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transfer process between construction industries in different countries, this thesis
presents findings from an investigation of international joint venture projects in the
People’s Republic of China. The main study was based on a structured survey which
was carried out in Xinjiang, Henan and Jiangsu provinces after a pilot study had been
completed on the huge Sino-foreign joint venture demonstration project at Xiaolaﬁgdi
in Henan province. Both studies adopted a cross-cultural approach to investigation.
An assessment inventory was designed for data collection on the pilot study. This
proved to be useful technique and was modified for the main study. The findings
suggested important implications for the relationship between technology transfer and
economic development. Technology transfer is not obtainable if there 1s too big a gap
in terms of economic development between transfer and transferee. The contribution
of the study has been to confirm that technology transfer cannot properly take place
without knowledge transfer. Moreover, knowledge transfer itself has a number of
components, of which it is argued that explicit knowledge and tacit knowledge
transfer are the most significant. There are a number of mechanisms already 1n place
for explicit knowledge transfer and this research used the term method statement as a
means of investigating their effectiveness. It was concluded that such systems are
generally being used to good effect. Nevertheless, tacit knowledge transfer is
considerably more haphazard and it is in this area that knowledge transfer can falter
and technology transfer can be impeded. This study suggests means by which tacit
knowledge transfer could be ilﬁproved. The outcomes will enable policy-makers
within government, sponsors of projects and executives of companies involved to
address the existing deficiencies and develop more appropriate arrangements for the
transfer of tacit and explicit knowledge. In addition, 1t also leads the way for the

introduction of systematic processes that could be specifically incorporated into

World Bank projects that involve international technology transfer as a major feature.
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Chapter One

Introduction

1.1. Background to the Research

Technology transfer is recognised as the acquisition, adaptation and use of
technological knowledge by an individual, group, or society other than the one that
developed the technology. The concept of technology transfer involves more than the
capacity to acquire new knowledge, or produce improved production processes
(Miles, 1995). It also encompasses the capacities to link engineering and managerial
skills to plan, develop and implement technological capacities to shape and

accomplish the strategic and operational objectives of the host organisation.

Technology transfer has been a subject of considerable interest to many groups, such
as government policymakers, international funding agencies, and business executives,
because of the close relationship between technology transfer and economic growth.
Technology transfer has aroused the interest of academic researchers. Despite all this
attention, however, the concept of technology transfer and mechanisms of technology

)
transfer remains vague, controversial, and inadequately operationalised (Samli, 1985).

Technology transfer is shrouded not only in controversy and emotion, but also in
considerable confusion, owing to the complexity of “technology” itself and the
multiplicity of channels of its “transfer”. A difficulty lies in determining what to
evaluate, since technology transfer has two main dimensions: that from the

seller/transferor to the buyer/transferee, and that relating to the effective diffusion and

application of the technology (Erdilek and Rapoport, 1985).

1.2. Research Problems
The literature review provides a wide and extensive understanding of international
technology transfer, e.g. definition, history, processes and channel of technology

transfer, and problems of measuring technology transfer. In particular, a long
involvement of technology transfer in construction is revealed by the literature

review. With a few exceptions that touch international technology transfer (Abbott,

1985; Carrillo, 1993; Bon, 1997; and Ofor, 2000), little has been done in the research



area of knowledge transfer, in particular, tacit knowledge transfer. However, it has
been clear that the subsequent literature review (Tsang, 1995, et al.; Maitland, 1999;
Holland, 1999; and Egbu, 2000, et al.) of knowledge transfer in terms of explicit
knowledge and tacit knowledge has made the research aims more focused. Hence, the

research problems addressed in this study, are:

* Istechnology transfer appropriately and effectively channelled?

* What is the relationship between technology transfer and economic growth?

1.3. Aims and Objectives of the Research

The research project aimed to investigate the current mechanisms of technology

transfer and the aspects of technology transfer between foreign and local managers
within international joint ventures in China. Its aim was to generate a model for the
effectiveness and appropriateness of technology transfer. The results may ultimately
assist in assessing the efficacy of technology transfer and may inform decision-
makers in the recipient and donor organisations as well as investors such as the World

Bank, who impose contractual provisions that require technology transfer.
In particular the objectives of the current research project are:

e From the literature, to establish a theoretical framework for the tracking of the

technology transfer process;

e To establish the basic patterns of knowledge transfer through a pilot study;
e To evaluate the appropriateness and effectiveness of the study by using a main

study;

e To identify the implications of the relationship between technology transfer

and economic development levels.

1.4. An Overview of China’s Economy

It 1s necessary to have an overview of China’s economic reform as the current

research has been undertaken in the context of the construction industry in China.



The Chinese economy presents a mixture of features of a market economy intertwined
with those of a command economy. A number of key policies made these
achievements possible. The household responsibility system and partial liberalisation
of agricultural prices raised agricultural production and rural incomes, especially in
the early years of reforms. Liberal policies toward non-state enterprises and a gradual
introduction of market forces into the state-owned enterprise sector provided a

powerful catalyst for rapid growth in industrial output, exports and employment
(Stern, 2001).

Despite China's achievements since 1978, the Government faces significant
challenges over the medium term, which can be broadly divided into two sets:
achieving sustainable growth within a stable macroeconomic environment, and
reducing poverty and maintaining a relatively egalitarian distribution of income and

wealth.

1.~|

1.4.1. Twenty Years of Economic Reform

During the last twenty years, China has seen the most remarkable period of economic
growth in modern times. As Stern (2001) pointed out at Tsinghua University,
Beijing':

“China’s development in this period has been characterised by

a sequence of radical changes, although it has been

evolutionary in the sense of building on what went before.

Where the territory was uncharted, the government recognised

that it was unknown and approached reforms with a pragmatic

learn-as-you-go spirit. It did not matter whether the cats were

black or white as long as they could catch the mice - and some

experience was needed to see which cats could actually catch

the mice”.

Stern described the features of Chinese market economy as decentralisation, rural

reforms, and experimentation and innovation with new enterprises. Each element 1s

! Nicholas Stern is a Senior Vice-President and Chief Economist of the World Bank. Twenty Years of
Reform: Achievements, Challenges, and the New Agenda is a speech delivered by him in June, 2001 at
Tsinghua University, Beijing.



crucial to an understanding of how China was able to use its social and organisational
capital to transform the economy and generate growth. The analysis of
decentralisation, the rural economy, and new enterprises provides a context and
rational for China’s successful evolutionary approach to the transition, which may be

summarised in a stylised way in terms of four principles or observations.

e Step-by-step progress: The Chinese experience is that an adaptive process of
transition, proceeding step by step, can retain the soctal and organisational capital
developed in previous stages of development and transform it in ways that

enhance efficiency and productivity.

 Build the road as one travels: It has to be pointed out that there were strong

arguments 1n favour of following such an evolutionary approach.

¢ Climb the mountain by a zigzag path: There is no doubt that the reform path

might be more zigzag than linear.

 Robust solutions: The solutions to problems, as they arise, need not be perfect.
The key is to look for robust solutions, that is, resilient solutions that work

reasonably well across, or can be adapted to, a range of circumstances.

However, when China joins the World Trade Organisation (WTO), there will be great
opportunities and challenges as well, which have been categorised by Stern, (2001) as

follows:

e Enterprises, competition and the investment climate;
e Infrastructure and regulation;
o WTO accession and trade;

e Social protection and pension reform.

With each of these categories, there are institutional posstbilities. However, China as

in the past will choose its own approach and innovate along the way.
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1.4.2. The World Bank’s Forecast about China

The World Bank (1997) reports that China can meet the new challenges and sustain
rapid growth, mainly because of its strengths: relative stability, a remarkably high
savings rate, a strong record of pragmatic reforms, a disciplined and literate labour
force, and growing administrative capacity. These strengths have driven the country’s

growth for the past two decades and can continue to do so over the next two.

China’s continued transformation into a larger, more open economy is likely to have
far reaching consequences for other countries. Similarly, as China makes the
transition into the world economy, it becomes increasingly exposed to external

influences.

The World Bank has made the long term projection that based on current trends
China’s GDP measures on a purchasing parity basis, would become one of the

world’s largest early in the next century. This forecast assumes that a number of

assumptions are fulfilled (Flanagan and Li, 1997):

e The continuation of the reform process;
e A growing ability of the authorities to control macroeconomics developments;
e The ability of relatively underdeveloped infrastructure system support growth;

o A relatively stable political environment.

1.5. From Technology Transfer to Knowledge Transfer

Research into technology transfer has matured from the early period of emphasis on
the technology itself, through general management objectives to the current state of
development where interest has arisen in the appropriateness and effectiveness of the
technology transfer. It has been identified that without knowledge transfer, technology
transfer does not take place as knowledge is the key to control technology as a whole.
Knowledge transfer is crucial in the process of technology transfer. Therefore, the

focus of the research has been shifted from technology transfer to knowledge transfer.

The sequence of the research thought is presented in Figure 1.1, as follows:



Technology > | Problem > | Discover that sustainable technology >
Transfer areas and transfer cannot happen without

Pilot Study knowledge transfer
Investigate > | Discover that explicit knowledge | > | Establish importance I >
knowledge transfer 1s easy to track but only part of of tacit knowledge
in practice knowledge transfer | transfer

| How does this | > Develop model for > | Refine and > | Does I >
occur 1n practice? | improving tacit validate model it
knowledge transfer in Main Stud work?
Improved tacit knowledge transfer facilitates >
knowledge transfer which enables sustainable to technology
technology transfer to take place transfer

Figure 1.1. Sequence of the Research Thought

1.6. Methodology

The research project aimed to investigate aspects of technology transfer and to track
the process of knowledge transfer between foreign and local managers within joint
venture projects in China when they deal with method statement 1n construction. The
design concept of the research project has been a combination of both qualitative
approach and the quantitative approach. Following the literature review, both a pilot
study and a main study were designed to be an integral part of the research project.
Interviews were undertaken during the pilot study in a major joint venture project in
China in order to obtain qualitative data while a structured survey was arranged

during the main study in three sampling regions in a much wider context in China.

A psychological instrument — the assessment inventory was used both in the pilot
study and the main study. It should be pointed out that significant qualitative data
was collected through the interview of twenty-five (25) foreign and local managers in
the pilot study while quantitative data were obtained by analysing four hundred fifty

(450) copies of assessment inventories, which were returned to the researcher.

1.7. Outline of the Research Project

As it has been pointed out in the section of aims and objectives, the study focused on
the investigation of the current mechanisms of technology transfer and the aspects of
technology transfer between foreign and local partners within international joint

ventures in China. Based upon that, the study aimed to generate a model for its



appropriateness and effectiveness. Following the theme, the theoretical framework for
the current research has been built through the literature review of knowledge
transfer. It should be pointed out that it might be easy to define the process of explicit
knowledge while i1t 1s hard to track tacit knowledge transfer. Qualitative data were

collected during the pilot study through interviews. The research model that was built

during the pilot study was further refined and validated during the main study.

As the research title implies, the subject matter encompasses the following fields:

e Technology transfer

e Knowledge transfer
e (Construction industry in China

e International joint venture projects

Therefore, to resolve the expanse of material content, logic and sequence, the outline
and design concept of the study has to be closely related with the above focuses. Each
chapter begins with a brief introduction, then examines problems and issues, and ends

with a discussion.

Chapter One looks at the research problem and issues of technology transfer, aims and
objectives of the current research project, an overview of China’s economy, with
particular examination of how the research focus was shifted from technology transfer
to knowledge transfer. Chapter Two examines the definition, history, channels, theory
and practice of technology transfer, the policies of EC and the World Bank towards
technology transfer, and the measurement and appropriateness of technology transfer.
Chapter Three reviews the definition and the important role of construction,
construction industry in China, aspects of internationalisation of construction industry
In China, issues and options of technology transfer in construction. Chapter Four
examines theories of communication and aspects of knowledge transfer, distinction of
explicit knowledge and tacit knowledge, problems and practicalities in knowledge

transfer, knowledge management programme in construction. Chapter Five looks at

methodological issues that relate to the current research. It examines the concept of

research design and philosophical notions of the study. It explains the methods used



both in the pilot study and the main study. Chapter Six examines the various 1ssues of
the pilot study, the international joint venture projects in China. The analysis and
findings of pilot study data is presented. The different positions of the three
economies have been identified. Chapter Seven examines a comprehensive
comparative study of economic indicators of Jiangsu Province, Henan Province and
Xinjiang Autonomous Region, PRC. Chapter Eight examines the aspects of the main
study that was undertaken in Jiangsu Province, Henan Province and Xinjiang
Autonomous Region, PRC. The analysis and discussion of the main study data are
presented. Chapter Nine looks at the research findings, validation of the research

model, policy implication, and contribution to knowledge. The further research is

recommended.

1.8. Scope and Key Assumptions

The current research project sets its boundaries within the context of the construction
industry in China. Therefore, the pilot study and the main study of the present
research were designed and arranged in China. In particular, the main study was
undertaken in three different regions in terms of economic development in China
while the former was carried out in a major international joint venture project in
China. The unit of analysis of the study was various ‘dyads’ or management pairs
with one foreign element and one local element, and whose roles demand that they
work together (refer to figure 6.3.). From an academic point of view, the study should
generate profound data and useful information. Of the many research works
concerned with technology transfer, relatively few have tried to approach the tracking
of knowledge transfer process, which is the core issue of technology transfer. At
present there has not been much research in the area of knowledge transfer, in
particular, the transfer of tacit knowledge. However, it is believed that the current
research work has provided a systematic and theoretical model that has not existed

hitherto in an area that has attracted little previous research.

The distinctiveness of the research programme lies in developing and validating a
model with which the recipients and donor organisations as well as international
funding agencies can identify the essential ingredients of a particular aspect of

technology transfer, namely the transfer of tacit knowledge. This may enable the



practitioners to address the existing deficiencies in the process of technology transfer

and assist in the development of more appropriate arrangement for the transfer of

management know-how in theory and in practice.

1.9. Summary

This chapter has described the structure of the thesis and laid the foundations for the
report. It has introduced an overview of China’s economy. It presented the research
problem and the justification of the research. It explained the key issues of the current
research project, from technology transfer to knowledge transfer. Furthermore, the
method was briefly described and justified. The thesis was outlined and the

limitations were given. On these foundations, the thesis can proceed with a detailed

description of the research project.



Chapter Two

The Development and the Current State of Understanding of
Technology Transfer

2.1. Introduction

Technology transfer has been a focus of considerable research interest because of its
close relationship with economic growth. It has been assuming an Increasing
significance for both developed and developing countries. In this chapter an attempt 1s
made to establish a clear picture of the definition, theory, channels, measurement

issues, and appropriateness of international technology transfer. Based upon the above
elements, the study will concentrate on the identification of mechanisms of technology

transfer and the processes of technology transfer. Furthermore, the chapter reviews the

approaches and issues in measuring technology transfer.

2.2. What Is Technology

Technology represents the combination of human understanding of natural laws and
phenomena accumulated since ancient times to make things that fulfil our needs and
desires or that perform certain functions (Karatsu, 1990). In other words, technology
has to create things. Miles (1995) defines technology as the means by which we apply
our understanding of the natural world to the solution of practical problems. It 1s a

combination of “hardware” (buildings, plant and equipment) and “software” (skills,

knowledge, experience together with suitable organisational and institutional
arrangement). Technology must be applied and maintained, which implies a demand
for a further input of a suitable range of human resources and skills. It 1s this latter
input that is at the root of the difficulty in transferring technologies between different

environments.

The UN Conference on Trade and Development (UNCTAD) has provided the

following definition:

“Technology is bought and sold as capital goods including

machinery and productive systems, human labour usually skilled
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manpower, management and specialised scientists. Information of
both technical and commercial character, including that which is

readily available, and that subject to proprietary rights and

restrictions.””’

Technology cannot merely be considered as a production factor, and it is not socially
neutral (Mnaas, 1990). It seems fruitful to consider the concept of technology as
consisting of four closely inter-linked elements: namely, technique, knowledge
(normally considered as ‘technology’), the organisation of the production and the

product.

1. Technique
Technique covers the instruments of labour (machinery and tools), materials and the

way they are brought into function by labour in the working process. Both social
dynamic (working process) and social contradictions (e.g. between machinery and

labour) are inherent in this element of the technology as in each of the sub-concepts.

2. Knowledge
Knowledge consists of three principal categories: applied science, skills, and intuition.

The weighting between these categories of knowledge is changing historically, but in
every case an adequate combination of types of knowledge must be present.
Knowledge is the ‘key to control’ over technology as a whole, which can be seen both
at micro-level (Taylorism) and at higher levels of social aggregation (technological

dependency) (Mnaas, 1990).

3. Organisation
Technique and knowledge must be organised before they can bring results.

Organisation is therefore an integral part of technology. Organisation of a working
process may have technical causes, but mostly the actual choice of organisation will
rest widely on social-economic causes and reflect the general social structure of

society.
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4. Product

The ultimate purpose of bringing technique, knowledge and organisation together 1s of
course to obtain a product. Without including this goal, 1t 1s in fact difficult to
understand the other three elements properly. It seems natural to include the product n
a comprehensive technology concept, not least because in practice, the choice of

product often precedes the choice of the technique, knowledge and organisation by

which 1t 1s going to be produced.

Rosenberg and Frischtak (1985) pointed out that the specificity of technology has close
links with the nature of the inputs to its production and of the resulting outputs. In most
advanced countries, at least 60 percent of research & development expenditures are on
development, namely expenditure to develop specific products or production
processes. Table 2.1 represents the distribution of the costs of innovation - excluding
normal investment in plant and equipment in industrial firms. Depending on the
assumptions made, this distribution of expenditures predicts that between 10 and 30
percent of the inputs to industrial technology come from outside industry (mainly
universities and government laboratories), and the remainder from within mdustry

itself.

015%

O research I_develop_ﬁ;e_nt O engineering [ ma_rk__e_t Iauqch
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Table 2.1. Distribution of the cost of innovation (Rosenberg and Frischtak, 1985)

2.3. Technology Transtfer

Technology transfer 1s a crucial and dynamic factor i social and economic

development. Technology has been transferred intentionally or unintentionally.
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Sometimes, a generator of technology has acquired a competitive advantage by
undertaking the dissemination of products, processes and maintenance systems
(Bradbury, 1978). Sometimes, a recipient (or transferee) has done much better than the
original innovator. For example, it was the Chinese who invented gunpowder, but the
Europeans who used 1t and developed it for world conquest. Sometimes the technology

has taken a new form at each transfer, absorbing local traditions of design or local

market preferences.

2.3.1. Definition of Technology Transfer

The two words “technology transfer” seem to convey different meanings to different
people and different organisations. Technology transfer is defined in the Work
Regulations of the United Nations, as the transfer of systematic knowledge for the
manufacture of a product or provision of service (Yu, 1991). It has been defined in
many other ways. According to Abbott, (1985), it i1s the movement of science and
technology from one group to another, such movement involving their use.
Traditionally, technology transfer was conceptualised as the transfer of hardware
objects, but today also often involves information (e.g., a computer software program

. or a new 1dea) that may be completely devoid of any hardware aspects.

The concept of technology transfer is comprehensive, including commercial
transactions and non-commercial technical aid. If this transfer involves any factors that
are beyond domestic control, the transfer takes on an international aspect, the content
of which covers license agreement, technical services, technical consulting, etc..
International technology transfer includes co-operation production, joint-venture

operation, operation of project in co-operation, project-contracting as well (Yu, 1991).

2.3.2. Significance of Technology Transfer

Technology transfer is important not only for world understanding, but also for taking
advantage of progress in different parts of the world in applying modern science to
economic activity. At the same time, technology transfer 1s a shortcut not only for the
Third World countries, but also for all countries in the world. However, success in
technology transfer is related to its appropriateness (Samli, 1985). If the transferred
technology is not appropriate for the needs and conditions prevailing in the receiving

country, no matter how superior or efficient that technology may be, it will be rejected.
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2.4. The Recent History of Technology Transfer

In its broadest sense, technology transfer has occurred since the very earliest stages of
the human development, and social and economic development. Having identified the
definition and the significance of technology transfer, this section examines the recent
history of technology transfer from the 1960s to the 1990s. Knowledge management
that emerged as a focus of business attention in late 1995 ! began to prevail as
technology transfer began to fade since 1990s. Knowledge management and

knowledge transfer has become popular until recently.

2.4.1. UN Conference on Science and Technology

The interest in technology transfer on a global scale can be traced to the early 1960s.
The concept of “technology transfer” was debated during the UN Conference on
Science and Technology (UNCSAT) which was held in Geneva in 1963. The advanced
countries prepared their scientific and technological wares and the developing nations
were expected to pick and choose those aspects that might help solve their
development problems. One distinguished British Nobel Laureate referred to the
UNCSAT as “a supermarket’ (Oldham, 1987). The difficulties of access to technology
and the costs of technology were not seriously considered. In fact the real problems of

technology transfer were hardly discussed at all.

2.4.2. The Organisation of American States
According to Oldham (1987), the Organisation of American States was the earliest to

recognise the developmental importance of technology transfer and initiated their
studies in Latin America. They built on work by Constantine Vaitsos that had already

begun in Colombia and set up a network of studies in most Latin American countries.

2.4.3. UN Conference on Trade and Development

UN Conference on Trade and Development (UNCTAD) is one of the first international
organisations to recognise that there were problems associated with the transfer of
technology to developing countries. In its second conference in New Delhi 1n 1968,

UNCTAD commissioned a paper that used Organisation for Economic Co-operation

' Examples include: The Journal of Knowledge Management, Knowledge Management, Knowledge
Management Magazine, Knowledge Management Review, etc.
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and Development statistics to compare the technological balance of payments between
different countries. Some industrialised countries sold more than they purchased and
their balance of payments was positive, whereas developing countries had the reverse.
Therefore, UNCTAD argued that this ‘invisible’ trade in technology warranted further
study and began a major program to identify the main policy issues about technology

transter, which they feel, should be of concern to Third World governments.

2.4.4. Technology Transfer in the 1970s
The result of the study of technology transfer in Latin America grabbed the attention of
the developing world. With technology transfer, the multinational companies appeared

to be making excessive profits out of their sales to Latin America. Technology transfer
aroused increasing interest of academics. At the same time the issue of technology

transfer had become so politically charged that it featured on the agenda of a meeting

of Latin American foreign ministers.

Throughout the 1970s, technology transfer remained a major political 1ssue (Oldham,
1987). For 10 years UNCTAD tried to negotiate a Code of Conduct on Technology
Transfer which would be binding on both suppliers and recipients of technology. The
debate between government representatives in Geneva’s UNCTAD headquarters
became extremely acrimonious, and much time and money was spent on negotiations

that were eventually fruitless. There was argument over excessive profits and the price

charged for technology transfer between the developed and the developing countries.

At the same time many developing countries set up government mechanisms to
monitor and control the flow of foreign technology. These countries followed what
came to be called ‘defensive’ technology transfer policies. They aimed at improving

the contract terms of those that were permitted entry into the country.

2.4.5. Technology Transfer in 1980s and 1990s - Fear of Competition

The prominent features of the interrelated developments of international technology

transfer in the1980’s are summarised by Singer (1991) as follows:

e Internationalisation of production

e (Globalisation of competition
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e The proliferation of new information technologies and several types of
organtsational innovations relating to design, production and marketing of

industrial goods and services.

In the 1980s, the concerns about contract conditions and terms began to fade as a new
set of 1ssues began to take place. This was mainly caused by the success of such

countries as Brazil and South Korea in competing with their manufactured goods in

international markets. This led companies in the developed world to be even more
reluctant to part with their ‘core’ or essential technologies at whatever price.

2.4.5.1. Technology Transfer and EC Policies

During the 1980s and the early 1990s, European Commission policies and programmes
on technology transfer opened new ways of thinking about innovation support systems
and shaped a number of infrastructures and services for such purpose. The most
important have been contributions from the Strategic Programme for Innovation and
Technology Transfer (SPRINT), the Regional Innovation and Technology Transfer
Strategies and Infrastructures (RITTS), the pilot-action of Regional Technology Plans
(TRP), and recently, the Fifth Community Frame-work Programme for Research and
Technological Development. These programmes have accumulated important
experiences in technological co-operation and created generic tools for technology

transfer and innovation diffusion (Komninos, 1997).

2.4.5.2. The World Bank and Technology Transfer

The World Bank is one of the organisations that are most interested in technology
transfer. It supports the view that the development of local consulting firms can best be
advanced through ventures with foreign firms. In 1993, however, the World Bank
adopted an explicit policy of requiring a commitment to technology transfer from its

contractors to the construction industries of the host country (Abbott, 1986).

The World Bank has an explicit policy of promoting technology transfer by using
international consulting firms to support and strengthen local capacities. The World
Bank i1s now keen to promote technology transfer and frequently advises that foreign
companies will not get contracts of the Bank projects unless they form meaningful

partnerships with local companies (Carrillo, 1993). However, there is a lack of
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mechanisms to ensure real technology transfer. In her study of international joint

ventures, Carrillo’s findings show that international joint-venture between contractors
in the developed and developing countries are recognised as a potential means of
enhancing the construction expertise of nationals of developing countries, and offer

many advantages and disadvantages to its partners.

2.5. Technology Transfer: Issues and Practice

It 1s clear that technology can no longer be regarded as information that is generally
applicable and easy to reproduce and re-use but as a highly differentiated range of
techniques (Tsang, 1997). Neither can technical knowledge only be interpreted in
terms of production technology, as Kogut and Zander (1992) point out. People and
organisations possess socially oriented as well as technologically oriented know-how
(Menzler-Hokkanen, 1995) and a firm’s technologies are embodied in 1ts human and
organisational as well as its physical resources. Successful transfer of hard
technologies often has to be accompanied by the transfer of soft technologies like
management know-how (Hendryx, 1986). These are particularly cnitical since they are

sensitive to local cultural and environmental conditions (Bakuli, 1994).

This section reviews a range of issues and practices of technology transfer, which

covers technology transfer process, channels and evaluation of technology transfer.

2.5.1. Technology Transfer Process

Technology may be transferred between persons, between organisations, from a
research centre or educational institution to enterprises in industries and between
regions and countries. In its most common usage, technology transfer normally refers

to formal and direct arrangements based on an agreement between a buyer and a seller

or a non-commercial arrangement between a donor and a beneficiary. However, a
funding agency can play an important role in the arrangement. Ofori (1994) illustrates

the process of technology transfer between countries as shown in Figure 2.1.

2.5.2. Technology Transfer Channels
As identified by Sharif (1983) the complexity of technology and transfer process,

motivations and the practices of the transferors, attitudes and the abilities of the
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transferees and the government policies are the major issues of technology transfer.

Reddy (1996) identifies six barriers to technology transfer: political, regional, social,

religious, ethical, and economic. After a survey of the literature of technology transfer,

Rapoport (1985) summarised the channels of technology transfer as follows:

Identification of need

Scanning a variety of
technologies to choose
suitable one

Evaluation of
technology for its

appropriateness

Negotiation with
supplier

Transfer through
appropriate channels

Adaptation and

integration into
corporate system

Continuous monitoring
of achievement of
targets

Development of new
technologies

Figure 2.1.Technology transfer process (Ofor, 1994)

Organisation preparation to use
the technology: planning, setting
targets and successful factors,

forming monitoring system

Corrective action
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e Direct foreign investment

e Sale of turnkey plants

e Joint venture

e (o-operative research arrangement

e Export of high technology products and capital goods
¢ Reverse engineering

e Exchange of scientific and technical personnel

e Science and technology conference

e Trade shows and exhibits

¢ Education and training of foreigners

e (Commercial visits

e Open literature (journals, magazines, technical books and articles)
e Industrial espionage

e End-user or third country diversions

* And government assistance programs

The technology lag in the construction industries of the developing countries makes
technology transfer more necessary and potentially viable (Abbott, UNCTC, 1989).
Developing countries should promote strategic alliances, such as joint ventures

between local and foreign contractors in order to develop their construction industries

(World Bank, 1984).

2.5.3. Evaluation of International Technology Transfer

Technology is mainly specific knowledge about highly differentiated products and
production processes that accumulates step-by-step in firms (Rosenberg and Frischtak,
1985). The successful assimilation of technology from outside sources depends on an
in-house capacity not just in research and development, but also in production
engineering. Assimilation invariably involves adaptation, so that the diffusion of an

innovation cannot be neatly separated from innovation 1tself.
The sources, nature, and mechanisms of international technology transfer vary

considerably from sector to sector. In sectors where firms are in general supplier-

dominated, technology comes mainly already embodied in production machines. In
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production-intensive firms, the key technology relates to constructing and operating
large-scale plant and 1s transferred international mainly through know-how
agreements. In sectors supplying production equipment, however, technology is
transferred internationally mainly through reverse engineering and through local
linkages with the production engineering departments in production-intensive user
firms (Rosenberg and Frischtak, 1985). In science-based firms, the key technology

emerges mainly from industrial research and development and in some cases from

academic research.

2.6. Theories of Technology Transfer
This section examines the theoretical issues of technology transfer, which covers the

models of technology transfer, mechanism of technology transfer and approaches and

problems in measuring technology transfer.

2.6.1. A Basic Model of Technology Transfer

Cultural barriers are perhaps one of greatest challenges to a successful transfer of
technology. Penetrating cultural barriers implies the sender’s perceptions as to the
receivers’ needs. As far as the technology transfer is concerned, an important principle

is congruence between the sender, the technology and the receiver.

Needs Transferor Needs
caused barriers

Transferor’s

knowledge of the

Transferee’s

background - markets
- raw materials
- labour
- know-how

Willingness Transferee Readiness - willingness
-caused barriers - ability

Assessment of
| Technology Transfer
Figure 2.2. A basic model of technology transfer (Samli, 1985)
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In fact, technology transfer benefits both developing and developed countries.
Regarding where the technology is developed how it is utilised who uses it and for
what purpose, Samli (1985) considered six dimensions of technology related to the
following specific aspects: such as geography, culture, economy, people, business, and

government. He models technology transfer as shown in Figure 2.2.

2.6.2. Product Life Cycle Theory of Technology Transfer

Walsh (1987) suggests that the typical approach of the foreign organisation is to
attempt to use familiar technologies rather than develop production process skills of
the existing labour force. This approach provides short-term solutions to shortfalls in
indigenous capacity and a residue of the imported technology can be expected to
remain in the country, contributing to a longer-term improvement in capacity. The
extent to which this happens naturally, however, is debatable. Lam (1997) argues that
the difficulties in the transfer of knowledge arise not simply from the tacit nature of
knowledge itself, but from differences in the degree of tacitness of knowledge and the

way 1n which it formed, structured and utilised in different countries.

Technology transfer has played an important role in the international economy and
technological co-operation, the dissemination of science and technology and promotion
of international trade. According to Chen, (1994), the importance of technology
transfer has been one of the main Chinese aims 1n attracting foreign investment. The
unsophisticated technology transferred to China by foreign firms resonates with the
predication suggested by product life cycle theory. The theory states that as the
technology of a product becomes more standardised and static, the product migrates to
lower-income countries where labour cost becomes a more important basis for
comparative than research and development. They were in the final stage of their cycle,

namely the standardised stage, where management skills and labour costs rather than
technical skills, were critical (Chen, 1994).

2.6.3. The Mechanisms of Technology Transfer

Much of the technology developed in industrial countries is freely available to the
underdeveloped countries and constitutes part of the common fund of human
knowledge (Abi-Saab, 1967). This is true not only of purely scientific knowledge, but

also of a lot of specific information concerning production processes. Apart from
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scientific publications, such information can be obtained through academic and
government exchanges, foreign experts, scientific and practical training of nationals
abroad, etc. It can also be acquired by attending international scientific and technical
conferences, meetings or seminars held by the international scientific and technical

organisations or institutions.

In the light of the political and economic conditions of, the countries concerned, the
patterns of transfer of technology from enterprise to enterprise vary enormously.

According to Abi-Saab (1967), transfer of technology can be:

1. Operated 1n the first place from a foreign enterprise to one of its branches or to a
wholly owned subsidiary in the less developed country. In this case, the transter of

technology is part of direct private foreign investment in that country:.

2. Arranged by the patentee to sell the use of the process to a producer in the less

developed country through a license.

3. Operated with 'turn-key' formula. According to which the foreign enterprise
undertakes to build all the installations and the machinery necessary for the

working of the process. The consideration for the use of the process will be part of

the global price.

One basic consideration becomes apparent: as far as technology transfer is concerned,

what counts most is not the legal formula employed to etfect the transfer, but that 1t

directs foreign investment, licensing or joint venture.

The foreign enterprise may be attracted to the less developed countries by raw
materials, cheap labour and access to new markets, but the result will be a dual
economy, as exists in many countries. Moreover, it 1s not enough to work the process
in the country. Real implantation may require its adaptation to local conditions, such as
climate, availability of factors of production, tastes, etc. In this respect, the foreign
staff may learn from their local counterparts as well as teach them. The development of
the product on the spot is thus a very important aspect of the successful transfer of

technology and its implantation (Ramaer,S., 1967).
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2.6.4. Measurement of Technology Transfer

In categorising the conceptual and measurement problems, the key factors are
determinants, channels, and effects of international technology transfer. (Samli, 1985).
What makes the conceptualisation exceptionally difficult is the specificity of
technology in terms of its highly differentiated inputs and outputs. The sources, nature

and mechanisms for international transfer of technology vary considerably from sector

fo sector.

2.6.4.1. Approaches to Measuring International Technology Transfer

There are three approaches in measuring international technology transfer summarised
by Samli (1985) as follows:

1. The macroeconomic approach that restricts its coverage to transfers that generate
monetary payments and receipts and which relies on balance of payments, often

highly aggregated data for their measurement.

2. The microeconomic approach that restricts its coverage to selected specific firms
and/or sectors in terms of case studies and which relies on firm-specific, often

primary data that go beyond monetary payments and receipts.

3. The microeconomic approach which restricts its coverage to patentable technology
information as a proxy for technology and relies on patent citation data for

measuring the international transfer of such information.

It should be pointed that Samli has summarised only the economic measures at both

macroeconomic and microeconomic levels.

2.6.4.2. Problems in Measuring Technology Transfer

It 1s clear that the above literature has built a ground in understanding the mechanism

and process of technology transfer; however, the measurement of technology transfer

1s still a hard task. Samli (1985) pointed out six difficulties as follows:

1. The international flow of public technological information (scientific and

technological journals, patent descriptions) and of firm-specific information (drawings
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and blueprints, operating manuals), are only part of the process of international
technology transfer. They do not capture reverse engineering, the transfer of person or
institution-embodied know-how, flows through academic institutions, or technology

embodied 1n machines.

2. Monetary flows resulting from inter or intra-firm licensing agreements can, in
principle, capture flows of know-how. Patent license can be distinguished from know-
how licenses. Within the latter it is useful to distinguish between sums involved 1n
transferring otherwise secret information and those involved in transferring person-

embodied know-how.

3. For certain important channels of international transfer, there is not sufficient
information available. Therefore, it is difficult to separate out the value of embodied

technology.

4, As has been seen, the assimilation of outside technology always involves
considerable costs to those doing the assimilating and requires activities that resemble

in many ways those necessary for the creation of technology. A good proxy measure of
the capacity for imitation is therefore the level of industnial activity in R&D, and

production. Although there are good data on R&D activities in the OECD countries,

there is nothing systematic on PE activities.

5. Technology license payments in the past were understood to be proxies for
technology imports and industrial R&D expenditures to be proxies for the production
of indigenous technology. This view is mistaken. There are many other channels for
the import of foreign technology than licensing, and industrial R&D activities not only
create indigenous technology but also assimilate and adopt technology of foreign

origin.

6. Even if better data are collected on each of the channels of international technology

transfer, there remains the problem of putting them together in a common measure of

volume and value.
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2.7. Summary

What has become apparent 1s that the cnitical issues of technology transfer between
developed and developing countries should be sufficiently addressed. Much has been
published about the significance of international technology transfer, but relatively
hittle touches on ensuring of effectiveness or appropriateness of the technology
transferred. Furthermore, it has been pointed out by researchers that technology
transfer requirement should be specified in a contract with a highly structured system.
To date no systematic and theoretic model is available to establish the essential

ingredients for this type of transfer.
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Chapter Three

Technology Transfer in Construction Industry in China

3.1. Introduction

Following the examination of aspects the construction industry, the chapter will
review the present situation of construction industry in China. Then the chapter will
address the issues of technology transfer in the construction industry and the
internationalisation of construction industry in China. Furthermore, the chapter will
address technology transfer involvement in construction industry, in particular, the

issues and options in construction technology transfer. Finally, the chapter will

address the technology transfer issues in the construction industry in China.

3.2. The Construction Industry

The construction industry plays a major role in economic development in both
developed and developing countries with its special characteristics compared with
other industries. It undertakes the production of various construction products. In
other words, the construction industry is composed of construction and reconstruction
of housing, infrastructure, the installation of various equipment and facilities, the
surveying and designing of various construction products for various matenal

production entities, and non-material production entities of national economy.

3.2.1. Definition of Construction

Construction is a traditional industry, whose background dictates that 1t has not
developed at the same pace as that of other industries (Scott, Ponniah and Saud,
1997). Whether it is justified or not, this industry is often perceived as old fashioned
and reluctant to come to terms fully with the modemn business world of today. Horner
and Zaja (1991) argue that it would be a loss in competitive advantage if new
management techniques, such as management know-how, are not properly considered
and adopted, no matter how sensible it is that new ideas are not adopted until they

have been tried and tested. Raftery et al. (1998) review recent developments in the

construction industry and identify the major trends that have helped polarise the

financial and technical superiority of the developed countries and the corresponding
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inferiority of the developing countries. Raftery et al. (1998) argues that technology

transfer, in the long run, could be one of the important ways to fill this gap. Joint
venture between multi-national companies and local companies is an effective

approach and preferred vehicle.

3.2.2. Role of Construction

The construction industry plays a major role in economic development in the less
industrialised nations since it constitutes a significant portion of both gross national
product and of employment (Abbott, 1985). Indeed, the creation of physical facilities
constitutes more than one half of the gross domestic investment of both developed
and developing nations. The construction industry also plays a key role in satisfying a
wide range of physical, economic and social needs and contributes significantly to the
fulfilment of various major national goals. The industry’s size, the nature of 1ts
operation, and its presence in every developmental activity make it an attractive area

for the transfer, adaptation, and development of technologies consistent with the

development goals of emerging nations.

3.2.3. Stages of Development of the Construction Industry
The development of a local construction industry follows economic development

fairly closely. Abbott, (1985) identified five basic stages in the development of an

indigenous contracting industry as follows:

1. Foreign firms play important role in construction activity. Foreign firms have the

expertise and local firms do not, or it may be that local firms do not even exist,

except perhaps as informal jobbing contractors.

2. Local sub-contractors begin to develop perhaps to take over small parts of the
foreign contractor’s work. These sub-contractors may be formed by local

entrepreneurs, which are able to supply labour.

3. Local contractors execute small projects Thrs 1s a significant step, for these ﬁrms
are takmg commermal l'lSkS and are probably completmg pro;ects that forelgn

contractors are not 1nterested 1n
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4. Local contractors take over most local work. Perhaps by keeping costs down,
these firms compete successfully with foreign firms, but they also undertake joint

ventures with the foreign firms for larger contracts.

5. Local contractors seek new work abroad. Initially this may mean that the
contractors bid for work in neighbouring countries but there is also the possibility

of bidding for contracts further afield.

It 1s clear that the relative importance and the demand of technology transfer in this
process 1s demonstrated not just at the joint venture stage, but also earlier, since the

transfer stimulates the growth of local contractors and consultants, and there are

consequent passes on effects.

3.3. The Construction Industry in China

China's economy is now one of the largest economies in the world, the rapid
economic expansion has also created one of the largest construction market in the
world (Bon, 1997). The increase in economic activity has generated and will continue
to do so, a heavy demand for construction for at least the next 10 years. Therefore, the
heavy demand for construction, caused by the rapid economic growth, cannot be
satisfied by China's prevailing resources, either physical, technological or managerial.
The construction industry in China has suffered for many years as a result of long
construction cycles, inadequate planning and programming of projects and poor
quality of workmanship. Therefore, an increasing number of construction projects are
promoted for international competitive bidding. In this way, not only can advanced
technology be introduced, but also advanced management practices and methods can

be imported from the advanced countries.

The construction industry in China was not recognised officially as a separate industry
until 1983. In the past, it was viewed as a subordinate part of the Basic Construction
(government investment). Therefore, the construction industry was regarded as
producing no financial value through design and construction activities. The creative
contribution of construction industry to the national economy was completely denied.

In fact, the construction industry plays a very important role in the national economy.
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China has 88, 329 construction enterprises, (including 4, 643 state-owned, 9, 837
collective-owned and 73, 849 rural construction companies), with a total workforce

25 million, about 10% of the total employment of the country (Chen,1997).

Another feature of the construction dimension in China in that there is a large increase
of externally financed projects. In addition to providing project finance, international
funding agencies are keen to address the issues of shortening the gaps between
developed and developing countries, namely increasing the future capacity of the
indigenous industry to meet the demands placed upon it. The principal vehicle for

achieving this 1s technology transfer.

3.3.1. Private Firms in China's Construction Sector

Economic reform is succeeding in China’s construction industry. As a result, China’s
privately owned construction companies now plays an important role in the country’s
construction sector, which produce 60 percent of its output and account for 85 percent
of the sector’s profits. So far, more than 13,000, or more than 28 percent, of China’s
assets- and quality-certified construction firms have undergone structural reforms 1n
accordance with contemporary management standards and practices (Economic Daily,
1999). These companies include 1,844 joint-stock corporations, 7,833 limited
companies, 1,983 solely state-owned enterprises, 1,167 shareholding co-operative

firms, 270 enterprise groups and 23 listed stock companies.

China’s private construction companies now generate RMB 500 billion (US$60.39
billion) in annual output value, which is 60 percent of the sector’s total. These private

firms also produce RMB 10.6 billion (US$1.28 billion) in annual profits-a huge 85

percent of the total for the entire construction sector.

3.3.2. Internationalisation of the Construction Industry in China

With the accession to the World Trade Organisation (WTOQO), as the economic reform
is going to depth, China will be facing both opportunities and challenges. The
construction market in China is becoming more and more internationalised. However,

the following factors are implications of internationalisation of construction industry

in China.
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1. Increase of the Projects Financed by the World Bank
The number of construction projects financed by the World Bank and also by the

Asian Development Bank has been increasing since the World Bank recommenced
the provision of loans to China at the beginning of 1980's. So far, the total amount of
loans provided by the World Bank to China has exceeded US$ 20 billion (Sun, 1997).
There are about 200 projects financed with a loan from the World Bank, which are
widespread in various industries, such as construction, agriculture, transportation,
communication, energy, social and educational development, and so on. Some notable
examples are: the projects of Lubuge Hydro-electric Power Station, Ertian Hydro-
electric Power Station, Jing-Jin-Tang Express Way, and Xiaolangdi Hydro-electric

Network.

2. Project-Contracting Overseas
China has made great achievements in the field of international economic and

technological co-operation, project contracting in the international construction
market. By the end of 1995, there were 578 domestic construction companies In
China which were approved and authorised by the Ministry of Foreign Economy and
Trade Co-operation to undertake international construction project-contracting and
labour service, with a total contract value US$ 50 billion, a turnover US$ 32.1 billion,

a workforce dispatched to the foreign countries 1.104 miilion and a business coverage

of more than 170 countries in the world (L1, 1997 ).

3. Foreign Joint-Venture Investments
Since the reform and opening to the outside world, China has absorbed a large amount

of foreign capital through various channels. By the end of 1996, 283,793 foreign
investment projects were approved in China, with a total contract value US$ 469.325
billion and a total value paid up US$ 177.217 billion. More than 140,000 joint
ventures are in good operation, with a total employment 17 million (Ma, 1997). There
is an increasing number of the multi-national firms in the world which are coming to
China for investment. Among the top 500 large and multi-national firms in the world,
more than 200 have made investments in China. There are 132 large multi-national
firms, which have established offices in Beijing alone. Technology-concentrated
projects have increased because of the coming of the large and multi-national firms.

With the establishment of many Sino-foreign joint-ventures, investment has been
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brought in and greatly increased the number of the infrastructure projects, such as
expressways, water plant, cement plant, power plants; commercial facilities, such as,
department stores, shopping centres, as well as high standard multi-function

buildings.

4. Investment Overseas

At the same time, China has made a large investment in various countries in the world
through 1ts multi-national companies. A lot of companies set up their factories and
built facilities in many countries in the world. For example, China State Construction
Engtineering Corporation (CSCEC), the largest construction company in China, with
22,000 employees, 8 branch companies, 6 design institutes, 1 technical school and 1
training centre, 35 regional branches and 8 specialist branches, has established 63

overseas branches and offices and made investments in many countries all over the

world (Flanagan and Li, 1997).

3.4. Technology Transfer in the Construction Industry

The international construction industry has long been involved with different forms of
technology transfer (Abbott, 1985). For many companies, whether they are consulting
engineers, engineering design organisations or contractors, technology transfer is just
a new term used to describe the training element in foreign construction that they have

often had to undertake.

The nising demand from public and private clients in developing countries, however,
supported by the international aid organisations for a technology transfer element in
contracts let to foreign companies, has led to a new pre-occupation with its defimtion

and implementation.

3.4.1. Construction Technology Transfer Vehicles

During technology transfer the transferor does not always provide the transferee with
solutions to specific problems. As a matter of fact, an effective transfer occurs when
technology 1s requested, transmitted, received, understood, applied, diffused widely
and 1mproved. Ofori, (1994) models the construction technology transfer vehicles in

Figure 3.1.
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Figure 3.1. Construction technology transfer vehicles (Ofor, 1994)

3.4.2. Identification of Appropriate Construction Technology
The suggestions of the World Bank (1979) for the identification of more approprate

construction technologies and techniques are:

e Appropriateness of goal. Does the technology support the goals of development
policy?
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e Appropriateness of product. Is the final product or service delivered, useful,
acceptable and affordable to the intended users?

o Appropriateness of process. Does the production process make economic use of
inputs?

o Cultural and environmental appropriateness. Are the production processes, the
products delivered and the institutional arrangements compatible with the local

environmental and cultural settings (The World Bank, 1976).

A United Nation Development Programme (UNDP) study for determining the most

appropriate construction technologies and techniques has listed the following criteria
(UNDP/World Bank, 1979):

e Amount of local labour incorporated - objective to maximise

e Amount of indigenous material used - objective to maximise

e Functional performance

e Replicability

e (Capital cost

e Lifecycle cost

e Time to implement

e Amount of foreign exchange component - objective to minimise
e Environmental impact

e Social impact

e Economic impact

3.4.3. Patterns of International Trade in Construction

Bon (1997) describes that national economics can be considered in three categories of

countries:
e Advanced industrialised countries ( AIC )

e Newly industnalised countries ( NIC)
e Less developed countries (LDC )
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Based upon the above premises and international survey of construction, Bon (1997)
models the present pattern of international trade and technology transfer in

construction services as shown in Figure 3.2. The arrows in the figure show the

direction of current patterns of trade in construction services.

Figure. 3.2. Present pattern of trade in construction services (Bon, 1997)

Evidence from India, Turkey and South Korea supported the pattern. China is another

example. Since the economic reform in 1978, the Chinese construction industry has

played an important role in the international construction market.

A large proportion of construction activity remains local, regional or national at all
stages of development. The segment of the construction sector that engages in
multinational, continental, or global construction activity may be growing. The global
market In construction services is far from restricted to advanced industrialised
countries. Both less developed countries and newly developed countries already play
important parts in the global market (Drewer, 1990). At present, advanced
industrialised countries may continue providing highly specialised construction
services to newly industrialised countries and less developed countries. These services
may focus on high-technology or capital-intensive project, as well as on highly
specialised maintenance and repair construction, which is growing in advanced
industrialised countries (Bon, 1996). Technology transfer from the advanced
industrialised countries is likely to be based around professional expertise being
transferred to the newly industrialised countries and less developed countries. Indeed

in 1993, the World Bank adopted an explicit policy of assistance to promote the

growth of borrower countries in construction industries (Langford, 1995).
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3.5. Construction Technology Transfer: Issues and Options
This section will address the attitude of the governments, the attitude of the World

Bank 1n terms of technology transfer in construction and the barriers to technology

transfer 1in construction.

3.5.1. Attitude of the Governments
Governments everywhere (and especially in the developing countries), have sought to
control, guide and encourage technology transfer through various means which were

summarised by Ofori (1992) as follows:

e Training components are made mandatory in joint-venture agreements between a
foreign and local partners, in the terms of engagement of foreign compames for
construction projects or in agreements for direct investment by manufacturing

enterprises.

e QGuidelines for licensing agreements are formulated and administered which
prohibit the transfer of certain technologies, outline prices or pricing mechanisms

or suggest terms of contract.

e Support is provided for technical information and extension services to facilitate

the diffusion of technologies.

3.5.2. Attitude of the World Bank

The World Bank encourages technology transfer in the construction industry and
favours the formation of joint ventures, which appear to be the most widely preferred
vehicle of technology transfer in construction. In addition, public, private sector
clients, and leading agencies have supported technology transfer in construction

industry. For example, As far as Xiaolangdi Multi-purpose Dam Project' is

&

! Xiaolangdi Multi-purpose Dam Project, across the Yellow River in Henan Province, PRC, was
jointly funded by the World Bank and the Central Government, It is quoted by the Chinese
Government as a demonstration project for international project management of Sino-foreign joint
ventures. The project, chosen as pilot study, will be further explained in the later chapters.
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concerned, as a condition of providing loan to the Chinese government, the World
Bank strongly suggests (WB, 1994):

e To establish a project management organisation which is able to raise funding and

manage the project independently.

e To establish a management system which could be able to clarify the relationships

of the rights and the responsibilities of the Client, Engineer and the Contractors.

e To make clear that the contracts could be awarded to the Sino-foreign joint

venture contractors so as to create the best international practice and obtain

technology transfer and exchange of technology.

3.5.3. Barriers to Technology Transfer
There appears to be more resistance to technology transfer in construction than in

other industries. The barriers in transfer of construction technology as identified by
Abbott (1985) include:

e Unwillingness of foreign firms to nurture potential competitors in a declining

world market.

e Tendency of technology transfer to add a time and cost element (and managerial

complexity) to the already difficult and risky business of contracting.

e The usual lack of understanding (among foreign enterprises, local beneficiaries

and clients) of what is to be transferred.

e Suspicion of the recipient and the client about usefulness of what is being

transferred.

e Ineffectiveness of previous transfer, as the trained personnel seldom utilise what

they learn.
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3.6. The Current Situation of Technology Transfer in China

Before economic reform, construction industry and other industries in China were

arranged in a ‘block’ format (Flanagan and Li, 1997), where they each had the same
factories making the same products for the customers with the same demands. The
reform from the central planned economy to the market economy saw the break down
of these blocks and the Chinese firms were suddenly faced with international
competition. They had to absorb technology that helps them survive. As a result,

technology transfer has become very important and popular in China.

China’s leader, Deng Xiaoping®, has set targets to achieve a per capita income of
US$4000 (presumably at 1987 prices) by 2049 - the Hundredth Anniversary of
Communist rule - which would rank China among the medium-developed countries in
the world. To achieve this will involve both the importation and absorption of foreign

technology on an unprecedented scale.

3.6.1. Legal Status of Technology Transfer

Since economic reform started in 1978, international technology transfer in China has
been developing quickly. At present, the priority of this work is to introduce new and
advanced technology from developed countries and to export the advanced
technology as well. In order to promote international technology transfer, several
relevant laws and regulations have been worked out, such as, the Technology Contract
Law of China adopted in 1987, the Science and Technology Improvement Law of
China adopted in 1993, Science and Technology Result Transfer Law of China
adopted in 1996 (Yu, 1991). It should be noticed that these policies have a profound
influence on technology transfer in China. In addition, technology transfer has been

one of the main Chinese objectives in attracting foreign investment.

2 Deng Xiaoping (1904-1997), Chinese Communist leader who served as the de facto ruler of China
from 1976 to 1997. Under Deng, who survived two purges before he succeeded Mao Zedong, China
developed into one of the fastest-growing economies in the world. ok ;
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3.6.2. Encouragement of Technology Transfer
The Science and Technology Improvement Law of China encourages enterprises to

carry out technological innovation and the renewal of equipment so as to increase the
scientific and management competence. This law facilitates enterprises to develop
new technology and to strengthen the competitive power in the market, in light with
the demand of international and domestic market. Enterprises can import advanced
technology and equipment from developed countries through technology consultation.
Enterprises are encouraged to develop new products and high-technology products by
applying new technology to participate in the competition in the international market

and to promote the internationalisation of high-technology industry.

The improvement of science and technology in industry, communication, post and
telecommunication, geological prospecting, construction and installation should be

encouraged so as to increase the economic and social results.

3.7. Aspects of Technology Transfer in the Construction Industry in
China

In the process of the internationalisation of the construction market in China,
technology transfer is likely to be involved in the following respects in the

construction industry in China:

1. Project Supervision (Project Management

Since 1988, a supervision system has been introduced for the execution of large and
middle-sized construction projects in the construction industry. A large number of
construction supervision companies were established. Construction supervisors were
trained so as to promote the construction supervision system. However, there still
exist many problems in the process of the execution of project supervision.
Supervisors need to be familiar with the international practices and to be trained to
have a good command of the basic theory of project supervision. The means and
methods need to be improved with wide application of computer technology and
information technology. Therefore, there is a large potential for the western
consultants to provide project supervision management services in the construction

market in China.
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2. Training Services
The project-client's-responsibility system was adopted from 1992. Since then, middle

and large-sized projects must have a client who is responsible for the execution of the
project from the beginning to the end so as to ensure a good investment and economic
return will be achieved. To do the work well still needs a large quantity of
experienced personnel. There are training co-operation programmes between the EU
and China. The China-Europe International Business School has already been
established in Shanghai, to develop co-operation complementary to the efforts made

by Member States in higher education and vocational training.

3. Joint-venture Operation
In the construction market in China, construction activities can be organised in

collaboration with a foreign construction contractor, with whom the Chinese
construction contractor enters into an agreement. Generally, this option is allowed
when advanced technology and management skills are required for major complex

foreign investment projects.

4. Consulting Services
Foreign consulting companies are invited to provide consulting services on the

projects with foreign aid. In the preliminary stage of Xiaolangdi Hydro-electric
Network, for example, a contract was awarded to a leading Canadian consulting

company for the consulting services of feasibility study:.

5. High and New Technology Based Projects

Foreign general contractors have been independently employed in China frequently

on "high tech" turnkey projects. The joint venture investment project of China World
Trade Centre in Beijing was signed in 1986. The project is a US$ 231 million hotel,
office and apartment complex. The contract for the first two phases of the project was
awarded to a leading French general contractor, Societe Auxiliare d'Entreprises

(SAE). One of the main obligations of the contractor was to employ Chinese workers

and provide technical training to the Chinese specialist trade contractors.

6. Projects Financed by the World Bank
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In most cases, the projects financed with a loan from the World Bank are promoted
for international competitive bidding. The Xiaolangdi Hydro-electric Network, the
largest construction project financed in China with loans from the World Bank, is a
model project of the World Bank and the Chinese government. The contract value of

the first phase of the project is about RMB 32 billion (about US$ 4 billion).

3.8. Summary

3.8.1. Technology Transfer: Problems and Solutions

It has been clear that confusions about technology transfer in the construction industry
can be attnbuted not only to a misunderstanding of the concept, but also to the
complexities of comprehending transferee’s need and formulating programmes that
cifectively satisfy these needs. Therefore, satisfactory measures of ensuring
technology transfer is still a hard task due to lack of appropriate data and the diversity

as well as the complexity of the channels through which technology is transferred.

3.8.2. A Framework of Technology Transfer in Construction

Based on the review of the current literature of technology transfer in construction
and the premises of technology transfer models, a framework of technology transfer
In construction has been constructed. It should be pointed out that it is impossible that
this framework will be applicable and functional to all related situations. However,
the model presented here will provide insights into the key components of technology
transfer in construction. The failure or success of technology transfer rests on the
congruence of all the parties concerned. Furthermore, the responsibility for
technology transfer should fall jointly on the funding agency, the transferor, and the
transferee as well as the congruence among all the parties regarding the technology to

be transferred as shown in Figure 3.3.

In this framework, a principle has been addressed that is predominantly important in
the process of technology transfer in the construction industry, namely congruence
among the transferor, transferee and the funding agency regarding the technology to
be transferred. Among all the relevant parties, if a higﬁ degree of congruence does not
exist, the technology will not be transferred effectively.It should be pointed out that

there exists deference towards technology transfer between the public funded projects

40



e e e g—

and the private funded projects. Technology transfer is promoted in the projects

funded by governmental agencies and developmental agencies such as the World
Bank, Asian Development Bank. However, technology transfer seems not as

important as public funded project as far as the private funded projects.

3.8.3. Current Issues of Technology Transfer in China

The construction industry in China still displays characteristics of its origin 1n a
planned economy. However, its structure is not uniform and in fact presents quite a
complex picture. There are state-owned units, nominally collective-owned units
which are in fact also owned by the state and true collective-owned units run by rural
construction teams. Overlaid upon these rather anachronist organisations, are new
generations of construction companies, which can be wholly owned by Chinese,
owned by a foreign organisation or joint-venture between the two. An irony of the
situation is that the most traditional rural construction teams composed of peasants
from agricultural production often out-perform more technically-superior companies.
This is because significant inefficiencies have developed, where the industry has
attempted to keep pace with the rapid economic expansion by transplanting new
technology without the capacity to fully embrace it. It is this sector of the industry that

is struggling to come to terms with technology, which will be the focus of this study.

Developing
funding
agency

and
government

and
culture

Technology

Transferee

Economy and business

Figure 3.3. Technology transfer within good congruence
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Chapter Four
Theory and Practice of Knowledge Transfer

4.1. Introduction

The review of the current literature of technology transfer suggests that technology
transfer may be ineffective or subordinated by other issues of which knowledge transfer

1s the most significant as knowledge is the key to control over technology as a whole

(Mnaas, 1990). A further examination of the current literature of technology transfer
shows that interest in knowledge transfer is at present more popular than in technology
transfer. Sometimes, technology transfer and knowledge transfer goes hand in hand.
Sometimes, knowledge transfer occurs without technology transfer. In most of the

cases, 1t 1s knowledge that flows between the transferor and the transferee. Without

knowledge transfer, technology transfer does not work.

First of all, this chapter addresses issues of communication and knowledge transfer in
construction industry, with particular reference to international joint venture projects.
Based upon the survey of the literature of knowledge transfer, this chapter reports
problems and practicalities of knowledge transfer with particular examination of
various aspects of knowledge transfer in the process of problem-solving and decision-
making within joint ventures projects. The strength of any project decision 1s based on
the knowledge, expertise and project information that informs those making the

decision. The potential for decision-making and problem-solving 1s held within the

knowledge and expertise of the project team.

4.2. Communication and Knowledge Transfer

Communication is a relatively recent academic discipline, and organisational
communication has been an important subject of that discipline since 1950. Because
communication is acknowledged by academics and managers as a major push since
1970 to develop instruments helpful in analysing communication so that we can make
interventions to achieve organisational effectiveness (Downs, 1994). Communication is
a process involving the exchange of message and the creation of meaning, it requires
that at least two people contribute to the ongoing and dynamic sequence of events in

which each affects and affected by the other in a system of reciprocal determination
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(Gudykunst, 1998; Hargie, 1994). Therefore, without effective communication, it

would be impossible to achieve a successful knowledge transfer.

4.2.1. Communication Issues in Construction

Without delving into the intricacies of semantics and linguistics, it is clear that
communications, even on the most fundamental level, poses certain issues. A sends a
simple message to B. Did B understand 4? If not, does A realise B misinterprets the
message? How often does an individual, especially in non-verbal communication, read

a message incorrectly?

No doubt the most efficient way to communicate information from one person to
another 1s orally, face to face. As Austen and Neale (1995) point out that this form of
communication is more efficient because it does not just rely on words: gestures, eye
contact and other forms of non-verbal communication are used. Furthermore, the
communication process relies on interaction between people. Other forms of informal
communication include telephone conversations and hand-written notes, both of which

are effective,

This is especially the case in construction. In construction, specifications are written in
a logical, orderly manner to describe the quality of the workmanship, the quality of the
material, and the descriptive features of the project. As a matter of fact, the
specifications communicate those aspects of the job best described with words while
the drawings communicate those aspects of physical details, locations and dimensions.
Due to the technical sophistication of the message, communication in construction is
seen as a sort of modern hieroglyphics like translating a foreign language (Melvin,
1979). However, construction management requires germane skills of communication
that touches every one in diverse forms. Essentially, that is what construction
management is all about: several groups communicating with each other in the joint

venture teamwork of building a structure.
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4.2.2. Knowledge Management in Construction
It is widely recognised that knowledge management is an important issue In
construction industry. Literature suggests various definitions for knowledge

management. However, Egbu (2000) defines knowledge management as:

“Knowledge management is about the process by which knowledge
is created, acquired, communicated, shared, applied and
effectively utilised and managed in order to meet existing and
emerging needs, to identify and exploit existing and acquired

knowledge assets”.

From an organisational perspective, effective knowledge management is about turning
personal knowledge into corporate knowledge that can be widely shared and properly
applied throughout the organisation in such a way as to create competitive advantage to

the organisation.

It 1s regarded as a subject that suggests that what we have in our minds, such as
intellectual capital, intellectual property, experience, knowledge and information, 1s our
primary commercial resource (Steward, 1998). Frappaolo & Toms (1997) define
knowledge management as a tool-set for the automation of deductive or inherent
relationships between information objects, users and processes while Takeuchi (1998)
believes that knowledge management is about capturing knowledge gained by
individuals and spreading it to others in the organisation. However, the development of
knowledge management as a discipline gives us the opportunity to model the dynamic
Interpersonal process of knowledge transfer. Furthermore, such discussion can help

increase the profile of "people-centred" strategic thinking.

Egbu (2000) argues that lower costs and higher productivity are no longer seen as key
influences on long term corporate competitivenes<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>