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Introduction 

In the past decade, the rapid economic growth in the People's Republic of 
China has been accompanied by a large inflow of foreign direct investment 
(FDI). The relationship between the two has attracted much interest. How­
ever, the studies undertaken on the subject to date have been limited (Zhan, 
1993; Conroy, 1992). The present research, based on surveys through postal 
questionnaires and personal interviews in the city of Dalian in north-east 
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China, is designed to redress this inadequacy by exploring the contribution 
of FDI to Chinese firms' technology development and the factors limiting 
this contribution. Estimates are provided of technology transfer related to 
FDI in north-east China, that is, the potential for a ''leap-forward'' by 
Chinese firms through inward investment. The mechanisms of technology 
transfer are evaluated through an examination of the first and second-round 
transfer effects. Finally, a series of models of technology transfer, based on 
the Dalian experience, is presented, before considering policy implications. 

Frameworks for analyzing technology transfer 

In early work, which incorporated much of the existing thinking on the 
subject, James B. Quinn (1969) presented a framework for technology trans­
fer revolving around the production presence of transnational corporations 
(TNCs) in host countries. The main premise was that technology transfer 
would take place when production activities were established in a host coun­
try. The entry of TNCs could increase the living standards of host countries 
and improve their competitiveness when the latter utilized effectively tech­
nologies which were available on a free or minimum royalty basis. There­
fore the priority of national policies would be to require TNCs to install 
fully integrated production facilities in the host country. Within this regime, 
the concept of technology itself was comparatively simple, and the transfer 
mechanism was dominated by direct transfers.1 

Compared with this technology-transfer paradigm, current thinking 
(Cantwell, 1992, 1993; Ostry and Gestrin, 1993; Young et al., 1993; 
Cusumano and Elnkov, 1994; Dunning, 1994) reveals a number of important 
divergences: 

• Technology is no longer limited to the field of production and shows 
greater diversity. Although there are differences among authors, tech­
nology is widely defined to include not only technical knowledge but 
also organizational know-how in such fields as finance, marketing and 

1 It was also accepted that the transfer environment was full of conflicts. One such con­
flict in policy was that between host and home countries, since most developing countries 
tended to regard a TNC as an instrument of its home country's policies. Another conflict was 
that between TNCs' strategy and host country goals, since most countries recognized that the 
self-interest of a TNC is not automatically congruent with their national goals. 



management skills. Aside from the traditional distinction between 
hardware and software technology, a third component-mediumware 
or semi-embodied documents-has been identified (Kranzberg, 1986; 
Lan, 1995). There are two consequences. First, technology transfer is 
not necessarily a repeatable process because transfers of organiza­
tional skills always require certain innovations due to the economic, 
social and cultural diversity of host countries; second, technology flow 
can take different forms at different levels, such as material transfer, 
design transfer and capability transfer (Cusumano and Elnkov, 1994). 

• Production and innovation activities are separated, and research and 
development (R & D) becomes a major focus of international technol­
ogy transfer. Greater emphasis is, therefore, placed on the quality 
rather than the quantity of FDI in evaluating technology transfer to 
host countries. Major interest lies in the overseas development path of 
1NCs' R & D activities, and the factors influencing the expansion of 
foreign R & D laboratories (Pearce, 1992; Dunning, 1994). 

• The dynamics of international transfer are widened from a predictable 
one-way flow from home to host countries to a global and interactive 
process of technology generation and application. Technology trans­
fer not only occurs after technology maturity but in addition appears at 
the innovation stage within an innovation-network model (Ostry and 
Gestrin, 1993); and technology generation and diffusion may take 
place simultaneously. Foreign direct investment can perform two 
roles, either as a "downstream distributor of technology" or an "up­
stream hunter of technology" .2 In the former case, FDI may be the 
tool of 1NCs to utilize effectively global resources and exploit global 
markets (UNCTAD-DTCI, 1993, 1994; Dunning, 1994); for the latter, 
FDI can be the mechanism employed to generate new firm-specific 
technological advantages (Cantwell, 1992, 1993; Tolentino, 1993; 
Young and Huang, 1994 ). 

• The nature of technology and transfer processes means that indirect 
transfers assume more importance. Methods of transfer, such as local 
sales and customer education, which were previously categorized as 
direct transfers, are now treated as indirect transfers. This reflects the 

2 Hobday (I 991) distinguished two paths of technology development based on the experi­
ence of the electronics industry in Pacific Asia. 



difficulties of transferring knowledge-intensive and software-related 
information. 

• Accessing technology is both difficult and expensive. Costs include 
not only direct costs such as royalty payments and tax concessions, but 
also a range of indirect costs. Among the latter are communication and 
training costs, derived from resistance to foreign technology, lower 
levels of entrepreneurship, education or absorptive capacities; the re­
quirement for improvements in infrastructure, including scientific in­
stitutions and R & D facilities as well as vocational, technical and 
management training institutes; and changes in market structures to 
encourage a more competitive atmosphere and in policies on the role 
of foreign technology in host countries. 

• In the period since 1969, the international business environment has 
changed fundamentally with a worldwide liberalization of national 
FDI policies. A shift in policy emphasis has occurred from one focus­
ing on firms' obligations and governments' rights to one emphasiz­
ing firms' rights and government obligations.3 

It is against this much changed technology transfer background that the pres­
ent study was undertaken, the aim being to highlight characteristics of and 
impediments to technology transfer, and to consider the policy implications. 

Research study 

Although contributing to an understanding of the issues, previous 
studies on technology transfer to China through FOi are far from compre­
hensive. For example, some studies have analysed the characteristics of 
technology senders but failed to combine this with data on technology re­
ceivers (Beamish and Speiss, 1993; Ball et al., 1993; Casson and Zheng, 
1992); others have identified differences between transfer channels but have 
not gone further to compare technology transferability (Oman, 1989; Con­
roy, 1992; Casson and Zheng, 1992); while others have reviewed the role of 

3 This is discussed in the context of the changing philosophy in international investment 
agreements (see Brewer and Young, 1995), but applies equally at the national level. 



government policy and technology transfer but at a mainly general level 
(Zhan, 1993; Zhang, 1994). 

This study attempts to remedy some of these deficiencies, focusing 
upon a case-study of FDI and technology transfer in the city of Dalian in 
north-east China. Dalian was one of the 14 Economic and Technology De­
velopment Zones (open coastal cities) established by the Government of 
China in 1984. The city has a population of over 5 million (0.7 per cent of 
the total for the 467 cities of China in 1990) and accounts for over one per 
cent of GNP and three per cent of FDI inflows. The city has a diversified 
industrial base, and a special relationship with Japan. 

Research for this article was based on a large-scale postal question­
naire survey, supplemented by personal interviews. Data from the Dalian 
Statistics Bureau indicated that over 800 FDI projects4 were initiated during 
the years 1985-1991. Postal questionnaires were sent to a random sample of 
foreign affiliates in manufacturing, with 361 usable responses being re­
ceived. Follow-up personal interviews were undertaken with 36 of these en­
terprises (10 per cent sample), so as to provide a range of experiences with 
technology transfer, albeit with a bias towards companies indicating positive 
technology transfer potential in the postal survey. In order to ensure a com­
plete and balanced picture, a range of interviews were also undertaken with 
local officials and professionals, local academics and foreign bankers.5 

The research results reported in this article relate to perceptions of the 
size and characteristics of the technological gap between foreign investors 
and local partners/firms; estimates of the potential direct technology-transfer 
effects of FDI; the contents of the technology-transfer package; and types of 
forward and backward linkages and FDI. An attempt was also made to 
categorize models of technology transfer among foreign investors, and to 
review policy implications. 

4 Foreign direct investment into China is divided into three categories, wholly-owned, 
joint ventures and cooperation projects. In a joint venture, the foreign partner is required to 
hold a minimum of 25 per cent of the shares in the enterprise; no such requirement is neces­
sary for a cooperation project, which is set up and managed by an agreement signed by the 
foreign partner and the Chinese partner. 

5 The names and addresses of the foreign affiliates were obtained from the Dalian Com­
mission of Foreign Economy and Trade. Postal questionnaires were mainly directed to the lo­
cal manager, vice general manager or chief engineer, as appropriate, and follow-up personal 
interviews were undertaken with these same executives. For details of the research methodol­
ogy, see Lan (1995). 



The current technology transferability of foreign direct 
investment in north-east China 

Technology gap 

In the postal questionnaire, sample companies were asked to estimate 
the technological gap between foreign investors and local partners or local 
firms, and to identify the contents of this gap and the possibility of closing 
the gap through FDI. The objective was to provide a measure of the contri­
bution of inward investment to the host region's technology development. 

Table 1. Technology gap between foreign investor and 
local partner or local firms 

(Number and percentage) 

Source: Questionnaire survey, 
8 Two criteria were suggested to estimate the size of the technology gap: l. Number of years to de­

velop the technology brought by the foreign investor, based on the technology previously used by local 
firms; 2. Number of years needed for local firms to overcome this gap by themselves, based on their 
technology capability prior to FOi. 

In terms of the perceived technology gap, table 1 confirms that posses­
sion of a technological advantage was a precondition for most foreign inves­
tors to enter north-east China. Accepting the subjectivity of the responses, 
however, the gap was not regarded as large: 54 per cent of firms estimated a 
moderate gap of 0-9 years between the technology level of foreign investors 
and that of local partners or equivalent local firms. A somewhat similar re­
sult was shown in research in another Chinese city Tianjing (Wu, 1989); but 
other research on United Kingdom exporters' perceptions (Ball et al., 1993) 
suggested a technological gap of over 20 years. The Dalian results indicate 
that 7 per cent of the foreign affiliates estimated a negative technological 
gap, that is, the affiliates had lower technology than that of local firms. 
These investments seemed to be motivated by a desire to gain access to gov­
ernment incentives and were principally from Hong Kong, Macao and Tai­
wan Province of China. Some may have been ''disguised investments'', that 



is domestic investments re-routed through Chinese affiliates in Hong Kong 
(Zhan, 1993; Harrold and Lall, 1993). 

Table 2. The components of the technology gap 

(Number and percentage) 

Source: Questionnaire survey. 

a 335 firms identified the components of the technology gap. 

The characteristics of the technology gap in table 2 show that produc­
tion technology (product and process) was the major component; this has 
implications for the transferability or diffusion of the technology. In 31 per 
cent of cases, the product and process (equipment) constituted a package; 
and in a further 23 per cent of firms, this package also included organiza­
tional technology. A substantial proportion of sample firms (28 per cent) 
identified organizational know-how as the main element of the technological 
gap. Although this figure appears high, it is not uncommon for newly indus­
trializing countries to invest in less developed nations using management 
skills as a vehicle (Cavusgil, 1985); and certainly in the present research this 
category is dominated by Hong Kong, Macao and Taiwanese investors and 
cost reduction motives for FDI. 

Technology transfer through FDI 

Having identified the level and constituents of the technology gap, the 
objective of the research was to establish the potential for diminishing or 
eliminating the gap through FDI. This narrowing of the technological gap 
indicates both the technology transferability of FDI and the capabilities and 
advancement of the technology receiver. While the size of the technology 
gap identified above is difficult to define and measure, the estimated gap di­
minished through FDI is even more problematic because technology devel­
opment is interactive and technology transfer has many facets (Cusumano 



and Elnkov, 1994; Rosenburg, 1982, 1994; OECD, 1992). In this research, a 
range of criteria was listed in the postal questionnaire to enable respondents 
to categorize the estimated technology leap-forward associated with FDI 
(summarized in note a to table 3). 

Table 3. Estimated direct technology transfer through FDI 

(Number and percentage) 

Source; Questionnaire survey. 

• High technology transfer indicates that a technology gap of I O years or over can be overcome. 
Features of technology transfer would include; upgrade/develop new products; obtain advanced equipment; 
master new processes; obtain important trade secrets; access certain world networks; access important 
information channels; introduce international management practices. 

Medium technology transfer indicates that a technology gap of under I O years can be overcome. 
Features of technology transfer would include: improve product quality and appearance; obtain some 
advanced equipment; adopt international standards; expand export channels; use new trademarks, especially 
for exports; improve management, including training. 

No or negative technology transfer means that there is no technology gap diminished. The follow~ 
ing cases are included within this category; no technology supply or technology level of foreign investor is 
lower than that of the local partners; foreign partner as seller of readily available equipment; foreign part~ 
ner as buyer of product only; foreign partner mainly involved in provision of capital with little manage­
ment interest; simple operative-level training. 

Through the 1950s, much of the civil technology in China was ob­
tained by large-scale transfers from the Soviet Union and Eastern European 
countries (Lubman, 1984; Conroy, 1992). Subsequently, China's technologi­
cal development stagnated for about 20 years owing to the ''Cultural Revo­
lution" and international isolation. Thus, while almost three quarters of 
sample firms suggested either medium or high technology transfer associ­
ated with FDI (table 3), this has to be viewed in the context of the low base­
level of technology. Other research evidence (Rapakko, 1990) indicated that 
the mean time-lag from technology introduction to transfer abroad from de­
veloped countries to developing countries' firms through joint ventures was 
about 10 years. On this basis, the technology advancement recorded in the 
Dalian research seemed quite modest. 

By comparing the technological gap and the technology transferability 
through FDI (tables 1 and 3), it is possible to ascertain the effectiveness of 



Table 4. Estimated direct technology transfer and characteristics 
of foreign direct investment 

(Number and percentage) 

Mutive of foteign investor 
Ac~s to.Cliliiese market 47 51 3.0 33 15 . 16 92 100 . 
.Low production costs 3§ .20 ... 90 51 52 .29 17S 100 
Hoft~vernment policy/ 

49 35 incentives 10 16 30 21 61 100 
Ac.ces.s to natural resources 2 7 23 77 5 16 30 100 

C>rigi~ol~orelgnln~or 
Hong Kong, Macao; Taiwan 

···•· Ptollince of China 34 20 96 56 42 24 172 100 
.• Japan 32 28 47 51 36 31 115 100 
N~ America and Europe 29 39 30 41 15 20 74 100 

~ta~ of'.t'oreign investor 
43 38 22 .·• Manufactllritig company 47 35 24 109 . 100 

. •• Trading company 39 19 112 54 55 27 · 206 100 

. . Irtdi'vidllal 9 .20 ;23 50 · 14 3() 46 100 

Motive of local partner 
.. Obtafo production 

· fePbcnology 31 68 14 30 1 46 100 
• · Qbtajn <>tganizational 
. t~hMlogy 8 17 29 63 9 20 46 100 

Obtain .production and 
.organizational technology 14 48 14 48 1 4 29 100 
. Obtain foreign capital 20 28 40 56 12 17 72 100 
. l:i.!?SI government policy/ 

.. incentives 19 19 59 60 20 21 98. 100 

Owumhip fomi 
.. Joint venture 79 35 117 51 33 14 229 100 
· CQciperation 13. 21 39 63 .10 16 .62 100 
Wh◊llyow.ned. 3 4 17 24 50 71 70 100. 

Source: Questionnaire survey. 

technology transfer. It is understandable that there are differences given 
various transfer barriers (and problems of data collection), but the distance 
between the two sets of results is noteworthy. Thus, while 39 per cent of 
firms indicated a technology gap of 10 years or over (table 1), only 26 per 
cent suggested a similar level of technology transferability through FDI (ta-
ble 3). Similarly, the figures in the moderate technology gap/transferability 
category were 54 and 48 per cent, respectively. These results imply not only 
that 26 per cent of foreign affiliates cannot exert positive impacts on local 



technological development, but also that another 19 per cent of these affili­
ates that possess the technology capability cannot or will not undertake tech­
nology transfer effectively. 

The findings on potential technology transfers through FDI are linked 
to a number of other classification variables in table 4. With regard to the 
motivations of foreign investors, domestic market-oriented FDI showed the 
greatest potential for technology transfer to local partners (51 per cent of 
sample firms in this category indicated a high level of technology transfer). 
Western investors also indicated higher levels of transfer than Japanese or 
investors from Hong Kong, Macao and Taiwan Province of China. In the 
case of Japan there is a wide divergence between the results relating to the 
size of technology gap as opposed to technology transferability: thus, 63 
Japanese projects were perceived to be in the category of 10 years or over 
technology gap, whereas in table 4 only 32 recorded a high technology 
transfer potential. Apparently, Japanese investors were regarded as trans­
ferring far less technology than they controlled. As a final observation on 
table 4, the motive of the local partner to obtain technology (principally 
production technology) appeared to be associated with greater technology 
transfer possibilities. 

Technology transfer mechanisms: first and 
second-round effects of transferring technology 
by foreign direct investment 

In order to develop a deeper understanding of actual technology trans­
fers to China, personal interviews were undertaken with a sub-sample of 
36 enterprises. Emphasis was on identifying both first and second-round ef­
fects of technology transfer. The first-round effects represent the transfer of 
knowledge within foreign affiliates, and the second-round impacts the trans­
fer of technology to indigenous enterprises and personnel. 

Technology transfer within FDI firms 

Six components of technology were identified, based on combinations 
of production (product and process) and organizational capabilities, and 
hardware, mediumware and software technologies.6 The results, summarized 

6 Hardware represents totally embedded knowledge, that is, machinery and equipment. 
Mediumware is partially embedded knowledge, that is, various documents that possess an 



in table 5, record the major constituents of technology transfer and the main 
impacts on the sample foreign affiliates in Dalian. Hardware transplant was 
the main ingredient of technology transfer, with over 70 per cent of inter­
viewed firms obtaining new products and equipment, and 90 per cent receiv­
ing transportation, communication and office equipment. Regarding produc­
tion hardware, however, the embedded nature of the technology and lack of 
information from the foreign partner about the product, equipment and sup­
pliers meant that genuine technology transfer was limited, and company de­
velopment was essentially dependent upon hardware upgrading from 
abroad. The limited positive impacts related to the manufacture of certain 
spare parts. In respect of organizational hardware, vehicles followed by tele­
communications facilities (e.g., fax machines) and office equipment (e.g., 
photocopiers) were the main items; the provision of computers appeared to 
be a luxury. Because of the pattern of inflow, transfers were restricted, ex­
cept in the encouragement given to adopt better organizational procedures. 

About half of the sample firms interviewed obtained operational docu­
mentation relating to different business functions, with a much smaller pro­
portion receiving intellectual property (on the production side) or strategic 
marketing and planning information. Resistance from the Chinese partners 
or a lack of understanding presented a barrier to exploiting the latter, while 
the absence of R & D in the foreign affiliates in Dalian showed a limited 
absorption capacity in the production area.7 

independent form but can only be used with particular hardware. Software is unembedded 
knowledge in the form of the experience and skills of individuals. Thus, production hardware 
includes products and machinery; organizational hardware takes the form of equipment and fa­
cilities which are used for handling non-production relations inside and outside the enterprise; 
production mediumware comprises documents relating to production criteria and production 
secrets; organizational mediumware concerns strategic and operational documentation. Finally, 
production and organizational software are respectively skills and experience utilized in pro­
duction and management. For details, see Lan (1995). 

7 Among the sample of 36 enterprises, four claimed to possess R & D capabilities (all 
being "grafting enterprises"-see footnote 13), with a further 14 firms undertaking some very 
limited development work (modifying products for local markets). The objectives set for in­
creased R & D in the foreign affiliates in Dalian would have to be realistic, meaning in the 
initial stages an improved understanding of the documentary material transferred from the par­
ent firms and reverse engineering-essentially fostering a climate of intellectual enquiry; this 
could lead on to minor innovation, design imitation and assimilation, raw material adaptation, 
equipment modification and so on (Tolentino, 1993). Further incremental developments to­
wards more advanced technological activities would depend upon the host country's own ac­
cumulated technological capabilities, in which the work of local R & D institutes might have an 
important role to play. Movements of local research personnel among foreign affiliates, indig­
enous enterprises and local R & D institutes would diffuse technologies and capabilities to the 
wider economy. However, there could be dangers that the use of host country resources by for­
eign affiliates might pre-empt some indigenous R & D capabilities (UNCTAD-DTCI, 1995). 



Table 5. Contents and characteristics of technology transfer 



ffi~\l~~t: 

~tianat~~(~> 

Source: Based on authors' interview survey. 



Reflecting the patterns of hardware and mediumware transfer, the soft­
ware transfers and benefits principally related to improvements in operation 
and maintenance skills. Few innovation skills were transferred; and the low 
appreciation by Chinese partners of the benefits associated with manage­
ment, finance and marketing skills constituted a barrier to absorption. 

Technology transfer through forward and backward linkages 

Interview data were collected on certain of the second-round effects of 
technology transfer, viz. local sales and their impacts, local purchases and 
their stimuli and the effects of personnel movements. 

Although Dalian was included within the government's export-led de­
velopment strategy for coastal China, the export orientation of the sample 
firms was quite limited. The interviews revealed that many firms found it 
difficult to achieve their export targets in their early years of operation, 
partly because of the necessary learning process and partly because of a dif­
ficult operational environment. The consequence was that forward linkages, 
as represented by the level of local sales, were strong. Nearly one half of the 
sample firms sold over 75 per cent of their output in the domestic market; 
and only one fifth sold less than 25 per cent of output within China. Joint 
ventures recorded the highest local sales linkages, as did wholly owned sub­
sidiaries. The principal orientations of local sales are shown in table 6, to­
gether with possible technology transfers. Where buyers were local enter­
prises (28 per cent of the sample), the major positive impact related to 
improvements in product quality from the use of higher grade components; a 
smaller number of foreign affiliates also suggested improvements in the 
technical skills of local enterprises and indicated that the provision of tech­
nical information could assist the generation of sales by their customers. In 
terms of sales to local consumers ( 44 per cent of the sample), there were two 
levels of knowledge flow: the first related to raising consumers' awareness 
and expectations of quality; and the second derived from the demonstration 
effects of foreign affiliates' marketing activities and, particularly, their ten­
dency to bypass inefficient local distribution networks and control their own 
distribution. 

In terms of local purchases, backward linkages appeared significant. 
Thus, 22 of the 36 sample firms (61 per cent) purchased over 50 per cent of 
their inputs locally. As might have been anticipated, nevertheless, local pur­
chases mainly comprised basic materials (from steel to agricultural prod-



Table 6. Types of forward linkages and possible technology transfers 

Local enterprise .lfnprovement i:m qualit~ of buyers' 
(28 per .c.ent. of .. ptbducts from... using .. higher quality 
sample) components. · · 

• Transfer of. tec.hnical skills through• com­
" J?Onent supply, after~sa1es service and 
.training. . · • .. 

. Provision· .. · .. bf •~hru;at inform.ation . to i generate:sates>. . .. .. . .. ... . 
< , ' , , , , ", 

.. ·· : Cotnpetiti~ stimUlusk> other local 
~uppliers: ·· · 

Fofet~n-
ar:fiMatesa. 

Other foreign in-•· Some/of the above. 
vestors (19 ·pet· 
.cent of sam:r,lel • 

. Prod11cts. convey technical knowledge by 
· ~emselves. .Raises local .customers' 
.. awareness of qulllity, and force~ Chinese 

·· .•:firms to. improve their standards. · 
, : ,, , 

Loc:al. consumers Cansumer education, including training 
• ··. ( 44 per cent of .. · .. of · ciistomer1:1. · .... before .·. purchase .·· and 

sample) after:-sales serl'ice. . · · 
: < " ' < '' 

Demonstrati~n of mark~ng: :kpow-how, 
.because. m6st foreign ·· fovestori:; •· market 
their new products instead of using 
. fragmented local distribution networks. 

Source: Based on authors' interview survey. 
• Percentages are based on a sample of 32 foreign investors, since 4 firms sold all output abroad. Per­

centage total 91 percent; the other 9 per cent (3 firms) showed no clear pauem in sales. 

ucts) which were location specific and costly to transport. Large orders 
tended not to be placed with local suppliers, and local purchases did not 
show a rising trend. Sourcing from other foreign affiliates in China was, 
moreover, significant, and on the increase with the rise in the number of joint 
ventures. 

Technology diffusion through backward linkages is influenced by the 
relationships between foreign affiliates and their local suppliers, and table 7 



Table 7. Types of backward linkages and possible technology transfers 

Source: Based on authors' interview survey. 
• "Shopping around" refers to "buying" without any interaction with local suppliers. With "condi" 

tioned buying'', standards and procedures are set but no assistance is provided to local suppliers to achieve 
these. In • 'controlled buying'', assistance is provided to local suppliers to develop their technological skills. 

b No particular pattern was apparent in the remaining 6 per cent of finns. 

identifies various types of relationships through which know-how flows 
could be stimulated. The majority of firms used a "conditional buying" ap­
proach, which could have some effects on suppliers' production methods 
and quality standards. Without further assistance from foreign affiliates, 
however, improvements would be limited; and only 15 per cent of the sam­
ple employed ''controlled buying'' in which management assistance or a 
comprehensive assistance package8 was provided. 

A third dimension of technology diffusion which was considered re­
lated to the impacts of local personnel movements. The survey results re­
vealed that about three fifths of firms had very stable employment; among 
the remaining companies, staff turnover in the order of 10 per cent per 

8 One sample firm not only trained operators and managers in the supplier firms, but also 
assisted with organizational restructuring and the importation of machinery. 



annum was not uncommon, albeit dominated by unskilled manual workers. 
In terms of reasons for leaving, dislike of the work (pressures for high pro­
ductivity, for example) and low pay or poor working conditions were al­
leged. These reasons seemed to apply in particular to workers who had 
transferred from other, especially state-owned factories. Such movements 
clearly have only a rather limited positive multiplier effect. Movements of 
skilled personnel were more restricted, but a small number of positive tech­
nology spin-offs were recorded. Firstly, there was evidence of the diffusion 
of certain production technologies, and the rapid development of local deter­
gent production was a prime illustration.9 In addition to diffusing production 
know-how, improvements in management skills and a stimulus to entrepre­
neurship were also apparent. Some illustrations existed of personnel moving 
back to state enterprises and helping to promote reform, and of local person­
nel establishing new enterprises based on market and other knowledge ob­
tained in foreign affiliates. 

Models of technology transfer to north-east China through 
foreign direct investment and policy implications 

Summarizing the above, the record of FOi in transferring technology 
to the local economy has been very varied. The range of issues discussed in 
this article are synthesized in table 8 which identifies a number of models of 
technology transfer within the sample foreign affiliates in Dalian. Although 
judgements on the size of the technology gap are arbitrary, the technology 
contribution associated with FDI was low to moderate and the technology 
package was incomplete. A production presence represented the main 
source of potential technology supply, with technology flow dominated by 
hardware transplant and training in basic operations. The absence of R & D 
restricted development potential and encouraged hardware technology de­
pendency, while lack of understanding and appreciation of skills such as 
marketing by local Chinese personnel constituted a barrier to transfer on the 
software side. 10 The integration of FDI with the local economy was under-

9 Local staff working in the laboratories of two foreign affiliates manufacturing deter­
gents discovered the contents of production by repeatedly trying the combinations. They then 
moved out to set up their own firms. In only a few years, more than ten small local firms were 
manufacturing detergents. 

10 The survey found that, although local managers were not familiar with the market 
economy nor with modern management practices, they did not appreciate or welcome the 
skills of foreign managers. Over one third of interviewed joint ventures had problems in the 
sharing of management. 



Table 8. Models of technology transfer among foreign investors• 
(Number and percentage) 

Source: Based on authors' interview survey. 
a Based on the level and impact of technology transfer on the technological development of local 

partners or local personnel. The models are ranked on the basis of technology transfer potential. 



developed, and both forward and backward linkages were weak, confirming 
that the absorption capacity of the market was limited. Technology transfer 
varied with the origin of FDI, and the nationality of the investor seemed to 
be the most important factor in determining the behaviour pattern of FOL 
Among the categories presented in table 8, both the ''unbinding develop­
ment model" and the "unbinding diffusion model" indicated significant 
technology-transfer potential, but only 7 of the 36 sample firms interviewed 
were represented. 

As in many developing countries, China offers a variety of incentives 
to inward investment, such as reductions in taxation, provision of land or fa­
cilities and access to local capital. These are balanced by various ownership 
restrictions, including a 25 per cent foreign investment shareholding to 
qualify for joint venture status, ceilings on the share of know-how and in­
dustrial property in total foreign investment,11 as well as some limitations on 
FDI in certain sectors or export requirements (Panagariya, 1995). Generally, 
however, the foreign investment regime is liberal, with policies and pro­
cedures being designed to facilitate FDI. Joint ventures enjoy incentives that 
are particularly generous in the Special Economic Zones and Open Cities. In 
relation to the characteristics of FDI and technology transfer in the Dalian 
case, a number of problems were apparent: the policy package was more 
suitable for labour-intensive investment than for technology-intensive in­
vestment; R & D capacities were not a concern of current policy; there was 
an absence of effective measures to promote integration between medium­
and large-sized domestic enterprises and FDI; and insufficient attention was 
paid to human capital development. 

These problems stem in part from a policy philosophy and practice 
that have not kept pace with the evolution of FDI and 1NC activity, from 
the distorted motives of local partners, 12 and from a lack of skills and under­
standing among local management. Improvements in policy are therefore re­
quired in two interrelated directions: the first is to extend the scope of 
market-oriented reforms and establish a stable macroeconomic framework; 

11 The two ceilings are as follows: the proportion of industrial property of the foreign 
investor cannot be over 20 per cent of registered investment; and know-how's share in foreign 
investment cannot exceed 10 per cent. 

12 The results of the survey indicated that more than one third of the local partners did not 
aim at gaining anything from foreign investors when setting up cooperative projects. Rather, 
the objective was to access incentives offered by the Government of China, which were only 
available to foreign affiliates. 



the second is to shift policy priorities from a production to an innovation 
orientation and thereby accelerate technology inflows. The former has been 
reviewed in previous studies, 13 and the present discussion, therefore, focuses 
on the latter. 

In introducing an innovation-oriented policy regime, there are a num­
ber of key requirements: 

• Relax the restrictions on the share of technology investment. The 
ceilings on technology investment within the current policy package 
have hindered technology flow, particularly that of mediumware. 
Aside from accelerating technology inflows, a relaxation of the rules 
would improve the investment environment, encourage a wider ex­
change of technical and business information and increase local tech­
nological service capabilities. 

• Develop indigenous technological capabilities. A prominent charac­
teristic of the new international technology transfer regime concerns 
its emphasis on the importance of indigenous technological capabil­
ities. However, the present research has shown that, in Dalian, tech­
nology transfer is hindered, on the one hand, by the embodied nature 
of production technology and, on the other, by the relative absence of 
R & D in foreign affiliates. In addition to this, local R & D institutes 
are separated from FDI activity. Two requirements thus seem to relate 
to the development of an appropriate environment allied with incen­
tive structures to encourage foreign investors to increase levels of 
R & D; and the improvement of cooperation between local research 
centres and foreign affilliates. Ambitions for R & D in foreign affili­
ates must clearly be realistic and hence limited, with initial objectives, 
for example, relating to improved assimilation of production and or­
ganizational mediumware (see table 5). In relation to the second point, 
encouragement may be given to the establishment of joint ventures be­
tween local research centres and foreign investors with capital support 
from the government. Relaxation of controls on access to the domestic 
market could provide a significant incentive for this form of joint ven­
ture activity. Aside from formal joint ventures, policies to develop 
staff exchanges between TNCs and R & D institutes will prove useful. 

13 In a Chinese context, see for example, Zhan, 1993. 



As has been shown (UNCTAD, 1995), there is also a need to trans­
form domestic R & D centres and increase the commercialization of 
their activities. This would not only make them more attractive part­
ners for foreign investors, but their innovations could raise standards 
in local supply industries and in other less technologically advanced 
firms including small and medium-sized enterprises. Commercial ac­
tivities (see UNCT AD, 1995) include very practical measures such as 
small product and process innovations, industrial engineering and de­
sign, and supporting services like quality control, certification and 
testing, training of personnel, etc. 

• Encourage further integration between foreign investors and local 
firms. One possible policy development concerns the encouragement 
to establish so-called "grafting enterprises" 14 between foreign inves­
tors and local firms. This type of enterprise has several potential ad­
vantages such as savings in foreign exchange, shortening of the con­
struction period and more effective transfer of technology. The survey 
identified numerous problems hampering the development of such en­
terprises, some of which were legal/institutional;15 aside from solving 
these, further support for establishing grafting firms would seem to be 
necessary. At the same time, the reform process needs to be con­
tinued for local enterprises in order to improve their attractiveness to 
foreign investors. 

Further encouragement to strengthen forward and backward linkages 
is also necessary, since the poor quality and uncertainty of local 
supply are the two main barriers. 

• Establish an Office of Technology Transfer. At present, there are 
several government departments dealing with technology transfer 
through FDI, including the Department of Technology Transfer in the 
Ministry of Foreign Trade and Economic Cooperation (MOFIEC) and 

14 A "grafting enterprise" is a specific type of joint venture, in which the established 
firm utilizes part or all of the assets of the Chinese parent firm. The enterprise would usually 
be co-located with its Chinese parent firm while at the same time having a number of different 
characteristics to that of the parent firm. In some regions in China, '' grafting enterprises'' rep­
resent up to one quarter of all foreign investment projects. In the case of Liaoning Province 
(where the city of Dalian is located), nearly one fourth of the large and medium-sized state 
enterprises have entered into such ventures (Zhan, 1993), but in Dalian the proportion is only 
10 per cent. 

15 For example, the valuation of an old factory's assets is always debatable. 



the State Industrial Production Bureau, a high-profile organization 
with subsidiary offices located in provincial and municipal govern­
ments ( one of the functions is to provide policy guidance on and 
supervision over technological development and transfer). However, 
there must be concern as to the adequacy of coordination between 
them, and also as to whether FDI-linked technology transfer fits into 
the government strategy for national science-and-technology develop­
ment. Whether establishing a new office or restructuring and strength­
ening certain established departments, a number of tasks have to be 
fulfilled. First, a properly mapped out strategy and policy formula to 
guide companies in technology acquisition is required. By this means, 
the effectiveness of technology transfer would be improved and tech­
nology dependency reduced. Second, the development of a sound 
technology base in China is needed. Without the appropriate physical 
and financial infrastructure, and a high standard of manpower and 
management training, significant technology transfer is highly con­
strained. The Office would also have the role of organizing and pro­
moting studies on FDI. Technology development through FDI is a 
comparatively new issue in China; many problems exist in the interac­
tions with policy, national and local environments and local enter­
prises. Systematic research is required to guide policy. 

It has to be recognized that the above policy implications derived from 
research in north-east China may not be relevant or applicable country-wide. 
The economic, technological and other infrastructural parameters are very 
different in the countries over 20 provinces; and there is a striking contrast 
in economic development between the eastern and western regions of China, 
and in industrial structure between the northern and southern parts of the 
country. However, since Dalian is one of China's open coastal cities and a 
focus for FDI and technological upgrading, innovation-oriented policy 
would seem to be a requirement for socio-economic development in the re­
gion. In the same way, the encouragement of efficiency-seeking FDI in the 
form of labour- and resource-intensive investments in inland areas would ef­
fectively utilize the locational advantages of these regions.16 Admittedly, 
China has been very successful in attracting FDI and the overall impact of 
this investment has been substantially positive. Confirming the conclusions 
of X. J. Zhan (1993), a key challenge for the future is to replicate within 

16 A drive to redirect resources towards the underdeveloped hinterland is contained in 
China's ninth five-year plant (1996-2000) and its 15-year strategy, both of which were 
approved in September/October 1995 (The Financial Times, 5 October 1995). 



China the sequential pattern of FDI-linked development observed elsewhere 
in the Asia-Pacific region. 

A final point worth mentioning concerns China's approach towards 
legislative changes. In November 1995, it was announced that China would 
phase out tax exemptions for capital equipment imports by foreign invested 
enterprises from 1 January 1996.17 From a foreign business perspective at 
least, this continues a tendency for China to change abruptly ''the rules of 
the game", and is, therefore, an issue which merits consideration for the fu­
ture. 

Undoubtedly, a key element in China's success has been connection 
with Hong Kong and Taiwan Province of China (Panagariya, 1995). 
Attracted by low labour costs as wages rose rapidly at home, entrepreneurs 
shift manufacturing facilities from the mid- l 980s to mainland China. With­
out losing the dynamism associated with these large-scale flows of eco­
nomic activity, particular attention needs to be given to encouraging geo­
graphical diversification of this investment. At the same time, there is a case 
for closer financial scrutiny of some of these investments, given their dis­
guised or speculative nature. 

General conclusions 

It is arguable that the positive experiences of the high-performing East 
Asian economies with 1NCs and technology transfer have led to over­
optimistic expectations of the contribution of 1NCs in developing countries. 
The World Investment Report 1992 (UNCTC, 1992, p. 191) pointed out that 
''countries at low levels of development are likely to be able to induce FOi 
only into low-technology activities .... " (see also UNCTAD, 1985; 
UNCTC, 1987). And Paz Estrella E. Tolentino (1993) has argued that theo­
ries of underdevelopment will continue to be relevant in lower-income de­
veloping economies where firms lack competitive, indigenously generated 
technological capacities. In support of these observations, the evidence of 
this research shows that a wider recognition and study of the problems of 
technology transfer into low-income countries such as China is necessary .18 

17 The Financial Times, 24 November 1995. 
18 The work of UNCTAD (1995) on country experiences in technology capacity-building 

and technology partnership is a useful example of a way ahead. 



There are also major policy dilemmas which arise in a huge market 
like China and which are almost unique. Rather than simply a dual industrial 
structure which would be characteristic of most developing countries, the in­
dustrial structure in China has multiple tiers and levels; at the very least, the 
scale is totally different. For sectors and particularly enterprises at the fore­
front of development, outward FDI will likely play an increasing role in ac­
quiring advanced technology (Gang, 1992; Young and Huang, 1994). At the 
opposite extreme are the problems of attracting labour-intensive investment 
and introducing factory routines and disciplines to an unskilled, labour 
force. The case for a holistic approach, involving public policies in areas in­
cluding physical infrastructure, human resources development, R & D, com­
petition, international trade and factory pricing, as well as technology and 
FDI, has been regarded as necessary. Within this, there would be a require­
ment for policy targeting at facilitating the technological upgrading of the 
different tiers in the industrial structure. The obvious danger in such circum­
stances is that of legislative overload and excessive bureaucracy (exacer­
bated perhaps by a continuing culture of suspicion towards FDI) and market 
distortions. In the face of such complexities, especially in a country the size 
of China, a very sharp policy focus would appear to be required, with the 
emphasis on a stable macroeconomic environment and improvements in the 
physical infrastructure; and, thereafter, on the upgrading of R & D capabil­
ities and capacities of human resources and of domestic support industries. 
At the level of FDI policy measures and incentives, there is a case for sim­
plicity even at the cost in terms of policy circumvention. 

There are many countries like China which have operated for long pe­
riods with state controls and planned economies. This has generated a pro­
duction orientation and philosophy and human resource policies emphasiz­
ing production skills. Greater attention needs to be paid to other corporate 
functions, including sales, advertising and marketing, procurement, account­
ing and finance, and research and development. The potential benefits in­
clude a greater recognition of the value of these functions to corporate per­
formance and a stronger capacity for technology absorption; wider 
opportunities for labour mobility and hence for entrepreneurial spin-offs; 
and possibilities to attract a broader range of foreign investments and create 
dynamic industry clusters. ■ 
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