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Intrafirm Technology Transfer 
by Japanese Manufacturing 
Firms in Asia 

Shujiro Urata and Hiroki Kawai 

2.1 Introduction 

Foreign direct investment (FDI) by multinational enterprises (MNEs) 
contributes to the economic development of countries receiving the FDI, 
or host countries, through several channels. FDI not only brings financial 
resources for capital formation to host countries but also expands their 
production, employment, and foreign trade. Furthermore, FDI transfers 
to host countries technology and managerial know-how (hereafter, the 
term “technology” is used broadly to include managerial know-how), 
which play a crucial role in promoting economic development. Besides 
FDI, technology may be transferred internationally through such channels 
as international trade in technology in the forms of patents and licenses, 
international trade in capital goods embodying technologies, and interna- 
tional movement of skilled labor. Among these means, FDI has increased 
its importance significantly in recent years, as MNEs have expanded their 
FDI activities rapidly. Recognizing the important contributions that FDI 
makes in host countries, many countries are interested in attracting FDI. 
In particular, host countries eagerly expect MNEs to transfer technology. 
Technology transfer is also a main concern for MNEs, as its success or 
failure is an important element in determining the outcome of their over- 
seas operations. 

Shujiro Urata is professor of economics at Waseda University and a research fellow at the 
Japan Center for Economic Research, both in Tokyo. Hiroki Kawai is associate professor of 
economics at Keio University and a visiting researcher at the Economic Planning Agency of 
the Government of Japan. 

The authors thank E. Ogawa, H. T. Chun, T. Ito, and other conference participants for 
helpful comments and discussions. 
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In the analysis of international technology transfer by MNEs, two types 
of technology transfer have been examined in previous studies. One is 
technology transfer from parent firms of MNEs to their overseas affiliates, 
and the other is technology transfer from overseas affiliates of MNEs to 
local firms. The former type of technology transfer is described as intra- 
firm technology transfer, the latter as technology spillover. Intrafirm tech- 
nology transfer is carried out by various means, including provision of 
training programs to local employees and purchase of technologies from 
parent firms. Technology spillover may be realized in different forms. 
Technology may be transmitted from foreign firms to local firms, when 
local workers who have acquired knowledge from working at foreign firms 
move to local firms or start new businesses. Local firms may acquire tech- 
nology from foreign firms by imitating production methods practiced by 
foreign firms. 

The objective of this paper is to analyze the extent of intrafirm technol- 
ogy transfer achieved by Japanese manufacturing firms and to identify the 
explanatory factors. Measuring the extent of technology transfer is diffi- 
cult because technology is not easily quantifiable. Previous empirical stud- 
ies on intrafirm technology transfer did not directly measure the extent of 
technology transfer undertaken. Instead, indirect measures have been 
used to examine technology transfer. For example, the value of patent and 
licensing transactions is often used to measure the international flow of 
technology. Some researchers have estimated the costs involved in technol- 
ogy transfer, while others have examined R&D activities at overseas affil- 
iates. These indicators measure the efforts or activities related to technol- 
ogy transfer, but they do not measure the extent of technology transfer 
achieved. To remedy the problem of the indirect nature of the indicators 
used in previous analyses, we measure the extent of technology transfer 
achieved by comparing the level of total factor productivity (TFP) of an 
overseas affiliate with that of its parent firm. The smaller the gap between 
them according to our interpretation, the greater the extent of intrafirm 
technology transfer achieved. 

An analysis of the determinants of intrafirm technology transfer is use- 
ful not only for researchers but also for MNEs and policymakers because 
successful intrafirm technology transfer benefits both MNEs and host 
countries. The paper is organized as follows. Section 2.2 presents a brief 
discussion of recent developments in Japanese FDI, to set the stage for 
the following analysis. Section 2.3 begins with a brief review of previous 
studies and then carries out statistical analyses estimating the extent of 
intrafirm technology transfer achieved by Japanese firms and its determi- 
nants. Section 2.4 concludes the paper. 
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2.2 Japanese Foreign Direct Investment in Recent Years 

Japanese FDI grew in scale and underwent major changes in its regional 
and sectoral composition in the latter half of the 1980s (figs. 2.1 and 2.2). 
The number of FDI cases increased sharply from around 2,500 in the early 
1980s to more than 6,000 in the second half of the decade. As dramatic 
as the size of the boom was the pace at which the number of FDI cases 
declined after peaking in 1989. The decline in annual FDI cases continued 
through 1994, when the number of FDI cases amounted to less than 40 
percent of those recorded in 1989. The number of FDI cases remained 
around 2,500 through 1996. 

One identifies both “push” and “pull” factors in the rapid expansion of 
Japanese FDI. Push factors are those in the investing country-Japan in 
this case-while pull factors are those in the recipient countries. We dis- 
cuss these factors in turn below.’ 

Several push factors were responsible for the rapid growth of Japanese 
FDI in the latter half of the 1980s. The rapid and steep appreciation of 
the yen against other currencies was the most important macroeconomic 
factor. The yen appreciated by 37 percent between 1985 and 1988 on a 
real effective basis. This drastic appreciation stimulated Japanese FDl in 
two ways. One was the dramatic “relative price” effect; the other was the 
“liquidity” or “wealth” effect. The relative price effect substantially re- 
duced the international price competitiveness of Japanese products, de- 
pressing Japan’s export volume. To cope with the new international price 
structure, a number of Japanese manufacturing firms moved their produc- 
tion bases to foreign countries, especially to East Asia, where production 
costs were lower. 

Yen appreciation had a positive impact on Japanese FDI through the 
liquidity or wealth effect as well. To the extent that yen appreciation made 
Japanese firms more “wealthy” in the sense of increased collateral and 
liquidity, it enabled them to finance FDI more cheaply than their foreign 
competitors. A number of FDI projects in real estate were undertaken by 
Japanese firms taking advantage of the liquidity effect. 

Another important push factor was the emergence of the “bubble” 
economy in Japan. Indeed, the liquidity effect discussed above was 
strengthened by the bubble economy, in which the prices of assets such as 
shares and land increased enormously. Average share prices more than 
doubled in the four years from 1985 to 1989, as the index of share prices 
increased from 45.7 in 1985 to 117.8 in 1989. The Bank of Japan injected 
liquidity into the economy to deal with the recessionary impact of the 
drastic yen appreciation. Active fiscal spending also for the purpose of 
reflating the economy was another factor leading to the bubble economy. 

1. This section draws on Kawai and Urata (1998). 
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Fig. 2.1 
Source: Ministry of Finance, reported statistics on FDI. 
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Fig. 2.2 Japanese FDl by industry (number of cases) 
Source: Ministry of Finance, reported statistics on FDI. 
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A general rise in Japanese firms’ technological and managerial capabili- 
ties in international business, accumulated through past experience in ex- 
porting and FDI, was a natural factor underlying the surge in Japanese 
FDI. It is also important to note that a number of Japanese firms followed 
business customers that invested overseas. A case in point is FDI by sub- 
contracting firms that followed their parents, which had undertaken FDI, 
to maintain the business. Furthermore, the labor shortage in Japan forced 
some Japanese firms, especially small and medium-size firms, to move 
their operations abroad. 

The continued decline in Japanese FDI in the early 1990s was the result 
mainly of the bursting of the bubble economy in 1989. The depreciation 
of the yen also contributed to the decline. The mechanism set in motion 
in the latter half of the 1980s, leading to a substantial increase in FDI, re- 
versed in the 1990s. The drastic change in the volume of Japanese FDI from 
the mid-1980s to the mid-1990s was accompanied by notable changes in 
the regional as well as sectoral distribution of Japanese FDI during the 
period. 

Japanese FDI in the second half of the 1980s was directed largely to 
North America and Europe, mainly in nonmanufacturing sectors such as 
services and real estate. These two developed regions together absorbed 
more than 50 percent of Japan’s FDI cases during the period. A main pull 
factor in active FDI in real estate was the availability of attractive assets, 
which satisfied the speculative demand of Japanese investors. For invest- 
ment in manufacturing, trade friction was an important motive. To cope 
with such restrictive measures as antidumping duties imposed on Japanese 
exports, Japanese manufacturers set up production bases in Europe and 
North America. 

Although a smaller share of Japan’s FDI went to Asia, in the 1980s in- 
vestment in manufacturing was relatively active. The 1990s have seen some 
changes in the pattern of Japan’s FDI. First, the share of Asia-particu- 
larly East Asia, including the newly industrialized economies (NIEs), the 
Association of South East Asian Nations (ASEAN-4) countries, and 
China-in Japanese FDI started to increase sharply. Indeed, the share of 
Asia in total Japan’s FDI cases increased rapidly from 25 percent in 1990 
to 57 percent in 1995. Major pull factors in Japanese FDI in East Asia 
include the region’s robust economic growth, low unit labor costs, and 
trade and FDI liberalization and pro-FDI policies. 

Since the mid-l98Os, the geographical distribution of Japan’s FDI in 
Asia has changed significantly, from the Asian NIEs to ASEAN-4, and 
then to China and other Asian countries. These shifts in the location of 
Japanese FDI in Asia reflect changes in the attractiveness of the Asian 
countries as hosts to FDI. The NIEs attracted FDI until the late 1980s 
through FDI promotion policies. However, they started to lose some of 
their cost advantages after rapid wage increases and currency appreciation 
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in the late 1980s. Firms in Japan and other advanced economies therefore 
started to look to other East Asian countries, such as the ASEAN-4 coun- 
tries, as hosts for investment. One important factor in attracting FDI in 
manufacturing to ASEAN-4 has been the ASEAN-4 countries’ shift from 
inward-oriented to outward-oriented strategies, which were carried out 
through their unilateral liberalization of trade and FDI policies. Such re- 
gime changes have been prompted by the earlier success of outward- 
oriented policies in the NIEs. 

FDI inflows into China have also grown quickly since 1990 due to 
China’s gradual but persistent economic reforms, liberalization in trade 
and FDI policies, and political and social stability despite the Tianan- 
men Square incident in 1989. As of 1996, China was the largest recipient 
of Japanese FDI in Asia. China has recently become more attractive as a 
host to FDI because some ASEAN countries have lost their attractiveness 
after rapid increases in production costs including wages, material, and 
service costs, which were in turn the result of currency appreciation, short- 
age of manpower, emergence of serious bottlenecks in infrastructure, and 
other factors. 

The sectoral distribution of Japanese FDI went through significant 
changes. In terms of the number of FDI cases, manufacturing increased 
its share in the total from 30 percent in the 1980s to 50 percent in the mid- 
1990s. Among manufacturing subsectors, electric machinery and textiles 
registered very rapid expansion, developments particularly noticeable for 
FDI in Asia. The rapid expansion of FDI in electric machinery and tex- 
tiles in Asia reflected the strategy chosen by Japanese firms to deal with 
high production costs in Japan, which were in turn due to yen appreciation 
and high labor costs. Faced with high production costs in Japan, Japanese 
textile and electric machinery firms, whose production requires labor- 
intensive technologies and processes, set up manufacturing plants in Asia. 

2.3 Intrafirm Technology Transfer 

Technology transfer within MNEs from parent companies to overseas 
affiliates, or intrafirm technology transfer, is important not only for MNEs 
but also for their host countries.2 The performance of overseas affiliates 
depends crucially on the success or failure of intrafirm technology transfer 
because efficient production and management cannot be carried out un- 
less technologies are transferred. Host countries are also concerned about 
the outcome of intrafirm technology transfer because successful technology 
transfer improves the technological capability of local workers, thereby 
contributing to economic growth. Indeed, host governments as well as 

2. Reddy and Zhao (1990) and Caves (1996) are good surveys of studies of international 
technology transfer. 
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employees working at the affiliates of foreign firms have often expressed 
dissatisfaction with the slow pace of technology transfer by MNEs. 

This section examines the extent of international intrafirm technology 
transfer achieved by Japanese firms and attempts to discern its determi- 
nants. Before carrying out the analysis, we briefly review previous studies 
of the subject. 

2.3.1 A Brief Review of the Determinants 
of Intrafirm Technology Transfer 

Several studies have examined the patterns of intrafirm technology 
transfer from parent firms to their overseas affiliates.3 Most of these stud- 
ies examined the resources or costs expended for intrafirm technology 
transfer by utilizing information obtained from case studies. Davies (1977) 
studied 119 cases of technology transfer by British companies in India. 
He found that British companies expend more resources for technology 
transfer, in the form of providing such tangibles as designs and compo- 
nents as well as sending personnel, to their joint ventures with Indian 
firms than to local Indian firms. 

Based on information about the resource costs associated with twenty- 
six technology transfer projects undertaken by U.S. firms in chemicals and 
petroleum refining and machinery, Teece (1977) found that the costs of 
technology transfer were higher when technology recipients were joint 
ventures than when they were wholly owned foreign subsidiaries. He also 
found that the costs were higher when technology suppliers were less expe- 
rienced in technology transfer and when recipients were less experienced 
in manufacturing. In addition to these observations derived from both 
chemicals and petroleum refining and machinery, some differences were 
observed between these industries. For example, past experience in tech- 
nology transfer reduces the costs of technology transfer for chemicals and 
petroleum refining but not for machinery. Teece attributed this difference 
to the characteristics of the technologies used in these industries. Process 
technologies used in chemicals and petroleum refining cannot be modified 
without massive reconstruction of the plant; therefore, previous experi- 
ence in technology transfer is effective in transferring technology. By con- 
trast, production technologies used in machinery can be modified flexibly, 
making previous experience obsolete in a relatively short period for tech- 
nology transfer. 

Ramachandran (1 993) found a similar relation between equity owner- 
ship and the resources used for technology transfer in his study of the 
characteristics of technology transfer agreements signed by Indian firms 
and MNEs from the United States, United Kingdom, and western Eu- 

3. For empirical investigations of technology spillover, see, c.g., Globerman (1979), Aitken 
and Harrison (1994), Haddad and Harrison (1993), and Harrison (1996). 
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rope. Analyzing the data aggregated into fourteen industries, he found 
that MNEs spent more resources, in the form of sending engineers and 
training local employees in the MNEs’ home countries, for technology 
transfer involving wholly owned subsidiaries than in the case of joint ven- 
tures, while they spent the least resources in the case of technology trans- 
fer to independent firms. In addition, R&D by licensees was found to 
reduce the amount of resources spent for technology transfer, indicating 
that high technological capability of the technology recipient facilitates 
technology transfer. 

Wakasugi (1996) adopted a similar approach to study the costs of tech- 
nology transfer by Japanese firms. Using information on resources ex- 
pended for intrafirm technology transfer for 104 Japanese firms, Wakasugi 
performed statistical analyses to discern the determinants of the costs and 
lengths of time required for transferring technology. Similar to the findings 
of other studies, he found that the greater the equity participation by the 
parent firm, the more resources spent for technology transfer. Past experi- 
ence in technology transfer was found to lower the costs of technology 
transfer. The level of technology to be transferred was found to affect the 
costs of technology transfer, in that transferring high technology tends to 
cost more. 

Although a very important issue regarding intrafirm technology trans- 
fer is to identify the circumstances and environments in which technology 
can effectively be transferred, the earlier studies did not address this issue 
directly. They instead examined the costs or resources involved in technol- 
ogy transfer. However, costs or resources spent for technology transfer do 
not indicate the extent of technology transfer achieved. An increase in 
resources expended for technology transfer does not realize technology 
transfer if the resources are spent wastefully. To deal with this problem, 
Urata (forthcoming) adopted a different approach. He evaluated the ex- 
tent of technology transfer achieved by assessing who, either staff from 
the parent firm or local staff, has responsibility for managing technologies. 
Technology transfer is deemed to have been achieved if local staff is in 
charge of managing technologies. Using a sample of 133 cases of intrafirm 
technology transfer by Japanese MNEs to their Asian affiliates, he found 
a positive correlation between the extent of technology transfer and the 
degree of equity holding by the parent company only in the case where 
the technologies involved are simple, such as those related to the mainte- 
nance of machines. The opposite relation was found when the technologies 
involved were sophisticated, such as design technologies, development of 
new machines, and development of new technologies. His interpretation 
was that Japanese MNEs are reluctant to transfer sophisticated technolo- 
gies to their foreign affiliates, and they transfer these technologies under 
pressure from local joint venture partners. Urata also found that technol- 
ogy transfer is successfully carried out when Japanese MNEs adopt mea- 
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sures specifically intended to promote technology transfer, such as provid- 
ing manuals in the local language and holding seminars in local areas. 

2.3.2 Intrafirm Technology Transfer by Japanese Firms 

Characteristics of Sample Firms 

Our analysis of intrafirm technology transfer uses firm-level data com- 
piled from a survey conducted by the Ministry of International Trade and 
Industry (MITI) in 1993.4 A brief discussion of the sample firms is in order 
before we examine the extent of intrafirm technology transfer they have 
achieved. The sample consists of 266 parent firms and 744 overseas affili- 
ates in textiles, chemicals, general machinery, and electric machinery (table 
2.1). Electric machinery has the largest representation, followed in descend- 
ing order by chemicals, general machinery, and textiles. Out of 266 parent 
firms, 178 firms, or 67 percent of the total, are large firms with paid-in 
capital exceeding 1 billion yen. Of the remaining 181 parent firms, 52 firms 
(20 percent) are medium-size firms with paid-in capital ranging from 100 
million to 1 billion yen, and 36 are small firms with paid-in capital of less 
than 100 million yen. 

The sectoral distribution of the 744 overseas affiliates is similar to that 
of the parent firms; electric machinery has the largest number of affiliates, 
followed by chemicals, general machinery, and textiles. As for the geo- 
graphical distribution of overseas affiliates, 59 percent are located in Asia, 
while the shares of the affiliates in North America and the European Com- 
munity are 19 and 15 percent, respectively. In Asia, the NIEs and 
ASEAN-4 host 29 and 24 percent of all affiliates, respectively; China hosts 
only 5 percent. Among the 744 affiliates, 486 affiliates, or 65 percent of 
the total, started operations before 1985, while 258 affiliates, or 35 percent 
of the total, started operations after 1986. These shares vary notably 
across regions. Within Asia, the share of affiliates that started before 1985 
is highest for affiliates in the NIEs, followed by the ASEAN-4 countries, 
and then by China. These sectoral and geographical patterns of overseas 
affiliates of Japanese firms in our sample are similar to those observed for 
overall Japanese FDI in an earlier section. For approximately 70 percent 
of affiliates, the Japanese parent firm holds majority ownership, while for 
the remaining 30 percent, the Japanese firm has a minority position. The 
share of minority ownership is significantly greater for affiliates in Asia 
than for those in developed countries. Within Asia, China has the largest 
share of minority-owned affiliates, at 53 percent. China is followed by the 
ASEAN-4 countries and the NIEs. These differences in the patterns of 

4. MITI conducts a comprehensive survey of the overseas activities of Japanese firms every 
three years. In the 1993 survey, a questionnaire was sent to 3,378 Japanese MNEs, 1,594 of 
which responded. The respondents covered the activities of 7,108 overseas affiliates. 



Table 2.1 Characteristics of Sample Firms, 1993 

Parent Firms: Overseas Affiliates: Equity Held by Parent 
Firm Sizea Initial Year of Operation Firm (%) 

Total Small Medium Large Total Up to 1985 1986-90 1991 or After 0-50 51-75 76-100 

Total 

Industry 
Textiles 
Chemicals 
General machinery 
Electric machinery 
Host regionslcountries 
North America 
European Community 
Asia 

NIEs 
Hong Kong 
Korea 
Singapore 
Taiwan 

ASEAN-4 
Indonesia 
Malaysia 
Philippines 
Thailand 

China 

266 36 52 178 I44 

42 5 8 29 94 
78 4 20 54 222 
52 8 7 31 116 
94 19 17 58 312 

142 
110 
436 
214 

26 
53 
45 
90 

180 
25 
73 
14 
68 
34 

486 

58 
153 
74 

20 1 

79 
76 

28 1 
153 
12 
37 
36 
68 

111 
21 
43 
11 
36 
12 

200 

24 
50 
38 
88 

51 
23 

123 
58 
14 
15 
9 

20 
49 

2 
21 

3 
23 
14 

58 

12 
19 
4 

23 

12 
I1 
32 

3 
0 
1 
0 
2 

20 
2 
9 
0 
9 
8 

242 

40 
110 
20 
72 

30 
20 

181 
78 
4 

34 
4 

36 
79 
9 

25 
6 

39 
18 

80 422 

16 38 
23 89 
10 86 
31 209 

5 107 
7 83 

57 198 
28 1 08 
3 19 
5 14 
3 38 

17 37 
23 78 

9 7 
9 39 
0 8 
5 24 
5 11 

Source: MITI, Kuigui Jigyo Kutsudo Kihon Chosu (Comprehensive survey of overseas activities of Japanese firms), no. 5 (Tokyo, 1993). 
=Firm size is classified by amount of paid-in capital: small firms have less than 100 million yen, medium between 100 million and 1 billion yen, and large 
more than I billion yen. 
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equity ownership largely reflect the FDI policies pursued by these coun- 
tries. Developing countries tend to have more restrictive FDI policies than 
developed countries, hence their large share of minority-owned affiliates. 

Intrafirm Technology Transfer Achieved 

To measure the extent of intrafirm technology transfer undertaken by 
Japanese firms, we adopt a different indicator from previous studies. We 
compare the technological level of a foreign affiliate of a Japanese firm to 
that of its parent firm in Japan by using the following equation:s 

InTFP, - lnTFPp = lnVA, - lnVA, 

- a(lnLa - lnLp)  - P(lnK, - InK,), 

where TFP is total factor productivity, VA is value added, L is labor inputs 
(number of employees), K is capital inputs (value of fixed assets), 01 is the 
simple average of labor shares in value added for the parent firm and the 
foreign affiliate, P is the simple average of capital shares in value added 
for the parent firm and the foreign affiliate, p is the parent firm, and a is 
the foreign affiliate. 

Value added is computed by subtracting the value of procurement from 
the value of sales. Admittedly calculated value added does not accurately 
represent value added in production, but this is the best approximation 
possible given the information available. Labor inputs are measured by 
the number of employees, and capital inputs by the value of fixed assets. 
Factor shares are taken from the international input-output table for 1990 
constructed by the Institute of Developing Economies in Tokyo. The inter- 
national input-output table has information on factor shares for the four 
industries examined in our analysis for eight East Asian countries (Korea, 
China, Taiwan, the Philippines, Malaysia, Singapore, Thailand, and In- 
donesia), Japan, and the United States. For sample countries other than 
those included in the international input-output table, factor shares for 
countries included in the table with similar per capita income are used. 

To make a comparison of technological levels meaningful, we only con- 
sidered overseas affiliates engaged in the same production activity as their 
parent firms. In many cases, tasks assigned to a parent firm and to its 
affiliates differ. For example, there are cases where a parent firm specializes 
in product development while its overseas affiliates carry out manufactur- 
ing activities. In some cases, a parent firm manufactures products and its 
overseas affiliates distribute them. We did not consider such cases. 

The results of our computation of the extent of intrafirm technology 

5. Jorgenson and Nishimizu (1978) used this methodology to compare the TFP levels of 
Japan and the United States. One should note that TFP computed in this way as a residual 
may not reflect the level of technology alone. It may include other elements influencing the 
level of output, such as the level of capacity utilization, scale economies, and managerial 
know-how. 
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transfer achieved are shown in table 2.2. The difference in level of technol- 
ogy between affiliate and parent firm is expressed as the ratio of their 
technological levels6 Judging from the average for all affiliates, intrafirm 
technology transfer has advanced most in electric machinery, followed 
by general machinery, and then by textiles.’ Intrafirm technology transfer 
has been lagging in chemicals. For all industries except textiles, a greater 
extent of intrafirm technology transfer has been achieved at affiliates in 
developed countries than at those in developing countries. For textiles, 
affiliates in Asia achieved a greater extent of intrafirm technology transfer 
than those in the European Community. Although a number of irregular 
observations occur at the individual country level, we observe a consis- 
tently regular pattern among the Asian countries in that the extent of 
intrafirm technology transfer has been most advanced in the NIEs in all 
industries. The positions of the ASEAN-4 countries and China in terms 
of the extent of intrafirm technology transfer achieved differ for different 
industries. In textiles and electric machinery, the ASEAN-4 countries reg- 
ister higher levels of intrafirm technology transfer than China, but the 
opposite pattern is observed in chemicals and general machinery. These 
observations indicate that high-income countries provide a better environ- 
ment for intrafirm technology transfer than low-income countries. Fur- 
thermore, one may infer from the results for the ASEAN-4 countries and 
China, in heavy industries such as chemicals and general machinery, expe- 
rience in heavy industrialization, such as that accumulated in China, en- 
hances intrafirm technology transfer. 

Having discussed the extent of intrafirm technology transfer achieved 
using average values for industries and countries, we should note that large 
standard deviations of the values among sample firms make a meaningful 
comparison of the averages difficult. To deal with this problem, in the next 
subsection we analyze through statistical analyses the determinants of the 
extent of intrafirm technology transfer achieved by Japanese firms. 

The Determinants of Intrufrm Technology Trunsfer: The Hypotheses 

We have seen variations in the extent of intrafirm technology transfer 
achieved by Japanese firms to their overseas affiliates. In this subsection 
we attempt to discern the factors that explain these variations and to iden- 
tify the determinants of intrafirm technology transfer. One may divide 
the possible explanatory factors into two groups8 One group of factors 
concerns the characteristics and strategies of the Japanese parent firms 

6 .  The ratio is constructed in such a way that the value is unity when the technological 
level of the affiliate is the same as that of its parent firm. 

7. Some ratios in the table exceed unity, indicating that the level of technology at the 
affiliate is higher than at its parent. Such “overachieving” is not unrealistic, because in many 
cases MNEs use the most efficient technologies at their affiliates, thereby achieving very 
high productivity. 

8. Appendix tables 2A. 1 and 2A.2 show the characteristics of the explanatory variables 
used in the statistical analyses. 



Table 2.2 Level of Intrafirm Technology Transfer Achieved from Japanese Parent Firms to Overseas Affiliates, 1993 

Textiles Chemicals General Machinery Electric Machinery Totdl 

Host Region No. of NO. or No. of No. of No. of 
or Country Average S.D. Affiliations Average S.D. Affiliations Average S.D. Affiliations Average S.D. Affiliations Average S.D. Affiliations 

North America 
European Community 
Asia 

NIEs 
Hong Kong 
Korea 
Sing a p o r e 
Taiwan 

ASEAN-4 
Indonesia 
Malaysia 
Philippines 
Thailand 

China 

World 

1.376 0.492 6 
0.798 0.170 5 
0.873 0.672 67 

1.060 0.865 19 
1.157 1.001 9 
0.803 0.773 5 

1.618 0.931 5 
0.755 0.451 33 
1.004 0.461 11 
0.164 0.086 8 
0.123 0.159 2 
0.565 0.239 12 
0.137 0.069 15 

0.868 0.643 94 

0.781 
0.600 
0.511 

0.684 
0.915 
0.586 
0.925 
0.61 1 
0.394 
0.280 
0.426 
0.359 
0.445 
0.523 

0.679 

0.588 
0.489 
0.370 

0.371 
0.296 
0.301 
0.197 
0.467 
0.285 
0.292 
0.335 
0.194 
0.267 
0.332 

0.533 

44 0.852 
26 1.203 

138 0.622 

63 0.761 
3 0.870 

18 0.945 
1 1  0.682 
31 0.615 
63 0.234 
11 0.277 
17 0.267 
6 0.152 

29 0.115 
8 0.327 

222 0.922 

0.386 
0.752 
0.543 

0.597 
0.000 
0.726 
1.285 
0.475 
0.085 
0.000 
0.000 
0.058 
0.137 
0.038 

0.545 

35 1.114 0.801 57 0.932 0.666 
30 1.190 0.400 49 1.081 0.505 
42 0.685 0.728 189 0.687 0.675 

31 0.748 0.804 101 0.776 0.769 
1 1.906 1.796 13 1.663 1.596 
7 0.341 0.147 23 0.461 0.393 
6 1.038 0.667 28 1.019 0.637 

17 0.572 0.259 37 0.705 0.535 
9 0.551 0.459 75 0.576 0.442 
1 1.251 0.354 2 0.838 0.524 
1 0.540 0.507 47 0.503 0.484 
3 0.294 0.159 3 0.312 0.160 
4 0.532 0.332 23 0.516 0.289 

9 0.248 0.178 2 0.171 0.094 

116 0.977 0.677 312 0.887 0.640 

142 
110 
436 

214 
26 
53 
45 
90 

180 
25 
73 
14 
68 
34 

744 

Source: Authors’ computation. 
Note: Table reports total factor productivity (TFP) levels of overseas affiliates relative to the TFP levels of their parent firms (TFP level of parent firm = 1). 
S.D. = standard deviation. 
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and their overseas affiliates, and the other group concerns the characteris- 
tics of the host countries. We discuss these factors in turn below. 

To begin with the characteristics of the parent firms, one would expect 
firm size to affect the pattern of technology transfer. Large firms are more 
able to transfer technology than small firms because large firms possess 
greater financial and human resources, which may be used for technology 
transfer. Following this argument, we would expect the size of the parent 
to have a positive effect on intrafirm technology transfer. In this study we 
use two dummy variables associated with firm size to test the effect of par- 
ent firm size on intrafirm technology transfer: SML for small firms with 
paid-in capital of less than 100 million yen and MDM for medium-size 
firms with paid-in capital ranging between 100 million and 1 billion yen. 
Since SML and MDM capture the effect of firm size on technology trans- 
fer in comparison to large firms, these variables are expected to have nega- 
tive signs. Previous experience in transferring technology by parent firms 
should facilitate technology transfer. Indeed, several studies reviewed ear- 
lier have confirmed this effect (e.g., Teece 1977; Wakasugi 1996). Because 
appropriate information is lacking in the MITI survey, we use the number 
of overseas affiliates owned by a parent firm as a measure of previous 
experience (EXP) in intrafirm technology transfer. Since parent firms ac- 
cumulate experience in intrafirm technology transfer by getting involved 
in the operations of overseas affiliates, EXP is expected to have a positive 
effect on intrafirm technology transfer. 

Turning to the characteristics of overseas affiliates, which depend 
largely on the strategies of their parent firms, especially in the case of Jap- 
anese firms, one can think of several variables that could affect the extent 
of intrafirm technology transfer. The length of operation (YRS) is likely 
to be an important factor. The longer an affiliate has been operating, the 
greater the extent of technology transfer expected. Local staff at overseas 
affiliates accumulate experience over time, which makes it easier for them 
to absorb technology. Experience has an important effect on intrafirm 
technology transfer particularly for Japanese firms, since on-the-job train- 
ing plays a particularly important role in transferring technology inside 
Japanese f i r rn~ .~  Based on this argument, we expect YRS to have a positive 
sign. The share of equity held (EQY) by parent firms has been shown by 
previous researchers to affect the pattern of intrafirm technology transfer, 
as discussed earlier. Several studies have shown that the cost of intrafirm 
technology transfer declines as the share of equity holding by the parent 
firm increases (see Teece 1977; Ramachandran 1993). The reason behind 
this relation is that the threat of misuse of technologies declines with the 

9. Koike and Inoki (1987) presented a detailed discussion of the importance of on-the-job 
training for skill formation in Japanese firms. Yamashita (1991) also found that on-the-job 
training is important as a means of technology transfer for Japanese firms. 
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increase in the share holding by parent firms, since the monitoring capabil- 
ity of parent firms on the use of technologies by affiliates increases with 
the level of equity holding by parent firms. Following these arguments, we 
expect EQY to have a positive effect. 

The technical capability of foreign affiliates affects the extent of intra- 
firm technology transfer achieved. Technology transfer is likely to take 
place at overseas affiliates whose technical capability is high. We measure 
the technical capability of overseas affiliates with two indicators, the ratio 
of R&D expenditures to sales (R&D) and the ratio of royalty payments 
to sales (ROY). Both of these variables are expected to have a positive 
influence on technology transfer. We also include two variables that reflect 
the strategy for technology upgrading adopted at the affiliates. As noted 
above, it is widely recognized that Japanese firms rely heavily on on-the- 
job training as a method of technology transfer, while Western firms rely 
more on manuals containing detailed technical descriptions. These con- 
trasting patterns are reflected in differences between Japanese and Western 
firms in the position of personnel from the parent firms in their overseas 
affiliates; the ratio of personnel from the parent firm to total employment 
at overseas affiliates is higher for Japanese firms than for Western firms."' 
We include the share of Japanese staff from the parent firm in total em- 
ployment at an overseas affiliate (JPL) as an explanatory variable to test 
whether on-the-job training by Japanese firms is effective in transferring 
technology. A number of firms conduct training programs to upgrade the 
capability of local employees, including lectures and study trips to the 
parent firm. We use a dummy variable for training programs (TRN) to 
examine the impact of such programs on technology transfer. TRN takes 
a value of unity if a training program is reported to be given and zero 
otherwise. We expect a positive sign on TRN. The quality of machines 
and equipment (capital goods) influences productivity. High-quality capi- 
tal goods increase productivity. Capital goods that employees are accus- 
tomed to using in their activities also improve productivity. Based on this 
assertion we include the share of capital goods procured from the parent 
firm in total procurement of capital goods by an overseas affiliate as an 
explanatory variable (CAP). We expect CAP to have a positive effect on 
intrafirm technology transfer. 

The other group of explanatory variables captures factors related to the 
host countries, such as educational level, experience in industrial activities, 
and policies toward FDI in general and toward technology transfer in 
particular. We expect the educational level of the host country to have a 
positive effect on intrafirm technology transfer, since the absorptive capa- 
bility of local employees rises with educational level, here measured by 

10. Beechler (1995) found that Japanese MNCs send more technical personnel to their 
affiliates in Southeast Asia than do U.S. MNCs. 
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the secondary school enrollment ratio (EDU). Accumulated experience in 
industrial activities in the host country would facilitate technology trans- 
fer. We include value added in industrial activity in the host country (IND) 
to capture this effect. We expect IND to have a positive effect on intrafirm 
technology transfer. The presence of local affiliates of Japanese firms in 
the host country would facilitate intrafirm technology transfer for several 
reasons. First, Japanese manufacturing firms regard the availability of a 
well-developed parts procurement system as important for achieving pro- 
ductive efficiency. In developing countries, where an efficient local pro- 
curement system has not been developed, the presence of local affiliates 
of Japanese firms is important. The second reason somewhat contradicts 
the first. Japanese firms in many cases compete against each other. There- 
fore, a large number of local affiliates of Japanese firms results in greater 
competition. In a competitive environment, firms would be interested in 
promoting intrafirm technology transfer, to beat their competitors. To test 
the validity of the preceding arguments, we include the accumulated num- 
ber of Japanese FDI cases (FDI) in the host country and expect FDI to 
have a positive effect on intrafirm technology transfer. One of the policy 
measures that would affect the extent of technology transfer is a require- 
ment on technology transfer (RTT) imposed by the host country govern- 
ment as a condition for obtaining approval for undertaking FDI. Such a 
measure would undoubtedly be intended to increase technology transfer, 
and accordingly we expect RTT to have a positive effect on technology 
transfer. 

The Determinants of Intrafirm Technology Transfer The Results 

We conducted regression analyses to test the validity of the arguments 
presented above concerning the determinants of intrafirm technology 
transfer, which is expressed by the ratio of the TFP level of an overseas 
affiliate and that of its parent firm. The estimation was conducted for tex- 
tiles, chemicals, general machinery, and electric machinery separately, and 
besides it was conducted for those industries combined with industry dum- 
mies. We applied White’s heteroskedasticity-consistent covariance matrix 
estimator to deal with possible problems due to heteroskedasticity (David- 
son and MacKinnon 1993). The results are shown in table 2.3. The explan- 
atory variables chosen for the analysis explain 13 to 45 percent of the 
variation in intrafirm technology transfer for the cases where all affiliates 
are considered, while they explain 20 to 57 percent of the variation for the 
cases where only affiliates in Asia are considered. 

The size of the parent firm is found to influence intrafirm technology 
transfer. The estimated coefficients of SML have negative signs in many 
cases, and in several cases they are statistically significant. These results 
indicate that small firms lag behind large firms in intrafirm technology 
transfer, as expected-probably because small firms are short of human, 



Table 2.3 

Explanatory Variable Total Textiles Chemicals General Machinery Electric Machinery 

Determinants of Intrafim Technology Transfer 

Affiliates in the World 

Characteristics of 

SML 
MDM 
EXP 
Characteristics of 

YRS 
EQY 
R&D 
ROY 
JPL 
TRN 
CAP 
D-textile 
D-chemical 
Dseneral  machinery 
Characteristics of 

host countries 
EDU 
IND 
FDI 
RTT 

Constant 
RZ 
F 
N 

parent firms 

affiliates 

-0.1336* 
0.0108 
0.0001 

(-1.653) 
(0.114) 
(1.138) 

0.0306 
-0.2580 

0.0009* * 

(0.148) 
(- 1.562) 

(2.171) 

-0.0874 
-0.0548 

0.0001 

(-0.582) 
(-0.598) 

(1.112) 

-0.4165 
0.0234 
0.00 18 

(-1.595) 
(0.080) 
(1.381) 

-1.1404** 
0.0594 
0.0018 

(-2.236) 
(0.282) 
(1.558) 

0.0019*** 
0.0125** 

-0.1935 
-0.0581 

1.4542** 
0.0849 
0.1870** 

-0.1884** 
-0.1084* 

0.0354 

(2.671) 
(2.152) 

(-1.215) 
( - 0.949) 

(2.303) 
(1.499) 
2.312 

(-2.562) 
(- 1.704) 

(0.404) 

0.0024** 
0.3068 
6.1 165*** 

3.0323** 
0.0574 
0.1227** 

-0.0359 

(1.907) 
(1.258) 
(2.522) 

(-1.666) 
(2.087) 
(0.595) 
(1.936) 

0.0056** 
0.0241 
0.2948 

-0.0714 
0.3041* 
0.1894* 
0.0440 

(2.118) 
(1.184) 
(0.413) 

(-0.161) 
(1.7 1 5) 
(1.972) 
(1.351) 

0.0024* 
0.0398 

-0.6523 
-0.2852 

1.7126*** 
0.0360 
0.2542 

(1.878) 
(1.142) 

(-0.612) 
(-0.175) 

(2.722) 
(0.197) 
(1.098) 

0.0008** 
0.0982* 

-0.2291 
-0.7348 

3.8300*** 
0.0887 
0.2398* 

(2.534) 
(1.876) 

(- 1.146) 
(-0.721) 

(7.240) 
(0.971) 
(1.941) 

0.0057*** 
0.0004 
0.0038* 

-0.1349** 

0.0353 
0.1797 
7.03 

744 

(4.582) 
(1.523) 
(1.672) 

(-2.293) 

(0.316) 

0.0078** 
0.0009* * 
0.0078** 
0.0087 

- 0.003 3 
0.4537 

11.98 
94 

(2.057) 
(2.304) 
(2.245) 
(0.1 17) 

(0.015) 

0.0023** 
0.0003 
0.0023 

-0.0632 

0.1984 
0.1347 
1.47 
222 

(2.236) 
(1.259) 
(1.01 1) 

(-0.7 18) 

(1.21 5) 

0.0109** 
0.0006 
0.0080 

(0.0441 j 

-0.1742 
0.2039 
2.53 

116 

(2.710) 
(0.914) 
(1.435) 
(0.160) 

(-0.417) 

0.0046** 
0.0003 
0.0021 

-0.2652*** 

-0.0776 
0.3242 
9.08 
312 

(2.247) 
(0.760) 
(0.645) 

(- 3.59 1) 

(-0.485) 



Affiliates in Asia 

Characteristics of 
parent firms 

SML 
MDM 
EXP 
Characteristics of 

YRS 

R&D 
ROY 
JPL 
TRN 
CAP 
D-textile 
D-chemical 
Dxeneral machinery 
Characteristics of 

hoJt countries 
EDU 
IND 
FDI 
RTT 

Constant 
RI 
F 
N 

ufiliutes 

EQY 

-0.1783** (-2.294) 
0.0060 (0.055) 
0.001 1 (1.285) 

0.0002** (2.017) 
0.2186 (1.010) 

-0.1690 (-0.206) 
-0.0241 (-1.444) 

2.8036** (3.448) 
0.0887 (1.412) 

-0.242 (-0.275) 
-0.1886** (-2.270) 
-0.1380** (-2.009) 
-0.0451 (-0.389) 

0.0077*** (6.079) 
0.0008*** (2.787) 
0.0230*** (3.379) 

0.0161 (0.127) 
0.287 1 
7.21 

436 

-0.0187 (-0.301) 

-0.3174** (-2.128) 
-0.3284** (-2.154) 

0.0009** (1.959) 

0.0036** (2.461) 
0.5859** (2.448) 

47.5415* (1.754) 
-0.0554** (-2.236) 

3.3729 ( I ,  125) 
0.1 173 (0.945) 

-0.0540 (-0.536) 

0.0093*** (2.902) 
0.0016** (2.551) 
0.0091 (1.020) 

-0.0601 (-0.71 1) 

0.5098 (1.445) 
0.5696 
5.02 

67 

-0.0600 (-1,386) 
-0.0934 (-0.807) 

0.0016** (2.145) 

0.0013 (1.628) 
0.1620** (2.035) 
0.4744 (0.338) 
3.4431** (2.108) 
0.1763** (2.388) 
0.2124* (1.786) 
0.0445 (0.391) 

0.0060*** (3.055) 
0.0005 (0.694) 
0.0012 (0.125) 

-0.0360 (-0.371) 

0.0858 (0.560) 
0.2078 
2.39 
138 

-0.5285 (1.580) -0.1441 (-1.281) 
0.7976** (1.928) 0.0693 (0.302) 
0.0149 (0.893) 0.0013 (0.853) 

0.0020** (2.587) 0.0017 (1.246) 
0.4597 (1.206) 0.0824 (1.556) 
4.8286 (1.632) -2.0478 (-1.269) 

- 1.2829 (-0.862) -0.7781 (-0.623) 
10.3893*** (4.658) 3.5420*** (9.451) 
0.0119 (0.050) 0.0385 (0.419) 
0.0759 (0.199) -0.0412 (-0.295) 

0.0228** (2.553) 
0.0012 (0.818) 
0.1 190* (1.920) 

-0.0601 (-0.182) 

-2.4237** (-2.173) 
0.6985 
6.69 
42 

0.0093*** (5.1 19) 
O.OOlO** (2.053) 
0.0601** (3.589) 

-0.0789 (-0.988) 

-0.3875** (-1.985) 
0.4443 

20.08 
189 

Source; Authors’ estimation. 
Note; Dependent variable is the ratio of the TFP level of the affiliate to that of its parent firm. For explanatory variables involving characteristics of parent firms, 
affiliates, and host countries, see note to appcndix table 2A.1. Industry dummy variables are D-textile, textile dummy; D-chemical, chemicals dummy; and D- 
general machinery, general machinery dummy. Numbers in parentheses are t-statistics. 
*Significant at the 10 percent level. 
**Significant at the 5 percent level. 
***Significant at the 1 uercent level. 
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financial, and other resources necessary for technology transfer. The re- 
sults for MDM are more mixed, with limited statistical significance, indi- 
cating that the extent of intrafirm technology transfer achieved does not 
differ much between medium-size and large firms. The estimated coeffi- 
cients on EXP are positive in all cases, and they are statistically significant 
for textiles (both for affiliates in the world and for those in Asia) and 
chemicals (for affiliates in Asia). These results indicate that past experi- 
ence in intrafirm technology transfer on the part of parent firms facilitates 
intrafirm technology transfer in textiles and chemical. Our finding for 
chemicals, which is consistent with the finding by Teece (1977), can be 
explained by the type of technologies used in chemicals. The technologies 
used in chemicals do not change over short intervals because such change 
incurs substantial costs. This follows from the fact that these technologies 
are designed for use in large plants, and reconstruction of large plants 
incurs substantial costs. In this technological environment, past experi- 
ence proves useful for intrafirm technology transfer. In the case of textiles, 
the fact that standardized technologies are used in many firms makes past 
experience in intrafirm technology transfer useful for intrafirm technol- 
ogy transfer. 

Concerning the characteristics of overseas affiliates of Japanese firms, 
the estimated coefficients for length of operation (YRS) have positive signs 
in all cases, and they are statistically significant in most cases. This result, 
which is consistent with our expectations, indicates that accumulated ex- 
perience at the affiliate plays an important role in executing intrafirm tech- 
nology transfer. Equity participation by the parent firm has an important 
positive impact on intrafirm technology transfer, as the estimated coeffi- 
cients on EQY are positive in all cases and statistically significant in four 
cases out of ten. These results confirm findings by other researchers, in- 
cluding Teece (1977) and Ramachandran (1993), that the amount of re- 
sources a parent firm spends for intrafirm technology transfer increases 
with the size of equity participation in the affiliate by the parent. Technical 
capability measured in terms of R&D spending (R&D) and in terms of 
royalty payments (ROY) is found to have an unexpectedly negative effect 
on intrafirm technology transfer in many cases, although the results of the 
estimation are statistically insignificant in most cases. 

On-the-job training provided by Japanese employees appears to pro- 
mote intrafirm technology transfer, as the estimated coefficients on JPL 
are positive in all industries, and statistically significant in all cases except 
Asian affiliates in textiles. This finding may be interpreted in a quite dif- 
ferent way. One may interpret the results as indicating the limited degree of 
technology transfer from Japanese employees to local employees. Such an 
interpretation may be possible if one observes that Japanese employees, 
although capable of increasing productivity, hold important positions that 
determine the technological level of the affiliates, and they do not give 
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local employees much responsibility for technological improvement. To 
shed more light on the role of Japanese employees in upgrading the tech- 
nological level of overseas affiliates, a detailed analysis of this subject is 
required. The estimated coefficients on training programs (TRN) have 
positive signs in all cases, as expected, but they are statistically significant 
only for chemicals. Use of capital goods procured from the parent firm 
tends to promote intrafirm technology transfer, as expected, since the esti- 
mated coefficients on CAP are positive in all cases and statistically signifi- 
cant in three cases out of five, total industries, textiles, and electric ma- 
chinery. For affiliates in Asia, we obtain mixed results. 

Among the characteristics of host countries, the level of education 
(EDU) is shown to be very important in promoting intrafirm technology 
transfer, as the estimates on EDU are positive and statistically significant 
in all cases. This result is consistent with the finding by Borensztein, De 
Gregorio, and Lee (1998) that FDI from developed countries to devel- 
oping countries contributes to economic growth when enough educated 
human capital is available in the host country. Experience in industrial 
activities (IND) is shown to have a positive effect on intrafirm technology 
transfer in textiles and in electric machinery (only for Asian affiliates). The 
estimated coefficients on cumulative FDI by Japanese firms (FDI) have 
positive signs in all cases, and they are statistically significant in textiles 
(for all affiliates), general machinery, and electric machinery (for affiliates 
in Asia). These findings indicate that in these industries the presence of lo- 
cal affiliates of other Japanese firms speeds up intrafirm technology trans- 
fer. However, it is not clear whether this is due to the role of other affiliates 
as parts suppliers or competitors." A requirement on technology transfer 
imposed by the host country does not yield the expected outcome, as the 
coefficients on RTT are unexpectedly negative in many cases. One possible 
reason for this unexpected negative relation may be that it is countries 
with low technology levels that impose technology transfer requirements, 
in an attempt to extract as much technical capability as possible, and 
therefore the causality goes the other way. Unavailability of time-series 
data precludes us from testing the causal relationship. 

2.4 Conclusions 

Japanese firms have actively undertaken FDI in recent years. Although 
their FDI activities have slowed recently because of the sluggish economy 
at home and abroad, they are projected to recover and expand in the me- 
dium to long term. In light of such prospects and considering the benefits 

11. One should note that IND and FDI are closely correlated with each other, as the 
computed correlation coefficient between them is as high as .97 (appendix table 2A.2). Such 
close correlation raises the problem of multicollinearity in the estimation, making it difficult 
to separate their effects on technology transfer. 
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that FDI brings to host countries, developing countries should make 
themselves attractive to prospective FDI. In this regard, it is useful to note 
that Urata and Kawai (1997) found that the availability of skilled labor, 
well-developed infrastructure, macroeconomic stability, and good gover- 
nance play key roles in attracting Japanese FDI. 

This study found that the capability to absorb technology reflected in 
educational level, in host countries is very important in promoting intra- 
firm technology transfer. In addition, in some cases experience in industrial 
activities is shown to contribute to intrafirm technology transfer. These 
findings suggest that upgrading educational attainment and particularly 
promoting skills such as engineering would have a high rate of return. 
Another important finding drawn from this study is that technology trans- 
fer takes time and experience. The evidence shows as well that the creation 
and maintenance of a stable economic environment is also conducive to 
improved economic performance. Reliance on parent firms in the forms 
of equity holding, personnel, and capital goods is shown to promote intra- 
firm technology transfer. The liberalization of FDI regimes and removal 
of restrictions on the activities of foreign firms encourages intrafirm trans- 
fer of technology. 

In many cases, host developing countries maintain restrictions on the 
activities of foreign firms to promote local industries. One justification 
often given for such infant industry policy is the “successful” cases in 
Japan. For acquiring foreign technology, Japanese firms relied on the im- 
portation of technologies in the forms of patents and licensing rather than 
FDI, mainly because of government restrictions on FDI inflow. Japanese 
policies appear to have been effective in some industries such as automo- 
biles but not in others such as chemicals. To evaluate the effectiveness of 
restrictive FDI policies in Japan, detailed and careful studies have to be 
performed. However, even if there turn out to have been successful cases 
of restrictive FDI policy in Japan in the past, restrictive FDI policies are 
not likely to be effective in the current economic and technological envi- 
ronment. The speed of technological progress is much faster now, and 
MNEs with frontier technologies have been rapidly expanding their global 
economic activities through FDI. In this global economic environment, 
pursuing a restrictive FDI policy would deter technological upgrading. 

Use of firm-level data on Japanese MNEs and their overseas affiliates 
enabled us to analyze the extent of intrafirm technology transfer achieved 
by Japanese MNEs and its determinants. A number of important and in- 
teresting issues remain concerning the activities of MNEs, even if we limit 
our scope to technological issues. Some of them include time-series anal- 
ysis of changes in the technological level of overseas affiliates and their 
determinants. Furthermore, it would produce useful information if we 
could undertake international comparisons regarding international tech- 
nology transfer, that is, compare technology transfer patterns of Japa- 
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nese firms with those of firms from other countries. To carry out an inter- 
national comparison, internationally comparable data have to be con- 
structed. 

Appendix 

Table 2A.1 Characteristics and Sources of Data 

Variable 

Affiliates in the Affiliates in 
World Asia 

Mean S.D. Mean S.D. Data Source 

Characteristics of parent firms 
SML (“YO) 

EXP (no. of affiliates) 

YRS (years) 
EQY (“A) 
R&D (“YO) 
ROY (“YO) 
CAP (“A) 
JPL (“YO) 

MDM (Yo) 

Characteristics of overseas affiliates 

TRN (Yo) 

EDU (x,) 
Characteristics of host countries 

IND (billion yen) 
FDI (no. of cases) 
RTT (Yo) 

5.5 22.8 8.0 27.2 MITI 
9.1 28.8 12.6 33.2 MITI 

16.8 17.9 15.7 17.5 MITI 

10.1 8.8 10.7 8.9 MITI 
74.0 35.6 62.9 33.8 MITI 

2.6 7.2 0.3 2.6 MITI 
0.7 2.8 1.2 4.4 MITI 

39.8 37.8 35.6 35.1 MITI 
1.4 2.2 1.1 1.8 MITI 

30.4 46.0 30.3 46.0 MITI 

76.1 22.4 67.4 20.1 World Bank 
32,500 53,200 5,980 5,990 World Bank 

34.9 59.6 5.9 3.7 MOF 
12.8 33.4 17.4 38.0 MITI 

Sources: MITI, Kaigai Jigyo Katsudo Kihon Chosa (Comprehensive survey of overseas ac- 
tivities of Japanese firms) no. 5, (Tokyo, 1993); World Bank, World Development Indicators 
(Washington, D.C., 1997), CD-ROM; MOF (Ministry of Finance), reported statistics on 
FDI. 
Note: Characteristics of parent firms are SML, small firms with paid-in capital of less than 
100 million yen; MDM, medium-size firms with paid-in capital of between 100 million and 
1 billion yen; and EXP, experience in intrafirm technology transfer expressed by number of 
foreign affiliates. Characteristics of affiliates are YRS, length of operation measured in years; 
EQY, equity participation ratio defined as share of affiliate’s equity held by parent firm; 
R&D, ratio of R&D expenditures to sales; ROY, ratio of royalty payments to sales; JPL, 
share of Japanese employees in total employees; TRN, training program-value is one when 
affiliate has a training program; and CAP, share of capital goods procured from parent firm 
in total capital goods procurement. Characteristics of host countries are EDU, secondary 
school participation ratio; IND, GDP of industry; FDI, cumulative number of FDI cases by 
Japanese firms in host country; and RTT, technology transfer requirements-value is one 
when requirement is imposed. 



Table 2A.2 Correlation Coefficient Matrix of Variables Used in Regression Analyses 

Variable TFP SML MDM EXP YRS EQY R&D ROY CAP JPL TRN EDU IND FDI 

SML 
MDM 
EXP 
YRS 
EQY 
R&D 
ROY 
CAP 
JPL 
TRN 
EDU 
IND 
FDI 
RTT 

-.0534 1 
-.0195 -.0766* 1 
-.0610 -.1387* -.1697* 1 

.0892* -.1007* -.1197* .0026 

.1023* ,0358 -.0985* -.0116 
-.0397 -.0229 -.0144 ,0164 
-.0423 -.0175 -.0125 -.0256 

.2009* -.0806* -.0671 -.1242* 
,2032 ,0198 ,0428 -.0682 
,0350 ,0582 .1252* -.0510 
.2773* -.0414 -.0914* -.0814* 
.1198* .0384 -.0828* -.0112 
.1044* -.0401 -.0832* -.0024 

-.1303* ,0488 ,0044 -.0228 

1 

.0114 ,0103 1 
-.0032 1 

-.0319 -.0326 -.0071 1 
,0539 .2069* -.0192 -.0242 1 

-.0568 .1081* -.0033 ,0395 .1264* 1 
-.1071* .0310 ,0177 -.0353 -.0173 .0826* 1 

.0469 .1441* .0911* -.0683 .1025* .1636* .0080 1 
,0014 .1475* .1728* -.0118 .0354 .1707* ,0334 ,4731' 1 
,0076 .1590* .1790* -.0065 ,0279 .1714* ,0465 .4379* .9717* 1 

-.1087* -.0435 -.0202 -.0038 ,0056 -.0522 ,0100 -.1910* -.1296* -.1327* 

Source: Authors' computation. 
Note: For variables, see note to table 2A. 1 
*Significant at the 5 percent level. 
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Comment Eiji Ogawa 

Urata and Kawai empirically analyze the patterns of technology transfer 
undertaken by Japanese firms by classifying technology transfer into 
“intrafirm technology transfer” and “technology spillover” in this paper. 
The former is technology transfer from parent firms to their overseas 
affiliates while the latter is technology transfer from overseas affiliates to 
local firms. The authors do regressions to clarify which factors affected 
both intrafirm technology transfer and technology spillover for Japanese 
affiliates in the world and in Asia. 

They measure the extent of intrafirm technology transfer by calculating 
the relative total factor productivity of foreign affiliates with respect to 
that of parent firms. They regress the extent of technology transfer on sev- 
eral explanatory variables, which they classify into characteristics of par- 
ent firms, affiliates, and host countries. 

They measure the extent of technology spillover by calculating the share 
of local purchases in total purchases by overseas affiliates, that is, a local 
procurement ratio. They regress the extent of technology spillover on al- 
most the same explanatory variables as were used in the regression of intra- 
firm technology transfer. 

The authors reach some findings from the regressions. First, such indi- 
cators of absorptive capability as educational level and industrialization 
have positive effects on both intrafirm technology transfer and technology 
spillover. Second, both kinds of technology transfer are affected by the 
time and experience variables, including period of operation, industrial- 
ization, and cumulative FDI. Third, a factor related to the affiliates, such 
as equity participation by parent firms in their overseas affiliates, has dif- 
ferent effects on the two kinds of technology transfer. High equity partici- 
pation tends to promote intrafirm technology transfer but discourage tech- 
nology spillover. 

I have four comments. The first is about the measure of technology 
spillover. Urata and Kawai regard the local procurement ratio as a measure 
of technology spillover in this paper. An assumption behind the measure 
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is that technology spillover from overseas affiliates to local firms would 
give the affiliates more incentive to procure inputs from local firms. In 
other words, technology spillover implies an increase in the local procure- 
ment ratio. Therefore, it is necessary to use change in the local pro- 
curement ratio as a measure of the extent of technology spillover in the re- 
gression. 

My second comment is related to the causality relation between FDI 
and local procurement ratios. In this paper, it is assumed that FDI would 
affect the local procurement ratio through technology transfer. However, 
we can make another assumption: that parent firms tend to carry out FDI 
in countries where their affiliates can procure inputs from local firms. Here 
causality runs from a high local procurement ratio to FDI. If this is true, 
for example, a high educational level would lead to a high local procure- 
ment ratio and, in turn, high FDI. Therefore, we have another interpreta- 
tion of the causality relation. 

My third comment is related to characteristics of technology transfer in 
Asian countries. It seems to me that the regression results show little dif- 
ference between affiliates in the world and those in Asia. Rather, we find 
differences in the regression results among industries. Urata and Kawai 
should identify what is characteristic of technology transfer in Asia and 
what factors determine those characteristics, if Asian countries do indeed 
have their own characteristic technology transfer. 

Finally, I am interested in how the Asian currency and financial crises 
since last July have affected Japanese FDI and technology transfer in 
Asian countries. Urata and Kawai expect to use recent and future data to 
address this issue in the future. 

Comment Hong-Tack Chun 

Urata and Kawai analyze technology transfer from Japanese parent firms 
to their overseas affiliates and identify determinants of the extent of such 
transfer. I thoroughly enjoyed reading this paper. 

Earlier studies of intrafirm technology transfer mostly used the size of 
resources spent or costs incurred as a measure of intrafirm technology 
transfer. Although it is reasonable to assume that intrafirm technology 
transfer is positively related to the size of resources spent, this amount is, 
however, an indirect measure of intrafirm technology transfer. 

Urata and Kawai directly measure the technological levels of overseas 
affiliates with respect to those of their Japanese parent firms. They use 
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TFP as a measure of technological level and apply the interpretation that 
the smaller the gap between the TFP of an overseas affiliates and that of 
its Japanese parent firm, the greater the extent of technology transfer from 
the parent firm to the affiliate. 

Urata and Kawai compute technological levels of overseas affiliates rel- 
ative to their Japanese parent firms using firm-level data for selected man- 
ufacturing sectors: textiles, chemicals, general machinery, and electric 
machinery. They find that the extent of intrafirm technology transfer is 
greater for affiliates in developed countries than for those in developing 
countries. Within developing Asian countries, a similar pattern is ob- 
served. In general, the level of intrafirm technology transfer is higher for 
affiliates in NIEs, followed by those in the ASEAN countries, and then by 
those in China. 

These observations indicate that high-income countries provide a better 
environment for intrafirm technology transfer than low-income countries. 
Next, to examine the determinants of technology transfer, Urata and Ka- 
wai regress the extent of technology transfer using several explanatory 
variables, which are classified into characteristics and strategies of Japa- 
nese parent firms and their affiliates and characteristics of host countries. 

They find that educational levels in host countries are very important in 
promoting intrafirm technology transfer. In addition, liberal FDI regimes 
without restrictions on the activities of foreign firms are conducive to intra- 
firm technology transfer. I have little disagreement with the authors except 
for two minor comments. 

The technical capability of Japanese affiliates abroad, measured in terms 
of R&D spending, is found to have unexpectedly negative effects on intra- 
firm technology transfer in many cases, although the effects are usually 
insignificant. This result contradicts the findings by previous studies such 
as Ramachandran (1 993). 

The unexpected sign of the R&D variable might be due to the strategies 
of Japanese parent firms and their affiliates. Suppose that a Japanese par- 
ent firm sets a certain target intrafirm technology transfer level and its 
strategy is to increase R&D expenditures in the early years of the affiliate’s 
operation to promote technology transfer. Suppose further that once the 
target level of technology transfer is achieved, the Japanese-affiliated firm 
reduces R&D expenditures to a normal level. 

If this is the case, relatively old Japanese-invested firms, which had 
achieved their target levels of technology transfer, tend to have lower ratios 
of R&D spending to sales than newly invested firms. Thus intrafirm tech- 
nology transfer would appear to be negatively associated with R&D ex- 
penditure. To shed more light on the strategies of Japanese parent firms 
and their affiliates regarding R&D expenditure, time-series analysis as well 
as international comparisons are needed. 

Next, in addition to upgrading educational levels and providing liberal 
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FDI regimes, there may be other useful policies for countries aiming to 
capture productivity benefits from FDI. Some studies-for instance, Blom- 
strom (1986)-have suggested that important influences of MNCs on lo- 
cal firms operate through competition. 

If the markets in which the products of foreign-invested firms are sold 
become more competitive, then the parent firms and their affiliates would 
make greater efforts to promote intrafirm technology transfer. Therefore, 
it would be interesting to include in the estimation a variable that measures 
the competitiveness of the markets in which Japanese-affiliated firms are 
competing and to see the effect of this variable on technology transfer. 
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