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ABSTRACT

The study analyses the role of various internal and external factors (of firms) in
technological capability building (TCB) in the food industry of Thailand, by viewing
two main aspects of TCB: first, four main elements of technological capabilities (i.e.
acquisitive, operative, adaptive and innovative); and secondly, the capability of

developing new products. A review of the relevant literature demonstrates that

various internal and external factors can influence the success or failure of
technological capability building of the firm. The internal factors include size of firm,
role of the entrepreneur, firm’s policy and strategy, management and administration,

accumulation of firm’s own experience, manpower flow and internal links, firm’s own
effort in R&D, and human resource development. The external factors include
competitive environment, role of government and related institutions, customers,

competitors, foreign direct investment, and cooperation with external agencies.

Data collected from a sample of 62 firms have been closely studied. To start with
regression analyses have been undertaken. At a second stage, a perception analysis
was used to identify the relative importance of the various factors, as perceived by the
firms, influencing the enhancement of the four elements of technological capability.
However, for viewing firm-level capability building for developing new products, we
have also used a qualitative analysis in the form of a ‘pair comparison’ review.

Although for operative and adaptive capabilities the regression analyses carried out do

not show that any of the factors identified have statistically significant relationship, for
acquisitive and innovative capability building statistically significant relationships are
observed against ownership and promotion status (and in the case of innovative
capability, firm size and market orientation as well). However, on the basis of the
perception analysis carried out some of the factors including overseas customers and
overseas market competitors emerge as dominant ones. In the case of firm-level
capability building for developing new products, the regression analysis reveals that
only firm-size has statistically significant relationship, while the ‘pair comparison’
analysis shows that various factors including top management values, policy and
strategy, management and administration, R&D efforts, internal linkage and
information system, the sufficient fund for undertaking R&D and human resource
training, and the motivation and the reward system are dominant ones.
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Chapter 1

INTRODUCTION

1.1 Background of the Study

Thailand has achieved very impressive record of economic growth, in particular

during the period from 1987 to 1995, achieving an increase in the level of per capita

income and also an increase in the percentage of the manufacturing sector in GNP, as

shown in Figures 1.1 and 1.2.

Figure 1.1 Growth Rates of GDP and GNP per Capita for the Thai Economy
(1986-1996)
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Figure 1.2 The Proportion of Manufacturing and Agricultural Products to GDP at
Current and Constant Prices for the Thai Economy (1986-1996)
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Some may argue that the growth of the Thai economy particularly in the
manufacturing sector results from a strong influx of foreign investment, competitive
labour costs and a favourable exchange rate (IFCT, 1991). However, the
manufacturing export-led economic boom in Thailand also required a certain level of
technology in the production process, especially because of its use as a means of
developing efficiency in production and management, enhancing product quality and

product differentiation, improving packaging and reducing prices of products. These
are obviously majors factors for improving the competitive status of any industry in an

economy.

Thailand’s food industry, one of the country’s most important manufacturing

industries in terms of employment, foreign exchange earnings, and value added has



become so integral to the country’s growth that food products are now one of
Thailand’s top ten export items. In the world market, Thailand is one of the major
food suppliers, with exports valued at $US 5.75 billion in 1994, Frozen, fresh, dried
and canned seafoods, poultry, fruits and vegetables of Thailand are all major
contenders in the international market (Vorapanya, 1996). In food industry, Thailand
1s the world’s biggest exporter in three main categories: i.e. (a) canned tuna, (b)
canned pineapple and pineapple juice, and (c¢) frozen shrimps. In 1994 Thailand
exported nearly 50% of the world’s exports of both canned tuna and canned

pineapple, as shown in Figure 1.3.

Figure 1.3. The Proportion of Thailand's Exports of Canned Pineapple, Prepared and
Preserved Tuna, Frozen Shrimps, and Prepared and Preserved Shrimps, to
Total World Exports in 1994
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Moreover, new products such as instant and partially prepared foods are rapidly

entering the race and winning the upperhand in competition (Vorapanya, 1996).



According to Mekanontchai (1996):

"The food industry in Thailand has undergone many changes over the past
20 years, including highly automatic, high-speed operation and innovation
in packaging formation and distribution system. ... The increased use of
processed products and the rapid development of processing industries 1n
Thailand have given rise to different systems of food distribution,
legislation, quality standards and difference in consumer appeal " (p.35).

Also, as a result of the changes in the behaviour and pattern of consumption in the
world economy, the demand for processed food has changed over time. Meanwhile,
the taste of the consumer may increasingly be focused on food's appearance, quality,
and modern packaging. This requires the development of many factors such as raw

materials, machinery technology, management technology, and marketing technology,

so as to enhance the quality and efficiency in the production process. Moreover, in
order to gain competitiveness in the international market, the industry needs to
improve ability to keep the production cost low with the help of highly productive
machinery, efficient organisation of production lines, full exploitation of wastes, good
quality of raw materials, and preservation technologies such as sterilisation and

freezing (TDRI, 1991).

Concerning the success of the food industry, several studies indicate that many
important factors can contribute to the success of the food industry. These factors

comprise, for example, the quality of product meeting the regulations and legislation
within the country (i.e. Thailand) where the product is made and those in the

countries into which the product is expected to be imported; the improvement of

product in response to market needs; a reasonable price or balance between product
quality and product price by keeping cost down to standard and quality up to

standard; packaging; and the creation of new products in the market. These are
crucial for the producer to compete with other producers and thereby survive in the
long run (IFCT, 1989a, 1989b; TDRI, 1991, 1994;: Mekanontchai, 1996; Pothisiri,
1996; Aksaranan, 1996). Also, the industry has to adjust itself to international
systems which are full of conditions and barriers. Needless to say, these factors
directly involve technology development or the enhancement of technological
capability of the firm, and thereby result in the success of the firm and of the industry
as a whole. This capability refers to how the firm acquires technology (e.g. machinery

4



and equipment and know-how) to use, modify and improve, and to develop new

processes/products.

1.2 Rationale of the Study

In Thailand, there have been several studies investigating technological capability at

the firm level. For example, in the late 1980s Thailand Development Research

Institute (TDRI) carried out extensive studies on three different types of industries:
biotechnology-based industries, material technology-based industries, and electronic

and information technology-based industries (TDRI, 1989a, 1989b; Westphal, 1989).

A common approach followed by the above studies is to consider different aspects of

technological capability and to investigate the level achieved (TDRI, 1989a, 1989b;
Westphal, 1989). The approach followed by these studies and their findings are
explained in Chapter 2 and 5. Briefly, they classify technological capability into four
elements: acquisitive, operative, adaptive, and innovative capability, and examine
their level achieved in Thailand compared to industrialised countries. An important
finding from the above studies is that large firms in all the three types of industries
appear to have a higher level of operative capability, while only in biotechnology and
material-based industries large firms have achieved a high level of adaptive capability,
while small and medium-firms have a slightly higher level of adaptive capability than
larger firms in electronics and information-based industries. Another important
finding is that promoted firms have a higher level of operative capability than non-
promoted firms and foreign firms exhibit a higher level of operative capability than

Thai firms.

Two other studies, in some way similar to the above, were carried out in the 1990s:
the first one was by Tirapanish (1991) on the electronics industry and the second one
by Sutdhiyam (1995) on electricity generation. Tirapanish (1991) explored the
determinants and environmental conditions which contribute to the promotion of
technological capability at the firm level, with regard to four elements of the capability
(acquisitive, operative, adaptive, and innovative capability). Sutdhiyam (1995)
examined the strengths and weakness of the six elements of technological capability

(transforming, vending, acquiring, modifying, designing, and generating capability)

S



with regard to the best practice elsewhere in order to point out where efforts for

capability building can be concentrated on. The findings of these two studies are also

presented in Chapter 2.

However, as far as the Thai food industry is concerned, to the best of our knowledge
no study has yet been undertaken for investigating its technological capability
building. It is true that a number of authors have looked into the food industry of
Thailand, mostly based on some specific general approaches. For example,
Artachinda (1977) reviewed the situation in the food processing industry in Thailand,
mainly to inform the policy makers about the state of the industry. The Industrial
Finance Corporation of Thailand (IFTC) examined the trend and prospect of the

exportation of Thai canned seafood and canned fruit and vegetable industries in the

world market (IFCT, 1989a, 1989b). Wattanasin et al. (1990) investigated the
problems of technology transfer in the aseptic canned food industry, focusing on three
aspects: related laws (e.g. technology transfer contracts), techniques of production,
and business management.' The Board of Investment (BOI) studied the Thai food
processing and the various investment opportunities available in Thailand (BOI,
1993). Takisna (1992) and Siripanish (1995) carried out two separate studies on
Thai canned seafood industry, the former appears to provide information about the
dynamic development process of the industry, raw materials sources, and export,
while the latter emphasised the factors which affect production and marketing
conditions. TDRI (1994) also examined the canned seafood industry in order to
investigate the future competitiveness of the Thai canned seafood in the international
markets, providing a comprehensive study using both primary (domestic and
overseas) and secondary sources, including marketing information from overseas,.
Finally, TDRI (1996) carried out another study concerning the Thai food industry by

emphasising the situation and prospect of employment in the food firms.

! Aseptic process refers to ‘a process (in) which the product and container are separately sterilised

and then combined together under commercially sterilised conditions’ (Department of Health, 1994,
p'4)l



Thus, 1t is apparent that although the food sector of Thailand has attracted attention
from a number of contributors, no study has yet been undertaken on its technological
capability building. However, the need for a study examining technological capability
building in the Thai food industry can hardly be overemphasised. As already shown,
the food industry in Thailand has remained an important sector in the economy, and
has also been highly successful in the international market, thus demonstrating its

competitive advantage. It is believed that a major factor for the success of firms is

the creation of technological capability (Chapter 2), thus indicating the need for
investigating the Thai food industry in this regard.

1.3 Objectives of the Study

The main objective of this study is to investigate what and how firms’ internal and
external factors have contributed to technological capability building in the Thai food
industry. For our investigation the following four main product groups were selected:
canned pineapple, other canned fruits and vegetables, canned seafoods, and frozen
seafoods. Data collected from a sample survey of 62 firms have been used to analyse

two main aspects, as shown below:

(a) Examine the level of technological capability of individual firms, n

particular by viewing the four main elements (acquisitive, operative,
adaptive and innovative capability) as found in the relevant literature, and

investigate the factors which have contributed toward their enhancement

(e.g. the four elements of technological capability); and

(b) Identify the level of technological capability of individual firms in
developing new products, and examine the factors which have contributed

towards technological capability of firms in developing new products.

1.4 Method of the Study

The methodology followed for the study is explained in some detail in Chapter 5.

Briefly, as mentioned above, we collected extensive data from fieldwork conducted

during the period from August-November in 1997 at two levels:
7



(a) Interviewing the various agencies which have been directly or indirectly involved
with the development of the food industry in Thailand, and, in the process,

collecting relevant published and unpublished data; and

(b) Carrying out an extensive sample survey at the firm level in the selected sub-

sectors, comprising four main product groups: canned pineapple, other canned

fruits and vegetables, canned seafoods, and frozen seafoods. The sample

consisted of 62 firms (10 canned pineapple firms, 18 canned seafood firms, 21

other canned fruit and vegetable firms, and 13 frozen seafood firms).

Data thus collected have been carefully studied using both quantitative and qualitative

approaches. Regression analyses have been carried out to see whether the factors
which are often mentioned (including firm size, age of firm, foreign direct investment,
market environment, and government promotion schemes) can truly emerge as
explanatory variables. However, given the limitations of the type of data collected, it
was considered appropriate to carry out other tests as well. Based on the firms’
perceptions, we estimated the mean values of scores for the various internal and
external factors, thus enabling us to see the relative importance of these factors for the
development of acquisitive, operative, adaptive and innovative capability. We also
carried out pair-comparison analysis for identifying firms' internal factors which have

contributed towards the development of new products.

1.5 Organisation of the Thesis

The next chapter (Chapter 2) reviews the related literature. An important objective of
this chapter is to illustrate what and how some factors contribute to technology
development of the firm from various economists' points of view and empirical
studies. Chapter 3 presents an overview of the food industry in the Thai economy,
Hlustrating in particular the various stages of development of the industry and the

contribution of the industry to the economy. Chapter 4 examines what and how
government and related institutions are involved in the building of technological

capability of the food industry. Chapter 5 provides the methodology of the study by
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demonstrating the method of analysis used for analysing the vast amount of data
collected from the firms. Chapter 6 illustrates the sample survey and the data
collection from the individual firms. Chapter 7 explores whether the firm’s

characteristics and various internal and external factors influence the building of the

technological capability of the focused industry in terms of the four elements of
technological capability (acquisitive, operative, adaptive, and innovative). Chapter 8
investigates whether the firm’s characteristics and the firm’s internal factors have

impacts on the enhancement of technological capability in developing new products of

the firm. Finally, in Chapter 9 we summarise the findings of the study.



Chapter 2

TECHNOLOGICAL CAPABILITY BUILDING:
SOME VIEWS

2.1 Introduction

Technology includes two main aspects: (a) technical knowledge or know-how (i.c.
knowledge related to the methods and techniques of production of goods and
services), and (b) capital goods (i.e. tools, machinery, equipment and entire
production systems). In the first aspect, technology may include the human skills
required for the application of techniques of production, whereas, in the second

aspect, 1t can be termed as embodied technology (UN, 1987). Similarly, Dunning
(1993) argued that technology includes physical assets, knowledge and human
learning and capabilities that enable the efficient organisation and production of goods
and services. Thus, technology may also include a management system used in the
entire production, and it can be embodied in physical assets, human form, blueprint
and manual or instruction, products and production process. This means technology

development effort of any firm or any country needs to consider various aspects of

technology.

It has been argued that technological development efforts in developing countries are
different from those in developed countries since modern and advanced technologies

can be created within the latter, whereas, in the former, they have to be imported or
borrowed from the former (Dahlman, 1984; Bhalla, 1996). In other words, the

development of technology in developing countries is largely dependent on the
importation or borrowing of technology transferred from developed countries.
Furthermore, developing countries have to undertake various efforts in order to
achieve success in effective technology transfer, and to create indigenous capability in
technology development. Moreover, efforts of local manufacturers alone may not be
sufficient to achieve success in acquiring the whole body of technology (Dahlman,
1984; Dahlman et al, 1987; UN, 1985, 1987; Enos and Park, 1988; Amsden, 1989;
Enos, 1991; Lall, 1987, 1990, 1992; Bhalla, 1996; Hug, 1995).
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2.2 Some Relevant Theoretical Approaches

2.2.1 The Neoclassical Approach

According to the neoclassical view, “technology is explicit and articulated, imitable

and teachable, and imbedded in a broad body of understanding which permits
previously unused variants to be reliably readied for use” (Nelson, 1987, p.83). It can
be freely available to all countries, within countries, and to all firms. Developing
countries have no difficulties in assimilating transferred technology because they can

gain access to technologies according to any factor prices and there are no problems

of adaptation. All firms are equally efficient and they need not seek any technology
effort (Nelson, 1987). According to such an approach, the strategy employed in

industrial and technology development tends to be free from government intervention

(Lall, 1992).

Concerning technological change at the firm level in the conventional neoclasssical
theory, firms in a given industry are assumed to have the same production functions
and select their techniques with reference to relative factor price ratios. They also do
not have difficulties regarding the use of technologies acquired (Nelson, 1987). The
firms are producing on both their production function and cost functions, and their
operations are assumed to be maximising output and minimising unit costs from given

inputs including technology..*l It ignores the internal operation and efficiency of the
firm, and focuses on the efficiency of the market (Frantz, 1988). Firms in a

competitive industry are viewed as facing a set of alternatives regarding the inputs
and outputs they will procure and produce. The firms operate according to a set of
decision rules that determine what they do as a function of external (market) and
internal (such as available capital stock) conditions. The rules reflect maximising
behaviour on the part of firms (Nelson and Winter, 1982). According to the

neoclassical idea, in a pure market, the only information exchanged relates to

' Neoclassical short-run production function: Q =f(K, L)

Short-run cost function: TC =PkK +PIL
Q = output, K = capital, L = Labour, TC = Total costs, Pl = price of Labour, Pk = price of capital.
(Frantz, 1988).
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products already existing in the market and it contains only quantitative information

about prices and volume (Lundvall, 1988).

2.2.2 New Growth Theories

The new growth theories were developed to overcome some of the weaknesses of

conventional growth theories by recognising the central role of technical change and

incorporating measures of R&D and/or education and training. In 1986, Romer
presented the production function by including labour and capital and technology in
his model. He emphasised the role of knowledge. In the new growth models,
economic growth depends on human capital and R&D as resources available for the

development of technologies.

Later, in 1990, Romer proposed a model explaining endogenous technological
change by emphasising the importance of increases in the effective labour forces,
effective stock of capital, technological change in generating growth in output per
worker. Since technologies contain both appropriable and non-appropriable elements,
a government can use incentive instruments to support innovation and their positive
externalities in order to allow economic growth. For example, the government can
play a major role in the economy through fiscal instruments (lump-sum taxation and

subsidy schemes) to support human capital development and R&D efforts.

Other economists who have contributed to the development of the new growth

theories include Lucus (1988), and Grossman and Helman (1989, 1990, 1991).

Recently, the new growth theories have been reviewed by several economists such as
Nelson (1994), Pack (1994), Petit (1995), and Romer (1994). The reviewed models
include investment in R&D, infrastructure and human capital through education,
“which in turn generate spillovers and externalities, including economies of scale and

cumulative causation” (Malecki, 1997, p.43).

2.2.3 Schumpeter’s View on Entrepreneur’s Role

Schumpeter pointed out that innovation refers to not only technical process or new

products but also the opportunity to access a new market, the acquisition of a new
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source of raw materials and semi-manufactured goods, and changes in monopoly

position (Schumpeter, 1934, p.66). He argued that, in the economic system,
innovation originally arises from the producer who wants to produce new things,
rather than basically occurring from the pressure of consumer demand. He also
emphasised the role of financial credit in technical change because it is an important
factor for undertaking innovative efforts. At the same time, Schumpeter stressed the

role of the entrepreneur not only who carry out their routine work, but also who acts

by providing leadership to go beyond current work in order to innovate and then

overcome the imitator. This can be done by innovating new techniques or creating
more innovative activities. In his view, entrepreneurs broadly include those who

actually fulfil the entrepreneurial function such as employees of a company (e.g.

managers, members of boards of directors), those who control the majority of shares,

and those who are not necessarily permanently connected with an individual firm.

2.2.4 The Evolutionary Approach

Many economists have attempted to use an evolutionary concept to explain the
process of technological change at both micro- and/or macro-levels. This includes the
work of Penrose (1959), Silverberg (1988), Nelson and Winter (1982), Aghion and
Howitt (1990, 1992), Dosi et. al (1995), Silverberg and Verspagen (1994).

Concerning the evolutionary theory (or the new Schumpeterian approach) technical
change is viewed an evolutionary process related to technical and organisational
innovations (Freeman, 1994a). The change occurs within and between firms and the
market environment outside.” The growth of the firm depends on external technical
and market opportunities derived from the internal technological capability of the
firm. As a result, the technical change of the firm is essentially dependent on the role

of the entrepreneur and the manpower of the firm in dealing with the external

environment. The evolutionary process occurs not only in the production firm, but

[
L]

* The concept of an evolutionary approach which sees the significance of the feedback mechanism
from outside factors is very important in the improvement of the firm in terms of qualitative changes
such as knowledge, technical skills, organisational and managerial abilities, level of economic
aspiration, responsiveness to economic incentives, and capability to undertake and to adapt to

innovation, whereas the neoclassical school ignores this circumstance (Rosenberg, 1976).
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also in related agencies. As a consequence, technological change occurs both at micro

and macro levels (Nelson and Winter, 1982).

Penrose (1959) argued for the evolutionary process of entrepreneurial perception,
experience, manpower skills and knowledge, which results in technological change at

the firm level. According to Penrose, the role of the entrepreneur through the
interaction between his ability and (internal and external) environments, and the role
of manpower services is a crucial factor for bringing about technological change in an
enterprise. This requires managerial capacity, technical skills, and an ambitious and
active personal style on the part of firms' personnel at senior and lower levels. Hence,
the dynamic firm needs to have an owner/manager who possesses managerial
competence, technical knowledge, imagination and ambition, and who understands
both internal and external inducements and obstacles. These qualities are necessary for

combining various factors to carry out the business. Penrose also argued the

importance of the development of the technological base and selling efforts in the

successful diversification of an enterprise.

In addition, concerning the role of the institutional process of technical change, Clark
and Juma (1987) found from the case study of the evolution of photovoltaic
technology that innovative activities do not occur only within the firms themselves
(e.g. within functional units, the interaction between functional units) but also from

the network between parent company, sub-contractors, universities and government

agencies. In this case the public sector plays a major role in three channels: support
for R&D, provision of market, and raising public awareness about the technology
(pp.141-159). Dosi (1984) also argued that technological trajectories are the final

outcome of a complex interaction between some functional economic factors (such as
search for new profit opportunities and for new markets, tendencies toward cost-

saving and automation) and powerful institutional functions (such as interest and the
structure of exusting firms, effects of government bodies and patterns of social

conflict). Freeman (1994b) also perceived the significant role of institutions in the

Innovation process as he argued that:
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“those nations which prove most adept in making institutional innovation
which match the emerging new techno-economic paradigm are likely to
prove the most successful in growing fast, catching up or forging ahead.
Those, on the other hand, which suffer from institutional ‘drag’ or inertia
may experience a prolonged mis-match between their institutions
(including management system at the firm level as well as government
structures), and the growth potential of new technologies” (Freeman,
1994b, p.88).

This means that for the achievement of technological development, government and

related institutions have to evolve their organisations in order to cope with changing

world and dynamic economic/non-economic factors.

2.2.5 Contributions and Limitations of Some Relevant Theoretical
Approaches

Different approaches mentioned above seem to point out some factors which have
effects on technology development of the firm, thereby affecting the creation of firm’s

technological capability.

The neoclassical approach indicates how competitive environment and market
mechanism have impact on technological change of the firm. The firm has not to put
more efforts in acquiring and adapting technologies to its enterprise because
technologies required are available in the market. However, the significance of
interaction between internal related functional units, and between the firm and
external parties appears to be ignored by the neoclassical approach. Thus, 1t cannot
be used for explaining various phenomena of technological change of an enterprise
because both market and non-market factors, the nature of technology, the interaction
within the firm itself and with external individuals and institutions are involved in
various activities. Sometimes, firms do not operate according to the principle of
marginal analysis, and they are able to increase their output by making relatively
simple changes in the internal organisation of the plant. Also, the outcome of firm’s
performance depends, as observed by (Leibenstein, 1973, p.769), on “the
organisational structure of the firm, on the incentives created by personal interactions

for different types of role interpretations, and on the internal and external pressure
that determine the constraints on role interpretations”. In the meanwhile, technology

IS tacit, so the firm will not easily be able to use, and/or to imitate it, as observed by
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Nelson (1987, p.84): “In many technologies there is little understanding of why
certain things work and others not, and hence considerable vagueness regarding what
new techniques can be developed easily”. Actual operating experience is needed,
achieved through learning by doing efforts. Thus, it is difficult for all firms to access
the understanding of the technologies and how they work. The interaction between

learning through R&D and learning through experience is very important for the

mvention process (Nelson, 1987). In addition, as argued by Clark (1985), the
neoclassical approach mainly places emphasis on the market mechanism, mainly
concerns the allocation of resources in the short-run, and ignores the process of the

absorption of new technology in the production process, so this results in the limited
applicability to questions of science and technology policy. However, the more

moderate neoclassical school allows some level of government intervention in
technology development and this is characterised as neutral rather than selective
intervention. This means that government may support activities which give positive
externalities, such as education, and R&D rather than promote certain industries. Yet,
this approach has some discrepancies because it disregards the nature of technology

and costs of adoption (Lall, 1992).

Regarding the new growth theories, human capital (education and training), and R&D
efforts are principal factors for technology development. Although these theories aim
to explain economic growth at a macro level, they could be used for explaining the

phenomenon of technological change at the firm level. This means the firm should

emphasise human resource development and R&D activities for enhancing its
technological capability. In the meanwhile, the government can also invest and
support in such efforts because of the externalities, as well as in the development of

infrastructure, for promoting technology development.

However, the new growth theories place too much emphasis on the R&D sector and
externalities, and less emphasis on the context of the enterprise and institutions and
the interaction between the firm and related institutions, technical change and
investment (Pack, 1994; Nelson, 1981; Fagerberg, 1992; Verspagen, 1992a and
1992b). This means that these theories can be used for explaining only parts of the

phenomenon of technological development efforts because the role of organisation
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(1.e. firm), related institutions, the interactions between the firms within the industry
and with the institutions, and the interactions between related units within the
organisation itself are also very important for such efforts. Moreover, it has been
argued that these theories are meant for analytical purposes rather than empirical

purposes because they place too much emphasis on labour/human capital in the

research sector (OECD, 1991; and Freeman and Soete, 1997).

The main contribution of Schumpeter in the explanation of technological change of
the firm is the emphasis on the role played by the entrepreneur. Thus, the firms with
qualified entrepreneurs (e.g. active, imaginative, and creative) have more advantages
in the creation of technological capability than those which do not. However, the
Schumpeterian theory appears to emphasise the significant role of entrepreneur in

technological change, while it cannot explain the process of such a change (Usher,

1954; and Strassman, 1959).

The evolutionary approach recognises the significance of the interaction between
related factors within the firm itself and with external environments (e.g. market
environment, regulations), and technological change of the organisation through the
evolutionary process. This means the creation of technological capability of the firm
has to deal with these factors. Also, the behaviour of firm's personnel and the

evolution of related institutions are also important factors for the enhancement of
technological capability of an enterprise. Thus, this approach seems to be able to

explain how the process of technological change of the firm takes place in a dynamic

aspect.

In short, although various approaches are very useful in the explanation of
technological change of the firm there are some important issues which need to be
considered. In fact, the success or failure of technological development effort of a
firm is dependent on many factors, especially as technology can be transferred though
various means and channels such as embodied/disembodied forms (Gomulka, 1990),
commercial/non-commercial transfer (UN, 1987), and formal/non-formal transfer (Lee
et al.,, 1988). Price and non-price, economic and non-economic factors are also

involved in such efforts. Moreover, the achievement of any task also relies on related
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individuals and organisations, as well as the cooperation and linkages within
institutions and between them. Some factors may play a key role in some situations,
while some other factors might play a principal role in the others. Furthermore, in
some cases, a number of factors (e.g. role of entrepreneur, foreign investor, market
mechanism, the interaction between various firm’s internal functional units, the
interaction and cooperation between the firm and external agencies or individuals)
have to be involved in the success or failure of technological capability building of the
firm. Thus, although some approaches may be very useful for explaining technological
change of the firm, they may not be sufficient to be used for investigating such a
change 1n different cases. It is, therefore, wise to take many different ideas from

different approaches to examine the experience of technological development building

of the firm.

2.3 Technological Capability: Various Elements
Although Desai (1984, p.245) pointed out that there is a risk of tailoring the definition

of indigenous technological capability to a conclusion because it is similar to policy-
oriented concepts, many authors have attempted to provide definitions of
technological capability. This may be dependent on the specificity of their studies, as
follows:

-Technological capability refers to the ability pertaining to various aspects of the
transformation of inputs into outputs (Fransman, 1984, pp.9-10).
-Indigenous technological capability refers to a local capacity to create/adapt/modify

technology, as well as the creation of some completely new technology (Stewart,
1984, p.81).

-Technological capability is the ability to make effective use of technological
knowledge (Pack and Westphal, 1986, p.105).

-Technological capabilities refer to specific activities, referring to how the activity is

accomplished with available technology for that activity (Sharif, 1997, p.4)
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-Technological capabilities broadly refer to the entire complex of human skills
(entrepreneurial, managerial and technical needed to set up and operate industries
efficiently over time) (Lall, 1990, p.17). ’

-Technological capability refers to a wide range of tasks, including the ability to
undertake changes to given technologies - to equipment, materials, processes and

designs; to master technology in the sense of making it operative in particular

environments; to copy or select the correct technology; to assimilate technology; and

to undertake innovation (Lall, 1987, pp.2-3).

In short, these definitions of technological capability can be summarised as the ability

to acquire required technology, to make effective use of acquired technology in

changing environments, to assimilate and develop the technology being used, and to

generate new technology.

UN(1987, p.34) pointed out that the active technology transfer strategies, especially
in developing countries, require the development of local technological capabilities, as
follows:
(1) search and select the most relevant technology;
(2) negotiate and acquire imported technology ;
(3) assimilate imported technology to the point that permits local abilities 1n
installing, operating, maintaining, and repairing;
(4) modify, adapt, and improve imported technology;
(5) replicate imported technology by depending on domestic design and
engineering skills and related facilities;

(6) develop new technologies and production systems by using local skills and

facilities.

These various stages of technological capabilities are also similar to those argued by
Pack and Westphal (1986) (i.e. capability to evaluate and choose technology; to
acquire and operate processes and produce products; to manage changes in products,

processes, procedures, and organizational arrangement; and to create new

> Lall (1990) argued that technological capability at the firm level refers to the ability used for

executing all technical functions entailed in setting up, operating, improving, expanding and
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technology). Similarly, Dahlman et al. (1987) described the technological

development of the firm in terms of the capabilities that are needed to acquire,

assimilate, use, adapt, change, or create technology.

This means the technology importers or recipients need to know how to acquire the
technologies required; to use, adapt, modify, improve, and replicate the technologies
acquired; and to develop new technologies. Therefore, they will have to create their
technological capability in terms of the acquisition, operation, adaptation and
(minor/major) modification, and generation of technology. In other words, if these
technological development efforts are considered at the firm level, the main elements
of technological capability can broadly be considered into four elements as follows:

1. Acquisitive technological capability;

2. Operative technological capability;

3. Adaptive technological capability:;

4. Innovative technological capability.

Although different authors have categorised technological capability in different
elements, the ability to undertake technological capability of these elements can be
categorised in those four types of technological capability, as taken up below for some

further elaboration.

Acquisitive technological capability
The sub-element of acquisitive capability should include various capabilities of the

firm concerning how it acquires technologies. Various forms of firm’s technological
acquisitive efforts as argued by many authors are mentioned below.

-learning by searching, and learning procurement strategies from hired
personnel (Bell, 1984)

-ability to gather information available in the world, to detect new
development, and to judge what is worthwhile buying and learning in detail (Dore,
1984).

-ability to purchase technology (Desai, 1984)

-ability to acquire technology (UNIDO, 1986)

moderninsing the firm’s productive facilities (p.20).
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-planning and investigation, negotiation with suppliers (Enos and Park, 1988)

-ability to search, assess, negotiate, procure and transfer technology (TDRI,

1989b)
-capability to prepare specifications for upgrading technologies, to identify

sources of technologies, to evaluate, select and negotiate terms of contracts for

procurement (Sharif, 1997)

-investment capability in terms of the capabilities needed to acquire
technology (such as to select technology, to identify local needs and conditions, to
collect information to broaden the field of possibilities, to evaluate costs and benefits

of different choices of technologies) (Dahlman et al., 1987)
-investment capabilities in terms of the skills needed to identify, prepare,

obtain technology for design, construct, equip, staff, and commission a new facility

(Lall, 1992)

Operative technological capability

After acquiring the technologies required the firm has to know how to use and
manage (including to plan and control) them. This includes the capacity to maintain
the machinery and equipment, and to apply any facilities in the use of technology or
production. This stage also includes the capacity for installation and start up of the
technology acquired or purchased. Many authors have provided various elements of
technological capability in this context, as drawn below.

-learning by operating (Bell, 1984)

-abilities for plant operation (Desai, 1984)

-capability to operate and control technology, to use firm’s personnel in the
production, to apply techniques for planning and coordination, to undertake
maintenance (Sharif, 1997)

-capabilities in production management, production engineering and repair and
maintenance (Dahlman, 1984)

-installation and initial operation, production and maintenance (Enos and Park,

1988)
-capability to operate, to control, to maintain the machinery and facilities.
(including the capacity to undertake quality control, skills of operating personnel, and

capacity 1n management operations) (TDRI, 1989b)
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-production capability in terms of capability to oversee and improve the
operation facilities, and to obtain and act on the information to optimise operation,
repair and maintenance of physical capital, and finding uses for possible outputs
(Dahlman et al., 1987)

-linkage capabilities in terms of basic skills comprise such as quality control,

operation, and maintenance (Lall, 1992)

-technology mastery or building up the skills and capabilities needed to
operate a technology efficiently (Lall, 1990)

Adaptive technological capability
After undertaking various operative technological activities, the firm may have to

adapt or modify the technologies in order to achieve success in improving
productivity and efficiency. This includes the adaptation of technology adopted to suit
to available raw materials and customer demands, and other conditions. (However,
this capability excludes the major improvement and radical modification of
technology adopted because it may require higher capability, i.e. innovative
capability). Various forms of technological capability in this regard asserted by several
authors are presented below.

-independent technology learning capability (Dore, 1984)

-local development of technology elsewhere (Stewart, 1984)

-learning by performance feedback (Bell, 1984)

-duplication and expansion (Desai, 1984)

-ability to adapt technology (UNIDO, 1986)

-capacity to adapt the technologies to suit local environments, to undertake
minor product/process modification to suit the market needs (TDRI, 1989b)

-capability to duplicate acquired machinery and equipment, to adapt
technologies for better efficiency, to carry out minor technology improvement (Sharif,
1997)

-production capability in terms of capability to adapt operations to changing
market environment, investment capability in terms of the capabilities needed to adapt

and change technology, innovative capability in terms of capability to undertake

minor innovation (modification or improvement of existing technology) (Dahlman et

al., 1987)
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-linkage capabilities in terms of advanced skills required for adaptation,

improvement or equipment ‘stretching’ (Lall, 1992)

-minor innovation in terms of adaptations and improvements that raise the

productivity of a given technology (Lall, 1990)

Innovative technological capability

The success of the enhancement of technological capability of the firm should also
include the capability to undertake major improvements and radical modifications of
technologies adopted. This includes the development of new technologies (e.g.
machinery, products, production process, know-how). This capability is very

important for independent technology development. Various elements of innovative

technological capability as argued by various authors are mentioned below.

-independent technology creating capability (Dore, 1984)

-creation of completely new technology, local modification of imported
technology (Stewart, 1984)

-learning by changing (Bell, 1984)

-abilities for innovation (Desai, 1984)

-abilities to carry out basic research and testing facilities (UNIDO, 1986)

-development of improved technique in terms of major technical change
(Enos and Park, 1988)

-capability to carry out R&D activities, radical product/process modification,
major changes in technologies adopted, and to develop new product/process (TDRI,
1989b)

-innovation capability in terms of capacity to create new technology, to
develop new products or services that better than specific needs, and to undertake
major innovation (radical new technology) (Dahlman et al., 1987)

-capability to undertake product design and modifications, to create new
products for future markets, to carry out R&D for product/process innovations, to
derive commercial benefits from research results (Sharif, 1997).

-expansion production capabilities in terms of basic skills and advanced
skills, as well as the skills required for research, design and innovation (Lall, 1992)

-major innovation 1in terms of the activity leading to the introduction of new

products and processes (Lall, 1990)
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Based on the elements of technological capability mentioned above, the sub-elements

of those four elements can be summarised in Table 2.1.

Table 2.1 Elements and Sub-elements of Technological Capability

Element of Technological Sub-elements of Technological Capability
Capabili

Acquisitive Capability - to gather information needed for acquiring technology;
- search for technologies required;

- identify technology required,;

- prepare the specifications;

- negotiate with technology suppliers;

- evaluate the cost/benefit, and related factors;

- select the technologies proposed; and
- make decision on technology adopted.

Operative Capability - to install and start up the machinery;

- operate the machinery and plant;

- control the plant and equipment;

- utilise technology adopted;

- undertake related activities such as quality control in
the production system;

- maintain the plant, machinery and equipment;

- apply technologies to the production; and

- apply technologies for planning and coordination.

Adaptive Capability - to duplicate acquired machinery and equipment;

- adapt technologies to suit to local conditions;

- undertake minor change in technologies acquired,

- undertake minor modification in product/production
process;

- adapt technology to respond market needs; and

- improve technology to increase productivity.

Innovative Capability - to undertake major improvement in technology;

- undertake radical modification in product/production
process;

- carry out R&D work;

- undertake new technology development (e.g.
product/production process development);

- design new technology (e.g. product/production
process); and

- market the research results.

However, in order to achieve success in undertaking those technological building

Capabilities, the firm also needs other capabilities, e.g.
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-Supportive capability such as learning from training (Bell, 1984); ability to train
manpower and information support and networking (UNIDO, 1986); project
management, project engineering and manpower training (Dahlman et al., 1987),
project execution (Lall, 1987);

-Marketing capability (capability of marketing production output (Dahlman. et al.,
1987); vending capability in terms of the capability to monitor external situation and
evaluate performance, to identify new markets and promote sales of new products in
new markets, and to provide after-sales services to enhance perceived customer
satisfaction (Sharif, 1997));

-Linkage capability (the skills needed to transfer knowledge and technology between

enterprises and from enterprises to the science and technology infrastructure (Lall,
1990)); and
-Organisational capabilities (Lall, 1987).

Therefore, in the study concerning the creation of technological capability, it is very
useful to consider those various related capabilities apart from the main capabilities

presented above. This effort can be related to how the firm carries out supportive

activities, deal with market demands and external environments. This also includes
how the firms cooperate or interact within their organisations and with external

agencies in carrying out their technological activities.

2.4 Technological Capability Building: Role of Internal and
External Factors

Needless to say, many factors are involved in the building of technological capability
of the production firm. They may be derived from the firm’s internal and external
sources. Those from internal sources include the firm-level factors including policy,
strategy, management and admunistration, R&D activities, the nature of the firm'’s
personnel and the firm itself. Those from external sources can be considered as the
role of government and other factors (domestic and overseas). This includes

cooperation, linkage and interaction between the firm and other firms in an industry

and other institutions. The role of these factors is discussed below.
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2.4.1 The Role of Internal Factors

Firm Size

Larger firms have advantages over smaller firms in undertaking various activities
because of the ability to access external knowhow (as a result of in-house qualified
technical specialists, scientists and engineers) (Rothwell and Dodgson, 1991); ability

to capture and use internal and external spillovers of knowledge (Henderson and

Cockburn, 1996); the economies of scale in R&D, the ability to spread risks over a
portfolio projects, and access to a large pool of financial means (Veugelers, 1997);
and m terms of technological economies, and cost advantage over small firms in the

introduction of new products (Penrose, 1959). This is also argued by Lall (1990) in
that large size of firm may be one of the necessary conditions for building a firm’s

technological capabilities where complexity or risk create significant economies of
scale and scope. However, smaller firms have some advantages in terms of: the use of
technology better suited to local resources and relative factor prices; the ability to
operate on a scale more appropriate to the size of local markets; the depth of available
managerial and institutional capabilities; dynamic long-term benefits in terms of
developing entrepreneurial and management capabilities; an increase in opportunities
for training and human resource development at a lower cost than otherwise available
through formal institutions or large firms (Steel and Webster, 1992); flexibility,
adaptability, and efficient internal communication process, thereby allowing more
rapid response to external opportunities and threats which may give an edge to
smaller mnnovative firms (Veugelers, 1997). Also the advantage of small producers
was argued by Albu (1997) in terms of the greater flexibility in responding to

changing opportunities, or the ability to serve small and specialised niche markets.

Hence, it can be argued that the firm size itself cannot always bring about the
enhancement of technological capability. However, if the large firm aim to deploy its
abundant existing resources and advantages in many areas for such an effort it has
more potential than the smaller firms because of many reasons mentioned above. In
the meanwhile, although the small firms possess less resources, they have advantages

In other aspects in the creation of technological capability. This means apart from the
size of firm the policy and strategy and linkage capabilities of the firm can be
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important factors in determining the conditions for upgrading the firm's technological

capability.

Policy and Strategy, and Management and Administration
Firm-level policy and strategy and management and administration can influence what
is the direction of the firm's business, and how various resources should be

employed. Therefore, they can directly and indirectly affect both the changes of

product and production process, and the improvement of technological competence.
Kaplinsky (1995) argued that the crucial role of organisational and management
capabilities 1s the enhancement of the firm's technological capability (cited in Albu,
1997, p.20). TDRI (1994) also found that the firms' internal management and

admunistration and personnel skills are the main factors contributing to the differences

in production techniques and quality control systems of the firms in the study.

It was also argued that technology strategy may be related to the ability of the
managers with regard to the cultivation of in-house capability for research, product
development and engineering, as well as manufacturing process improvement
(Cusumano and Elenkov, 1994). However, Lall (1987, p.17) pointed out that
managers may also have to give proper priority to developing organisational
capabilities in order to succeed in any technology transfer. These capabilities include

the ability:

- to separate different technological functions into different units in the
organisation as appropriate to the size or growth of the firm;

- to grant greater autonomy to technical functions;

- to facilitate technology information transfer across different departments;

- to develop technology scanning or evaluation services;

- to establish long-term links with technology suppliers, laboratories,

universities, industry associations, and in-house training programmes.

Concerning these capabilities, according to Lall (1990), the success or failure of

technological capability building are dependent on not only technological capability of

the firm, but also on the capability of owner/manager, cooperation between personnel
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in the organisation, management and administration, and, also, linkages with external

agencies.

Regarding the cultivation of in-house technological capabilities, it was emphasised
that the more technologically dynamic firms in all countries make intensive use of

foreign technological elements or knowledge while investing heavily in local
technological efforts and technique training. These firms also use what they learn at

each stage to re-evaluate their strategies in the technological area (Granstrand et al.,

1990; Metcalfe, 1990). This means, apart from acquiring technology from outside
sources, it is very important for the firm to invest in technological development effort

within its organisation.

At the same time, strategy implies a vision or intent concerning the firm’s future
direction. For example, some firms focus on limited strategies, but some firms pursue
product diversification by exploiting technology-based extensions of existing
businesses (Malecki, 1997). In the meanwhile, technology is a principal means by
which the firms compete (Malecki, 1997), and it is used for both for making profit
and bringing about the difficulty for competitor to imitate (Pavitt, 1994).

The technology strategies of firms in developing countries can be divided into four

types: technology extender, technology exploiter, technology follower and technology
leader (Sharif, 1993). These strategies are different in terms of the way the firm

acquires technologies required, the sources of technology, the elements and main

thrust of technologies required, adaptive and R&D activities and technology
components emphasised by the firm. According to Malecki (1997) firms may use
different strategies in utilising technology as a basis of competition: offensive strategy,
defensive strategy, simply imitation, dependent firms, traditional firms, opportunities
or niche firms. At the same time, a firm in an industry may employ various business
strategies: price leadership; quality leadership; niche leadership; and image leadership
(Sharif, 1994a). The firm may choose to compete either in established products, or

new products (Porter, 1980). Furthermore, in order to employ marketing strategy, it
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has to understand its product life cycle.* The modification of existing products can

lengthen the life cycle of the products.

However, for a long-term competitive advantage, the firm needs to put more efforts in

modifying and developing new products (Porter, 1998). In the meantime, the changes
and development of products involve one or more alternatives: development of new
products, deletion of old or weak products, modification of existing products
(differentiation) with a view to (a) improving the product performance, and (b)
adapting the product for new markets (segmentation) (Majaro, 1982). In the

meanwhile, a product may comprise a bundle of characteristics, and a new product

may possess some different characteristics from existing products, or involve entirely

new characteristics (Lancaster, 1966; James and Stewart, 1981). Therefore, the firm’s
efforts in the development of new products may be in terms of the increment of
existing products’characteristics, and/or developing new products with few
charactersics, and/or developing new products with diversified characteristics. This
requires the firm to undetake minor or major modification of existing products and
production process, and/or to develop new products and production process. These
different firm’s efforts imply different firm’s technology strategies which are related to
sources and elements of technology requires, how firm’s resources to be used for the
development of products and R&D activities, and human resource development

programmes.

In practice, the firm integrates between business and technology strategies This effort
can be ranged from the least cost strategy to technological superiority. However, 1n
the competition of world business, factor cost-based comparative advantage is
eroding and technology-based comparative advantage is essential (Porter,1998;

Sharif, 1994a). As a result, the importance of technological capabilities as a source of

* (1) The product cycle assumes that the stimulus to innovation is typically provided by some threat
or promise in the market. The firms tend to be stimulated by the needs and opportunities of domestic
market. In this case, the home market not only provides the sources of stimulus for innovating firms,
but also plays a role for locating the actual development of innovation (Vernon, 1979).

(2) The product life cycle suggests that in order to maintain market competitiveness (including
strengthening the corporate image and holding profitability at desired levels) all firms must consider

generating a continuous stream of new products (Markin, 1979).
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competitive advantage has increased for the firm in the world market (Justman and
Teubal, 1995). In order to gain competitiveness in the world market, the firm needs to
search for best-practice technology, and acquire information concerning new
techniques and the action of other producers. Any effort with respect to learning,
acquiring, evaluating and improving upon new technology and products of export-
oriented firms has to meet international quality and price competition standards, and

this stimulates firms to seek out information on new technology and ways to adapt

and blend new with old technology (Malecki, 1997). In the long run, apart from low-

cost strategy, it is crucial for the firm to emphasise product differentiation (i.e. the
ability to provide unique and superior value to the buyer in terms of product quality,

special features) (Ramanathan, 1994).

Thus, it is very important to use new technology to modify and differentiate existng
products, or to develop new products. This mean the building of technological
capability is necessary for long-term competitiveness. Also, it was argued that if a firm
wants to formulate appropriate competitive strategies, acquire and/or develop
technologies, and to cope with the challenges in the market-place, it needs to carry
out operations management, gather information on markets and technologies, train
staff, and carry out necessary negotiating and legal procedures. Moreover, the
availability of good R&D facilities, testing facilities and engineering workshops 1s also
very important (Ramanathan, 1994).

At the same time, the attitude of top management is very important for organisation’s
innovative performance’. Top management values serve both as guiding criteria and
as motivators for people generating new ideas. Brown and Karagozoglu (1989)
argued that the values of senior management significantly affect the innovation
process not only through specific proposal selection and funding decisions, but also
through the creation of a climate for innovation. These values affect policies regarding

incentives, reward allocation, performance measurement, and personnel selection. As

> The attitude of the owners towards technology, competitiveness, investment and risk will determine
to a great extent the path that technology transfer and technology development will take
(Ramanathan, 1994). Moreover, the top management'’s values toward risk taking (e.g. the exploration

of new business) may lead to more success for the industry (Porter, 1998).
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a result, the differences of firms’ top management values will have different impacts
on the firms’ competitive strategies (e.g. new product development, low prices). In
addition, according to Lee et al. (1988) the firms in different stages of technology
development require different technology transfer strategies and elements of

technology, search technology from different sources, and exhibit different internal
linkages and top management involvement. This leads to different firms’ technology
and business policies and strategies, management and administration employed by the

firms. Thus, such differences can finally affect firms’ technological capability building
efforts.

The Accumulation of Firm’s Own Experience

The firm can accumulate its experience through learning-by-doing and other types of
learning. This includes the acquisition of technology and raw materials, the operative
activities (such as using and maintaining machinery and equipment, undertaking
quality control, planning and controlling production), and adaptive activities (Bell,
1984; Lall, 1987).° This was also argued by Lall (1992) who stated that technological
change at the firm level is “a continuous process to absorb or create technical
knowledge, determined partly by external inputs and partly by past accumulation of
skills and knowledge. Transfer necessarily requires learning because technologies are
tacit, and their underlying principles are not always clearly understood” (p.166).

According to the evolutionary theory, mentioned earlier, it is implied that the firm has
to accumulate its own experience of how to interact with and combine between

various factors from inside and outside sources in the creation of its technological
capability. However, the experience accumulated by the firms may vary from firm to
firm. The experience from the learning process may be geared to improve the
productivity and efficiency of production, and/or to improve product quality, and/or
to modify products/production process, and/or develop new products/production
process. Hence, the benefit of the accumulation of the firm’s own experience toward
the building of its technological capability is also largely dependent on its business
policy and strategy (e.g. competitive strategy).

°The significance of the accumulation of the firm’s own experience with regard to the preparation of

raw materials was also found in TDRI (1994).
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Human Resource Development Efforts

Technical skills and know-how used in the production system (and in the creation of
new products and production processes) are necessary for the firm’ s personnel in
carrying out their work. This effort is an important factor for, in particular, operating,
adapting and improving technology acquired. Furthermore, both formal training and

on-the-job training are necessary for increasing technological competence of an
industry (Lall, 1992; Enos, 1991). The crucial role of training programmes in the

success of the building of the firm's technological capability was also found in Korean

shipyards (Dahlman et al., 1987).

With reference to labour management, Porter (1998) argued that labour management
relationships are indeed important because they are the key elements of the firms'

ability to improve and innovate. He argued that "Another important dimension 1is the
relationship between the manager or employees and the company. ... Creating and
especially sustaining competitive advantage in many industries requires ongoing
investment to upgrade skills, better understand the industry, and exchange ideas
across functions" (p.113). Porter further contended that the determinant of industrial
behaviour and effort comprises various elements: reward systems under which
employee operate, financial gain, pay and promotional practices (bonus
compensations, based on individual performance and rapid promotion of the most
outstanding employees); and the relationship between manager or employees and the
company. He also asserted that employees who have the most sustained commitment
to the firm and industry lead to comparative advantages of the firm they employed by.
In addition, Enos (1991) found that the firm whose goals are projected by its leader
and shared by its employees tends to have a high level of technological capability
because of a motivation factor. Motivation is necessary for the firm's personnel
performance as also argued by Cusella (1987) that "performance is a multiplicative

combination of ability and motivation " (p.636).

The arguments mentioned above correspond to those of Leibenstein (1969, 1973)

concerning the X-efficiency theory in the sense that the firm’s performance is
conditioned not only by formal incentive systems (e.g. financial payoffs, promotions,

and potential dismissals), but also other factors (e.g. degree of approval and
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disapproval of other choices, standards of reward, position, career paths, sense of
responsibility for others’ effort level, attitude towards authority, and attitudes on
appropriateness of possible disciplinary measure). All of them determine the incentive
mechanism and atmosphere within the firm. Thus, in order to achieve success In

technological development efforts, the firm may have to emphasise not only the

provision to their employees of financial incentives, because other incentives are also
important (e.g. the participation of employees, the nature and standard of rewards, the

attitude and willingness of employees towards their organisations and the

owners/executives, and welfare and working conditions).

Manpower Flow, Internal Links and Information System

With regard to manpower flow within the firm, many authors have argued the crucial
role of this activity, Cusumano and Elenkov (1994) pointed out that the strategic

positioning of the recipient firm within an industrial or knowledge network may
strongly influence the effectiveness of the technology transfer process on a recipient’s
technological capability. As a result, managers need to allocate relatively better quality
human resources in particular critical directions in order to achieve desirable
competitive positioning. Utterback (1974) also argued that transfers of technical
personnel among divisions, other factors being equal, may also result in a temporary
increase in communication between divisions. By transferring people, specific kinds of

knowledge (and information) are also implicitly moved from one organisational unit to
another. The problem-solving stage also requires integration and bridging mechanisms

to coordinated R&D functions (i.e. research, development, and technical services)

(Brown and Karagozoglu, 1989).

At the same time, the establishment of an internal linkage brings about the
enhancement of the assimilation and improvement of imported technologies, and
increase in technical abilities (Choi, 1988; Cusumano and Elenkov, 1994); and the
development of new product or process (Carlsson, 1991; Davis, 1986; National
Research Council, 1987). Thus, the cooperation between related functional units
within the organisation (e.g. R&D, production, and marketing) and the transfer of

firm’s personnel who possess required skills across departments appear to be
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beneficial. Furthermore, effective information flow across these functions is very

useful for the successful development of innovative projects (Lundvall, 1993).

R&D Efforts
Concerning R&D effort, the establishment of an independent R&D unit within the

firm 1s crucial, especially when technologies acquired are very complex, because the
assimilation of technology cannot be handled as part of routine engineering activity

(Cusumano, 1985; Rosenbloom and Cusumano, 1987). Moreover, the firm’'s own
effort alone in R&D may not be sufficient. It may have to cooperate with external

agencies. This issue will be discussed in more detail in section 2.4.2.

Also, the significant role of basic research in technology development has also been

pointed out by many authors including Utterback (1974), Acs et al. (1992), Jaffe
(1989), Mansfield (1991a, 1991b, 1992), Nelson (1959, 1986), Rosenberg (1990),
David et al. (1988), and Pavitt (1993). This kind of research plays a critical role in
the production of knowledge and enters the process of innovation indirectly, and 1ts
crucial role in industrial innovation lies in continual reinforcement and understanding

of the implication of applied work.

Furthermore, the emphasis on R&D activities, especially in-house R&D, 1s also very

important for the firm for it to be able to acquire and adopt technology from outside
the organisation effectively. This has been argued by many authors because of the
ability to utilise the results of externally performed research (Mowery and Rosenberg,

1989), to increase in bargaining power with external agencies (Contractor, 1983), to
assimilate technology spillovers from outside (Cohen and Levinthal, 1989;
Gambardella, 1992; Veugelers, 1997), to absorb external know-how effectively, to
identify, assimilate and exploit existing external technologies (Veugelers, 1997), and
to complement indigenous innovation (Freeman, 1991). It was argued that effective
external technology sourcing (acquiring and implementing external information and
know-how) depends on many factors: willingness to take on external ideas (Rothwell,
1992); sufficient expertise, suitable organisational structure (stimulate external

learning), the level of commitment to R&D strategies and the firm's network

structure, and the firm’s own R&D activities (investment in R&D) (Veugelers, 1997).
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This means the industrial firm may have to invest in R&D activities so as to acquire

technology from outside, and utilise and assimilate it effectively.

2.4.2 The Role of External Factors (i.e. external to the firm)

Government Support in Technology Development
As mentioned earlier, technological development efforts have externalities. As a

result, there is under-investment in R&D and the production of knowledge in private
firms. Both theory and empirical studies indicate that the maximising firms invest less
than socially optimal amounts in R&D (Stiglitz and Wallsten, 1999). Three principal
economic characteristics result in market failure in the production of knowledge

(scientific-technical information): the problem of uncertainty, externalities and

appropriability, and indivisibilities (Teitel, 1984). Market failure occurs from
imperfect information (technology market is imperfect) (Stoneman and Diederen,
1994). This causes ineffective interactions between factors of production. The market
failure is more prevalent in developing countries than in developed countries because
of many reasons: undersupply of learning and information within the country, limited
ability of learning by doing and the difficulty in acquiring technologies from developed
countries, inefficient and imperfect capital markets (Stiglitz, 1989). Moreover, in a
technology market the sellers have control over not only the new processes and
products of technology, but also the know-how required for practical application
(Dunning, 1993).

Accordingly, it is necessary for the government, especially in developing country to
intervene in technology development and employ explicit policy and strategy (Hug,
1999). Market failure provides a rationale for government intervention to reduce risks
facing producers, to bring about higher levels of production and investment,
institutional development, and export-marketing cooperation (Stightz, 1989), to
provide the right signals and or adequate response through providing correct
incentives for healthy industrial activity, to build up human capital, technological
activity and supporting industries (Lall, 1990). Furthermore, government can employ
policies supporting the use and development of new technology in various ways such

as subsidies, banking systems, tax benefits, providing infrastructure (Stoneman and
Diederen,1994; Cusumano and Elenkov, 1994).
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At the same time, the government can also intervene by setting up related institutions
(e.g. investment promotion, testing, quality assurance, standardisation and intellectual

property protection institutions), and those are involved in S&T information services,
and consultancy services. In addition, government policies related to technology,

business, trade and foreign investment, finance, manpower development, environment
etc. will influence the technology-based strategies of the firm (Sharif and Ramanathan,
1994). Also, the government can support technology development through

trade/industry associations, government programmes via push technological strategy
by introducing opportunities to business through various industry-association channels

(Piper and Naghshpour, 1996).

In order to encourage technology development (through R&D activities) at a firm

level, the government can intervene through tax measure and R&D fund (Stiglitz and
Wallsten, 1999); the creation and fostering of a favourable atmosphere for investing in
R&D activities (Choi, 1988); the establishment of intermediary agent for industrial
research between the public and private, the academic and the industrial, the domestic
and the foreign sector; and close linkages between government institute, universities,
R&D institutions, and industry (Pavitt and Walker, 1976; Sharif and Ramanathan,
1994).

Role of Buyers/Customers/Users/Suppliers (i.e. market-driven factors)

Many authors have argued that customers (or buyers) can play a crucial role in the
changes and innovation of products. Customers are a good source of ideas for
innovation (Hippel, 1988). Penrose (1959) also pointed out the significance of the
information which the firm can obtain from selling efforts. The role of customers in
the development of the Thai food industry (e.g. the changes of products and/or
production process, and the development of the quality control system) has also been

found in TDRI (1994, 1996).

Piper and Naghshpour (1996) asserted that a firm may employ a pull marketing
strategy when the consumer or primary buyer creates demand pressure from the buyer
back to the producer. Generally, this strategy requires working with the buyer who

would have some influence in the development and application of products.
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The process of learning occurring from the interaction between users and producers
has been extensively discussed by Lundvall (1988, 1993). Producers can benefit from
user-producer interaction in the process innovation in various ways such as new
process equipment, new product development, potential markets for new products. In
addition, the pressure of the customers' preferences makes technological innovation

essential. Customers may be sensitive in terms of price, quality, feature or image. This

affects to a large extent the business strategy of an enterprise, which influences efforts
In technology components and capability development (Sharif, 1997). As a result, the
nteraction between producer and user/customer will result in learning process (e.g.
learning-by-using, learning-by-doing), and the interaction between production and
innovation areas within the organisation. The enterprise may also have to restructure
the system of innovation, introduce new sectors, break down old, and establish new
linkages 1n the production system (Lundvall, 1988). In addition, ‘customers’ attitudes

and technological experience will also determine the pattern of technological activities

at the firm (Itami, 1987).

However, not all user-producer relationships promote innovative activities. For
instance, if a firm is faced with a technologically sophisticated and demanding
customer then it has no alternative but to become technologically capable of meeting

that need. On the other hand, if the customers are not technologically sophisticated

then the firm may be able to exist while using old and primitive technology
(Ramanathan, 1994). According to Lundvall (1988), there are four different forms of
technical change occurring from the interaction: (1) stationary technology, (2)
incremental innovation, (3) radical innovation, and (4) technological revolution. Thus,
different forms of interaction result in different outcomes of technological capability

building.

Regarding the role of technology suppliers, the achievement of cooperation between
buyers and suppliers can be derived through programmes aimed at quality
management and new product development (Bidault et al.,, 1998), product
development and managerial assistance (Nishigushi, 1994). Thus, technology

suppliers can help the producers not only in the advice of machinery and components
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but also know-how used for the development of products, and management

technology.

Competitors

Competitive environments also force the firms to improve their degree of X-efficiency
higher than those in a monopolistic situation because the firms which cannot respond
successfully to cost reduction pressure will not survive and will finally leave the
industry (Leibenstein, 1973). Thus, in order to survive, firms have to employ policy
strategy and management to deal with such environments. Competitive climate can
affect the firm’s technological development efforts. More competitive environments

can lead to cost-reducing technological development efforts and product-
differentiation strategies. Market forces also bring about the changes in organisation

structure of individual firms (Katz, 1984). Competitors can create pressures on firms
to improve and innovate product quality and services and create new products and
processes, to improve productivity and efficiency, product diversification, and to
introduce new products in the market (Schumpeter, 1934; Penrose, 1959; Porter,
1998). Sometimes, the producers try to imitate the products developed by
competitors, or to develop new products based on such original products. This
involves various stages of technological capability building occurring from the
acquisition to innovation. In this case the market forces seem to play a significant role
as emphasised by neoclassical theorists. In the market, there are both imitators and
innovators. However, if the manufacturer wants to gain more competitive advantage
than other producers or to have long-term competitiveness, it has to put more

emphasis on innovative activities (Schumpeter, 1934; Fagerberg, 1987).

Moreover, the right level of rivalry could facilitate innovative behaviour at the firm
level whereby each firm tries to retain and possibly enlarge its market share by trying
to meet customer demands better. Furthermore, the sharpening of competitive skills at
home can help good local firms to succeed in export markets. In addition, according
to Reddy and Zhao (1990), the empirical studies conducted in Indonesia, Thailand,
and Tanzania indicated that the nature and degree of competition faced by the

manager 1s a critical variable in the choice of technology of an enterprise.
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Thus, the role of competitors (and customers and suppliers) can affect any firm’s
effort not only in setting up business and technology strategies, but also in carrying
out activities concerning the enhancement of technological capability. This means any

effort to investigate the firm’s technological capability building may have to include

the roles of these factors.

Linkage-Cluster

The firms in any industry may have some formal/informal connections with
subcontractors, component dealers and manufacturers, upstream and downstream

industries, and other firms in the same business groups. Moreover, they may be
situated in the areas where other firms, in the same and related industries, are located.

This phenomenon can be termed as a cluster of an industry (Porter, 1998). A cluster
provides a set of knowledge input which may be derived from competitors, suppliers,
firms in related industries, customers and other entities carrying out research, such as
universities and public-funded institutions (Baptista and Swann, 1998). Jaffe (1986,
1989) and Jaffe et al. (1993 ) also found that geographical localisation has an impact
on the phenomenon of knowledge spillovers and R&D activities as mentioned in the
new growth theories. Moreover, the firms in the groups can participate through
various types of interactions such as technical bonds related to the technologies
employed by the firms; knowledge bonds associated with the parties’ knowledge

about each other; social bonds in the form of personal confidence; and legal bonds
proceeding from the formal contracts between the firms (Cusumano and Elenkov,

1994). As a consequence, different firm connections result in different outcomes of
technological capability building. For example, some linkages lead to the productivity
and efficiency of production, whereas some also bring about changes and

development of new products and production processes.

Cooperation with External Agencies

Wei (1995) asserted that involvement, participation, and cooperation is required from
industrial enterprises, research institutions, governments and financial institutions. The
cooperation between academic institutions, research agencies and industries will be

Crucial in determining the success of technology transfer and innovation (Cusumano

and Elenkov, 1994; Sharif,1997; Sharif and Ramanathan, 1994). Peters and Fusfeld
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(1982) and Faulkner and Senker (1995) also argued that effective communication
both in terms of formal and informal contacts with universities and public sector
research institutes is useful for the firm to learn about the progress in research, gain
insight into new techniques and secure access to R&D. The SAPPHO (Scientific
Activity Predictor from Patterns with Heuristic Origins) identified the role of external

collaboration with users and external sources of scientific and technical expertise as of

central importance. This project also found that both formal and informal networks
were 1mportant, although the latter appeared to be the most important (Veugelers,
1997). Additionally, from the experience of European countries, the linkages between

industry and universities may be in terms of supporting technological activity, in
building on that activity to bring about new product development, and growing

technological links, exchange and interdependence (Peters et ar., 1998). However,

Mansfield (1995) pointed out that there are advantages in the firms working with the

colleges and universities located nearby those firms.

Regarding the role of trade/industry associations, in an effort to generate industry-
wide exposure and to create a greater level of realisation, new technology can be
introduced to the business community through various gatherings of these
associations. Major types of group gatherings comprise the following: trade shows,
technical symposia, technology transfer conferences, trade association meetings, trade

or laboratory news letters, open houses with various industries, publicity through
news and education media, professional and trade association contacts, and regional

economic development meetings (Piper and Naghshpour, 1996). These activities
result in the diffusion of technology. Therefore, the associations appear to play an

indirect role in the creation of the firm’s technological capability building.

2.5 Findings from Selected Empirical Studies

This section aims to illustrate the empirical studies of the building of technological
capability at the firm level in order to learn from the experiences from other cases,

both in Thailand and some countries (i.e. Japan, Korea, Brazil).
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Case Study of Electronic Firms (Korea)(Kim, 1976, 1980)
Kim (1976, 1980) attempted to identify the firm's external factors that

may significantly affect the creation of technological capability in terms of
the development of new products of the electronic firms in Korea (for the

level of technological capability designed, see Chapter S in our study).’ He

found that various factors can influence the different stages of the

development of industrial technology: (a) the implementation stage (the

role of government (import substitution and market protection policies,
and various government incentive programmes) and multinational firms

(suppliers of technology, technical personnel, capital, equipment and
component parts)); (b) the assimilation stage (consumers (changing needs
of domestic consumers, overseas customers, and distributors),

competitors (new products introduced by competitors)); and (c) the
improvement stage (consumers (and users), competitors (pressure from
competitors and innovative behaviour of competitors)). However, Kim’s
study does not classify technological capability into various elements, nor

does it emphasise the role of owners/managers in the investigation.

Firms in Biotechnology-based Industry, Material Technology-based Industry, and
Electronics and Information-based Industry (Thailand) (TDRI, 1989a, 1989b;
Westphal 1989).°

" Kim (1976) also used a quantitative method to investigate the relationship between technology
innovation and organisational structure (i.e. complexity, formalisation, centralisation, and
integration). However, this method requires comprehensive data from the firms.

® These three studies are in the same series: ‘The Development of Thailand’s Technological
Capability in Industry’. The first one (TDRI, 1989a) reviews the development of Thailand's
technological capability with regard to 'Biotechnology-Based Industries’, while the second one
(TDRI, 1989b) makes a comprehensive overview of three categories of industries (Biotechnology-
Based Industries, Material Technology-Based Industries, and Electronics and Information
Technology-Based Industries), and the third one (Westphal, 1989) analyses the assessment method of
the study. These studies classify the level of technological capability into five levels. Each component
of the technological capabilities of the firms is rated between 0 to 5 (e.g. 5 refers to excellent
capabilities comparable to those leading firms in industrialised countries, 1 refers to poor capabilities
below local average, and O represents no capability). The rating of each type of capability (i.e.

acquisitive, operative, adaptive, and innovative capability) is obtained by averaging the ratings of all
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The findings of TDRI (1989a) indicate that, in the biotechnology-based
industry, large-scale firms tend to exhibit a higher level of acquisitive,
operative, and adaptive capability than small-scale firms. Another study,
TDRI (1989b) also reveals similar findings, but for adaptive capability a

larger firm in electronics and information-based technology appears to
have a lower level of adaptive capability than a smaller firm. Also, the role
of government through investment promotion appears to bring about the
enhancement of operative technological capability. This may be 1n terms
of the use of financial resources gained from the investment promotion

schemes in the required activities (TDRI, 1989b). Moreover, foreign

investors also seem to contribute to the creation of technological

capability, all kinds of technological capability (TDRI, 1989a), and
especially operative capability (TDRI, 1989b). Joint-venture firms may
enjoy advantages in terms of modern organisational systems (management
and administration); information concerning production, marketing and
management; maintenance systems; and quality control systems. In
addition, firms’ external factors, such as output users/exporters, input
suppliers, consulting agencies and technological infrastructure agents
appear to contribute to the creation of the firms’ technological capability
(TDRI, 1989a). However, the TDRI’s studies do not investigate the role
of firms’ internal factors (e.g. firms’ personnel, policy and strategy,
management and administration). Furthermore, they do not investigate the
role of various factors, in particular, in the development of new products

of the firms.

New Case Study of Electronic Firms (Thailand) (Tirapanish, 1991 )
In this study, the current situation of the electronics industry was

reviewed and in-depth case studies of six electronics based firms in

the components of the capability by the research team (including, economists, scientists, and
engineers) (TDRI, 1989b, pp.56, 60).

? This study also categories technological capability into four elements: acquisitive, operative,
adaptive and innovative. The findings of the study were assessed from interviews with managing

directors, factory managers, and/or engineers of the firms covered in the study.
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Thailand was carried out to identify the determinants and environmental
conditions which contribute to the firm-level technological capability
building in the electronics industry in Thailand. In his study, Tirapanish
used the information derived from structured questionnaires accompanied

by analysis of both successful and failing firms. It was found that the

determinants of the firm’s technological capability comprise both internal

and external factors. The internal determinants consist of management
policy and firm’s own efforts, firm’s resource competency, organisational
structure and culture, and internal and external linkages. The external

determinants include government regulations and support system, the
adequacy of quality support infrastructures, the adequacy of human

resources In technology development area, and the availability of related

supporting industry. However, Tirapanish’s study does not assess the
level of various elements of technological capability of the firms, nor does
it explore the role of firms’ characteristics (e.g. size, age, promotion
status, and ownership status). Although it attempts to identify the
determinant factors in the building of technological capability, it does not
compare the levels (scores) of the capability between the firms in the
analysis. Also, it does not investigate the role of the various factors in the

development of new products.

Case Study of an Electronic Thermal Power Plant (Thailand) (Sutdhiyam, 1995)
This study aims to propose a framework for assessing technological
capability of a thermal power plant in Thailand by identifying the strengths
and weaknesses of the electricity generation plant with respect to best
practice elsewhere. The study classifies technological capability into six
categories: transforming, vending, acquiring, modifying, designing, and
generating capability; and it classifies these categories into three levels
(Poor, Average, High) (see Chapter 5 in our study). A qualitative
approach was used to assess such various capabilities. It was found that

efficient planning of operation and maintenance (because of advanced

well-equipped control centres, and coordination between related

functional units) resulted in the strength of transforming capability,
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whereas the limitation of R&D resources and the lack of explicit
objectives to undertake new product and process developments led to
weaknesses of designing and generating capability. However, this study by
Sutdhiyam fails to examine the role of firm's personnel (i.e. manager) in
the exploration of the factors affecting the enhancement of technological

capability of the firm, and, in particular, it focuses only on the public

enterprise firm which the nature of business is different from other firms in

other industries.

The empirical studies illustrated above indicate that the achieved success of firm-

technological capability building is influenced by various internal and external factors

of a firm. These findings are also similar to those revealed by Dalhlman (1984), Enos
and Park (1988), and Fukasaku (1992). Dalhman (1984) indicated that the building
of technological capability in three industries (automobile industry, aircraft industry,
and an integrated steel plant) in Brazil began with the role of foreign investment. In
most cases, the success occurs from the contribution of both internal and external
factors, but there are differences of experience in some aspects. Enos and Park
(1988) found that that the role of the state seems to be the most important factor
bringing about the success of the acquisition of technological capability of the
electronic firms (in Korea). Fukasaku (1992) found that the success of the creation of

technological capability of a Shipyard firm (in Japan) seems to have largely occurred

from various internal factors (e.g. undertaking reverse engineering, problem-solving
and trouble-shooting activities, within-enterprise training, in-house research; learning

from books and journals; and sending personnel to participate in professional

societies). However, firm's external factors like licenser firms, foreign experts, the
role of government (through subsidising and granting tax reduction to sophisticated
modern techniques and easing related regulations), and the cooperation with external
agencies (through learning process between the firms, universities, and other research

institutes and professional societies) also played significant roles.

However, the principal role of the internal and external factors found in different
studies may differ from case to case because the firms in the industries may be

different in terms of their characteristics themselves and the economic and non-
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economic conditions affecting the firms. Moreover, the findings from those empirical
studies may be similar with or different from the others since firms in different
industries may experience and require different efforts. Also, the methodologies used
by the various authors may be different because of many reasons such as the
objectives of the studies, the nature of the firms (and industries) in the study, and the

Iimitations of the studies. Some methodologies may have advantages in some cases,

but they may have disadvantages in the others.

2.6 Conclusion

Typically, most of the technology development in developing countries starts with the

importation of technology. However, for long-term effective technology transfer,
developing countries need to build their own technological capability, the main
elements of which can be classified into four categories: acquisitive capability,
operative capability, adaptive capability, and innovative capability. Moreover, the
firm may also need to produce new products to sell in the market in order to maintain
or improve its long-term competitiveness. Therefore, apart from the emphasis on the
enhancement of the above mentioned elements of technological capability, firms may
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