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Abstract

The main objective of this paper is to contribute to the existing technology transfer literature by reviewing and
outlining the mechanisms (channels) of technology transfer. This review aims to stimulate and generate dynamic
ideas for future researchers i.e. to further identify and understand the technology transfer’s channels, the
processes prior to the transfer, the parties involved, the type of technologies in the transfer process, and the
justification for selecting specific mode of transfer. Since technology transfer literatures cover a wide research
area, this paper sets its perimeter by focusing on the transfer mechanisms which involve both intra and inter-firm
technology transfer.
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1. Introduction

In the context of a developing country, technology is viewed as an important catalyst of corporate success and
national economic growth (Millman, 2001). Due to lack of resource capacities such as weak research and
development (R & D) base, limited investment in R&D, production and manufacturing capability, weak
infrastructure and technological disadvantage (Lado and Vozikis, 1996; Tepstra and David, 1985) many
developing countries depend mainly on foreign direct investments (FDIs) from the multinational corporations
(MNC:s) as their primary source of technology to enhance the technological capabilities and competitiveness of
local industries (Lee and Tan, 2006). This is mainly because MNCs own, produce and control the bulk of world
technology in which they undertake nearly 80% of all private R&D expenditures worldwide (Dunning, 1993).
The technologies which are transferred by MNCs benefit the host country in terms of achieving long term
economic growth (Marton, 1986; Blomstrom, 1990), providing a higher potential of innovation
performance/capabilities (Guan, Mok, Yam and Pun, 2006; Kotabe, Dunlap-Hinkler, Parente and Mishra, 2007),
increasing technological capabilities (Kumar, Kumar and Persaud, 1999; Madanmohan, Kumar and Kumar,
2004), enhancing the organizations’ competitive advantage (Liao and Hu, 2007; Rodriguez and Rodriguez,
2005), enhancing the organizational learning effectiveness (Inkpen, 2000; Inkpen and Dinur, 1998), providing a
positive effect on productivity (Caves, 1974; Xu, 2000; Liu and Wang, 2003), and increasing the technological
development of local industry (Markusen and Venables, 1999). Other research studies have proposed technology
transfer as one mechanism by which developing countries can break the vicious cycle of economic
underdevelopment (Lado and Vozikis, 1996; Samli, 1985). From the technology transfer initiatives, the
host-country will also benefit in terms of improving quality of life, achieving technology progression through
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research and development, and increasing tax revenue. For the MNCs, the benefits are in terms of more equitable
trade agreements, global expansion and increase in market share (Madu, 1989).

As the main source of technology and knowledge, the multinational corporations (MNCs) provide their
technologies to the host countries through various channels. In order to achieve their economic objectives,
MNCs must carefully consider the appropriate mechanism of transfer in their strategic decision especially the
type of entry modes. Among the main and effective technology transfer channels are exporting, foreign direct
investment (FDI), licensing and joint venture. The choice of technology transfer channels depends on the nature
of the technology such as age, complexity, characteristic of the host country, education level of the workforce,
labor skills, technology transfer requirements and local competition (Sinani and Meyer, 2004). Sazali and
Raduan (2011) suggest that a strong understanding on the theories underlying technology transfer is necessary to
enable the interested parties (such as private sectors, government departments, academics, researchers and
students) to relate with the practical and empirical aspects of various technology transfer models, mechanism,
issues and challenges.

Past studies have found that MNCs tend to transfer 1) young and new technologies to their subsidiaries and
affiliates in the developed countries, 2) older technologies to subsidiaries and affiliates in the developing
countries, and 3) technologies transferred through licensing and joint ventures is older than technology
transferred to their affiliates (Mansfield and Romeo,1980). From the knowledge-based perspective, Kogut and
Zander (1993) establish that the mode of technology transfer depends on the technology’s attributes such as
tacitness, codifiability and teachability. They suggest that the propensity of MNCs to transfer technology to a
wholly-owned subsidiary is high when the technology is tacit or complex and the more codifiable the technology,
the more likely it to be transferred through licensing. Consistent with Mansfield and Romeo (1980), Cave (1999)
also argues that FDI is the appropriate mode transferring technology to subsidiaries when the technologies are
new, young and complex.

This paper argues that a strong understanding on how technologies are transferred through various mechanisms
in different settings is important to help us understand: 1) the rationale and justifications on why certain methods
of transfer are chosen by the technology supplier (MNCs) and 2) the relevant underlying theories/perspectives of
technology transfer that govern the transfer process and mode of transfer (Sazali and Raduan, 2011). This paper
categorizes technology transfer channels into two main groups. The first group is the formal market channels:
direct export of technology (exporting), foreign direct investment (FDI), licensing, and international joint
venture. The second group of technology transfer channels involves the informal or non-market channels:
imitation, movement of personnel, data in patents and test data, and temporary migration (Maskus, 2003).

2. Technology transfer through formal market channel.

The primary focus of this section is provide better understanding on how technology and knowledge are being
transferred by MNCs to local firms in the host countries through formal market channels such as exporting
capital goods (exporting), foreign direct investment (wholly owned subsidiaries), licensing and joint ventures.
These transfer channels are regarded as the most efficient transfer channels undertaken by MNCs when
transferring their technology to the host countries; where the technology flows through market-mediated
mechanism with some form of formal transaction underlies the technology movement. On the other hand, the
non-market channels refer to technology transfer mechanisms that do not involve a formal market transaction
(Maskus, 2003).

2.1 Direct Exporting

Direct exporting products/goods is considered as ‘an externalized mechanism’ and part of the inter-firm
technology transfer. This is so when the technology-supplier (MNCs) transfers technology that embodies in
product or capital goods and equipments to the recipient out of their organizational boundary. Maskus (2003)
argues that exporting goods and services creates potential for transferring technological information to the
technology-recipient because they can easily absorb, adapt and improve the acquired technology in the capital
goods and equipments if they have the capabilities to undertake efficient learning. Direct exporting offers the
technology-suppliers a relatively low-cost and low-risk entry into foreign markets and is typically the initial
phase of internationalization (Lu and Beamish, 2001). When compared to other modes of technology transfer for
example licensing, joint venture or wholly owned subsidiary, exporting involves production in the home country
where the technology-supplier do not retain any significant controls over the use, technology and sales decision,
or the re-transfer of the technology ( Lall,1993). Due to limited resources, exporting offers MNCs less control
over the marketing and distribution of goods in the host country (Naidu and Prasad, 1994; Leonidou and
Katsikeas, 1996).
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Ibrahim and Mcguire (2001) suggest that since exporting does not require large investment and involves very
little financial risk, it offers less opportunity for MNCs to learn about the foreign market. Exporting of goods and
services is suitable when technology transfer requires little innovation or adaptation and is appropriate if MNCs
find it impractical to impose restrictions on the uses of the technology (Ibrahim and Mcguire, 2001). Other than
having less control over the technology and lack of knowledge about the host country, Niosi and Rivard (1990)
argue that exporting goods could be difficult or impossible due to the protectionist policies in the host country
that increase the possibility of losing the advantage of distance, lower labor and resource cost in the host country
(Niosi and Rivard, 1990). To overcome these obstacles MNCs would prefer to invest in the host country, control
their technology, marketing and organization assets through a subsidiary (Nisosi and Rivard, 1990).

Taylor et al. (2000) argue, from the bargaining power perspective, exporting does not involve bargaining with
the host country when the goods or products are produced in the home country. Ibrahim and Mcguire (2001)
assert that through exporting MNCs may sell the technology to the recipient in the host country or use the
expertise of the export management firm and as a result if MNCs find that the opportunity is large enough in the
host country to transfer technology they may embark on a direct approach by setting up sales office in the host
country to sell the technology (Allen, 1999). In the Indonesian context, exporting capital goods to the host
country indirectly promotes technology transfer through trainings provided by the technology-suppliers’ experts
to the local firms especially on how to operate, maintain, and repair the imported machinery (Thee, 2005).
Previous studies have confirmed that the foreign research and development (R&D) embodied in the imported
capital goods has a significant positive impact on total factor productivity (TPF) of the importing countries (Coe
et al., 1997). Schiff et al. (2002) find that the impact on TPF is greater if 1) the importing countries’ policies are
more open, 2) there is availability of highly skilled labors, and 3) increase in trades with the developed countries.

2.2 Foreign Direct Investment

Another market channel of technology transfer is through foreign direct investment (FDI) by MNCs. This type of
technology transfer is considered as ‘the internalized mechanism’ or intra-firm technology transfers from MNCs
to their subsidiaries or affiliates in the host country. Technology transfer through FDI provides access to the
whole range of technological, organizational, and knowledge assets as well as to marketing expertise and brand
names within MNCs (Ivarsson and Alvstam, 2005). Niosi and Rivard (1990) argue that MNCs prefer to
internalize the market of their assets by forming subsidiaries to control their technology and the use of their
productive facilities. Previous research suggests that transferring technology through FDI by MNCs to the
wholly owned subsidiaries is appropriate 1) when the technology is young and new, 2) when the technology is
complex to learn and diffuse, and 3) when it requires skills and competencies that are not available in the host
countries (Lado and Vozikis, 1996; Zander and Kogut, 1995). Harris and Ravenscraft (1991) argue that firms
from high technology industries such as MNCs frequently enter foreign market to cover their cost in the R&D
investment, prevent product obsolescence, and gain market share. Through direct investment, MNCs transfer and
share their proprietary technologies, skills, and knowledge with their local subsidiaries or affiliates with the
primary objective of gaining profit or amortizing the cost of R&D over a large quantity of products being sold
(Tihanyi and Roath, 2002). MNCs opt for FDI as a technology transfer mechanism when the transaction cost is
high especially where the technology is not standardized, difficult to codify and transmitted through design and
drawings, or when technology’s content is highly tacit (Siddharthan, 1992).

In situations where the transaction cost is high MNCs would prefer to have equity participation or wholly owned
subsidiary in order to have control over their operation in the host countries (Siddharthan, 1992). Furthermore,
Niosi and Rivard (1990) argue that MNCs, when transferring technology to subsidiary or affiliates in the host
country, are expected to face legal barriers and economic obstacles. Among the legal barriers are policies
prohibiting wholly owned subsidiary or even minority affiliates, and the host government’s policy to implement
mandatory technology transfer. Other than these barriers the economic obstacles do exist when there is strong
internal competition by established firms, high fixed costs of forming a subsidiary or management shortage for
the exporter (Niosi and Rivard, 1990). Technology transfer through FDI has not only extended technology to the
MNCs’ subsidiaries and affiliates through internalized transfer of technology and knowledge; where MNCs can
retain and control the technology internally, but it also capable of creating positive externalities in the form of
technology spillover. Spillovers occur when MNCs as the technology owner are no longer able to retain
technology internally or internalize the full value of the benefits associated with the technology (Lorentzen et al.,
2003). Blomstrom and Kokko (1998) suggest that technology spillover are evident when local firms begin to
imitate technology from the MNCs affiliate, or the local firms become more efficient and innovative due to
increase in competition from the entry of foreign firms into their market.
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According to Sinani and Meyer (2004) technology spillovers could occur through demonstration effects; when
the local firms have the opportunity to learn by observing the MNCs operate their superior technology (Findly,
1978). Exposure to the MNCs’ superior technology may force the local firms to improve their own production
methods. By noticing and understanding new product innovation or new form of organization adapted to local
conditions, the local firms will attempt to imitate the innovation or managerial knowledge. Blomstrom and
Kokko (1996) found that frequent interactions with local firms will lead to diffuse of information being diffused,
reduce uncertainty and eventually increase the level of imitation. Secondly, technology spillovers may also occur
through labor turnover; when employees previously trained or employed by the MNCs transfer important
technology or information to local firms or when they start their own firms/business (Sinani and Meyer, 2004;
Wang, 1990). Thirdly, technology spillovers may occur through backward and forward linkages; when the
MNC:s transfer technology to the local supplier of the intermediate goods or buyers of their own products to
economize on transportation costs or to accommodate local requirements in cases of subcontracting or
original-equipment-manufacturing (Sinani and Meyer, 2004).

2.3 Licensing

Another form of externalized technology transfer is through licensing agreements; which may be done either
within a joint venture or between unrelated firms at arms-length across countries (Maskus, 2003). Licensing is
an act of granting permissions or rights to make, use and/or sell a certain product, design or process, or to
perform certain actions by the licensor to the licensee (Anon, 1995). In general there are two types of technology
licensing package: 1) the technology licensing agreement which covers the conveyance of patent, trademark and
other rights for example right to make, distribute, use, and sell the product, design or process; and 2) the
technical licensing agreement which contains the provisions of technical and managerial assistance to a licensee
(Contractor, 1980). According to Maskus (2003) license contracts cover a variety of transactions which include
technical assistance, codified knowledge and know-how, establishment of turnkey operations and intellectual
property rights. In exchange of the technology, the licensee pays the licensor a fixed licensing fee, a franchise fee,
a royalty schedule, or a share of profits.

Past studies have identified various motives why MNCs and local firms engage in licensing agreements.
Millman (2001) identifies motives for having licensing agreement such as 1) to fill gaps in the product range; 2)
to enable a relatively small company to quickly commercialize a product in a large market; 3) to diversify into a
new business area; 4) to seek a return on part or fully developed technology which has good commercial
potential but does not fit into the licensor’s business strategy; 5) to take advantage of a major breakthrough in
process efficiency and product quality, and 6) to separate marketing from manufacturing. Siddharthan (1992)
argues that the MNCs would prefer to transfer technology through licensing or arms-length sale in situation
where brand names are not involved, and when technologies could be transferred through sale of design and
drawings. Maskus (2003) distinguishes between intra-firm licensing (non-market mediated licensing) and
inter-firm licensing (market-mediated licensing). For intra-firm licensing, the MNCs retain significant
proprietary control over the intellectual property, and know-how of the product, design or process; whereas for
inter-firm licensing (market-mediated licensing) the MNCs must provide the licensee the access to these assets.
In this context patents, trade secrets, copyrights and trademarks act as direct means of information transfer.

Since licensing provides a relatively low risk and stable income to MNCs, this channel would be the most
preferred strategy for the MNCs that do not have sufficient management and financial resources to undertake
FDI in several countries (Dollinger, 1995). Zander and Kogut (1995) suggest that licensing is more appropriate
for less complex technologies and technologies that can be easily diffused and learned by the affiliates or local
subsidiaries. When compared to joint ventures and equity partnerships, licensing provides MNCs a quick and
easy entry to the foreign market (Harringan, 1985; Hagedoorn and Narula, 1996). Ibrahim and Mcguire (2001)
argue that licensing does not require MNCs to have extensive knowledge about the host countries’ market and is
appropriate when technology only requires limited adaptation and innovation.

Licensing agreement which is made through negotiation between the licensor (MNCs) and licensee (unrelated
firms) may promote a voluntary technology transfer. Whereas in situations where ‘compulsory technology
transfers’ exist (especially where the host governments’ policies demand MNCs to surrender the rights to the
local firm) the licensing agreements do not really contribute to the transfer of relevant know-how which is not
embodied in patent or trademark rights (Maskus, 2003). MNCs’ decision to transfer technology through
licensing is largely depend on the market size, policy certainty, host country transparency and the licensor’s
confidence that the proprietary technologies are not diffused into the host country through imitation or
employees’ turnover (Hoekman et al. (2005). From the Indonesia experience, Thee (2005) found that the MNCs
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are not in favor of entering technical licensing agreements with local firms because of the country’s weak
protection of intellectual property rights.

2.4 International Joint Ventures

Other than direct exporting of goods, foreign direct investments and licensing, another form of formal and
externalized mechanism of technology transfer by MNCs is by forming joint ventures with local firms. Joint
ventures are viewed as a collaborative effort by MNCs and local partners particularly in sharing their individual
resources skills and expertise (Ibrahim and Mcguire, 2001). Joint ventures allow the MNCs and local partners to
share different skills and knowledge bases to create unique learning opportunities (Inkpen, 1998). MNCs tend to
embark on joint venture and strategic alliance for various reasons such as to achieve economic goals by reducing
investment risks, to share technological know-how and management expertise, to improve operational efficiency
and to strengthen global competitiveness (Caves, 1996; Harrigan, 1988; Perlmutter, 1986). Harrigan (1984)
states that joint ventures provide both MNCs and local partners opportunities to facilitate the transfer of
knowledge, particularly for knowledge that are not easily be transferred without the setting up of a joint venture
(for example institutional and cultural knowledge). Other studies argue that joint venture is appropriate when
technology can be easily learned and diffused to local partners who possess sufficient skills and expertise to
handle the imported technology (Lado and Vozikis, 1996; Zander and Kogut, 1995). Through joint ventures, the
MNCs and local firms are expected to contribute and share knowledge and expertise between them. Previous
studies have acknowledge that local firms could contribute their knowledge and information in terms of local
economic condition, political stability, cultural differences, business customs, customers’ preference and taste,
information on local work force, distribution channels, infrastructure and information on raw material supplies in
the host countries (Shrader, 2001). In return, MNCs may contribute their technological know-how, managerial
expertise and other intangible assets. The MNCs would prefer joint venture with local firms if there are inherent
advantages such as ability to create niche in the foreign market early and opportunity to enjoy favorable
treatment in terms of low taxes/duties and easy transfer of profits back to home countries. On the other hand, the
local firms in the developing countries would prefer joint venture as it provides the local firms the opportunities
to participate in the management and control of the venture, to gain the technological and managerial skills, and
to share the venture’s profit (Ibrahim and Mcguire, 2001).

Previous studies have confirmed that transferring knowledge and technology through strategic alliance and joint
ventures will depend on various joint venture characteristics factors which include organizational distance
(Simonin, 1999a, 1999b), knowledge connection (Inkpen, 2000), organizational structure (Inkpen,1997),
ownership type (Kogut, 1998; Mowery et al., 1996), relationship openness (Hamel, 1991; Inkpen, 2000),
attachment between partners (Inkpen and Beamish, 1997), empathy (Buckley et al., 2002) and relationship
quality (Szulanski, 1996). Other than joint venture characteristic factors, the strategic alliance’ partners factors
such as partners protectiveness (Simonin, 1999b, 2004; Szulanski, 1996), motivation (Szulanski, 1996), control
(Lyles et al., 2003), prior experience (Subramaniam and Venkatraman, 2001), source transfer capacity (Martin
and Salomon, 2003), absorptive capacity (Cohen and Lavinthal,1990; Lane et al., 2001), recipient experience
(Simonin, 1999, Zander and Kogut,1995), learning intent (Beamish and Berdrow, 2003; Hamel, 1991) and
rigidity of managerial belief (Inkpen and Crossan, 1995) have been identified by the researchers to have
contributed to the success of technology transfer. Past studies have acknowledged that joint venture has been
well accepted as an effective channel of technology transfer. Moeini and Zawdie (1998) find that joint ventures
are more successful than other forms of channels in bridging the knowledge and skills gap in the
learning—innovation link.

3. Technology transfer through non-market channels

Although this study stresses more on transferring technology through formal market channels, the understanding
on how technology and knowledge are transferred through non-market channel is also useful because of the
interface between formal market channel and non-market channel and various underlying theories (Maskus,
2003).

3.1 Imitation

As a formal market mechanism used by the MNCs to transfer technology to their subsidiaries and affiliates, FDI
promotes/encourages technology spillovers through demonstration effects. Demonstration effect occurs when
local firms have the capability to learn and subsequently imitate the MNCs’ new product innovation or new form
of organizational processes obtained by observing how the MNCs operate their advance technology. Blomstrom
and Kokko (1996) argue that imitation in formal market channel occurs through interactions between the firms
and the existing technology users: which creates information diffusion and reduce uncertainty of information. In
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the context of non-market channel of technology transfer, imitation materializes when a rival firm imitates the
technology or design or secret of another firm’s formula or product. A rival firm may achieve imitation through
product inspection, reverse engineering, ‘decompilation’ of software or even through trial and error innovations
(Maskus, 2003). Maskus (2003) further argues that imitation differs from the other formal market channel
because it bears no compensation to the technology owner and/or supplier in the formal market.

3.2 Movement of personnel

Technology and knowledge may also be transferred through the movement of people (employees). In the market
channel, the relationships between exporting, FDI, licensing, joint venture and cross border movement of
personnel are interdependent (Maskus, 2003).Technology transfer through movement of personnel is
implemented through shifting of expatriate engineers and managers, short-term visit of experts from MNCs’
parent company to its subsidiaries and affiliates or by sending local subsidiaries employees to foreign supplier or
parent company (Banik and Subbayamma, 2000). Technology transfer through the movement of staff occurs,
particularly during the implementation of FDI, licensing or joint venture, when personnel and experts from
MNCs’ parent company are needed to assist its local subsidiaries and affiliates, local firms, local licensor or joint
venture company on the production processes, operation or managerial processes by transferring uncodified
technology, know-how, unformalized personnel’ experience and expertise. This mechanism of transfer is
important because many technologies cannot be effectively or affordably transferred without the complementary
services and know-how of MNCs’ personnel (Maskus, 2003). In the context of non-market channels, the
movement of local MNCs’ personnel could contribute to the spillover’s effect of technology; when the former
local MNCs employee bringing with them their technological information, know-how and expertise to local rival
firms or by taking it to their new entrepreneurial businesses (Sinani and Meyer, 2004).

3.3 Data in patent application and test data

Another non-market channel, which allows technology to be transferred without involving the market, is through
the information obtained by the rival firms from the available data in patent applications that were registered in a
country or abroad. Information or data in the patent application may enable the rival firm to have free and direct
access to technology, opportunity to inspect and understand the complex technologies involved and consequently
develop competing processes or products that do not infringe the claims of the patent’s owner (Maskus, 2003).
Maskus (2003) argues that a confidential test data; which was provided by the patent’s owner to the government
agencies, indirectly allows the local rival firms to have access to the data upon the expiry of period of exclusivity
awarded to the patent’s owner.

3.4 Communication media

Other than the above non-market channels, past studies have identified various communication media that have
facilitated technology transfer indirectly. Banik and Subbayamma (2000) suggest that technology may also be
transferred through communication media which includes written document, telephones conversations, faxes,
e-mails, memos, reports, newsletters and journals. Rogers et al. (2001), in their study on technology transfer
from R&D laboratories and research universities in metropolitan regions in U.S, identified that technology
transfer occurs through various channels of communication including spin-offs i.e. companies which are formed
by former employee of a parent organization with a core technology that is transferred from that parent
organization including the license, publication, meetings and cooperative R&D agreements (CRADASs).

3.5 Temporary migration

Temporary migration refers to technologies that are being transferred through temporary migration or movement
of students, scientists, managerial and technical personnel to universities, laboratories, and conferences located
in the developed countries. Technology transfer occurs through in-depth training and research in science and
engineering (Maskus, 2003).

4. Conclusion

Based on the discussion on technology transfer channels; which are gathered from various literatures, to increase
global competitiveness, technological capabilities, and potential for local innovation, organizations in the
developing countries are striving hard to collaborate, learn and internalize their foreign partners’ technology and
knowledge (Sazali and Raduan, 2011). This review could help to stimulate and generate ideas for future
researchers to further identify, conceptualize and understand the technology transfer channels as implemented by
the MNCs when dealing with their counter part from developing countries. As indicated earlier, the mechanisms
used are closely related to the type of technology (tacit, explicit or complex), age of technology, level of
protectiveness, contextual factors and learning capabilities of the technology recipients.
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