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ABSTRACT

DETERMINANTS OF TECHNOLOGY TRANSFER
IN DEVELOPING ECONOMIES:

THE CASE OF TURKISH MANUFACTURING INDUSTRIES

Çetin, Can

M.S., Science and Technology Policy Studies

Supervisor: Teoman Pamukçu

December 2009, 60 Pages

Approaches on transfer of technology to developing countries within the development

discourse are discussed in historical perspective and determinants of disembodied

technology transfer of Turkish manufacturing industries are analyzed via enterprise-

level data and microeconometric methods. While firm size, general skill level, export

behaviour, capital intensity have significant effect of technology transfer decision of

the firm, foreign ownership does not. Sectoral characteristics’ effects are also

statistically significant.

Keywords: Technology transfer, developing countries, microeconometrics
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ÖZ

GEL MEKTE OLAN EKONOM LERDE
TEKNOLOJ  TRANSFER N BEL RLEY LER :

TÜRK YE MALAT SANAY  ÖRNE

Çetin, Can

Yüksek Lisans, Bilim ve Teknoloji Politikas  Çal malar  Enstitü Anabilim Dal

Tez Yöneticisi: Teoman Pamukçu

Aral k 2009, 60 Sayfa

Geli mekte olan ülkelere teknoloji transferi yakla mlar n kalk nma diskuru

içindeki yeri tarihsel bir bak la tart lm  ve Türkiye imalat sanayi firmalar n

içerilmemi  teknoloji transferi karar  belirleyen etmenler firma düzeyinde veriler ve

mikroekonometrik yöntemlerle analiz edilmi tir. Firma büyüklü ü, i gücü niteli i,

ihracat davran , sermaya yo unlu u gibi etkenler istatistiki olarak anlaml  etkiler

do ururken firman n yabanc  sahipli inin teknoloji transferi karar na istatistiki olarak

etkisi bulunmam r. sektörel yap lar n da bu karara etkisi bulundu u görülmü tür.

Anahtar sözcükler: Teknoloji transferi, geli mekte olan ülkeler, mikroekonometri
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1. INTRODUCTION

Firms in developed economies allocate a great deal of resources to research and

development (R&D) activities, aiming at producing profitable novel products

(product innovations) and developing new production processes (process

innovations). These firms are enabled to do so mainly by the market structure they

perform within. In these economies, domestic markets are adequately large, exporting

prospects are sufficient; firms have access to venture-capital and mechanisms through

which risky innovative activities can be funded. Moreover, these firms have the

opportunity to contact consultancy organizations specially established for guiding

small and medium-size enterprises.

On the other hand, the structure of developing economies is another story. It lacks the

ability to provide aforementioned opportunities to firms intending to perform

innovative activities. Firms in these economies have to carry out their activities facing

narrow domestic markets, limited export opportunities and either insufficiency or

mostly complete lack of venture capital mechanisms.

However, according to neoclassical theory, technological knowledge is a public good;

its consumption is not subject to competition (non-rival) and once produced every

agent benefits from it (non-excludable). Once created transferring to another location

is an almost costless effort via codifying. Hence, it is a free good; developing

economies could and should acquire it and employ it domestically. Consequently, in

orthodox approach, firms chose to transfer and adopt already produced and tested-in-

market technologies via a number of methods, instead of carrying out risky,

uncertain, innovative activities. Thus, what is assumed is that firms that have

transferred technology will first assimilate and/or adapt the imported technologies to

domestic market conditions, produce their own technologies and eventually, create

new products or processes, hence innovate.

However, transfer and adoption processes certainly bear a considerable amount of
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risk and cost. When a firm in a developing economy transfers technology, it will not

be able to use it at its full potential instantaneously. Regardless of the chosen method

for  transfer,  an  adaptation  period  and  cost  will  come  out.  In  the  relevant  literature,

there  are  a  number  of  studies  that  deals  with  the  risks  and  costs  of  technology

transfer; both within developed economies and from developed economies to

developing ones (for instance see, Radosevic, 1996; Lall 2001; Braga and Willmore

1991, Chatterji 1990). A great deal of these focuses on the supply-side of the process.

That is they mostly concentrate on behaviors of technologically superior firms in

developed economies, studying the factors affecting their technology transfer actions

towards the firms in developing economies.

Moreover,  when  it  comes  to  the  analysis  of  determinants  of  technology  transfer

decision by using enterprise level data for developing economies is concerned, the

number of studies decreases dramatically. Furthermore, none of them focus solely on

the determinants of technology transfer but on its relation with some other factor, like

research and development activities, export performance, productivity and so on.

The major motivation for this thesis is the mentioned insufficiency in the number of

studies on technology transfer behaviour of firms in developing economies. As long

as the conception of technology policy in developing countries is concerned,

determinants of superior technology receiving firms' decisions are as much important

as  that  of  the  source  firms’.  Thus,  this  study  aims  to  examine  the  determinants  of

technology transfer decisions of firms in Turkish manufacturing industries.

 For  this  aim,  we  employ  a probit model using Turkish Statistical Institute’s

(TURKSTAT) Structural Business Statistics (Yap sal statistikleri in Turkish),

cross-sectional, enterprise-level data, matched for the years 2003 and 2004. We

expect to shed light on developing economy firms’ technology transfer behaviour by

analyzing determinants of Turkish manufacturing firms’ technology transfer

decisions. Therefore our main research question is, “What are the determinants of TT

decision in manufacturing industries?”, followed by whether major firm level
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variables like size, foreign ownership or export behavior; as well as sector-specific

structures play important roles.

In the second chapter, after the concept of technology transfer is defined and its

modes are elaborated, a literature survey focused on the evolution of technology

transfer approaches will be presented. Analyzing the determinants of technology

transfer behaviour in Turkish manufacturing sectors will be the third chapter’s

content. The fourth chapter concludes.
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 2. TECHNOLOGY TRANSFER: CONCEPTUAL ISSUES

2.1 Definition and Forms of Technology Transfer

2.1.1 Definition of Technology Transfer

As stated by Bennett (2002) “in most cases, technology transfer implies a transaction

or a longer-term collaboration in which two parties (the acquirer and the supplier of

technology) are directly involved” and it suggests “a single transaction resulting in

the acquirer gaining complete command of the technology” (Bennett, 2002: 6, 7).

Although this is a very convenient framework to begin, it is a fruitless effort to try to

find a sole and simple definition for technology transfer. As Radosevic (1999)

mentions,

Technology and technology transfer are concepts with
boundaries that we cannot clearly define. The generation and
diffusion of technology are processes deeply embedded in the
institutional fabric of economy and society. The forms which
technology  takes  vary  from  the  disembodied  (patents,
licenses) to those embodied in machines or persons (tacit
knowledge). Forms of technology transfer vary furthermore as
different forms of technology can be transferred through
different channels. This multiplicity of forms in which
technology is embodied and transferred poses severe
limitations for quantifying it and for studying its effects
(Radosevic, 1999: 14).

For instance, if technology is defined as “a set of knowledge contained in technical

ideas, information or data; personal technical skills and expertise, and equipment,

prototypes, designs or computer codes”, then technology transfer may take place in

any of the above mentioned forms or their combinations, either embodied in the

equipment supplied or in the forms of know-how, instruction and software (Bennett,

2002: 5).
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On the other hand, there are views that reflect the discontentment even with the

expression “transfer”. Reddy and Zhao (1989) mention that, “transfer connotes the

free, noncommercial movement of something from one location or possessor to

another. In fact, however, with technology, what is usually involved is a sale of such

technology. For this reason the term "commercialization of technology" has been

argued to be generally more appropriate (Reddy and Zhao, 1989: 295)”.

Another point we should mention is whether technology diffusion and transfer are the

same or not. Rath (1994) emphasizes that the former should be distinguished then the

later since transfer is a “purposive movement of established technology” however

diffusion is almost an unplanned movement that might occur as a result of imitation

or reverse engineering (Rath, 1994: 2).

2.1.2 Forms of Technology Transfer

Technology transfer can be classified in different dimensions. These different forms

of transfer emanate from both the inherent features of technology and also from the

nature of transfer.

Embodied Technology Transfer: Embodied technology transfer is defined as “the

process whereby innovations spread in the economy through the purchase of

technologically-intensive machinery, components and other equipment” by OECD

(OECD, 1992: 48).

However embodiedness should not be restricted mere to machinery or machinery

related equipment. Technology can also be embodied in the workers or in the

production processes as well.

Disembodied Technology Transfer: OECD defines the disembodied technology

transfer as “the process whereby technology and know-how spread through channels
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other than embodiment in the machinery” (OECD, 1992: 48). Licensing and royalty

payments are important examples of disembodied technology transfer.

Legal, Semi-legal and Illegal Transfer: According to Chang (2004), technology

transfer can also be grouped as legal and illegal transfer as a result of the nature of

transfer. Basically when market is mediating the technology transfer, it can be

referred as legal; however in the illegal transfer, there is no market-mediation

(Radosevic, 1999: 19). Chang (2003) gives technology licensing, joint venture and

OEM production for TNCs as examples to legal transfer; reverse-engineering as a

means of semi-legal transfer and “outright violation of intellectual property rights of

the producers in the more advanced countries” is given as a case of illegal technology

transfer (Chang, 2003: 2).

Vertical and Horizontal Transfer: As the transfer may be from a production unit to

another one; it may also happen from a research laboratory to a production unit. The

first form of transfer is called a "horizontal" transfer and the second is called a

“vertical” transfer.
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2.2 A Brief Examination of Evolution of Technology Transfer Approaches

Borrowing the ideas of Hardt and Negri (2001), it can be emphasized that the

circumstances of the Cold War accelerated the collapse of the old colonial powers

and gave rise to US leadership in constructing a new world order. In this manner, the

cornerstones of the world were re-identified and US announced itself as the successor

of the European countries as the new hegemonic power.

Development was also understood as something that had to be brought to the

“backward” states by Western advanced metropolitan powers. These states could not

achieve this on their own, they lacked knowledge and capital. It was claimed by the

hegemonic powers that bringing development to the backward areas served both

sides; both the developing and the developed benefited from it (the mutual benefits

approach). Development represented a Western-influenced concept, and it was

believed that exporting Western institutions to these countries would finally result in

progress.

The earlier development theories had a few common points to focus on. First of all,

growth  was  seen  as  the  most  effective  tool  for  development  in  the  post-war  period.

Per capita income growth was believed to create positive externalities to the other

parts of the economy, such as eliminating poverty and income inequalities.1 It  was

widely recommended by the mainstream development policies to increase capital

accumulation as the key source of economic growth. As stated by Rath (1994), “this

view meant an emphasis on the mobilization of domestic savings and increased

external capital flows through concessional and market loans and through foreign

direct investments by the newly active and rapidly growing category of multinational

firms.” (Rath, 1994: 6)

1 The belief in trickle down theory was dominant in this era. Trickle down hypothesis basically claims
that economic growth will eventually benefit the lower class of the society, which will help in solving
the income disribution and poverty issues.
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Keynesian  economic  thought  had  a  significant  influence  over  the  etatist  policies  of

the period. The popularity of Keynesianism merging with the success of Soviet

central planning attracted the attention of many academics to etatism and planning in

development. State was considered as a life buoy for the underdeveloped countries

which lacked of entrepreneurship and burdened with immature capitalism. What is

more, there were already imperfections in the market and in the global capitalism.

Therefore, State was supported to take over the role of investor to accelerate capital

formation and improve infrastructural facilities for that aim.

In such an environment, science and technology were regarded as public goods and

would be transferred through foreign direct investments as a form of foreign capital

flows (Rath, 1994: 6, 7). As Rath (1994) further states,

Once created, everyone benefited; there were no losses to one
individual because another acquired them, and the cost of
diffusion and transfer of knowledge was close to zero
compared with developing it in the first place. ... The increase
in domestic capacity together with direct foreign investment
would allow the developing countries to tap into this resource
at negligible cost, allowing them to rapidly close the gap
between themselves and the industrialized countries. (Rath,
1994: 6)

If we read between the lines, we encounter the naïve modernist hope merging with

the fundamental statements of liberal economic theory. Since developing countries

lack capital and developed countries have abundant capital, the returns of capital in

developing countries would be higher, which would be the guaranty of continuing

capital flow from developed to developing countries that will bring the new

technology to the developing countries as well.

Coming to the environment of 1960s, there were important changes in the

development discourse of the 1950s as described above. On the political context,

developing countries started acting as a body and acquired political consciousness.
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Many theories were developed by the economists of these countries, which had a

profound influence on the development discourse of the new decade. In the beginning

of 1970s, the pro-third worldist wave was still in the air. However the end of 1970s

witnessed an important turnaround in development discourse.

One of the main tenets of economic policies of the time was import substitution

policies. When technology transfer issue is in question, the key economic features of

the period should be kept in mind. As Radosevic (1999) clearly explains,

International technology transfer policy was an important
issue in international relations between developed and
developing countries during the 1960s and 1970s. Thirty-odd
years’ later significant changes have occurred in the world
economy,  which  have  altered  not  only  the  major  issues  in
international technology transfer for developing countries but
also the link between technology transfer and opportunities for
their growth. […] developing countries' requirements  for
'catching up' have changed since the 1960s/70s period in ways
which have important consequences for the manner in which
developing countries will use technology transfer as a
mechanism for fostering growth." (Radosevic, 1999: 1)

In the shadow of import substitution industrialization (ISI), rising and gradually

embraced protection, it was believed that technology would develop evenly in the

developing world in such an environment and furthermore cost of technology was a

far more important issue than the availability of or access to technology (Radosevic,

1999: 3). The priorities in technology transfer took shape in accordance with the

dominant  view  of  the  era,  such  that,  reducing  the  costs  of  technology  imports,

restricting the imports of technology to the techniques that could not be domestically

supplied, making sure that the imported technology will be effectively transferred

and adapted to local conditions appeared as central aims regarding technology

transfer.
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These concerns were highly perceptible since, as a result of the technology transfer

policies followed in the past, “… in one small part the process of modernization,

economic growth, and prosperity seemed to occur as predicted, but a much larger

part of the economy appeared either to be unconnected and unchanged, or the

connections were negative, leading to greater impoverishment unemployment and

inequality” (Rath, 1994: 7). Therefore in this era, issues about the gains and losses of

technology transfer from developed to developing countries attracted the greatest

attention both the developed and developing country researchers and United Nations

Conference on Trade and Development (UNCTAD) as well. 2

By  the  1980s  the  criticism  of  ISI  had  reached  to  such  heights  that  it  had  few

supporters in sight. As a strong opponent of ISI, Krueger (1985), by referring to the

countries which adopted export-led growth strategies, supported the view that

“outward-oriented policies had a dynamic effect on the domestic economy and helped

accelerate growth rates” (Krueger, 1985:20). She  also  asserted  that,  import

substitution in many developing countries were less successful than export-led

policies in creating industrialization, even though its major aim was to achieve

industrial growth. She argued further that ISI policies increased the dependence on

imports, instead of reducing the dependence on the international economy, since

“import substitution activities are import intensive and require both intermediate and

capital goods from abroad to sustain production and growth. Thus, the economy

becomes vulnerable to declines in availability of foreign exchange” (Krueger, 1985:

21). Export-led growth policies, in contrast, reduce such dependence by increasing

foreign exchange earnings and thus the flexibility of the economy.3

In addition to these criticisms inspired by neo-classical economics, there were

discontent within the discipline of development economics itself. Apart from the very

low growth rates in some developing countries, the development policies by then

were not satisfactory in solving inequality, employment and poverty problems

2 Discontent of developing counrties with the technology transfer that occured so far was first dis-
cussed in detail in UNCTAD I meeting in 1964.  See Rath (1994) for details.
3 As mentioned earlier, Krueger was an ardent supporter of neo-liberal policies and was con-fronted
with cogent criticisms of many heterodox economists.
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(Bruton, 1984: 74). As enses (1984) emphasized, this underperformance of

development economics “led to a growing realization that mass support could not be

rallied behind the past record of development” ( enses, 1984: 126).

Neo-classical resurgence materialized in the Washington Consensus. Saad-Filho

(2005) defined this consensus as “… the convergence of three institutions based in

Washington, D.C., the World Bank, the IMF and the US Treasury department, around

neo-classical economic theory and neo-liberal policy prescriptions for poor countries

(Saad-Filho, 2005: 113). Deregulation, fiscal discipline, reduced public expenditure;

trade and financial liberalization were among the demands by these institutions from

the developing world.

The globalization process gathered speed in the beginning of 1980s in tandem with

the spread of neo-liberal policies. Globalization brought about the rise in international

trade, FDI and financial flows; supported the multinational corporations and obligated

affiliations to the international financial institutions (IFIs). Furthermore, globalization

has been changing the relationship between finance, trade and production (Radosevic,

1999: 43). As stated in the quotation below, in this new setting, “developing countries

are now much less in a position to control the interaction between finance, trade and

production” compared to the way they could do in 1960s and 1970s (Radosevic, 199:

63). Developing countries do not necessarily get integrated into production and

technology networks, by being integrated into the global economy as markets, since

“the global economy and global political system by their very nature generate

different degrees of political, financial, market, production and technological

integration of national economies into the world economy (Radosevic, 1999: 2)”.

In the surge of globalization, in developing countries’ technology transfer process, the

characteristics of new technologies, intellectual property rights and the domestic

innovation capabilities acquire more importance. Following Radosevic (1999), the

first argument that determines technology transfer opportunities of developing

countries is whether the new technologies are based on implicit or explicit

knowledge.
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The transferability of new technologies is an important
element  to  be  taken  into  account  by  technology  transfer
policy. Opinions differ regarding whether new technologies
are becoming easier to appropriate or whether they are
becoming a kind of "black box", difficult to "reverse engineer"
and open. However, the tightening of intellectual property
rights and the harmonization of this aspect of control over
technology will undoubtedly reduce possibilities for
technology import for developing countries. Whether the
effects of that in the long term will be positive through
stimulation of innovation in developing countries themselves
is very much industry specific and generalizations are not
possible." (Radosevic, 1999: 7)

Related to this subject, the second issue we should argue about is how the potential of

developing countries changed in this new environment. Recipient country’s

indigenous technological capability plays a major role. As stated in Reddy and Zhao

(1989) “because of the nature of technology, technology transfer is not as simple as

the purchase of a capital good or the acquisition of its blueprint”. Recipient firms

should assign substantial resources to absorb, adapt and improve upon the original

technology. Consequently, since “technical knowledge include imperfect

understanding, incomplete availability, imperfect imitability, tacitness etc. its

successful use tends to be dependent upon firms and countries developing their own

technological capabilities. (Reddy and Zhao, 1989: 291)”

Compared with the earlier periods, we expect from the developing countries that they

adopt the transferred technologies and create innovative processes after the transfer.

In the earlier periods, this linkage was weaker mainly in ISI countries. As Radosevic

(1999) mentions as well,

The most controversial aspect of the 1960s and 1970s policies
was in the very attempt to foster technological development by
primarily relying on regulations in international technology
transfer. Domestic technology policy was most often separate
from technology import considerations or was practically very
weak and undeveloped. It is no surprise that the objectives
underlying technology transfer regulations were unrealistic.
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They are  similar  to  the  expectations  that  problems of  growth
can be solved by focusing mainly on the foreign trade area.
(Radosevic, 1999: 40)

OECD  emphasizes  the  same  point  by  clearly  putting  forward  the  fact  that  "it  often

takes time to invent from a patent, to develop prototypes, to alter equipment, and to

engage in the manufacturing activities required to introduce an imitative product or

process." (OECD, 1992:50)

A third issue we should discuss in the same framework is the intellectual property

rights regime. Chang (2004), attaches greater importance to the intellectual property

rights  (IPR),  when  discussing  the  history  of  technology  transfer.  He  regards  the

emergence of IPRs as the main breakpoint in the development of technology transfer.

In the eighteenth century, controlling the migration of the skilled workers by the

governments was the resorted measure of limiting or banning technology transfer.

However, as Chang (2004) mentions:

Subsequently, as increasing amounts of technologies got
embodied in machines, machine exports came under control.
Britain introduced a new Act in 1750 banning the export of
“tools and utensils” in wool and silk industries, while
strengthening the punishment for suborning. The ban was
widened and strengthened in subsequent legislations. In 1774,
another Act was introduced to control machine exports in
cotton and linen industries. In 1781, the 1774 Act was revised
and the wording “tools and utensils” changed to “any
machine, engine, tool, press, paper, utensil or implement
whatsoever”, indicating the increasing mechanization of the
industries (Chang, 2004: 7).

Later with the development of IPRs, the form of transfer that occurred by licensing

of patents emerged as an important means of transfer.  As a result  of Trade Related
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Intellectual Property Rights (TRIPs), “an overwhelming majority of developing

countries revised their intellectual property laws and extending the scope and

duration of the protection” (Radosevic, 1999: 73), that gave way to the discussions

about effects of IPRs on technology transfer.

TRIPS is generally discussed as one of the most detrimental agreements in WTO

system in literature (to name some studies Siddharthan 1999, Wade 2003, Weiss

2005, Amsden 2005). It is an annex (Annex 1C) of the Marrakesh Agreement

Establishing the World Trade Organization, on 15 April 1994, aimed at protecting

and enforcing the intellectual property rights like trademarks, copyrights, designs and

patents. According to Article 7, named “objectives” in the official text,

The protection and enforcement of intellectual property rights
should contribute to the promotion of technological innovation
and to the transfer and dissemination of technology, to the mutual
advantage of producers and users of technological knowledge and
in a manner conducive to social and economic welfare, and to a
balance of rights and obligations. (WTO Legal Texts website)

However, Siddharthan (1999) states that it is considered as one of the most arguable

aspects of WTO regulations for its effects on developing and least developed

economies. Since in most of the developed and developing countries there existed

weaker protection on intellectual property before WTO accession, innovation

through imitation and reverse engineering seemed viable ways but now, developing

countries have lost this opportunity to a great extent.

According to Wade (2003), “[t]he new regulations are designed to expand the options

of developed country firms to enter and exit markets more easily, with fewer

restrictions and obligations, and to lock-in their appropriation of technological rents.”

In his analysis, TRIPS are hindering developing economies’ development processes

both through economic and political mechanisms.

Economic mechanism exists due to the imbalances among developed and developing

world in terms of patented product demand and supply. The developed countries are
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net exporters of patents, where the developing countries are net importers. One of

World  Bank’s  estimations  clearly  demonstrates  this  fact.  World  Bank  estimates  the

net gains from patents, if TRIPS were fully put into practice. Figure 2.1 presents the

results.
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Figure 1: Scenario for net gains from patents if TRIPS were fully put into

practice (millions of 2000 dollars)
Source: WB Global Economic Prospects, 2002, p133

According to this estimation, US gains $19 billion per year from patent incomes,

more  or  less  the  sum  of  other  8  net  gainers,  which  are  all  developed  countries.

Despite we see some countries that have relatively high per capita GDPs like Canada,

Spain and Israel in net losers list, the picture is clear that the most developed

countries benefits the most from protection of intellectual property rights.



16

2.3 Modes of Technology Transfer

There are many means of technology transfer. Technology transfer may be the result of

reverse engineering by a firm on its rivals' products; descriptions of new products or

processes can be found in publications, catalogues or patent applications; knowledge

can be transmitted through conferences or seminars; research personnel may take

knowledge with them when they change jobs; merger and acquisitions, joint ventures

or other forms of inter-firm co-operation can lead to technology transfer. These

different channels of transmission produce different diffusion patterns with diverse

effects on productivity and competitiveness.

There are many ways of technology transfer examples above. However, we will refer

to the more common forms of them.

Foreign Direct Investment and Joint Ventures: Foreign direct investment (FDI)

refers to a form of investment that is done outside the home country of the investor.

Through this investment, technology is transmitted as well.

Developing countries do not only hope to import new technologies, but to benefit

from spillovers for the local firms. According to Saggi (2002), three channels of

transfer come forward: demonstration effects, labor turnover and vertical linkages.

The first refers to the situation, where local firms adopt the technologies transferred

by the multinational firms by reverse engineering or imitation. Second refers to the

experienced employer transfer between the multinational and the local firms. The

third  refers  to  the  situation  where  there  is  a  supplier  or  buyer  relation  between  the

investor and receiver firms.

For long TNCs have been the major source of FDI in the international economy;

however there are many other forms of investment (and consequently technology

transfer) occurring in the scope of TNCs, like joint ventures and subcontracting

(Radosevic, 1999: 22). Reddy and Zhao (1989) emphasize the same point as in the

following:
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Through the 1960s the establishment of a wholly-owned
foreign subsidiary or a majority-owned foreign affiliate was
the predominant method of foreign expansion by MNCs and a
prime source of technology transfer. With the increased
regulation of foreign investments in several countreis, joint
ventures have become a far more important form of operation
for the multinational enterprise. (Reddy and Zhao, 1989: 297)

Licensing: Licensing is the only mode of disembodied technology transfer that may

be measured. By a license agreement the technology owner or rights holder grants a

license, or a permission to use, the intellectual property, to the licensee. The licensee

by the terms of the license is permitted to exploit the intellectual property.

Trade: Technology is mostly embedded in the goods. Trade is therefore an important

means for the transfer of embodied technology. Particularly capital goods obtain the

highest technology substance, since it contains learning processes and upward-

downward linkages.

Human Capital Transfer/ Brain Drain/ Brain Gain: Economic history has

witnessed the significance of the movement of people as a key means of technology

transfer during the industrialization of Europe and the US. After the industrial

revolution in Britain, when the technological superiority of the country was

acknowledged, transferring skilled workers “in whom most technological knowledge

was then embodied” became the major source of technology transfer (Chang, 2004:

5). Return of the brain drain, which may be called brain gain, is another important

source of technology transfer embodied in people.

Reverse Engineering: Reverse engineering is the process of discovering the

technological principles of a device, object or system through analysis of its structure,

function and operation.
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2.4 Cost of Technology Transfer

According to neoclassical perception, technological knowledge is a public good; its

consumption is not subject to competition (non-rival; that is anyone willing to pay the

price of a specific technology could benefit from it) and once produced every agent

benefits  from  it  (non-excludable).  Moreover  once  the  cost  of  creation  of  a  new

technology was incurred, its marginal cost of reproduction and transfer was close to

zero.  In  addition  technology  could  be  assimilated  to  information  easily,  i.e.  all  the

relevant aspects of a technology could be written down in a disembodied form as

codified technical information.  Once created transferring to another location is an

almost costless effort via codifying. Hence, it is a free good; developing economies

could and should acquire it and employ it domestically.

These assumptions are not valid for a number of reasons. First an information

asymmetry  exists  between  the  provider  and  recipient  of  technology.  Selection  of

appropriate technology requires at least a basic knowledge of that technology, which

developing economies often lack.  It is also not trivial to argue that technology can be

assimilated into information easily. Technology has a tacit component which can not

be codified. Thus this tacit component of technology can not be transferred

automatically. Recipient of technology has to allocate resources to reveal the tacit

component attached to the acquired technology.

Researchers have perceived the transfer costs that are beared by the developing

countries  through  the  technology  transfer  process  differently.  However  they  mostly

agree on four types of transfer costs: cost related with pre-engineering technological

transfer; costs associated with transferring the process/product design and

engineering;  costs  of  R&D  personnel  during  transfer;  costs  due  to  low  labor

productivity and poor product quality during the learning process.

As mentioned above, technology is always to some extent implicit and location-

specific. For example a typical imported capital good is adjusted to the quality

standards of raw or intermediate materials of its origin country, or a specific
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technology may have components that are designed so as to satisfy the user needs of

its origin country. This means when technology is transferred, it should be adapted to

local conditions. Although it may be considered as a simple progress to make

necessary developments for adapting local conditions, generally it needs a major

development operation. For instance, necessary adaptations should be made

according to local materials, labour, market and environment.

Determinants of transfer costs are worth mentioning as well. Size and nature of

demand, production costs and institutional differences that may exist between the

host and home countries, labor intensity of the underlying technology, the number of

transfers already executed for any product may be counted as determinants of TT

costs (Reddy and Zhao, 1989: 296)4

4 In determining the transfer costs in manufacturing projects: size of the supplier firm, age of the
technology; degree of the technology diffusion, understanding of the transferred technology, recipient’s
R&D capacity, recipient’s general manufacturing skills; and level of the host country’s development
play significant role.
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3. DETERMINANTS OF TECHNOLOGY TRANSFER DECISION

In this chapter, we analyze the determinants of technology transfer decision firms in

Turkish manufacturing industries. We mainly use Turkish Statistical Institute

(TURKSTAT)’s Structural Business Statistics and employ a probit model to this end.

3.1 Data and Model

3.1.1 Data Sources

Our dataset mainly comes from annual Structural Business Statistics5, an enterprise-

level6 survey conducted by TURKSTAT, and Foreign Trade Statistics7, also

published by TURKSTAT.

The questionnaire for Structural Business Statistics is composed of three sections for

enterprise identity, one section for information on local units8 and 10 sections

dedicated to data at the enterprise-level. These are about employment, expenditure,

income, stocks, imports and exports, investment, sales, structure of capital share,

expenditure on research and development, taxes and profit-deficit (See Appendix B

for full text of the questionnaire).

2003 and 2004 surveys for Structural Business Statistics are matched and merged for

the purpose of the analysis. The total number of initial observations in this merged

dataset was 33601, including all sectors. After an in-depth data-cleaning for missing

and various error-bearing observations, and excluding non-manufacturing sectors,

5 Annual Survey of Manufacturing Industries before 2002. For details on this dataset, see Appendix A.
For full text of the questionnaires see Appendix B.
6 An  enterprise  is  defined as “an  organizational  unit  that  produces  goods  and  services  using
decision autonomy concerning allocation of resources.” See Appendix A.
7 Annual, 4-digit NACE1.1 classification sectoral statistics for imports and export.
8 A local unit is defined as “an  enterprise  or  part  thereof  carrying  out  activities  corresponding  to
goods and services situated in a geographically identified place.” See Appendix A.
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(sectors other than those between 16 and 39 NACE1.1, 4-digit level) this number is

reduced to 11922.

Firms that employ less than 20 employees (3279 firms) were excluded from the

dataset. The reason for this arises mainly from the data gathering method. The firms

with more than 20 employees have a weight of 1 in the dataset; however the weight

for firms with less then 20 employees is not 1. However, the main reason is that data

is missing or bears various errors to a greater extent for these firms compared to those

with more than 20 employees. As a result, the firms with less then 20 employees were

dropped out from the dataset. Finally, the remaining number of firms in our

regressions is 8643.
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3.1.2 Descriptive Statistics

Table 1: Technology Importer Firms
NACE1.1
Classification
Code (2 Digit)* Sectors

Number of
firms

Number of
Tech.
Importers

Share of Tech.
Importers (%)

15 Food products and beverages 947 67 7.07
17 Textiles 1475 86 5.83
18 Wearing apparel 1395 78 5.59
19 Leather 235 13 5.53
20 Wood 125 2 1.60
21 Paper 181 9 4.97
22 Printing 175 7 4.00
24 Chemicals 310 42 13.55
25 Rubber and Plastic 467 22 4.71
26 Non-metallic 584 29 4.97
27 Metal 276 14 5.07
28 Fabricated metal 556 36 6.47
29 Machinery and equipment 693 53 7.65
31 Electrical machinery 252 22 8.73
32 Communication equipment 55 5 9.09
33 Medical-precision instruments 80 4 5.00
34 Motor vehicles 296 19 6.42
35 Other transport equipment 89 4 4.49
36 Furniture 452 36 7.96

Total 8 643 548 6.34
Source: Own calculations based TURKSTAT Structural Business Statistics 2003

* Sectors 16, 23, 30 and 37 are dropped out because of insufficient observations for regressions (13,
14, 4, 6 enterprises respectively)

As clearly seen in Table 1, food products-beverages, textiles, wearing apparel and

machinery-equipment industries comprise more than 50% of these 8643 firms.

Besides, these four industries hold 52% of the whole technology importer firms; total

number  of  which  is  548.  However,  when it  comes  to  comparing  share  of  firms  that

transfer technology, chemicals industry is the only one share of technology importer

firms exceeds 10%. It is followed by communication equipment and electrical

machinery with 9.09% and 8.07% in that order. Wood industry has the lowest share

of technology importer firms with 1.60%. The share of technology importer 548 firms

in total sample is 6.43%.



 Table 2: Sectoral Figures

SIZE, 2003

TECHNOLOGY
TRANSFER

EXPENDITURE, 2004 EXPORTS, 2003

Sectors

Total
Number of
Employees

Total Sales
(Quadrillion
TL)

Expenditure
on Licenses,
Patents and
Trademarks
(Trillion TL)

TT
Exp./
Sales,
(‰)

Total Value
of Exports
(Quadrillion
TL)

Exports/Sales
(%)

Food products and beverages 126 080 22.05 3.01 0.14 3.06 13.86
Textiles 223 754 20.09 3.59 0.18 5.53 27.52
Wearing apparel 165 083 12.04 2.73 0.23 5.94 49.33
Leather 17 090 1.57 1.21 0.77 0.38 23.91
Wood 8 573 1.06 0.08 0.08 0.10 9.53
Paper 19 119 2.89 0.42 0.15 0.35 12.07
Printing 12 751 1.67 1.19 0.71 0.09 5.19
Chemicals 50 144 16.15 51.56 3.19 1.94 12.00
Rubber and Plastic 38 820 5.51 5.69 1.03 1.26 22.88
Non-metallic 68 374 8.24 1.83 0.22 2.10 25.47
Metal 53 499 14.75 1.97 0.13 4.33 29.38
Fabricated metal 44 967 3.99 1.27 0.32 0.78 19.46
Machinery and equipment 58 091 6.70 25.74 3.84 2.08 31.01
Electrical machinery 28 160 3.58 1.58 0.44 0.92 25.58
Communication equipment 12 863 4.23 0.97 0.23 2.05 48.31
Medical-precision instruments 6 116 0.53 1.86 3.51 0.07 12.40
Motor vehicles 58 624 16.06 4.13 0.26 7.53 46.88
Other transport equipment 13 488 1.11 0.35 0.32 0.40 35.94
Furniture 39 068 3.53 1.86 0.53 0.81 23.06

1 044 664 145.76 111.03 0.76 39.69 27.23
     Source: Own calculations based TURKSTAT Structural Business Statistics 2003
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Table 2 shows that food products and beverages, textiles and wearing apparel

industries employ nearly the half (49%) of the employees. However, their share

in total expenditure on technology transfer is 8%. On the other hand, chemicals

and machinery-equipment industries have allocated strikingly greater resources

to technology transfer. The sum of value of these two industries’ expenditure on

technology transfer accounts for 76% of that for the entire sample.

When it comes to the share of technology transfer expenditure in sales,

machinery-equipment, medical-precision instruments and chemicals outpace

others with a share of greater than 3‰.

3.1.2 Model
We analyze determinants of technology transfer decisions of firms in Turkish

manufacturing industries via a probit model.

The form of the model is as follows:

 = 1, Y* > 0

 = 0, otherwise

This is a latent variable model where

Y* is an unobserved variable for the econometrician but known by firms.

Yi = 1 + 2 X1i + 3 X2j +µj + i

where;

Y denotes individual firms’ technology transfer decision. Equals to 1 if the firm

declared to have positive expenditure on transfer of technology.

Y=
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X1 is firm level variables’ vector

X2 is sectoral variables’ vector

i is the error term for firm level variables

µj is the sector-level dummy

Data on the dependent variable, firm’s decision to transfer technology, comes

from the 2004 survey and independent variables come from 2003. This

approach is adopted due to two major reasons. First, we want to imply a lag

structure for technology transfer decision. Second, we expect weaker

correlations between the left and right hand variables, which will mitigate

possible endogeneity issues to some degree. Dependent variable is a dummy

variable that has the value of 1 if the firm declared to have expenditure on

royalties,  patents  and/or  licenses.  This  way  we  obtain  a  dependent  variable

focused on disembodied technology transfer.

In  our  attempts  to  analyze  technology  transfer  behaviour  of  firms,  we  ran

regressions also for the share of license expenditures in firm’s total sales, via

tobit and Heckman models with the same right hand variables (see Appendix C

for the results). However, by definition, tobit method imposes the model that the

decision  and  quantity  of  the  regressed  variable  are  affected  from  the  same

factors  in  the  same  way.  To  check  whether  this  is  the  case,  we  ran  Heckman

regressions (both Maximum likelihood and two-stage methods). According to

the regression results, the coefficients in the decision vector (selection equation)

are statistically significant. However, the coefficients in the intensity vector

(outcome equations) are not consistently insignificant in each regression.

Consequently,  we  decided  to  run  and  present  the  results  for probit model.

Moreover, we prefer probit model’s outcomes as far as the dataset

characteristics are concerned; since any error reflected in response to “value of

technology transfer expenditure” would be removed when the dependent

variable is defined as a binary variable.
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This is caused, to a great extent, by the difficulty in measuring expenditure of

technology transfer agreements. As far as the nature of technology transfer

agreements are concerned, firms sign these for the following, for instance, 5

years  and  each  year,  they  declare  to  have  spent  1/5  of  the  total  fee.  Thus,  we

suppose that, not the value or the share of license expenditure but the decision

may be more accurate to measure for our purposes. Consequently, here we

present the results for probit regressions.

In Table 3, we present definitions and descriptive statistics our dependent and

independent variables.
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Table 3: Descriptive statistics

MEANFirm
Level

Variables
Description Calculation

All firms
Firms with
TT

Firms
without TT

MIN MAX St.D.

LICEXP
License expenditure (Million
TL), 2004

Expenditure on license, trademarks, patents, etc ,
Million TL 12846 202605 0 0 3530000 474512

EMP Number of employees, 2003 Average number of employees for four quarters 121 249 112 20 17229 347

WAGE Average annual wage, 2003
Annual payments over the number of total paid
and non-paid employees, Million TL 6108 8649 5936 306 145505 5416

CAPINT Capital intensity, 2003 Average depreciation per worker 3428 6220 3239 0 258914 9397
EXP Value of exports,2003 Value of firm’s exports, Million TL 4592342 9960334 4228950 0 154000000 3820000

EXPINT Export intensity, 2003
Ratio of firm’s value of exports to its value of
sales 0.17 0.23 0.16 0 1 0.28

EXPdum Export dummy, 2003 1 if the firm exported 0.54 0.75 0.53 0 1 0.50
IMPSH

Share of imports, 2003
Ratio of firm’s value of intermediary good
imports to its total expenditures 1.52 2.34 1.46 0 161.65 5.96

IMPdum Import dummy, 2003
1 if the firm’s ratio of intermediary goods
imports to its total expenditure is positive 0.38 0.64 0.37 0 1 0.49

FORSH
Share of foreign ownership,
2003 Share of foreign owned equity of the firm, % 3.09 7.50 2.79 0 100 15.78

FORdum
Foreign ownership dummy,
2003 1 if the share of foreign equities is 10% 0.04 0.09 0.04 0 1 0.20

RD
R&D Expenditure (Million TL),
2003

Firm’s total expenditure on research and
development (million TL) 36604 140599 29564 0 21900000 453663

Sectoral
Variables

IMPPEN Import penetration rate, 2003

Ratio of sectoral imports to sectoral sales plus
sectoral net imports NACE1.1 classification, 4
digit 0.39 0.53 0.38 -49 14.51 1.76

HERF Herfindahl Index, 2003
Sum of market share of individual firms squared,
NACE1.1 classification, 4 digit 0.08 0.10 0.08 0 1 0.10

LICSEC
Sektoral license expenditure
(Million TL), 2003

Total expenditure of all the firms in the
NACE1.1 classification, 3 digit sector on license,
trademarks an patents 854490 1905991 783307 0 50100000 4291676

FDIQS
Share of foreign firms’ sectoral
output, 2003

Ratio of foreign firms’ sectoral output to total
NACE1.1 classification, 4 digit 0.12 0.16 0.12 0 1 0.18

Source: Own calculations based TURKSTAT Structural Business Statistics 2003, 2004, Foreign Trade Statistics 2003
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3.1.2.2 Firm-level variables

Size

Size is measured as the average number of employees for four quarters in

logarithm form9. Expected sign for this right hand variable is positive owing to

the fact that technology transfer process is supposed to have high fixed costs, as

discussed earlier, and larger firms are supposed to bear them more successfully.

Skilled labour

We used average annual wage as a proxy for skilled workforce. and measured

as wage per worker, in logarithmic scale. Expected sign is positive since the

firm  is  expected  to  adopt  more  easily  transferred  technology  the  higher  its

number of skilled workers.

Capital intensity: Depreciation per worker

As  a  proxy  for  use  of  factors,  which  may  be  suggested  to  have  effect  on

technology transfer decision of the firm, we include this ratio as an explanatory

variable with a positive expected sign. It is measured by depreciation per

worker.

Total expenditure on research and development

As a firm’s research and development (R&D) efforts may be rightfully argued

to be an indicator of its capacity to learn and follow frontiers in its industry, we

used total annual R&D expenditure of the firm as an explanatory variable,

expecting a positive sign. Moreover, in developing economies as adaptation is

required, R&D efforts are common in technology transferring firms. However,

we are aware that including R&D expenditure in the explanatory variables

vector may bear endogeneity problem; as the relation between R&D efforts and

9 We measured size with both sales and number of employees in our analysis. The correlation
between these two variables is calculated as 0.99 and no major difference is observed between
the regression results. Hence, we present here the models that measure the firm size with
number of employees. For the results of the models size is measured by sales, see Appendix D
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technology transfer may be considered a two way interaction. Nevertheless, we

expect that the imposed lag structure of our model may overcome this issue to

some extent.

Export status

Exports: Measured as values, export intensity (as exports to sales ratio) and

dummy variables. Whether a firm is an exporter is supposed to affect the

technology transfer behavior of the firm for the fact that foreign markets are

supposedly more competitive then the local markets. In order to compete with

their foreign rivals effectively, local firms are expected to keep up with the most

recent technology; which is, as far as the developing economies are concerned,

produced within the superior capabilities of foreign economies and needed to be

imported. In this context, we expect a positive sign for this variable.

Imported inputs

Measured as both the ratio of firm’s value of intermediary good imports to its

total expenditures and a dummy variable, which takes the value of 1 if this ratio

is positive. Developing countries’ customers’ choice, may differ from the choice

of developed countries’ consumers, therefore an enterprise deciding to produce

in  a  developing  country  may  need  to  transfer  technology  to  fit  the  needs  and

preferences of the demand in developing countries. This requirement on new

technology may trigger a need for imported inputs. Therefore, we expect a

positive sign.

Foreign ownership: Share, dummy

Measured as share of foreign-owned equities and a dummy variable that take

the value of 1 if the foreign-owned equity share of the firm exceeds or is equal

to 10%. We expect a positive sign or statistically insignificant coefficient. If it is

positive, it would mean that as foreign firms would produce with superior

technology which is not available domestically they transfer technology. If it is
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insignificant, foreign ownership does not effect the decision to transfer

technology.

3.1.2.2 Sectoral variables

These variables are calculated at 3 or 4-digit sectoral levels and take the same

values for each firm within these sectors. These variables are included as

proxies for competition and measurement for horizontal spillovers, both in

terms of production costs and spread of knowledge.

Import penetration

Import penetration is a measure for competitions. It is a measure of overall

quality and cost of the product that is produced by the sector. Domestic firms in

the industry need to compete with those products’ quality, which may

eventually trigger transfer of better technology. Calculated at 4-digit sectoral

level via [(imports) / (sales+net imports)] formula. Exchange rate is calculated

as the average of monthly exchange rates for 2003, published by Central Bank

of Turkey. We expect a positive sign as higher this ratio is, the more the sector

is dominated by imports and competition for market share by domestic firms

would be an incentive to improve their existing production methods.

Herfindahl Index

Herfindahl index is a measure for market concentration. Higher values of this

index indicate a lesser competition in the sector. Calculated at 4-digit sectoral

level. We expect a negative correlation between concentration and technology

transfer decision of firms. Greater values for Herfindahl Index would reflect less

competition and we assume that firms in the same sector would compete with

each other in terms of production costs and quality; which could trigger transfer

of technology.
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Sectoral license expenditure

Total license expenditure of the sector, at 3-digit level. The sign of this variable

may be both negative and positive, indicating different conditions. If the sign is

positive; due to competition and demonstration effects within an industry, firms

choose to transfer technology not to fall back in terms of costs and product

quality or variety. If it is negative, it may be interpreted as an indication of

weaker protection of intellectual property rights and opportunities for other

firms than the contractor to access it.

Share of foreign-owned firms’ output

Share of sales of firms with at least 10% foreign-owned equities in total sectoral

sales of NACE 1.1 classification, 4-digit industry. Competition originating from

foreign firms’ production in the industry may trigger transfer of technology.

Sectors: Sector dummies, classification according to technology levels

We ran regressions both with sector dummies with respect to the technology

intensity of the sub sector the firm perform within, following OECD’s

taxonomy10 (regressions 1, 2 and 3 in Table 4) and with basic sector dummies

(NACE 1.1 classification, 2-digit) (regressions 4, 5 and 6 in Table 4).

10 See Appendix E for OECD technology taxonomy
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3.2 Estimation Results

Table 4: Probit Estimations, Results for marginal effects11

(1) (2) (3) (4) (5) (6)
TT DECISION

SIZE 0.02028 0.02051 0.02405 0.02055 0.02096 0.02451
(7.85)*** (7.65)*** (9.23)*** (7.88)*** (7.75)*** (9.37)***

(L)WAGE 0.01033 0.01082 0.01306 0.01122 0.01203 0.01411
(2.09)** (2.17)** (2.59)*** (2.30)** (2.43)** (2.82)***

(L)CAPINT 0.00118 0.00141 0.00172 0.00122 0.00146 0.00176
(2.43)** (2.90)*** (3.48)*** (2.51)** (3.00)*** (3.57)***

(L)RD 0.00132 0.00144 0.00169 0.00111 0.00123 0.00147
(2.32)** (2.50)** (2.88)*** (1.98)** (2.16)** (2.54)**

EXPdum 0.01934 0.01873
(3.27)*** (3.17)***

(L)EXP 0.00187 0.00185
(4.79)*** (4.75)***

EXPINT 0.01565 0.01631
(1.89)* (1.92)*

IMPdum 0.02074 0.02227
(3.33)*** (3.56)***

IMPSH 0.00035 0.00042
(1.10) (1.39)

FORdum -0.00333 -0.00456
(0.33) (0.47)

FORSH 0.00004 0.00006 0.00002 0.00004
(0.30) (0.41) (0.15) (0.27)

IMPPEN 0.00363 0.00380 0.00408 0.00293 0.00306 0.00327
(2.89)*** (3.05)*** (3.18)*** (2.34)** (2.45)** (2.56)**

HERF 0.03580 0.03671 0.03908 0.02465 0.02592 0.03078
(1.66)* (1.65)* (1.73)* (1.04) (1.06) (1.24)

LICSEC 0.000006 0.000006 0.000006 0.000006 0.000006 0.000006
(2.33)** (2.32)** (2.27)** (1.55) (1.60) (1.35)

FDIQS 0.00758 0.00597 0.00451 0.01158 0.01215 0.01074
(0.53) (0.41) (0.30) (0.72) (0.74) (0.64)

HITEK -0.01345 -0.01088 -0.01164
(0.84) (0.65) (0.69)

MEDHITEK 0.00258 0.00380 0.00600
(0.36) (0.52) (0.79)

MEDLOWTEK -0.01214 -0.01268 -0.01234
(2.04)** (2.11)** (2.02)**

Pseudo R2 0.08 0.08 0.07 0.09 0.08 0.08
log likelihood -1873.80 -1880.76 -1892.60 -1861.70 -1869.25 -1881.07
No. of obs. 8643.00 8643.00 8643.00 8643.00 8643.00 8643.00

Absolute value of z statistics in parentheses
* significant at 10%; ** significant at 5%; *** significant at 1%

11 Marginal effects are calculated as follows: If the variable is continious, marginal effects are
calculated at the variables’ means. If the variable is discreete, marginal effect equals to the
difference between the marginal effect when the variable is 0 and the marginal effect when the
variable is 1.
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Size is statistically significant and positively correlated with firm’s probability

of technology transfer in all models (also in models that measure size with sales,

see  Appendix  D).  As  discussed  before,  this  result  is  parallel  with  our  pre-

analysis expectations. Technology transfer process is costly and bears risks.

Larger firms overcome these more easily. As suggested by our results, an

increase of 1 percent in the number of workers would result in a 0.02 point of

percentage increase in firm’s probability to decide to transfer technology.

We also ran regressions with size dummies to obtain a better idea on the effect

of firm size on its technology transfer behaviour (see Appendix F for the

results). We created dummies for firms employing more than 25, 50, 150, 250

and 500 workers respectively. According to the results, in each model, each

dummy other than DUMsize250 is statistically significant and positively

correlated with the dependent variable.

Skill intensity, measured by average wage, is statistically significant and

positively correlated with our dependent variable, as expected. %1 increase in

average annual wages would result in a 0.01 point of percentage increase in

firm’s probability to decide to allocate resources to transfer technology.

The sign of capital intensity is also parallel with our expectations. 1% increase

in capital intensity, as measured by depreciation per worker, would increase the

probability of technology transfer by 0.001 point of percentage.

Firm’s R&D expenditure is also a statistically significant determinant of its

technology transfer decision. If the firm increases its R&D expenditures by 1%,

according to our results, it will be more likely to transfer technology by a factor

of slightly greater than 0.001 point of percentage.

Firm’s exports play a significant role in its technology transfer decision,

according to our findings. Whether it is measured as its value, a dummy
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variable,  or  in  ration  to  its  sales,  in  each  model,  its  coefficient  is  positive  and

statistically different from zero. International competition is, then, a major

determinant of technology transfer decision of a firm.

Table 5: Foreign-owned firms, %

Sectors Firms with TT Firms without TT
15 Food products and beverages 8.64 2.60
17 Textiles 2.92 1.07
18 Wearing apparel 1.28 1.55
19 Leather 0.00 0.00
20 Wood 0.00 1.24
21 Paper 0.00 4.32
22 Printing 14.29 1.30
24 Chemicals 23.54 13.27
25 Rubber and Plastic 4.38 3.80
26 Non-metallic 9.28 2.24
27 Metal 16.93 1.23
28 Fabricated metal 8.28 2.58
29 Machinery and equipment 5.69 2.32
31 Electrical machinery 14.55 4.37
32 Communication equipment 0.00 4.08
33 Medical-precision instruments 0.00 6.59
34 Motor vehicles 15.79 10.91
35 Other transport equipment 0.00 4.87
36 Furniture 7.42 2.09

Source: TURKSTAT Structural Business Statistics 2003

Table 5 presents the shares of foreign-owned firms at two-digit sectoral level.

For instance, technology transferring firms in the 15th sector comprise 8.64% of

the technology transferring firms in the whole manufacturing sector. Chemicals,

metal, motor vehicles, electrical machinery and printing industries are the top

five industries with respect to share of foreign-owned firms in all the firms in

the industry.

Contrary to our expectations, in none of the models we find a significant

relationship between a firm’s foreign ownership share and its probability to

transfer technology. This may emanate from a number of causes. First, foreign

ownership, ceteris paribus, may actually have negligible effect on firms’

technology transfer decision. Second, foreign firms may not have declared their
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expenditure on technology transfers completely. A final interpretation, and in

our opinion more likely than the previous two, may be that foreign firms import

technology not via means we are capable of capturing by our model. These may

include bringing skilled human resources with them and investing in novel

machinery (embodied technology transfer), so that their expenditure on

technology transfer may not have been captured by TURKSAT’s survey.

Moreover, foreign firms may transfer technology directly from the

headquarters; which may be completely identical to copying an internal

document for the enterprise. If this is the case, our findings do not support one

major  claim  of  proponents  of  FDI  that  proposes  positive  spillovers  from  their

production.

Table 6: Probit regressions solely with foreign ownership variables
(1) (2) (3) (4)
TT Decision

FORSH 0.00059 0.00058
(4.39)*** (4.37)***

FORdum 0.05743 0.05747
(4.17)*** (4.17)***

IMPPEN 0.00375 0.00375 0.00323 0.00324
(2.74)*** (2.75)*** (2.32)** (2.33)**

HERF 0.07575 0.07663 0.07330 0.07403
(3.21)*** (3.25)*** (2.78)*** (2.81)***

SECLIC 0.00000 0.00000 0.00000 0.00000
(3.05)*** (2.94)*** (2.58)*** (2.44)**

FDIQS 0.02532 0.02463 0.03180 0.03083
(1.59) (1.54) (1.73)* (1.68)*

HITEK -0.00485 -0.00506
(0.26) (0.28)

MEDHITEK 0.00471 0.00491
(0.61) (0.63)

MEDLOWTEK -0.01422 -0.01424
(2.20)** (2.20)**

Pseudo R2 0.02 0.02 0.02 0.02
log
likelihood

-2005.77 -2004.70 -1997.17 -1996.13

No. of obs. 8643 8643 8643 8643
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Nevertheless, we ran the regressions just with foreign ownership and sector-

specific variables on the right-hand side and technology transfer decision on the

left side. The results are presented in Table 6. Contrary to our model’s

suggestion, foreign ownership variables turn out to be significant. This may be

resulting from relatively high correlations between size, export behaviour,

skilled worker proxy, capital intensity and R&D expenditure variables and

foreign ownership (see Appendix G for correlation matrix). In other words,

compared to local firms foreign firms are larger, export more, more capital

intensive, use relatively more skilled worker and finally conduct more R&D.

Among our 4 sector-level variables, the only one the coefficient of which is

never significant is, supporting the above finding on foreign firms, ratio of

foreign firms’ sectoral output to total sectoral output. If any spillovers by

competition or any other means had emerged, this sectoral variable should have

captured it. Hence, according to our findings, foreign firm’s presence does not

have any statistically significant effects on domestic firms’ technology transfer

behaviour, directly or indirectly.

And finally being in medium-low tech sector, compared to low tech sector, has

a significant negative effect on technology transfer decision.



37

CONCLUSION

Acquisition of technology by developing countries is not a trivial issue. It

requires considerable planning and investment. Enterprises in developing

economies have to spend a great amount of time and investment to fit imported

technology to local conditions. Moreover, owing to tacitness, transferring it

altogether is not possible. Even if it was, the task of the developing countries

cannot be reduced to solely adapting imported technology to their local

conditions. Even the technology supplying side unveils the technology

completely, which does not seem very much like the case, developing countries

would always inferior or old technology than the frontier.

As far as the orthodox approach on international technology transfer and foreign

direct investment is concerned, foreign firms are supposed to bring novel

technology and eventually, through spillovers, positive externalities originated

from foreign firms’ domestic production would spread to whole economy.

However,  our  analysis  is  consistent  with  there  is  a  vast  amount  of  studies

proving otherwise

In out thesis, we analyzed the determinants technology transfer of developing

counties’ firms through the sample of Turkish manufacturing industries. One

major outcome of our study may be suggested that foreign ownership does not

affect disembodied technology transfer decision of the firm. In other words,

ceteris paribus, being foreign-owned has insignificant effect on firms’

technology transfer decision. Moreover, our sectoral variable, foreign firms’

share in total sectoral output, which proxies for vertical spillovers, is

statistically equal to zero; which is consistent with our firm level variables for

foreign ownership. As opposed to the proponents of technology transfer and

FDI in any form, our study is one more contribution, however minor, to the
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literature that suggests effects of FDI are not automatic and always beneficial to

developing economies.

The governments of developing countries, since developing economies are

mostly SME dominant structures, should form intermediary bodies which will

act as agents to minimize these costs of the transfer and reinforce firms

overcome the initial large costs of technology transfer agreements. To get the

most out of technology transfer, the governments should increase the

“absortbtive capacity” of local economy, which must be over a specific level to

benefit from foreign investment (Blomstrom 1991).  The term refers to the

general technological capability of the host economy, the major component of

which is a well educated workforce. In the absence of such workforce, the

spillover effects of direct foreign investment would remain limited at best. This

mentioned "education" includes not solely schooling but also inter-industry

skills building and life long education. Therefore, what is meant in this respect

is a well planned “human resource development” policy.
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