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ABSTRACT

This study empirically evaluates the contribution of Technical knowledge transfer
from foreign-based companies to local companies in the Sri Lankan' s manufacturing
sector.

It is analyzed in terms of contributions to the Advanced Manufacturing

Technology transfer (AMT) from foreign-based companies to local companies and how
technical knowledge transfer vary on country of origin of the foreign companies, their
mode of entry, type of industry, employees, usage of AMT, and location. The results of
the statistical analysis show that usage of AMT, country of origin and mode of entry
variables are significant than the other variables. The amount of contributio� in each
firm is measured by summing up the amount of AMT usage, the expatriate managers
working in a local office, number of training program, and number of foreign trainings
offered to the local managers, and Manuals, course materials, books and papers relevant
to transfer of technical knowledge by foreign-based companies to local companies in
host county.
This study has focused on the transfers of largely procedural AMTs related
technical knowledge (know-how) and AMT related equipment rather than on the
transfers of largely declarative knowledge. The study has used multiple regressions
model and artificial neural network model for determining the contribution of AMT by
foreign-based companies in manufacturing processes in developing countries.
Information has been collected from companies operating business in Sri Lanka-a
developing country. This study has analyzed information collected from 1 026 foreign
based companies operating business in Sri Lanka and developed two models
Regression-based model and Artificial Neural Network based model. It was found that
the ANN Model and Regression model guide same prediction of AMT use by foreign
based companies contributing to developing countries.
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I.
1.1

INTRODUCTION

Background

The old paradigm of mass production has long given way to a new one based
upon more flexible Advanced Manufacturing Technologies (AMT) closely linked with
highly competitive organizational abilities.
significant.

The overall potential of AMT is very

Several problematic manufacturing issues can be solved through its

increased use. (Sohal 1 995) New products can frequently be introduced by using its
Computer-Aided Design and Manufacturing systems (CAD/CAM) as it will shorten
design lead-time. The production flows throughout the plant also become smoother and
faster when Flexible Manufacturing Systems (FMS) and Automated Material Handling
Systems are used because set-up time and other interruptions are significantly reduced.
Similarly, highly sensitive computer-based Electronic Data Interchange (EDI) quickly
reacts to information fluctuations and thereby significantly contributes to more accurate
production planning and integrated supply chains. Integrated production control
systems, such as Manufacturing Resource Planning II (MRP II) and Enterprise
Resource Planning Systems (ERP) reduce inventories of raw materials, work-in
progrcss, and finished goods. Tighter control with smooth and flexible manufacturing
system throughout the plant makes the flow more predictable. This system cuts overall
throughput time and also helps in achieving accurate delivery performance.
Improvement in overall quality can also be achieved through automated inspection and
testing, better production, reliable information, and more accurate delivery performance.
AMTs are specifically used for designing, manufacturing, and administrative activities.
Investment in one or several technologies should be associated with simultaneous
investment in supportive mechanisms - such as changing an organization's working
pattern and preventive maintenance mechanism. The concept of AMT can be clearly
1

understood and subsequently successfully implemented by adopting an approach that
structures the field of AMT and describes the patterns of investment as well as the
associated support mechanism.
The appropriate manufacturing technologies can provide the organization with
considerable operational and competitive benefits (AMC 1 990; Sohal 1 995).

The

operational and competitive benefits include improvements in quality, inventory
control, customer lead times, machine use and efficiency, staff efficiency and morale,
and customer image.

Several companies have adopted AMTs for operating their

industrial activities and have gained significantly operational and competitive b�nefits.
For example, some Japanese industries that manufacturing high quality products
involving high cost of production, such as ship building, have successfully gained high
market share and profits by using AMT.
Many researchers have found that companies can gain and sustain international
competitive advantages through technological improvement, innovation, and upgrading.
The use of AMT provides not only operational benefits such. as improved quality;
increased efficiency and shorter lead time but also provide marketing and strategic
advantages.
AMT is different than earlier technologies from the viewpoint of technological
capacity. The AMT are able to increase organizational flexibility. It is programmable
in that it allows production of a wide array of different products or parts in small
volume just by changing software instead of hardware. Global competitors such as
Ford, GE, Motorola, Toyota, and Xerox are focusing on being World Class
Manufactures (WCM) by effectively using AMT. World Class Manufacturers identify
and understand customers' needs all along the value chain. A WCM mindset focusses
on dedication to higher quality levels and greater flexibility, while at the same time

2

reducing manufacturing cycle times, and lowering costs. The manufacturers employing
Advanced Manufacturing Technology (AMT) are often more flexible than their
traditional counterparts because AMT permits them to integrate their product design and
production processes.
The decade of 1 990s has been marked for its highly competitive global business
environment. Therefore, the manufacturing organizations participating in the global
competitive environment are required to adopt highly sophisticated manufacturing
technologies for effective survival and pre-planned growth. Similarly, the globalization,
shortening of product life cycles, increasing consumer sophistication, increasing labor
costs, and volatility in input prices have also created an environment where
manufacturers must become flexible, adaptive, responsive and innovative.
Today, foreign-based companies are investing a high percentage of their funds
into activities related to Research and Development (R & D).

Consequently their

technologies are also changing continuously. In other words, the technology life cycles
have become mucr shorter amongst high-tech industries, specifically in industrialized
countries.

These companies are introducing new products and services rapidly into

Western markets (Baldwin and Diverty 1 995). Markets in industrialized countries are
saturated as well as competitive.

Competition is further intensifying due to

liberalization of trade (GATT agreements), and the development of new global
companies in newly industrialized countries.
Many manufacturing companies in industrialized countries have been moving to
developing countries for a variety of reasons.

They find it difficult to export their

products to large markets in the developing countries by operating their manufacturing
activities in their own countries.

Some of the reasons include relatively high

manufacturing and other related

costs,

3

long geographical distances between

manufacturers and consumers causing delays in reaching to consumers, high import
taxes, and quotas.

The overall high cost of products results in low demand in

developing countries. As a result manufacturers prefer to operate their manufacturing
activities from developing countries to overcome there obstacles. Technology transfer
is one such approach by which these manufacturers can produce and gain access to
markets located in developing countries. Technology transfer refers to a process where
technology is communicated and transmitted by a supplier to a receiver, across national
borders so that the capabilities of the receiver can be enhanced.

In this context,

technology refers to applied scientific knowledge and skills that facilitate the
manufacturing of a product or the performing of a service (Barney 1 99 1 ). Technology
may consist of some of the following categories: product techniques, technical know
how, and business management know-how (Baldwin and Diverty 1 999).
Technology transfer has become increasingly important since successful
execution of technology transfer can provide benefits to the technology supplier and its
country as well as the technology receiver and its country (Bonin 1 972). Through the
transfer of technology, a supplier can obtain access to foreign markets (Buckley 1 997;
Chen 1 996), extend the technology life cycle (Robnison 1 984), recover R&D expenses,
and achieve long-term growth and survival (Barney 1 99 1 ). In tum, the acquisition of
foreign technology allows for the recipient firm to upgrade its capabilities (Dunning
1 99 1 ).

A technology supplying country can obtain funds by supplying matured

technologies to receiving countries and then deploy more resources toward R&D for
developing more advanced technologies. Likewise a receiving country can improve its
standard of living through increased productivity and newly created jobs (Bladwin and
Diverty 1 995).

4

The international transfer of technology is however a very complex, risky, time
consuming and expensive endeavor. This is mainly due to the characteristics of the
technology itself, the characteristics of those who will be acquiring it, and the resources
required for transferring technology. There are some maj or problems and risks involved
in technology transfer. These prominently include: the complexity, sophistication and
dynamism of the technology, the requirement of huge financial resources to select target
countries and suitable technology recipients.

In addition, considerable financial,

human, and physical resources, are required to overcome the low and inferior
technology absorption capacity of the recipient of language differences, differences in
business practices, in rules and regulations, and in economic situations.
At present, the development and use of advanced technologies is considered by
any country a driving force feeding to economic prosperity. This every country, needs
to encourage technology transfer.

This becomes more critical in the current

environment of intensified global competition, rapid technological changes, and
geopolitical uncertainties.
Technology is a broad concept. Advanced Manufacturing Technology (AMT) is
one of the important elements of this broad field. AMT is a key element to a firm's
success (Baldwin and Diverty 1 995). The problem of technology transfer has been
already addressed from many different perspectives.

Very few research studies,

however, have examined AMT as a transfer process to explain how different kinds of
AMT can be transferred across organizational boundaries.
The Multinational Corporation (MNC) plays an important role in transferring and
disseminating knowledge throughout the economy.

One of the hallmarks of the

developing economy of a country is the recognition that the diffusion of knowledge is
just as significant as its creation, leading to increased attention to knowledge

5

distribution networks and national systems of innovation. The MNC and Knowledge
distribution network support the advancement and use of knowledge in the economy
and promote linkages between them. They are crucial to the capacity of a country to
diffuse innovations and to absorb maximum contribution of technology to production
processes and product development.
In this environment, the Foreign-Based Companies (FBC) have a major role in
creating the enabling knowledge for technological progress and for developing a
common cultural basis for the exchange of information. The distribution of knowledge
of a country depends partly on incentives and partly on the existence of institutions of
higher education.

Effective distribution of knowledge, however, also depends upon

investment and development of skills for finding and adopting knowledge. This study
will examine the patterns of AMT transfer from parent foreign-based companies to their
host country companies.
1.2

Specification of the Problem

A striking development in the economic activities of developing countries at the
tum of this century is the assignment of greater importance to .Foreign-Based
Companies (FBC). This means that the parent company will invest capital, knowledge
and products in the host country with a degree of ownership.

In the late 1 980s and

1 990s a number of developing Countries adopted more export-oriented industrialization
strategies, the manifestation of which was the mushrooming of export processing zones
around the world.
Over the last two decades there has been an enormous amount of academic
discussion on the FBC activities in developing Countries.

One such aspect is the

knowledge flow pattern of FBC in developing countries. The FBC is portrayed as a

6

network of transactions in knowledge, goods, and capital among subsidiaries located in
different countries (Teece 1 976).
A widely held view regarding the operations of FBC subsidiaries in developing
host countries is that in establishing an affiliate abroad, they usually prefer to commit
only a small amount of their own capital for initial investment and raise the bulk of their
financial requirement locally (Lall and Streeten 1 977). In some cases, FBCs may have
low cost funds, cheaper labor or special raw materials to exploit. But more and more
multinational company's success depends on its superior management techniques, better
product or manufacturing technologies or operating economies of scale. (Quion 1 969
HBR)
To use Williamson's ( 1 985) terminology, corporate control over a specific
subsidiary can be thought of as a governance mechanism instituted by the corporation to
regulate transactions between it and the focal subsidiary.

It is posited that such

transactions occur along three key dimensions: capital flows, product flows and
knowledge flows. It is now widely accepted in the economics literature that foreign
direct investment by a company occurs predominantly because of a desire to internalize
knowledge transfers. (Caves 1 9 82; Teece 1 976). The Pattern of knowledge transfer
will be different from country to country. Sri Lanka is unique, it ranks high on the
Physical Quality of Life Index (PQLI) and Human Development Index (HDI). In 1 997
the HDI was 0.72 1 (maximum of 1 .0). Sri Lanka has a literacy rate of 9 1 .8% ( 1 998).
Based on these data, there are 1 468 manufacturing foreign-based companies have been
registered from 1 980 to 2002.
The research problem focused on in this section is to assess types of existing
AMT patterns transferred by foreign-based companies to local host companies with
special reference to Sri Lanka. In addition, a set of variables will be brought forward,
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which will explain ( 1 ) determinant factors of AMT transfer (2) determinant factors of
AMT related knowledge transferred by foreign-based companies to subsidiaries of
international corporations and local companies having joint venture with international
corporations and some degree of stock ownership between the local company and
foreign-based companies in the host country.
Within this background, research on Advance Manufacturing Technology (AMT)
has proceeded along primary lines, namely, ( 1 ) AMT equipment transfer from FBCs to
companies in host country. (2) AMT related Technical Knowledge Transfer (AMTKT)
from FBCs to companies in host country.

AMTKT is defined as the nmpber of

expatriate managers, number of local training programs, conducted by expatriate, on the
job training in home country company and materials related to AMT introduced by
home country comdpanies excluding tacit types of knowledge.

AMT equipment

transfer is defined as the AMT related software, hardware and plant & equipment. In
this study, factors with respect to the AMT equipment transfer and AMT related
knowledge transfer are analyzed in two models so that their relative influence on AMT
transfer success can be measured. To date, no empirical study has examined AMT
equipment and related knowledge transfer from FBCs to developing host country, a
deficit in the research stream this study seeks to address.
There are various reasons for the decision to focus only on knowledge flow
patterns.

It is especially transnational FBCs that disseminate capital, product and

knowledge flows across subsidiaries. Transfer of information and of knowledge is part
of every knowledge process and is especially important for international companies.
There is much many research related to the control of capital and product, but there is
lack of research in relation to AMT transfer patterns to developing countries. In the
similar way, the subject of how to manage differences in AMT transfer patterns has not
8

been addressed in either the domestic or the foreign contexts.

Literature on FBCs

reflects an emerging consensus that, in the population of FBCs, the proportion of
complex global/transnational FBCs is rising, especially in less developed countries.
Therefore, analysis of AMT pattern in developing countries will make an important
academic contribution to the society. On the other hand, FBCs are increasingly aware
that universal managerial practices are often not successful across countries (Popp &
Davis 1986) . Und ::rstanding national culture provides much benefit to the FBCs and
the host country.
This study will attempt to identify the present AMT related knowledge flow
patterns of FBCs to a developing host country. In addition, a set of variables will be
brought forward, which will explain AMT transfer between sub-units of international
companies. Findings of this study will enable organizations to design a suitable
framework for acquiring technology from FBCs and identify variables, which influence
the knowledge transfer between corporate units. This will close the gap between AMT
transfer from FBCs to developing country and allow governments to introduce new
legislation for acquiring technology.
1.3

c

Objectives of the Study

The main objective of this research is to measure the contribution of transfer of
AMT across national boundaries with particular reference to Sri Lanka. Transfer of
AMT can be divided into two parts: The quantitative type of AMT transfer and AMT
Knowledge Transfer (AMTKT). This study will address itself mainly to following six
research objectives concerning quantitative aspect of AMT transfer and AMT related
knowledge transfer from developed and developing country foreign-based companies to
host country. In addition to the above objective, some other objectives are as follows:
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(1)

To identify the country that provides highest contribution of the quantitative
type of AMT to the host country.

(2 )

To identify country that provides highest contribution of AMT related
technical knowledge (AMTKT) to the host country.

(3)

To develop models of the relative importance of firm-based factors in AMT
transfer to the host country.

(4)

To develop models of the relative importance of firm-based factors in AMT
knowledge transfer to the host country.

(5 )

To increase understanding of the role of government in the area· of AMT
I

trans:ier from foreign-based companies to Sri Lanka and assist it to make
official policy decision in order to attract more AMTs to the host country.
This study will be a starting point for various projects.
(6)

To categorize the existing foreign-based compames depending on their
intensity of AMT transfers to host country.

1.4

Hypotheses

The main hypothesis is stated in two parts. One is quantitative contribution of
AMT to the host country and the second is the contribution of AMT related technical
knowledge transfer to the host country. The relationship between AMT usage with the
country of origin, modes of entry, and firm-based characteristics leads to the
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hypotheses. The following hypothesis is related to the use of AMT transfer and country
of origin.
Ho 1 : There is no relationship of usage of .AMT between origin of developed country
foreign-based companies and origin of developing country foreign-based companies.
Ha 1 : There is a relationship of usage of AMT between origin of developed country
foreign-based companies and origin of developing country foreign-based companies.
10
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The next hypotheses follow with the use of AMT transfer and modes of entry.
Ho2 : Wholly owned developed country based companies use less AMT equipment than
developing countries wholly owned companies.
Ha2 : Wholly owned developed country based companies use more AMT equipment
than developing countries wholly owned companies.
Ho3 : Maj ority owned developed country based companies use less AMT equipment
than developing countries maj ority owned companies.
Ha3 : Maj ority owned developed country based companies use more AMT equipment
than developing countries maj ority owned companies.
Ho4: Minority owned developed country based companies use less AMT equipment
than developing countries minority owned companies.

.,A

Ha4 : Minority owned developed country based companies use more AMT equipment
than developing countries minority owned companies.
Ho5: Developed country joint ventures use less AMT equipment than developing
country joint ventures.
.
Ha5 : Developed country joint ventures use more AMT equipment than developing
countly j oint ventures.
Ho6: There is no difference among modes of entry of developed country foreign-based
companies with regard to their usage of AMT.
Ha6: There is a difference among modes of entry of developed countly foreign-based
companies with regard to their usage of AMT.
Ho7 : There is no difference among modes of entry of developing country foreign-based
companies with regard to their usage of AMT.
Ha7 : There is a difference among modes of entry of developing country foreign-based
companies with regard to their usage of AMT.
11

The following 8 hypotheses are related to the use of AMT and firm-based
characteristics.
Ho8 : There is no relationship between developed countries wholly owned firm-based
characteristics and transfers of AMT.
Ha8 : There is a relationship between developed countries wholly owned firm-based
characteristics and transfers of AMT.
Ho9: There is no relationship between developed countries maj ority owned firm-based
characteristics and transfers of AMT.
Ha9: There is a relationship between developed countries majority owned firm-based
characteristics and transfers of AMT.
Ho 1 0: There is no relationship between developed countries minority owned firm-based
characteristics and transfers of AMT.
HaJ 0: There is a relationship between developed countries minority owned firm-based
characteristics and transfers of AMT.
Ho 1 1 : There is no relationship between developed countries j oint venture companies
characteristics and transfers of AMT.
Hal l : There is a relationship between developed countries joint venture companies
characteristics and transfers of AMT.
Ho l 2 : There is no relationship between developing countries wholly owned firm-based
characteristics and transfers of AMT.
Hal2: There is a relationship between developing countries wholly owned firm-based
characteristics and transfers of AMT.
Ho l 3 : There is no relationship between developing countries majority owned firm
based characteristics and transfers of AMT.
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Ha1 3 : There is a relationship between developing countries maj ority owned firm-based
characteristics and transfers of AMT.
Ho 1 4 : There is no relationship between developing countries minority owned firm
based characteristics and transfers of AMT.
Ha14: There is a relationship between developing countries minority owned firm-based
characteristics and transfers of AMT.
Ho 1 5 : There is no relationship between developing countries j oint venture companies
characte1istics and transfers of AMT.
Hal 5 : There is a relationship between developing countries j oint venture companies
characteristics and transfers of AMT.
Second part of the study is concerned with AMT related technical knowledge
transfer. The relationship between AMT knowledge transfer with the country of origin,
modes of entry, and firm-based characteristic leades to the 1 5 hypotheses. The first part
of hypothesis is related to the AMT knowledge transfer with the country of origin.
Ho 1 6: The Advanced Manufacturing Technical knowledge transfer from the Developed
country foreign-based companies contributes less from the Developing country foreignbased companies.

,

I

') '1'

Hal6: The Advanced Manufacturing Technical knowledge transfer from the Developed
country foreign-based companies contributes more from the Developing country
foreign-based companies.
The second part of the hypotheses are related to the AMT knowledge transfer with
the modes of entry. This part consists of 6 hypotheses.
Ho 17: Wholly owned developed country based companies contribute less Advanced
manufacturing technical knowledge transfer than developing countries wholly owned
compames.
13
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Ha l 7: Wholly owned developed country based companies contribute more advanced
manufacturing technical knowledge transfer than developing countries wholly owned
compames.
Ho 1 8 : Maj ority owned developed country based companies contributes less advanced
manufacturing technical knowledge transfer than developing countries maj ority owned
compames.
Hal 8 : Maj ority owned developed country based companies contributes more advanced
manufacturing technical knowledge transfer than developing countries maj ority owned
companies.
Ho 1 9: Minority owned developed country based companies contributes less advanced
manufacturing technical knowledge transfer than developing countries minority owned
companies.
Hal 9 : Minority owned developed country based compames contributes more
advanced manufacturing technical knowledge transfer than developing countries
minority owned companies.
Ho20: Developed country joint ventures contribute less Advanced manufacturing
technical knowledge transfer than developing country j oint ventures.
Ha20: Developed country joint ventures contribute more Advanced manufacturing
technical knowledge transfer than developing country j oint ventures.
Ho2 l: There is no difference among modes of entry of developed country foreign-based
companies with regard to their transfer of technical knowledge.
Ha2 l : There is

a

difference among modes of entry of developed country foreign-based

companies with regard to their transfer of technical knowledge.
Ho22: There is no difference among modes of entry of developing country foreign
based companies with regard to their transfer of technical knowledge.
14

Ha22 : There is a difference among modes of entry of developing country foreign-based
compani es with regard to their transfer of technical knowledge.
The last part of AMT knowledge related hypotheses consists of 8 hypotheses.
These hypotheses are related with AMT knowledge transfer and firm-based
characteristics.
Ho23 : There is no relationship between developed countries wholly owned firm based
characteristics and transfers technical knowledge.
Ha23: There is a relationship between developed countries wholly owned firm based
characteristics and transfers technical knowledge.
Ho24: There is no relationship between developed countries majority owned firm
based characteristics and transfers technical knowledge.
Ha24: There is a relationship between developed countries maj ority owned firm
based characteristics and transfers technical knowledge.
Ho25: There is no relationship between developed countries minority owned firm
based characteristics and transfers technical knowledge.
Ha25 : There is a relationship between developed countries minority owned firm
based characteristics and transfers technical knowledge.
Ho26:

There is no relationship between developed countries j oint venture

companies characteristics and transfers technical knowledge.
Ha26:

There is

a

relationship between

developed

countries j oint

venture

companies characteristics and transfers technical knowledge.
Ho27 : There is no relationship between developing countries wholly owned firm
based characteristics and transfers technical knowledge.
Ha27 : There is a relationship between developing countries wholly owned firm
based characteristics and transfers technical knowledge.
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Ho28: There is no relationship between developing countries majority owned firm
based characteristics and transfers technical knowledge.
Ha28 : There is a relationship between developing countries maj ority owned firm based
characteristics and transfers technical knowledge.
Ho29 : There is no relationship between developing countries minority owned
Firm based characteristics and transfers technical knowledge.
Ha29: There is a relationship between developing countries minority owned Firm based
characteristics and transferred technical knowledge.
Ho30: There is no relationship between developing countries j oint venture
companies characteristics and transfers technical knowledge.
Ha30:

There is

a relationship between developing

countries j oint venture

companies characteristics and transfers technical knowledge.
The following hypotheses can be formulated to test the relationship of AMT usage
and Technical knowledge form home country to host country.
Ho3 l :

High degree modes of entry in developed country place a less AMT usage to

host country than low degree modes of entry.
Ha3 l : High degree modes of entry in developed country place a greater AMT usage to
host country than low degree modes of entry.
Ho32 :

High degree modes o f entry i n developed country place a less Technical

knowledge contribution to host country than low degree modes of entry.
Ha32: High degree modes of entry in developed country place a greater Technical
knowledge contribution to host country than low degree modes of entry.
Ho3 3 :

High degree modes o f entry in developing country place a less AMT usage to

host country than low degree modes of entry.
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H a3 3 : High degree modes o f entry in developing country place a greater AMT usage to
host country than low degree modes o f entry.
Ho3 4:

High degree modes of entry in developing country place a less Technical

knowledge contribution to host country than low degree modes of entry.
Ha3 4: High degree modes of entry in developing country place a greater Technical
knowledge contribution to host country than low degree modes of entry.
Ho3 5 : High degrees of modes of entry in developed countries contribute less quantities
of At'\1T than high degree of modes of entry in developing countries.
Ha35: High degrees of modes of entry in developed countries contribute more quantities
of AMT than high degree o f modes of entry in developing countries.
Ho36: Low degrees of modes of entry in developed countries contribute less quantities
of AMT than low degree of modes of entry in developing countries.
Ha36:

Low degrees of modes of entry in developed countries contribute more

quantities of AMT than low degree of modes of entry in developing countries.
Ho3 7: High degrees of modes of entry in developed countries contribute less technical
knowledge than high degree of modes of entry in developing countries.
Ha37: High degrees of modes of entry in developed countries contribute more technical
knowledge than high degree of modes of entry in developing countries.
Ho3 8 : Low degrees of modes of entry in developed countries contribute less techni cal
knowledge than low degree of modes of entry in developing countries.
Ha3 8 Low degrees of modes of entry in developed countries contribute more technical
knowledge than low degree of modes of entry in developing countries.
This concludes the statements of the various hypotheses. This study will now
look at the scope and benefits of the study.
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1 .5

Scope of the Study

Maj or entry mode alternatives include exporting, licensing/franchising, joint
ventures, minority, majority and full ownership.

The scope of the study excludes,

exporting and licensing/franchising because it is not possible to ascertain the degree of
control for the exporting and licensing. The sampling frame consists of only foreign
based companies that are now functioning in Sri Lanka.
1.6

Benefits of the Study

This study is mainly based on an empirical investigation of ways in which AMT
transfer from foreign-based companies to host countries. This study will be helpful in
formulating a policy in some of the countries. Some other advantages are as follows:
(1)

It will help to managers to understand the importance of strategic
technology alliances with foreign-based companies and it will help to
develop technology transfer software to access the firm position before
acquire the AMT.

(2)

It iderLtifies transfer factors will help yield higher competitive advantages in
future.

The study is especially concerned with the intensity of AMT transfer from
foreign-based companies to Developing countries and will identify types of AMTs that
will help managers to better use the potential of their own unit.
1 .7

Layout of the Dissertation

The structure of the study is carried out as relevant to the scope of the study and
the obj ectives of the study. In chapter l , it contains the statement of problems, the
rational for the study, the obj ectives of the study, the hypotheses as stated for the study
and benefits of the study. Literature reviews in chapter 2 investigate relevant issues
related to technology transfer and the history and theory of advanced manufacturing
18

technology. Chapter 3 describes the research methodology taken to answer the research
questions the development of a. model of FBCs in host country and the generation of
hypotheses. Chapter 4 lists results of all empirical analyses. Finally, Chapter 5 provides
the conclusions and recommendations.
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II.
2. 1

LITERATURE REVIEW

Introduction to Technology Transfer

The study conducted by Baldwin, R. J. and Diverty, B. ( 1 995) mentioned that
foreign-ownership was a specific characteristic that was related to the ability of
multinational firms to transfer scientific knowledge from one country to another.
Foreign-ownership is almost always positively related to technology use. Enterprise
size is not closely related to whether a plant uses at least one of the advanced
technologies. Baldwin and Diverty ( 1 995) report that manufacturing establishments
with advanced technology-using plants gain market share at the expense of those plants
using less and enj oy a significant and growing labor productivity advantage. Recent
studies such as Baldwin ( 1 999) have illustrated the increasing industrial and
geographical distribution of Developing Country MNCs (DC MNC).

An

increasing

number of DC MNCs are investing within the industrialized countries, and represent an
important source of capital and technology flow to other developing countries that are
undergoing the difficult process of economic transformation due to structural
adjustment.

(

A0

o1.

Technology transfer is generally examined against the following criteria (UNCTC
1 998): (a) the extent to which technology is diffused into the host country, (b) the
transfer of skills, (c) the stimulation of local technological activities, and (d) the
appropriateness of the technology being transferred. There has been a lack of consensus
of what actually constitutes technology. Technology can take numerous forms but can
be regarded. as consisting of two main types.
(a)

Codifiable Technology: This refers to technology that can be identified,
collated and transmitted from one user to another through the use of
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manuals or may be incorporated into physical tangible assets. These can
again be classified into two categories.
(1)

Tangible assets: consists o f machinery, equipment, spare parts etc., or
what is normally referred to as hardware.

(2)

knowledge:

Tangible

manufacturing

process

Examples

would

include

blueprints,

other

tangible

knowledge

techniques,

associated with a production system, or services including acquisition
of crucial specific resources (i.e. the acquisition of all-intermediate
goods and products). This type of technology is often referred to as
software.
(b)

Non-codifiable Technology forms the second main kind of technology and
consists primarily of intangible knowledge.

This consists of technical

manpower and the intangible assets associated with such skilled labor such
as marketing know-how, product and process design, and adaptive
knowledge.

From the policy-maker' s perspective, technology can be

acquired by domestic firms either through arms-length arrangements by a
local entrepreneur or through the use of external markets by contractual
means. There are any numbers of ways this can be organized. One method
is the use of turnkey contracts with a foreign firm or with consultants to
provide tangible assets and knowledge, or a technical contract with yet
another firm to provide the skills or non-codifiable intangible assets. A
second method is through joint ventures (N) - a complete technology
bundle is provided by the foreign paiiner in exchange for equity and/or
management participation.

21

Various scholars including Lall ( 1 983) and Lecraw ( 1 9 8 1 ) have pointed out that
such finns tend to differ significantly from conventional MNCs in the proprietary
advantage they possess.
manufacturing,

In general, they have tended to operate with small scale

producing

low-volume,

labor-intensive

output

that

is

rarely

differentiated. These firms tend to use second hand machinery as well as equipment
from their home country, which is generally more appropriate (Lecraw 1 997). The level
of technology used by DC MNCs is thus closer to that available in the host country, in
terms of the factor endowments created. This in itself is no revelation given the relative
developmental stages of both home and host country. There is however the argument
that this technology that is transferred by such firms is in fact already obsolete even in
the host country. This implies competition against domestic manufacturers. It has even
been argued that the distinctive modus operandi of DC MNCs, viz., small scale labor
intensive manufacturing, is not necessarily evidence of adaptation of more advanced
technology to suit the factor endowments of the DCs but may in fact be evidence of a
lack of innovative capacity (Lall 1 983).
Baldwin, 1 999 found that firms using advanced technologies in 1 989 enjoyed
higher productivity, profitability, and growth levels in the 1 980s than those firms not
using advanced technologies (Baldwin, Diverty, and Sabourin 1 995) In addition, the
scientific environment differs across industries with certain industries possessing greater
technological opportunities than others.

Previous studies have found pronounced

differences in advanced technology adoption rates.

(Baldwin and Sabourin 1 995).

Evidence also suggests that large and small plants differ markedly in their performance
(Baldwin 1 998) and that one maj or reason behind this difference in performance may
due to the use of technology.
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The literature offers several reasons why large firms tend to have technology
adoption rates high than smaller firms. First, there are asymmetries of information, with
large firms being more informed about new technologies. Small firms are more likely
suffer from a lack of technical information than large firms (Baldwin 1 997). Second,
larger firms tend to have more financial and technical resources at their disposal to
acquire advanced technologies.

Third, production processes of larger firms tend to

facilitate the implementation of advanced technologies more effective by compared to
that of smaller firms.
Foreign-owned firms play a significant role in transferring innovative ideas from
one nation to another (Caves 1 982 and Dunning 1 993). The transfer of innovative skills
is partially accomplished through the adoption of advanced technologies that are first
developed abroad. Multinational firms may, therefore, be expected to be among the
more intensive users of advanced technologies.
Advanced manufacturing technologies, such as Computer Aided Manufacturing

(CAM), Computer Aided Process Planning (CAPP) or Material Requirement Planning
(MRP), carry the potential to meet these new competitive challenges, in the sense that
through their implementation the boundaries between unit or small batch production,
large batch or mass production, and continuous process production (Woodward 1965)
are blurred. This implies that combinations of these three production types may become
feasible (Adler 1 998).
Traditionally, it was assumed that when the technical complexity of the
production process was increased, the flexibility of the organization to respond quickly
and efficiently to changes in volume and design would decrease. It is exactly this trade
off issue of decreasing organizational flexibility with increasing technical complexity
that the advanced manufacturing technologies can relax (Zammuto & O'Connor 1992).
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Jn other words: the basis of competition in manufacturing is shifting from economies of
scale to economies of scope. That is, it becomes feasible to produce a larger variety of
products on the same equipment without extra costs. Large batch, mass production and
even continuous process firms may also adopt features of unit or small batch
pro duction.

This opens up a whole array of new strategic opportunities in which

elements of cost and differentiation strategies can be exploited simultaneously. With
the arrival of new manufacturing technologies, the traditional or strategy choice may be
changed into an option.

This would imply that Porter's ( 1 980) famous stuck-in-the

middle argument is loosing relevance: the middle operates feasibly at both the left (cost
reduction) and right (product differentiation) of Porter's generic strategy dilemma.
The potential benefits of advanced manufacturing technologies, however, do not
come automatically to those firms that implement them (Jaikumar 1 986; and Meredith
1992).

Many studies have indicated that investments in advanced manufacturing

technologies alone are insufficient to obtain the potential benefits if the organization
does not possess adaptive capabilities in other functional areas (Jaikumar 1 986;
Zammuto & O' Connor 1 992).

Since the introduction of advanced manufacturing

technologies changes the nature of the contributions expected from employees, the
ability of these employees to create new knowledge and acquire new skills seems to be
a critical success factor (Nonaka 1 994).
Empirical

studies have found some evidence that enterprises importing

technology under licensing spend more on R&D than their foreign controlled
counterparts, holding other factors constant. It is evident that Japan and South Korea
acquired much of their technology from abroad under contractual means with
controlling equity stakes.

That allowed Japanese and Korean enterprises to absorb,

adapt and improvise technology for their own exporting effort.
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Given the trends towards increasing globalization of markets and of production,
the globalization of technology remains a subject of considerable interest to analysts
and policy makers in the 1 990s. The empirical observations from Pavitt ( 1 985) on the
pattern s of technological activities of large firms outside their home countries is
signific ant.

His findings are based on a systematic analysis of the US patenting

activitie s of 220 of the most internationalized firms in terms of their technology in the
1980s. Although firms are active outside their home countries in the "high technology"
fields (such as computers, Pharmaceuticals, Telecommunications, Image and Sound and
Materials), quite a sizeable proportion of their foreign activities are concerned with
process and machinery technologies.

Moreover, a comparison of the technological

advantage of the company at home and the advantage of the location shows that in a
large majority of cases, firms tend to locate their technology abroad in their core areas
where they are strong at home.

These results suggest that adapting products and

processes and materials to suit foreign markets and providing technical support to
offshore manufacturing plants remain major factors underlying the internationalization
of technology. They are also consistent with the notion that firms are increasingly
engaging in small scale activities to monitor and scan new technological developments
in centers of excellence in foreign countries within their areas of existing strength.
However there is little evidence to suggest that even these most internationalized firms
routinely go abroad to compensate for their weakness at home.
According to the litera�e, foreign investment allows the host or recipient to
acquire AMT. As Dunning ( 1 988), Gupta and Govindarajan ( 1 99 1 ) have observed, that
many differences in corporate control across foreign subsidiaries, and they have done
more extensive body of analysis and findings in this area of technology transfer.
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Especially, Gupta and Govindaraj an have separated three types of knowledge flows;
Global Innovator, Integrated player, implementers and local Innovator.
With the Global Innovator, the subsidiary serves as the fountainhead of
knowledge for other units. The integrated player role is similar to the global innovator,
but it implies a responsibility for creating knowledge that can be utilized by other
subsidiaries.

In the Implementers role, the subsidiary engages in little knowledge

creation of its own and relies heavily on knowledge inflows from either the parent or
peer subsidiaries. Finally, the local Innovator role implies that the subsidiary has almost
complete local responsibility for the creation of relevant know-how in all key functional
areas. This study will concentrate on soft variables, which are assumed to yield higher
competitive advantages in the future rather than hard variables like existence of
knowledge management.
2.2

Multination11l Companies in Less Developed Countries

-

Multinational Corporation (MNCs) in the less-developed countries (LDCs) have
changed their strategies considerably. The positive role these firms can play in the
development process of host LDCs is now generally admitted, even if grudgingly by
some.

At one time the direct investment activities of foreign firms generated a

passionate debate over the activities of the multinational and came under a storm of
criticism, mainly from Marxist academics, proponents of the dependency theory of
underdevelopment, and partly from some LDC governments. (Vernon's 1 976, Storm
Over the Multinationals) To many Marxists the very presence of MNCs in the Third
World could not be conducive to the economic development of LDCs. Such firms were
or still are seen to be instruments of international capitalist exploitation. Economic
development, according to these critics, could only come from investment of indigenous
capital, almost in direct contradiction to earlier theories of foreign direct investment,
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which emphasized mainly the positive contribution of foreign firms to economic
development.
By the mid- l 970s, inconsistencies in both the criticisms and praise of the
activities of foreign firms in LDCs had become quite glaring, as depicted in the
introductory paragraph of an article in The Economist (24 January 1 976: 68):
It [the MNC] fiddles its accounts. It avoids or evades its taxes. It rigs its intra
company transfer prices. Foreigners run it, from decision centers thousands of miles
away.

It imports foreign labor practices.

It overpays.

It underpays.

It competes

unfairly with local firms. It is in cahoots with local firms. It exports jobs from rich
countries. It is an instrument of rich countries imperialism. The technologies it brings
to the third world are old-fashioned. No, they are too modem. It meddles. It bribes.
Nobody can control it. It plays off governments against each other to get the biggest
incentives. Won't it please come and invest? Let it bloody well go home.
Many empirical tests of the negative claims made against foreign firms have
failed to confirm them (Vernon's 1 976). These claims include the alleged exploitation
of local labor, adoption of excessively capital-intensive techniques, non-responsiveness
to local factor market conditions, and choice of inappropriate technology, extraction of
development capital through repatriation of excessive profits, and the creation of
inappropriate tastes in the Third World (Vernon's 1 976).
One of the major contributions MNCs make to the economic growth and
development process of host countries, particularly in LDCs, is the introduction of new
technology-improved products and techniques of organizing firms, including production
and marketing. Such new knowledge is created in anticipation of greater profits from
the savings in costs or the increased production that it makes possible. Although part of
the b enefits from the use of such knowledge is appropriated by MNCs in the form of
27

-

royalties or license fees, factor owners in the host country also gain from the increased
income, the greater availability of improved products (goods and services) or their
cheap er prices due to the use of new knowledge. Furthermore, to the extent that local
firms are able to imitate the technology of MNCs, indirect advantages are conferred on
the population of the host country.
Although most analysts are clear about the difference between technology and
technique, the concepts tend to be used interchangeably in many discussions. To attain
superior profits in an overseas market, a firm should successfully commercialize goods
in the local marketplace. For the successful commercialization of the goods, the firm
can consider two alternative strategies. The first strategy is to acquire supenor
technological knowledge and build technology leadership in the host country.
Technology, or technological knowledge, is generally defined as "knowledge
about how to produce a cheaper or better product at given input prices, or how to
produce a given product at a lower cost than competing firms" (Caves 1 996: 3). Such
knowledge takes the forms of a patented design and process, or of know-how shared
among the employees of a firm (Caves 1 996). Technological knowledge is one form of
intangible asset that can serve as a source of competitive advantage when it is valuable,
not imitable, and not substitutable. Since a new technology often creates a new product
yet diffuses slowly to competitors, the pioneer of the technology can gain market share.
This is because competitors are often bound by existing routines and sunk costs and
remain committed to an outmoded technology (Levitt & March 1 988; Nelson & Winter
1 982). When a firm can exploit technological knowledge across borders without losing
its value, and the advantages generated by this knowledge outweigh its liabilities of
foreign supplier of technology, the firm can build a strong competitive position in a
loc al marketplace (Caves 1 997). Previous studies have suggested that, when engaging in
28

�L

Gabriel 's Library, Au

FDI, firms tend to transfer technology that is newer, more advanced, and more related to
their core business (Davidson & McFetride 1 985; Kogut 1 996). Other studies have
suggested a positive association between a parent firm's research and development
expenditure and the market value of a given foreign subsidiary. These studies suggest
that strong a commitment to technology transfer lead to superior subsidiary performance
in the local market.
2.3

Technology Transfer

Transfer of technology is, however, neither easy nor automatic.

Kogut and

Zander ( 1 992, 1 993) suggested that the efficiency of knowledge transfer within an
organization varied depending on the tacit ness of the knowledge. On a different note,
some studies have explored the factors that constrain knowledge transfer. Cohen and
Levinthal ( 1 990) argued that the successful diffusion of innovative knowledge requires
recipients to have a high degree of absorptive capacity - the capability to acquire,
assimilate, and exploit information regarding appropriate innovation. Szulanski ( 1 996)
examined 1 22 transfers of best practices in eight large companies and found that the
internal transfer 0f knowledge was significantly constrained by a recipient's lack of
absorptive capacity, causal ambiguity, and an "arduous" relationship between a source
and recipient.
It should also be noted that technology transfer influences subsidiary performance
not only because a transfer is difficult or costly but also because the transferred
technology may not always be successfully commercialized in local marketplaces
(Teece 1 986).

Teece ( 1 986), for example, suggested that the level of technology

�ppropriateness, the existence of a dominant design in an industry, and the presence of
complementary assets were critical conditions for successful commercialization of
technology. Both the capability to transfer technological knowledge into a new local
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market place and the capability to profit from the commercialization of the transferred
technolo gy are highly specific to and owned by particular individuals within a firm.
Technolo gy transfer, therefore, often occurs through the expatriation of specialized
technical staff members who share both the knowledge of the technology and the know
how needed to apply it to commercial ends. This specialized technical staff is more
critical for the commercial success of an entry when the technology is highly tacit
and/or its commercial application is difficult and complex.
In today's sophisticated world, not all - necessary knowledge should be developed
internally. All developing countries and their industrial clients, for example, acquire
this through partnerships, alliances and j oint ventures.
Corporate America has begun to wrestle with how it should develop and
implement knowledge strategies to achieve growth and shareholder value. A number of
companies have appointed chief knowledge officers. Knowledge is now the key to
growth and shareholder value. Over the last 200 years, it has been told by different
economic philosophers that value is created by land, labor and capital. Each had its part
to play in economic development and the allocation of resources. But today, Peter
Drucker suggests people are moving into a post-capitalist society where knowledge is
the primary source of value. It is no longer possible to run our companies without
believing that some unmanaged thing called knowledge will position us for the future.
The United Nations, defines a multinational firm as an enterprise that owns
production or service facilities in one or more countries other than one in which it is
based. Such enterprises can operate in extractive, agricultural, industrial sectors. A
developing country multinational refers to a firm that is located in one of the service
sectors.
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Lecraw presents the findings of a study he conducted in the ASEAN region. In
this study, Lecraw collected data about twenty-three subsidiaries of DC multinationals
and compared their structural and behavioral characteristics with those from the
industrialized nations. His findings indicated that as compared with the subsidiaries of
multinationals from industrialized nations, the DC firms were smaller in size, used more
labour-intensive technologies, imported fewer inputs, exported less to foreign countries,
had greater local equity participation, and were perhaps more profitable. Moreover,
these firms produced unbranded, low-quality products and competed on the basis of
price. While Lecraw rightly advises great caution in making generalizations from his
limited sample, it should be noted that these findings are essentially in accord with
previous research. Lecraw suggests a modified version of the product-cycle theory as a
partial explanation for the internationalization of DC firms. Lecraw also examines the
possible effects of competition on the profitability attained by multinationals. His data
suggest that while rivalry among the multinationals reduced profitability, DC-based
firms did not actively compete with their counterparts from the industrialized nations.
They generally operated in different fields. Thus Lecraw concludes that these firms
have limited countervailing power against firms from industrialized countries.
Many economists assume that knowledge "spills" across company boundaries.
Previous studies of knowledge-sharing behavior have focused largely on manufacturing
intensive industries with a slow pace of technological change, in particular, the steel
industry. Von Rippel ( 1 988) finds ample evidence that private-unrestricted know-how
trading occurs in the US steel mini mall industry. An industry with a slow pace of
technological change.
Many researchers have discussed, private knowledge - sharing in the
semiconductor industry differs, both, from patterns in the steel industry and across
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countries. The findings show that public sources of knowledge sharing are much more
prevalent in the semiconductor industry than found by previous studies of the steel
industry. The survey data also show that firms in the US semiconductor industry rely
more heavily on private sources of technical information than their Japanese
counterparts.

Semiconductor workers in the US are approached more often for

technical advice or technological information and more apt to fulfill at least one request
per year.
Kim Linus has pointed out that technology may be transferred across national
boarders through formal mechanisms such as licenses. Technology is also transferred
through literature, observation tours, sample products, and the mobility of personal with
new knowledge. The Samsung company has taken as a case study, and it shows that
formal licensing played a central role in the initial stage, but informal mechanisms
appear to have played even more important roles in the later stages as the technology
recipient accumulated its own capability.
Formal licenses may transfer knowledge to technology recipients, but it is their
own knowledge that enables them to assimilate and improve transferred knowledge.
Knowledge may be transferred but the capability to use it cannot. For this reason, it is
essential for a company to build its own tacit knowledge before, during, and after
technology is transferred in order to make most out of the transferred technology.
Clarke R. ( 1 989) has discussed that in a sophisticated world, not all-necessary
knowledge should be developed internally. All industrial clients require partnerships,
alliances, and joint ventures. For virtually all knowledge elements, there is a depth of
understanding that the ideal company will not go beyond.

The sources of the next

levels of depth must be known. Corporate America has begun to wrestle with how it
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should develop and implement knowledge strategies to achieve growth and shareholders
value. A number of companies have appointed chief knowledge officers.
There has been a growing recognition of the importance of the International
movement of tacit knowledge in general, and high-skilled labor in particular.
Contemporary production processes rely increasingly on the acquisition and deployment
of these high-skilled workers. Often, specific kinds of tacit knowledge are not available
domestically and locally and are therefore imported from abroad.
Conventional industrialized countries MNCs are large in size with relatively
capital-intensive manufacturing processes, high level of skill, differentiated products
and advanced marketing techniques. As such there is rarely an immediate problems to
these firms competing with domestic firms. Various scholars including Wells (1 983),
Lall ( 1 983) and Lecraw ( 1 9 8 1 ) have pointed out that such firms tend to differ
significantly from conventional MNCs in the proprietary advantage they possess. In
general, they have tended to operate with small scale manufacturing, producing low
volume, labour-intensive output that is rarely differentiated. These firms tend to use
second hand machinery as well as equipment from their home country that is generally
more appropriate (Lecraw 1 977).
The level of tech.i1ology used by DCMNCs is thus closer to that available in the
host country, in terms of the created factor endowments. This in itself is no revelation
given the relative developmental stages of both home and host country.

There is

however the argument that the technology that is transferred by such firms is in fact
already obsolete even in the host country, or that is sufficiently similar to that already
possessed by local manufacturers through external markets and these makes no
difference. This infers therefore that DC MNC' s are in fact not providing technology
but capital supporting facilities and therefore compete against those domestic
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manufacturers.

It has even been argued that the distinctive modus operandi of DC

MNC's, via small scale labor-intensive-manufacturing, is not necessarily evidence of
adaptation of a more advanced technology to suit the factor endowments of the DCs but
may in fact be evidence of a lack of innovative capacity (Lall 1 983).
Recent studies illustrate an increasing number of MNCs, although like
industrialized country MNCs, an increasing number of DC MNCs are investing within
the industrialized countries (Narula 1 995), they nonetheless represent an important
source of capital and undergo the difficult process of economic transformation due to
structural adjustment.
2.4

History of Production Technology

The period between the two World wars, and directly after the second, was the era
of flow production.

The core of the philosophy behind it rested on several

characteristics presumptions. First, that production should be organized in a manner
that allows the maximum exploitation of advantages from economies of scale. Second,
that efforts should be directed to improve efficiency and find out the ways and means of
increasing output.

Third, that the standardization of the production and kept to a

minimum product differentiation. All these three presumptions together determined
production technology, production, and the organization of the workforce.
In the sphere of technology the first and foremost concern are that raw materials
and semi-manufactured products must keep moving.

Second to this came the

conviction that production should above all make use of low maintenance production
equipment. Machines were designed to function at high speed 24 hours a day. These
machines were designed to carry out brief tasks, which varied only to a small extent, as
links in a chain of operations that turned out large numbers of standardized products. In
other words, the choice of technology was dominated by high degrees of inflexibility
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and economies of scale and of standardization.

The key elements in production

technology during this period were learning curve cycles and task specialization.
To obtain the economies of scale that were regarded as the driving force behind
increasing productivity, certain organizational arrangements were adopted that had a
pronounced departmentally oriented character.

These were centralized decision

making, large-scale production units, perfectly balanced production lines in 24-hour
service, standard products with as few in-process variations as possible, and an
extremely high level of stability in performance. The general belief was that optimal
economic control was best served by the centralized control of the production process
itself. This was to assure a maximum degree of predictability. The separate stages in
the sequence of the production process and their results were known, and apart from the
shop floor management no other source of influence was allowed to concern itself with
the progress of the process. This centralization implied a hierarchically structured type
of organization with a large degree of functional specialization by which the production
process was split up into numerous separate tasks performed by persons each of whom
had to do only one job .
Throughout this period the notions about the organization of work that i s about
tasks and responsibilities were in fact variants of Taylor' s ideas on scientific
management. Jobs and tasks and people' s working lives were treated as the residual
factor of the relationship between machines and products (Child 1 984: 2 1 ). The key
concept was optimal social controllability.
For a description of the social and political circumstances in Western Europe
.during the 1 95 0s and 1 960s, it may be useful to employ Blackburn's term Fordism. It
should be noted that many writers confuse Fordism with Taylorism, taking the two
terms to be synonymous.

They are referring to the specific technological and
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organizational combinations, which are manifestations of the Taylorist approach but do
not recognize that Taylorism is in fact only one facet of the much wider phenomenon of
Fordism.
A most important feature of Fordism is mass production. The direct consequence
of Fordism was that as the volume of production increased, per unit manufacturing costs
fell, and the fall in cost was passed on to consumers in reduced prices. Halfway through
the 1 960s, the flow production philosophy began to be superseded by the philosophy of
island automation. The conviction was gaining ground that to sub-divide tasks minutely
was not enough, but that related tasks must organizationally be clustered together into
more or less autonomous, quality control, planning, stock control etc.

These were

matched by as many new management functions, and the earlier process mentality was
superseded by a functionally oriented way of thinking.
2.5

Introduction to Computer Related Production Technology

Technologically this was the period of the new principle of Numerical Control
(NC).

Numerical control means the operation of a machine by a series of coded
'

instructions consisting of ciphers, letters, and special signs. The principle was
developed shortly after the World War II, under the influence of the American Air
Force. The numetically controlled machines came in significant numbers in the 1 960s,
and then became the dominant concept in machine design.

Early NC development

involved only the automation of single operations, but with the coming of reprogrammable machines that were capable of performing several operations, processing
centers were created. Soon the NC technology resulted in the mechanization and or
automation of an ever-growing number of functional operations. It became the most
significant characteristic feature of production technology in the 1 960s.
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Initially the new technology led to inflexible automation.

All the switching

functions were constructed mechanically in the wiring and caused prolonged
changeover times. Later the problem was slightly alleviated by the development of
something called group technology, namely the grouping of components according to
certain similarities in the manner in which they were to be processed. This facilitated
greater standardization in all production departments.

At least in small batch

manufacturing such a group technology layout became dominant in the 1 960s and the
1 970s.
To begin the organization of production, the logistical adoption to the new
technological opportunities, was entirely determined by the high purchasing price of the
new equipment. Relatively, the hardware was so expensive that the constant use of the
machines became a crucial factor in the organization of the production process and
reinforced the pattern of functional organization.
Vernon ( 1 996) began to discuss the problems involved in the transfer of
manufacturing processes: Manufacturing processes which receive significant inputs
from the local economy, such as skilled labor, repairmen, reliable power, spare p arts,
industrial materials processed according to exacting specifications, and so on, are less
appropriate to the less-developed areas than those which do not have such requirements.
2.6

Adaptation in Technology Transfer

Vernon concluded that firms would either vertically integrate to overcome such
supp ly problems, or choose products which were more transferable, such as those which
did not require the local conditions mentioned above. Taking a largely economic
persp ective, Mason et al. ( 1 98 1 ) Identified variables affecting technology choice for
transfer as: market size and growth, labor and capital costs, range of technology
available and prospects of technology obsolescence.
37

Literature on technology appropriateness typically suggests factors that to
improve the fit with host characteristics and socio-economic obj ectives. Pack ( 1 98 1 ),
for examp le, focuses on labor substitution, identifying appropriate technology as that
which maximizes output and employment simultaneously.

This approach to

appropriateness is too narrow to be of much value to transfer practitioners assessing a
manufacturing process or choosing a location. A wider view of appropriateness should
draw in all the factors that have some impact on the operation of a manufacturing
process in its new location.

In his work on location decisions, Schmenner (1 982)

summarized the factors which managers might cop.sider: markets, suppliers and
resources, government, competitive and environmental considerations, interaction with
rest of the corporation, labor, site attractiveness, taxes and financing, transportation,
utilities and services.
Work on the adoption and adaptation of manufacturing philosophies by less
developed countries (LDCs) provides useful material for the search for factors
influencing adaptation.

Lee and Yang ( 1 998) claim that the simplicity of Japanese

techniques and their low capital investment requirement makes them ideal for LDCs,
requiring only training, Hence, initially one would assume that Japanese methods are
appropriate for LDCs. However, they do mention caveats, for example: workers in
LDCs often lack inherent housekeeping tendencies, capability in tool making and
quality measurement, and individuals are frequently culturally averse to assuming
resp onsibility and the burden for troubleshooting.
Authors identifying obstacles to the adoption of Japanese manufacturing methods
in LDCs, namely, suggest more adaptation influencing factors: employee and suppler
particip ation (cultural and infrastructure), educational level, labor costs, unionization,
and firm size (Baldwin and Gagnon 1 993).
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F actual evidence of the factors affecting manufacturing process adaptation is
uncommon, but a number of empirical studies have identified a lack of host managerial
know-how, lack of infrastructure, poor IPR protection, governmental requirements, and
commercial habits as barriers to transfer (Abo 1 994; Hongyu et al. 1 995; Spender
1 989).
2.6 . 1 Adaptations Required to Facilitate the Transfer Process
A manufacturing process may need to be adapted to facilitate its transmission and
assimilation. With host-dependent characteristics accounted for in the previous section,
the factors influencing adaptation to improve ease of transfer can be more clearly
identified in the literature. Vernon ( 1 966) alluded to skilled labor and repairmen as
issues to be of concern to transferors.

This begs a deeper investigation of the

knowledge elements of manufacturing process transfers.

�

Knowledge is recognized as a significant element of manufacturing process
transfer (Davies 1 977), but has proved a nebulous concept for discussion. This includes
know-how, and know-why, tacit and explicit, and organizational learning. Teece ( 1 9 8 1 )
provides a comprehensive and practicable exploration o f the problems and costs of
knowledge

codification

and transfer.

He

asserts

that the age

and prior

commercialization of know-how will have tested its robustness in different situations.
The transferability of process is particularly related to the level of knowledge and tacit
ness of that knowledge that has accumulated in the manufacturing environment
(Contractor 1 9 9 1 ) The level of knowledge is related to the transferor's experience of
.

using the process and experimenting with it (Contractor 1 99 1 ) . The degree of tacit ness
.of experiential knowledge is a function of its speed, conceptuality, diffusion, and
expressibility (Polanyi 1966). Resistance to the codification of tacit knowledge on the
part of the knowledge owners should also be considered.
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In addition to the knowledge-bound aspects of manufacturing, there are other
host-independent factors, which pertain to the ease with which a process can be
transferred. Kim ( 1 980), in relating technology transfer to the development of host
tecbnological capability, suggests that the technology must be packaged in some way if
the host is in an early stage of development.

Other authors, discussing technology

transfer, have suggested further dimensions to transferability, namely: adaptability
(Robnison 1 99 1), ability or necessity to pilot (Rebentisch et al. 1 993), documentation
completeness or obsolescence (Behrman et al. 1 99 1), the viability of breaking the
process into stages, willingness to adapt, and repair ability (Samii 1 985).
This review has allowed a classification of the factors influencing manufacturing
process adaptation. In none of the contributions studied was a distinction explicitly
made between those factors pertaining to the fit between a manufacturing process and
local conditions, and those factors affecting the transfer activity.
Knowledge of a process's appropriateness facilitates the location decision or
partner selection for that process. Conversely, an understanding of the relationship
between a given host's characteristics/capabilities and a number of manufacturing
processes assists in choosing an appropriate process for transfer to that host. Some
appropriateness factors are as follows:
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Table 2. 1 .

Appropriateness Factors.
Focusing Factor

Appropriateness Factors
Host Labor
Host Organization's capabilities
Host Infrastructure
Suppliers
Host culture
Host Environment
Host government/legal requirements
Financing

Transfer Market

Transferability Factors
A process's transferability can be assessed prior to a transfer, that is: before a
location is chosen. Hence a firm can better understand training methods and support
needs, and its manufacturing mobility. i.e. the ease with which it could transfer its
manufacturing capability. Some transferability factors are as follows:
(1)

Knowledge

(2)

Obsolescence

(3)

Ability to package

(4)

Adaptability

�

c

v6o

*

�

Manufacturing process transfers are more than transfer of physical technology.
Transferors must consider a diverse and complex range of factors. The assessment of
fitness for transfer does not provide a prescriptive solution, but allows identification of
areas where more attention should be paid to adaptation, support, and the building of
home and host capabilities.
Elements of Technology Transfer
Naito deducted four elements from the process of technology transfer: human
resources, information, resources and capital. In terms of the human resource element,
the process involves the exchange of technicians. The technology provider must send
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technicians to instruct the technology receiver, or the receiver must send technicians
abroad to learn the know-how or administration skills. In terms of the information
element, the provider has to give the receiver information about the development or
design of the technology, production and administration skills, manufacturing skills, and
marketing skills. In terms of the resource element, the provider must not only sell the
receiver machinery and equipment, research equipment and materials, and production
materials, but also familiarize the receiver with the methods of development,
experiment, and production.

As for the capital element, both sides can transfer

technology either through joint ventures or industrial co-operation; of primary
importance is the compliance of the contract and share of ownership by both sides.

Table 2.2.

Elem.mts of Technology Transfer.

Elements of transfer
Human resources
ltiformation

Resources

Capital

2. 7

�

*

Methods of transfer
Technician exchange
Technician dispatch
Patents
Technological books (or
material)
Administrative books (or
materials)
Trade of machinery and
equipment
Trade of research
equipment and material
Trade of production
material
Joint venture
Industrial co-operation

Mechanism
Know-how training
Administration training
Design and development
skills
Production and
administrative skills
Manufacturing technology,
Marketing skills
Methods of development
and experiment
Methods of production

Share of ownership
Complying with the contract

Organizational Knowledge

Viewing the firm as a body of knowledge has become a central theme in the
organizational studies literature. The resource-based view of the firm (Barney 1 991 ;
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Wernerfelt 1 984), which focuses on a firm's inimitable capabilities as a critical source
for sustainable competitive advantage, places knowledge at the center of its latest
theoretical developments (e.g. Conner & Prahalad 1 996). Similarly, organizational
knowledge plays a role in other organizational research streams, such as organizational
design (Sanchez & Mahoney 1 996) and strategic alliances (Inkpen & Beamish 1 997;
Mowery, Oxley & Silverman 1 996). Increasingly, organizational research is centered
around knowledge-based theories of firms (Foss 1 996) or around using knowledge as a
basis for theory (Spender 1 996).
Hedlund and Nonaka ( 1 993 : 1 1 7) defined knowledge as being constructed from
"cognitive perceptions as well as skills and expertise embodied in products or services."
They made the distinction between tacit, intuitive, non-verbalized knowledge and
articulated knowledge. Other definitions refer to the explicit or tangible versus the
implicit, or tacit parts of knowledge.

Teece ( 1 977: 243), for example, discussed a

"capability to manufacture a product or process" and identified two forms of
technology: the physical, or "embodied" and the "unembodied" information regarding
effective utilization of the technology, such as methods, procedures, and controls.

_Kogut

and Zander ( 1 992) also divided knowledge into two types: information and

know-how. Information, or knowing what something means, includes facts, axiomatic
propositions, and symbols. To define know-how, or knowing how to do something,
Kogut and Zander cited von Rippel ( 1 988), who stated that know-how is the
accumulated practical skill or expertise that allows one to do something smoothly and
efficiently.
Various different views of knowledge have been proposed, including knowledge
as a competency (Amit & Schoemaker 1 993; Barney 1 99 1 ; Grant 1 9 9 1 ) ; as the basis for
creating competencies by combining knowledge (Clark & Fujimoto 1 99 1 ; Kogut &
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Zander 1 992; Nonaka & Takeuchi 1 995); and as an input for innovation (Bartlett &
Ghoshal 1 98 9 ; Cohen & Levinthal 1 990; von Rippel 1 994). As noted by Foss (1 996),
all knowledge-based approaches to the theory of the firm explain why some firms out
perform others and they all agree that knowledge is socially embedded. However, the
knowledge-related literature does not fully recognize the importance and consequences
of the context embedded ness of knowledge.
2.8

Knowledge Transfer

While the literature discussed above focuses on the nature and purpose of
organizational knowledge, its importance in large, complex organizations must also be
addressed. Whether knowledge is a competency, an input, or an integration process,
MNCs seeking to maximize its value must transfer and share knowledge across the
organization.

Nelson and Winter ( 1 982: 1 2 1 ) argued, "If an existing routine is a

success, replication of that success is likely to be desired. " The internationalization of
learning was identified by Bartlett and Ghoshal ( 1 989) as a key dimension of a
transnational firm. They defined international learning as the development and sharing
of knowledge across national boundaries. Similarly, Kogut and Zander ( 1 993) referred
to the ability to transfer superior knowledge at the international level as a primary
source for competitive advantage as well as for further development and growth of the
MNC .
The importance of interdependencies and knowledge flows across organizational
units of the MNC has been recognized and extensively discussed (Doz & Prahalad
1 99 1 ; Ghoshal & Bartlett 1 988; Gupta & Govindarajan 1 99 1 ; Hedlund & Nonaka 1 993 ;
.

Simon 1 973). It is knowledge flows that enable the transmission of unique solutions
from one subunit to another, the coordination of various connected units, and the
collaboration among them. Simon ( 1 973) professed that a highly interdependent
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structure across subunits enables organizations to economize on coordination costs.
Information and knowledge have a critical role in managing interdependencies,
especially in the international arena, where task uncertainty may be very high (Galbraith
1 97 3).
More recently, empirical evidence demonstrates the importance of knowledge
flows

as

a specific medium for unit interdependence. Darr, Argote and Epple ( 1 995)

found that interdependent organizational units, connected through knowledge flows,
exhibited greater cost reduction than independent units. Ghoshal and Bartlett ( 1 988)
found that communications across organizational units facilitated efficient innovation.
Gupta and Govindarajan ( 1 99 1 ) similarly recognized the importance of knowledge
flows in facilitating organizational control across organizational subsidiaries.
Knowledge transfer, or what is often referred to as "best practice transfer" is the
focus of this paper.

Knowledge is not only a competency by itself, such as a

manufacturing process or human resource practice, but is also a potential for achieving
competitive advantages. As can be seen in Figure 2. 1 , holding knowledge will not
necessarily lead to a competitive advantage.

Only effective use of the knowledge

through efficient integration (Grant 1 996) or combining new and existing knowledge
(Kogut & Zander 1 992) will lead to a best practice. Best practice transfer was defined
by Szulanski ( 1 996: 28) as "replication of an internal practice that is performed in a
superior way in some part of the organization and is deemed superior to internal
alternate practices and known alternatives outside the company," while a practice is a
routine use of knowledge (Nelson & Winter 1 982).
Teece ( 1 977) and Nelson and Winter ( 1 9 82) laid the critical foundation for
understanding knowledge transfer.

Teece (1 977) focused on the implicit, or

unembroidered forms of knowledge. Teece focused mainly on technological know-how
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and suggested that the international transfer of technology enables the firm to
accumulate a stock of knowledge that is applicable across borders. The main variables
Teece studied were the level and the determinants of the costs involved in transfers.
Nelson and Winter ( 1 9 82) examined the replications of organizational routines and
claimed that possessing the routine's template enables far better replication within the
organization than across organizations.

Kogut and Zander ( 1 993) examined the

characteristics of knowledge that inhibit its transfer and thus influence a firm's decision
about internalizing the knowledge transfer.

If the technology being transferred is

codifiable and teachable, the firm does not possess a relative advantage in transferring
it, and thus will not transfer it.
A rather different view is taken in a recent study by Szulanski ( 1 996), who
empirically investigated not only the characteristics of the knowledge being transferred,
but also the situation or the context of transfer. He investigated factors that influence
the "stickiness" of the knowledge, or the difficulty involved in the transfer, and found
them concentrated mainly at the knowledge receiving unit. Lack of motivation at the
recipient location, and its lack o f absorptive capacity were found to be positively
con-elated with stickiness of knowledge transferred.
The contributions of existing knowledge and knowledge transfer studies is
significant. This work allows us to view the firm as a dynamic system that processes
different types of knowledge (Spender 1 996) to support organizational renewal and
sustainable competitive advantage (Prahalad & Hamel 1 994; Quinn 1 992). With the
exception of Szulanski ( 1 996), however, the importance of organizational context to
enable this process is largely ignored. As a point of departure from prior studies, this
paper focuses on the role of contextual factors in enabling effective knowledge transfer
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to create advantages such as strengthening the organizational knowledge base and better
flexibility in responding to the firm's environment.
2 .9

Knowledge Transfer Approaches

Two approaches to knowledge transfer have been developed: the communication
model and the knowledge spiral model.

In the first, used by Szulanski (1 996) to

describe intra-firm knowledge transfer, the transfer is seen as a message transmission
from a source to a recipient in a given context. More extensively analyzed by Dinur and
Inkpen ( 1 996), the process follows four stages: initiation, where transferred knowledge
is recognized; adaptation, where knowledge is changed at the source location to the
perceived needs of the recipient; translation, where more alterations occur at the
recipient unit as part of the general problem-solving process of adaptation to new
context; and implementation, where knowledge is institutionalized to become an
integral part of the recipient unit. Four groups of related factors can be identified:
source related factors, recipient related factors, factors relating to the relationship and
distance between the two units, and factors related to the nature of the knowledge
transferred.
The second knowledge transfer model was suggested by Nonaka and Takeuchi
(1 995). Nonaka and Takeuchi asserted that four modes facilitate the conversion of
knowledge from .the individual to the organizational level. This process was described
as the knowledge spiral.

Inkpen and Crossan (1 995) applied the knowledge spiral

concept in a study of learning through international joint ventures. The four modes in
the spiral are patterns of interaction between tacit and explicit knowledge. Through

�hese processes existing knowledge can be converted into new knowledge.
Using the knowledge spiral model of knowledge transfer, tacit knowledge can be
transfened through two processes: socialization, which maintains the knowledge in its
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tacit fonn, and externalization, through which it is transformed into explicit knowledge.
Explicit knowledge can be transferred through two other processes: combination, which
retains its explicit nature, and internalization, a process through which explicit
knowledge is converted into tacit knowledge.
2.9 . l Embeddedness of Knowledge in Context
Notwithstanding the importance and contribution of the various knowledge and
knowledge transfer articles discussed above, and despite some references to the context
embedded ness of knowledge and knowledge transfers, it is our contention that more
attention should be given to the context in which firms in general, and MNCs in
particular, utilize and transfer organizational knowledge.
Firms are unique entities, composed of various unique organizational units. The
circumstances of every unit, as well as the individuals that compose the units differ.
Therefore, both the knowledge organizational units hold and the way they use it will
also be unique (Tsoukas 1 996). The difference between organizational units stands at
the core of understanding their ability to utilize and share knowledge.

Every

organizational unit operates in a context that is specific and unique. Organizational and
sociological literature extensively discusses the context embeddedness of two
distinguishable organizational layers: individuals and organizations. There is a societal,
situational, and historical unarticulated background to every individual in an
organizational role (Polanyi 1 962; 1 975; Tsoukas 1 996).

Individuals acquire this

background through socialization (Taylor 1 993). A set of cognitive processes, physical
repetition of practices, as well as unintentional, embodied internalization, constitute an
individual experience of unarticulated background (Hedlund & Nonaka 1 993; Moss
1995 ; Taylor 1 993). Individuals, hence, operate within unique, individually, socially
and organizationally embedded contexts.
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Organizational contexts are a basis for differentiating between organizational
units. Organizational context differs from one physical unit to another and from one
operational unit to another. The constructs used by organizational scholars to discuss
context usually parallel organizational practices. Examples are the use of firm policies
and standards of operations and performance (Szulanski 1 996) or work ethics such as
standards, obj ectives, individual involvement level, and managerial support (Ghoshal &
Bartlett 1 994). Other knowledge-based models primarily use individual, organizational,
and environmental factors.

For example, Leonard-Barton ( 1 992: 1 1 4) discussed a

knowledge system constructed of four dimensions, the central one being the "value
assigned within the company to the context and structure of knowledge." The other
three dimensions were technical systems within the organization, managerial systems of
control and creation, and individual skills and knowledge. Gupta and Govindaraj an
( 1 99 1 ), in a framework of knowledge flow patterns in international subsidiaries,
identified key context variables such as task environment, structural characteristics, and
required behavior, which could be inferred as organizational culture.
In summary, the review in this literature suggests that contextual elements stand at
the core of knowledge utilization and transfer.

The specific context of each

organizational unit provides it with specific tools as well as specific limitations. The
use of context as an explanatory factor for firms' operations and performance is not
new.

From Porter's ( 1 9 8 1 ) basic model of industry structure, conduct, and

performance, it is clear that both environmental and internal factors influence firms.
External factors such as industry entry barriers or demand elasticity and strategic factors
such as a firm' s choices of price, quality or capacity both affect the innovativeness of a
firm and its allocate and technological efficiencies.

More contextual elements are

discussed by Miller (1 990), who claimed that firms lock in strategic, cultural and
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structural configurations.

Once set, these configurations are extremely difficult to

change, and will affect future directions the firm can take. Certain configurations may
cause momentum towards viability-dissenting directions. The core idea shared by our
model is that a firm's situation limits its spectrum of available action or knowledge.
2.10 Research on Transfer of Practices

The phenomenon of practice transfer across national borders has been studied
mainly in the field of international management. It has been shown that: practices differ
and MNCs capitalize on transfer of practices across borders (Lincoln, Hanada, &
McBride 1 986); practices are socially embedded, i.e., they reflect the socio-cultural
environments in which they have evolved and are being used (Janssens, Brett, & Smith
1 995); there are various barriers to transfer success that reflect the characteristics of the
practice or are of cultural and organizational nature (Kedia & Bhagat 1 988; Zander &
Kogut 1 995); MNCs are better vehicles for practice transfer than are markets across
nation-states (Kogut 1 99 1 ) ; practices vary in their transferability and integration based
on their role for the alignment of global goals and their cultural determination
(Robinson 1 994); transfer is facilitated through normative integration and verbal
information networks
"

as

well as through coordinated informal structures (Pfeffer &

Leblebici 1 973); and, finally, the import of practices from parent companies affects the
subunit's performance (Zaheer 1 995). The actual practices used by a particular subunit
of a multinational company are the result of the interplay of pressures for local
isomorphism with the host country, on one hand, and pressures for global integration
with the parent company, on the other hand.
Based on the work in 'new' institutionalism (Meyer & Rowan 1 9 9 1 ) and 'old'
institutionalism (Selznick 1 957), organizational practices (successful and 'best'
practices, in particular) are defined as institutions that have evolved over time under the
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influence of organization history, people, interests, and actions. Practices reflect the
established ways of conducting organizational functions; they reflect the shared
knowledge and co1npetence of the organization; they are 'infused with value' -- have
rr.eaning for organizational members that goes beyond technical efficiency; they tend to
be externally and internally legitimate -- accepted and approved by the external
legitimating environment and by employees as 'the way of doing certain tasks. ' This
conceptualization of. the term organizational practice has its implications for the
understanding of the process of transfer of a practice between organizational units. It
also affects the definition of success of transfer of an organizational practice, a
dependent variable in the study. Finally, it allows the development of a theory-based
model of factors of success.
The process of transfer of organizational practices from parent companies to
foreign recipient organizational units and its objectives and motives can also be
conceptualized and examined from the 'new' and ' old' institutional theory perspectives.
Following the 'new institutionalists' tradition, it could be viewed as a process in which
an organizational unit adopts a certain practice for legitimating purposes including
legitimating itself within the company, i.e., by the headquarters or the parent company.
Employing an 'old' institutional theory perspective would emphasize another aspect of
the transfer process -- the obj ective to transfer institutionalized meaning in addition to
the formal rules and procedur�s implied by the practice. The process of transfer is
viewed here as comprised of two elements -- diffusion of a set of rules as well as
transmission or creation of an 'infused with value' meaning of these rules among the
employees at the recipient unit. This approach suggests that the transfer process does
not end with the adoption of the specified rules but continues until these rules become
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ir.temalized at the recipient unit, i.e., until the employees there attach to the practice a
similar symbolic meaning and value as the employees from the home of the practice.
The old institutionalism perspective and the symbolic interaction perspective are
useful for distinguishing between the transfer of different types of organizational
systems such as, for example, organizational practices from technological or product
innovations. Technological and product innovations are mainly knowledge-based and
the success of their transfer is determined to a great extent by the transferability of
knowledge (Zander & Kogut 1 995). Organizational practices, on the other hand, are
meaning- as well as knowledge-based and the success of their transfer is determined by
the transferability of meaning in addition to the transferability of knowledge.
Based on the above theorizing, success of transfer of organizational practices is
defined as the degree of institutionalization of the practice at the recipient unit, where
institutionalization is conceptualized at two levels - implementation and internalization.
Implementation is the degree of formal adoption of a practice expressed in external and

objective behaviors and actions in the organization. Internalization is defined as the
internalization of the practice by employees at the recipient unit, i.e., 'infusion with
value' of the practice at the recipient unit. A practice becomes 'infused with value'
when it is accepted and approved by employees, when it becomes the default way of
conducting a certain function, and also serves as a source of satisfaction and self
identity for employees.

Internalization is thus conceptually proximal to traditional

constructs from the field of organizational behavior such as organizational commitment,
job satisfaction, and psychological ownership, which are used here to better define and
operationalize the concept of internalization.
Organizational commitment to the practice (adapted from Steers & Porter 1 979) is
defined as the relative strength of an individual's identification with and involvement in
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a particular organization practice that can be characterized by a strong belief in and
acceptance of the practice's goals and values, a willingness to exert considerable effort
for the implementation of the practice, and a strong desire to continue the use of the
'practice. Satisfaction with an organizational practice (adapted from Locke 1 976) is
defined as an individual's positive attitude towards the organizational practice.
Psychological ownership of an organizational practice (Pierce, Van Dyne, & Cummings

1 996) is defined as that state where individuals feel as though the target of ownership,
an 'extended selves. '
International management research has typically conceptualized country effects as
cultural effects and has operationalized culture using Hofstede's (1 980) four cultural
dimensions. In this study we have followed a different approach. The country-level
effects are conceptualized with the concept of institutional environment rather than
culture and are operational zed accordingly.

The institutional environment of an

organization is defined as the set of regulatory, cognitive, and normative institutions or
'pillars' as suggested by Scott (1 995). The regulatory component of an institutional
environment reflects the existing laws and rules in a particular national or regional
environment, which promote certain types of behaviors and restrict others.

The

cognitive component reflects the widely shared cognitive categories used by people in a

given social entity (Miller 1 990).

The normative component reflects culture, i.e.,

values, beliefs, nonns, assumptions about human nature and human behavior.
It is argued in the study that using the concept of institutional environment rather
than culture is a better way to capture the country-level effects on organizations. The
concept of institutional environment is more encompassing than the concept of culture
as it captures regulations and cognitive structures in addition to norms and values. It is
also more proximal to organizations and therefore has a more direct effect on them. The
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concept of institutional environment is used to argue that: ( 1 ) practices that become
established in a given organization are shaped after the particular external institutional
environment in which this organization functions; (2) similar institutional environments
result in similar practices used by organizations; (3) when organizations spread across
multiple institutional environments and try to transfer practices across units, the degree
of similarity between the institutional environments of these units affects the ease and

'ultimate success of the transfer.

The concept of institutional distance is introduced and

defined as the difference/similarity between two institutional environments, in the
context of this study - between the environments of the parent company and the
recipient unit.
While the concepts of institutional environment and institutional distance reflect
the social embedded ness of the transfer processes, the quality of relationships between
the parent and the subsidiary reflects their organizational embedded ness. It is argued
here that the quality of these relationships will affect the success of transfer because it
affects the motivation of the managers and employees at the recipient unit to engage in
implementation.

Three particular types of relationships are proposed as affecting

transfer success

-- commitment of employees at the recipient unit to the parent company

(Mowery

& Oxley 1 979), identity of employees at the recipient with the parent

company and trust of employees at the recipient unit in the parent company.

The

quality of relationships between recipient unit and parent company might be an
especially salient factor for transfer success when the practice is complex and
ambiguous and its value for the subsidiary is difficult to assess. In this case, recipient
unit' s decision whether to engage in implementation of a particular practice and how
much effort to put into this could be affected to a greater extent by less direct factors,
such as commitment to, trust in, and identity with parent company.
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The perceived power/dependence between the parent company and the recipient
unit (adapted from resource dependency theory of Pfeffer & Salanzick 1 978) reflects the
non-symmetric, hierarchical nature of the relationships. In this perspective, the transfer
of a practice is examined as a power-based interaction between parties differently
po sitioned in the power structure of the organization. Accordingly, units that perceive
to be dependent on the parent company and the headquarters will tend to comply to a
greater extent with any requests coming from the parent company, including those of
implementation of practices that are being transferred.
In accordance with the strategic management literature on core competencies and
the resource-based view of the firm (Barney 1 99 1 ), as well as the work of 'old'
institutionalizes as discussed above, Barney proposes that the success of transfer of a
particular practice, i.e., the degree to which the practice has been successfully
implemented and institutionalized at the recipient unit, will have effects on that unit's
performance:
Everyone knows generally what knowledge is, and a definition is scarcely
necessary. In this study, knowledge is the outcome of interest that must be measured in
some way, so we briefly discuss what it means. The closest synonym for knowledge is
information, but that does not capture the full meaning. Information is a neutral or
positive term that denotes facts and data.

Knowledge implies understanding.

It

incorporates a portion of wisdom, learning, intelligence, and know-how. Knowledge is
multidimensional.
This study does not distinguish knowledge from technology.

However, some

researchers maintain differences in the meaning of these two similRr concepts, and this
study, mention them briefly.

Technology often refers to the physical sciences and

implies hardware, although those restrictions are not necessary.
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Knowledge can be

divided in to hard technology and soft technology, the latter including the social
sciences, and therefore organizational knowledge. To some, technology is concrete and
is applied immediately to tasks, whereas knowledge is somewhat more abstract and
useful far into the future. In this study use the term knowledge to cover all of these
meanings.
2. 1 1 Types of Knowledge

In the management literature, knowledge has been discussed according to several
alternative types (see, for example; Inkpen 1 996, Kogut and Zander 1 993). The most
useful type for our purpose is to describe knowledge as either explicit or tacit. Explicit
knowledge is articulated, codified, and tangible.

It is communicated by formal

language. Examples of explicit knowledge include databases, operating manuals, and
blueprints. On the other hand, tacit (or implicit) knowledge is unexpressed, and it is
only partly conscious while remaining partly intuitive. It is harder to learn and to share
'

with others than explicit knowledge. Examples of tacit knowledge are the some of the
manual skills of craftsmen and the interpersonal skills of successful supervisors.
Clearly the ability to transfer knowledge varies with its explicitness, and so does the
method to be used for accomplishing the transfer.

\t

There are two other ways to characterize knowledge. Product knowledge is the
specifications and performance features that characterize a good or service, or "what"
knowledge, while process knowledge is "how" knowledge - how to design, engineer,
manufacture, or distribute a good or service. Embodied knowledge is contained within
a product or process and cannot be separated from it even though it might be explicit,
�hile disembodied knowledge is free-standing knowledge that is detachable from the
product or process whether or not it is explicit or tacit.
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The transfer of knowledge from a multinational corporation to a foreign operation
cannot simply be reckoned by a single quantitative indicator of its amount. Unless we
restrict our inquiry to

a

single, narrow, homogeneous case, we require multiple metrics

[or multip le dimensions of knowledge.
2. 1 1 . l Dynamics of Knowledge Transfer
To describe what knowledge represents is incomplete unless this study also
explore how it changes. Knowledge transfer is dynamic. Knowledge can be adapted
when it is transferred, absorbed by the recipient to varying degrees, and it can be created
as well as transferred.
Knowledge transfer across countries as well as across companies is not likely to
be a purely mechanistic process. Instead the knowledge that is transferred is likely to be
changed to some extent in order to fit better the local circumstances.

Not even

McDonald' s franchises are managed exactly the same way in all the different countries.
Differences between home country and host country in national culture, and differences
between home company and host company in company culture are likely to motivate
adaptations in the knowledge that is transferred.

Differences in production

technologies, labor and capital resources and costs, infrastructure, consumer market
characteristics, and national cultures all imply differences in appropriate technologies
and therefore leads to the adaptation of knowledge along with its transfer.
In the case of emerging market economies, the question of adaptation leads also to
the question of knowledge absorption. Here the potential for conflict between MNC
and host country is present. The MNC's interest often is to retain for its own exclusive
use the knowledge that it considers being a proprietary asset, and therefore it will
transfer knowledge only if it can do so without loss. The explanation of foreign direct
investment in terms of internalization is built on this idea.
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But the interest of the host country often is to utilize the transferred knowledge
beyond the original purpose for which it was transferred - to generalize the knowledge
and apply it to other products or processes, or to learn the knowledge and make it
indigenous and independent of its original foreign source. If the transferred knowledge
has value to the host country beyond the immediate business relationship in which it
was transferred, then the knowledge is absorbed.
A third aspect of the dynamics of knowledge transfer is the potential for
knowledge creation.

Business relationships between MNCs

from advanced

industrialized countries and companies in emerging market economies will not
customarily have knowledge creation as an objective in the same way that strategic
alliances between similar companies in similar countries often do.
2.1 2 Measures of Knowledge

The measurement of knowledge that is transferred from one firm or one person to
another is fraught with difficulties. Because knowledge is multidimensional, multiple
measures are desirable. If knowledge is context-specific - if its value depends on the
situation - then the measures of knowledge may change from one case to another unless
the cases are quite homogeneous. Even in a given case, one piece of knowledge may
have more value than another and thus needs to be weighted unequally. For example,
knowledge that is critical to firm performance and difficult to obtain is especially
valuable.
Some channels are communication media, either oral or written. Two such media
are the exchange of unique messages between individuals (by telephone, e-mail, fax, or
memo), and the dissemination of documents in common to a wider audience (such as
newsletters, papers, and journals). (These examples and some of those to follow are
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found in Inkpen 1 996, and Inkpen 1 995).

These media can transfer explicit,

disembodied knowledge.
Two other methods for transferring knowledge rely on the movement of people
rather than messages. Groups of people can gather at meetings or conferences at one
finn or another or at a third location to transfer knowledge even if there is another
ostensible purpose for the conference.

Individuals can make one-on-one visits to

another firm. An engineer might work alongside a colleague in a foreign location for a
few

days or weeks, or an expatriate manager might spend three or five years abroad.

These methods, similar to on-the-job training, may transfer tacit process knowledge.
However, they are not ideal as measures of knowledge transfer because they measure
inputs - amount of knowledge sent, or knowledge transfer opportunities - rather than
outputs, or amount received or learned.
An

output-oriented measure of knowledge that has been used empirically is patent

citations. If one individual or firm cites another's patent in his or her own new patent
application, this study presume that the knowledge contained in the earlier patent has
been transferred.

Other potential measures in a similar vein include technology

agreements, marketing agreements, and supplier agreements among firms that contain
drawings, manuals, or business plans that are apprehended by all signatories.
A conceptually ideal output measure of knowledge transfer would be a
quantitative report of changes in business operations such as labor productivity, product
quality, or unit cost, or changes in financial results such as sales revenue, profitability,
or market share. A major drawback to this type of measure is that it is determined by
?Iultiple causes, only one of which represents specific instances of knowledge transfer.
Finally, a qualitative indicator of knowledge transfer is expert opinion.

For

example, managers may be asked to rate the amount of knowledge transferred. This
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technique is scientifically acceptable if suitable questions can be devised, respondents
obtained, and scales created.
2 .13 Introduction to AMT

The market place of the twenty-first century is evolving into one of merging
national markets, fragmented consumer markets, and rapidly changing product
tecbnologies.

These changes are driving firms to compete, simultaneously, along

several different dimensions : design, manufacturing, distribution, communication, sales
and others. Although manufacturing has not been utilized as a competitive weapon
historically, the market place of the twenty first century will demand that manufacturing
assume a crucial role in the new competitive arena.
Progress in human society has been accomplished by the creation of new
technologies. The last few years have witnessed unparalleled changes throughout the
world. Rapid changes in markets have lead to drastically shortened product life cycles
and high-quality products at competitive prices. Customers now prefer a large variety
of products. This phenomenon has inspired manufacturing firms to look for progressive
computerized automation in various processes. Thus mass production is being replaced
by low-volume, high-variety production.

Manufacturing firms have recognized the

importance of flexibility in the manufacturing system to meet the challenges posed by
the pluralistic market. The concept of flexibility in manufacturing systems has attained
significant importance in meeting the challenges for a variety of products of shorter
lead-times, together with higher productivity and quality. Bartlett and Ghoshal have
rep orted that flexibility is the underlying concept behind the transition from traditional
methods of production to the more automated and integrated methods. They stress that
finns implementing automation projects should prioritize their needs for different
flexibilities for long-range strategic perspectives.
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Intensifying global competition and rapid advancement o f manufacturing
technology are two realties in today's business environment. These have combined to
shift the business

strategic priorities toward quality,

cost

effectiveness and

responsiveness to marketplace changes.
The quest for lower operating costs and improved manufacturing efficiency has
forced a large number of manufacturing firms to embark on AMTs projects of various
typ es. The dramatic developments in AMTs at various organizational levels can be
attributed to numerous benefits that improve the competitive position of the adopting
companies. AMT impacts not just manufacturing, but the whole business operations,
giving new challenges to a firm's ability to mange both manufacturing and information
technologies.
AMT can also provide distinctive competitive advantages in cost and process
leadership. Events of the last decade, such as the US productivity problems, Japanese
manufacturing success stories and the competitive global economy, have moved
manufacturing strategy and process technology issues from the bottom to the top of the
firm's priority list.

The issues surrounding manufacturing technologies and their

implementations have assumed greater importance in the manufacturing strategy debate.
Practitioners and researchers have developed strong interest in how AMT can be used as
a comp etitive tool in the global economy. A growing number of organizations are now
adopting AMT to cope with recent phenomena in today's competitive environment such
as fragmented mass markets, shorter product life cycle and increased demand for
customization.

Although AMT can help manufacturers compete under these

challenging circumstances, they often serve as a double-edged sword, imposing
organizational challenges while providing distinct competitive advantage when
successfully implemented.
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International business strategies frequently demand the transfer of manufacturing
process es. Manufacturing process is defined as any repetitive system for producing a
product, including the people, equipment, material inputs, procedures and software in
that system. An issue of importance in this strategic decision is whether the process
should be transferred with or without modification.
Owing to the intense global competition in manufacturing, manufacturers need to
increase their level of competitiveness in the global market.

Some manufacturing

companies, therefore, are forced to undergo a period of transformation in order to
compete more effectively. Under these circumstances, Al\1T is considered as a means

�

of improving competitiveness.

The term AMT often refers to computer-aided technologies

111

the design,

manufacturing, transportation and testing, etc. In general, AMT can be grouped into
two basic categories:
The classical continuum of basic manufacturing processes which extends from
make-to-order manufacturing to continuous manufacturing and the level of integration
of the over.all manufacturing system.
AMT provides an organization with an opportunity to successfully adopts
tomarket place dynamics and create for itself a competitive advantage. Manufacturers
and academics believe that AMTs can reduce operating cots, provide high levels of
output by removing inconsistent human input, improve manufacturing flexibility, and
lead time to market.
The literature on Advanced Manufacturing Technologies can be divided into
.different fields but all fields are interrelated some of there are:
(1)

Adoption of Advanced Manufacturing Technologies

(2)

Investment of AMT
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(3)

Selecting and assessing of AMTs

(4)

Planning and implementing AMTs

(5)

Historical development of AMTs

(6)

Definitions and Group of AMTs

(7)

Benefits and Disbenefits of AMT

2.14 Definitions of AMT

Numerous definitions of AMT exist. For example, Baldwin defines AMT as "a
group of integrated hardware-based and software-based technologies, which if properly
implemented, monitored, and evaluated, will lead to improving the efficiency and
effectiveness of the firm in manufacturing a product or providing a service." This work,
however, provides a more global definition that combines the work of Zairi, and
Zammuto and O'Connor. According to these AMT, defined broadly, is a total socio
technical system in which the adopted methodology defines the incorporated level of
technology. AMT employs a family of manufacturing (CAM), flexible manufacturing
systems (PMS), manufacturing resource planning (MRP II), automated material
handling systems,

robotics,

computer-numerically controlled

(CNC)

machines,

computer-integrated manufacturing (CIM) systems, optimized production technology
(OPT), and just-in-time (JIT). Although AMT places great emphasis on the use of
technological innovation, management' s role is significant since AMT systems require
continual review and readjustment
To a large extent, DMS and AMT use similar technologies but have different
missions. When deploying DMS of Manufacturing the mission, is strictly to execute
.

operational plans in support of the fir' s strategic obj ectives.

However, information

technology has altered the underlying assumption of manufacturing by making AMT
possible, while the mission of AMT is still evolving, significant focus is on economies
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of scop e and information flow rather than material flow.

AMT enterprises are

customer-oriented, concerned with time to market and degree of responsiveness.
Consequently, a more from DMS to AMT is not more complex manufacturing
machinery, but rather the greater levels of integration of the social, work and control
systems. AMT uses an array of flexible resources that are monitored by extensive
information systems. In addition, large numbers of self-organizing and self-directed
work groups exist. Performance is evaluated based on multiple and global measures and
control consists of direct and continuous feedback from operations. Table 2.2 gives a
brief description of each of the aforementioned manufacturing systems.

Table 2.3.

Manufacturing Systems.

Characteristics
Orientation
Work group

�

Work unit
Focus
Control
Skill level
Tools/machinery

:.)

DMS

Focus AMT
Customer
Self-organizing,
Self-directed
Multiple tasks
Market responsiveness
Direct,
continuous
feedback
Semi-skilled
� I ''J
Flexible

Craft

Product

Skill

Individual

Task-organized

Single task
Efficiency, productivity

Product
Workmanship

Hierarchical

Peers
.

Unskilled
Special purpose

.1�

:j

Skilled
Hand tools

Advanced Manufacturing technology (AMT) represents a wide variety of mainly
computer-based systems, which provide adopting firms with the potential to improve
manufacturing operations greatly.

It is

generally expected that the resultant

improvement in operational performance will enhance the firm' s ability to reap the
underlying marketing, strategic and business benefits for which the systems were
adopted. Another definition of AMT refer to a family of technologies that include
computer-aided design (CAD) and engineering systems, materials resource planning
systems,

automated materials handling systems, robotics, computer controlled
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machines, flexible manufacturing systems, electronic data interchange and computer
integrated manufacturing systems.
AMT represents a wide variety of modem computer-based systems devoted to the
improvement of manufacturing operations and thereby enhancement of the firm's
competitiveness.
AMT is a programmable machinery or a system of programmed machines that
can produce a variety of products or parts with virtually no time lost for changes. AMT
represents a wide variety of modem computer-based or numerical control-based systems
devoted to the improvement of manufacturing operations. AMT is broadly defined as
"an automated production system of people, machines and tools for the planning and
control of the production process, including the procurement of raw materials, parts and
components and the shipment and service of finished products. The properties of AMT
overcome the limitations of conventional technology in enabling small firms to develop
economies of scope based on low volume and low cost production. Specifically, AMT
facilitates customization and reduces lead times through variety, frequent design
changeovers, and rapid processing of design, assembly, materials handling and market
information.
In general, AMT typically involves (a) a computer-aided design systems (CAD)
that develops designs, displays them and stores them for future reference: (b) a
computer-aided manufacturing system (CAM) that translates CAD information for
production and further controls machine tools, material flow, and testing; (c) an
automotive storage and retrieval system for delivery or moving of parts between
machines and storage: and (d) a supervisory computer that integrates all of the above
(CIM).
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AMTs refer to a family of technologies that, in addition to computer-aided design
(CAD), include engineering systems, materials resource planning systems, automated
materials

handling

manufacturing

systems,

systems,

robotics,

electronic

computer-controlled

data

interchange

and

machines,

flexible

computer-integrated

manufacturing systems.
2.1 5 Categories of AMT

Advanced Manufacturing' s Technologies involve the application of computers to
various facets of the production process. In 1 994, the 22 manufacturing technologies
are generally grouped into six functional categories, each capturing a different aspect of
process-fabrication and assembly, automated materials handling systems, design and
engineering, inspection and communications, manufacturing information systems, or
integration and control. Table 2.4 shows the various technologies and groups.
There are 26 AMTs listed in the Baldwin' s survey in 1 995. The list is obtained
from Statistics Canada in 1 995. The 26 technologies are grouped into six functional
technology groups-design and engineering; processing, fabrication, and assembly;
automated material handling; inspection; network communications; and integration and
control.
Advanced manufacturing technologies involve the application of computers to
various facets of the production process.

The 26 manufacturing technologies are

grouped into six functional categories, each capturing a different aspect of the process
fabrication and assembly, automated materials handling systems, design and
engineering, inspection and communications, manufacturing information systems or
integration and c ontrol.

Table 2.4 presents the technologies and groups used in

C:anadian manufacturing survey.
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In addition, Advanced Manufacturing Technologies (AMTs) involve new
manufacturing techniques and machines combined with the application of information
technolo gy, microelectronics and new organizational practices within the manufacturing
process (see Table 2.2 for definitions/descriptions of individual AMTs).

These

hardware technologies have found wide acceptance in discrete manufacturing and in
resource and processing sectors.

Computer numeric controls have been applied to

systems for machining, forming, cutting and molding. The accuracy, speed and control
of robots have improved significantly and, as a result, they are used extensively in
welding, painting, material handling and an enormous number of unique assembly
applications. Vision systems provide, in real time, monitoring for precision machining
and high-speed printing and remote handling of mining equipment used thousands of
Metreer underground.

Computer-aided design (CAD) and rapid prototyping have

substantially shortened the development time for new products. Computer-integrated
manufacturing (CIM) is among others, applied in machine shops for tool building, the
production of engines and body assemblies for passenger cars, the manufacture of
airplane landing g�ar and the production of hypodermic needles for the medical devices
sector.
In addition to the hardware technologies of AMTs, the wide range of "soft"
manufacturing process technologies, are used by companies.

Just-in-time (JIT)

manufacturing, total quality management (TQM) and supply chain management are but
a few of the many "soft" AMTs adopted by manufacturers and processors globally.
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Table 2 . 4.

Types of Advanced Manufacturing Technologies.
Functional Group

Technology
Flexible manufacturing cells or systems
(FMC/FMS)
Programmable logic control machines or
processes (CNC and NC)
Lasers used in materials processing
Robots with sensing capabilities
Robots without sensing capabilities
Rapid Prototyping systems
High speed machining
Near net shape technologies

Processing, Fabrication and Assembly

Part identification for manufacturing
automation (bar coding)
Automated storage and Retrieval system
(AS/RS)
Automated Guided Vehicle Systems
(AGVS)

Automated Material Handling

Design and Engineering

Computer-aided design and engineering
(CAD/CAB)
Computer-aided Design/Manufacturing
CAD/CAM
Modeling or simulation Technologies
Electronic exchange of CAD files
Digital representation of CAD output

Inspection and Communications

Automated Vision-based systems used for
inspection/testing of inputs/or final products
Other automated sensor-based systems used
for inspection/testing of inputs

Manufacturing Information Systems

N

Material Requirements Planning
Manufacturing Resource Planning (MRPII)
Supervisory Control & Data Acquisition
(SCADA)
Artificial Intelligence/Expert Systems (Al)
Computer Integrated Manufacturing (CIM)

Integration and Control

The functional groups and their constituent technologies, along with a brief
description of each, are provided in Table 2 .4.
characteristics of grouping of AMT.
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Baldwin ( 1 996) has observed some

B aldwin suggests two subgroups of technologies within AMT: the traditional
.. hardware technology consisting of systems, devices and stations (SDS): and a second
group of technologies, often in software form, which perform integrative and
managerial functions-integrative and managerial systems (IMS).
Typical examples of systems, devices, and stations (SDS) include: automated
identification station: automated inspection stations: automated material handling
devices: computer aided design workstations: computerized numerical control machine
tools: numerical control machine tools: programmable production controllers: robots:
.. shop-floor control systems.
Examples of integrated and managerial systems (IMS) include: computer aided
manufacturing: computer-aided engineering: statistical process control: production
planning/inventory management software: engineering data management: computer
aided process planning: local area networks: group technology.

r-

Both SDS and IMS technologies can be used individually or in combination with
other technologies to achieve desired economies of scale and scope.

When taken

together SDC and IMS constitute AMT. Appendix A contains a list of definitions of
these programmable technologies.
AMT represents a wide variety of mainly computer-based systems that provide
adopting firms with the potential to greatly improve manufacturiP.g operations. It is
generally expected that the resultant improvement in operational performance will
enhance the firm ' s ability to reap the underlying marketing, strategic and business
benefits for which the systems were adopted. Some of the benefits attributed to these
techno logies are: improving market share: gaining earlier entrance to market share:
responding more quickly to changing customer needs: and the quality to offer products
with improved qt.ality and reliability.
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These technologies have been classified as stand-alone systems, intermediate
systems and integrated systems (Meredith and Suresh 1 985) Technologies such as
computer aided design (CAD) and computer numerical control machines (CNC) are
typically categorized as standalone systems.

Automated material handling systems

(AMHS ) and automated inspection and testing systems (AITS) are classified as
intem1edi ated systems. Integrated technologies can be categorized as either integrated
process technologies (e.g. computer manufacturing systems (CIM) and flexible
manufacturing systems (FMS) or integrated information/logistic technologies (e.g. just
in-time production (JIT) and manufacturing resources planning (MRPll). The general
trend in the AMT research literature has been to examine technology adoption and any
resultant change in firm performance on the basis of the implementation of individual
technologies or in terms of implementation of specific technology classifications such
as those presented above.
As mentioned previously, AMTs refer to a family of technologies that include
computer-aided design (CAD) and engineering systems, materials resource planning
systems,

automated materials handling systems, robotics,

computer controlled

machines, flexible manufacturing systems, electronic data interchange and computer
integrated manufacturing systems (Dean et al. 1 992; Zammuto and O'Connor 1 992).
Numerous studies have emphasized the potential strategic benefits of flexibility,
responsiveness, improved quality and improved productivity through purposeful
investment in AMTs (De Meyer et al. 1 989; Hall and Nakane 1 990; Hayes and
Wheelwright 1 984; Jaikumar 1 987:).
The AMTs are broadly classified into seven sub-groups.

The classification

scheme adopted here is similar to the US Department of Commerce Survey of
Manufacturing technology.

The findings of some researchers show that the
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technologies are cross categorized as stand-alone systems, integrated systems (Meredith
and Suresh 1 986). This classification scheme links technologies that have similar
benefits and costs. The 14 technologies are classified into three main groups, and seven
sub-groups are further divided as shown in Table 2.4.
Stand-alone Systems
(1)

Design and engineeling technologies
Computer-aided design (CAD)
Computer-aided process planning (CAPP)

(2)

Fabricating/machine and assembly technologies
NC!CNC or DNC machines
Materials working laser (MWL)
Pick-and -place robots
Other robots
Interr.1ediate systems

(3)

Automated material handling technologies
Automatic storage and retrieval systems (AS/RS)
Automated material handling systems (AMHS)

(4)

Automated inspection and testing systems
Automated Inspection and testing equipment (AITE)
Integrated systems

(5)

Flexible manufacturing technologies
Flexible manufacturing cells/systems (FMC/FMS)

(6)

Computer-integrated manufacturing systems
Computer-integrated manufacturing (CIM)
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(7)

Logistic related systems
Just-in-time (JIT)
Material requirements planning
Manufacturing resources planning (MRPII)

Companies must ascertain which technologies can fulfill their objectives and
identify the selected technologies belonging to a system, since it will affect the
following justification methods chosen. For stand-alone systems where the purpose is
the straightforward replacement of old equipment, the standard economic justification
approaches can be used even if some economic benefits not usually considered are
'

obtained.
Another grouping method is based on the amount or type of investment. The
nature of the AMT investment can be divided into three-section computer hardware,
computer software and plant and equipment.
(1)

AMT related hard ware:
LAN
Micros

*

Graphics hardware:
Mainframe

Online process instrumentation
Shop floor data capture
WAN
(2)

AMT related Software:
CAD/CAM
Data base management systems
MRPII
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(3)

QC software
MRP
Expert systems
OPT
MAP

(4)

AMT related plant and equipment:
CNC M/Cs
Automatic testing equipment
Computer-controlled testing equipment
Flexible manufacturing cells
Automatic assembly
F lexible assembly systems
Robots
Laser cutting
Automated warehousing/order picking
AGVs

�

Laser measuring
Generic Advanced Manufacturing Technologies and Practices, is another A..\.1T
grouping. Generic AMT represent the different generations and different capabilities
that explain most industries.
(1 )

Multi-axes machining center

(2)

High speed machining center

(3)

Cellular manufacturing or group layout

(4 )

Computerized production planning system

(5)

Product modeling and simulation
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(6)

Electronic exchange of product design and process data

(7)

Automated parts identification devices

(8)

Rapid set tooling and fixturing

(9)

Rapid prototyping

( 1 0) Computerized process planning system
( 1 1 ) Product data management system
( 1 2) Process simulation
(1 3) Knowledge-based systems

( 1 4) On-line intelligent process control

,,_

2.16 Empirical Evidence of Productivity Increases of the Firm

Sufficient evidence exists that computer aided technologies can mcrease
productivity as well as quality and production flexibility (Voss 1 988; Ingersoll &
Engineeers i 984). In a study of 14 organizations that have deployed computer-aided
manufacturing technologies Voss found that 1 2 had experienced increases in
productivity.

Increased product quality, reduced lead-times, and greater flexibility

occurred in 8 of them. On the other hand, a pioneer study by Jaikumar (1 986) found
that deployment of computer-aided technologies in some firms only boosted machine up
time and productivity or lead-times. Jaikumar concluded that these organizations did
not realize increase in quality and flexibility because they superimposed the new
technologies on existing structured organizations. Gaining the inherent flexibility and
quality advantages of computer-aided technologies requires a more integrated and
flexible work organization with decentralized control structures.
Computer-aided

technologies

are

similar

to

earlier

conventional

non

programmable fixed-cycle technologies because of their ability to increase machine up
time and produce high volume products.
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Economies of scale are needed to be

competitive in mass markets.

Nonetheless, these new technologies differ from

conventional machines because they have the capacity to produce a wide array of low
volume, high quality, customized parts or products needed for a highly segregated
market (Zammuto and O' Cpnnor 1 992).
2 . 1 7 History of AMT

Historically,

manufacturing

organizations

made

improvements

m

their

productions processes primarily through investments in physical capital. Advanced in
mechanization, for example, enabled manufacturing firms to enhance efficiency in
production while actually lowering the required skills and capabilities of employees As
a result many firms actually deskilled their workforce to reduce labor expenses. Their
diminished the necessary level of investments in human capital with the hope of
increasing profits.
In contrast to this perspective advocates of the contemporary - manufacturing
paradigm argue for a dramatically different orientation toward employees. These post
industrial theorists propose that compared to the deskilling tactics of traditional
manufacturing, more advanced systems require a set of complementary practices for
improved skills of their workforce. Indeed, some studies have suggested that modern
manufacturing systems demand more enhanced technical, conceptual, analytic and
problem solving skills than were typically required in traditional manufacturing
environments.
In the manufacturing sector, the new technological advances have revolved
around machine tools and equipment (U.S. Department of Commerce 1 989) . Advances
in automation of machine tools beg�n about 30 years ago with the first generation of
programmable machine tools-the numerical controlled machine tools (NC). The NC did
not become widely used until the 1 970s (Noble 1 979). The second generation,
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computerized numerical control machine (CNC), was introduced in the late 1 970s.
These new machine tools have the capacity to produce the high volume standardized
parts and products necessary for competitive success in undifferentiated markets.
While the first AMT technologies were introduced in the 1 950's, but it was not
until the 1 970's that the adoption of AMTs took off and the 1 980's that their use
became widespread. Today, nearly ail currently produced manufacturing equipment
incorporates some electronics element and thus fits the definitions for AMTs.
There are three types of manufacturing systems: Crafts shops; dedicated
manufacturing systems (DMS); and advanced manufacturing technology -based
systems (AMT). Their research is based on Teece conceptualization of long-linked
versus intensive technologies. Using their classification scheme, DMS are considered
long-linked industrial systems employing hard automation whereas AMT are post
industrial enterprises employing flexible resources.
There are many distinctions between craft shops and DMS. While craft shops
employ skilled artisans who use various hand tools, DMS de�loy special-purpose
machinery operated by unskilled manual laborers.

In a craft shop, workers are

organized into task-oriented work groups. Work is functionally specialized and used.
Usually a single task is assigned to a worker in a DMS. In a craft shop, performance
measures are based on customs and other craftsmen evaluate the work.
controlled through a hierarchical structure.

DMS are

In addition to the above characteristics,

DMS are product-oriented, concerned with efficiency and productivity.

An

information

system controls task execution and co-ordinates sequential activities within a DMS.
2.18

Adoption of AMT

The study of the adoption and dissemination of technologies is one of the key
components of innovation and technological development.
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Indeed, it is through the

adoption of newer, more advanced, technologies that industries can increase their
production capabi1ities, improve their productivity, and expand their lines of new
pi oducts and services.

Adoption of new technologies is a key element to a firm's

success (Baldwin, Diverty, and Sabourin 1 995). This report among others outlines the
extent to which establishments in the Canadian manufacturing sector use advanced
technologies. It investigates the extent to which advanced technology is used - both at
the individual technology level and at the functional technology group level, where
functional group refers to collections of technologies that serve a common purpose. Not
all firms adopt advanced technologies because of the costs associated with their
adoption. Adoption occurs when the benefits from adopting the new technology
outweigh the costs.
Michael Proter argues that there are two roads to competitive advantage: lower
cost or product differentiation. Developing countries are able to again a foothold in
international markets for their industries by translating their relatively cheap labor costs
into lower-cost goods. For industrialized countries such as the US, where the cost of
labor is relatively high, the introduction o such cost competition has un�ercut many
traditional industries, and forced many finns to slash costs in order to remain
competitive. Over the long rnn, such strategies cannot pay off

for

industrialized

countries. The competitive advantage of low cost production will always lie with less
developed countries.
According to Porter, the road to competitive advantage for industrialized countries
that wish to keep wages relatively high must be product differentiation. Firms must
become able to produce goods that cannot easily be transferred to lower cost locations,
allowing them to maintain reasonable operating margins while paying higher wages.
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Global competition continues to drive the adoption of AMT (Chen and Small
1 994; Gupta 1 988). To date, the literature on the introduction of AMT new technology
is based primarily on case studies and expert opinions.
Global and domestic firms have different obj ectives for adopting AMT as a means
to effectively compete in their respective markets. Whatever the objectives may be, the
adoption of any new technology involves uncertainty about achieving the objectives.
In addition to the inherent human resistance to change and innovation, at least two
other types of uncertainty are present when adopting manufacturing innovations:
technological uncertainty (whether the adoption of the technology will be profitable) :
'

and strategic uncertainty (how the decisions of competing firms will be adversely
impact a decision to adopt a new technology). Generally, the effects of technological
uncertainty can be reduced by research and testing. In contrast, strategic uncertainty is
more difficult and problematic to evaluate, frequently relying on speculative efforts to
anticipate the decisions of rival firms.

Adopting AMT involves both types of

uncertainty.
Baldwin suggests that firms, which export a large portion of their production,
adopt a greater variety of AMT than domestic competitors. He cites the reorientation to
exports by the Japanese as their motivation to adopt AMT.

If this is the case, US

exporting firms would be expected to adopt a greater variety of AMT than nonexporting firms.
Meredith (1 996) states that adoption of AMT involves major investment and a
high degree of unce1tainty and, hence, warrants considerable attention within
manufacturing firms at the strategic level. As a result, issues involving selection and
justification procedures assume greater importance. He further states that companies
can attain significant competitive advantages through AMT such as flexible
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manufacturing systems (FMSs), computer-aided design and robotic systems. He also
observes that many companies are reluctant to install these technologies because:
(1)

Those which have, frequently do not reap the advantages these technologies
can offer.

(2)

There are difficulties in implementing the expensive, complex systems.

(3)

There are insufficient internal skills.

(4)

There is a multiplicity of implementation paths.

( 5)

AMT involves incremental skill building.

(6)

AMT requires a different support infrastructure.

Meredith observes that implementing AMT is one of the lengthiest, expensive and
complex tasks a firm can undertake.
An

issue of importance in this strategic decision is whether the process should be

transferred withort modification or adapted in some way for transfer, Cloning a
manufacturing process can maintain commonality throughout a global network of
operations, and avoid re-engineering costs. Cloning, however, requires "robustness" to
the recipient's local conditions and may not allow the exploitation of benefits from local
factors of production.

The alternative is to adapt some aspect or aspects of the

manufacturing process through adoption; the transferor (the home) can take advantage
of local characteristics and can facilitate the transfer process. Manufacturing processes
which receive significant inputs from the local economy, such as skilled labor,
repairmen, reliable power, spare parts, industrial materials processed according to
exacting specifications, and so on, are less appropriate to the less-developed areas than
those which do not have such requirements. Vernon concluded that firms would either
vertically integrate to overcome such supply problems, or choose products which were
more transferable, such as those which did not require the local conditions mentioned
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above.

Taking a largely economic perspective, Mason et al. ( 1 98 1 ) identified the

variables affecting the choice of technology choice for transfer as: market size and
growth, labor and capital costs, range of technology available and prospect of
technological obsolescence. In these examples, the authors have listed both host
dependent and host-independent issues. To attempt a comprehensive assessment of the
factors coming to bear during the transfer it is necessary to differentiate between those
characteristics of the process that pertain to host conditions. (Such as labor costs and
market), and those that affect the activity of transferring the process (such as
dependence on difficult-to-transfer knowledge).
Literature on technology appropriateness typically suggests factors influencing
adaptation to improve fit with host characteristics and socio-economic objectives. Pack
( 1 98 1 ), for example, focuses on labor substitution, identifying appropriate technology as
that which maximizes output and employment simultaneously.

This approach to

appropriateness is too narrow to be of much value to transfer practitioners assessing a
manufacturing process or choosing a location. A wide view of appropriateness should
draw in all the factors that have some impact on the operation of a manufacturing
process in its new location.

In his work on location decisions, Schmenner (1 982)

summarized the factors which managers might consider: markets, suppliers and
resources, government, competition, labor, site attractiveness, taxes and financing,
transportation, utilities and services. Not all of these factors, however, relate directly to
the manufacturing process per se. More specific factors, identified by authors taking the
wider view of technological appropriateness include: import tariffs, localization
requirements, local culture (Grant et al. 1 99 1 ), Climate (Lall 1 987), and use of foreign
exchange (Stewart and Nikei 1 987).
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The high degree of adoption and adaptation of manufacturing philosophies by less
developed countries (LDCs) provides useful material to analyze the factors influencing
adaptation. Stewart and Nikei, 1 987 claim that the simplicity of Japanese techniques
and their low capital investment requirement makes them ideal for LDCs, requiring only
training. Hence, initially one would assume that for LDCs, requiring appropriate for
LDCs. However, they do mention caveats, for example: workers in LDCs often lack
inherent housekeeping tendencies, capability in tool making and quality measurement,
and individuals for troubleshooting. More adaptation influencing factors are suggested
by other authors in LDCs, Namely: employee and supplier participation (cultural and
infrastructure), educational level, labor costs, unionization, and firms ' size (Baldwin and
Gagon 1 993; Hendryx 1 986; Lawrence and Lewis 1 993). So in fact, some Japanese
methods, or extensive training, and infrastructure and capability building at the host site.
Factual evidence of the factors affecting manufacturing process adaptation is
uncommon, but a number of empirical studies have identified a lack of host managerial
know-how, lack of infrastructure, poor IPR protection, governmental requirements and
commercial habits as barriers to transfer (Abo 1 994: Hongyu et al. 1 995: Spender
1 989).
Different manufacturing processes will be affected by these factors to a greater or
lesser extent. The sensitivity of a process to any of these factors gives an indication of
its robustness. If a process was not, for example, climate specific, then it could be
considered robust to climate.

In this case it would be appropriate, regardless of

differences between the home and host climates.

The more general case when the

process was affected by climate, the home and host climates would be sufficiently
similar so that the manufacturing process was appropriate for the host.
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Adoption of new technologies is a key element to a firm's success (Baldwin,
Diverty, and Sabourin 1 995). Therefore, most of the researchers outline the extent to
which establishments in the Canadian manufacturing sector use advanced technologies.
It investigates the extent to which advanced technology is being used-both at the
individual technology level and at the. functional technology group level, where
functional group refers to collections of technologies that serve a common purpose. Not
all firms adopt AMT because of the costs associated with their adoption. Adoption
occurs when the benefits from adopting the new technology outweigh the costs.
Adoption rates, alone, are insufficient for attempting to understand the complex �ature
'

of technological change. Thus, some survey investigates the benefits and effects that
manufacturing establishments receive as the results of adopting AMT.
Moreover, some manufacturers hold the view that the adoption of AMT involves
a high level of investment, and its payback period is usually longer than that
traditionally required by business enterprises.
2 . 1 9 Benefits of Advanced Manufacturing Technology

The literature identifies a variety of technical and strategic factors that favour
AMT adoption: reduced product development time; labor costs savings; material costs
savings; a need to remain competitive; tax incentives; financing availability; a need for
product change flexibility; environmental, safety or health concerns; increased
profitability or plant performance; and customer requirements. These factors have a
broad, strategic impact on the firm and affect virtually every major element of a firm's
operating environment.
Since the technical capabilities of AMT are well proven, failure to achieve the
potential benefits has been attributed to infrastructure problems such as inadequate
organizational planning or preparation for the adoption of the AMT.
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implementation process of AMT consists of the following three phases: pre-installation
(planning and justification), installation, and commissioning (monitoring and
evaluation).

Implementation is typically viewed as a combination of installation,

commissioning, and post-commissioning phases.
The literature elucidating the benefits of factory automation is rather extensive,
Case studies and surveys of companies gaining competitive advantage through factory
automation include Baldwin and Gupta ( 1 99 1 ). The dissertation will now discuss main
benefits of factory automation:
( 1)

Reducing direct labor

'\J E RS/

Since the Industrial Revolution (Circa 1 770), mechanical devises have
replaced human labor in processing, inspecting, assembling, moving and
packaging operations of manufacturing goods. Factory automation reduces
direct and indirect labor through mechanization, reduced rework and
inspection, and improved manufacturing planning and control. A study of
flexible manufacturing systems (FMS) in 20 US firms, for example, showed
that FMS can reduce labor by as much as 88 percent (Hayes and Jaikumar
1 99 1 ). Labor reduction has important implications for manufacturers in the
newly industrializing countries (NIC) because of severe labor shortage
experienced by those countries, particularly Taiwan and Singapore.
(2)

Improving quality
Factory automation tightens process control, simplifies the diagnosis
of problems, minimizes human error and automates quality assurance
procedures.

In computer-controlled manufacturing processes, valuable

process data can be collected online for immediate analysis and for
subsequent rectification. Computer-aided design enhances process accuracy
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and repeatability, with a lower defect rate and improved product quality
(Attaran 1 989b).
(3)

Expanding product/process flexibility
The introduction of numerical control (NC) technology in the 1 950s
ushered in the flexible automation era.

Using computer technology to

control manufacturing operations, flexible automaton offers the flexibility of
general-purpose machines and the lower variable cost of fixed automation.
This is: accomplished through quick and inexpensive changeover, improved
process control, higher machine utilization and reduced work-in-process
inventory.

Flexible automation enables the manufacturer to offer a far

broader range of products by stimulating new product design, simplifying
style changes and making small production runs to a accommodate seasonal
demand. This is far easier than adjusting the production rate of workers in a
less automated, more labor-intensive manufacturing form.
Reducing Set-up Time, Inventory, and Manufacturing Lead-time.
Contempora1y engineering methods and practices can !educe setuptime by as much as 90 percent or more (Attaran 1 989b). For example, at
General Motors, automation reduced the time required to change a die in a
large punch press from six hours to 1 8 minutes.

Reducing set-up time

increases available capacity, increases flexibility to meet schedule changes,
and lowers the optimum order quantity.
Some companies have realized handsome payoffs from investing in
advanced manufacturing planning and control (MPC) techniques such as
manufacturing resources planning (MRPII).
company, in

a

For example, The Tennant

two-year period reduced purchased inventory by 42 percent,
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increased production rate by 66 per cent and increased delivery promises
met from 60 to 90 percent.
A survey of five FMS installations indicated a reduction in lead time
by 25 percent (Meredith 1 987). This reduction in time between customer
order and product deliver gives the manufacturer a temporary competitive
advantage, particularly in promoting good customer service.
(4)

Reducing time to market
Time to market is one of the most critical factors in today's business.
Rapidly changing technology has shortened the average life of ·many
,

products. Computer-integrated manufacturing (CIM) impacts the product
life cycle by reducing the time required for firms to respond to changes in
market demand and accelerating the demand for quality to be designed into
the product. The Allen-Bradley Company invested US$ 3.5 million on a
pilot CIM cell in Twinsburg, Ohio in 1 986. The CIM cell assembles printed
circuit boards for four geographically remote engineering departments. The
CIM cell reduced the engineering cycle time from 52 weeks to 26 weeks.
The benefits of AMT have been widely reported in the literature and can be
classified as tangible and intangible. The tangible benefits, which are easily
quantifiable, include; inventory savings, less floor space, improved return
on equity (ROE) and reduced unit cost of operation. The intangible benefits,
which are difficult to quantify, include: an enhanced competitive advantage.
A list of these benefits, along with their literature sources, is presented
Table 2.5.

in

Although the benefits of AMT are numerous and have been

found to be indicators of best practices in manufacturing, only a small
proportion of companies adopting AMT have taken full advantage of these
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benefits. The rate at which these benefits are derived varies to a large extent
Some companies at large fall short of

from one company to another.

achieving those benefits that were perceived as being important in AMT.
Among the reasons given for the lack of success include: technology mania,
lack of top management's continued support, poor commitment to shop
floor employees and inadequate managerial training for AMT proj ects.
Success in AMT implementation becomes douptful when the set of goals

and obj ectives stipulated is introduced at a rate faster than the rate at which
they could realistically implemented. This has been attributed to lack of
appreciation of the degree of complexity and challenge that such
implementation might entail. Mize (1 997) strongly argued that AMT can be
the viewed as a strategy for enhancing and achieving the set goals and
obj ectives of an organization: however, he cautioned that AMT adoption
should not be viewed as the panacea to all manufacturing problems.
The literature, the critical success determinants for AMT implementation can be
classified into four broad categories are as fol lows:
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Table 2.5.

Benefits of AMT.

Tangible Benefits

Intangible Benefits

Increased Flexibility

Improved return on

Enhanced competitive

Improved manufacturing

equity

advantage

control

Reduced inventory

Adjust to shorter product life

costs

cycle

Improved working conditions

Developed
Reduced set-up times

Quick response to design or

engineering/management

process changeover

expertise
Reduced throughput
times

Lower exposure to labor unrest

Lower fixtures and jig

Viewed as leader in the use of

costs

new technology

B etter data management
Quicker response to machine

Reduced scrap rate

-
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Reduced labor costs

breakdown
Ability to introduce new
product faster
Improved response time to

Reduced tooling costs

demand variations

Reduced amount or

Improved product quality

rework

Better control of parts

Increased flexibility

Table 2.6.

Ability to introduce new
product faster

-

Combination of Factors.

�

r-

Triple C Factors
Effective communications
Sound co-ordination
Strong co-operation from everyone
Strong commitment
Self-interest factors
Employees ' morale

,,,.,,

vev

1AO

�"')_

.... - �
:\.'d b

Employees' satisfaction with the project
Belief that the AMT is for general interest
Quick response to workers concerns
Appropriate reward system
Housekeeping factors
Quality plan of action
Quality technical support
Teamwork
Detailed cost/benefit report
AMT cost justification
Business functions integration
Effective facilitator
Literacy factors
Clear understanding of AMT capabilities
. Clear understanding of the business system
Effective training
Clarity of AMT goals and objectives

Appropriate !eve I of expectations of the AMT

-
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Triple C factors, self-interest housekeeping and literacy factors. Among the
reasons cited for AMT failures are: unable to develop an effective support system, lack
of planning for a high level of systems integration, lack of experience with modern
technologies, inadequate understanding of new technologies and lack of topmanagement knowledge and support of AMT.

Total system integration rather than

stand-alone technologies should be the key requirement in AMT success.

\

Table 2.7.

AMT Adoption.

!

I

�

'Y

AMT Adoption

......

I

v�

Improvement in productivity

�

Reduction in labor requirements.

-�_:.:;;.i

Reduction in material consumption
Reduction in energy consumption

I
')�

Reduction in equipment utilization
Increase in equipment utilization
Increase in capital investment
Reduction in inventory

�
-

s

Improvement in product quality

,E
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Reduction in product rejection
Reduction in set up time
Increase in product flexibility
Improvement in working conditions
Reduction in environmental damage
Increase in skill requirements
· Reduction in skill requirements
Investment of AMT
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Sohal and Maguire also have identified list of benefits of AMT which they believe
to be useful with the assessment of an AMT proposal.

Table 2.8.

AMT Proposal.
AMT Proposal

f

i

\

Reduced costs
Obtaining competitive advantage
Improved quality
Increased flexibility
Increased throughput
Better management control
rrn � ,., _
Increased sales
�[L.
Improved response to variation in product volume "
Improved response to variation in product mix
Improved integration of manufacturing information systems
Reduced work in progress
��
Reduced changeover/set-up times
�
Improved integration of information systems across functions �
......
Improved workforce attitudes
Improved working environment
1.Reduced product development time
C£J
Widening product range
?:?
Overcoming skill deficiencies
Improved ability to respond to variations in suppliers lead times
Improved ability to implement engineering changes
- Overcoming production management skill deficiencies �'Better working relationships
· · -r
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2.20 Disadvantages of AMT

Afzulpurkar et al, have identified some of the issues and problems arising from
implementing a cellular manufacturing (CM) proj ect. They are: Scope of CM proj ects,
simulation modeling, cell design, cell operational logistics, and labor issues in CM.
Traditionally there has been little awareness of the need to link technology issues
�ith human resource management issues. Technologies have been deployed to improve
firm performance independent of programs and practices that involve workers in
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decision-making (MacDuffie and Kochan 1 989; Graham and Rosenthal 1 986; Walton
1 985). However, the introduction of AMT requires a closer look at labour ploicies,
firms implement new technologies to improve their competitiveness. Reductions in
labor costs are m1de possible by new automated machines and equipment which take
over decisions about production and perform at accelerated rates operations formerly
performed by humans.

Faster performing technologies permit increased production

using the same fewer, or less skilled employees.
Labor-related problems include difficulties that arise because new technologies
and innovation generally need higher skill levels (Baldwin, Gray and Johnson · 1 996;
,

Baldwin and Da Pont 1 996).

In the face of these needs, a firm may encounter

impediments to adoption if there is a shortage of skills available on the market, or if it
faces training difficulties in overcoming deficiencies, or if its labor contracts act to
constrain its ability to substitute labor across tasks.
Four other areas were also identified.

They are impediments that arise from

government policy (Institutional-related problems), from labor market imperfections,
from internal organization problems and from imperfections in the . market for
information. Each of these also increase the costs of adopting AMT-but the causes are
somewhat more narrowly focused than the general cost-related items that are included
in the first category. The four areas are discussed below.
Organizational problems are those associated with difficulties in implementing the
types of internal change in a firm that are required for the adoption of AMTs. The first
of these is the difficulty in introducing important changes to the organization.

For

example, the introduction of computer-aided design may require new structure that link
engineering development with the production department so that the advantages of
concurrent engineering practices can be fully exploited. Other organizational problems
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stem from a poor attitude of senior management towards new technologies, or worker
resistance.
Institution-related problems are those associated with tax regimes (both the R&D
tax credit and capital cost allowances) and with government regulations and standards.
Information-related problems arise if markets for knowledge are imperfect.
They include lack of scientific and technical information, technological services,
Table 2.9 reports the percentage of plant

and technical supports from vendors.

managers who reported that these problems impeded the adoption of AMT according to
the Baldwin survey.
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Table 2.9.

Problems Impeded the Adoption of AMT.
Percentage

Types of lmpediment
Cost-related

79. 1

Institution-related

1 5 .5

Labor-related

37:2

Organization-related
Information-related
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34. 1
24.9
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Various attributes are addressed and used by researchers for procedures involving
adoption, classification, selection, and justification of AMT In this review a
comprehensive list of studies has been identified and classified under several categories.
The literature also observes common difficulties in implementing AMT such as lack of
technical skills, managerial problems, lack of confidence to implement automated
systems, lack of clear-cut policy direction towards automation, resistance to adapt
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automation, and systematic evaluation methods and general managerial problems.
Economic issues alone are inadequate to justify new manufacturing systems because
�
!

traditional evaluation methods are inadequate for the purpose, Non economic benefits

I

could not be included in the justification procedure, since it offers a large number of

'
'

i

I

intangible benefits. The problem lies not in the level of technology, but rather with its

I

I
I

implementation. It is important to note that, instead of rushing to invest in AMT, a
manufacturing company must reassess its direction, strengths and weaknesses, and
accordingly develop a strategy for successful implementation.

The entire literature

review and classification scheme suggested have brought several elements to the fore.
These can be summarized as follows:
(1) AMT adoption and adaptation factors and implementation problems
discussed in firm level.
(2) AMT involves a set of quantifiable and non-quantifiable attributes.
(3) AMT definition changes from time to time. It starts from broad definitions
and end up with much computer related definitions.
(4) AMT includes many issues, especially h uman issue and mechani_cal issues.
(5) Advantages and disadvantages related to AMT in the field of technical
!

!!

aspect.
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III.

3.1

RESEARCH METHODOLOGY

Overview

Based on the literature review in chapter 2, the conceptual framework of the study
is structured to achieve the objectives of examining levels of analysis indicated in
chapter 1 . The analysis first applies to the theoretical framework developed by Gupta
and Govindarajan 1997, Caves 1 982, and Root 1 987. Second, based on this theoretical
framework, the conceptual model has been formed to test the empirical model. The
conceptual model aims to find relationships between the characteristics of the foreign
based companies and the mechanism of technical knowledge transfer from foreign
based companies to companies of a host country. According to the conceptual model
the foreign companies can transfer various types of knowledge across countries through
a variety of different modes.

One of the main advantages of the foreign-based

companies is their ability to transfer technological knowledge or even managerial and
marketing know-how.

Recent research in international management indicates that

foreign-based companies to make use of the host country resources and, addition,
develop vast networks which can provide access

to

technology from various locations

and share it with other parts of the organization. In fact, this ability to learn and use
knowledge elsewhere in the firm is one of the primary advantages of foreign-based
companies.

Gupta and Govindaraj an 1 997 review studies which reveal that the

operations of foreign subsidiaries of European finns in less developed countries have
resulted in productivity gains to the companies in host countries. However, this may
not be the sole reason and that these productivity gains could have resulted from the
diffusion of knowledge and expertise from the International firm to hosts firms or from
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the effects of greater competitive ability and better resource allocation in the host
economy.
3.2

Theoretical Framework

As Caves ( 1 982), Root ( 1 987) and others have pointed out; an MNC may enter a
foreign country through one of several modes, such as Greenfield operations, strategic
alliances, or acquisitions.

At a general level, every subsidiary acquires bundles of

knowledge: duplicative knowledge, non duplicative knowledge, duplicative knowledge
that is relevant only in the local environment, and non-duplicative knowledge that is
relevant also for other units within the global network. As the literature on foreign
'

direct investment has argued and demonstrated, existing corporate know-how and the
know-how required to succeed in a host market, will lead to the greater the probability
of acquisition as the mode of entry. Thus, relative to Greenfield subsidiaries, acquired
subsidiaries on average can be expected to have a knowledge stock that is less
duplicative vis-a-vis the knowledge stock of the rest of the corporation. It is true that
only a subset of the non-duplicative knowledge would b e of relevance for the global
network.
As Gupta and Govindarajan (1 997 ) have observed in their review of
communication theory, even though different communication scholars have focused
more (or less) heavily on different elements of the communication process, virtually all
of them recognize the following as the basic

elements of any two-person

communication : a message, a sender, a coding scheme, a channel, transmission through
the channel, a decoding scheme, a receiver, and the assignment of meaning to the
decoded message.

Consistent with these ideas from communication theory, the

researchers have conceptualized knowledge flows (into or out of a subsidiary) to be a
function of the following five factors:
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(a)

Value of the source unit' s knowledge stock

(b)

Motivational disposition of the source unit.

(c)

Existence and richness of transmission channels

(d)

Motivational disposition of the target unit.

(e)

Absorptive capacity of the target unit.

Value of Source Unit's Knowledge Stock
Knowledge flows across units are not cost free (Teece 1 98 1 ).

Barney has

mentioned that different resources have different levels of value. Thus the greater the
value of a subsidiary 's knowledge stock for the rest of the MNC, the greater would be
'

its attractiveness for other units. This idea is broadly consistent with the concept of
relative advantage in the literature dealing with diffusion of innovations, which has
argued that the adoption rate of an innovation is positively related to its relative
advantage (Rogers 1 995). Knowledge stock of any subsidiary is composed of both
duplicative as well as non-duplicative knowledge.

!l

It

The presence of non-duplicative

knowledge is necessary, although not sufficient, condition for such knowledge to be of
value to other units. Therefore knowledge outflows from a subsidiary are. likely to be
high when the subsidiary's knowledge stock is non-duplicative as well as relevant for
the rest of the global network.
Motivational Disposition of the Source Unit
Cyert ( 1 995) has suggested, that an organizational unit with uniquely valuable
know-how is likely to enj oy an information monopoly within the corporation. This
coupled with the fact that power struggles are a ubiquitous phenomenon in any
organization (Pfeffer 1 98 1 ), implies that at least some units will view uniquely valuable
know-how as

the

currency through which they

acq uire

and retain relative power within

the corporation. Levitt and March ( 1 988: 3 3 1 ) have observed similarly that in many
95

situations the diffusion of experience has negative consequences for organizations that
are copied. Therefore, the factors which would enhance the motivational disposition of
the source unit within the MNC are likely to counterbalance any hoarding tendencies
and has a positive impact on the magnitude of knowledge outflows.
Existence and Richness of Transmission Channels
As would be expected, and

as

demonstrated empirically by Ghoshal and Bartlett

( 1 988) in the domain of MNCs, that knowledge flows cannot occur without the
existence of transmission channels.

There are several properties of transmission

channe ls which may affect the extent of knowledge flows; The most notable of such
properties would be the richness/bandwidth of communication links.

For example,

openness, and density of communications (Gupta 1 986 and Govindarajan 1 99 1 ).
Motivational Disposition of the Target Unit
The Not-Invented- Here (NIH) syndrome is well known and also has been the
subj ect of scholarly inquiry (Katz 1 982). There are at least one driver of the NIH
syndrome, that is ego-defense mechanism, (Sherif and Cantrill 1947) which can lead
some managers to block any information that might suggest struggles_ within the
organization (Pfeffer 1 9 8 1 ).

It can lead some managers to try to downgrade the

potential power of peer units by pretending that the knowledge stock possessed by these
peer units is not unique and valuable. In short, unless counter-veiling forces are present,
the NIH syndrome can act as a major barrier to the inflows of knowledge into any focal
unit. These counter veiling forces can manifest themselves in several forms; the relative
paucity of the focal unit' s knowledge stock, incentive that increases the subsidiary
managers' power: or coercive pressures from corporate headquarters.
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Absorptive Capacity of the Target Unit
Even when exposed to the same environment and with insignificant differences in
the desire to acquire new knowledge, individuals and organizations may differ in their
absorptive capacity i.e., in their ability to recognize the value of new information,
assimilate it, and apply it for commercial ends (Cohen and Levinthal 1 990: 1 28). There
are at least two reasons why absorptive. capacity may differ across organizations: ( 1 ) the
extent of prior related knowledge, and (2) the extent of inter-unit homophile of the
receiving unit vis-a-vis the sending unit. Prior related knowledge is important because
it shapes the filters through which the organization differentiates between more vs. less
relevant signals and also because it determines the organization's ability to internalize
and assimilate the more valued signals (Cohen and Levinthal 1 990). Homophily, i.e.,
the degree to which two or more individuals who interact are similar in certain
attributes, such as belief, education, social status, and the like (Rogers 1 995: 1 8- 1 9), is
important because when the interacting individuals share common meanings, a mutual
sub-cultural language, and are alike in personal and social · characteristics, the
communication of new ideas is likely to have greater effects in terms of knowledge
gain, attitude formation, and overt behavior change (Rogers 1 995: 1 9).
Figures 3 .1 and 3 .2 present schematic understanding of the theoretical framework
developed by researchers. As Ghoshal and Bartlett (1 990), Gupta and Govindarajan
( 1 99 1 ), and Hedlund (1 994) have suggested, knowledge transfers within the MNC take
place within the context of an interorganizational network of differentiated units. Flows
of knowledge through the network can be studied from at least three different levels of
analysis: Nodal (i.e., a focus on the joint behavior of the entire network). Dyadic (i.e., a
focus on the behavior of the entire network), and systemic (i.e., a focus on the behavior
of the entire network).

Given the highly complex nature of the phenomenon under
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investigation and the relative dearth of previous empirical work on it, this theoretical
framework is limited to the Nodal level.

More

specially, a focus on individual

subsidiaries only and presents the determinants of knowledge flows in each of the
following two domains:
(1 )

Knowledge flows from subsidiaries to parent companies

(2)

Knowledge flows from parent companies to subsidiaries

Values
of Knowledge
Stock
Knowledge Flows
from Subsidiaries
to Present
Companies

Motivational
Disposition to
Share Knowledge
Existence and
Richness of
Transmission
Channels

Figure 3 . 1 .

Knowledge Flows from Subsidiaries to Parent Companies.

According to the objectives of this study, knowledge from subsidiaries to parent
companies is beyond the scope of the study. In this study focus will be limited to
knowledge flows from parent companies to subsidiaries. Figure 3 . 1 presents a summary
form of theoretical framework of this study .
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Figure 3 .2.
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Knowledge Flows from Parent Companies to Subsidiaries.
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3.3

Conceptual Framework

According to the theoretical model the foreign companies can through a variety of
different modes, transfer various types of knowledge from parent companies to
subsidiaries in host country.

There are many types of knowledge transfers from

foreign-based companies to local companies in a host country, technology is one of
them, others are such as marketing, production, financial, and human resources
knowledge. This study is focused on one specific type of knowledge transfers, namely
production know1 ;:dge transfer or manufacturing technology transfers from foreignbased companies to local companies.
There are two rationales behind this conceptual framework. First, every firm
constitutes a bundle of knowledge. This observation is now so widely accepted as to
have become almost axiomatic (Grant 1 996;
Nelson and Winter 1 982; Nonaka 1 994).

H uber

1 99 1 ; Kought and Zander 1 992;

Second, the primary reason why foreign99
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based companies exist is because of their ability to transfer and exploit knowledge more
effectively and efficiently in the intra-corporate context than through external market
mechanisms.

l

I

Table 3 . 1 .

Total Conceptual Frameworks.

Origin of the Country
Developed countries
foreign-based companies

Developing countries
foreign-based companies

Mode of Entry
Wholly owned
Majority
owned
Minority
owned
Joint ventures

D
-

Type of
Knowledge
Production
Marketing
Financial
Human
resources

Advanced
Manufacturing
Technology
Design and engineering
Fabricating/machining
and assembly
Automated Material·
I
Handling
Automated Inspection
and technologies
Flexible Manufacturing
Logistic related systems
-

r-

The conceptual framework presented in Table 3 . 1 suggests a sequential and
almost linear relationship between AMT usage and type of knowledge received by
foreign-based companies in the host country. The purpose of this model is to test the
efficiency of several aspects of this conceptual framework by using data to be obtained
from firms that have adopted and are using various AMT as well as the knowledge
relevant to AMT, which they have acquired from foreign-based companies.

1 00

Conceptual
Framework

Origin of the country

Mode of entry

Developed country

Type of Knowledge

Wholly owned

Production
knowledge

Developing country

Majority nwned

AMT

Design and
engineering

Fabricating and
assembly

Minority owned

Automated
material handling
Automated
inspection and

Joint venture

technolo1dcs
Flexible
manufacturing

Logistic related
systems

Figure 3 . 3 .

Conceptual Framework o f the Study.

This internalization of intangible assets argument was originally advanced by
Hymer (1 960).

It has been subjected to many empirical tests and is now widely

accepted as the well-received theory on why foreign-based companies exists (Buckley
1 976; Caves 1 97 1 , 1 9 82; Ghoshal 1 987; Porter 1 986; Teece 1 98 1 ) . The notion that
foreign-based companies exist primarily because of their superior ability to engage in
internal knowledge transfer does not in any way imply that such knowledge transfers
actually take place effectively and efficiently on a routine basis. Finally, very little
systematic empirical investigation into the determinants of production technology has
so far been attempted. A number of publications have emphasized the importance of
technology transfer from developed country foreign-based companies to developing
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host county' s local companies, but none of them has adopted the construct of
operational zed or measured it. Furthermore no study has focused at the factors of
determinants of advanced manufacturing technology transfers from developed and
developing country foreign-based companies to local host developing country.
This study focuses on the transfer of knowledge that exists in the form of
advanced manu facturing technologies from foreign-based companies to local host
country rather than on the transfer of knowledge in the areas of marketing, financial and
human Resources.
3.4

Research Model

\\JER 1-,

This model considers the relationship between country of origin, mode of entry
and some specific company variable. The interaction process is analyzed according to
the number of AMT used by companies and the amount of AMT related knowledge
transfers from foreign-based companies to local host companies.

The model is

presented in Figure 3 . 3 and involves 3 stages. These include the following:
3.4. 1 Country of Origin
Country of origin has been defined in many ways in literature. According to
Johansson et al . ( 1 985) and Ozsomer and Cavusgi l ( 1 99 1 ) define country of origin as
the country where corporate headquarters of the company is marketing the product or
whose the brand is created.

Typically, this is the home countiy for a company.

Papadopoulos ( 1 993) and White ( 1 979), define the country of origin as the country of
manufacture whose the decision' s of about the products are made. Country of origin
can be defined through marketing or production . But in this study it is defined as the
country where initial investment and technical know how disseminate to other
countries.

According to this definition the country that invests and disseminates
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knowledge is called home country or parent Company and the country that receiving
benefits is called host country or subsidiary company.
According to World Bank (2000), the main criterion for classification of countries
is Gro ss National product (GNP) .. per capita.

Countries are classified into three

categories: low, middle, and high-income countries. The middle-income countries are
subdivided into lower middle and upper-middle income and high-income countries are
subdivided into OECD and Non-OECD. The groups (as of 2000) are as follows:
Low-income countries are those with GNP per capita $755 or less.

Lower-

middle-income countries are those with GNP per capita $756-$2995, Upper-middle
income countries are those with GNP per capita $2996-9265 and High-income countries
are those with GNP per capita of $9266 or more.
Graphical Model of AMT Usage
Cool�bulion of AMT
Usage

Joint Venlure

Figure 3 .4.

Graphical Model of AMT Usage.
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Low-income and middle-income economies are sometimes referred to as
developing economics. The term is used for convenience; it does not imply that all such
economies are experiencing similar development or that other economies have reached
a preferred or final stage of development. Nor does classification by income necessarily
reflect developmr:nt status.
Ownership of a plant by a developed country foreign-based companies is cited as
conducive both to higher net investment and to more rapid diffusion of technology
(Cohen and Levin 1 989). Foreign-based companies are vehicles through which hard-totransfer scientific knowledge is moved from one country to another (Caves 1 982).

Graphical Model of AMT Knowledge Transfer
Co001bution cl AMT

KroMedge Transfe<

Widly
CMned

Figure 3 . 5 .

Contribution o f AMT Knowledge Transfer.
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Global competition continues to drive the adoption of new technologies. FDI is
one o f the ways to obtain a technology to the developing countries today. To date, most
researchers have recently been turning their attention to technology transfer and
particularly to the advanced manufacturing technology transfer. It seems that there is a
major underlying influence in the transfer of technologies from foreign-based
companies to local companies. Therefore, developing countries have required, and, in
most cases still requires, the setting up of foreign-based companies with local partners,
particularly technology is transferred from one country to the another country. Since
the mid-nineties, the legislations of the various countries have become more liberal
allowing for collaboration agreements with foreign-based companies.
There are two types of foreign-based companies. One type of company is called
developed country foreign-based company or parent company and these are established
based in developed country. There is a type of company; their origin is based on the
developing country and is called developed country FBCs. In this study, both types
foreign-based companies are considered, based in both the developed and developing
countries.

*

*

Greater investment in human capital, 1s represented in the model by training
expenditure per employee and increased average wages. It is expected to be positively
associated with technology use because most of the new technologies require new skills,
which must be created or improved by retraining employees of the firm. A positive
association is also expected between number of employees and usage of AMT. Higher
use of AMT can occur in firms who have less problems with turnover, as employees
gain deeper knowledge of their jobs and about the overall system of production within a
firm. High turnover requires firms to continually retain workers who are unfamiliar
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with the new technology . To limit turnover finns must pay higher wages and invest
more to retain skilled workers.
3.5

Mode of Entry

Entry mode of the market is related to foreign direct investment.

It may be

differentiated by the entry mode, which the finn uses to enter the foreign market, the
type of subsidiary, which it establishes to maintain its presence in that market and its
ownership. The corporate strategy literature has witnessed a considerable number of
attempts to devise a suitable subsidiary typology (Porter 1 986). Foreign-based
companies that are expanding in nations outside their home base are faced with the
challenge of choosing the best structural arrangement. The four major alternatives are
exporting, licensing, joint ventures, majority ownership and wholly owned subsidiaries
(Root 1 994).
The exporting mode differs from the other modes. In this method a company's
final or intermediate product is manufactured outside the target country and
subsequently transferred to it. Licensing is a non-equity, contractual mode with one or
more local partner firms. Therefore in this study, both above cited entry modes have
not been included as an entry variable. Majority ownership, wholly owned, and joint
ventures entail direct investment in business sites in the target country.
3.5 . 1 Wholly-owned Subsidiaries
Wholly owned subsidiaries (WOS) offer firms the highest levels of control and
the lowest technology risk, but they require the highest resource commitments. Wholly
owned operations are subsidiaries in another nation in which the parent company has
full ownership and sole responsibility for the management of the operation. They invest
.
resources, whi ch may be intangible, such as managerial skills, tangible such as
machines and money, or both the amount of required resources varies widely with the
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entry mode, ranging from very little as with indirect exporting, or minimal training costs
in licensing, to extensive investments in facilities and human resources. Wholly owned
subsidiaries are attractive to many companies because this mode enables the foreign
based companies to exert the most control in decision-making.

Technology risk is

probably lowest in a wholly owned subsidiary, since the operations are under the
control of the present.
3 .5 .2 Maj ority Ownership
The majority ownership means ranges between less than 1 00 and more than 50
percent. In a majority ownership, the control is shared formally according to level of
ownership. Technology risk is also low in a majority ownership situation.
3.5.3 Minority Ownership
The minority ownership ranges from less than 50 and more than 20 percent. In a
minority ownership the control is shared formally according to level of ownership.
Technology risk is probably high in a minority ownership.
3 . 5 .4 Joint Ventures
When manufacturing in foreign nations, US companies have shown a greater
preference for joint ventures (Ns) than have Japanese firms (Nakamura 1 99 1 ) . Joint
ventures involve two or more organizations that share the ownership, management,
iisks, and reward:. of newly formed entity. Each partner contributes equity that may
t:tke the form of money, plant and equipment, and/or technology. In a joint venture
control is shared fo1mally according to level of ownership. For example, when equity
ownership is over 50 percent gives one the largest partners has the largest number of
directors on the board. However, informal control mechanisms may also be exerted as
when one partner possesses and uses knowledge and information that the other lacks.
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Joint venture partners may also learn and acquire unspecified elements of the other
firm ' s technology in the context of their partnership.
3 ,6

Empirical Model

The diffusion of technological innovations, i.e., the process by which the use of
new technology spreads, is a key ingredient of technical change and economic growth.
Economic growth is a function of technological progress, which depends in tum upon
the flow of new technologies and the rate at which these technologies are diffused
throughout the economy. Because of its importance, the diffusion process has received
considerable attention.

Different theoretical approaches that model the decision by

firms who adopt innovations have been proposed (Davies 1 979 and Stoneman 1 986)
and numerous empirical studies have focused on the determinants of diffusion.
Three separate streams of analysis may be identified in the literature dealing with
adoption.

The first is Mansfield's epidemic model of technology diffusion, which

remains a basic research tool for both theoretical and empirical analysis. Although
Mansfield' s model has frequently produced credible empirical results, the model has
been criticized because it lacks a foundation based on a behavioral model of the firm
(Stoneman 1 983).

The diffusion curves used by Mansfield, which describe the

cumulative pattern of adopters of a new technology, are intended to model the behavior
of firms in the aggregate; it is, therefore, inevitable that they cannot explain why some
firms adopt new technology or a new innovation earlier than others.

By way of

contrast, studies of a adoption focus on what induces variations in the diffusion rate
acro ss firms, or what induces some firms to adopt more new technologies than others
(Stoneman 1 986).
The second type of analysis uses the game theoretic approach, as developed by
D asgupta and Stiglitz (1 980), Dasgupta (1 986), Reinganum ( 1 98 1 a, 1 98 1b), Fudenberg
108

and Tiro le (1 985) and Tiro le (1 988). Game theory suggests that the profitability of the
new technology combined with pressures from rivals to reduce costs will determine the
timing of adoption.
Finally, inter-firm differences in technology adoption are explicitly modeled by
employing Probit models (David 1 975 and Davies 1 979), and Bayesian learning models
(S ton eman 1 98 1 ; Lindner, Fischer, and Pardey 1 979; and Jensen 1 982 and 1 983). In the
Probit models an innovation is considered as a stimulus for a firm.

Each firm is

presumed to adopt an innovation only when the stimulus represented by an innovation
itself exceeds a critical level, which varies across films. In the empirical studies based
on these models, the critical level is often taken to be a function of firm size and other
film

characteristics.

In the Bayesian learning approach, finns are treated as being

uncertain of the potential profitability of an innovation and are assumed to learn about
the profitability either first hand or from an external source. In the empirical work
associated with this theory, various characteristics such as firm size are assumed to be
associated with a firm's capacity to learn. Each of these approaches recognizes that
technology usage vanes across firms (Davies 1 979; Lane 1 99 1 ; Rogers 1983;
Reinganum 1 983).
The enormous diversity of the AMT usage pattern suggests that associations of
firm characteristics with AMT usage and transfer of AMT related to the knowledge
transfer.

Using the number of technologies adopted by a plant as the measure of

technological sophistication may obscure such differences. Multiple regression analysis
is one of the methods to explore the statistical associations between AMT usage and
firm-based characteristics. This analytical method controls for the potential effects of
many other observable plant characteristics. Analyzing the relationships beh¥een AMT
usage and firm-based characteristics by using the number of AMT used by plants as a
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m easure of AMT sophistication implicitly in host country. The hypothesis is tested that
the coefficients of all variables within usage of AMT by the plant and rej ect or accept
based on the 95 percent level of confidence. Particularly, the AMT research focuses on
the determining factors of AMT, use of AMT or evaluation of the AMT investment.
Most of the previous researchers have used statistical packages to analysis the data.
Often using multiple regression, probit and logit regression models to capture the firm
level characteristics and usage of AMT. In thi s analysis, although the measures of the
AMT and Knowledge transfer are quantities, they are assumed to be continuous
variables.
3.6. 1 Definitions of Variables
The dependent variable is a continuous variable measuring Usage of AMT of
foreign-based companies in a host country.

Usage is measured for all technologies

taken together and for technologies within each of the six main technology groups. The
overall incidence of AMT use variable measures the total number of AMT used by each
company taking the value from each company. Explanatory variables are plant size,
investment, location, and age.
3.7

Firm Characteristics Associated with Knowledge and AMT Usage

The decision to use AMT is hypothesized to depend not only on the intensity of
the perceived costs and benefits associated with the technology, but also on the firm's
economic and technology characteristics, such as investment, size, nationality, age, the
degree of diversification, and the amount of technology used.
3 .7. 1 AMT Use
It

is generally accepted that AMT use increases with size (Baldwin and S abourin

199 5 : Vickery and Campbell 1 989: Northcott 1 993). Possible reasons for this range
from having better developed information networks, to superior financial and technical
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resources (Northcott 1 993), and even economies of scale. Large establishments have
higher adoption rate than medium-sized establishments, which in turn, have higher
adoption rates than small establishments.

Further, the adoption of AMT varies

considerably across industries. Reasons for this have to do with different applicabilities
of AMT from industry to industry, and differences in the size distribution of plants
across industries (Baldwin and Sabourin 1 995). AMT measures the total number of
AMT in use by the host companies. This is a continuous variable reflecting the number
of AMTs that a firm uses and it ranges in value from 0 to 22.
3.8

Knowledge Transfer of AMT

Knowledge is recognized as a significant element of manufacturing process
transfer (Davies 1 993), but has proved to be a nebulous concept for discussion. The
transferability of a process is particularly related to the level of knowledge and tacit ness
of that knowledge that has accumulated in the manufacturing environment (Bohn 1 994;
Contractor 1 99 1 ; Faulkner 1 994). The level of knowledge is a function of its speed,
contextually, diffusion, and expressibility.

This study, therefore used a proxy to

measure the level of AMT knowledge transfer (AMTKT). AMTKT is measured based
on the following four criteria:
(1)

Number o f expatriate managers

(2)

Number of local training programs conducted by expatriate

(3)

On the job training in the head of office of foreign-based companies (home
county)

(4)

Materials related to AMT introduced by the Head office or the home
country.

The AMTKT can be calculated by summing up the scores of the above four
criteria.
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3 ,8. l Firm Size (Employment)
The first explanatory variable in this category is plant size, measured by the
number of production and non-production workers employed by the plant. Plant size
capture the myriad of advantages associated with scale. Large plants are hypothesized
to ab sorb capital investment expenditures better than small plants, because they are able
to spread the fixed costs of engineering facilities across more machines, thereby
lowering the adoption costs per unit.
The theoretical and empirical literature on technology adoption suggests that firm
size plays an important role in the decision to adopt new technologies (Davies 1 979). In
Davies' model, adoption occurs when a stimulus exceeds a threshold value for a firm.
Variations in adoption occur because both stimuli and thresholds differ. Size is often
assumed to be related to either stimuli or thresholds (Stoneman 1 986; Reinganum
1989), since it acts as a proxy for such factors as risk aversion, participation in research
and development activities, or economics of scale. In a :idition, it is generally argt1ed
that large firms can better diversify the risks of experimenting with the new technology

*

than small firms.

Alternately, the Schumpeterian literature argues that large absolute firm size is a
prerequisite .for engaging in research and development activities and thus for the
subsequent adoption of innovations. Other authors argue that relative not absolute firm
size, e g., market share, is an important determinant of innovation and technology
adoption (Ravenscraft 1 983). Empirical studies yield mixed results on the relationship
b etween technology adoption and firm size. Size is measured for both the plant and the
whole enterprise. The scale of the plant is measured by the number of production and
non-production workers employed by the plant and by its owning enterprise. In order to
purge the size variable of the effects of recent growth, which is captured by a separate
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variable, plant size is measured as a number of employees working in a foreign-based
comp any.
3 .8. 2 Age of the Plant ( Experi ence)
Age of the plant is included in research framework to test whether maturity or
usefulness is more closely associated with technology use.

On the one hand, older

plants have more experience on which to draw and might be expected to have better
information about effective uses of technology, as compared to younger plants. On the
other hand, younger plants may be better able to adopt AMT than older plants whose
capital stock may be outdated and less compatible with technologies being adopted.
3.8.3 Location (Area of Establishment)
Area of establishment is considered from two viewpoints. One of them is if

a

manufacturing plant is located in the Board of Investment (BOI) area or other one is
located in outside it. The company, which is established in BOI area, has more benefits
than those established outside it. BOI is the area of an industrial city. Around this area,
it is easier to find skilled employees for usage of AMT. There are some tax holi days,
and discounts for companies that install the plant in this area.

*

3.8.4 Investment
Investment intensity of a firm should be a detenni1 ant of the adoption or usage of
AMT because it is correlated with underlying competencies. Finns differ substantially
in terms of their ability to master AMTs. Firms that have invested heavily in AMTs are
tho se with special competencies that are also likely to facilitate early adoption.
3.9

Model of T echnology Use

Drawing from many theories of economics growth discussed earlier, a higher
conce.itration of manufacturing activi ty in a country is expected to be associated with
both higher technology use and higher productivity. Th i s study addresses the following
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two research

questions concerning foreign-based companies in the host country. Which

country of origin that provides highest contribution of the quantitative type of AMT

through foreign-based companies?

And Identification of the country that provides

highest contribution of AMT related knowledge to the host country. To address these
questions, there are thirty-eight hypotheses concerning these two issues. There include:
3 .9 . l Hypotheses of Usage of AMT
According to the graphical model 1 , this study has developed 1 6 hypotheses. It
will be using student

t

Statistics, ANOVA, and regression analysis to tests these

hypotheses.
Ho l : There is no relationship of AMT usage between origin of developed country
foreign-based companies and origin of developing country foreign-based companies.
Hal : There is a relationship of AMT usage between origin of developed country
foreign-based companies and origin of developing country foreign-based companies.
Ho2: Wholly owned developed country based companies use less AMT equipment than
developing countries wholly owned companies.
Ha2: Wholly owned developed country based companies use more AMT equipment
than developing countries wholly owned companies.
Ho3 : Majority owned developed country based companies use less AMT equipment
than developing countries majority owned companies.
Ha3 : Majority owned developed country based companies use more AMT equipment
than developing countries majority owned companies.
Ho4: Minority owned developed country based companies use less AMT equipment
t�an developing countries minority owned companies.
Ha4: Minority owned developed count1y based companies use more AMT equipment
than developing countries minority owned compani es.
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Ho 5 : D evelop country joint ventures use less AMT equipment than developing country
j oint ventures.
Ha5 : Develop countr; joint ventures use more AMT equipment than developing country
joint ventures.
The most appropriate statistical test for the fir::;t 05 hypotheses is the t-test. The t
test provides the researcher with a statistical test of significance. It uses the means of
the two sets of data and their standard deviations to an-ive at a figure, which suggests to
the researcher the probability that any differences between the two sets of data are
an1sed due to chance or not and it verify the significance of the test.
Ho6 : There is no difference among modes of entry of developed country foreign-based
companies with regard to their usage of AMT.
Ha6: There is

a

difference among modes of entry of developed country foreign-based

companies with regard to their usage of AMT.
Ho?: There i s

no

difference among modes of entry of developing country foreign-based

companies with regard to their usage of AMT.
Ha? : There is adi fference among modes of entry l1f developing country foreign-based
companies with regard to their usage of AMT.
One-way analysis of variance is suitable for the analysis of several samples or
more than two samples.

It uses a single-.factor, fixed-effects model to compare the

effects of one factor on a continuous dependent variable.

The samples must be

randomly selected from normal populations, and the populations should have equal
variances. ANOV A is reasonably robust, and m i nor variations from normality and equal
variance are tol erable. In an ANOVA modeL each group has its own mean and values
that deviate from. that mean. Similarly, all the data points from all of the groups produce
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an overall grand mean.

The total deviation is the sum of the squared differences

b etween each data point and the overall grand mean .
Ho8 : There is no relationship between developed countries wholly owned firm-based
characteristics and transfers of AMT.
Ha8 : There is

a

relationship between developed countries wholly owned firm-based

characteristics and transfers of AMT.
Ho9 : There is no relationship between developed countries maj ority owned firm-based
characteristics and transfers of AMT.
Ha9 : There is a relation.ship between developed countries maj ority owned firm-based
characteristics and transfers of AMT.
Ho 1 0: There is no relationship between developed countries minority owned firm-based
characteristics and transfers of AMT.
Hal O: There is a relationship between developed countries minority owned firm-based
characteristics and transfers of AMT.
Ho 1 1 : There is no relationship between developed countries joint venture companies
characteristics and transfers of AMT.
Hal 1 : There is

a

relationship between developed countries j oint venture companies

characteristics an d transfers of AMT.
Ho l 2: There is no relationship between developing countries wholly owned firm-based
characteristics and transfers of AMT.
Ha1 2 : There is a relationship between developing countries wholly owned firm-based
characteristics and transfers of AMT.
Ho1 3 : There is no relationship between developing countries majority owned firm
based characteristics and transfers of AMT.
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Ha 1 3 : There is relationship between developing countries majority owned firm-based
characteristics and transfers of AMT.
Ho 1 4 : There is no relationship between developing countries minority owned firm
based characteristi cs and transfers of AMT.
Ha1 4: There is a relationship between developing countries minority owned firm-based
characteristics and transfers of AMT.
Ho 1 5 : There is no relationship between developing countries joint venture companies
characteristics and transfers of AMT.
Hal 5 : There is

a

relationship between developing countries joint venture companies

characteristics a n d transfers of AMT.
When usi ng multiple regressions, the obj ective is to utilize only those variables
that have a signi ficant relationship with the dependent variable.

The first step in

determining a significant relationship between the dependant and independent variable
of the model.

The F test is used to determine if there is a significant relationship

between the dependent variable and the chosen independent variables.

The null

hypothesis is that there is no linear relationship between the dependent variable and
independent variables: the alternative hypothesis is that at least one regression
coefficient is not equal to zero. The null hypothesis is rejected at a certain level of
significance if t h e estimated value F is greater than lhe critical value of F.
3.9.2 Statistical Model for AMT Use
Multiple regressions are used to establish the relationship between the
independent variables and the dependent variables. The level of Usage is dependent on
the age of the lirm, location of the firm, Investment of the firm and number of
employees of the firm . The overall model co n s i s1 s o f three sections. There are eight
regression models for mode of entries, the summation of all models estimate the total
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usage of AMT from developed and developing coun try foreign-based companies to host
country .
3 .9.3 Model Selection
Technology adoption is related to various plant characteristic such as plant size
(employees), age of the plant (experience), location (area of establishment) and AMT
usage. The previous sections examined the relationship between each of these factors
taken separately with AMT usage.

In order

to

examine employees, experience,

investment, and area of establishment effects on the AMT use in the manufacturing
sector, the following multiple regression equation is estimated.
Y
Y

=

=

Xi

.f30 +

Employees + Area of establishment + Investment + Experience

AMT use by different mode of entries. It indicates from Y i to Ys
Employees, Area of establishment, investment and Experience from X 1
t o X4

/3;

= Coefficient value of relevant variables.

Where Y refers to the pooled dependant variable measuring the use of AMT. Size,
locations, industry, and age refer to the pooled explanatory variables.
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AMT used by foreign-based companies vary frnm their mode of entry. Therefore,
dependent variables represent developed countries foreign-based companies with their
four types mode of entry and the same as developing country. The final model indicates
that country of origin and modes of entry are the total contributions of AMT to host
country.
Total effect of a firm variability's with explicit consideration of origin of country
is expressed as follows.
(1)
Where Y 1 i s each At\1T contribution t o the mode o f entry. Coefficients are
estimated using multiple regression techniques. 13 0

is

constant value for 8 models. 13 11

and X (J represent coefficients of explanatory variables for different mode of entries and
different country of origin.

(2)
Considering the transfer of AMT with a class ification of origin of country and mode of
entry.
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T=

4

L
i=l Yt

(3)

T is the total contribution of AMT from di fferent mode of entries with different origin
of countries. W i th consider the effect of country of origin alone with mode of entry.
T=

4

8

L
1=1 Y1 L Y1
+

(4)

1=5

Total contributi on can be f01mulated as follows:

Where T k is tot al contribution from each origin of country-developed and developing.
3 . 1 0 Model of AMT Knowledge Transfer

The conceptual framework presented

m

Fi gure 3 .4 suggests a sequential and

almost hire racial relationship between, mode of entry and ongm of country. The
purpose of this study is to test the efficiency of several aspects of this proposed
framework using data obtained from firms that have adopted and are using various
AMT. Use of AMT often exerts new demands on the organization and people in the
organization. The impact of AMT on the workers can be viewed from two perspectives.
AMT expands the technical complexity of the jobs, while relieving workers of the
routine tasks.

This often translates into a change in the skill requirements of the

workers, necessi tating extensive technical retraining.
Multiple regression analysis is used to examine the relationship between two or
more interval scaled predictor variables and one interval scaled criterion variable.
Sanchez proposes a model of AMT diffusion, which uses multiple regression models.
Previous researcl 1 ers have used multiple regression models for the analysis of adoption
�f AMT and future exporting activity, the justi fication of AMT benefits of AMT and
Intensity of AMT.
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Competitive success is :increasingly
manner within

t he

link:ed

organization and in the

organization. In particular, for manufacturers

to implementing change in a coordinated

extended
the

value network that embeds the

successful implementation of Advanced

Manufacturing Technologies (AMT) can be linked

to

collaborative home·-host companies'

relationships. Derives a model from the literature to link these aspects, establishes that
companies with higher levels of AMT usage are more collaborative more with their parent
companies.

In

addition, these companies are more successful in achieving their AMT

implementation objectives if increased AMT implementation is coupled with more
collaborate forctgn-based relationships.

Both AMT usage levels and foreign-based

companies collaboration are shown to have significantly increased over a five-year period.
Harrison ( 1 990) points to the difficulty in defining the term "advanced
manufacturing technology." Early studies of technology and organizations tended to
equate technology with equipment (Clark and Staunton 1 989: 2 1 3). However, this view
of (manufacturing) technology as simply "hard" artifacts has increasingly giving way to
a wider perspective that encompasses "soft" technologies such as TQM and just in time
(JIT) production.

For example, Macbeth ( 1 986) points out that adding hardware,

software and management systems can be classed as new technology for a company that
does not

already

possess such systems.

product and process related and fu1ther
associated.

Sarmon ( 1 99 1 :

3 0) classifies technologies as

subdivid e s them

into hardware and software

H ardware process technologies incl t1de plant and equipment, whereas

software process technologies encompass producti on management methods, e.g .
Pike et al. ( 1 988) rely on a broad definition

O i. A TVI T

.TIT.

drawn from the Advisory Council

for Applied Research and Development (AC ARD) · any substantially relevant and new
technique, the adoption of which is likel y

to

l ead to changes within a firm in

manufacturing practices, management systems. and approac hes to design and
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production of the product when drawing up their list of technologies that comprise
Their list includes the following technologies: Numerically Controlled (NC)

A.MT.

machine tools, Flexible Manufacturing Systems (FMS), Computer-Aided Design
(CAD), shop floor data capture, Materials Requirement Planning (MRP) and Just-In
Time production (JIT)/Kanban. Although any technology will combine hard and soft
elements to di fferent degrees, for convenience each technology in this list can be
clas sified as hard or soft. However, even relatively hard technologies require important
softer organizational adjustments to be made i f the technologies are to be implemented
succes sfully.
The adoption of AMT by compames and its diffusion throughout industrial
sectors has generated a great deal of interest. Factors affecting AMT diffusion have
been examined at the macro level of country or i ndustry (Bessant and Dickson 1 982;
Gardiner et al. 1 990; Perrninov and Botvinova 1 992) and at the micro level of the firm
(Bessant and Buckingham 1 993; Mansfield 1 993; Sanchez 1 990; Zammuto and
O' Connor 1 992) .

At the macro level factors influencing adoption include: national

infrastructure, economic and social environments.

At the firm level factors include:

size, profit leveL organization structure and availability of specialists. A distinction is
drawn here betw·cen adoption and implementation o f AMT. Adoption is associated with
the decision to acquire the technology while implementation emphasizes the practical
process of embedding the technology in the firm (Voss 1 9 9 4). This latter process of
assimilating the technology successfully often necessitates substantial organizational
change
a1

=

a2 =

Number of expatriate Managers
Number o I' local training programs conducted by expatriate
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3.11 Hypothesis for AMT Knowledge Transfer

Ho l 6: Advanced Manufacturing Technical knowledge transfer from developed country
foreign-based companies contribution less from the developing country foreign-based
companies.
Hal 6: Advanced Manufacturing Technical knowledge transfer from developed country
foreign-based companies contribution more

from

companies.
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the developing country foreign-based

H o l 7 : Wholly owned developed country based compames contribute less advanced
manufacturing technical knowledge transfer than developing countries wholly owned
companies.
H al 7: Wholly owned developed country based companies contribute more advanced
manufacturing technical knowledge transfer than developing countries wholly owned
compames.
Ho 1 8 : Majority o wned developed country based companies contributes less advanced
n:anufacturing technical knowledge transfer than developing countries majority owned
comp anies.
Ha1 8 : Majority owned developed country based companies contribute more advanced
manufacturing teclmical knowledge transfer than de veloping countries majority owned
compames.
Ho 1 9 : Minority owned developed country based wmpanies contributes less advanced
manufacturing technical knowledge transfer than developing countries minority owned
companies.

'4-

Hal 9 : Minority owned developed country based companies contributes more
advanced manufactming technical knowledge transfer than developing countries
minority owned companies.
Ho20: Developed country joint ventures contribute less advanced manufacturing
technical Ir.nowlcdge transfer than developing country joint ventures.
Ha20: Developed country joint ventures contribute more advanced manufacturing
technical knowledge transfer than developing country joint ventures.
Ho2 1 : There is no difference among modes o f en try of developed country foreign
bascd companies with regard to their transfer of technical knowledge.
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Ha2 l: There is
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difference among modes of entry of developed country foreign- based

comp anies with regard to their transfer of technical knowledge.
Ho22: There is no difference among modes of entry of developing country foreign
based companies with regard to their transfer of technical knowledge.
Ha22 : There is

a

difference among modes of entry of developing country foreign-based

companies with regard to their transfer of techni cal knowledge.
Ho2 3 : There is no relationship between developed countries wholly owned firm based
characteristics and transfers technical knowledge.
Ha23: There is

a

relationship between developed countries wholly owned firm based

characteristics and transfers technical knowledge.
Ho24: There is no relationship between developed countries majority owned

firm

based characteri �tics and transfers technical knowledge.
Ha24: There is a relationship between developed countries maj ority owned

firm

based characteristics and transfers technical knowledge.
Ho25 : There is no relationship between developed countries minority owned

finn

based characteristics and transfers technical knowledge.
Ha25 : There is a relationship between developed countries minority owned firm
based characteristics and transfers technical knowledge.
Ho26 : There is nu relationship between developed countries joint venture companies
characteristics and transfers technical knowledge.
Ha26:

There

is

a relationship

between

developed

countries j oint venture

companies characteristics and transfers technical knowledge.
Ho27: There is no relationship between developing countries wholly owned firm based
characteristics and transfers technical knowledge.
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Ba27 : There is

a

relationship between dev�loping countries wholly owned firm

based characteristics and transfers technical knowledge.
Bo28: There is no relationship between developing countries majority owned firm
based characteristics and transfers technical knowledge.
Ba28: There is a relationship between developing countries majority owned firm based
characteristics and transfers technical knowledge.
Ho29: There is no relationship between developing countries minority owned firm
based characteristics and transfers technical lmowledge.
Ha29: There is a relationship between developi ng countries minority owned firm based
characteristics and transfers technical knowledge.
Ho30:

There

is

no relationship between developing countries joint venture

companies characteristics and transfers technical knowledge.
Ha30:

There

is

a

relationship

between

developing countries joint

venture

companies characteristics and transfers technical knowledge.
3 .12 Statistical Model for AMT Knowledge Tran sfer

Total effect firm visibilities with explicit consideration of origin of country.
(1)

(2)
Considering the transfer of knowledge with

a

classification of origin of country and

mode of entiy.
T=

4

L
i=1 Yi

(3)

When consider the effect of country of origin alone with mode of entry.
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i=5

Total contribution can be formulated as follows:
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Figure 3 . 6 .

3 .12.1

The Relationship between AMT Usage and Technical Knowledge.

Relationship between AMT Usage and Tech nical Knowledge

The above two models are examined the AMT usage and Technical knowledge in
individually . This model examines the relationship between AMT usage and technical
knowledge cont!·ibuted by foreign-based companies to host country . A systematic view
of the relationship

Analysis

of

is shown is Figure 3 .6 in above.
variance (ANOV A) can be

used

to test these two relationships and

find whether high and low degree of modes of entry differed significantly in AMT
usage and technical knowledge. The following hypotheses can be formulated to test the
relationship of AMT usage and Technical kno wledge form home country to host
country .
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Jio3 l : High degree modes of entry in developed country place a leaser AMT usage to
host country than low degree modes of entry.
Jia3 l : High degree modes of entry in developed country place a greater AMT usage to
host country than low degree modes of entry.
Jio3 2:

High degree modes of entry in developed country place

a

leaser Technical

knowledge contribution to host country than low degree modes of entry.
H a32: High degree modes of entry in developed country place a greater Technical
knowledge cont1ibution to host country than low degree modes of entry.
Ho33 : High degree modes o f entry i n develop ing country place a leaser AMT usage to
host country than low degree modes of entry.
Ha33: High degrc modes of entry in developing country place a greater AMT usage to
host country than low degree modes of entry.
Ho34: High degree modes of entry in developing country place a leaser Technical
knowledge contribution to host country than low degree modes of entry.
Ha34: High degree modes of entry in developing country place a greater Technical
knowledge cont ri bution to host country than lovv degree modes of entry.
Ho3 5 : High degrees of modes of entry in developed countries contribute less quantities
of AMT than high degree of modes of entry in developing countries.
Ha3 5 : High degrees of modes of entry in developed countries contribute more quantities
of AMT than high degree of modes of entry in developing countries.
H o 36: Low degrees of modes of entry in developed countries contribute less quantities
of AMT than low degree of mode of entries in developing countries.
H a3 6: Low degrees of modes of entry in developed countries contribute more quantities
of 1\MT than low degree of modes of entry in developing countries.
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H o3 7: High degrees of modes of entry in developed countries contribute less technical
knowledge than high degree of modes of entry in developing countries.
H a3 7 : High degrees of modes of entry in developed countries contribute more technical
knowledge than high degree of modes of entry in developing countries.
Ho3 8 : Low degrees of modes of entry in developed countries contribute less technical
knowledge than low degree of modes of entry in developing countries.
Ha3 8 : Low degrees of modes of entry in developed countries contribute more technical
knowledge than low degree of modes of entry in developing countries.
3.13 Artificial Neural Networks

A relatively new technique in the field of quantitative modeling is the use of
Artificial Neural �etworks (ANNs). ANNs were successfully applied to a variety of
problems, varying from image processing to bankruptcy prediction. Now that artificial
neural networks are becoming more and more widely accepted and outperform some
classical quantitative techniques in certain cases, it is clear that a firm response model
on the basis of an ANN is an option, which has to be considered. The goal of the
multiple linear regression models is to find a vector and coefficients value of the
response variables. When using MLR, eight different models are constructed, one of
each mode of entries.
This study has examined and analyzed the use of neural networks as a forecasting
tool. Specifically a neural network's ability to predict trends of usage of AMT and .Afvff
related knowledge transfer. Accuracy can be compared against a traditional forecasting
method, multiple linear regression analysis.
When conducting multiple linear analyses, the following assumptions must hold
for the model to be correct:
(1)

Normality
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(2)

Homoscedasticity

(3)

Independence of error

(4)

Linearity

Normality assumes the value of the Y must be normally distributed for each value
of X. According to Levine, Berenson, and Stephan (1 997), regression analysis is fairly
robust against departures from the normality assumption. Homoscedasticity assumes
variation or error around the regression line should be similar for low and high values of
the independent variable.

The regression line fit plots indicated a probable linear

relationship of varying degrees between the dependant variable and each of the
independent variables. All four assumption of regression analysis can be verified by
using different test.
3.14 Neural Network as a Forecasting Model

A neural network is best described as an intelligent computer system that mimics
the processing capabilities of the human brain (Law 1 96). Neural networks are an
information technology capable of representing knowledge based on massive parallel
processing (rapid retrieval of a large quantity of information) and pattern recognition
based on past experience or examples (Wang and Sun 1 996). The pattern recognition
ability of a neural network makes it a superb classification and forecasting tool in
business applications. To illustrate, Lenard et al. (1 995) used the generalized reduced
gradient optimizer (a nonlinear constrained optimization program based on the
generalized reduced gradient method) for neural network learning to assist and auditor's
judgment on unstructured tasks. Experimental results in Lenard et al. 's study showed

�hat the neural network model achieved a 95

percent prediction accuracy rate, and this

outperformed the legit procedure (a logistic response function which describes a binary
dep endent variable containing qualitative outcomes) significantly. Similarly, Jain and
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Nag ( 1 995)) applied neural networks to model initial public offering prices and obtained
significant economic benefits.

Moreover, Markham and Ragsdale ( 1 995) confirmed

that neural networks outperform Mahalanobis distance measures (a standard statistical
classifi cation) in business classifications.
Each node in a neural network is a processing unit that contains a weight and a
summation function. A weight returns a mathematical value for the relative strength of
connections to transfer data from one layer to another layer; whereas a summation
function computers the weighted sum of all input elements entering a processing unit.
Nodes in the input layer represent variables that resemble the original problem. For
instance, to determine a person's credit rating, a financial institution needs information
about that person' s income level, education background, and home ownership status as
the essential input variables.

The output of a neural network is the solution to a

problem. To demonstrate, a numeric value from the output node is used to represent the
credit rating of an individual loan applicant.
A neural network learns from training data to discover patterns representing input
and output variables. Usually, the process of learning involves the following stages:
(1)

Assign random numbers into the weights.

(2)

For every element in the training set (a set of sample observations used to
develop the pattern or relationship among the observations), calculate output
using the summation functions embedded in the nodes.

(3)

Compare computed output with observed values.
Adjust the weights and repeat steps 2 and 3 if the result from step 3 is
not less than a threshold value.

(4)

Repeat the above steps for other elements in the training set.
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What makes a neural network super-ior to traditional statistical methods in
forecasting is that a neural network is better able to recognize the high level features,
such as the intra-correlation or serial correlation, of a training set. Furtherm�re, a neural
network has been demonstrated to outperform standard statistical models in forecasting
with a small-sized training set and a high level of white noise (random errors in the
samples) (Pattie and Snyder 1 996). This feature was particularly useful for forecasting
the room occupancy rates in this research, as the number of samples in the training set
was relatively small due to data availability. An additional advantage of applying a
neural network to forecast is that a neural network to forecast is that a neural network
can capture the non-linearity of samples in the training set (Wang and Sun 1 996). The
non-linear factor handling ability of a neural network distinguishes itself from other
time series models. Pattie and Snyder claimed, with substantiation that using a neural
network to forecast non-linear tourist behavior could achieve a lower mean absolute
percentage error, lower cumulative relative absolute error, and lower root mean square
error than linear trend, single exponential smoothing, Box-jenkins, or the naYve
extrapolation models (Pattie and Snyder 1 996).

Additionally, the neural network

developed by Lu et al. significantly outperformed log linear and logit models (with a
lower sum of square error and higher accuracy rate of prediction) to improve
franchising decision making (Lu et al. 1 996). Similarly, Mazanec demonstrated that a
neural network is superior to discriminant analysis function in classifying tourists into
market segments based on a set of non-linear demographic, socioeconomic, and
behavioral variables (Mazanec 1 992).
In view of Lhe notable forecasting performance of a neural network, this research
attempts to model the usage of AMT and knowledge transfer pattern forecast using a
neural networks. This study adopts the data from Table 4. 1 for training and testing. In
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order to eliminate the temporal effect, among the 1 026 ample entries, 700 were
randomly chosen to form the training set, and the rest were used for forecast testing
(validation). The input variables considered in this study are listed below:
(1 )

Experience

(2)

Investment

(3)

Employees

(4)

Area of establishment

(5)

Usage of AMT

The five in:mt variables for constructing the neural network in this study were
used because of their possible influence on AMT usage rates and knowledge transfer to
host country. Viewing from a macro-economic point, these input variables relate to the
demand and supply of AMT and Knowledge transfer to the host country. In Sri Lanka,
80 percent of foreign-based companies use AMT. Therefore; the chosen input variables
could largely affect AMT usage and technical knowledge transfer. The out put variable
used in this research is Usage of AMT and quantity of Technical knowledge transfer.
Multiple regression model commonly used forecasting model is employed to
forecast usage of AMT rate and transfer of technical knowledge transfer. The number
of the nodes forming the ANN hidden complexity and their connections is decided by
the trial and error, according to several specification parameters decided by the research
until the best fit reached.
3.15 Contribution of AMT Transfer

The measurement of the geographical dispersion of technological capabilities with
individual advanced manufacturing technologies is made by means of a Herfindahl
index. Within a given technology, the index takes into account both the number of
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which technological capabilities are located as well as the relative

distribution of technological activity across the locations:
3 . 1 5 . l Herfindahl-Hirschman Index (HHI)

The Herfindahl-Hirschman Index provides a more complete picture of industry
concentration of the AMT transfer from each foreign-based companies. The HHI uses
the relative AMT usage shares of all the firms in the industry, and these market shares
are squared in the calculation to place more weight on the larger firms. If there are

n

firms in the industry, the HHI can be expressed as :
HHI

=

s1

2

+

s/

+

s/

+

.

. . ...

+

s/

where s; is the AMT usage share of the i1h firm.

Herfindahl Index

�

(ts )
i

The Herfindahl-Hirschman Index is calculated by taking the sum of the squares of
the market shares of every firm in the every mode of entry. For example, if there were
only one firm in the industry that firm would have 1 00% or 1 AMT usage share and the
HHI would be equal to 1 0,000. The number 1 or 1 0000 is the maximum possible value
of the Herfindahl-Hirschman Index. On the other extreme, if there were a very large
number of firms competing, each of which having nearly zero market share, then the
HHI would be close to zero, indicating nearly perfect competition.
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IV.

4.1

DATA ANALYSIS

Introduction

The data that are analyzed here come from the survey conducted by the
researcher, about the technology usage at the plant level, and some data for the
calculation of the contribution of AMT. The data have been collected fo rm the survey
and the Board of Investment of Sri Lanka, that contains data on plant output and input,
ovmership, and diversification of a plant' s and country of origin of th0 p arent finn. This
combined data file yields information not only on a secondary sources, but also on the
survey conducted by the researcher. It includes employment size, investment, location
of establishment and type of industries.

In addition, data on the plants owning

enterprise-country of origin, age of the plant, usage of the AMT and type of knowledge
relevant to AMT. These information has been generated at plant level by the direct
discussion and tlm.mgh mailed surveys.
Information about the 22 individual AMTs at the establishment plant level, is used
from a survey conducted in December 200 1 . The survey asked establishment in the
manufacturing sector to indicate their usage, planned use, or non-use of 22 separate
AMTs. The individual technologies included in the survey are listed in Table 2.1 of
chapter 2 by functional group. The functional groups differ in terms of the degree to
which they are directly involved in the production and assembly process or whether
they serve to monitor it via diagnostics and quality control. The technologies emanate
from the current technological revolution that is related to computer, or more correctly
�o microchip use. The researcher has observed that, the relatively cheap processing
power of microchips has spawned the development of a host of labor saving
technologies. These technologies have permitted the replacement of costly labor with
1 36

efficient, reliable, computer-controlled machinery.

For example, robots provide an

efficient and safe alternative to humans for repetitive jobs like spot welding or painting
on the automobile assembly line. Automated guided vehicle systems replace delivery
p ersonal.
For the purpose of this study, the 22 technologies are classified into six functional
groups, corresponding to the point in the production process where each is used. The
functional groups are design and engineering, fabrication and assembly, automated
material handling, inspection and communications, manufacturing information systems
and integration and control. The majority of these new technologies are the result of
applying computers to various facets of the production process.
As stated in the chapter 1 , the measurement of the AMT transfer and Knowledge
related to AMT transfer, was chosen from the foreign-based companies that function in
Sri Lanka and it defined as the population of the research.

The definition of the

population for this study applies to firms, who were the promotional privileges from the
Board of lnvestment (BOI) and out side the Board of lnvestment. The survey was made
through surveyed manufacturing firms that use AMT and are foreign collaboration
companies. All firms are of the same size group, all have adopted or used at least one
AMT, and all firms are independent. To obtain a reliable and up to date list of the
population surveyed, the research undertaken has been assigned with an non probability
convenience sample being selected from the list of the survey. A sample representing
foreign-based companies that function business in Sri Lanka as a host country. Data has
been obtained through questionnaires, appropriately designed for this study. A follmv
up was unavoidable and interview was necessary at the questionnaire test.
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4.2

S ampling Methods

This section discusses the constrnction of the data collection methods. It then
describes the data on foreign-based companies that function in Sri Lanka.

The

population consists of manufacturing companies of foreign-based companies, which
established plant in the host country between 1 979 to 1 999.
4.2. 1 Sample S ize

The correct sample size depends on three factors. The level of confidence desired,
the margin of error the researcher will tolerate, and the variability in the population
being studied. In this study, confidence levels of 95 percent and 99 percent are often
selected.

A

95 percent level of confidence corresponds to a Z value of ± 1 .96, and _a 99

percent level of confidence correspondence to a Z value of ± 2.58. The higher the level
of confidence, derived the larger must be the size of the sample.
The maximum allowable error, designated as E, is the amount that is added and
subtracted from the sample mean to determine the end points of the confidence interval.
It is the amount of error the researcher is willing to tolerate. It is also one-half the width
of the corresponding confidence interval. A small allowable error will require a large
sample, and a large allowable error will pem1it a smaller sample.
The third factor in determining the size of a sample is the population standard
deviation. If the population is widely dispersed, a large sample is required. On the
other hand, if the population is concentrated (homogeneous), the required sample size
will be smaller. However, most of the researchers used that previous studies for finding
an estimate for the population standard deviation and rate of allowable errors. Use the
�omparable study approach when there is an estimate of the dispersion available from
another study. If a standard deviation observed in a previous study is thought to be
reliable, it can be used in the current study to help provide
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an

approximate sample size.

\

Since this is an original study, no previous sample data or information is available. If
no value from previous experience is available, a range-based approximation might be
appropriate. To use this approach, the researcher has selected the largest and smallest
values in the population. It is an empirical rule, that virtually all the observations could
be expected to be within ± 3 standard deviations of the mean, assuming that the
distribution is approximately bell-shaped.
smallest values is 6 u .

The distance between the largest and the

Third approach to estimating the standard deviation is to

conduct a pilot study. According to a small sample, the computed standard deviation is
0.2857.
Minimum required sample size is n =

(

z.s

e

)

2

Where n is the size of the sample
z is the standard normal value corresponding to the desired level of confidence
s is an estimate of the population standard deviation
e is the maximum allowable error.
n =

n =

(

z.s

e

(

)

2

1 .96 x 0.2857
.02

n =

783 .92

n =

784

)2

Another way to determine the sample size, is the nomograph method. The
. nomograph allows one to read off the sample size rather than having to calculate it.
According to this chart it is found that, n is around 780.
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Fundamentals of educational Research, has suggested that theoretical sample sizes for
different sizes of population and a 95 percent level of certainty.

Table 4. 1 .

Sample Test.

Population/Sampling
Frame
1 00
500
1 000

5000
50000
100000
1000000
25000,000

Source: Gary Anderson (1996)

5%
79
217
277
356
381
382
384
384

Required Sample for Tolerable Error
4%
3%
85
91
272
340
375
516
897
535
1
044
593
596
1 055
599
1 065
1 067
600

2%
96
413

705

1 622
2290
2344
2344
2400

According to this table, the required sample rate can be calculated by using table
figures with total population. The total population is 1468 manufacturing foreign-based
companies and the estimated required sampling error is 2%. Under the 95 percent level
of confidence, the required sample size is 854. An appropriate sample size with 854
surveyed companies is estimated. This is 5 8 percent from total population, however,
this number is quite low for the calculation of computer modeling.

Therefore, the

researcher used a larger total population to increase the reliability of the research, and
increase the size for accuracy. The questionnaires were sent to all 1 468 foreign-based
companies that functioning manufacturing activities in host country and 1047
questionnaires were returned, representing 7 1 percent of total populations.
The list of foreign-based companies were obtain form the Board of Investment in
Sri Lanka. Thi s list consists of 1 468 companies from the period of 1 980 to 2001 . Data

on A.MT usage, firm-based characteristics and some other information were collected
from selected manufacturing firms in the host country. The size of the sample was 1047
1 40

manufacturing compames, which were originally connected with foreign-based
comp anies.

During the last quarter of 200 1 , questionnaires were mailed to plant

managers. A convenience non probability sample is used to select the plant managers in
resp ective firms. A total of 1 036 responses was obtained from this survey as accepted
questionnaires, however, 25 of questionnaires were unusable. Thus, a survey response
rate o f 70 percent was achieved. This is similar to the all population. Given the length
of the questionnaire and the specificity of the questions asked, the researcher considers
this response rate to be very high compared to other similar research. The Figure 4. 1
indic ates the distribution of the sample among the Foreign-Based Companies.
Distribution ofAMf Use Foreign-based C.Ompanies
Mfr Use
1047

Jant verrure
1ll

Figure 4. 1 .

'\J C

. <i 6 c;.

Jdn1 V0'lltm
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The Distribution of the Sample among the Foreign-Based Companies.

The questionnaire solicited information on the usage of AMT and plant specific
information.

In addition, plants were asked to indicate the specific type of AMT

technologies used and who invested, how employees trained, and what type of
knowledge host country acquired. Respondents who were using their AMT for actual
production were also asked to list out the types of knowledge transferred by foreignb ased companies to host country in relevant to AMT. A portion of the questionnaire,
which details the questions relevant to this study, is presented in Appendix A.
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The questionnaire was validated (content validity) by several AMT consultants,
plant m anagers at various firms that had installed AMT. The reviewers were asked to
critique the content, structure and relevance of the survey instruments. All reviewers
reacted favorable to the questionnaire. The final survey instrument incorporated minor
changes that were made to remove a few ambiguities that were discovered during the
validation process .
The six technology sub-groups covered b y this research were detailed i n section
2.3 .

Plants were determined to be either user, planned user, or non-user of each

technology sub group on the basis of their answers to questions. The second part of this
questionnaire required respondent to provide information about, the category of AMT
knowledge transferred from home country to host country. At the firm level factors
included: size o f the firm, age of the plant, Investment, Industry, employees, and
locations of the plant.
4.3

Reliability Test

All of the variables in this study were measured using multiple item scales. For
these factors, coefficients alpha were computed in order to assess the reliability of the
scales. The Table 4.2 shows the coefficients alpha for each variable. As can be seen,
�u

items have a coefficient alpha between 0.95 and 0.99.

Since prior studies have

generally not attempted to measure these factors through primary data collection, most
scales had to b e newly developed for this study. Given the exploratory nature of the
measurement scheme reliability coefficients are considered to be relevant for the
purpo ses of this study.
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Table 4.2.

Reliability Text.
Factors

Coefficients of Alpha

D eveloped country-Wholly owned

0.9860

Develop ed country-Majority

0.9852

Developed country-Minority

0.963 5

Developed country-joint venture

0.9986

Developing country- Wholly owned

0.9361

Developing country- Majority

0.9975

Developing country- Minority

0.9653

Developing country- joint venture

0.9566

The reliab ility of empirical measurements is tested using the internal consistency
or reliability method (Nunnaly 1 978).

The threshold for acceptable reliability is a

Cronbach's alpha of more than 6 1 percent. The value for the implementation activity
scale including all eight elements were 0.9077.
4.4

ol.

General Characteristics

*

General phnt characteristics are provided in this section. That includes
information on country of origin, average plant size, level of employees, and mode of
entry.

Fifty eight percent of manufacturing plants are controlled by developing

countries. Forty two percent are from developed country.

Table 4.3.

Country of Origin.
Number

Percentage

Developing country

589

5 7.6

Developed country

433

42.4

Origin
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The maj ority of manufacturing establishments are small. Fifty three percent of
them employ between 10 and 1 00 employees. One quarter is in the mid-size range,
between 1 0 1 and 400 employees, while large plants account for only 1 7 percent of the
sample .

Table 4.4.

Size of the Employees.

Employees Level

Number

P ercentage

Less than 1 00

5 3 .3 1

1 0 1 -200

1 6.95

�

201 -300

89

3 0 1 -400

43

4.28

401 -500

33

3.21

50 1 - 1 000

138

1 3 .58

1 022

1 00.00

Total

8.67

Most plants (3 1 .2%) enter to the host country as j oint ventures. A substantial
percentage, however, are also active in host country as minority and majority.

Table 4.5 .

Modes of Entry of AMT.

Ownership

Number

Percentage

Joint venture

319

3 1 .2

Minority

272

26.6

Majority

293

28.6

1 00 ownership

138

13.6

Total

1 022

1 00.00
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4. 5

AMT Use

AMT use, at both the individual and functional group level, is the subject of this
section. First, overall patterns of use will be explored, followed by differences in use by
di fferent size of establishment and usage patterns as whole in industry will be
examined.
4.5 . 1 Functional Technology Use
Overall, three quarters of manufacturing firm 's use at least one of the 26
Advanced-manufacturing technologies listed on the survey. Usage rates range from a
low of 08 percent for network communications to 5 1 percent for design and engineering
technologies. This means half of the establishments in the manufacturing sample have
adopted at least one of the four design and engineering technologies listed on the
survey-CAD/CAE, CAD/CAM, Simulation technologies, and ele�tronic exchange of
CAD files. Similarly, 1 5% have adopted at least one of the two inspection technologies
listed on the survey-automated vision-based systems, and other automated sensor-based
systems. Four o f the functional groups have medium usage rates of about 50%-design
and engineering; processing, fabrication, and assembly; network communications; and
integration and control-while two have low usage rates of less than 20%-automated
material handling and inspection technologies.
4.6

Individual Technology Use

Computer-aided design and engineering leads with the highest usage rate of any
technology listed on the survey. Forty-four establishments have used this technology,
followed by programmable logic controllers, local area networks and company-wide
networks and CAD/CAM and electronic exchange of CAD files. Few establishments
are using some of the newer, emerging technologies such as rapid prototyping systems,
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near net shaping technologies and digital, remote controlled process plant control
technologies.

Tab le 4.6.

Functional Technologies Use.
Technologies

Percentage of AMT Use

Pro cessing, Fabrication and Assembly

29

Automated Material Handling

10

Design and Engineering

-, "\\ ,

Inspection and Cummunications

J

· � IJ

Manufacturing Information Systems
Integration and Control

30

<!°" ,., ..._

ly

'

�

4
19
8

Total

1 00
---'
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Individual Technology Use.
Technologies

Percentage of Use

Processing, Fabricating and Assembly

Flexible manufacturing cells or systems

5 .74

Programmable logic control machines or processes

6.50

Lasers used in materials processing

5 .74

Robots with sensing capabilities

2. 1 8

Robots without sensing capabilities

3.01

Rapid prototyping systems

2.82

High speed mac1 1ining
Near net shape technologies
Automated M aterial Handling

-

1 .98

-

�II lt L� �\ h

J
- I.,'

1 .03
,

�

�

Part identification for manufacturing automation
Automated storage and retrieval system

3 . 86
2.44

-

Automated Guided vehicle systems

�

3.20

Design and Engineering

Computer-aided design and engineering

1 7.04

Computer-aided design/manufacturing CAD/CAM

t:

Modeling or simulation technologies

�

�

Electronic exchange of CAD files
Digital representation of CAD output
96

Inspection an d Communications

Automated vision-based systems used for
inspection/testing of inputs/or final products

.

C,JC

Other automated sensor-based systems used for
inspection/testing of inputs

i

*

7.5 1
3.01
1 .88
0.56

3.0
1 .0

Manufacturing Information Systems

Manufacturing Resource Planning (MRP)

1 5 .4

Manufacturing Resource Planning (MRP II)

2.60

Integration and Control

Supervisory Control and Data Acquisition (SCAD A)

1 .20

Artificial Intelligence/Expert systems

2.16

Computer Integrated manufacturing ( CIM)

3 .64
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4,7

Employment Size

It is generally accepted that technology use increases with size. Large
establishments have a very high usage rate for four of the six functional technology
group s, where usage refers to the use of at least one technology from the group of
technologies being considered. Roughly six out of ten large plants use at least one
technology from each of the four groups-processing and fabrication; integration and
control; design and engineering and manufacturing information system. Although the
usage rate for the other two groups-automated material handling and inspection-is
lower, still more than half the large plants have used these technologies.

As for

medium-sized plants, close to one-third hav e used Design and engineering, Automated
Less than 25 percent have used processing,

material handling and Inspection.

fabrication and assembly and Integration and control.

Table 4.8.

Usage of Group of AMT.
-

Small
Less than 200
employee

Medium
20 1 -500
employees

Large
More than 501

17

31

52

24

61

10

32

58

Inspection

12

30

48

Manufacturing
Information systems

14

26

60

Integration and control

15

24

61

Technologies
Design and Engineering
Processing, Fabrication
and assembly
Automated material
handling

15

1 Jt;t!> I �vi:
- - .__ -
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At the functional level, technology usage increases with size.

Large

establishments have higher usage rates than medium-sized establishments, which in
tum,

have higher usage rates than small establishments.

The technologies with the

highest usage rates, regardless of size, are computer-aided design and engineering,
programmable logic controllers and computer aided design and manufacturing.
The usage of AMT varies considerably across industries. Reasons for this have to
is different explicabilities of technologies from industry to industry, and differences in
the size distribution of plants across industries. Design and engineering applications,
which are vital for the electronics industry, tends to be less important for the beverage
and textile products industries. Beverages, textiles, paper and allied products, metals
and electrical an<l electronic products tend to have the highest usage rates across the
majority of the functional technology groups. This pattern is easier to see by ranking
the usage rates, from highest to lowest, within industries.

This rank ordering is

provided in Table 4 .9. Results show that establishments in the beverage industry have
the highest usage rates of all industries except the metal and electronic and electrical.

Table 4 .9.

Functional Technology Use by Industry and Its Rank.

Industry

Design Processing Automated

Inspection

MIS

Control

Bev food

1 2(6)

14(5)

1 6(3)

18(1)

1 5(4)

1 7(2)

Rubber products

4(5)

1 2(3)

1 2(3)

1 0(4)

1 3 (2)

1 4( 1 )

Textile

2(6)

09( 5 )

1 4(1 )

1 2(2)

1 1 (3)

1 0(4)

Furniture

1 (6)

1 1 ( 4)

1 0(5)

14(3)

1 5(2)

1 6( 1 )

Printing

2(6)

1 4(3)

08(5)

1 0(4)

1 7(2)

1 8( 1 )

Metal

36(1)

23(2)

1 5 (4)

1 7(3)

9(5)

8(6)

41(1)

1 6(2)

1 3 (3)

1 1 (5)

1 2(4)

1 1 (5)

2(4)

1 (5)

1 2(1)

8(3 )

8(3)

9(2)

Electronic and
electrical
Chemical
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Establishments in the Metal, electronic and electrical and beverages also have
high usage rates across all functional groups.

Metal and electronic industries have

higher usage rates for design and engineering and Inspection is high in Beverage
industries.
Establishments use AL\.1T for a variety of reasons. They do so in order to increase
production, to reduce production costs, to improve product quality, and to increase
production efficiency and flexibility. Firms typically adopt a new technology when the
internal rate of return from the investment is positive, i.e., when the benefits obtained
from adopting the technology outweigh the costs.

However, it is often difficult to

predict the expected benefits prior to investment.
Productivity can be improved in a number of different ways. One way is through
a reduction in input requirements. This can be achieved through a reduction in labor
requirements, material consumption, or capital requirements per unit of output.
Plant location also has a strong impact on the probability of using at least one
AMTs, with establishments located in Board of Investment area more likely to use and
AMTs than those out side the BOI area.
4 .8

Hypotheses Testing

t/

Testing of hypothesis 1 utilizes t-test that determines whether there

arc

statistically significant differences between the mean values of AMT usage of
developed country-foreign-based companies and developing country foreign-based
companies. The result of the analysis is provided in Table 4. 1 0. While the developing
country foreign-based companies have a higher mean score for AMT usage than
9.eveloped country foreign-based companies the difference between these scores is

statistically significant. Hence, the alternative hypothesis Ha1 is supported.
Ho 1 : µ 1 - µ 2 = 0
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Accepted Ha1 therefore, there is a relationship of usage of AMT between origin of
developed country foreign-based companies and developing country foreign-based
companies.

Table 4 . 1 0.

Difference from Developed and Developing.

Country of Origin
Developed country
foreign-based
companies.
Developing country
foreign-based
�
companies.
t::...:

•significant

Mean

Standard
Deviation

1 2.7 1 3

6.0 1 4

'

N

%

433

42

t-

value

2.67
1 3 .699

5 .767

589

*

P-value

0.008

58

,..._,...,

Hypotheses 2 to 5 are tested b y Independent sample t-test. Table 4. 1 1 shows a
highly significant value of 0.000, which is less than the set criteria of confidence of

a =

0.05 . Hence, it indicates that the null Ho1 is to be rejected and accepted Ha1 . Symmetric
measure: Phi and Cramer' s V is being used to test the symmetric and found scaled
differently.

Therefore, Hypothesis 2 that wholly owned developed country based

companies use more AMTs than developing countries wholly owned companies. Since
the sample difference is larger than the critical value, therefore statistically, Ho2 is
rejected and accepted Ha2 as follows:

The mean scores for the different variables believed to be critical to the hypothesis
3 of majority mode of entry is presented in Table 4. 1 1 for the two groups-developed and
developing countries. . A comparison of the mean scores of the two groups shows that
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the mean scores are not significantly different only for the Ai\.1T usage of majority
ownership. Therefore Ho3 is accepted. The statistical formula is as follows:

Ho3 is accepted.
Hypothesis 4 is minority owned developed country based companies use more
AMT equipments than developing countries minority owned companies. The Table
4. 1 1 shows that the calculated value of t is larger than the critical value, therefore reject
the null hypothesis and conclude that H<4 is accepted.

A test of fifth hypothesis is also based on the t test results in Table 4. 1 1 . The null

hypothesis states that developed country j<;>int ventures use same or less AMT
equipment than developing country j oint ventures .

A compari�on of the mean scores of the two groups shows that the mean scores

are significantly different for the AMT usage of j oint venture.
accepted.
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Therefore Has is

Table 4. 1 1 .
Mode of
Entry
�Wholly
owned

�

Majority
Minority
Joint
venture

T-test Results for Scale Differences by Modes of Entry.
Countiy of
Origin
Developed
Developing
Developed
Developing
Developed
Developing
Developed
Developing

Mean
8 . 89535
1 2.72 5 8
9 .27 1 03
9.823 86
1 5 .6545
1 8.0675
1 5 .4885
1 3 .6455

Standard
Deviation
4.965 83
4. 1 5743
4.71 763
4.57 168
2.78738
5 . 1 5576
6.70977
5.21 1 10

N

%

86
62
1 07
1 76
1 10
1 62
1 30
1 89

58
42
38
62
40
60
41
59

t-

value
5.9 ·

P-value
0.0000

0.97

0.335

4.9 ·

0.0000

2.844.

0.005

•Signi ficant

The one of the main thrust of this research is to compare the differences in AMT
usage and results among the developed and developing countries.

The analysis of

variance (ANOVA) is one of the statistical methodologies to compare the differences in
mean values of the AMT usage among the origin of the countries because the A.c\1T
usage is being measured on the ratio scale and origin of the countries are considered as
the factors. Hypothesis 6 is based on the study of ANOVA. There is (Ho6) or no (H�)
difference among modes of entry of developed and developing country foreign-based

The means and standard deviations of the AMT usage for each mode of entry in
developed countries are shown in Table 4. 1 2 .

It

i s seen that, four mode o f entries

namely, wholly owned, majority, minority, and joint ventures results show statistically
significant difference means between the mode at p = 0.05 level. The ANOVA test
�hows that calculated F value is greater than the critical value at a confidence level of 95
percent.

The decision is rejects the null hypothesis and conclude that the observed
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differences (H�) among the mode of entries in developed countries at 0.05 significant
levels.

Tab le 4 . 1 2.

ANOVA Table for Developed Country AMT Usage.

Modes of Entry
Wholly owned
Majority
Minority
Joint venture
Total
Type of Groups
Between groups
Within groups
Total
...:::.:_
•sign ificant

N

Mean

86
1 07
1 10
131
434

8.8953
9.27 1 0
1 3 .7455
1 5 .4885
1 2.2074

Sum of
Squares
3536.533
1 1 1 40.8
1 4677.3

df
3
430
433

Std.
Deviation
4.965 83
4.7 1 763
2.76424
6.70977
5 .822 1 0
Mean
Square
1 1 78 . 84
25 .909

Std. Error
.5354
.45607
.2635 6
.58624
.27947
F

Significant

45.500

.000
-

�
--

-

One-way ANOVA uses to test the differences of AMT usage by developing
country different modes of entry. The means and standard deviations of the AMT usage
for each modes of entry in developing countries are shown in Table 4. 1 3 . It is seen that,
four mode of entries namely, wholly owned, majority, minority, and joint ventures
results show statistically significant difference means between the mode at p

=0.05

level. Hypothesis 7 is tested again from ANOVA test. Table 4. 1 3 further gives support
to Ha7• The overall mode of entries in developing countries varies across industries.
Taken individually, it appears that each mode of entry differ with country of origin.
The results of ANOVA test shown in Table 4. 1 3 indicate that the F value is significant
(p==0.000), this leads to the conclusion that AMT usage varies between modes. The
tesults strengthen the conclusion that Ha7 can be accepted.
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Tab le 4. 1 3 .

ANOVA Table for Developing Country AMT Usage.

Modes of Entry
Wholly owned
Majority
Minority
Joint venture
Total
Type of Groups
Between groups
Within groups
Total
•significant

4.9

Gabriel's Library. Au

N

Mean

62
1 63
1 76
1 89
590

1 2.7258
1 8.0675
9.8239
1 3 .645

Sum of
Squares
5 8 1 0.066
1 4 1 23 .3 8 5
1 9933 .45 1

df
3
586
589

Std.
Deviation
4. 1 574
5 . 1 55 7
4.57 1 6
5 .2 1 1 1

Mean
Square
1 93 6.689
24. 1 0 1

Std. Error
0.5279
0.4038
0.3446
0.2395

F

Significant

80.356

0.000

'

U [J

Research Models

4.9. 1 Developed Country Wholly Owned Model
The first part of the study is to determine the factors affecting to the AMT usage
by developed and developing country foreign-based companies to host country.
Multiple linear regression equation evaluates relationship between AMT usage of
different modes of entry and selected firm-based characteristics. Zero order correlations
within the regression will measure the strength of the relationship.
The model to test hypothesis 8 is:

Y = AMT usage by developed country wholly owned foreign-based companies.

X 1= Experience of the firm
X2= Initial Investment
Xi=Area of establishment
The hypothesis test is based on the following:
1 55

p 1== P2= p3= P4=0
p 1 * P2 * p3 * p4 * o
To test the above hypothesis, the researcher developed two models, which
consists of two separate regression models. The first model, which consists of only the
main effects, has the following form:
Y

=

P o + P1

(experience)

+ P2

(Investments) +

p3

(employees)+ �4 (Area of

establishment)
The first step in determining a significant relationship between the dependent and
independent variable was to conduct an F test. The F test was used to determine if there
was a significant relationship between the dependent variable and the chosen
independent variables. The null hypothesis was that there was no linear relationship
between the dependent variable and independent variables: the alternative hypothesis
was that at least one regression coefficient was not equal to zero. The null hypothesis is
rejected at a certain level of significance if the estimated value F · is greater than the
critical value of F.
The next step was to test individual portions of the multiple regression models. If
individual variables have no significant effect on the model, they should be removed
and a new regression calculated. The t test was used to determine if an individual
independent variable had a significant effect on the dependant variable, taking into
account the other independent variables. The null hypothesis was that there was no
relationship between the independent and dependent variable: the alternative hypothesis
was that there was a relationship. The decision rule was to reject the null hypothesis if
the estimated
examining the

was less than negative t critical or greater than t critical.

t
t

Atler

test, the regression was recalculated using only those independent

vari ables that passed the t test.

At this point a stepwise regression model was
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calculated.

The F test was then repeated on every model, which were tested the

acceptance and rejection of the hypothesis to the model.

Table 4. 1 4.

Wholly Owned-Developed.

Independent variables

Beta Coefficients
*

Expedence

.55900

Investment

.0008477

Employees

.000 1 64 1

Significant
95% confidence level

.

Area o f Establishment

2.455

Constant

1 .964

R2

0.97 1

F

333. 158

*

Adjusted R2

.940

Standard Error of the Estimate

1 .217

0.000

*Significant

Table 4. 1 4 reports the value of F it is 333. 1 5 . For a 95% confidence interval, the
value of the critical F is obtained from Levin et al. ' s (1 997) Critical Value of F table.
The critical value for F (4,8 1 ) is approximately 2.45 . Therefore, F is greater than the
critical value of F and the conclusion can be made that at least one of the independent
variables is related to the dependant variable.
Hos : There is no relationship between developed countries wholly owned firm-based
characteristics and transfersof AMT.
Has : There is relationship between developed countries wholly owned firm-based
characteristics and transfers of AMT.
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Tabl e 4. 1 5 shows that significant value of F statistics is 0.000 that is less than .05.
Therefore the null hypothesis Hos: P1 =

�2 -:t:-

�2= p3= p4=0 is rej ected and accepted Has: � 1 "'#

p3 -:f:. p4 * 0. It can be concluded that at least one component of finn characteristics

can explain the AMT usage of the host country.

Table 4. 1 5 .

Model Selection.

Independent Variables
Experience
Investment

- ��\\\�I
\.}; \)'°

Beta Coefficients
Model 3
Model 1
Model 2
0.00 1 03

�

Area of Establishment
Constant

...)

c:-.

R2

�
-----..

F

�

Adjusted R2

Standard Error of the Estimate

3 . 2 29

2.442

1 . 1 67

1 .894

1 .966

0.895

0.933

0.943

7 1 2. 5 5

5 77.30

449.66

0.89 3

0.93 1

0.941

1 .622

1 .30

*
Table 4. 1 6.

0.562

0.580

0.700

1 .2 1

1�

*

Developed Country Wholly Owned-Zero-Order Correlation Coefficients
among All Variables.

Independent Variables

AMT

X i -Experience

.946

X2 -Investment

.629

X3-Employement

. 687

�-Area of establishment

. 755

� · Correlation is signilicant at the O.DI level

(2 -tailed).
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X1

X2

X3

°
°
..

l

I

..
. 501
.5 8 1
.

63 8

··
..
..

.992

..

. 6 1 2 ..

. 62 5

..

For 95% confidence interval, the critical value for t is obtained from Levin et al. 's
( 1 9 97) critical

t

Table. The critical values for

t

compare with 0.05, employment ( B3)

variable is not significant under 5% confidence level, but other variables are significant
according to the models. Each model has at least one significant relationship to the
dependent variable.
The model 3 shows R2 and the standard error of the estimate.

2
R is 0.943,

indicating that only 94.3 percent of the variance in AMT usage is explained by
experience C B 1 ), Investments CB2) , and area of establishment ( B4). This value is high
compared to model 1 and model 2. Therefore, the equation is
00 1 03+2.442 where

Y

=

Y

=

1 .966+0 .562 +.

AMT usage. Table 4. 1 6 presents the matrix of zero-order

correlations among all variables utilized in the study.
In Table 4. 1 5, majority of the independent variables are not strongly correlated
each other except investment with employment. Thus, the coefficients in the multiple
regression model can be estimated to have predictive effect of when one independent
variable is changed while all other variables are held constant.
4.9.2 Developed Country- Majority Owned Model
The results from the four variables multiple regressions on AMT usage are shown
in Table 4. 1 7.

A One out of four variable of the independent measures namely,

Experience is significant in the first trial. Using the statistical package for the social
scientist (SPSS), several analytical trials were conducted on the sample data set.
Overall, results of the analysis were good with a high coefficient of determination
(Adj usted R-square) value of 0. 866. The MLR model for predicting AMT used by
maj ority owned foreign-based companies to host country is expressed as:
1 .9 48 (constant) + 0.596 (experience) + 0.0041 (Investment)-0.003 (employees)
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The constant intercept ( f3 o) is positive 1 .948, that implies f3 0 should equal Y
when all independent variables are zero. Under these circumstances a positive AMT
use indicates that in every foreign-based company, at least 2 types of AMT are used in
their plant irrespective of the age of the plant, Investment and employees. To determine
how well the model fitted the data, an analysis o f variance and the associated F test
have been conducted to test the null hypothesis /3

1

=

/3 2

=

f3 3

=

/3 4 = 0. As F = 336.9

and the observec significance level (signif.F) is 0.0000, the null hypothesis could be
rejected and the conclusion drawn that a linear relationship exists between the
dependent variable and the independent variables in the equation.

Table 4. 1 7.

Model Data.

Experience
Investment
Employees

-

�

Area of Establishment
Constant

R2

.596 .

"A
..._,

I)

Beta Coefficients

Independent Variables

0.0041

�
�

-0.003

[/�""v

�-

'\I

'C1J?
ri

\,

1i

) <;;

. 796

t\

1 .948
.870
1 7 1 .33

F
Adjusted R2

. 865

Standard Error of the Estimate

1 .730

* Significant
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Table 4. 1 8.
-

Model Selection.
Beta Coefficients
Model 1 Model 2

Independent Variables

-

Exp erience

.667

. 63 9

Investment

-

0.00078

Area of Establishment

-

-

1 .366

1 .403

.856

.866

625.79

336.9

.856

.866

1 .796

1 .741

-

Constant
2
R

F

- ..... �. n

Adjusted R2
Standard Error of the Estimate

Table 4. 1 9.

Developed Country Majority-Zero-Order Correlation Coefficients
among Variables.
AMT

Independent Variables

X2

X1

Xi -Experience

.925 . .

X2-Investment

.429

••

'363 ..

X3-Employement

.450 ..

.395 .

Xi-Area of Establishment

.835 °

. 899..

°

Correlation is significant a t the 0 . 0 1 level (2-tailed).

•

.

X3

. 992 ..
.225

*

.257

..

0.05 significant levels.

A significant issue in any regression study is the issue of multicollinearity. If any
of the independent variables are strongly correlated then it would be impossible to
sep arate· the effects of each variable.

As shown in Table 4 . 1 9, the majority of the

independent variables are not strongly correlated each other. Thus, the coefficients in
the multiple regression model can be estimated to have a predictive effect of when one
indep endent variable is changed while all other variables are held constant.
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4.9 .3 Developed Country-minority Model
Table 4.20 also indicates that, for three out of the four predictions, the results are
in the expected directions and significant.

More specially, the results indicate that

employees, Investment, and area of establishment are significant within a 95 percent
confidence level.
Stepwise, forward selection, and backward elimination multiple linear regression
analysis was performed with the independent variables being the firm-based
characteristics in each of the variables hypothesized to impact in a given dependent
variable being the use of AMT in companies. This resulted in Hypotheses number 9
being tested for the relationship of AMT use and firm-based characteristics. As stated
in Tables 4.20 and 4.2 1 , the null hypothesis is rejected and the alternative hypothesis is
accepted therefore, there is a relationship between developed countries minority owned
firm-based characteristics and transferred of AMT. The regressions were performed
with a 0.05 confidence level of significance.
The MLR model for predicting AMT used by minority owned foreign-based
companies to host country is expressed as:
1 1 .3 9 1 (constant) + 0.0048 (employees) + 0.041 (Investment)+0.953 (area of
establishment)
The above model shows that employees, Investment and area of establishment
have significantly impact to the AMT use in minority owned foreign-based companies
in host country, while the adjusted R2 of 8 1 . 1 suggest that 8 1 % of AMT use by foreign
based companies is explained by above three variables.
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Tab le 4.20.

Model Data.
Independent Variables

Beta Coefficients

Exp erience

. 149

Investment

0.0373

Employees

0.0041 •

Area of Establishment

.789

.

.

1 0.022 ·

Constant
Rz
F

[\

�\\

n r

R\

di

. 822
1 2 1 .269

�

Adjusted R2

.815

Standard Error o f the Estimate

1 . 1 98

'2

•Significant

Table 4.2 1 .

Model Selection.

Independent Variables
Experience

11?�

s

Model 1

Beta Coefficients
Model 3
Model 2

-

-

-

0.07

0.046

0.041

Employees

-

0.0056

0 . 0048

Area of Establishment

-

-

.953

1 2.625

1 1 .537

1 1 .3 9 1

Rz

.625

.800

.8 1 6

F

1 80.024

2 1 3 .693

1 56.507

Adjusted R2

.622

.796

.81 1

Standard Error of the Estimate

1 .7 1 4

1 .258

1 .2 1 3

Investment

Constant

Q l7/i!J'
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Tab le 4.22.

Developed Country Minority-Zero-Order Correlation Coefficients among
All .

Independent Variables

AMT

X1

X3

..

X1 -Experience

.782

Xi -Investment

.791 **

.668 . .

X3-Employement

.785 ..

.747 ..

X4-Area of establishment

.66 1

• • Correlation is significant a t the O.QI level (2-tailed).

X2

••

.630 ..

.553 . .
.

532* *

.576**

* 0.05 significant leve:s.

A test for multicollinearity s�ows (Table 4.22) that none of the independent
variables is strongly c01Telated to each other. Thus, the coefficients in the multiple
regression model can be estimated to have a predictive when one independent variable
is changedwhile all other variables are held constant.
4.9.4 Developed Country - Joint Venture
Model 4 i ncludes only one variable accepted and significant, but calculated F
value is greater than the critical value. Therefore, it can be used to test hypothesis 1 1 .
The statistical results for AMT use by developed country joint ventures are
summarized in Table 4.23. As the table indicates, there is a relationship between
developed countries joint venture companies characteristics and transferred of AMT.
Thus, the null hypothesis is rejected.
The MLR model for predicting AMT used by joint venture owned foreign-based
companies to host country is expressed as:
4. 1 45 (constant) + 0 .993 (experience)
The above model shows that experience is only one significantly impact to the
AMT use in joint venture owned foreign-based companies in host country, while the
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2
adj usted R of 0.99 suggest that 99% of

AMT

use by foreign-based companies

explained by experience of the plant.

Table 4.23.

Model Data.
Independent Variables

Beta Coefficients

Experience
Investment

.0027 1

Employees

.02497

Area of Establ i shment

. 1 85

Constant

3 .777
.990

F

3246. 1 73

Adjusted R2

.990

Standard Error of the Estimate

.668 1

• Significant
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Tabl e 4.24.

Model Selection.
Independent Variables

Beta Coefficients
Model 1

Experience

.993

Investment

-

Area of Establishment

-

Constant

4. 1 45

2
R
�

�\\�·

F

ri r

� 1 3 072.4

,I I

<.;.;

Adjusted R2

.990

,-.

.990

Standard Error of the Estimate

�1!'

.66584

�
Table 4.25 .

Developed Country Joint Venture-Zero-Order Correlation
Coefficients.

Independent Variables
Xi-Experience

(I?..;?

.... r-.

AMT
"II

'fl'YJf}

X1

X2

.995 **
..

. 709 * *

.71 1

X3 - Employement

. 979 * *

.982 . .

Xi-Area of establishment

.478 °

.473

X2-Investment

°

Correlation is signi ficant at the 0.0 l lcvel (2-tailed).

A test

for

•

0.05

X3

..

.6ss ··
.21 (

*

.463 "*

sign i ficant levels.

multicollinearity (Table 4.25) shows that, except for one of the

independent variable, other variables are not strongly correlated to each other. Thus, the
coefficients in the multiple regression model can be estimated to have a predictive effect
when one independent variable is changed while all other variables are held constant.
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4 . 9 .5 D eveloping Country-wholly Owned
The Initial model explained nearly sixty percent of the variability in the AMT
usage.

The statistical results for AMT use by developed country foreign-based

companies is summarized in Table 4.26. As the table indicates, there is a relationship
between developing countries wholly owned firm-based characteristics and transfers of
AMT. The null hypothesis is rejected at the 0.05 level of confidence.
The MLR model for predicting AMT used by developing country wholly owned
foreign-based companies to host country is expressed as:
1 . 159 (constant) + 0.981 (experience)
The above model shows that agam expenence 1s the only variable that
significantly influences to the use of AMT in developing country wholly owned
foreign-based companies in host country. The adjusted R2 of 56.3% suggest that 56% of
AMT use by foreign-based companies can be explained by experience.
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Table 4.26.

Model Data.
Independent Variables

Beta Coefficients

Experience
Investment
Employees

.000 1 4

Area o f Establishment

2 . 5 70

Constant

4.01 5
.608
29.984

F

Adjusted R2

.588

Standard Error of the Estimate

2.6695

• significant

Table 4.27.

Model Selection.

Independent Variables

cft0_
Experience

-,-/'

Investment

Beta Coefficients
' I\, ( �

�'Vlf}

Q I-

1 '5,,J

Model 1
.98 (
-

Area of Establishment
Constant

1 . 1 59

Ri

.570

F

79.488

Adjusted R2

.

563

2.749

Standard En-or of the Estimate
*Significant
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Tab le 4.28.
�

Developing Country Wholly Owned-Zero-Order Correlation Coefficient
among All Variables.

Independent Variables

AMT

X1

X1 -Exp erience

,755 **

XrInvestment

.460**

.470°

X3 -Employement

.460*"

.410··

iGi-Area of establishment

.7 1 9

u

Correlation is significant at the

0.0 1

level (2-tailed).

*

°

.854**

X3

.359"'*

0.05 significant levels.

A significant issue in any regression study is the issue of multicollinearity. If any
of the independent variables are strongly correlated then it would impossible to separate
the effects of each variable. Jn Table 4.28, �xcept one of the independent variables,
other variables are not strongly correlated each other. Thus, the coefficients in the
multiple regression model can be estimated by the predictive effect of changing one
independent variable while holding all other variables constant

�

4.9. 6 Developing Country-Majority
The regression results presented in Table 4.29 indicate that all four independent
variables positively and significantly affect the dependent variable of AMT usage. The
coefficients of experience, employees and area of establishment indicate, the significant
relationship with the dependent variable. This further confirm that, hypothesis 13 is
rej ected with a .05 percent level of confidence.
The statistical results for the developing country maj ority owned foreign-based
companies are summarized in Table 4.30. As the table indicates, there is relationship
between developing countries majority owned firm-based ch aracteristics and transfers
of At\1T.
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The MLR model for predicting AMT used by minority owned foreign-based
companies to host country is expressed as:
1 .248 (constant) + 0.009 1

(employees) +0.520 (experience)+ 2.650 (area of

establishment)
The above model shows that employees, experience and area of establishment
have significant impact on the A.NIT use in developing country majority owned foreignbased companies in host country, while the adjusted R2 of 85.5 suggest that 85% of
AMT use by foreign-based companies explained by above three variables.

Table 4.29.

Model Data.
Independent Variables

Beta Coefficients

Experience
Investment

.00273

Employees

.00944•

Area of Establishment

2 .544

.

1 . 1 64

Constant

.861
263 . 8 1 9

F

Adjusted R2

. 857

Standard Error of the Estimate

1 .727

*Significant
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Model Selection.

Table 4.3 0.
.--

Beta Coefficients
M odel 1
Model 2
Model 3

Independent Variables

..--

Experience

.742

.596

.520

-

-

-

�

Investm ent

Emp loyees

.009 1

Area of Establishment

3 .202

2.650

1 . 594

1 .505

1 .248

. 749

.843

.858

5 1 9.063

463 .207

346. 1 1 3

.747

.841

. 85 5

2.297

1 . 823

1 .738

Constant
Rz

\\\� U

" rl \\

F

Adjusted R

2

Standard Error of the Estimate

i

�
Table 4.3 1 .

Developing Country Majority-Zero-Order Correlation Coefficients.
AMT

Independent Variables
Xi-Experience
1---

cP�..

X2 -Investment
X3-Employement

Xi-Area of estab 1 ishment

"'?�
,,�...

.856

X3

X1

""

"

. 1 34
. 747
. 688

...
°

.052
.660
.487

...
...

. 1 64

.

•• Correlation is significant at the O.Oi level (2-tailed). • 0.05 significant levels.

A signi ficant issue in any regression study is the issue of multicollinearity. If any
independent variables are strongly correlated then it will be impossible to separate the
effects of each variable. In Table 4.3 1 , none of the independent variables is strongly
correlated each other. Thus, the coefficients in the multiple regression model can be
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estim ated the predictive effect of changing one independent variable while holding all
other variables constant.
4.9.7 Developing Country Minority
Experience is the most important detenninant for the entry mode of foreign-based
companies. The F value indicates that there is a significant difference from developing
country minority and their usage of AMT. It further reveals that for foreign-based
companies the most dete1mining factor is experience than other factors.
The results of the regression analysis of the developing country minority owned
foreign-based companies are presented in Table 4.32. As the table indicates, there is
relationship between developing countries minori ty owned firm-based characteristics
and transfers of AMT.
On the basis of the aforementioned criteria, the multiple regression models were
chosen as the lead equation. The chosen model is as follows:
4.238 (constant) + 0.979 (experience)
The estimated coefficient of the experience has a positive sign. This agrees with
the past models. This positive sign indicates that as the years of expelience increase,
the current MIT use by developing country maj ority owned companies also increases.
This is because of the increased years of experience (plant age), the companies feel
more stability in the host countiy. The adjusted coefficient of detennination of 0.984
indicates that about 98% of variability of AMT use is explained by years of experience
of the plant.
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Model Data.

Table 4.32.

Independent Variables

Beta Coefficients

Exp erience
blvestment

.000095

Employees

-.0014

Area o f Establishment

.1 18

Constant
.985

1

2576.808

F

'\djusted R2

.985

Error of the Estimate

.64 1 47

·�������- -�--L�����- ----'�

Table 4.3 3 .

Model Selection.

Independent Vari ables
.

*
Experience
Investment

Beta Coefficients

""'

VJ,'���- (;.#

Model 1

y 6 c;.

°' � ?

l "el b.'

�

.979
-

-

Area of Establishment

4.23 8

Constant
R2

.985

F

1 0250. 1

Adjusted R2

.984

. Standard Error of the Estimate

.643 1
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Table 4.34.
-

Developing Country Minority-Zero-Order Correlation Coefficients.

Independent Variables

�

AMT

X2

X1

X1 -Experience

.992 * *

XrInvestment

-.037 * *

-.036

XrEmployement

.757 **

. 769

Xi-Area of establishment

.559 **

.555

+.
°

X3

.015
-.076

.306

°

• • Correlation is significant at the 0 . 0 1 level (2-tailed). • 0.05 s ignificant levels

A significant issue in any regression study is the issue of multicollinearity. If any
independent variables are strongly correlated then it will be impossible to separate the
effects of each variable. In Table 4.34, except one of the independent variables, other
variables are not strongly correlated to each other. Thus, the coefficients in the multiple
regression model can be estimated by the predictive effect of changing one independent
variable while holding all other variables constant
4.9. 8 Developing Country Joint Venture
The results of tests for hypothesis 1 2 can also be seen in Tables 4.35 and 4.36. As
the table indicates, there is a relationship between developing countries j oint venture
owned fim1-based characteristics and transfers of AMT.
The explanatory variables such as experience, investment and area of
establishment are shown to influence significantly the usage of AMT in a foreign-based
companies in the host country; only the employee variables does not exist a significant
influence.
Table 4.36 gives results of the multiple regression analysis of AMT use. It can be
seen that the set of explanatory variables under consideration has a satisfactory
explanatory power. Experience, Investment, area of establishment are all statistically
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signi ficant. The relative degree of precision is found (t value) to be distinctly higher in
the case of employ ees.
The MLR model for predicting AMT used by minority owned foreign-based
companies to host country is expressed as:
3 .245 (constant)

+ 0.004 (Investment) + 2. 1 60 (area of establishment) + .688

(experi ence)
The above model shows that Investment, experience and area of establishment
significantly impact on AMT use in developing country j oint venture owned foreign
based companies in host country, while the adjusted R2 of 0.73 8 suggest that 73% of
AMT use by foreign-based companies can be explained by the above three variables.

Table 4.35.

Model Data.
Independent Variables

Experience
Investment
Employees

Beta Coefficients

�

*

�

.617
-.00878

C:V1t��

Area of Establishment

s

.00586

'iliJ 2 .262

Q' Vf[/1

Constant

3.216

R2

.

7 46

1 35 .390

F

Adjusted R2

. 74 1

Standard Error of the Estimate

2.652
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Table 4.36.
-

Model Selection.
Beta Coefficients
Model 1
Model 2
Model 3

Independent Variables

Experience

.847

.680

.688

Investment

.004

Area of Establishment

2.3 1 2

2 . 1 60

Constant

1 .763

3 .049

3.245

R1

.7 1 4

.736

.742

467.69

258.71

1 77.32

.7 1 3

.733

.738

2.792

2.694

2.668

F

- ('1

\\

\�u 1

Adjusted R2
Standard ElTor of the Estimate

Table 4.37.

Developing Country Joint Venture-Zero-Order Correlation
Coefficients.
AMT

Independent Variables

X3

. 845 . .

X 1 -Experience
X2 -Investment

X2

X1

*

,.9�

X3-Employement
�-Area of establishment

""'11� J
� sin �

.._

-. 1 24

-.033

..

.
.687 .

. 620 .

. 733 ..

.754

..

-.028
- . 1 03

.473 ..

•• Correlation i s significant a t the 0.01 level (2-tailed). • 0.05 significant leve l s .

A significant issue in any regression study is the issue of multicollinearity. If any
independent variables are strongly correlated then it will be impossible to separate the
effects of each variable. In Table 4.3 7, except one of the independent variables, other
variables are not strongly correlated each other. Thus, the coefficients in the multiple
regression model can be estimated by the predictive effect of changing one independent
vari able while holding all other variables constant.
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4.9. 9

Manufacturing

Advanced

Technology

Knowledge

Transfer

(AMTKT)

gypotheses Testing
The testing of the hypotheses 1 6 to 22 is now considered:
g0 1 6: The Transfer of Advanced Manufacturing technology knowledge in developed
country foreign-based companies contributes less than for developing country foreign
based companies.
Ha1 6: The Transfer of Advanced Manufacturing technology knowledge in developed
country foreign-based companies contributes more than for developing country foreign
based companies.
t

-

test is used to test for differences

m

amount of knowledge transfer from

foreign-based companies to local companies. The results of these test is summarized in
the Table 4.38.
Testing o f hypothesis 16 utilize t-tests to determine if there are statistically
significant differences between the mean values of AMTK transfers of developed
country-foreign-based companies and developing country foreign-based companies.
While the developing country foreign-based companies have a higher mean score for
AMT usage than developed country foreign-based companies the difference between
these scores is not statistically significant. Hence, the null hypothesis Ho 1 6 is supported.
Hon:

µ

1

- µ 2 :s; 0

Ha 1 7 : µ 1 - µ 2 > 0
Accepted Ho1 6 therefore, transfer of Advanced Manufacturing technology
knowledge in developed country foreign-based companies contributes less than the
developing country foreign-based companies.
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Tabl e 4.38.

Country of Origin.

Country of Origin
Developed country
foreign-based companies.
Developing country
foreign-based companies.

Mean

Standard
Deviation

N

1 3 .5520

5 . 7 1 974

433

1 3 . 82 1 2

5 .29486

589

t-value

P-value

0.77

0.442

•Significant

Hypotheses 1 7 to 22 are tested by Independent sample t-test. Table 4.39 shows
highly significant value of 0.000, which is less than the set criteria of confidence of
0.05. Hence, it indicates that the null Ho 1 7 is to

be

a =

rej ected and Ha1 7 is to be accepted.

Therefore, Hypothesis 1 7 is that wholly owned developed country based companies
contribute more advanced manufacturing technical knowledge transfer than developing
countries wholly owned companies.

Since the sample difference is larger than the

critical value. It is therefore statistically, Ho 1 7 is rej ected and Ha1 7 accepted as follows:

Ha 1 1 : µ

1

-

*

µ2 >0

The mean scores for the different variables believed to be critical to the hypothesis
1 8 of maj ority mode of entry is presented in Table 4.38 for the two groups-developed
and developing countries. A comparison of the mean scores of the two groups shows
that the mean scores are not significantly different only for the AMTKT of majority
ownership. Therefore Ho is accepted. The statistical formula is as follows:

Ho 1 s

is accepted.

Hypothesis 1 9 is minority owned developed country based companies use more
AMTKT than developing countries minority owned companies. The Table 4.39 shows
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that the calculated value of t is larger than the critical value, therefore reject the null

hypothesis and conclude that Ha 19 is accepted.

Ha1 9: µ 1 - µ 2 > 0
The test for the fifth hypothesis is also based on the t test results in Table 4.39.
The null hypothesis states that developed country j oint ventures use the same or less
AMTKT than developing country joint ventures.
Ho20 : µ 1 µ 2
-

Ha20 : µ

1

-

�

0

µ2 >0

A compari son of the mean scores of the two groups shows that the mean scores
are significantly different for the AMTKT of j oint venture. Therefore Ha20 is accepted.

Table 4.39.

AMTKT

Mode o f
Entry
Wholly
owned
Majority
Minority
Joint venture
. .
•s1gn1
Ii cam

-

r-

l:=-

t Test Results.

Country of
Origin

Mean

Standard
Deviation

N

Developed

1 4.98

4. 1 0

62

Developing
Developed
Developing
Developed
Developing
Developed
Developing

1 1.13
1 2.43
1 1 .63
16.15
1 3 .75
1 2.75
1 6.52

5.37
5.14
5.36
5.17
2.76
5.18
6.66

86
1 76
1 07
1 62
1 10
1 89
130

%

t-value

P-value

4.95

0.000

1 .24

0.21 8

4.98

0.000

5.34

0.000

Using some simple one way ANOVA tests, the data reveal that these observations
reg arding the knowledge transfer from foreign-based companies and modes of entry are
determined by differences in the country of origin after dividing the sample into
different modes. That is, modes of entry play a vital role with respect to knowledge
transfer. One-way ANOVA indicates that the groups differ significantly in
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AMTKT.

The mean number of mode of entries is 1 3 .83 and standard deviation is 5.3 1 . F value is
greater than the critical value; therefore, Ho 20 is rej ected and Ha20 is accepted with 95
p ercent confidence level.

Table 4.40.

ANOVA.

Modes of Entry

N

Mean

Std.
Deviation

Std. Error

Who lly owned

62

14.8548

4.156

.527

Maj ority

1 76

1 5 .9034

5 .224

.393

Minority

1 62

1 2.3642

5.161

.405

Joint venture

1 89

1 2. 84 1 3

5 . 1 82

.376

Total

589

1 3 . 8370

5. 301

.2 1 8

Type of
Groups
Between
groups
Within
groups

Sum of
Squares

df

Mean
Square

F

Significant

1 3 54. 5 5 1

3

45 1 . 5 1 7

1 7.41

.000

1 5 1 69.8

586

25 .93 1

1 6524.4

589

Total

*

'\J (

•Significant

-

,�,,,-Further, ANOVA tests show that there are only small differences between the
groups regarding their mode of entry. One of the main thrust of this research is to
compare the differences in AMTKT results among the developed and developing
countries. The analysis of variance (ANOVA) is one of the statistical methodologies to
compare the differences in mean values of the AMTKT among the origin of the
countries because the AMTKT is being measured on the ratio scale and origin of the
countries are considered as the factors.

Hypothesis 2 1 is based on the study of

ANOV A.. The test that there is or no difference among modes of entry of developed
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,

and developing country foreign-based compames can be formulated statistically as
follows :
Ho2 1 : µ 1

=

µ 2 =µ 3 =µ 4

Ha2 1 : µ 1 -:;t: µ 2 -:f:. µ 3 -:;t: µ 4
The means and standard deviations of the AMTKT for each mode of entry in
developed countries are shown in Table 4.40. It can be seen that four modes of entry
namely, wholly owned, maj ority, minority, and j oint ventures results show statistically
significant difference means between the modes at

p

=0.05 level. The ANOVA test

shows that calculated F value is greater than the critical value at a confidence level of 95
percent. The decision is to rej ect the null hypothesis and to conclude that the observed
differences (Ha2 1 ) among the modes of entry in developed countries at a 0.05 significant
level are not significant.
One-way ANOVA to tests the differences of AMTKT to developing country with
different modes of entry. The means and standard deviations of the AL\1T usage for each
modes of entry in developing countries are shown in Table 4.41 .

It

shows that, four

modes of entry, namely, wholly owned, maj ority, minority, and joint ventures results
show statistical ly significant difference means between the mode at the p =0.05 level.
Hypothesis 22 i s tested again using the ANOV A test. Table 4.41 further gives support
to Han The overall modes of entry in developing countries varies across industries.
Taken individually, it appears that each mode of entry differ with country of origin.
The results of the ANOVA test are shown in Table 4.4 1 . They indicate that the F value
is significant (p=0.000), this leads to the conclusion that AMTKT varies between
modes. The results strengthen the conclusion that Ha22 can be accepted.
H o22 : µ 1
Ha22 :

/L

1

=

*

µ2

=

µ2

µ3 µ4

*

=

µ3

*

µ4
181

)

Tabl e 4.4 1 .

ANOVA Table for Developing Country AMTKT.
N

Mean

Std.
Deviation

Std.
Error

Wholly owned

1 4.9839

4. 1 03 1 5

0.521 1 0

0.521 1 0

Maj ority

1 6 . 1 53 4

5 . 1 7303

0.405 1 8

0.405 1 8

Minority

1 2 .426 1

5 . 1 4201

0.38759

0.38759

Joint venture

1 2 . 75 1 3

5 . 1 8 145

0.37689

0.37689

Total

1 3 . 8288

5 .303 3 1

0 . 2 1 833

0.2 1 83 3

Type of Groups

Sum of
Squares

df

Mean
Square

F

Significant

Between Groups

1 529.209

3

5 09.736

1 9.86.J

0.000

Within Groups

1 5036 . 50 1

5 86

25.660

Modes of Entry

Total

1 6565 .7 1 0

fc

5 89

.

v-

:;...--

p

• significant

4.1 0 Knowledge Transfer Research Model

4. 1 0 . 1 Developed Country Wholly Owned Model

The second part of the study determines the factors related to Technical
knowledge of AMT contributed by developed and developing country foreign-based
companies to host country.

Zero Order correlations within the regression would

measure the strength of the relationship.
The model to test hypothesis 8 is:

Y

= Knowledge transfer

X1= Experience of the film

X3= Initial Investment
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�L

t.Jabriel 's

Library,

Au

)Gi= Employees
Xs= Area

of establishment

The hypothesis test is based on the following:
B 1 = fo= P 3 = P4= Ps= 0
P 1 * P2 :;t

p3 :;t: p 4 :;e P s :;t

o

To test the above hypothesis, the researcher developed two models;- each
consisting of a regression model. The first model, testing the main effects, only has the
following form:
Y

=

P o + P 1 (experience) + P 2 (AMT Use)+ PJ (Investments)+ p4 (employees)+ Ps

(Area of establishment)
Table

4.43 reports that the value of F is equal to 647. 898. For a 95% confidence

interval, critical F is obtained from Levin's (1 997) Critical Values. In this case F
(4, 1 3 1 ) is approximately 2.45 . Therefore, F is greater than the critical value of F and
the conclusion can be made that at least one of the independent variables is related to
the dependant variable.
Ho 23 : There is no relationship between developed countries wholly owned firm-based
characteristics and transferred technical knowledge.
Ha2 3 : There is a relationship between developed countries wholly owned firm-based
characteristics and transferred technical knowledge.
Table

4.43 shows that the significant value of F statistics is 0.000 which is less

than .05 . Therefore the null hypothesis Ho2 3 : B 1 = P2 = p3= p4= Ps

=

0 is rej ected and

Ha2 3 : �1 :;t: �2 :;t: �3 :;t: �4 :;t: �5 :;t: 0 is accepted. It can be concluded that at least one
�omponent of firm is characteristics can explain the AMTK transfer of the host country.
2
2
Model 4 shows R . The standard error o f the estimate, R is 0. .968, indicating
that only 96.8 percent of the variance in AMTK transfers is explained by experience
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( /3 1 ), AMT use ( /3 2), Investment ( /3 3) , employees ( /3 4) area of establishment ( /3 5) .
This value is high compared to model 1 , 2 and model 3 . The final equation is
0.9 70 + 0.303X 1 +0. 63 6X2 -0.0005X3+ 1 .224 X4+2.036 X5 where

Y

Y=

= AMTK transfer.

Table 4.44 presents the matrix of zero-order correlations among all variables utilized in
the study.

Data Model.

Table 4.42.

Beta Coeffici �nts

Independent Variables

.

Experience

'273

AMT use

.635 .

Investment

-.003

Employees

.0022

Area of establishment

1 .408 .

Constant

2.009 •

Ri

.970

F

522 . 3 5 8

Adjusted R2

.968

Standard Error of the Estimate

.95 5 1
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*

Table 4.43 .

Data Selection.

Independent Variables

Model

1

Exp erience
AMT use

1 .056

Beta Coefficients
Model 2 Model 3

Model 4

.292

.336

.303

.683

. 563

.636

Investment

-.0005

Employees
Area of establishment
Constant

"' f\ '\\ I

Ri

�
�
�

F
Adjusted R2

�\�'J

1 .224

1 .736

1 .8 3 1

2.2 1 1

2.036

.952

.96 6

.968

.970

1 652. 1 7

1 1 65.62

823.756

647.898

. 95 1

.965

. 967

.968

1 . 1 89

Standard Error of the Estimate

Table 4.44.

�

1 .064

1 .00

-..

.980

.958

Developed Country Wholly Owned-Zero-Order Correlation Coefficients.
Knowledge
Transfer

Independent Variables
X 1 -Experi ence
X2 -AMT use

, A#"ii:_
...,. J;
'

X2

X3

X4

.961

••

. 976

••

.946

..

.507 ..

.
. 629 .

'' *

.687 ..

. 992 ..

°

.
.755 .

. 6 1 2 ° .621 ..

X3 -lnvestment

.557

X.i-Employement

.622 . .

X5-Area of establishment

.738

• • Correlation i s significant at the 0.0 1 level (2-tailed).

X1

...

.581
.638

••

• 0.05 significant levels.

As mentioned previously, if any independent variables are strongly correlated
then it will be impossible to separate the effects of each variable. The test shows that
except for two of the independent variables, other variables are not strongly correlated
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to each other.

Thus, the coefficients in the multiple regression model be used to

estim ate the predictive effect of changing one independent variable while holding all
other variables constant. In regression analysis it should be noted that whenever high
correlations occur among independent variables, collinearity is a potential problem.
2
However, the coefficients value of R of 96.8% indicates that this does not appear to be
a significant problem .
4. 1 0.2 Developed Country - Maj ority Model
The regression results between the independent and dependent variables provide a
test of hypothesis 24. As result, the AMT knowledge transfer is shown to be influenced
by factors o f experience and AMT use. Correlation analysis was conducted on each of
the independent variables, as shown in Table 4.47. Regression analysis was performed
on those independent variables, which could be used to select optimal transfer of AMT.
The results of the regression are given in Table 4.46. This regression model explaines
about 9 1 percent of the variance. In this situation, and perhaps others similar to it, the
model could be useful to explain optimal on transferring of AMT knowledge to the host
country.
Hypothesis 24 can also be tested using the data in Tables 4.45 and 4.46. As the
table indicates, there is relationship between developed countries majority owned firm
based characteristics and transferred technical knowledge of A.M
. T.
The MLR model for predicting AMT knowl edge transfer used by minority owned
foreign-based companies to host country is expressed as:
1 .7 8 1 (constant) + 0.507 (AMT use) + 0 .434 (experience)
The above model shows that AMT use and experience impact significantly on the
AMT knowledge transfer in developed country majority owned foreign-based
2
companies to the host country, while the adjusted R of 0.9 1 9 suggest that 9 1 % of AMT
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kno wledge transferred by foreign-based companies can be explained by above two
vari ables.

Table 4.45 .

Model Data.

Independent Variables

Beta Coefficients

Experience
AMT use
Investment

-. 0044

Employees

-.003

Area of establishment

-.283

Constant
.924
F

246.41 8

Adjusted R2

.920

Standard Error of the Estimate

1 .5 1 0

• Significant

Table 4.46.

Model Selection.

Independent Variables
Experience

..i i

Beta Coefficients
Model 1
Model 2
.772
.434

"" -

lift)

AMT use

.507

Investment
Employees
Area of establishment
Constant

2.474

R2

1 .781

. 890

.9 1 9

F

847.975

5 86.046

Adjusted R2

. 889

.9 1 7

Standard Error o f the Estimate

1 .786

1 .544
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Table 4.47.
-

Developed Country Majority Owned-Zero-Order Correlation
Coefficients.

Indep endent Variables

X1 -Experience

Knowledge
Transfer
..
.943

Xi-AMT use

.937 **

X3 -Investment

.426

�-Employement

.445

X5 -Area of establishment

.838

u

X1

.925

X2

.363 **

°

.395 .
. 899

X4

°

°

...

X3

.

...

.429
.450
.835

..
""'

.992

...

..

·225 *

.257

...

Correlation is significant at the O.oI level (2-tailed). • 0.05 significant levels.

The test for multicollinearity shows that in Table 4.47, except four of the
independent variables, other variables are not strongly correlated to each other. Thus,
the coefficients in the multiple regression model can be estimated the predictive effect
of changing one independent variable while holding all other variables constant
4.1 0.3 Developed Country-Minority
The statistical results for the developed country minority owned technical
knowledge transfer are summarized in Table 4.48.

As the table indicates, there is

relationship between developed countries minority owned firm based characteristics and
transferred technical knowledge.
The Multiple Linear Regression model

for

predicting

AMT

knowledge transfer

used by minority owned foreign-based companies to host country can be written as:
1 .574 (constant) + 0 . . 684 (AMT use) + 0 .001 3 (Investment) +O . 0 1 3 (employee)+
0.397(area establishment)
The above model shows that AMT use and experience have a significant impact
on the AMT knowledge transferred from developed country majority-owned foreign
based companies to host country, while the adjusted R2 of 0.956 suggest that 95% of
1 88

AMT know ledge transfers by foreign-based companies is explained by the above two
variables.

Tab le 4.48.

Model Data.
Independent Variables

Beta Coefficients

Experience

. 054

AMT use
Investment

. 0 1 2·

Employees

.00 1 5 •

Area of establishment
Constant
.96 1
5 1 5 . 875

F

Adjusted R2

.959

Standard Error of the Estimate

.55712

*Significant
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Tab le 4.49.
-

Model Selection.

Independent Variables

Experience
AMT use

Model

Beta Coefficients
Model2 Model 3

-

-

-

-

.963

.858

.7 1 7

.684

.013

.00 1 3

.001 8

.01 3

Investment
.00 1 5.

Emp loyees

.397

Area o f establishment
Constant
R2

F

�

,,_,""'

Adjusted R2

Standard Error of the
Estimate
I -

Table 4.50.

Model 4

- 1 .326

-.26 1

1 .249

1 . 574

.942

.949

.958

.958

1 769.25

395.352

265 .9 1 8

1 99.982

.942

.948

.957

.956

.6660

. 6277

.57560

.560 1 6

"
\

Developed Country Minority-Zero-Order Correlation Coefficients.
-·

Independent Variables
Xi -Experience

Knowledge
Transfer
. 8 1 0..

'

X2

X1

X3

-

°

X2 -AMT use

.97 1 °

.782

X3-Investment

. 8 1 4..

.668 * *

.791 • •

X4-Employement

. 8 1 4..

.747 .

.

.785 ..

.553 • •

Xs-Area of establishment

. 690

··

.661 .

.

.532 ..

u

Correlation i s significant at the 0.01 level (2-tailed).

*

Xi

°

.63o

.576..

0.05 significant levels

A significant issue in any regression study is the issue of multicollinearity. If any
independent variables are strongly correlated then it will be impossible to separate the
effects of each variable. In Table 4.50, except two of the independent variables, other
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variables are not strongly correlated each other. Thus, the coefficients in the multiple
regression model can be estimated the predictive effect of changing one independent
variable while holding all other variables constant.
4.1 0.4 Developed Country Join Venture
The regression results presented in Table 4.5 1 indicate that all four independent
variables positively and significantly affect the dependent variable of AMT technical
knowledge transfer. The coefficients of experi ence, AMT use and area of establishment
indicate, a significant relationship with dependent variable. This further confirms that
hypothesis 26 is rejected with a 95 percent level of confidence.
The statistical results for the developed country j oint venture foreign-based
companies are summarized in Table 4.52, that indicates, there is relationship between
developing countries majority owned firm-based characteristics and transferred AMT
knowledge .
The MLR model for predicting AMT knowledge transfer by joint venture owned
ioreign-based companies to host country is expressed as:
3.355 (constant))+0.561 (experience)+0.424(AMT use)+0.205 (area of establishment)
The above model shows that AMT use, experience and area of establishment have
significant impact to the AMT knowledge transferred by developing country majority
owned foreign-based companies in host country, while the adjusted R2 of 0.998 suggest
that 99.8% of AMT knowledge transfers by foreign-based companies is explained by
above .three variables.

191

Table 4.5 1 .

Model Data.
Independent Variables

Beta Coefficients

Experience

.534•

AMT use

.4 1 8 .

Investment

-.003

Emp loyees

.018

Area o f establishment

.201 •

Constant

3.201 .

R1

ll '-'

. .... n \\n

F

��

Adjusted R2

�\�

�

=i

.998
1 1 5 5 1 .3
.998

Standard Error of the Estimate

.3 1 553
.--

•significant

Table 4.52.

Model Selection.

Independent Variables

?�,.
�
"i�

Beta Coefficients
Model 2
Model 1
Model 3
.988

.558

.561

-

.432

.424

Investment

-

-

-

Employees

-

-

-

Area of establishment

-

-

.205

Constant

5 .232

3 .439

3 .355

R2

.996

.998

.998

F

30824.6

27627 .5

1 9 1 6.64

Adj usted R2

.996

.998

.998

Standard Error of the Estimate

.43 1

.322

.317

Experience
AMT use
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Table 4.5 3 .

Developed Country Joint Venture-Zero-Order Correlation Coefficients
among All Variables.

Independent Variables
X1-Experience

Knowledge
Transfer
°
.998

X1

X3

X2

X2-AMT use

.997 ..

.995 . .

X3 -Investment

.707 . .

. 7 1 1 ••

.709 ..

�-Employement

. 982

.982 . .

_979 •

X5-Area of establishment

.483 ••

o

··

.473

••

•

.478 ••

X4

.685 . .
.27 1 . .

.463

••

Correlation is significant at the O.oI level (2-tailed). • 0.05 significant levels.

A significant issue in any regression study is the issue of multicollinearity. If any
independent variables are strongly correlated then it will be impossible to separate the
effects of each variable. In Table 4.53, except three of the independent variables, other
variables are not strongly correlated to each other. Thus, the coefficients in the multiple
regression model can be estimated the predictive effect of changing one independent
variable whil e holding all other variables constant
4. 1 0.5 Developing Country - wholly Owned Model
The regression result shows that experience is AMT use and Employees
significantly impact the AMT knowledge transfer to the host country, while the adjusted
R2 of 0.901 suggests that 90% of AMT knowledge transfer is explained by the

experience of the plant, usage of AMT, and number of employees. As such, it appears
that AMT knowledge transfer is based on years of experience of the companies and
their usage level with high positive values of the coefficients. Therefore, Alternative
Hypothesis 27 is basically supported.
The statistical results for the developed country minority owned firms technical
knowledge transfer are summarized in Table 4.5 5 . As the table indicates, there is a
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relationship between developed countries minority owned firm based characteristics and
transferred technical knowledge.
The MLR model for predicting AMT knowledge transfer used by minority owned
forei gn-based companies to the host country is expressed as:
2.960 (constant) +0.423 (AMT use) + 0.446 (experience) +0.000 1 4 (employee)+ 1 .408
(area establishment)
The above model shows that AMT use, employees, area establishment and
experience have significantly impact on the AMT knowledge transfers from developed
country majority owned foreign-based companies to the host country, while the adjusted
R2 of 0.90 1 suggest that 90% of AMT knowledge transfers by foreign-based companies
is explained by above two variables.

Table 4.54.

Model Data.
Independent Variables

Experience
AMT use
Investment

-·-·-

Beta Coefficients
.446

�91'>
-�

Employees

S l '\l l, I 1 ¥ 6 9

'?"t1
�1"1l

.423

�1�r1�?�

.
.

-

-

.000 1 4•
.
1 .408
.
2.960

Area of establishment
Constant
Rz

.908

F

140.535

Adjusted R2

.901

Standard Error of the Estimate

1 .287

•significan t
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Table 4. 5 5 .

Model Selection.

Independent Variables
Exp erience

Model 1

Bela Coeffi cients
Model 2 Model 3

1 . 1 34

AMT use

Model 4

.655

.604

.446

.488

.455

.423

Investment

-

Empl oyees

.000 1 3

.0001 4

Area o f establishment

1 .408

Constant

1 .6 1 6

1 .050

Rz

.781

.887

2 1 4.467

---�

F

�

Adjusted R2

Standard Error of the
Estimate

1 .642

2.960

.90 1

.908

230.637

1 75 .95 1

1 40.535

.778

.883

. 896

.901

1 .934

1 .404

1 .324

1 .287
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Table 4.56.

-

Developing Country Wholly Owned-Zero-Order Correlation
Coefficients among All Variables.

Independent Variables
X 1 -Experience

Knowledge
Transfer
.884* *
"' *

-

X1

X2

X3

X4

I'

UJ,I \.

.755 **

X2 -AMT use

. 880

X3-Investment

.571 **

"'
.470 *

X4-Employement

.571 "' *

.470

X5-Area of establishment

. 825

°

. 854

'"'"
'" '"

.460

°

.460 *
.7 19

*

°

.999
.359

°
'"'"

.359

°

° Correlation i s sign i ficant at the 0.0 1 level (2-tailed). "' 0.05 significant levels

A significant issue in any regression study is the issue of multicollinearity. If any
independent variables are strongly correlated then it will be impossible to separate the
effects of each variable. In Table 4.56, except two of the independent variables, other
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variables are not strongly correlated each other. Thus, the coefficients in the multiple
regression model can be estimated the predictive effect of changing one independent
variab le while holding all other variables constant
4. 1 0.6 Developing Country-majority
The regression results show that expenence, AMT use, Investment, and
Employees have significant impact on the knowledge transfer to the host country.
Actually, the adjusted R2 of 0.9 1 7 suggests that 91 .7% of AMT related knowledge
transfer is explained by experience, AMT use, Investment and employees of the
developing count y majority companies. Thi s model strongly demonstrates that AMT
nse and experience of the plant here a positive relationship. Therefore, Alternative
hypothesis 28 is highly supported.
The statistical results for the technical knowledge transfer o f the developed
country minority-owned firms are summarized in Table 4.57. As the table indicates,
there is relationship between developed countries minority owned firm based
characteristics and transferred technical knowledge.
The MLR model for predicting AMT knowledge transfer used by minority owned
foreign-based companies to the host country is expressed as:
2 . 1 73 (constant) + 0.583 (AMT use) + 0.245 (experience) +0.0054 (employee)+ 2 .056
(area establishment)- 0.003(investment)
The above model shows that AMT use, employees, area o f establishment and
experience significantly impact the AMT knowledge transfers from developed country
maj ority owned foreign-based companies to the host country, while the adjusted R2 of

� .9 1 7 suggest that 91 % of AMT knowledge transfe1red by foreign-based companies
explained by the above two variables.
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Tab le 4.57.

Model Data.
Independent Variables

Beta Coefficients

Experience

.245 .

AMT use

.583 .

Investment
.00054

Employees

•

Area of establishment
2 . 1 73 .

Constant

.920
388 .977

F
Adjusted R2

.917

Standard Error of the Estimate

1 .479

•Significant

Table 4.58.

Model Selection.

Independent Variables

Model 1

Experience
AMT use

1 .057

Beta Coefficients
Model 2 Model 3 Model 4
,1
.256
.268

Model 5
.245

.625

.583

.939

.561

-.003

Investment
Employees

.006

.0054

1 .555

2. 1 47

1 .988

2.056

2.047

2.368

2 . 1 75

2. 1 02

2 . 1 73

.882

.894

.912

.9 1 7

.920

1 304.66

732. 33 1

593.689

470.244

3 88.977

Adjusted R2

.882

.893

.9 1 0

.9 1 5

.9 1 7

Standard Error o f the
Estimate

1 .768

1 .680

1 . 539

1 .501

1 .479

Area of establishment
Constant
Rz
F
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Tab le 4.59. Developing Country Majority-Zero-Order Conelation Coefficients among
All Variables.
Independent Variables
X 1 -Experience

Knowledge
Transfer
.860 ..

X1

X2

X4

X3

*

Xi -AMT use

.
.939 .

. 865 *

X3-Investment

.062 . .

.os2 **

.077

�-Employement

.764..

. 660..

.747

X5-Area of establishment

.
.726 .

.487 * *

.688

••
..
..

.025

..

. 1 64

•

.579..

** Correlation is significant at the 0.0 1 level (2 -tailed). • 0.05 significant levels

A significant issue in any regression study is the issue of multicollinearity. If any
the independent variables are strongly correlated then it will be impossible to separate
the effects of each variable. In Table 4.59, except one of the independent variables,
other variables are not strongly correlated each other. Thus, the coefficients in the
multiple regression model can be estimated the predictive effect of changing one
independent variable while holding all other variables constant
4. 1 0. 7 Developing Country-Minority Model
The regression result shows that minority owned companies transfer AMT related
knowledge through AMT use, employees, area of establishment and level of experience.
These variables are AMT usage and experience factors significantly. The adjusted R2 of
0.997 suggests that 99.7% of AMT knowledge transferred is explained by experience,
AMT use and employees. Therefore, alternative hypothesis 29 is also supported.
The statistical results for the developed country minority owned technical
knowledge transfer are summarized in Table 4.60. As the table indicates, there is a
relationship between developed countries minority owned firm based characteristics and
transferred technical knowledge.
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The MLR model for predicting AMT knowledge transfer used by minority owned
foreign-based companies to the host country is expressed as:
0. 591 (constant) + 0.3 7 1 (experience) + 0.3 7 1 (AMT use) +0.00 1 1 (employee)+0.208
(are a establishment)
The above model shows that AMT use and experience significantly impact the
AMT knowledge transferred by developed country majority owned foreign-based
companies to the host country, while the adjusted R2 of 0.997 suggest that 99.7% of
AMT knowledge transfer by foreign-based companies explained by above two
variables.

Table 4.60.

Model Data.
Beta Coefficients

Independent Variables
Experience

.602''

AMT use

.371

Investment

-.003

•

Employees
Area of establishment
. 601

Constant

•

.997
9364.55

F
Adj usted R2

.997
. 30377

S tandard Error of the Estimate
• significant
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Table 4.6 1 .

Model Selection.

Independent Variables

Model 1

Experience

Beta Coefficients
Model 2 Model 2

.987

AMT use

Model 3

.633

.608

.602

.362

.375

.37 1

.0009 1

.00 1 1

Investment
Employees
Area of establishment

.208
2.208

.673

.658

.591

.994

.996

.997

.997

28743 .5

22424.7

1 5 3 1 7.6

1 1 756. 1

.994

.996

.996

.997

.3872

. 3 1 03

.3066

Constant
R2

.

&

F

�

Adj usted R2

Standard Error of the Estimate

.303 1
-

Table 4.62.

Developing Country Minority-Zero-Order Correlation Coefficients
among All Variables.

Independent Variables
Xi -Experience

1

Knowledge
Transfer
. 997 ..

X1

X2

X3

Xi

..

X2 -AMT use

.995 °

.992 . .

X3-Investment

-.039

-.036

-.037

X.4-Employement

.769 . .

.769 ..

.75 1 ..

. 845 ..

X5-Area of establishment

.563 ..

.555 ..

.559 ..

-.076

.306 ..

' * Correlation is significant at the 0.01 level (2 -tailed). • 0.05 significant levels.

A significant issue in any regression study is the issue o f multicollinearity. If any
of the independent variables are strongly correlated then it will be impossible to
separate the effects of each variable. In Table 4.62, except one of the independent
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variables, other variables are not strongly correlated to each other.

Thus, the

coefficients in the multiple regression model can be estimated by the predictive effect of
changing one independent variable while holding all other variables constant
4 . 1 0.8 Developing Country-Joint Venture
In this model, same like above models, AMT related knowledge transfer as a
dependent variable, and experience, AMT use, investment, employees and area of
2
establishment as explanatory variables. The adjusted R of 0.954 suggests that 95 .4%
of the dependent variable can be explained by experience, AMT use, employees and
area of establishment. Hence, Alternative hypothesis 30 is supported.
The statistical results for the developed country minority owned technical
knowledge transfer are summarized in Table

4.63 . As the table indicates, there is

relationship between developed countries minority owned firm based characteristics and
,....

transferred technical knowledge.

The MLR model for predicting AMT knowledge transfer used by minority owned
foreign-based companies to host country is expressed as:
-1 .264 (constant) + 0.385 (AMT use) + 0.625 (experience)

*

The above model shows that AMT use and experience have significantly impact
on AMT knowledge transfer in developed country majority owned foreign-based
companies in the host country, while the adjusted R2 of .953 suggest that 95.3% of AMT
knowledge transfer by foreign-based companies is explained by the above two
variables. Under these circumstances a negative transfer of knowledge for this model
would result. However, such a proposition is realistic, since minimum values of the
independent variables cannot be zero and hence there is a predicted value in this model.
To determine how well the model fitted the data, an analysis of variance and the
associated

F

test was conducted to test the null hypothesis. As
20 1

F

=

1 885.22 and the

observed significance level is 0.0000, the null hypothesis could be rej ected and the
conclusion drawn that a linear relationship exists between the dependent variable and
the independent variables in the equation.

Tabl e 4.63 .

Model Data.
Independent Variables

Beta Coefficients

Experience
AMT use

-.0008

Investment
Employees
Area of establishment
Constant

. 95 5
777.355

F

Adjusted R2

. 954

Standard Error of the Estimate

1 . 1 13

• Significant
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Table 4.64.

Model Selection.
Beta Coefficients
Model 1
Model 2

Independent Variables
Experience

. 95 1

. 62 5

AMT use

.385

Investment
Employees
Area of establishment
Constant

-.585

- 1 .264

.910

.953

1 895 . 93

1 88 5 .22

.910

.952

1 . 556

1 . 1 29

,,.., {\

R2

�+
�

F

Adjusted R2

���VJ "

Standard Error of the Estimate

1i�
,....

Table 4.65 .

Developing Country Joint Venture-Zero-Order Correlation Coefficients
among All Variables.

Independent Variables
Xi -Experience

Knowledge
Transfer
..
.954

}

X1

X3

X2

Xi

ol

X2-AMT use

. 9 1 7 ••

. 845 ..

X3-Investment

-.078

-.033

-. 1 24

X4-Employement

.692

..

. 687 . .

. 620..

-.028

Xs-Area of establishment

.776..

.
. 754 .

.733

..

-. 1 03

.473 ••

•• Correlation is signi II cant at the 0.0 I level (2 -tailed). • 0.05 significant levels.

A significant issue in any regression study is the issue of multicollinearity. If any
independent variables are strongly correlated then it will be impossible to separate the
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effects of each variable. In Table 4.65, except one of the independent variables, other
variables are not strongly correlated to each other. Thus, the coefficients in the multiple
regression model can be estimated the predictive effect of changing one independent
variable while holding all other variables constant
4.11 Relationship between AMT Usage and Technical Knowledge

Table 4.66 present the results of t test among two different mode of entry groups
derived from the cluster analysis. This describes the characteristics of the two groups in
terms of their degree of ownership.
High degree modes of entry: The firms in this group exhibit high range of ownership
vis-a-vis to the host country companies. This is a combination of the wholly owned and
majority own foreign-based companies.
Low degree modes of entry: The firms in this group exhibit low range of ownership visa-vis to the host country companies. This is a combination of the minority owned and
joint venture foreign-based companies.

Table 4.66.

Table Relationship between AMT and AMTKT.
Country of
Origin

Mode of
entry

AMT

Developed

High

Hypothesis 3 1

Developed

Low

AMT

Developing

High

Hypothesis 32
Hypothesis 3 3

Developing
Developed
Developed

AMTKT

Hypothesis 34

Hypothesis

AMTKT

AMT

Hypothesis 35
AMT

· Hypothesis 36
AMTKT

Hypothesis 37
AMTKT

Hypothesis 3 8

t

Mean

Df

Significant

1 2.6

432

0 .99

1 2. 6

430

1 0 .599

1 6.5

588

0.00

Low
High
Low

3 . 1 55

1 1 .8
12.5
1 4.3

462
432
412

0.00

Developing

High

7.533

15.8

5 88

0.00

Developing
Developed
Developing
Developed
Developing
Developed
Developing
Developed
Developing

Low
High
High
Low
Low
High
High
Low
Low

1 2.5
12.6
1 6.5
12.6
1 1 .8
1 2. 5
15.8
1 4.3
1 2 .6

49 1
419
416
60 1
424
419
418
598
423

Test

0.008

7.538
1 . 826
7 . 1 25
3 .566
t Test
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0.00
0.06
0.00
0.00

The results of this test reveal some significant findings regarding the high, and
low usage of AMT and Transfer of AMT related knowledge to the host country from
developed and developing country foreign-based companies. As one might expect, a
significant difference exists in most o f the cases, except in two situation. Table 4.66
reports the mean scores on the AMT and AMTKT.
Ho3 1 :

High degree modes of entry in to developed countries transfer less AMT to the

host country than low degree mode of entries.
Ha3 1 : High degree modes of entry in developed countries transfer less AMT to the host
count1y than low degree mode of entries.
Hypothesis 3 1 states that a relationship between high and low degree modes of
entry in developed country provides less AMT use with low degree modes of entry to
the host country. Statistically, it can be represented as follows:

Ha3 1 : µ 1

-

µ2

>0

The result from these analyses provides support for the null hypothesis.
Specifically, consistent with Hypothesis 32, 33, 34, 35, 37 and 38. There is support for
the alternative hypotheses. The results also indicate that firms with high degree modes
of entry in developed countries place a greater AMTKT than low degree modes of
entry. Therefore, hypothesis 32 rejects the null hypothesis (p < 0.00). The results also
indicate that firms with high degree modes of entry in developing countries use a greater
amount of AMT usage and AMTKT contribution than the low degree mode of entries.
These findings provide support for both alternative hypothesis 33 and 34 (P <0.000).
However, Hypothesis 35 did support the alternative hypothesis while, Hypothesis 36 did
not support it. Finally, both high and low degrees of modes of entry in to developed
countries contribution of AMT related knowledge is higher than the developing country
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modes of entry. Table 4.66 shows that in both cases for hypothesis 37 and 3 8 the

t-

value is significant at the 95 percent confidence level.
4 .12 Comparison of Results

A more traditional statistical forecasting tool is regression analysis. This method
uses the sum of the least squared errors to fit a curve to a data set. The decision was
made to predict the AMT and its knowledge transfer from foreign-based companies to
host country.

The dependent variable was designated as the use of AMT and of

knowledge-transfer of AMT.

The following parameters were listed as independent

variables. Age of the plant, size of the plant, investment, and location.
Using the data analysis tool within SPSS, a multiple linear regression analysis was
performed on the data set.
When conducting multiple linear regression analysis, the following assumption
must hold for the model to be correct:
(1)

Nmmality

(2)

Homoscedasticity

(3)

Independence of errors

(4)

Linearity.

'\J C E

Normality assumes the value of the Y (the dependant variable) must be normally
distributed for each value of X (the independent variable).

According to Levine,

Berenson, and Stephan (1 997), and regression analysis is quite robust against departures
from the normality assumption. One method of verifying the normality assumption is to
construct and examine a Normal Probability Plot for the dependant variable.
normal Probability Plot was created

in

The

SPSS using the regression analysis tool. The

points on the plot seemed to deviate from a straight line in a random manner. This
indicates normal ity. If the line had risen more steeply at first and then increased at a
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decreasing rate it would have indicated a left skewed data set. The opposite is true for a
right skewed data set.
Homoscedasticity assumes that variation or error around the regression line
should be similar for low and high values of the independent variable. This can be
verified by examining the residual plots for each independent variable.

For each

variable, there did not seem to be major differences in the variability of the residual for
different values of the independent variable.

Therefore, the Homoscedasticity

assumption was valid.
Autocorrelation, or the likelihood that a certain type of error precedes or follows
another type of error, violates the independence of errors assumption.
correlated, there will be a pattern of positive errors.

If errors are

The simplest way to rule out

Autocorrelation is to plot the residuals over time. The residual vs. time plot showed no
pattern and indicated the absence of autocorrelation. Therefore, the independence of
Error assumption seemed valid.
The regression line indicates a probable linear relationship of varying degrees
between the dependant variable and each o f the independent variables.

This was

verified because there was no pattern in the residual plots for each independent variable.
Therefore, the linearity assumption seemed valid.
All four assumptions of regression analysis were verified so a linear regression
model seemed appropriate. When using Multiple Regression, the objective is to utilize
only those variables that have a significant relationship with the dependent variable.
4.1 3 Validity Test of the Multiple Regression Models

The final test of the validity of the multiple regression models is to verify there is
no multicollinearity between the independent variables.

According to Levine et al.

( 1 997), when two independent variables are h i ghly collinear they can cause the
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regression coefficients to fluctuate drastically if one or both are included in the model. It
is difficult to separate the effect of two collinear independent variables on the dependent
variable. The measure of collinearity is the Vari ance Inflationary Factor (VIF). For
each of the independent variables, the VIF was calculated using SPSS.

If sets of

vari ables are uncorrelated, the VIF will equal 1 . For highly intercorrelated variables,
the VIF can exceed 1 0 .

According to Levine et al ( 1 997), a VIF greater than 1 0
.

indicates there is too much correlation between the independent variables.

The

calculated VIF values are shown in Table 4.67 for AMT and in Table 4.68 for AMTKT.

Table 4.67.

Validity Test-AMT.
..

Model-AMT Use
Model

I

Experience
1 .75 1

VIF Value
Area
Investment Employees
2.082

1 .660

Model 2
Model :I

Model 4

�
I(

A

1 . 152
-

1 .66 1

-

1 . 1 52

r:-

1 . 597

1 .713

�

1 .000

Model 5

0.0000203

Model 6

0.477

.564

Model 7

1 .000

2.792

0.996

. 763

. 5 23

Model 8
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Tab le 4.68.

Validity Test-AMTKT.

Model-AMT
Knowledge
Transfer
Model

1

VIF Value
AMT
Use

Experience

1 .000

Model 2

7 1 63

Model 3

4.994

.

7.655

7.266

Model 6

7.171

4 452
.

Model 7
Model 8

3 .943

Investment

2.729

1 .942

4.950

Employees

3 .630
2.756

Mode1 4
Model s

Area

2.696

1 .3 1 2

2.073

3 . 83 7

1 .778

2 .323

1 .055

2.354

1 .533

1 .009

2 .634

2.558

1 .04 1

1 .947

2.156

I

After evaluation of the regression models, all VIF values were less than 1 0.
Therefore, the selected models were fully optimized and verified and were chosen as the
final models to predict the variables and compare there to the neural network results.
4.1 4 Neural Network Model

This section discusses the techniques used to develop the neural network and
multiple regression forecasting models. The comparisons of the models, indicates the
prediction ability of the model with respect to AMT usage and knowledge contribution
to the host country.
MachK is an artificial neural network problem solving software package written
to run under the Windows operating system. The target users for MachK are scientists,
engineers, business analysts, financial analysts, and traders.
MachK uses artificial neural networks, ANN's or NN's, to facilitate the solution of
very complex problems that are not very ameniable to other techniques.

Neural

networks are excellent at correlating complex, interrelated data that may be noisy or
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incomplete.

ANN's are also very powerful at pattern recognition such as voice

recognition.
The two artificial neural network (ANN) techniques used by MachK are the back
prop agation neural network, the Kohonen Self-organizing map, or hybrids of the two.
About 95% of the real-life applications of neural networks use either one or the other of
these two types of neural networks.
After a new neural network is created, it must be trained before it is of any use.
The process of training involves passing the input patterns through the neural network
and then adjusting the weights connecting the various nodes within the network. For
backpropagation networks, the weights are updated based on the difference between the
network output and actual target data. Kohonen self-organizing maps, however, update
the weights based on how close the network weights are to the network inputs.
Training typically involves trying to drive the Root Mean Square error (RMS)
error of the network as close to 0 (zero) as possible or driving the correlation coefficient
as close to 1 (one) as possible. Training is stopped when the specified numbers of
iterations have passed or the stop criteria have been met. Training a neural network is
usually a trial and error process. Typically a best guess is made for the number of
network layers, number of nodes in each layer, transfer function types, and training
parameters (learn rate and momentum).

After the neural network is trained to the

minimum test set error, the network statistics are noted. Then some parameters such as
the training parameters or number of nodes are changed and the network is retrained. If
the network statistics are better, the neural network is usually a better model. The first
trained network will get you in the ball park while subsequent improvements will help
you get closer and closer to an optimal neural network.
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The basic operation of an artificial neural network is to apply a series of numbers
known as an input pattern to the input layer of the network.

This input pattern is

propagated through the network to produce a network output.

In the case of a

backpropagation network, the network output is compared to a known target pattern to
produce a network error. This error is then back propagated through the network and is
used to adjust the weights between the network nodes. The weights within the network
are adjusted in such a way as to try and minimize the network error.
In order to train a neural network, a series of input patterns are passed through the
network and compared to a corresponding set of target patterns. The more varied the set
of input patterns, the more robust the neural network and the more reliable its predictive
or explanatory power.

A good rule of thumb is to have at least 3 to 5 examples

available for each input. In other words if you have 20 inputs to your neural network, it
is a good idea to have at least 60 to 1 00 input patterns.
During the course of training a neural network, it is possible to "over train" a
network. This occurs when the neural network moves from trying to form the best
generalizations between the input patterns and target patterns to trying to memorize the
patterns. Since the goal of training a network is rarely to produce a network that just
memorizes the relationships, there must be some way of determining when the network
is over training. This is done through the use of a test set.
After a new neural network is created, it must be trained on the input data. The
training parameters for a back p ropagation neural network are the " learn rate", the
"momentum" and the "Weight Decay Rate. " The total number of iterations is also a
training parameter. For a self-organizing map (neural network) the training parameters
are the "Learn Rate", the "Neighborhood Size", and the "Neighborhood Learn Rate. "
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for a hybrid of a Kohonen self-organizing map and a back propagation network, all of
the training parameters above are used.
Knowing when a neural network is fully trained can be critical to the performance
and quality of results derived from a neural network model. The typical objective when
developing a neural network model is to gain the most generalized relationships
between the input data and the target data. However in some cases such as memorizing
the topological features of a map (such as a contour map), memorization of the input
data may be desired.
To get the most robust and general relationships between the input and target data,
the neural network should be trained to the minimum test set error (or maximum test set
correlation coefficient). Even for some small neural networks with large data sets, it is
possible for the training set error to be driven very low (a fraction of a percent RMS
error). However, the test set error will hit a minimum value and then proceed to get
larger even as the training set error continues to fall. What is happening is referred to as
"over-training. " As mentioned before the neural network over-trains when it is moving
from forming generalizations to memorizing the input data. If memorizing the input
data is the goal, then the minimum training set error should be the goal, or at least
reaching training set error specification will be the go al

.

4. 1 4. 1 Root Mean Square Error (RMS Error)
The RMS error of the training set is found by summing each output error (actual predicted) squared (error

*

error) to get the sum

of

squares error (SSE). The SSE is

then divided by the number of training patterns times the number of network outputs to
get a mean SSE (MSE). The square root of this mean sum of square errors (MSE) is
then taken to get the root mean square error, or RMS e1Tor of the training set. The same
procedure is used to find the RMS error of the test set.
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4. 1 4.2 Correlation Coefficient

The correlation coefficient for the training set is the square root o f the multiple
coefficient of determination (MCOD). The MCOD is 1

-

[error sum of squares (SSE) /

total sum of squares (SST)] . The error sum of squares (SSE) is the sum of (actual 2
2
predicted) whi le the total sum of squares (SST) is the sum of (actual - average) for
the training set. The correlation coefficient for the test set is calculated in the same
manner using only predicted values of the test patterns.
4. 1 4.3 Standard Deviation

The standard deviation of the training set is the square root of the error sum of
squares (SSE) divided by the degrees of freedom (DOF). Here the DOF is the number
of inputs - 1 . The SSE is the sum of (actual - predicted)2 • The same technique is used to
calculate the standard deviation of the test set using only the test patterns.
Confidence Train and Test Sets are same. This is calculated by first calculating
an F statistic

=

(standard deviation training set)2

I

(standard deviation test set)2 • Using

an F test to determine the probability the two standard deviations are not the same, the
degrees of freedom of the numerator is the number of training patterns - 1 while the
degrees of freedom of the denominator is the number of test patterns - 1 .

The F

distribution returns the probability the standard deviation of one set is different from the
standard deviation of the other set.
4.15 A Comparison of Neural Networks and Regression Analysis of AMT Usage

The purpose of this section is to evaluate the relative abilities of Regression
analysis and neural networks in predicting AMT usage in host country. Developing
Il10dels that enable policy developers, investors, and government to predict those
companies

that

are most likely to be transfer

plant level efficiency and effectiveness.
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veh icles

is important for enhancement of

The empirical model used to assess the relative ability of Regression analysis and
neural networks to predict AMT usage is presented in the following equation.
y

=

p0

+

P1 X 1 + P2X2+ p3 X3+ p4X4

The dependent variable Y i s a numerical variable, which is assigned a value of
corresponding to the use of AMT by each foreign-based company.

The remaining

terms appearing in the equation reflect experience of the firm, initial investment,
employees and area of establishment.
4.1 6 Training and Testing of the Neural Network Models

The sample data are randomly separated into a training set and a testing set. The
training set allows the models to learn the relationships between input variables and
predicted outputs: the testing set is used for validation of the models. For both the
developed and developing foreign-based companies samples, the modes of entry
categories are spht evenly between training and testing sets. Though there is no specific
iule for the ratio of training-to-testing observations, therefore, 60% of observations for
training and the remaining 40% of observations for testing used in this research. This
selection is purely based on random selection. Random selection methods affect the
performance o f the networks.

Boritz has suggested (Boritz 1 995) that random

distribution of testing percentage leads to better networks performance and is an
important strategy in improving the generalization of the networks.

The sample

partitioning used for training and testing the neural network is shown in Tables 4.69 and
4.70.
To allow a comparison of the prediction capabilities of the neural network and
regression models vis-a-vis the multiple regression models the same sample is used.
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Table 4.69.

Testing and Training Data-AMT (Developed Country).

Wholly Owned

Majority

Minority

Joint Venture

Training

Testing

Training

Testing

Training

Testing

Training

Testing

52

34

64

43

66

44

79

51

Table 4. 70.

Testing and Training Data (Developing Country).

Wholly Owned
Training Testing

42

20

Majority
Training Testing

1 06

Minority
Training Testing

98

70

Joint Venture
Training Testing

1 13

64

76

Recent developments in artificial intelligence have produced a new class of
prediction modeling techniques. One form of artificial intelligence, neural networks, is
proving to be adept at uncovering and mapping highly complex relationships between a
given set of inputs and a desired output function. The application of neural networks is
currently taking place in many areas of business forecasting and modeling, including
prediction of bond rating changes, credit scoring of loan applications, portfolio trading
and asset allocation, and real estate appraisal valuation.

New research in applying

neural networks to the prediction of bank failures is showing much promise (Bgets &
Benugopal 1 994) .
In traditional statistical modeling, it is necessary to specify the exact relationship
between the input values and the output. Also, the validity of the model' s predictions
hinges on any theoretical restrictions or assumptions that may be implied.

Neural

networks differ from this framework in that they do not require specifications that may
be implied. Neural networks learn to identify the underlying relationships by being
exposed to numerous observations.

As the networks learn, they build an internal

representation of the inherent input-to-output structure. Internal models can then be
applied to new data that the neural networks have never seen.
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Neural networks have relative strengths and weaknesses that should be
acknowledged.

They are well suited for solving nonlinear problems since neural

networks are nonparametric in nature. As with Regression, a neural network model also
separates the sample space of firms into separate groups according to distinguishing
features.

However, a neural network is capable of drawing a curved separation to

better-fit nonlinear data.

Neural networks make no assumptions of any probability

distribution or of equal dispersion; their learning processes do not depend critically on
the validity of the distributional assumptions of the underlying data. They are adapt at
handling both noisy and incomplete data. Further, neural networks also have the ability
to adaptively adj ust the model when confronted with a rapidly changing environment.
With these advantages, neural networks seem readily applicable to the field of finance,
since financial d'1ta often violate the assumption of being normally distributed, are
highly correlated, and frequently exhibit nonlinear relationships among the dependent
and independent variables.
One limitation of neural networks is that there is no formal method of deriving a
network configuration for a given classification task. Thus there is no direct method of
finding the ultimate architectural structure for the modeling process. Consequently, the
refining process can be lengthy, accomplished by iterative testing of various
architectural parameters and keeping only the most successful structures.
A second limitation of neural networks is the limited ability to statistically test
and interpret hypotheses concerning the roles of specific variables that are included in
the models as predictors. However, this limitation should not be a serious drawback if
one simply desires classification from the model.

This limitation arises from the

complexity of the mapping of the inter dependent nonparametric relationships that the
network learns. One cannot simply look at the coefficient estimates that the network

216

develops and determine the signi ficance of a given i nput variable. The accuracy of the
output classification is readily observable, although the weights used by the networks
for prediction are not traceable.
The process for establishing a neural network model begins with data assembly.
Data are defined and presented to the neural networks as a vector of input values
(independent variables) and a vector of desired o utput values (dependent variables) .
The AMT usage data used for this portion of the analysis are the same as those
presented in the Multiply regression model. The neural network models are trained and
tested using the same input variables for each mode of entry. Each model is trained on
60% of the sample observations and tested on the 40% o f the sample withheld for
validation.
Next, the architecture of the model must be determined. There are five nodes in
the input layer corresponding to the survey data in 200 1 . There is a single output node
corresponding to the possible usage of AMT . The optimal initial weights and number
of hidden nodes, is chosen to minimize the prediction error of the testing data set. It is
likely that the samples may have different architectures that best fit the given
characteristics of the set of data.
The next step is setting the network' s parameters. A learning rate is used to help
detennine the amount of correction that is applied to adjust the neurode weights during
training. The value of the learning rate ranges from 0 to 1 . Smaller learning rates
extend training time but prevent overreaction to any one observation in the training
process: larger learning rates speed up training but increase the risk of overshooting the
best solution. This research used a small, conservative learning rate of 0. 1 . The neural
network utilize an outlier factor coefficient that determines how much attention the
model should pay when it is having trouble

in
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learning. The value of the outlier factor

range from 0 to 1 . This parameter is set at a low value of 0. 1 , instructing the model to
generally ignore these cases.
Theoretical work by Hecht-Nelson ( 1 9 89) has shown that neural networks can
learn input-output relationships to the point of making perfect forecasts with the data on
which the network is trained. However, perfect forecasts with the training data do not
guarantee optimal forecasts with the testing data due to differences in the two data sets.
It is designed to train on the training data until ( 1 ) the testing set errors can no longer be
reduced (a minimum steady state), or (2) until the training set errors have reached a
tolerable level.

Here, the tolerance rate is set to permit a 5 % training error.

This

prevents the model from over fitting the training set patterns without allowing for
differences between the training data set and the testing data set.
The AMT model is a back propagation network with one input layer, one hidden
layers and one output layer.

The input layer is made up of one to five individual

neurons. The following data were imported into the neural network software package as
a pattern file.

4. 1 6 . 1 Model for Wholly Owned Foreign-based Companies

*

After proper training, use testing data and the output data for the prediction of the
model can be used. Table 4. 71 summaries the basic architecture of the model and it
results. Numerous experiments were conducted to find the network architecture that
minimized the RMSE between the testing and training data sets. However, the training
epoch which is the number of processing runs through the complete training data was
limited to 1 0,000 to give an upper bound for the training time.

For example, these

experiments include altering, the number of hidden layers or the number of neurons per
hidden layer, and the training tolerance between the target values and the output values
in the training period. The transfer function in both models is sigmoid.
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Table 4.7 1 .

Neural Network Model Parameters.

Developed Country
Wholly Owned
Configuration
Input layer
Middle layer
Output layer
Training halt
Leaming rate
Transfer function
Momentum

4 nodes
1 node
1 node
Minimal test error or l ess than 2%
training
0.082500
Sigmoid
0.4000

\" ERS/]'y
Table 4.72.

Iteration

The Test Statistics of the Model.
Training Set
RMS
Correlation
Coefficient
Error %

(},

Testing Set
RMS
Correlation
Error %
Coefficient

.
Standard Deviation
Training

Testing

500

1 . 1 642

0.998834

1 .7 1 94

0.997676

9.5694

9.7322

1 000

1 .0934

0.99897 1

1 .64 1 3

0.997883

9.5783

9.7575

5000

1 .03 1 9

0.999084

1 .548

0.998 1 1 7

9.5 8 1 5

9.7849

1 0000

0.9934

0.999 1 5 1

1 .4785

0.998282

9.5826

9.7984

Table 4.73 .

Con_parison of Two Models.
Model

R Square

Regression model

94. 1 %

Neural network model

95.66%

The neural network prediction results for AMT use are shown in Table 4. 72, the
trained neural network model is able to correctly predict 95 .6% of the regression model.
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The best result is obtained using 4 input nodes and 1 output node in the back
?ropagation method for data of store 1 . After 500 iterations, the RMS error become
0.9934 or almost 1 of the training set of data, and 1 .47% of the testing data.
4. 1 6.2 Majority Owned Companies
A key summary of model topology, that is, its architecture, is provided in Table
4.74. The input layer is constructed of 4 nodes and the output layer of one node; this is
the desired or dependent variable. One hidden layer consisting of 5 nodes was used
since more than one layer gave no discernible benefit to model prediction accuracy.
The type of transfer function used between input to hidden and hidden to output layers
was sigmoidal, signifying non-linearities contained within the data sample.

The

topology and hence the model, presented here was determined largely by trial and error.
Of the various models developed, this study reports upon the findings from the most
accurate predictor model.

Table 4.74.

N eural Network Model Parameters.

Developed Country
Maj ority Owned
Configuration
Input layer
Middle layer
Output layer
Training halt
Leaming rate
Transfer function
Momentum

NCE

4 nodes
5 nodes
l node
Minimal test error
training
0.082500
Sigmoid
0.4000

9

or
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less than 3%

Table 4.75.

Iteration

The Test Statistics of the Model.
Training Set
RMS
Correlation
En-or %
Coefficient

Testing Set
RMS
Correlation
Error %
Coefficient

Standard Deviation
Training

Testing

5 00

2 . 7 1 02

0.993966

4.9006

0.976646

9 .6598

8.8379

1 000

2. 1 191

0.9963 1 5

3 .45 8 8

0.9884

9 .6743

8 .932

5000

0.7J9

0.999588

1 .7589

0.997022

9 .7398

9.2199

1 0000

0.63 1 7

0.999673

1 . 877

0.996608

9 .7442

9 . 1 93 8

Table 4.76.

Comparison of Two Models.
R Square

Model
Regression model

86. 1 %

Neural network model

9 1 .54%
-

ANN

results indicate a 9 1 . 54% prediction ability of the model compared to the

Regression with 86. 1 %. The best result is obtained using 4 input nodes and 1 output
node in back propagation method for data of store 1 after 500 iterations, with the RMS
error being 0.63 1 7 almost 0.63% of the training set of data and it indicates that 1 .877%
in testing data.
4 . 1 6 . 3 Minority Ownership
A key summary of model topology, that is, its architecture, is provided in Table
4. 77. The input layer is constructed of five input nodes (one of each predictor variable)
and the output layer of one node; this is the desired or dependent variable when testing
data have been trained and use the output data for the prediction of the model. Table
4.78 summaries the basic architecture of the model and it results.

Numerous

experiments were conducted to find the network architecture that minimized the RMSE
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between the testing and training data sets. However, the training epoch, which is the
number of processing runs through the complete training data was limited to 1 0,000 to
give an upper bound for the training time variable. One hidden layer consisted of ten
nodes, the transfer function is sigmoid.

Table 4.77.

Neural Network Model Parameters.

Developed Country
Minority
Configuration
Configuration
Input layer
Middle layer
Output layer
Training halt
Leaming rate
Transfer function
Momentum

4 nodes
1 node
1 node
Minimal test error or less than 2%
training
0.082500
Sigmoid
0.4000

-

r-

Table 4. 78.

Iteration

l:=it

The Test Statistics o f the Model.
Training Set
RMS
Correlation
Error %
Coefficient

Testing Set
RMS
Correlation
Error %
Coefficient

Standard Deviation
Training

Testing

5 00

1 .23 1 1

0.99776

2. 9 1 45

0.986065

n.6 1 89

12.5 1 56

1 000

0.998 1 6

0.998 1 6

2.4935

0.9898 1 9

1 2.6275

12.5263

5 000

0.9597

0.998639

2.0036

0.993439

1 2.628 1

1 2.5257

1 0000

0. 8624

0.9989 0 1

2. 1 034

0.992766

1 2.63 1 8

12.5227

Table 4.79.

Comparison of Two Models.
R Square

Model

8 1 .5%

Regression model

I Neural network model

99.7%
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Table 4. 79 shows the prediction performance of regression and the ANN model,
a data set corresponding to a AMT use. The network is trained with a learning
of 0. 0825 and 1 0,000 iterations. ANN results indicate that 99. 7% prediction ability
e model compared to the Regression 8 1 .5%. The best result is obtained using 4
t nodes and 1 output node in back propagation method for data of store 1 . After
iterations, with the RMS error became 0.8624 or almost 0.86% of the training set of
a and 2. 1 034% of the testing data.
6.4 Joint Venture
As indicated in the Table 4.80 the data set was divided into a training set and a
t set. Both the training set and the test set contained the same sample. As previous,
e training data set was used to build a model and the testing data set was used to test
e data. The performance of the models on the training set and the testing set were
en evaluated by determining the root mean sq 1 1 �-1red error (RMSE) on the training and
e testing sets. Table 4.8 1 indicates the RMSE values on both the test and the training

c
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than 1 %

less

Tab le 4. 8 1 .

Iteration

The Test Statistics of the Model.
Training Set
RMS
Correlation
Eirnr %
Coefficient

Testing Set
RMS
Correlation
Error % Coefficient

Standard Deviation
Training

Testing

500

1 .6 745

0.997246

1 . 1 94 1

0.9985 2 1

7 .7763

7.5 1 94

1 000

1 . 1 07 1

0.998797

0.8847

0.999 1 88

7 .7862

7.56 1

5000

0.7354

0 .999469

0. 8025

0.999332

7 .7963

7.6066

1 0000

0.6956

0.999525

0.7897

0.9993 553

7.7998

7.6 1 92

Table 4.82.

Comparison of Two Models.
-

Model
Regression model

�

�

Neural network model

R Square
99.0%
98.73%

Table 4.82 shows the prediction perfornwnce of the regression and the ANN
model, using a data set corresponding to an AMT use. The network is trained with a
learning rate of 0.05 and 1 0,000 iterations. Regression results indicate a 99% prediction
ability of the model compared to the ANN 98 . 73%. The best result is obtained using 4
input nodes and 1 output node in a back propagation method for data of store 1 . After
500 iterations, the RMS error was 0.6956 almost 0. 7% of the training set data and
0.7897% of the testing data.
4. 1 6 . 5 Wholly Owned
Numerous experiments were conducted to find the network architecture that
minimized the RMSE between the training and the testing output.

However, the

training epoch which is the number o f processing runs through the complete training
data was limited to 1 0000 to give an upper bound for the training time.

These

experiments include altering, for example, the number of hidden layer. As well as the
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number of neurons per hidden layer, and the training tol erance between the input values
and the output values in the training period.

Table 4 . 8 3 .

Comparison of Two Models.

eve opmg

oun ry

Wholly Owned
Configuration
es

m1mal test error or less than 4 %

Training halt

training

The Test Statistics o f the Model.

Table 4 . 84 .

Testing S et

1 rammg Set
Iteration

Standard Deviation

KM:S

correlation

RMS

Correlation

Error %

Coefficient

Error %

Coefficient

500

1 .5314

0. 997468

3.3658

1 000

0. 8469

0.999226

5000

0.614

1 0000

0.5339

Training

Testing

0.98946

1 1 .0983

1 1 . 032

2.3956

0 . 9 94675

1 1 . 1 03 7

1 1 . 1 52 8

0.99959

1 . 9023

0.996646

1 1 . 1 1 06

1 1 .225

0 . 9969

1 . 9629

0. 996429

1 1 ·1 1 1 3

1 1 .2 1 95

Comparison o f Two Models .

Table 4 . 8 5 .

Model
Regression model
Neural network model

R Square
58.8%
90.43%

Table 4 . 8 5 shows the prediction performance of the regression and the ANN
model, using

a

data set corresponding to an AMT use.

learning rate o f 0.082500 and 1 0,000 iterations.
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The network i s train ed with a

Regressio n results indi cate a 5 8 . 8%

prediction ability of the model compared with that of ANN 90.43% . The
best result is
obtained using 4 input nodes and 1 output node in back propagation
method for data of
store 1 . After 500 iterations, the RMS error was 0.5339 or almost 0.5%
of the training
set of data and 1 .9629% of the testing data.
4. 1 6.6 D eveloping Country-Maj ority
In this model, The results indicate that the most suitable forecasting model for
these variables comprise of 4 input nodes, five hidden nodes and one output node. The
results also exhibit that the number of epoch that provide the highest generalization with
accuracy of 93.03%. Hence the results show that the ANN has n'iore accuracy than the
Regression.

Table 4.86.

Neural Network Model Parameters.

Developing Country
Majority
Configu ration
�
Input layer
Middle l ayer
Output layer
-

Training halt

4 nodes
5 nodes
1 node
Minimal test error or less lhan 3%
training
0.082500 t' U¥'1 ti ru Pl lg.-' Sigmoid
0.4000
--

Leaming rate
Transfer function
Momentum

Table 4.87.

Iteration

.

- -

The Test Statistics of the Model.
Training Set
Correlation
RMS
Coefficient
Error %

Testing Set
RMS
Correlation
Coefficient
Error %

Standard Deviation
Training

Testing

500

1 .2309

0.998 1 24

2.339

0.98 1 244

6.9974

4.5928

1 000

0.9679

0.998841

2 .2762

0.982246

7.0209

4.6201

5000

0. 9066

0.998983

1 . 9 1 98

0.987403

7 .0274

4.6226

1 0000

0 . 8 1 99

0.999 1 68

1 . 5201

0.992 1 2 1

7.0299

4.6636
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Table 4.88.

Comparison of Two Models.
Model

R Sauare

Regression model

85.5%

Neural network model

93 .03%

The results for both neural networks and the multiple linear regress10ns are
displayed in Table 4.88. The results indicate that the generalization obtained by neural
networks is

93 .03% hi gher than the one obtained by regression.

The results also imply

that neural networks can be used as a prediction tool to assist dedsion-making in

AMT

use.
4. 1 6.7 Developing Country Minority

A key summary of model topology, that is, its architecture, is provided in Table
4.89. The input layer is constructed of 4 nodes and the output layer of one node; this is
the desired or dependent variable. One hidden layer consisting of 4 nodes was used
since more than one layer made no discernible difference to model prediction accuracy.
The type of transfer function used between input to hidden and hidden to output layers
was sigmoid, signifying non-linear ties contained within the data sample of neural
network model parameters.

Table 4.89.

Neural Network Model Parameters.

Developi n g Country
Minority
Configuration
Input layP.r
M iddle layer
Output layer
Training halt
Leaming rate
Transfer funct ion
Momentum

4 nodes
1 node
1 node
Minimal test error or less than
training
0.082500
Sigmoid
0.4000
227

3%

Table 4.90.

The Test Statistics of the Model.
Training Set
RMS
Correlation
Error %
Coefficient

Testing Set
RMS
Correlation
Error %
Coefficient

500

6.2445

0.90323 1

7.396 1

1 000

4.7226

0.945 864

5000

2. 8284

1 0000

2 . 1 78 1

Iteration

Table 4.9 1 .

Standard Deviation
Training

Testing

0. 896327

7.9859

8.8268

4.5 1 68

0. 962642

7.9773

8 .7 1 5 1

0.980926

3 . 62 1 1

0.976 1 53

8 .0 1 75

8.7057

0.988733

3 . 5 889

0.97658

8.0634

8.7886

Comparison of Two Models.

ff SJ
R square

Model
Regression model

98.5%

N eural network model

99.3 1 %

The experimental results indicate that usmg a configuration data of neural
network is an important strategy in improving the forecasting models. The Table 4.91
also indicates that, ANN prediction ability is higher than in the regression model. The
results indicate that the generalization obtained by neural networks is 99 . 3 1 % higher
than the one obtained by regression. The results also imply that neural network can be
used as a prediction tool to assist decision-making in AMT use.
4 . 1 6.8 Developing Country Joint Venture
The experiment displayed below is used to support hypotheses 1 5 proposed in the
previous section by examining the same variables using Neural network methodology.
The Table 4.92 represents the relevant topology of the model. After training and testing
many ANNs, the optimum suitable neural network was chosen as the best performer.
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Table 4.92.

Neural Network Model Parameters.

Developing Country
Joint Venture
Configuration
Input layer
Middle layer
Output layer
Training halt
Leaming rate
Transfer function
Momentum
Table 4.93 .
Iteration

4 nodes
3 nodes
1 node
Minimal test error or less than 3%
training
0.082500
Sigmoid
0.4000

,,...

The Test Statistics of the Model.
Training Set
Correlation
RMS
Coefficient
Error %

I.

Testing Set
Correlation
RMS
Error %
Coefficient

Standard Deviation
Training

Testing

500

1 . 1 593

0.9979

2.3 773

0.9892

8 .322

7.9043

1 000

0.942

0.9986

1.531

0.9955

8.3616

7.888 1

5000

0. 8639

0.9988

1 . 1 943

0.9973

8.3681

7.8765

1 0000

0. 828 1

0.9989

1 . 1 396

0.9975

8 .3 696

7.8841

Table 4.94.

Comparison of Two Models.
Model

Hi

R Square

Regression model

73 .8%

Neural network model

90.39%

The results for both neural networks and multiple linear regressions are displayed
in Table 4.94. The results indicate that the generalization obtained by neural networks
is 90.39% higher than the one obtained by regression. And again the results imply that
neural networks can be used as a prediction tool to assist decision-making in AMT use.
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I

AMT Knowledge Transfer Patterns Comparing with Neural Networks.
Parametric models, and regression models in particular, have frequently been
resumed. Tests are routinely performed and inferences made without verifying
normality of errors, independence of errors and constancy of error variance. ANN in
this model has shown that squared error if the model does not get trapped in a local
optimal and there are an adequate number of nodes in the hidden layer. The backpropagation algorithm guarantees that total error in the training set will continue to
decrease as the number of epoch increases.
The experimental results indicate that usmg neural network is an important
strategy in improving the forecasting models. The Table 4.95 also indicates that, ANN
prediction ability is higher than the regression model. The results indicate that the
generalization obtained by neural networks is 97 . 1 9% higher than the one obtained by
regression. The results also imply that neural network can b e used as a prediction tool
to assist decision-making in relation contribution of AMTKT use.

Table 4.95 .

N eural Network Model Parameters.
-

Developed Country
Wholly Owned
Configuration
Input layer
Middle layer
Output layer
Training halt
Leaming rate
Transfer function
Momentum

- - �cl
"'1a1at1irt.ij lg."-

--

�

-

-

5 nodes
3 nodes
1 node
Minimal test error or less than 3 %
training
0.052500
Sigmoid
0.4500
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Table 4.96.

The Test Statistics of the Model.
Training Set
RMS
Correlation
Error %
Coefficient

Testing Set
RMS
Correlation
Error % Coefficient

500

2.3778

0.995069

4.2607

1 000

1 .9539

0.996673

5 000

1 .4736

1 0000

1 .0993

Iteration

Table 4.97.

Standard Deviation
Training

Testing

0.985976

9.53 1 3

9.5 1 87

3 .70 1 3

0.989435

9. 5252

9.5356

0.998 1 09

2.8833

0.993602

9.528

9.6 128

0.998948

1 .8655

0.997327

9.5357

9.7559

Comparison of Two Models.
Model

R Square

Regression model

96.8%

Neural network model

97. 1 9%

Table 4.97 shows the prediction performance of regression and

ANN

model,

using a data set corresponding to an AMT use. The network is trained with a learning
rate of 0.052500 and 1 0,000 iterations.

Regression results indicate that 96.8%

prediction abil ity of the model compared to the ANN 97 . 1 9%.

The best result is

obtained using 5 input nodes and 1 output nodes in back propagation method for data of
store 1 after 500 iterations, with the RMS enor being l .0943almost 1 . 1 % of the training
set of data and it indicates that 1 .9629% in testing data.
4. 1 6.9 Developed Country Maj ority Owned
The number of nodes in the hidden layer is based on the rule of thumb that a good
guess initially, but later by trial and error, the best suitable topology is found. A total of
survey responses are randomly split into two files . The first file was used to train the
network and the second file was used as a test of the network.
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The experimental results indicate that neural network is an important strategy in
improving the forecasting models . The Table 4.98 also indicates that, ANN prediction
ability is higher than the regression model. The results indicate that the generalization
obtained by neural networks is 94. 1 7% higher than the one obtained by regression. The
results also imply that neural network can be used as a prediction tool to assist decisionmaking in AMT use.

Table 4.98.

Developed Country
Maj ority Owned
Con figuration
Input layer
Middle layer
Output layer
Training halt
Learning rate
Transfer functi
Momentum

Table 4.99.

n

5 nodes
3 nodes
1 node
Minimal test error or less
training
0.072500
Sigmoid
0.3000

The Test Statistics of the ModeL
- -

Iteration

I

Neural Network Model Parameters.

Training Set
Correlation
R..\1S
Error %
Coefficient

.. -

-

than

9 ol

3%

��

*

Testing Set
RMS
Co1Telation
Coefficient
Error %

Standard Deviation
Training

Testing

500

2 .4 1 9 1 1

0.994904

5 .9622

0.96523

9.6625

8 .653

1 000

2.088

0.996422

4.87

0.976939

9.6942

8.83 1

5 000

1 .2859

0.998645

2 . 5 1 06

0.993923

9 .7 1 64

9.02 1 8

1 0000

0.8589

0.999395

1 .9224

0.996442

9.73 1 8

9.1414
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Table 4 . 1 00.

Comparison of Two Models.
Model

R Square

Regression model

92.0%

Neural network model

94. 1 7%

Table 4. 1 00 shows the prediction performance of regression and

ANN

model,

using a data set corresponding to an AMT use. The network is trained with a learning
rate of 0.072500 and 1 0,000 iterations.

Regression results indicate that 5 8 . 8%

prediction ability of the model compared to the ANN 94. 1 7.%.

The best result is

obtained using 5 input nodes and 1 output nodes in back propagation method for data of
store 1 after 500 iterations, with the RMS error being 0.8589 almost 1 .0% of the
training set of data and it indicates that 1 .9224% in testing data.
4. 1 6 . 1 0 Developed Country Minority

'pa
-

A total of 1 20 survey responses were available and these were randomly divided
into two files, 60% of the observation for the training set and 40% of the observation
was testing set. The back-propagation method used with generalized delta rule learning
with five nodes in the input layer, 1 0 nodes in the hidden layer and two nodes in the
output layer. Only one output layer and it represented that AMTKT from foreign-based
companies to hot country.
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Table 4. 1 0 1 .

Neural Network Model Parameters.

Developed Country
i\1inority
Configuration
Input layer
Middle layer
Output layer
Training halt
Leaming rate
Transfer function
Momentum
Table 4. 1 02.

5 nodes
3 nodes
1 node
Minimal test error or less than 3%
training
0.062500
Sigmoid
0.4250

The Test Statistics of the Model.
Training Set
RMS
Correlation
EtTor % Coefficient

Testing Set
RMS
Correlation
Error % Coefficient

5 00

2.6934

0.98053

2.7453

1 000

1 . 8697

0.990666

5 000

1 . 06 1 6

1 0000

0 . 5 86

Iteration

Training

Testing

0.980089

8.6538

8.5987

1 .6085

0.993209

8.6994

8.6708

0.997

1 .2 1 5 3

0.996 129

8 .7264

8.708 1

0.999087

1 . 1 054

0.996799

8.7452

8.7205

Tab l e 4. 1 03 . Comparison of Two Models.
Model

Standard Deviation

J;

9

R Square

Regression model

95 .9%

Neural network model

99.7%

9

� -�
J'( '(:

As previously stated, the experimental results indicate that neural networks are an
important strategy in improving forecasting models. Table 4. 1 03 also indicates that,
ANN prediction ability is higher than with the regression model. The generalization
obtained by neural networks is 99. 7% higher than the one obtained by regression. The
results also

imply

that neural network can be used as a prediction tool to assist decision-

making in AMT use.
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Table 4. 1 03 shows the prediction performance of the regression and the

ANN

model, using a data set corresponding to an AMT use. The network is trained with a
learning rate of 0.062500 and 1 0,000 iterations. Regression results indicate a 95 .9%
prediction ability of the model compared to ANN of 99. 7%. The best result is obtained
using 5 input nodes and 1 output nodes in back propagation method for data of store 1
after 500 iterations, with the RMS error being 0.586 almost 0.5% of the training set of
data and it indicates that 1 . 1 054% in testing data.
4. 1 6 . 1 1 Developed Country Joint Venture
To estimate the parameters of this model, a total of 1 84' survey responses were
available. These were randomly split into two files, 60% for the training set and 40%
for the testing set. The back-propagation method used with generalized delta rule
learning with five nodes in the input layer, 7 nodes in the hidden layer and two nodes in
the output layer. There was only one output layer. It represented AMTKT from foreignbased companies to the host country.

Table 4. 1 04.

Ne�iral Network Model Parameters.

-��\°C$
..,, v"fl1a1.reib�·c.1""
-

Developed Country
Joint Venture
Configmation
Input layer
Middle layer
Output layer
Training halt
Learning rate
Transfer function
Momentum
Input layer

01

5 nodes
5 nodes
1 node
Minimal test error or less than 3 %
training
0.082500
Sigmoid
0.4000
5 nodes
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Table 4. 1 0 5 .

The Test Statistics o f the Model.
Training Set
RMS
Correlation
Error %
Coefficient

Testing Set
RMS
Correlation
Error % Coefficient

500

0.945 1

0.99909 1

0.9933

1 000

0. 883

0.999 1 97

5000

0.8554

1 0000

0.7999

Iteration

Table 4 . 1 06 .

Standard Deviation
Training

Testing

0 .99898 1

1 2.67 1

1 2.4798

1 .0 1 28

0. 998941

1 2 .6726

12.4864

0.999256

1 .0 1 64

0.998933

1 2.6735

1 2.49 1

0.999349

1 . 009 1

0.998949

1 2 . 6747

1 2.4995

Comparison of Two Models.
M odel

R Square

Regression model

99.8%

Neural network model

98.75%

The experimental results indicate that neural network is an important strategy in
improving the forecasting models. The Table 4. 1 06 also indicates that, ANN prediction
ability is higher than the regression model.

The generalization obtained by neural

networks is 98.75% higher than the one obtained by regression. This also implies that
neural network can be used as a prediction tool to assist decision-making in AMT use.
Table 4. 1 06 shows the prediction performance of regression and ANN model,
using a data set corresponding to an AMT use. The network is trained with a learning
rate of 0.082500 and 1 0,000 iterations. Regression results indicate a 99. 8 %% prediction
ability of the model compared to the ANN rate of 98. 75%. The best result is obtained
using 5 input nodes and 1 output node in back propagation method for data of store 1
after 500 iterati ons, with the RMS error being 0.7999% almost 0.8% of the training set
of data and it indicates that 1 . 009 1 % in testing data.
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4. 1 6 . 1 2 Developing Country Wholly Owned

A key summary of the model topology, that is, its architecture, is provided in
Table 4. 1 07 . The input layer is constructed o f 5 nodes and the output layer of one node;
the latter is the desired or dependent variable. One hidden layer consisting of 5 nodes
was used since more than one layer made no discernible difference to model prediction
accuracy. The type of transfer function used from input to hidden and hidden to output
layers was sigmoid, signifying non-linearities contained within the data sample.

Table 4. 1 07.

Neural Network Model Parameters .

Developing C untry
Wholly Owned
Configuration

Input layer
Middle layer
Output layer

Training halt

-

�
r..;-

-

5 nodes
3 nodes
1 node

�

Minimal test error or less than 3%
training

...____

Leaming rate

Transfer funclion

Momentum
Table 4. 1 08.
Iteration

"">

•

0.082500

Sigmoid

0.4000

The Test Statistics of the Model.
Training Set
RMS
Correlation
Error % Coefficient

Testing Set
RMS
Correlation
Coefficient
Error %

Standard Deviation
Training

Testing

500

1 .592

0. 997263

4.5 3 99

0.980743

1 1 .08 1 6

10.898 1

1 000

1 . 8787

0.996 1 87

5 . 3 574

0.97308

1 1 .0748

1 .85 1 1

5 000

0.6883

0.999489

2.6329

0.993565

1 1 . 1 1 03

1 1 . 1 5 86

1 0000

0.5937

0.99962

2.7 1 7 8

0.993 1 42

1 1.1 1 1

1 1 . 1 55
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Table 4. 1 09.

Gabriel 's Librarv. An

Comparison of Two Models.
Model

R Square

Regression model

90. 1 %

Neural network model

97. 1 0%

Table 4. 1 09 shows the prediction performance of the regression and the ANN
model, using a data set corresponding to an AMT use. The network is trained with a
learning rate of 0.082500 and 1 0,000 iterations. Regression results indicate a 90. 1 %
prediction ability of the model compared to the ANN. Table 4. 1 09 shows the prediction
performance of the regression and the ANN model, using a data set corresponding to an
AMT use.
The best result is obtained usmg 5 input nodes and 1 output node in back
propagation method for data of store 1 after 500 iterations, with the RMS error being
0.5937% almost 0.6% of the training set of data and it indicates that 2.71 78% in testing
data.

*

4. 1 6 . 1 3 Developing Country Majority

A key summary of model topology, that is, its architecture, is provided in Table
4. 1 1 O. The input layer is constructed of 4 nodes and the output layer of one node
namely, the desired or dependent variable. One hidden layer consisting of 5 nodes was
used since more than one layer gave no discernible benefit to model prediction
accuracy. The type of transfer function used between input to hidden and hidden to
output layers was sigmoid, signifying non-linearities contained within the data sample.
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Table 4. 1 1 0.

Neural Network Model Parameters.

Developing Country
Majority
Configuration
Input layer
Middle layer
Output layer
Training halt
Leaming rate
Transfer function
Momentum
Table 4. 1 1 1 .
Iteration

5 nodes
3 nodes
1 node
Minimal test error or less than 3%
training
0.082500
Sigmoid
0.4000

The Test Statistics of the Model.
Training Set
Correlation
RMS
Coefficient
Error %

Ir

Testing Set
Correlation
RMS
Coefficient
Error %

Standard Deviation
Training

Testing

500

1 . 7202

0.995 0 1 7

2.4494

0.9893 7 1

6.0947

5 . 7274

1 000

0.9 1 6 1

0.998589

1 .9809

0.99306 1

6. 1 6 1 9

5 . 89 14

5000

0.7364

0. 999089

1 . 8328

0. 994063

6. 1 78 1

5 . 8766

1 0000

0.6984

0.999 1 8

1 .7693

0.994469

6. 1 804

5 . 89

Table 4. 1 1 2 .

Comparison o f Two Models.
�

·-

Model

R Square

Regression model

9 1 .7%

Neural network model

94.36%

?'o.c:.'$

Table 4 . 1 1 1 shows the prediction performance of the regression and the ANN
model, using a data set corresponding to an AMT use. The network is trained with a
learning rate of 0. 082500 and 1 0,000 iterations. Regression results indicate a 9 1 .7%
prediction ability of the model compared to that of ANN.

Table 4. 1 1 2 shows the

prediction performance of the regression and the ANN model, using a data set
corresponding to an AMT use.
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The best result is obtained usmg 5 input nodes and 1 output node in back
propagation method for data of store 1 after 500 iterations, with the RMS error being
0.6984% almost 0. 7% of the training set of data and it indicates that 1 . 769% in testing
data.
4. 1 6 . 1 4 Developing Country Minority
A key summary of model topology, that is, its architecture, is shown in Table
4. 1 1 3 . The input layer is constructed of 4 nodes and the output layer of one node; this
being the desired or dependent variable. One hidden layer consisting of 5 nodes was
used since more than one layer made no discernible benefit to model prediction
accuracy. The type of transfer function used between input to hidden and hidden to
output layers was sigmoid, signifying non-linearities contained within the data sample.

Table 4. 1 1 3 .

Neural Network Model Parameters.

Developing Country
Minority Owned
Configuration
Input layer
Middle layer
Output layer
Training halt
Leaming rate
Transfer function
Momentum

'

5 nodes
S I\ r E ' 9 0 9
.'a(.
3 nodes �n�- -�-- �A��V'
, '
1 node
Minimal test error or less than 3 %
training
0.082500
Sigmoid
0.4000
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Table 4. 1 14.
Iteration

The Test Statistics of the Model.
Training Set
Correlation
RMS
Coefficient
Error %

Testing Set
RMS
Correlation
Error % Coefficient

Standard Deviation
Training

Testing

500

1 . 5485

0.996073

2.1361

0.992222

8.2278.

7.9468

\\0'\)\)

\ .\)1��

\) .��i\\�

\ .iii\!\

\') .\;}\;}�\;}s�

iJA\')

1 .�1i\

5000

0.75 1 1

0 .999077

l . 902 1

0 .993838

8 .254

7 .9879

1 0000

0. 567

0.999474

1 .9548

0.99349 1

8 .2593

8.0009

Table 4. 1 1 5 .

Comparison o f Two Models.
Model

R Square

Regression model

99.7%

Neural network model

98. 56%

Table 4. I 1 5 shows the prediction perfonnance of the regression and the ANN
model, using a data set corresponding to an AMT use. The network is trained with a
learning rate of 0.082500 and 1 0,000 iterations. Regression results indicate that 99.7%
prediction ability of the model compared to the ANN. Table 4. 1 1 5 shows the prediction
performance of the regression and the ANN model, using a data set corresponding to an
AMT use.
The best result is obtained using 5 input nodes and 1 output node in back
·

propagation method for data of store 1 after 500 iterations, with the RMS error being
0.567% almost 0.6% of the training set of data and it indicates that 1 .9548% in testing
data.
4. 1 6. 1 5 Developing Country Joint Venture
A key summary of model topology, that is, its architecture, is provided in Table

4. 1 1 6. The input layer is constructed of 4 nodes and the output layer of one node. The
24 1

output layer is the desired or dependent variable. One hidden layer consisting of 5
nodes was used since more than one layer gave no discernible benefit to the model' s
prediction accuracy. The type o f transfer function used between input to hidden and
hidden to output layers was sigmoid, signifying non-linearities contained within the data
sample.

Table 4. 1 16.

Neural Network Model Parameters.

Developing Country
Joint Venture
Configuration
Input layer
Middle layer
Output layer
Training halt
Learning rate
Transfer function
Momentum
Table 4. 1 1 7.
Iteration

5 nodes
3 nodes
1 node
Minimal test error or less than 3%
training
0.052500
Sigmoid
0.4500

The Test Statistics of the Model.
Training Set
Correlation
RMS
Error % Coefficient

Testing Set
Correlation
RMS
Error % Coefficient

Standard Deviation
Training

Testing

500

1 .373 1

0.997057

1 . 5877

0.9952

8.3301

7.8701

1 000

0.9 1 29

0.9987

1 .2308

0.997 1 43

8.366

7 .9065

5000

0. 8224

0.998945

1 .0534

0.997908

8 .3692

7.90 1 3

1 0000

0.7865

0.99903 5

1 .0624

0. 997872

8.3704

7.9 1 96

Table 4. 1 1 8.

Comparison of Two Models.
Model

R Square

Regression model

95 .4%

Neural network model

95 .54%

-
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Table 4. 1 1 6 shows the prediction performance of the regression and the ANN
model, using a data set corresponding to an AMT use. The network is trained with
learning rate of 0.0525 and 1 0,000 iterations.

a

Regression results indicate a 95 .4%

prediction ability of the model compared to the ANN. Table 4. 1 1 8 shows the prediction
performance of the regression and the ANN model, using a data set corresponding to an
AMT use.
The best result is obtained using 5 input nodes and 1 output node in back
propagation method for data of store 1 after 500 iterations, with the RMS error being
0.7865 % almost 0.8% of the training set of data and it indicates that 1 .0.624% in testing
data.
4.17 Validation Measures of the Model

The predictive performance of the MLR model and the

ANN

model is measured

by further examination of the residual. This quantitative examination was conducted by
using a root average squared prediction error calculation.
Root Average Squared prediction error (RASPE) is appropriate for the evaluation
of final model. The validity of the final model is usually assessed in term of predictive
accuracy. That is, the estimated equation is used to predict values for the criterion
variable in the validation samples. These predicted values are then compared with the
actual values.

RASPE

=

B:(yi -yi)2
��-1
n

-

Where RASPE i s Root Average Squared prediction error
Yi

is the actual value for the observation of the criterion variable

y is the c01Tesponding predicted value, and
n is the validation sample size.
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Performance of the ANN model was measured using RASPE. It was found that
the values are acceptable. It can be concluded that the ANN model has worked with
gocd predictive power. In order to facilitate a comparison between MLR and ANN
results, each of the measures of prediction performance is scrutinized and discussed.

Table 4. 1 1 9.
Model

AMT Use Models.
RASPE (%)

Predicted Accuracy (%)
R" ANN
R" MLR

MLR

ANN

llllU1J

1 .6 1 7

1111

94. 1

Model 2

1 .996

0.670

86.5

9 1 .54

Model 3

1 .498

0.9 1 1 0

8 1 .5

92.0

Model 4

0.968 1

0.7 1 55

99.0

98.73

Mii

-

0.5735

58.8

Mode1 6

1 .827

0.862

85.5

93 .03

-

-

Im

•

..

Model 8

2.8226

0.846

73.8

90.39

)�- ,

,.

-

°'

°"
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Predicted Accuracy.

245

Modol 8

Mxfels

The ANN with minimum RASPE error shows which models are critical in
predicting the AMT use by the host country. Table 4. 1 20 shows the MLR and ANN
error in percentages and compare it with the Predicted accuracy in both methods.
Model 7 shows that the lowest error in both methods while highest error indicates that
model 5 in MLR and in Model 1 in ANN. Highest predictive accuracy can be found in
Model 7 because that model has lowest error rate in both methods. The comparison of
overall accuracy and error rates are shown in Figures 4.2 and 4.3.

\'J E R 1.,.y
Table 4. 1 20.

AMTKT Models.
"-"'"
'

-

RASPE (%)

Model

0�
Predicted Accuracy (%)

MLR

ANN

R2 MLR

R2 ANN

Model 1

0.98 5 1

0.64 1

96.8

97. 1 9

.,.
-.

-

0. 7 1 74

92.0

-

0.659

95.9

0.6255

0.827

99.8

98.75

0.96590

0.654

90. 1

97. 1 0

..,

1 .799 1

la.·

9 1 .7

94.36

Model 7

0. 86377

-�

1•

98.56

Model 8

1 . 3746

0.804

95 .4

95.54

Model 4
Model s

i

'
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Error Rate of AMTKT.

RASPE

error implies which models are critical in

predicting the AMT knowledge transfer to the host country.

Table

4. 1 20

shows the

MLR and ANN error in percentages and compare with. the Predicted accuracy in
methods. Model

3

shows that the lowest error in MLR and model

while highest error indicates that model
prediction accuracy records in Model

7

2

in MLR and Model

in MLR and model

3

6
in

7

in

in

ANN

ANN.

ANN

methods
Highest

because that

models has lowest error rate in both methods. The comparison of overall accuracy and
error rates as shown in Figures

4.4 and 4.5.
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Table 4. 1 2 1 .

-

r-

Relative Importance of lnputs-AMT Use.

Model

Experience

Area of
Establishment

Investment

Employees

Model 1

0.5397 1

0.24825

0.06748

0.06065

Model 2

0. 60942

0.06367

0. 1 0629

0.03528

Model 3

0.228 1 8

0.08 1 73

0.24078

0.2 1 69

Model 4

0.79380

0.05667

0.0 1 282

0. 1 1484

Model 5

0.543 1 4

-

-

-

Model 6

0.5543 3

0. 1 3455

0.02248

0.28586

Model 7

0.87892

-

-

0.05 1 69

Model 8

0.52093

0.08 1 03

0.06500

0.039 1 0

248

.,,

°"J

Table 4. 122.
Model

Relative Importance of lnputs-AMTKT.
AMT Use Experience

Area ot
Establishment

Investment

Employees

Model 1

0. 533 1 2

0.2495 1

0. 1 70 1 1

0. 1 459 1

0.0975 8

Model 2

0.48776

0.37957

0.03 9 1 0

0. 1 87 1 9

0.0526 1

Model 3

0.85 542

-

-

-

-

Model 4

0.46334

0.55563

0.09492

0.047 1 8

0.05902

Model 5

0.39 1 32

0.52559

-

-

-

Model 6

0.5 1 547

0.28376

0.09259

0. 1 73 9 1

0.08566

Model 7

0.37948

0.65226

0.03976

0.01 726

Model 8

0.41 1 06

0.48048

0.04052

0.03060

;

. 0.02233
0. 1 5652

It is found that both Multiple Linear Regression and Neural Networks using the
back-propagation function gave accurate models. However the Neural Network seemed
to provide slightly better results. Table 4. 1 20 presents the predicted accuracy for the
different models studied. Model 4 refers to the highest MLR prediction rate in both, the
AMT use and AMT knowledge transfers. Model 7 has the highest predicted accuracy
rate under MLR in the AMT knowledge transfer method. However, except the for a few
cases, other models recorded highest prediction accuracy in ANN than in MLR.
As indicated in Table 4. 1 2 1 , a neural network outperforms the multiple regression
methods in terms of mean percentage error and accuracy of prediction rate. Note that
the non-parametric Mann-Whitney U statistical values and matched sample pairs
statistical values in Table 4. 1 23 were both significant at the 0.05 level for a one-tailed
test, meaning that a neural network outperforms multiple regressions in both cases.
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Table 4. 1 23 .

Gabriel 's Librarv. An

Forecasting Efficiency.

AMT

Std.Error
Mean

ANN error-MLR error
ANN pred1 ct10 n-MLR

test

Sig.(2tailed)

Correlation

Sig.

0.2495769

4.271

0.004*

0. 1 88

0.656

3 . 77477

2 .430

.045 *

0.85 1

.007 *

0. 1 532873

3 . 1 29

0.0 1 7 *

0.462

0.249

0.97654

1 .788

0. 1 1 7

0.659

0.76

prediction

t

AMTKT
ANN error-MLR error

ANN pred1 ctlon-MLR

prediction

Both

U values are significant at a

=0 .05

In this research, the model forecasting efficiency of a neural network prevailed
over multiple regressions. To test the significance of the difference in predictive ability
of the two models, a matched sample pairs statistical procedure was used to test the
hypothesis that the mean difference between the models is zero, that is there is no
difference between the predictive abilities of the two models. The test values are shown
in the Tab le 4. 1 23 . Differences between the two models were significant except for the
AMTKT prediction model.

There is significant correlation (85%) between ANN

prediction and MLR prediction of AMT usage.
4. 1 8 Value of Herfindahl-Hirschman Index (HH l)

Herfindahl-Hirschman Index (HHI) is calculated asa function of the number of
firms in a host country and their respective share of AMT usage. As an aid to the
interpretation o f Usage of AMT, the researchers use the Herfindahl-Hirschman Index
("HHI")

of

market concentration. The HHI is calcul ated by summing the squares of the

individual market shares of all the participants. The HHI reflects both the distribution
of the market shares of the top four finns and the composition of the market outside the
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top four firms. It also gives proportionately greater weight to the market shares of the
larger firms, in according to their relative importance in competitive interactions.

Table 4. 1 24.

Herfindahl-Hirschman Index-AMT.

Mode of Entry

Herfindahl Index

Developed Country

I

Wholly owned ( 1 )
Majority (2)
Minority (3 )
Joint Venture (4)

��
.....

\;

�

u

'l'lii
1 1 7. 8 1
94. 1 9
90.33

Developing Country
Wholly owned ( 1 )

IEii!X'tJ

Majority (2)

68.98

Minority (3)

66.44

Joint Venture (4)

5 7.44
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Figure 4.6.

4

Mode ofEntry

Herfindahl Index of AMT Transfer.

The line graph in Figure 4.6 provides some indication of the pattern of AMT
transfers of foreign-based companies. To examine trends in the dispersion of AMT
within individual companies, the Herfindahl index was calculated for all AMT
technologies harnessed by individual firms, and the usage of AMT in each firms are
spread equally among the industries.
The number 1 or 1 0000 is the maximum possible value of the HerfindahlHirschman Index. The value of Index reports that the figures less than 1 . There were a
very large number of firms competing, each of which having nearly zero market share,
all mode of entries in Table 4. 1 24 shows that HHI would be close to zero, it indicates
that nearly perfect competition among the AMT users, no one maintain the monopoly in
using a AMT, all the companies and their mother companies transfer AMT in nominal
percentage for each companies to manage their work productive.
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The development of the Herfindahl index reflects both the number of companies
in which AMT i s used and the relative distribution of usage in each modes of entry.
The results suggest that AMT usage in developed country interaction less competitive
than the developing country. The Figure 4.6 shows that for developed countries HII is
closer to zero than for the developing country.

Table 4. 1 25 .

Herfindahl Index-AMTKT.

Mode of Entry

Herfindahl Index

Developed Country
Wholly owned ( 1 )
Majority (2)

94.5 5

Minority (3)

1 1 3.12

Joint Venture ( 4)

88.64

Developing Country
Wholly owned ( 1 )
Majority (2)
Minority (3)

60.49

Joint Venture (4)

1 05.22

The line graph in Figure 4.6 provides some indication for the AMTKT
contribution pattern of foreign-based companies. To examine trends in the dispersion of
AMTKT withi n individual companies, the Herfindahl index was calculated for all
AMTKT contribution harnessed an individual fim1s, and the usage of AMTKT in each
firms is indicated in the Table 4. 1 2 5 .
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4

M,ode of Entry

AMTKT Index.

There were a very large number of firms competing, each with nearly zero market
share. All modes of entry in Table 4 . 1 25 show that HHI would be close to l percent
(100 out of 1 0000). This indicates a situation of nearly perfect competition among the
AMTKT contributers. All the companies and their mother companies transfer AMTKT
in nominal percentage for each companies to manage their work productive. This will
assume that AMTKT is normally distributed.
The development of the Herfindahl index reflects the number of companies
which contribute AMTKT for each modes of entry. The results suggest that AMTKT

contribution in developed countries is less competitive than in developing country. The
Figure 4.7 shows that for developing countries HII is closer to zero than for developed
country.
Finally, Tables 4 . 1 24 and 4. 1 25 show that wholly owned firms mode of entry
usage more AMT as well as high contribution of AMT related knowledge transfer.
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Revised Models

Data analysis suggests two main categories of models for each modes of entry
necessary for prediction of AMT and AMTKT from foreign-based companies to the
local host country. The revised models in developed and developing countries are as
follows:

Table 4. 1 26.

Selected Final AMT Models.

Developed
Country

Model

Wholly owned

Y = 1 .966 + 0.562(Experience) +0.00 1 03(1nvestment) + 2 .442(Area of
establishment)

Maj ority

Y = 1 .948 + 0.596 (Experience) + 0.004 1
(Employees)

Minority
Joint venture

(Investment) - 0.003

Y = 1 1 .3 9 1 + 0.0048 (Employees) + 0.41 (investment) + 0.953 (Area of
·

establishment)

Y = 4 . 1 45 + 0.993 (experience)

Developing
Country

*
Model

Wholly owned

Y = 1 . 1 5 9 + 0.9 8 1 (Experience)

Maj ority

Y = 1 .248 + 0.009 1 (Employees) + 0 . 5 20 (Experience) + 2.650 (Area of
establishment)

Minority

Y

Joint venture

Y = 3 .245 + 0.004 (Investment) + 2 . 1 60 (Area of establishment) + 0.688
(Experience)

=

4 . 2 3 8 + 0.979 (Experience)
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This analysis stressed that the AMT transfer from foreign-based companies to
host countries depend on the type of modes of entry and firm-based characteristics. The
results from the four variable multiple regressions on AMT transfer are shown in Table
4. 1 27. All four of the independent measures- Experience, Employees, Investments, and
Area of establishments- were found to significantly and positively (except one variable
in one mode of entry) correlate with transfer of AMT.

An

adj usted R-squared of all

models are above average and within accepted range.
The final model was constructed using all eight AMT usage models and eight
AMT knowledge transfer models as one component. Figure 4.7 shows ,the' results where
all the variables and components are added together into one single model. The basic
theme of this model is that the firm based characteristics can and should be an important
component of any AMT transfer program from foreign-based companies to local
companies. This model can provide valuable info1mation to local host companies and
policy makers in government on either side of the AMT transfer equation, leading to
more complete and rapid evaluations of technological options, better decisions, and
more successful AMT transfer.
knowledge.

In

general, AMT Policy makers have few awareness of

This research has helped, in some small measure, to alleviate this

deficiency. The role that country of origin, and modes of entry in particular, can play in
the AMT transfer process is clear.

Furthermore, this model can be of value to

organizations of any size in both the manufacturing and marketing sectors of the
economy. Policies makers need to attract more foreign-based companies that contribute
more AMT to the local host country.
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Table 4. 1 27.

AMT Mean Value of Coefficient in Developed Country.
-

Country of Origin
Developed

Experience

Investment

Area of
Establishment

Employees

Wholly owned

0.562

0.00 1 3

2.442

-

Majority

0.596

0.004 1

-

0.003

Minority

0.0048

0.041

0.953

-

Joint Venture

0.993

-

-

-

0.53895

0.0 1 1 6

0.84875

0.00075

2

3

1

4

Mean
Ranking

�

�

'I

The findings of this study suggest that four factors of firm-based characteristics
are particularly important in the different mode of entries usage of AMT. Developed
country foreign-based companies, in general, perceive the experience of plant,
Investment

and

area of establishment to be important in every modes of entry point. In

the developing country, more interest is paid to experience and employees.

The

difference is; however, in the degree of usage of AMT. Developed countries almost
always use more than average AMT, whereas the developing countries use less than the
average of AMT.
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Figure 4.8.

Graphical Review of AMT.
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The above final model demonstrates that AMT knowledge transfer can vary from
firm to firm with respect to their degree of mode of entry and country of origin. This
model has identified several statistically significant AMT knowledge transfer
capabilities of the foreign-based companies. According to the data analysis, variable of
area of establishments owned developed country foreign-based companies generally
transfer more AMT knowledge than developing country based companies.

Such

findings offer interesting indications to the theoretical literature on technology transfer.
Further, results relating to the impact upon AMT knowledge transfer and modes of
entry highlight the importance of ownership status as a determinant o� the decision to
transfer AMT.

Table 4. 1 28.

AMT Mean Value of Coefficient in Developing Country . .
Experience

Investment

Area of
Establishment

Employees

0.98 1

0

0

0

0.52

0

2.65

0.009 1

0.979

0

0

0

Joint Venture

0.688

0.004

2.1 6

0

Mean

0. 792

0.001

1 .2025

0.002275

2

4

1

3

Country of Origin
Developing
Wholly Owned
Majority
Minority
-·

Ranking

��

The results of this study do not support all null hypotheses in the entire study.
Alternative hypotheses proved that the knowledge transfer of AMT from foreign-based
companies to local host companies and presented a model of the factors that determine
the effectiveness of the firm-based characteristics. In contrast to previous research, this
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research has focused on an AMT and AMT related Knowledge transfer from foreignbased companies.

Table 4. 1 29.

Selected Final AMTKT Models.

Developed
Country

Models
Y

=

Y

=

Wholly owned

Majority

0.970 + 0.303 (Experience) +0 .636 (AMT use) + 0.0005
(Investment) + 1 .224 (Employees) + 2.03 6 (Area of
establishment)
1 .7 8 1 + 0.507

(AMT use) + 0.434 (Experience)

1 . 5 74 + 0.684 (AMT use) +0.00 1 3 (Investment) +
(Employees) + 0 .397 (Area of establishment)
Y = 3 .355 + 0.56 1 (Experience) + 0 .424 (AMT) + 0 .205 (Area of
establishment)

Y =

Minority
Joint venture
Developing
Country
Wholly owned
Majority
-

Minority
Joint venture

0.0 1 3

Models

2.960 + 0.423 (AMT use) + 0.446 (Experience) + 0.000 1 4
(Employees) + 1 .408 (Area o f establishment)
Y = 2. 1 73 + 0.583 (AMT use) +0.245 (Experience) + 0.0054
(Employees) +2.056 (Area of establishment) -0.003(Investrnent)
Y =

Y

=

Y

=

0.5 9 1 + 0.602 (Experience) + 0 . 3 7 1 (AMT use) + 0.00 1 1
(Employees) +0.208 (Area of establishment)

- 1 .264 +0.385

(AMT use) +0.625 (Experience)

*

*

It is important to note that modes of entry are sound alternative methods of
obtaining AMT, irrespective of the degree of mode of entries. In this sample, both high
degree low degree modes of entry contributed average number of AMTs and quantities
of knowledge.
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St. Gabriel 's l

Table 4 . 1 30.
Country of
Origin
Developing

AMTKT Mean Value of Coefficient in Developed Country.

Experience

AMT Use

Investment

Employees

Area of
Establishment

Wholly
owned

0.303

0.636

-0.0005

1 .224

2 .036

Maj ority

0.434

0.507

Minority

-

0.684

0.00 1 3

0.01 34

0.397

Joint
Venture

0.56 1

0.424

Mean

0.3245

0.56275

0.0002

3

2

5

Ranking

Table 4. 1 3 1 .
Country of
Origin
Developing

0.205

..

0.30925

0.6595

4

1

AMTKT Mean Value of Coefficient in Developing Country.
Experience

AMT Use

Investment

Employees

Area of
Establishment

Wholly
Owned

0.446

0.423

-

0.000 14

1 .408

Maj ority

0.245

0.583

0.003

0.0054

2.056

Minority

0.602

0.3 7 1

-

0.00 1 1

0.208

0.625

0.385

0.4795

0.4405

-0.00075

0.00 1 66

0.91 8

3

2

5

4

1

Joint
- Venture
Mean

Ranking

\

-�
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Figure 4.9.

Graphical Review of AMTKT.
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The results from the five variables multiple regressions on AMTKT are shown on
Table 4. 1 28 . All five of the independent measures- AMT use, Experience, Employees,
Investments, and Area of establishments- were found to significantly and positively
correlate with transfer of AMTKT. An adj usted R-squared of all models are above
average and accepted range. The results provide empirical support for a number of
hypotheses described in the Chapter 1 .
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Due to the relatively large sample size (1 022) and the reasonable assumption that
the sample is from a close to total population. This sample size is almost suitable to use
the differences in means in testing for the importance of AMT and AMT related
knowledge H1 to H1 for the AMT usage, H i s to H22 for AMTKT and H30 to H38 for
combination of AMT and AMTKT. Therefore two sample t-tests and ANOVA were
conducted as appropriate in this situation. Multiple linear regressions were used to test
the predicted relationship between firm-based characteristics and AMT usage and
Knowledge for hypotheses Hs to H i s for AMT usage and H23 to H3o for AMTKT.

Table 4. 1 32 .

Mean and Standard Deviation of AMT and AMTKT.
-

Mode o f Entries
Developed country
Wholly owned
Maj ority
Minority
Joint venture
Developing country
Wholly owned
Maj ority
Minority
Joint venture

AMT
Standard
Mean
Deviation
4.96
8.89 .
4.71
9.27
2
.78
1 5 .65
6.70
1 5 .48

1 2.72
9 . 82
1 8 .06
1 3 .64

4. 1 5
4.57
5.15
5.21

Mean

1 1.12
1 1 .62
1 3 .74
1 6.5 1
1 4.98
1 2.42
16. 1 5
1 2.75

AMTKT
Standard
Deviation
5 .37
5 .35
'
2.76
1
6.65

4. 1 0
5.14
5.17
5.18

Table 4. 1 3 3 and Table 4. 1 34 show the summary o f hypotheses testing in each
section. The first hypothesis predicted that the developed country wholly owned
foreign-based companies use more AMT equipment than the developing country wholly
owned. However, hypothesis 2 is different from hypothesis 3 to 7 . Except hypothesis

2, other hypotheses were accepted alternative hypotheses. Testing for differences in
mean scores o !' ANOVA, there is strong support for H6 and H1 as reflected by the fact
that individual mode of entries how significantly di fferences between the modes.

266

Table 4. 1 3 3 .

Summary of AMT Hypotheses Testing Patterns.

Hypotheses
Number

1
2
3
4
5
6
7

8 to 1 5

Decision

µ1 - µ2 = 0 Rejected
H1 : µ1 - µ2 -:t:. 0 Accepted
Ho: µ1 - µ2 � 0 Rejected
H1: µ1 - µ2 > 0 Accepted
Ho: µ1 - µ2 � 0 Accepted
H1 : µ1 - µ2 > 0 Rejected
Ho: µ1 - µ2 � 0 Rejected
H1 : µ1 - µ2 > 0 Accepted
Ho: µ1 - µ2 � 0 Rej ected
H 1 : µ1 - µ2 > 0 Accepted
µ2 µ3 µ4 Rejected
Ho: µ1
Ht : µ1 ¢ µ2 ¢ µ3 ¢ µ4 Accepted
Ho: µ1 µ2
µ3 µ4 Rej ected
Ht : µ1 * µ2 -:t:. µ3 ¢ µ4 Accepted
P1 = P2 = P3 = P4 = 0 Rej ected
P1 *- P2 *- P3 *- P4 ¢ 0 Accepted
Ho:

=

=

=

=

=

=

�

•'·

�
-

r-

To examine the relationship between the firm-based characteristics and AMT
usage for each modes of entry formulate a multiple linear regression analysis was
undertaken in an attempt to identify the main predictors of the firm-based
characteristics.

The eight regression equations were estimated for each modes of entry

and use of AMT, and another 8 for AMTKT.

The independent variables in each

equation were the four factors of firm-based characteristics. Some of the firm-based
variables were not significant, however significant variables were indicated in Figure
4.8. The graphical view was used to reveal significant variables for each mode of
entries and each country of origin towards the contribution of host country.
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Table 4. 1 34.

Summary of AMTKT Testing Patterns.

Hypotheses
Number

Decision
Ho: µ1 - µ2 = 0 Accepted
H1 : µ1 - µ2 7:- 0 Rejected

16

Ho : µ, - µ2 � 0 Rejected
H1 : µ, - µ2 > 0 Accepted

17

Ho: µ, - µ2 � 0 Rejected
H1 : µ1 - µ2 > 0 Accepted

18

Ho: µ1 - µ2 � 0 Rejected
H1 : µ1 - µ2 > 0 Accepted

19

Ho: µ, - µ2 � 0 Rejected
H 1 : µ, - µ2 > 0 Accepted
Ho : µ, µ2 = µ 3 = µ4 Rej ected

20

=

21

H1:

µ1

:t.

µ2

7:-

µ3

7:-

JI�

Accepted

Ho : µ, = µ2 = µ3 = µ4 Rejected
H 1 : µ1 :;t. µ2 7:- µ3 7:- µ 4 Accepted

22
23 to 30

/3, = /32 = /33 = /34 = /35

/3,

:;t.

/32

:t.

/33

:t.

/34

:t.

/35

=

"*

0 Rej ected
0 Accepted

The results of the regression analysis, shown in Table 4. 1 29, indicate that all the
regression equations have a relatively high explanatory value, with adjusted R squares
and significant F values (at the P< 0.05 level or better). In most cases more than 2 of
the coefficients on the mode of entries in each of the 16 regression equations is
significant.

The regression on wholly owned firms has a significantly positive

coefficient on in the variables of experiences, Investments, Area of establishments and
employees and joint venture in developed countries have one significant coefficient;
experience. These findings make sense intuitively and experience in the market are able
to absorb new teclmologies. The significant variables are shown graphically in Figure

4. 1 O support the finding reported above: Firms with much highly enter the new market
in the host country, which with having long time experience in producing product.
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Table 4. 1 3 5 .

Summary of Combination of AMT Usage and AMTKT.

Hypotheses
Number

Decision
Ho: µ1 - µ2 ::;; 0 Accepted
H1 : µ1 - µ2 > 0 Rejected

31

Ho: µ1 - µ2 ::;; 0 Rejected
H 1 : µ1 - µ2 > 0 Accepted

32

Ho: µ 1 - µ 2 ::;; 0 Rejected
H 1 : µ1 - µ2 > 0 Accepted

33

Ho: µ1 - µ2 ::;; 0 Rejected

34

H1 : µ1 - µ2 > 0 Accepted

Ho: µ1 - µ2 ::;; 0 Rejected
H 1 : µ1 - µ2 > 0 Accepted

35
36
37

�
�

H 1 : µ1 - µ2 > 0 Rej ected

I

(__..I

Ho: µ1 - µ2 ::;; 0 Rejected

OJ)
i::
0..
0
-

· -

Wholly
Owned

Maj ority

Cl)

�

Q

s
v

-

rr�

AMT Transfer Model.
-�

u

�--

�

Ho: µ1 - µ2 ::;; 0 Rejected
H1 : µ1 - µ2 > 0 Accepted

38

£
s0

-"""'

�

Hi : µ1 - µ2 > 0 Accepted

..,

Table 4. 1 3 6.

Ho: µ1 - µ2 ::;; 0 Accepted

ry

Minority
Joint
venture

Wholly
Owned
Experience

�

Developed Country
Maj ority
Experience
Investment

Experience
Experience
Employees
Area o f
establishment
Experience
Experience
Experience
Experience
Investment
Investment
Area of
establishment
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Minority

Joint Venture

Experience

Experience
Area of
establishment
Investment
Experience

Employees
Area of
establishment
-

Investment
Area of
establishment

Experience
Experience

The Table 4. 1 36 shows the significant variable for each mode of entry. This can
be explained as follows: First, the model is based on different modes of entry of
different countries of origin and their relevant coefficient values of the model. Second
the model has two properties, if the host country needs to make a sound foreign direct
investment policy; they have option to attract firms with different degrees of ownership
and country of origin according to their strength and weakness. As an example, if the
host county needs to attract more joint ventures, they have to consider the experience of
the host country companies, the required area of establishment and the amount of
investment invo lved. They need to develop incentives and a poli�y that will attract joint
ventures as we] I as wholly owned companies at the same cost .

This is called dual

benefit attraction model in FBC.

Table 4. 1 3 7 .

AMTKT Transfer Model .

_/

"

�

� Bi
�

·1�

Developed Country
Who l ly
Owned
Experience
A.\.1T use
Employees
Area of
establishment

·.4,�

Wholly
Owned

i

u

0

00
i:::

·a
0
(I)
>
(I)

-

Q

Maj ority
Minority

Joint
venture

Majority

Minority

Experience
AMT use
AMT use
Employees
Employees
Area of
Area of
establishment
establishment
Investment
Experience
Experience
Experience
AMT use
AMT use
AMT use
AMT use
AMT use
AMT use
Employees
Employees
Employees
Area of
Area of
Area of
establishment establishment establishment
Experience
Experience
Experience
AMT use
AMT use
AMT use
Area of
Area of
Area of
establishment establishment establishment
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Joint Venture
Experience
AMT use
Employees
Area of
establi shment
Experience
AMT use
AMT use

Experience
AMT use

The second property of this model for existing companies in the host country who
have more experiences at the plant level, they have a greater opportunities to enter into
different types of ownership arrangement, such as j oint ventures, wholly owned,
majority and minority depend on their strength and weakness.

•·-
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V.
5.1

CONCLUSIONS AND RECOMMENDATIONS

Conclusions

This study has shown the way in which different types of AMT were transferred
from foreign-based companies to local companies. Each partner firm has pursued AMT
transfer activities that supported its own business strategy.

Although the overall

objective of the companies was common that is to disseminate technical knowledge and
improve their productivity.

The way of this obj ective was operational zed and its

impact on AMT transfer was different for each of the mode of entries. The synthesis of
current literature and various research methodologies presented in both chapter 2 and 3
provide broad body of knowledge in the field of AMT transfer since 1 970. The review
of the literature has emphasized on AMT adoption factors and issues of transfer of
AMT, the changes of definitions of AMT, selection of AMT, and advantage of using
AMT. The summary of the literature has suggested that the focus of the AMT varied
during last 2 decades and now is considering much more computer-oriented techniques.
Firms in developed country desperately needed to improve its manufacturing
processes surrounding its product lines. It therefore, pursued a policy of widespread
AMT adoption, considerable emphasis on experience, investment, area of establishment
and employees. Firms in developing country also used similar strategies to transfer
AMT. Another obj ective of this study and that is to determine the impact of transfers of
technical know ledge in relation to advanced manufacturing technologies from foreignbased companies to local host companies.

Data for the study were obtained by

conducting a field survey of manufacturing plants located in Sri Lanka. The results
obtained from the descriptive statistics revealed that the mean current level of usage of
AMT and the amount of transfer of AMT knowledge was 1 3 .2 and 1 3 . 6 out of
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maximum number of 25 categories of AMT. This was considered to be the average
level of usage and transfer knowledge from foreign-based companies to local
compames.
The regression analysis results have shown that determinant factors of usage of
AMT and the amount of transferring technical AMT knowledge from foreign-based
companies to local companies. The regression results has conceptualized the sequential
paths for adoption of entry modes into different pattern with different variables. Most
of the 3 8 hypotheses postulated to affect pattern of AMT usage and transfer of
knowledge and finally, has attempted to create a model to explain the firm based
characteristics of different mode of entries. Although this model is on the whole based
on empirical work.
This study provides evidence that foreign-based companies either in developed or
developing countries are involved in transferring adequate AMT equipment and AMT
related knowledge to their companies in host countries. However, developed countries
are involved i n transferring high AMT equipment and contribute high AMT related
knowledge than developing country foreign-based companies. Specifically, this study
reports, seven major findings:
( 1 ) It is found that foreign-based companies in developed countries lay more

emphasis on transfer of AMT equipment to their companies in host
countries, where these are compared with foreign-based companies in
developing countries. These two factors are intuitive and literature-based.
These findings suggest that global competitive pressures drive the usage of
AMT, even for the smallest manufacturi ng firms in the host country.

(2) Foreign-based companies in developing countries lay more emphasis on
transfer high degree of AMT related knowledge than foreign-based
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companies in developed countries. Thus, it appears that higher contribution
of knowledge is made by foreign-based companies in developing countries
to host country companies. This finding suggests foreign-based companies
in developing countries appear to lay more emphasis on training, in their
countries. (It means of less cost, similar cultures and similar infrastructure
facilities make more constructive contribution to the host country.

(3) Firm-Based characteristics are positively related to usage of AMT. The
relationship is still present when firm size, age of plant, area of
establishment and investment are taken into account.

Selected variables

highl i ght significant linear relationship and age of the plant; size and area of
establishment have maj or coefficient value than the investment.

(4) Firm-Based characteristics are related in term of absolute value of AMT
related knowledge transfer. Therefore some variables are negatively and
positively related to the Transfer of AMT knowledge. Selected variables
highlight significant linear relationship with AMTKT.

(5) The relationship between AMT use and AMTKT explained by

t

statistics,

indicate that high degree of mode of entries transfer significantly high AMT
and AMTKT than the low degree of mode of entries in developed and
developing countries except 2 cases. It appears that high degree of mode of
entries place high emphasis on transferring technology and have more
stability in the host country.

(6) There were significant or implicit relationships between mode of entries and
AMT.

The development of the Herfindahl Index reflects that AMT

technologies and AMT related knowledge spread among the companies in a
average amount of each companies.
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There was no one company that

-

dominated other companies by using AMT. However, developed country
wholly owned companies used more AMTs than others.

(7)

Multiple regression model and artificial neural network model were used for
prediction of the transfer of AMT and

J\MT

related knowledge.

The

multiple regression models predicted the strong relationship between firm
based characteristics and selected variables. The same regression data were
applied on neural network model and compare the results.

The neural

network model was shown to be more accurate than the regression
techniques. The overall mean absolute percentage relative error is less than

3.0 percent in ANN model.
The study confirms the widely held belief that foreign based companies

m

developed countries have contributed more tl;lan the foreign-based companies

m

developing countries. However, this is only one side of the story. The benefits of AMT
by foreign firms are also enj oyed to a significant extent by other foreign and domestic
films in the host country. Further, foreign firms should not be viewed primarily as
absorbers or disseminators of technological knowledge, but rather, along with host
country firms, as players in the continuous process of inter firm knowledge exchange
among the countries.
The findings further, show that, foreign-based companies potentially have
significant advantages for a local host country and a difference in the AMT being used
by different mode of entri es in a different country of origin.
Many conceptual models have been developed in the attempt to explain the
contribution of Technology transfer; but there have been relatively few attempts to
measure and quantify the concept of relationship of transfer of technology. This study
has indicated the usefulness of the a research methodology appropriate for the analysis
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of advanced manufacturing technology transfer and AMT related knowledge transfer
from foreign-based companies to local host companies. In a comparison of regression
analysis and neural network analysis, the latter was significantly better able to explain
l

the relationship between AMT and firm-based characteristics.

The neural network

analysis has been able to show that each of these factors has a statistically significant
effect on the level of perceived relationship of firm-based characteristics.
Neural network analysis is a relatively new analytical tool, which has only
recently begun to find management applications. The results of this study suggest that it
may offer superior solutions to a wide range of management prediction problems
characterized by complex and interdependent, causative variables. The technique has
been used in technology transfer from foreign-based companies to host country. The
technique would also appear to have potential for predicting home companies and the
success of site locations.
It is clear from the model accuracy probabilities that neural networks can
accurately predict models forecasting ability if given the proper data upon which to
train. When compared to regression analysis, neural networks are a better tool for the
policy makers for the following reasons:
(1)

When using

multiple

linear regressions,

the

governing regression

assumptions must be true. The linearity assumption itself may not hold in
many cases.

Neural networks can model both linear and curvilinear

systems.
(2)

When using multiple linear regression analysis, the policy maker must have
a deep understanding of statistics to ensure only the necessary independent
variables are used.

This is true only to a limited degree with neural

networks and can be mitigated by the systematic removal method.
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(3)

For the models studied in this research, neural networks are significantly
more accurate than multiple linear regression analysis.

(4)

Forecasting is a major requirement of planning. Practitioners and policy
makers may confidently apply neural networks, as an alternative to the
traditional time-series and economic forecasting models, for their planning
activities.

(5)

On comparing the statistical methods, ANNs provide a more general
framework for determining relationships in the treatment performance data
and do not require the amount of expertise as statistical methods, such as
confidence intervals, distributions, and degrees of freedom. However, the
functional form is indirectly imbedded in the ANN connections themselves.

However, the difficulty in identifying good raw data, processing this data, training
a network and repeating this process until a good model is developed should not be
discounted.

The individual policy makers should be warned that model accuracy is

difficult to obtain and can take lots of investigation.
5.2

Recommendations

*

The implication of this study is that with adequate incentives to the foreign-based
companies to invest more AMT related knowledge to the local companies. The results
of this study are intended to help country for policymaking and attractive suitable
foreign-based companies as well as organizations obtain a better understanding of the
determinants factors and various issues in AMT usage and transfer of technical
knowledge of AMT.

Through this understanding, it is anticipated that the

manufacturing sector in host country will be able to execute more effective AMT
implementations dnd improve both individual company and host country as a whole.
:Sffective AMT transfer needs management support. Such management actions could
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include the administrative organization of technology dissemination network, promotion
for AMT service models, policy formulation to protect their rights and benefits, and so
forth.
As indicated in chapter 4, FBCs are investing in

AMTs primarily for the purpose

of obtaining a competitive advantage. In order to achieve the competitive advantage,
FBC are moving towards cost reduction strategies and are developing their capabilities
through the adoption of AMTs to be able to compete on the basis of innovation,
flexibility and responsiveness. This is one of the ways, host country companies have
acquired techno logy from FBCs and make use of it i n host counti;y' s developments.
This study helps to the government to make strategic choice of the firm; this is
consistent with the widely accepted terms of new opportunities.

Opportunities is

concerned with increasing the productivity and efficiency of employed capital and
assets through standardization, systematic cost reductions, and improvement of existing
technologies, skills, and capabilities. As a whole, this will be necessary to development
of economic situation of the host country.

( 1 ) Transfer of knowledge related capabilities; focus on matching existing skills
and resources with the requirements of the foreign-based companies. This
study assists to identify the existing skill levels of the host country and
required skill needed to acquire the FBC. The estimation of requirement will
help to make a proper higher education policy of the government.
(2) The relative importance of a selection of mode of entries is identified as a

pat1 of and revealed that firm-based factors were significant to the transfer of
AMT. The companies in host country managers can make decision about
wei ghtage of firm-based factors with mode of entries
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(3) Both developed and developing countries have identified that experience is
the most significant factor to enter the market. Experience includes age of
the plant and years of experience of companies operations in host county
companies. This is the opportunity to the companies who are having more
experience in their plant level to amalgam ate with FBC.

(4) The companies in host county managers can use this models to predict their
ability to acquire FBC contribution, and avoiding risk from merger with
foreign-based companies.

(5) The government can target the necessary market and relevant companies in
host country those who satisfied significant variables and provide them to
Tax Intensive shame to promote with FB C.
(6) As

a

whole by entering into the foreign- markets, the developing countries

will be benefited from transferring new Knowledge and technologies. It will
enhance the quality of standard of living of consumers in the host country as
well as, reducing cost through product rationalization and economics of
scale.

(7) S imilar strategies are used by developed country and developing country
regarding transfer of AMT to host country. The study has revealed that both
countries have accepted common variables to transfer AMT.

Therefore

policy makers have adequate infomrntion to make common attractive
strategies for both countries.
(8) The conclusions of the statistical analysis generated in this study were
supported by other analytical approaches, such as Fuzzy logic, Genetic
Algorithm and Analytical hierarchical process, they would provide a rational
for countries to continue their efforts at attracting foreign direct investors.
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(9) These findings should give pause to pol icy makers in developing countries
involved in attracting foreign direct investors and suggest that investment
attraction programs should ensure that the reform of investment policy is an
important element of their portfolio of activities.

( 1 0) These findings should motivate local companies in host country investors in
an effort to attract foreign investors.

( 1 1 ) This study adds to the existing literature in two ways. First, This is the first
study that has observed that different modes of entry and country of origin
affects the transfer of AMT and AMT related knowledge. No empirical
evidence exists till today related to this study. Therefore, this is the original
research for researchers on similar topic to use findings of this research as
their guide lines. Second, there is a general lack of research on Sri Lanka in
the field of Technology transfer.

This will be a starting point for local

academics to start their own works on such topic.

( 1 2) Clear knowledge about the determinant factors of AMT transfer can be very
useful for concerning managers as it will help them to define and determine
their future behavior in foreign-based companies.
( 1 3) This study is also important for academics since it means an empirical
adaptation and testing of other discipline such as transfer of marketing skills,
Financial strategy, and Human resource practices from FBC to local
companies in host country. Such an approach can be easily reproduced in
other environments and populations, thus facilitating comparisons between
regions or countries.
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( 1 4) These models can be helpful for governments for developing appropriate
public policy since it useful suggestions for accurate forecasting about
ability related to transfer of knowledge.
Arising from the research findings and the limitati9ns of this study the following
research avenues are offered. First, while this study has attempted to break new ground
related to the development of AMT transfer issues, therefore it could not
comprehensively cover in detail all issues about AMTs, all firm-based characteristics,
and all AMT determinants factors. Investigation of the depth studies of each AMT
subgroup of technologies is also beyond the scope of this study, btlt is worthy of further
investigation. Further, there are more avenues analyze several critical issues related to
the transfer of knowledge. These issues may be related to the transfer of knowledge
linked with production, marketing, finance, and human resource management - to be
transferred form foreign-based companies to local companies.
5.3

Further Research

Further researches should be conducted on the topic of this research, as the
present research is exploratory in nature. First, it is suggested that more variables may
be identified and added to the research framework for testing pattern of choices.
Second, the sample size may be enlarged as larger the sample - the findings will be
more precise and dependable to investigate relationship between the relative exchange
of knowledge among foreign-based companies and local host companies. The present
study has exam ined transfer of knowledge only from foreign-based companies to local
companies and not the other way. Finally, other relevant strategic issues related to each
alternative modes of entry can also be addressed in further researches.
This research has offered useful insights into the complex factors of advanced
manufacturing technology, yet further research would also be useful in order to develop

28 1

model of alternative networks. While the networks used in this research ahs included
only those inputs which has been most frequently cited from the plants, therefore it
would be useful to build alternative networks which may include other factors such as
�
merit and de merit of each AMT concepts or its impact on the companies or employees.
Some researchers have suggested that they may influence AMT contribution of the host
country.

A further research possibility is to include more dependent variables to

determine the AMT use and its technical knowledge transfer forecasting efficiency of a
neural network. For instance, it is natural to believe that government policies, education
systems, employees manufacturing skills and national wealth can play an important role
in determining AMT use and AMT related technical knowledge transfer. However,
some factors such as government policies and weather conditions are dynamic in a
continuous fashion. Hence, it could be difficult to provide a commonly acceptable
measurement for these factors.
Another potential area for future research would be to perform the AMT use and
technical knowledge transfer capability forecast, using a neural network, for other
countries, developed or developing host countries. It would be worthwhile to investigate
whether a neural network can maintain such a high accuracy to forecast usage of AMT
in other countries with different mode of entries.
In fact, in an increasingly integrated world, and with the movement in many
countries to exchange benefits of liberalization on both current and capital accounts, all
capital is footloose, regardless of the nationality of the holder of such capital, and
transfer o f knowledge. With the pendulum swinging toward preferential treatment for
foreign investors, developing countries need to recognize that it is in their interests to
give all investors most favored foreigner treatment.
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TERMINOLOGY

1.

Computer-aided design and engineering (CAD/CAE)
Use of computer-based software for designing and testing new products.

2.

CAD output t o control manufacturing machines (CAD/CAM)
Computer-aided manufacturing uses the output produced by CAD systems
to control the machines that manufacture the pm1 or the product.

3.

Modeling or simulation technologies
Used to provide a computer-based visualization of the performance of a
computer-aided design, e.g., the simulation o r the flow of molten plastic into an
injection mould.

4.

Electronic exchange of CAD files
Electronic transfer of computer-aided design files.

5.

Flexible manufacturing systems
Collections of computer-controlled machine tools, serviced by robots and/or
automated material handling systems and overseen by computers.

6.

Programmable logic controllers

1 969

Programmable solid state units that are used as switching devices.

7.

Lasers for materials processing
These are used for such processes as welding, cutting, treating, scribing and
marketing.

8.

Robots without sensing
Robots programmed to undertake simple tasks such as pick and place-less
sophisticated robots.

284

9.

Rapid prototyping systems
Systems capable of producing a prototype part from the output of a
computer-aided design.

10.

High speed machining
Metal cutting machines operating at speeds' of 1 0,000 rpm or higher.

11.

Near net shape technologies
Technologies that produce finished plastic, metal or composite parts in a
single production stage with a minimum of final machining.

1 2.

..

Part identification for manufacturing automation
Use

of machine-readable

labels

for

monitoring

parts

during the

manufacturing process and afterwards when they are being stored.

13.

Automated storage/retrieval system
Use computer-controlled equipment to handle and store goods and
materials.

1 4.

Automated vision-bases systems used for inspection/testing
Systems typically using a computer-controlled video camera for inspecting
products for defects, blemishes, color, orientation, etc.

1 5.

Other automated sensor-based systems used for inspection/testing
Automated sensor-based equipment used for inspection/testing incoming
materials or final products.

1 6.

Local area network (LAN) for engineering or production
Communications networks within a plant used for exchanging information
on the "shop floor", and within design and engineering departments.
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17.

Company-wide computer networks
Communications networks within an enterprise extending beyond a single
site; includes Intranets and Wide Area Networks (WAN).

18.

Inter-company computer networks
Wide area communications networks that connect establishments with their
subcontractors, suppliers, and customers.

19.

Manufacturing Resource Planning
Info1mation system used to keep track of machine loading, production
scheduling, inventory control, and material handling.

20.

�

Computer used for control on the factory floor
These

are

"stand-alone"

machines

dedicates

to

controlling

the

manufacturing process but are also capable of other functions.
21.

Computer integrated manufacturing
Totally automated factory, where all activities, from start to finish, are
Co-ordinated by computers.

22 .

Supervisory control and data acquisition (SCADA)
Technology with involves "real-time" monitoring and controlling of
production processes.

23.

Use of inspection data for manufacturing control
Inspection data is used to discriminate between good and defective parts,
and monitoring production throughput.

24.

Digital, remote controlled process plant control
Local area network used to connect measurement and control equipment
(such as sensors and controllers).
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25.

Knowledge-based software
Software systems that use artificial intelligence or rules based on process
Knowledge to control manufacturing processes.
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Questionnaire
Knowledge Transfer Pattern

The following questionnaire pertains to a proj ect being conducted by a Ph.D.
Student. The intent of the study is to better understand the advanced manufacturing
technology (AMT) transfer from parent Foreign-based companies (MNC's) to
subsidiaries.
The questionnaire will take only 1 0 to 1 5 minutes to fill out at your Convenience.
Your name will in no way be connected with the questionnaire.

Part I

Please Check ( .,,/) your answer.
1.

General Question s

B y Entry mode (What Organization type best describes your plant)
Wholly Owned
Maj ority
50-50
Minority
Joint venture

2.

By Size of the company (Number o f employees at this plant)

1 - 1 00
1 0 1 -200
20 1 -500
5 0 1 -800
More than 800
3.

How many years has this plant been in operation?
Less than 5 years
5 years to 1 5 years
1 6 years to 30 years
Over 30 years

4.

What types of products do your plant produce?
Components/parts
Sub-assemblies
End products
Others
.

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
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5.

Please indicate how many subsidiaries you have around the world.
1 to 5
6 to 20
Over 20
Do not know

6.

How many expatriate engineers and Technicians work in the company
(Subsidiary)?
Only 1
1 -5
5- 1 0
More than 1 0

7.

How many of the five top jobs in your subsidiary are held b y nationals from your
corporation's home country.
One
Two
Three
Four
All
None

Part II
Knowledge about AMT
Information

(1)

Please Tick (°'1) any of the following technologies, which you have already used in
your plant or have already planned to install in your plant.
�

Type of Technologies

Used

Flexible manufacturing cells or systems
(FMC/FMS)
Programmable logic control machines or processes
(CNC and NC)
Lasers used in materials processing
Robots with sensing capabilities
Robots wi thout sensing capabilities
Rapid Prototyping systems
High speed machining
Near net shape technologies
Pa1t identification for manufacturing automation
(bar codiJ1g)
Automated storage and Retrieval system (AS/RS)
Automated Guided Vehicle Systems (AGVS)
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Planned

Computer-aided design and engineering
(CAD/CAE)
Computer-Aided Design/Manufacturing
CAD/CAM
Modeling or simulation Technologies
Electronic exchange of CAD files
Digital representation of CAD output
Automated Vision-based systems used for
inspection/testinr of inputs/or final products
Other automated sensor-based systems used for
inspection/testing of inputs
Material Requirements Planning
Manufacturing Resource Planning (MRPII)
Supervisory Control & Data Acquisition (SCADA)
Artificial Intell igence/Expert Systems (Al)
Computer Integrated Manufacturing (CIM)
(.j J/
�

(2)

....

Please tick ( ;/) any of the following technologi es, which one introduced by whom,
who trained, and what type of training you have received in relevant to the
technologies.
__,

Type of Technologies

Introduced
by
Parent

Flexible manufacturing
cells or systems
(FMC/FMS)
Programmable logic
control machines or
processes (CNC and
NC)
Lasers used in materials
process mg
Robots with sensing
capabilities
Robots without sensing
capabilities
Rapid Prototyping
systems
High speed machining
Near net shape
technologies
Part identification for
manufacturi ng
automation (bar coding)
Automated storage and
Retrieval system

v

I\� '

Sub

Trained by
Overseas
Specialist

0 6Q

'.�<J;;

r-. -

-

, c:
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l!'..4

Local
Specialist

*
�

Place
of training
Overseas

Local

(AS/RS)
Automated Guided
Vehicle Systems
(AGVS)
Computer-aided design
c1.nd engineering;
(CAD/CAE)
Computer-Aided
Design/Manufacturing
CAD/CAM
Modeling or simulation
Technologies
Electronic exchange of
CAD files
Digital representation of
CAD output
Automated Vision-based
�
systems used for
inspection/testing of
inputs/or final products
,
(...Other automated sensorbased systems used for
inspection/testing of
inputs
Material Requirements
Planning
Manufacturing Resource
Planning (MRPII)
Supervisory Control &
Data Acquisition
(SCADA)
'
J�c:
(.:
Artificial
IQ'
Intelligence/Expert
�H11 � ,, :v.
Systems (AI)
Computer Integrated
Manufacturing (CIM)
Parent: from mother company to local, Sub: from owned local company.

�

�\

,.,..,,

iOA"

�II
'

�

.

*

,..

�

�
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(3)

Please tick ('1) Indicate the number of training program conducted for the
following each technologies.
Number of training program
Type of Technologies

0-5

Flexible manufacturing cells or systems
(FMC/FMS)
Programmable logic control machines or
processes (CNC and NC)
Lasers used in materials processing
Robots with sensing capabilities
Robots without sensing capabilities
Rapid Prototyping systems
High speed machining
·::._11 IF l�(� fl �
Near net shape technologies
Part identification for manufacturing automation
(bar coding)
Automated storage and Retrieval system
(AS/RS)
Automated Guided Vehicle Systems (AGVS)
Computer-aided design and engineering
(CAD/CAE)
Computer-Aided Design/Manufacturing
CAD/CAM
Modeling or simulation Technologies
Electronic exchange of CAD files
Digital representation o f CAD output
Automated Vision-based systems used for
inspection/testing of inputs/or final products
Other automated sensor-based systems used for
inspection/testing of inputs
-- I\
lj.l"'
Material Requirements Planning
Manufacturing Resource Planning (MRPII)
Supervisory Control & Data Acquisition
(SCAD A)
Artificial I ntel ligence/Expert Systems (AI)
Computer Integrated Manufacturing (CIM)

6- 1 0

.

-

-

- -
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1 1-15

16
Above

�L

(4)
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Please check those materials listed below which transferred from foreign-based
companies to your company or your plant.
Types of materials
Type of Technologies

..

Manuals

Flexible manufacturing cells or systems
(FMC/FMS)
Programmable logic control machines or
processes (CNC and NC)
Lasers used in materials processing
Robots with sensing capabilities
Robots without sensing capabilities
Rapid Prototyping systems r •
·- Jn"
,\ '\-' LS l' \.!
High speed machining
Near net shape technologies
Part identification for manufacturing
automation (bar coding)
Automated storage and Retrieval system
(AS/RS)
Automated Guided Vehicle Systems
(AGVS)
Computer-aided design and engineering
(CAD/CAE)
Computer-Aided Design/Manufacturing
CAD/CAM
Modeling or simulation Technologies
Electronic exchange of CAD files
Digital representation of CAD output
Automated Vision-based systems used for
inspection/testing of inputs/or final products
Other automated sensor-based systems used
for inspection/testing of inputs
Material Requirements Planning
Manufacturing Resource Planning (MRPII)
Supervisory Control & Data Acquisition
(S CADA)
Artificial Intelligence/Expert Systems (AI)
Computer Integrated Manufacturing (CIM)
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Course
Books
Materials

lf'r'.

'1

�

�

)

r:

ft

c

�

�

'""'--

t..,
t"

"

\�..'l) '

Research
Papers

(5 )

Please indicate which of the following sources play an important role in providing
ideas for the adoption of AMT in your plant,
Idea generation
Type of Technologies
..

Flexible manufacturing cells or
systems (FMC/FMS)
Programmable logic control machines
or processes (CNC and NC)
Lasers used in materials processing
Robots with sensing capabilities
Robots without sensing capabilities
Rapid Prototyping systems
High speed machining
\111 r::
Near net shape technologies
Part identification for manufacturing
automation (bar coding)
Automated storage and Retrieval
system (AS/RS)
Automated Guided Vehicle Systems
(AGVS)
Computer-aided design and
engineering (CAD/CAE)
Computer-Aided
Design/Manufacturing CAD/CAM
Modeling or simulation Technologies
Electronic exchange of CAD files
Digital representation of CAD output
Automated Vision-based systems used
for inspection/testing of inputs/or final
products
Other automated sensor-based systems
used for inspecti on/testing of inputs
Material Requ i rements Planning
Manufacturing Resource Planning
(MRPII)
Supervisory Control & Data
Acquisition (SCADA)
Artificial Intel l igence/Expert Systems
(Al)
Computer Integrated Manufacturing
(CIM)

Parent
company

R&D
Own

Employees
Suggestion

.

�

� II
...

t

•

�

�
�

rr�
:;-.:,
�
...
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Competitors
Influence

(6)

Please indicate in which of the following areas training was provided.
Basic Literacy/numeric
Computer literacy
Technical skills
Qualif' control skills
Safety skills
.
. j

'
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