by introducing reprogrammable machines
that move on tracks. This is a practice Japanese automakers have developed, and used in the United States, to
increase productivity. 7 In 1982, General Motors turned over a run down and inefficient auto plant in Fremont
California to Toyota Motor Corp. as a part of a joint venture. By introducing new technology and a typical
Toyota production system, with just-in-time delivery and a flexible assembly line, it only takes half of the
previous work force to assemble the same number of cars.

Japanese automakers in the United States also transfer technology indirectly, by providing technical
assistance to United States suppliers. Since the surge of the yen made it more profitable for Japanese firms to
source locally, thesl encourage United States car-part firms to adopt new methods to improve quality and lower
production costs.

In fact, Japanese FDI in the United States automotive industry has brought new investments and
technology transfer to other declining industries in that country, like the steel and rubber industries. Faced with
strong international competition and declining demand from the automotive industry, the United States steel
industry verged on collapse at the beginning of the 1980s. However, many Japanese steel firms have invested
heavily in the United States, building state-of-the-art plants for coating and preparing steel coils used by
carmakers, and entering joint-ventures to modernize large integrated United States steel plants. 10 1n this
manner, the United States partners gain access to state-of-the-art Japanese technology, as well as the new market
of Japanese automakers.

1 Marjorie Sun, “Investors’ yen for U.S. technology”, Science, vol. 246 (8 December 1988), pp. 1238-1241; Eduardo Lachicha,
“Japanese firms the most active investors in U.S. high-tech concerns, study says”, The Wall Street Journal, 14 May 1991, and Georgio
Gilder, “American technology at fire-sale prices”, Forbes (22 January 1990), pp. 60-64.

2 See Kan H. Young and Charles Steigerwald, “Is foreign investment in the U.S. transferring U.S. technology abroad?”, Business
Economics, vol. XXV, No. 4 (October 1990), pp. 28-30.

3 See Edward M. Graham and Paul R. Krugman, Foreign Direct Investment in the United States (W ashington D.C., Institute for
International Economics, 1991). .

4 See Bruce Kogut and Sea Jin Chang, “Technological capabilities and Japanese foreign direct investment in the United States”,
Review of Economics and Statistics, vol. 73, No. 3 (August 1991), pp. 401-413.

5 In 1989, Fujitsu had seven R&D centres in the United States, mainly devoted to software and development of data storage
equipment. See Business International, 23 October 1989.

6 .See Martin Kenney and Richard Florida, “How Japanese industry is rebuilding the Rust Belt”, Technology Review, vol. 94
(February/March 1991), pp. 24-33. Toyota also announced a major expansion of research facilities in the United States in 1991 (see
The Wall Street Journal, 3 June 1991).

7 See The New York Times, 14 March 1990,

8 See Business Week, 14 July 1986.

9 See The Wall Street Journal, 12 April 1988.

10 See Kenney and Florida, op. cit.
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use of factors of production and value-added, differentiated by ownership in different industries. Such

data are not readily available.

There are case studies, however, that provide some evidence of the relative efficiency of the use
of factors of production, as between foreign affiliates and domestic enterprises. For example, an analysis
of 282 pairs of foreign and domestic firms of similar size drawn from 80 manufacturing industries in
Brazil concluded that foreign firms have a significantly higher ratio of value-added to output than
~ domestic ones. 2> A study on Thailand found that foreign firms had higher average productivity of both

capital and labour in the manufacturing
sector compared with domestic firms,
and the difference was owing to the
higher efficiency of foreign firms as mea-
sured by a technology co-efficient de-
rived from production-function
estimations. 2 Similarly, a study on the
Republic of Korea observed that the mar-
ginal product of both capital and labour
was higher in foreign firms compared
with domestic firms, but the differential
was much greater for capital than lab-
our.

All these studies, therefore, support
the view that foreign firms can contribute
to growth through the provision of tech-
nologies that make more efficient use of
capital and labour.

(ii) Transnational corporations
and product composition

As noted earlier, the introduction of
new products or qualitatively superior
old products is one of the ways by which
technology promotes growth. Transna-
tional corporations can play a role in this
process. One way of assessing the role is
to examine the performance of TNCs in
the production of relatively more re-
search-intensive products (table VI.7).
The table shows that, for United States

Table VL.7.

Shares of high and medium research-

intensive industries * in total sales and
manufacturing sales of foreign affiliates,

1982 and 1989
(Percentage)
1982 1989
Share in Share in
Share in | manufactu-| Share in |manufactu-
Developing region | total sales | ring sales | total sales | ring sales
United States
majority-owned
affiliates
Africa 35° 59.2° 31% [ 230°
Asia and the
Pacific 15.7 50.7°
Latin America 21.8 573 33.1 60.9
Japanese affiliates
Africa® 17.1 424 10.8 40.9
Asia and the
Pacific ¢ 29.0 74.5 25.9 79.8
Latin America 20.1 66.0 19.4 74.3

Sources: United States, Department of Commerce, U.S. Direct Investment
Abroad: 1982 Benchmark Survey, (Washington, D.C., United States Government
Printing Office, 1985), table I11.D.3, and 1989 Benchmark Survey, Preliminary
Results (Washington, D.C., United States Government Printing Office, 1991),
table 32; Japan, Ministry of International Trade and Industry, The Fourth Basic
Survey on Japanese Business Activities Abroad (Tokyo, Okurasho Insatsu-Kyoku,
1991), p. 12, and Survey on the Overseas Activities of Japanese Companies,

No. 12-13 (Tokyo, Toyo Hoki Shuppan, 1984), p. 43.

a High and medium research-intensive industries include chemicals,
machinery (except electrical), electrical machinery and domestic equipment, and

transportation equipment.

b Part of data are suppressed by the source to avoid disclosure.
¢ Includes South Africa,
d Includes Australia and New Zealand.
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TNCs, the expansion of the share of sales of high and medium research-intensive industries primarily
occurred in Asia and the Pacific. In that region, United States affiliates also had the largest increase of
R&D expenditure as percentage of sales, as noted later. Latin America shows a much slower growth in
sales of high and medium research-intensive industries and Africa shows a decline. For Japanese TNCs,
the picture is similar as far as Africa is concerned. And, again, there has been an increase in the share of
sales of high and medium research-intensive industries in manufacturing sales in Asia and the Pacific as
well as Latin America, with a slightly more pronounced growth in the latter region in terms of the share
of manufacturing sales.

The creation of production facilities by TNCs in high and medium research-intensive industries
can imply technology transfer not merely through a changing product composition, but also through the
training of host country personnel in new technical skills and the introduction of new management
methods and new ways of organizing the production process. The impact of FDI on the transfer of skills
from host-country personnel, however, does not depend only on the degree of complexity of the
technology employed; it is also a function of the methods used for transferring skills, the quality of
in-house training programmes, the promotion policy for nationals through exposure to progressively
higher levels of responsibility and the provision of off-the-job training.

As a note of caution, it should also be mentioned that the data in table V1.7 do not provide
information on the value-added activities of the foreign affiliates. It could be that some TNCs locate only
relatively labour-intensive, low value-added operations of those research-intensive outputs in the host
country, and that the high value-added operations are located in the home country.

(iii) Transnational corporations and export composition

The technological content of exports can be an important determinant of growth performance. It is
well known that R&D intensive exports generally have higher income elasticities; therefore, the growth
of those exports is more sustainable over the long run. Besides, a rising share of such exports also carries
the implication that the country concerned is in a position to take advantage of shifts in international
demand (manifested in the growth of internationally competitive R&D intensive industries), rather than
to rely exclusively on traditional exports based on natural-resource endowments or low labour costs. The
role of TNCs in the export of R&D intensive products, therefore, deserves scrutiny.

The relevant data are presented in table V1.8. They show that, in the case of Japanese affiliates, the
share of R&D intensive exports in total manufactured exports increased between 1982 and 1989 in Latin
America and Asia, but declined in Africa, where an absolute decline of R&D intensive exports also
occurred. In the case of United States affiliates, their share of R&D intensive exports increased somewhat
in Latin America, declined slightly in Asia (though the share is still much higher than in Latin America)
and remained very small in Africa. On the whole, affiliates have significantly increased R&D intensive

exports.
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Again, it is difficult to estimate the local value-added in the host country from export-oriented
production. It should also be noted that the performance of TNCs in respect of R&D intensive exports
is not necessarily better than that of local enterprises. In particular, local enterprises in certain Asian
countries have clearly outperformed foreign affiliates. Total R&D intensive exports from Asia in 1989
were more than four times those recorded in 1982; 26 but the increase in R&D intensive exports by both
United States and Japanese affiliates over the same period, though significant, did not reach a similar

proportion. (See also the discussion on structural change of exports in chapter VIII.)

(iv) Research and development
by affiliates

The evidence that an overwhelming
proportion of the foreign R&D of TNCs is
located in developed countries does not nec-
essarily imply that such R&D is insignificant
from a host-country perspective. Incountries
such as India, the Republic of Korea and
Singapore, the share of aggregate R&D ex-
penditure attributable to foreign firms ex-
ceeded 15 per cent in the 1970s. 27
Moreover, some evidence indicates that for-
eign affiliates may now be devoting more of
their resources than before to R&D. In the
case of the majority-owned foreign affiliates
of United States TNCs, there has been a
noticeable increase in their R&D expendi-
tures as a proportion of sales in a number of
developing countries (table VI.9). But there
are some noticeable regional differences.
Research-and-development expenditure by
United States affiliates as a percentage of
sales increased four times between 1982 and
1989 in Asia and the Pacific, while it stag-
nated in Latin America and remained insig-
nificant for the developing countries in
Africa.

The location of R&D activities in de-
veloping countries can be explained by loca-
tional advantages and the corporate

Table VI.8. Manufactured exports and research-
and-development intensive * exports
of foreign affiliates, 1982 and 1989

(Millions of dollars)
United States
majority- owned Japanese
affiliates affiliates b
Manufac-| R&D | Manufac-| R&D
tured intensive tured intensive
Developing region| exports | exports | exports | exports
Latin America
1982 4692 2908 971 84
1989 10176 6794 815 165
Percentage
increase 117 134 -19 96
Asia
1982 5954c | 5453¢ | 5950 3027
1989 13 861 12176 11 560 7230
Percentage
increase 133 123 94 139
Affrica
1982 169 ¢ 3c 23 9
1989 566 9c¢ 30 5
. Percentage
increase 235 200 30 -44
Sources: United States, Department of Commerce, U.S. Direct

Investment Abroad: 1982 Benchmark Survey, op. cit., tables 11LE.4. and
HILE.S, and 1989 Benchmark Survey tables 42 and 44; Japan, Ministry of
International Trade and Industry,
Japanese Companies, No. 12-13, op. cit., pp. 90, 91 and 95 and No. 18-19,
(Tokyo, Okurasho Insatsu-kyoku, March 1990), pp. 74-75, 78-79 and 82-83.

a Definition same as in table V1.7.
b The values may be substantially understated because of incomplete
coverage of firms in the surveys.
¢ Part of the data is suppressed by the source to avoid disclosure.

Survey on the Overseas Activities of
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strategies of TNCs. The decisions of corporations to locate R&D activities in certain host countries are
very much dependent on factors, such as the availability of R&D facilities and of trained scientific and
engineering personnel. Generally, countries with high expenditures for R&D are also the countries in
which United States affiliates have a high proportion of R&D expenditure compared to sales.

Very little is known of the type of research undertaken by foreign affiliates. The R&D activities
taking place within foreign affiliates are, most likely, typically confined to adapting the technology of
the parent company to local conditions. In a sample of 218 Japanese TNCs, 57 per cent expressed the
view that the main objective of their foreign R&D facilities was to develop products tailored to meet
local demand. 28 The effect of TNCs on deeper indigenous research-and-innovation capabilities (“know-
why”) in developing countries is less evident. As TNCs can import all their “know-why” and need to
perform only adaptive research in host countries, local firms may well conduct more research (as opposed
to development) than do foreign affiliates.

Table VI.9. Research and development expenditures of selected developing
economies as a percentage of GNP and research and development
expenditures for United States majority-owned affiliates as
percentage of sales

R&D expenditure of United
States majority-owned
R&D expenditure of countries affiliates as percentage
as percentage of GNP of sales
Developing regions/economy | Percentage Year Percentage Year 1982 1989
Latin America 0.2 0.2
Argentina 0.2 1982 0.5 1988 04 0.25
Brazil 0.7 1982 04 1985 04 03
Mexico . . 0.6 1984 0.3 0.2
Africa 0.01 0.02
Middle East 0.1 04
Asia and the Pacific 0.04 0.2
Hong Kong . “ . . - 0.1
India 07 = 1982 0.9 1986 0.5 0.6
Indonesia 04 1983 0.2 1988 0.02 0.03
Republic of Korea 0.9 1982 1.9 1988 .- 0.3
Malaysia - . . 0.1
Singapore 0.3 1981 0.9 1987 . 03
Thailand 03 1985 0.2 1987 0.03 0.02
Taiwan Province of China . " - . 03 0.4

Source: UNESCO, Statistical Yearbook, various issues; United States, Department of Commerce, U.S. Direct Investment Abroad:
1982 Benchmark Survey, op. cit., tables 1I1.H.3 and 1ILE.1; and 1989 Benchmark Survey , op. cit., tables 40 and 76.
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It may also be that a strong presence of TNCs can inhibit the development of an indigenous
technological base beyond adaptive research. 29 When TNCs penetrate a host-country market, indigenous
firms may be forced to cut back on research or to narrow their field of specialization, as they are confronted
with declining market shares caused by competition with TNCs that possess much greater technological
capacities. On the other hand, foreign competition could also induce domestic firms producing similar
products to undertake R&D that otherwise would not have taken place, in order to improve their
competitive advantage. In that case, FDI could advance local innovatory capacity in areas in which the
host country and its firms are strongest and have a competitive market structure. In the case of greenfield
investments, which do not compete with local industry, there is no displacement of local enterprises, and
FDI will most likely lead to a net increase in the innovatory capacity of a host country, even through
adaptive research.

(v) Organizational innovation and management practices

Organizational innovation and improved managerial practices are being increasingly viewed as a
major aspect of technological development for enhancing productivity and accelerating growth. The
principal components of these aspects that have evolved over the last two decades or so can be
summarized as follows: >1

*  The underlying philosophy of production has been altered: instead of producing to stock, goods
are produced to order. That necessitates ademand-driven system capable of producing a variety
of product types in much smaller volumes. Hence, lot sizes have been reduced dramatically.

*  The efficient production of different products in small lot sizes requires minimizing downtime.
That, in turn, requires quick line changeovers and tool setups. Machinery redesign becomes
necessary but, more importantly, production-line workers must be trained to do changeovers
rather than having them done by separate teams as in mass production.

*  Production layouts need to be restructured, and changes made in the use and management of
machines in order to create a smooth flow of smaller lot sizes.

* Inventories have to be reduced to a minimum “just-in-time” level rather than being stocked
“just-in-case”, so that the increased number of different product types can be accommodated
without large carrying costs.

* Maintaining a smooth flow of production without inventories requires that components have
zero defects or be of perfect quality, whether they come from suppliers or from in-house sources
further back in the production line.

*  Skill and craft demarcations among workers are eliminated and workers are trained to be
multi-skilled; they are paid according to their skill level and the quality of their work.
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The organizational changes involved extend throughout the firm: from design to marketing to
production; from senior management to the shop floor; and from management’s relations with its
workforce to the firm’s relations with its suppliers.

Transnational corporations from Japan, particularly those in the automobile industry, have been
the pioneers of these developments. It was during the 1980s that these organizational techniques began
to be introduced outside of Japan. In some cases this was a direct result of the operations of the Japanese
affiliates themselves, especially in the electronics, automobiles, component and machine tool industries
that had been established in North America and Europe. In other cases, non-Japanese suppliers of these
Japanese foreign investors began to restructure to incorporate new patterns of organization in order to
meet the requirements of their Japanese customers. A third source of innovation were the practices of
those firms that had subsidiaries or joint ventures in Japan and which were learning through the operations
of these subsidiaries - Bendix’s production of auto components and Xerox’s restructuring of the mid
1980s are cases in point. By the late 1990s, the central tenets of the new organizational paradigm had
filtered through to the major non-Japanese TNCs and were being implemented at the plant level in various
industrialized countries.

More recently, TNCs from Japan and elsewhere have started implementing organizational changes
in developing countries. No systematic data are as yet available to document the extent of such technology
transfer. However, available case studies show that some developing country firms have adopted these
changes either as joint venture partners of TNCs or under licensing agreements (box VI1.2); in other cases,
similar changes have been introduced in TNC affiliates or subsidiaries in developing countries. Exampvles
of the adoption of these technological changes can be found in such diverse countries as Brazil, the
Dominican Republic, India, Mexico and Zimbabwe.

(b) Indirect effects

Foreign direct investment can promote growth through several indirect mechanisms of technology
transfer. For example, backward linkages to local firms, in the form of subcontracting the supply of parts,
components and services, create additional demand for intermediate products. A supplier firm in a
developing country that is in a subcontracting relationship with a foreign subsidiary can receive technical
assistance to improve its product quality and production process or to undertake new product develop-
ment. When upgrading the technological level of supplier industries, FDI often increases the local
value-added and generates growth. The presence of foreign affiliates can increase competition and
thereby force domestic enterprises to improve productive efficiency, which is growth-enhancing.

An earlier chapter has provided evidence that TNCs may be increasing their use of inputs from
local sources. Local sourcing of inputs, particularly when done under subcontracting arrangements, is
often associated with technological assistance to the local suppliers by TNCs. In a survey of the largest
foreign affiliates operating in Mexico, for example, it was found that almost two thirds of them had local
subcontracting relationships. Almost all of the foreign affiliates that subcontracted locally imparted some
kind of training to their national subcontractors: 87 per cent provided training in quality control,
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68 per cent gave technical assistance and 22 per cent offered financial assistance to their subcontrac-
tors.

As to the spillover impact of TNCs on the technological capacity and productive efficiency of
indigenous enterprises, several studies on developed countries provided mixed evidence. 34 The same is
true of developing countries. A recent study on Mexico showed that the rate of productivity growth of
local firms and their ability to reach the productivity standards of TNCs were positively related to the
degree of foreign ownership of an industry. 35 That estimate was interpreted to imply that competition
from foreign affiliates forced Mexican firms to increase productivity by investing in human capital and
new technology. The study could not exclude, however, the possibility that the competitive pressure from
foreign affiliates had simply forced out inefficient local firms, thus improving the average productivity
performance of Mexican firms. In contrast, a study on Morocco did not provide any evidence that the
presence of foreign firms resulted in increased productivity of domestically-owned firms. 36 Although

Box VL. 2, Transfer of organizational technology: the case of Escorts Ltd. in India

Escorts Ltd. is a large Indian firm which grew to prominence since the mid-1950s. It began by producing
motorcycles, and diversified into tractors and automobile components. In 1985, following the general opening-
up of the Indian automobile industry to TNCs, Escorts entered into a licensing agreement to manufacture
Yamaha motorcycles in a new plant in Surajpur. This commenced production in 1986, manufacturing 100 cc
motorcycles predominantly designed by Yamaha. Escorts’ older Faridabad plant producing motorcycles of
wholly Escorts design remained in operation. In early 1990, the two Escort plants accounted for 40 per cent of
the Indian motorcycle market.

A key strategic decision was taken to build a new plant and to employ a young and skilled labour-force
rather than to attempt a turnaround of the existing plant. The youth of the labour-force (average age of 25 years
in 1990) was intended to facilitate training in radically new forms of work-organization; it was also designed
to reduce pressure from workers and trades unions to “impose traditional workpractices”.

Training has therefore been a priority for Escorts in its new plant. It began with senior managers, senior
technical personnel and supervisors. Yamaha organized extensive training for these groups, including spells in
Japan—from two weeks to six months, depending upon the tasks involved. Thereafter, training was extended
to the direct work-force by teams of 10 Japanese and 10 Indian trainers. Workers received two weeks initial
training before going on to the shop-floor. After approximately one month, they received training in new skills
(off the shop-floor), with this cycle being repeated for a period of approximately six months, until workers were
deemed to have reached a minimum acceptable standard. Thereafter, additional training was provided at regular
intervals as the average skills of the labour-force were gradually increased, especially in the acquisition of
multiple skills. This is reflected in the payments system, where basic wages are supplemented by increments
for skill acquisition and are thus partly paid on the principle of what the workers can do, rather than what they
actually do.

The plant is laid out on a cellular basis, with kanban carts moving work-in-progress between various
stages of stamping, machining and assembly. Typically, each operator is responsible for a number of machines,
unlike Faridabad where each machine tends to have a dedicated operator. Work-teams are responsible for each
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foreign firms had higher levels of productivity, domestic firms showed faster productivity growth; but
that could not be attributed to dynamic externalities from FDI.

In some cases, TNCs stimulate technology development by local R&D institutions. In India, for
example, one TNC recently signed a letter of intent with a Government-funded telecommunications R&D
facility—the Centre for the Development of Telematics—to use switches designed by the Centre in a
new open-architecture cellular system. In addition, the TNC intends to sponsor research at nine leading
engineering colleges.

(Box V1.2, continued)

-cell, and workers within each team are generally cross-trained to perform all the tasks in the cell (as well, in
many cases, as tasks in other cells). Just-in-time production on work-in-progress is carefully observed. The
result, as can be seen from table 1, is that changeover time in the Surajpur press shop is eight to sixteen times
quicker than at Faridabad. Batch-sizes were less than half, and inventory components and raw materials were
generally six times greater than at the sister plant.

Table 1. Comparison between the Surajpur and Faridabad plants of Escorts Ltd., 1990

Annual output Output per
(Number of Number of worker Change-over Inventory
Plan: motor-cycles) workers (Number) time Batch size inputs
Surajpur 77 500 - 625 124 30-60 minutes 4 000 15-30 days
Faridabad 96 000 4 000 24 8 hours 8 000- 3-6 months
10 000

The Surajpur plant has thus experienced considerable progress and is considerably more efficient than
its sister-plant at Faridabad. Labour productivity was almost five times higher, with 625 workers producing
77,500 motorcycles (124 motorcycles per worker), compared with the 4,000 workers manufacturing 96,000
units at Faridabad (24 motorcycles per worker). Most of this superiority in performance was due to organiza-
tional factors, although the product design by Yamaha also played a role. The decidedly superior performance
of the Surajpur plant clearly illustrates how transfer of organizational technology by TNCs can bring about
major improvements in productivity.

Source: Transnational Corporations and Management Division, Transnational Corporations and the Transfer of New Management
Practices to Developing Countries (New York, United Nations, forthcoming).
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3. Transnational corporations and technology transfer
through non-equity forms

Apart from wholly- or majority-owned FDI (usually known as internalized forms of transfer), TNCs
also transfer technologies through a variety of externalized (primarily non-equity) forms, which include
minority joint ventures, licensing, management and marketing contracts and international subcontracting.
_ (Box V1.3 discusses transfer of technology through joint ventures in developed countries.) But data on
such technology transactions between developing countries and TNCs are sketchy and difficult to
interpret. Few developed countries disaggregate their technology receipts by country, type of transaction
(for example, licensing or management contracts) or relationship between the receiving and the paying
enterprise (an affiliate or an unrelated enterprise). Similar comments also apply to developing country-
data on technology payments. Hence, it is a formidable task to assess the role of TNCs in technology
transfer through such forms, and it is harder still to assess their impact on growth.

An earlier study by United Nations Centre on Transnational Corporations concluded that, during
the 1970s, and up until the mid-1980s, the incidence of externalized forms of technology transfer seems
to have increased. 38 Data on United States TNCs suggesta weak corroboration of that trend (table VI.10).
Attention should be drawn, however, to the fact that technology receipts from unaffiliated enterprises in
developing countries account for a very small proportion of total receipts.

Data for host countries tell a similar story. In the Republic of Korea, for example, payments for
foreign licensing and technology contracts increased their share in total technology-transfer transactions
(defined as FDI inflows plus payments for foreign licensing and technical consultancy plus capital-goods
imports) from 1.2 per cent in 1972-1976 to 1.6 per cent in 1982-1986. 39 In Thailand, technology
payments (comprising payments for royalties, trademarks, technical and management fees) increased
from around 0.1 per cent of GDP during the 1972-1976 period to 0.2 per cent during the 1984-1987
period.

Several points need to be considered to put the pattern into perspective:

¢ The first concerns the potential of non-equity forms for the future. It is well known that many
factors—such as the age and sophistication of a technology, industry characteristics, corporate
strategies within particular industries as well as the level of host-country entrepreneurial,
technological and human-resources development—affect the choice of particular TNCs regard-
ing externalized technology transfer. That form of transfer, however, may be even less favoured
in the future than it was in the past. For one, recent developments in information technologies
tend to increase the internalization advantages of TNCs. Those developments facilitate and
cheapen the cost of intra-firm communication, coordination and control. The high costs of
development and rapid obsolescence are likely to reinforce efforts of TNCs to secure a quicker
pay-back through internalization. Furthermore, the internalization of the R&D expenditure
noted earlier and the trend towards strategic alliances among TNCs in respect of the develop-
ment and transfer of technologies limit the plurality of sources in the technology market. The
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Box V1.3. Joint ventures in developed countries and technology transfer

A study of Japanese FDI in the United States showed that joint ventures were the preferred entry
mode for Japanese firms in industries with high United States R&D expenditure, while Japanese R&D
expenditures had no significant influence on the mode of entry. ! However, before any conclusions can be
drawn on the role of Japanese-United States joint ventures in technology transfer from the United States, it
is necessary to distinguish between different types of joint ventures. 2 One type is related to barriers in the
form of Governments encouraging joint ventures in disadvantaged national industries to maximize the gains
for domestic partners. A second type involves voluntary joint ventures between partners with mutually
beneficial strengths. Again, voluntary joint ventures can occur between a strong firm in a national declining
industry and a relatively weaker firm from a foreign firm with a strong competitive advantage or between
equally strong partners with specialized advantages.

It can be assumed that technology transfer between the partners will be highest within voluntary joint
ventures, and that a strong firm in a declining industry will receive relatively more technology than the
partner with the competitive advantage. The well known joint ventures in the automotive industry, like
Chrysler’s joint venture with Mitsubishi, General Motors’ investment in Isuzu and Ford’s joint venture with
Mazda, are examples of firms in a declining industry gaining access to new technology (among other things,
the production of compact cars). The relatively smaller Japanese firms with the competitive advantage gain
access to the United States market. The reverse example is Fujitsu’s joint venture with Amdahl, a small and
innovative computer firm. 3 Fujitsu gained United States technology while Amdahl received financial

support.

Joint ventures of the type were the partners have mutual beneficial strengths are also numerous
between United States and Japanese firms. One such joint venture is the Toshiba-Motorola venture to
manufacture microprocessors (Motorola’s competitive advantage) and large memory chips (Toshiba’s
competitive advantage). The joint venture with Toshiba has allowed Motorola to gain access to technology
in order to compete in advanced dynamic random access memory (DRAM) chips. 4

It is difficult to determine who has benefited the most from technology-related joint ventures between
Japanese and United States firms. However, a study of the industry distribution of joint ventures between
Japanese and United States firms in 1987 showed that industries in which Japan has a clear competitive
advantage (measured by market share in the OECD countries) account for the largest share of joint venture
assets. > This indicates that the existing joint ventures in manufacturing presumably provide more oppor-
tunities for the transfer of technology from Japan to the United States than from the United States to Japan.

1 Bruce Kogut and Sea Jin Chang, “Technological capabilities and Japanese foreign direct investment in the United States”,
Review of Economics and Statistics, vol. 73, No. 3 (August 1991), pp. 401-413.

2 See Dorothy B. Christelow, “U.S.-Japan joint ventures: who gains?”, Challenge, vol. 32, No. 6 (November-December,
1989), pp. 29-38.

3. Ibid.
4 See Asian Business, January 1991.
5 See Christelow, op. cit.
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deceleration in the growth of external resource inflows through official development assistance
and private flows other than FDI would limit the ability of developing countries to acquire
unpackaged technology. Finally, recent policy changes in developing countries in favour of
FDI tend to reduce the cost of internalization. Those factors are likely to increase the importance
of FDI as an instrument of technology transfer.

The second observation relates to the interrelationship between FDI and externalized technol-
ogy transfer. With the exceptions of India and the Republic of Korea, the bulk of technology
receipts of United States TNCs from unaffiliated enterprises in developing economies origi-

nates precisely in economies such
as Argentina, Brazil, Hong Kong,
Indonesia, Malaysia, Mexico,
Philippines, Singapore, Taiwan
Province of China and Venezuela,
which are also among the largest
FDI host economies. Thus, famil-
iarity with the enterprises of a
country and their capabilities
gained through FDI may be a pre-
condition for (or at least a facilita-
tor of) externalized forms of
technology transfer. In the case of
India and the Republic of Korea,
a combination of restrictive poli-
cies towards FDI, the availability
of a substantial pool of well-
trained human resources and the
large market size encouraged ex-
ternalized forms of technology
transfer despite comparatively
less FDIL

Third, the growth impact of tech-
nologies transferred through ex-
ternalized forms depends, as in
the case of capital-goods imports,
largely on the capacity of domes-
tic entrepreneurs to make the right
selection, use the acquired tech-
nologies effectively and adapt and
innovate continuously. Relevant
also to the growth-promoting im-

Table VI.10. United States and the Federal
Republic of Germany: technology
receipts, 1986-1990

(Millions of national currencies)

Receipts from
unaffiliated
Receipts from all enterprises in
unaffiliated developing
enterprises countries
Receipts
from all Percen- Percen-
Year countries| Value tage Value tage
United
States *
1986 7531 1842 24.5 296 39
1987 9419 | 2171 23.1 364 39
1988 11211 2513 224 443 40
1989 12404 | 2814 227 563 45
1990 15840 | 3445 21.7 690 44
Germany,
Federal
Regublic
of
1986 1 690 134 7.9 10 0.6
1987 1670 163 9.8 7 04
1988 1892 129 6.8 9 0.5
1989 2166 189 8.7 7 03
1990 2360 157 6.7

Sources: United States, Department of Commerce, Survey of Current
Business, vol. 71, No. 9 (September 1991), tables 4.1-4.5, pp. 74-78; and
Monthly Report of the Deutsche Bundesbank, various issues.

a Includes royalties and licence fees.
b Includes receipts from patents, inventions and processes.
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pact of technologies acquired through externalized forms is the capacity to negotiate reasonable
terms. The many imperfections in technology markets give rise to a considerable scope for
bargaining. If technology purchasers are not equipped with adequate knowledge concerning
the availability of alternative sources of the same or similar technologies and their costs,
transactions are very likely to be settled in terms more favourable to the sellers. In the case of
Thailand, for example, it has been observed that no correlation existed between licensing fees
and the complexity of technologies; fees were paid for technologies no longer covered by
patents; and technical fees paid for similar technologies in the pharmaceutical industry ranged
from 0.4 per cent to 20 per cent of sales. Even though many of the buyers were aware that the
terms were disadvantageous, they did not have adequate information on alternative sources.

4. Strategic alliances and technology transfer

High risks and rising R&D costs (especially in the area of new technologies) and the rapid
obsolescence of new products have forced many TNCs to form technology-related strategic alliances to
share development costs, acquire new technologies and make better use of scarce qualified personnel. 42
The substantial number of strategic alliances in existence now is a relatively new phenomenon, and it is
very difficult to obtain precise data on its frequency and purpose. There are indications, however, of an
emerging trend towards a very high proportion of agreements involving the development of and access
to technologies. 43 The alliances of IBM with several other corporations for the purpose of developing
its personal computer are an example: the Lotus Corporation provided the application software, and
Microsoft wrote the operating system, for a micro-processor that was produced by Intel. 4 1BM
(traditionally reluctant to conclude alliances) has now created alliances with more than 40 partners around
the world, pooling technology and customer bases in the telecommunications and related fields. As a
response to competition from IBM, the Japanese computer firm Fujitsu formed alliances with Texas
Instruments, Siemens and Hitachi. Such alliances are often undertaken for the joint development of new
generations of products and to setindustry standards. Table VI.11 illustrates the geographical and industry
breakdown of technology alliances among TNCs from the Triad. Transnational corporations from the
United States and Europe are clearly the most active participants in strategic alliances, most of which
take place in information technologies.

Technological alliances can be viewed as a way of providing collective protection to technological
advances among a few partners. The increasing incidence of such alliances combined with the current
pace and cost of technological development makes it more difficult for developing countries to acquire
technology through traditional non-equity arrangements. Many alliances also involve common actions
for setting international standards that increase the barriers to entry (including, for new products from
developing countries) in the international market. Some developing countries, particularly the newly
industrializing ones, have the potential and capability, however, to become partners in technology
alliances. In the information-technology industry, for example, Taiwan Province of China, has made
extensive use of alliances with TNCs to acquire technological capabilities. A typical example of that use
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is in the area of computer software, where the Government has set up two software engineering firms in
cooperation with IBM. 43 Taiwan Province of China, provides good quality engineers at a relatively low
cost while IBM provides experience in software research and development. Similarly, the Sony Group
is to transfer advanced technology to the electronics industry in Taiwan Province of China. Sony has
announced that it has entered into alliances with 130 electronics companies from that country working
with a “technology development centre” to create a production base for export to Japan and affiliated
companies of Sony world-wide. 46 Similarly, several firms in the automobile industry in the Republic of
Korea have entered into alliances with TNCs from the Triad. Examples are those of Hunday with
Mitsubiil;i and Chrysler; Daewoo with General Motors, Suzuki and Isuzu; and Kia with Ford and
Mazda.

These examples, however, represent only a small number of alliances that include developing
countries. Indeed, only 2 to 3 per cent of technology alliances in the 1980s were between companies from
the Triad and firms from newly industrializing economies, and less than two per cent included firms from
other developing countries. 4% For most developing countries, then, the acquisition of new technologies
is likely to rely—at least for the present—on intra-firm transfers by TNCs, rather than on inter-firm
alliances between independent firms.

Table VL11. International distribution of technology cooperation agreements in biotechnology,
information technologies and new materials, cumulative 1989

(Number and percentage)
Biotechnology Information technologies New materials
Area Number Per cent Number Per cent Number Per cent
Japan 58 5 95 4 88 13
United States 428 35 707 26 139 20
United States-Japan 155 13 406 | 15 %4 14
United States-Western Europe 245 20 599 22 133 19
Western Europe 223 18 509 19 118 17
Western Europe-Japan 38 3 177 7 49 7
Other ' - 66 5 225 8 67 10
Total 1213 100 2718 100 688 100

Source: John Hagedoorn and Luc Soete, “The internationalization of science and technology (policy): how do ‘national’
systems cope?” in H. Inose, M. Kawasaki and F. Kodama, eds., Science and Technology. Policy Research: What Should be
Done? What Could be Done ? (Tokyo, Mita Press, 1991), pp. 201-216.
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D. Assessment

The present chapter has shown that technology is a key determinant of growth. It promotes growth
by increasing factor productivity, enabling the introduction of new products with greater long-run income
elasticities and bringing about shifts in the export composition in favour of research-intensive exports
with higher growth potential. In recent decades, the importance of technology as a determinant of growth
has been increasing.

Transnational corporations are responsible for the bulk of technological development. Therefore,
in so far as growth is driven by technology, the growth and development of developing countries are
closely linked to a variety of equity and non-equity links with TNCs that permit access to technologies.

One channel of access to technology is through the import of capital goods, in the supply of which
TNCs play a dominant role. Because the choice of technologies acquired through that mechanism largely
rests with domestic importers, the contribution of TNCs to growth through this mechanism is essentially
indirect.

Foreign affiliates can promote technological change in developing countries—and thereby
growth—through their own R&D. During the past decade, data for United States majority-owned
affiliates in developing countries show that the share of R&D expenditures in sales, though small, has
increased. The net impact on growth arising from increased R&D expenditure by foreign affiliates also
depends on what effects such an increase has on the R&D capabilities of indigenous firms. In general, it
appears that the effect is likely to be more beneficial where domestic firms are capable of undertaking
R&D to meet the challenge of competition from foreign affiliates. Foreign affiliates generally appear to
exhibit higher factor productivity, which contributes to growth. They also appear to have contributed to
the growth of developing countries through increasing the share of R&D intensive products in their total
sales and their manufactured exports, over the past decade. Domestic enterprises in Asia, however,
outperformed TNCs in respect of R&D intensive manufactured exports.

Foreign affiliates also have contributed to the growth of developing countries indirectly by
increasing their purchase of local inputs; but the level and nature of such purchases is conditioned by the
level of the industrial development of the host country (see chapter V). In some cases, foreign affiliates
have stimulated R&D by local institutions through collaborative arrangements. Sparse information on
that aspect does not allow any conclusion of the overall effect of such a stimulation on growth.

In some cases, a growth stimulus has also been generated through significant technology transfer
by TNCs via such non-equity channels as licensing and subcontracting. The countries that have benefited
most from such transfers appear to be typically the largest host countries; but, sometimes, those forms
involved unfavourable terms that imply an avoidable drain on domestic resources.

In recent times, there has been an upsurge of technological alliances among TNCs, particularly in
respect of new technologies. The upsurge raises the concern that reduced competition in the international
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technology market and restrained access for developing countries could limit the contribution that the
dissemination of new technologies can make to growth.

In sum, TNCs are making a worthwhile direct contribution to the growth and technological
development of host developing countries through the R&D expenditure of affiliates, changes in their
product and export composition and higher factor productivity. As to the indirect stimuli to growth
through non-equity forms of technology transfer, integration with domestic economies, the stimulation
of local R&D and technological alliances with developing country enterprises, the evidence is rather
mixed. The beneficial impact of those mechanisms appears to be largely contingent on, among other
things, the domestic capacity of the host country to generate and adapt acquired technologies; the
competitive ability of domestic enterprises; and the availability of well-trained human resources. It can
be concluded, therefore, that, as regards indirect stimuli to growth through a wider dissemination of
technologies, TNCs can strengthen a national technological base where the above conditions already
exist; but they are unlikely to create them.

E. Some policy implications

Several policy implications emerge from the findings in the present chapter. For one, R&D by
foreign affiliates in developing countries appears to be mainly located in those countries that already
possess some domestic technological competence and a reasonable supply of trained scientific and
technical personnel. Policy measures directed towards inducing TNCs to undertake greater R&D in host
economies should, therefore, be conceived in the broader context of the indigenous technological
development policy of a country, encompassing, among other things, the creation of an adequate
human-resources base for technological activities.

As noted earlier, FDI has made a notable contribution to technology transfer and thereby growth
through changes in the composition of products and exports in favour of greater technological intensity.
Here, again, performance variations of TNCs appear to be related to indigenous technological capacities
of host economies; hence, the conclusion noted above with regard to inducing TNCs to undertake greater
R&D in host economies is applicable here as well. In addition, it should be pointed out that, while FDI
may be a useful means of quickly benefiting from the results of new innovations abroad through the
transfer of production, it does not necessarily imply a dissemination of technological knowledge to
domestic producers. That raises the question of the choice of mode of transfer as between FDI and
externalized forms. There are contrasting experiences in respect of that choice, even though national-
growth performances have been quite comparable. Singapore can be easily cited as a case of high reliance
on FDI, while the Republic of Korea represents a greater reliance on externalized forms. That was
facilitated in the Republic of Korea both by the creation of an ample entrepreneurial skill base and by
governmental assistance to local enterprises that provides information and support in bargaining. Any
country seeking to pursue a similar strategy would be well advised to evaluate carefully the level of
human resources development of the country, the entrepreneurial capacity of domestic producers and the
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ability of the Government to provide appropriate information and guidance to domestic firms. Besides,
it should be pointed out that restrictive policies towards FDI may severely limit access to sophisticated
technology, as amply demonstrated by the experience of India. Furthermore, even the Republic of Korea
chose to liberalize its FDI policy progressively since the early 1980s, as more modern technologies were
needed to sustain international competitiveness and, as noted in chapter V, FDI contributed almost one
half of the new capital in technology-intensive industries such as electrical machinery and transportation
equipment.

In the context of the varying performance of TNCs in respect of linkages with the domestic
economy, the question of performance requirements assumes relevance. Quite obviously, for example,
if the objective is to promote efficiency in the use of resources in order to promote faster growth, the
imposition of a local content requirement, in the absence of an internationally competitive supplier
industry, would be counterproductive, at least in the short run. There may be a case for a highly selective
use of such requirements, however, in cases with a high probability that local producers would be able
to achieve quickly international standards with assured demand for their products. 49

Even where TNCs are willing to transfer technologies in externalized forms, the terms of transfer
may leave something to be desired, as the experience of Thailand (cited earlier) demonstrates. Excessive
payments imply a drain on domestic resources and thus may inhibit growth. Technology purchasers
should, therefore, be provided with adequate information regarding available alternatives, to enable them
to make informed choices. An arbitrary imposition of limits on royalty payments or licence fees is likely
to limit access to desired technologies.

A correlation appears to exist between FDI and access to externalized forms of transfer in most
cases. Hence, highly restrictive policies towards FDI may also limit the scope to acquire technology
through other channels, unless the country concerned has a strong bargaining position because of its large
market size or its capacity to develop technologies independent of an association with TNCs. The link
between FDI and externalized forms also raises a formidable technology barrier for the vast majority of
developing countries that attract little FDI because of their structural constraints, no matter how liberal
their national policies towards such investment.

The present chapter has also demonstrated that there is a marked tendency among TNCs to hold
new technologies closely among themselves through strategic alliances. There have been, at the same
time, some instances of such alliances with developing-country enterprises. Local enterprises, therefore,
deserve encouragement to enter into such arrangements with TNCs from advanced countries, wherever
possible, in order to gain access to new technologies, or to be able to apply them more widely in the
interest of sustaining competitiveness and growth.

Finally, it should be emphasized that the growth-promoting impact of technologies acquired
through FDI as well as other forms of association with TNCs ultimately depends on the incentive structure
faced by both foreign and domestic enterprises in acquiring, adapting, innovating upon and diffusing
technologies. The incentive structure is conditioned by a host of public policies, concerning physical
infrastructure, human resources development, R&D, technology and FDI, competition, international
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trade, factor pricing, venture capital, subsidies etc. The formulation of such a holistic approach is, no
doubt, immensely complex; but without such an approach the contribution of TNCs to growth through
technology transfer will fall short of its potential.
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