
2 . LITERATURE REVIEW 

2.1 Introduction 

This chapter provides a description on the reviewed literature in TT and ITT. A literature 

survey was carried out in order to gain better understanding of the concepts, tools and models 

adopted by other researchers on ITT and the experiences of other countries. Also the 

literature survey provides the basis and the essential components in formulation of the 

conceptual model in order to review the TT experiences at USL and identifies the factors that 

affect the TT process in a positive or in a negative manner. 

Technology Transfer is an interdisciplinary and multi-faceted subject, such that there is no 

single set of literature that can be readily identified as a main source. This chapter covers a 

comprehensive literature survey in the area of TT using both printed and on-line sources. The 

main purpose of the literature survey was to understand the existing methods of TT, analyze 

the transfer process and identify the influencing factors involved. Finally, this chapter covers 

the literature on technology choice, a concept developed by Ramanathan (1994), and the 

evaluation of projects using this concept. 

TT is an important business strategy today since technology provides the means and ways of 

producing goods and services in a more competitive environment. Competitiveness of a firm 

or a country, which produce goods and services, depends on the technology they use in their 

operation. Therefore, TT and technology choice are very important subjects and the aim of 

this literature survey is to obtain an in-depth understanding of these topics. 

2.2 What is Technology? 

Technology is defined by different authors in different perspectives. Bozeman (2000) defines 

technology as, 

• The science or study of the practical industrial arts, 

• The terms used in a science, technological terminology, 

• Applied science. 



Technology in itself is complex. It consists of many dimensions such as hardware 

(Woodward. I%5) . search procedures (Parrow. 1%7) or skill and knowledge (Rousseau, et 

al. Ic>84). The intricacy of technology is related to its diversity of forms ranging from a 

simple technical process to a very complex electronic or computer system. Fransman and 

King (1984). on the other hand refers to technology as activities involved in transforming 

inputs to outputs. This definition, in terms of production and technical, is also echoed by 

Stewart and Nihei (1987) who regard technology as an innovation which is associated with 

new and better ways of achieving economic growth and development. Technology is also 

delineated in terms of knowledge and skills necessary for a specific task, such as utilizing 

production techniques or making a specific product. Technology is therefore a whole range of 

knowledge, skills, ideas, equipment, and facilities that organizations need to produce goods 

and services. It is a blending of 'hardware', "software", "brainware" and "support net" as 

illustrated in figure 2.1. 

figure 2.1: The main components of technology 

(Source : Mohammed, 2000) 

Hardware is merely related to the physical equipment, structure of components and layouts. 

Software is about know how needed for accomplishing a specific task. Brainware is more 

intricate as it includes the necessary knowledge and understanding related to the application 

and justification of hardware and software deployment. It is known as know-what and know-

why of technology. Support net comprises the complex network needed to support the 

effective use and management of technology (Mohammed. 2000). 
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Ramanathan (1994) states that the various classical definitions of technology may be 

categorized into three major perspectives, namely, (1) the "technology as transformer" 

perspective; (2) the "technology as tool" perspective; and (3) the "technology as knowledge" 

perspective. Firstly, in the transformer perspective, technology is seen as a 'black-box' that 

merely transforms input to outputs. 

Secondly, the technology as tool perspective opens up partially the technology black box. It 

emphasizes that technology is a tool for transforming of activities. It also points out the 

importance of looking at machine-people interactions. 

Thirdly, the technology as knowledge perspective opens up the technology black box further 

and regards technology as knowledge. The knowledge could be either in the form of "know-

why" or "know-how". Technology as knowledge includes the skills and heuristic knowledge 

of human beings. 

Taylor's (1971) and Lall's (1987) explanations for technology fall under the technology as a 

transformer perspective. Taylor (1971) states that technology is a set of principles and 

techniques which is useful to bring about change towards desired ends. Lall (1987) defines 

technology as the application of scientific knowledge and skills to setting up, operating, 

improving and expanding of productive facilities. 

Schmenner's (1988) and Fullan's (1970) explanations for technology fall under the 

technology as a tool perspective. Schmenner (1988) defines technology as any tool or 

technique, any product or process, any physical equipment or method of doing or making, by 

which human capability is extended. Fullan (1970) describes technology as the manual or 

machine operations performed upon an object in the process of turning out a final product. 

Finally, Edosomwan's explanation for technology falls under the technology as a knowledge 

perspective. Edosomwan (1989) describes technology as a specialized body of knowledge 

that can be in the form of tools, processes, techniques, machines, materials or production. 
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2.3 W h a t is T e c h n o l o g y Transfer? 

National Science Foundation (2002) states that TT can be referred to as technology flows or 

the diffusion of technology and it implies the movements of technology from one entity to 

another. Furthermore, it states that the extent of understanding and effective use of the 

technology by the receiving entity depends on the successfulness of the transferor and if the 

receiver does not understand and use the technology effectively, the transfer is considered to 

be incomplete. Therefore, a basic requirement of successful TT is the receiver's 

understanding of the technology. 

Ramanathan (2008) defines TT as a mutually agreed upon, intentional, goal oriented and 

proactive process by which technology flows from one entity that owns the technology (the 

transferor) to an entity seeking the technology (the transferee). The transfer involves cost and 

expenditure that is negotiated and agreed upon by the transferee and transferor. The transfer 

may be declared successful if the transferee can successfully utilize the technology for 

business gains and eventually assimilate it. 

Kline et al (1986) sees TT as the movement of technological and technology related 

organizational know-how among partners (individuals, institutions, and enterprises) in order 

to enhance at least one partner's knowledge and expertise and strengthen each partner's 

competitive position. TT occurs at all stages of the technology innovation process, from 

initial idea to final product. These processes integrate multiple functions, including organized 

research and development, design, production engineering, manufacturing, marketing, and 

other value-adding activities in a complex web containing multiple feedback loops. 

Robinson (1994) sees TT as two-way learning process and therefore calls it technology 

communication, which he defines as the development by people in one country of the 

capacity on the part of nationals of another country to use, adopt, replicate, modify, or further 

expand the knowledge and skills associated either with a different manner of consumption or 

product use, or a different method of manufacture or performance of either a product or 

service. 
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Ramanathan (1997) while studying indicators of international technology transfer proposed a 

useful conceptual framework for looking at the process. The model herein proposed is based 

on this framework and has incorporated additional dimensions. Figure 2.2 depicts the model 

schematically and shows the main elements of the technology transfer process. According to 

this model, any technology transfer process involves seven major elements: 1. the transferor 

(source); 2. the transferee (receiver); 3. the technology being transferred; 4. the transfer 

mechanism; 5. the transferor environment; 6. the transferee environment; and 7. the greater 

environment. 

Finally, different definitions of TT have been summarized as in Table 2.1 by Aberg (2006). 

Figure.2.2: Seven Factor Model 

(Source: Ramanathan, 1997) 
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Table 2.1: Different Definitions of Technology Transfer 

Definition of Technology Transfer Year of Publication : 

Page number 

Author 

"When scientific or technological information 
generated and/or used in one context is re
evaluated and/or implemented in a different 
context" 

1971:321 Bar-Zakay 

"The process of promoting technical innovation 
through the transfer of ideas, knowledge, devices 
and artefacts from leading edge companies, 
R&D organizations and academic research to 
more general and effective application in 
industry and commerce" 

1993:45-46 Seaton & 
Cordey-
Hayes 

"The movement of know-how, technical 
knowledge, or technology from one 
organizational setting to another" 

2000:1 Roessner 

"The processes and consequences of moving 
technological ideas, skills, processes, hardware, 
and systems across a variety of boundaries — 
national, geographic, social and cultural, or 
organizational and institutional" 

2003:8 Seely 

"Intentional, goal-oriented interaction between 
two or more persons or social units, during 
which technological knowledge and or artefacts 
are exchanged, and during which the sum total 
of technological knowledge possessed by the 
parties stays stable or increases" 

2004:108-109 Autio, 
Hameri & 
Vuola 

2.3.1 Mechanisms of Technology Transfer 

There are a large number of mechanisms through which various stakeholders can interact to 

transfer technologies. The most common ones include (Metz, 2001): 

• Direct purchases 
• Licensing 
• Franchising 
• Foreign direct investment 
• Sale of turn-key plants 
• Joint ventures 
• Subcontracting 
• Cooperative research arrangements and co-production agreements 
• Export of products and capital goods 
• Exchange of scientific and technical personnel 
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• Science and technology conferences, trade shows and exhibits 
• Education and training (of nationals and foreigners) 
• Commercial visits 
• Open literature (journals, magazines, books and articles) 
• Government assistance programs. 

Other mechanisms require little or no interaction among the principal stakeholders because 

they involve the acquisition of technology without the consent of the provider. Among these 

are: 

i. Industrial espionage 

i i . End-user or third country diversions 

i i i . Reverse engineering 

Each mechanism represents different type of flows of knowledge, money, goods and services 

among different sets of stakeholders. Each mechanism has very different implications for the 

learning that occurs and ultimately the degree of technology-as-knowledge transfer that takes 

place beyond simple hardware transfers. 

The following framework classifies mechanisms into three primary types: 

1. Government-driven mechanisms are TT initiated by government to fulfdl specific 

policy objectives; 

2. Private-sector-driven mechanisms primarily involve transfers between 

commercially oriented private-sector entities, and have become the dominant 

mode of technology transfer; 

3. Community-driven mechanisms are those technology transfers involving 

community organizations with a high degree of collective decision-making. 
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Figure 2.3: The Five Basic Stages 
of Technology Transfer. 

Some observers have suggested that along any mechanism, TT follows five "stages" (Metz, 

2001) as shown in Figure 2.3. 

The stakeholders involved and the specific decisions and actions taken at each stage differ 

greatly depending on the mechanism. By analyzing the interests and influences of different 

stakeholders at each stage, it is possible to determine how various barriers to TT might be 

overcome. Much has been written about why multinational corporations choose one pathway 

over another. Some of the key issues are summarized in Table 2.2. 
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Table 2.2 Key Issues and Factors Affecting Choice of TT mechanism 

(Source : Metz, 2001) 

MECHANISMS 
KEY ISSUES AND FACTORS AFFECTING CHOICE OF 

PATHWAY 

Direct sales 

Import duties 
Advertising 
Product compatibility 
Standards and certification 
After-sales service and training 
Distributor capabilities 
Degree of system integration required before use by final user 
Insurance and product liabilities 

Turnkey contracts 

Domestic technological capabilities 
International competitive bidding 
Import duties 
Buyer training 
Corruption 

Wholly owned subsidiaries 

Acceptable financial risks 
Foreign investment policies of government 
Expected size of domestic market 
Export duties 
Repatriation of profits 

Joint ventures 

Acceptable financial risks 
Ensuring protection of intellectual property 
Expected size of domestic market 
Product adaptation 
Partner identification, appraisal, and negotiations 
Foreign investment policies of government 
Export duties 
Repatriation of profits 

Licensing agreements 
Intellectual property protection 
Future domestic market and strategic interests of MNC 
Acceptable financial risk 

Multilateral development 
lending 

Need for and viability of carrying out structural economic reforms 
Guarantees and credit worthiness of government and borrowers 
Economic and financial rates of return from investments 
Procurement procedures 

Development aid and other 
grant financing (like GEF) 

Donor country political agenda 
Multilateral agency priorities 
Recipient country capacity to make informed choices 
Range of stakeholders' involvement in recipient country 

Training, conferences, 
symposia, and other person-
to-person pathways 

Ability to attend conferences, symposia 
Availability of counterpart resources 
Access to information and communication means 
Intellectual property protection 



2.3.2 Channels of I T T 

It is useful to make a distinction between International Technology Transfer (ITT) that flows 

through market-mediated mechanisms, meaning that some form of formal transaction 

underlies the technology movement, and non-market mechanisms, which do not involve such 

transactions. An alternative description would be "formal" and "informal" channels, 

respectively, reflecting the nature of the information trade (Maskus, 2003). 

Market channels 

a) Trade in goods and services 

There are numerous channels through which technology may be transferred across 

international boundaries. One major channel is trade in goods and services. All imports bear 

some potential for transmitting technological information for they may be studied for design 

characteristics and reverse engineered. However, trade in capital goods and such 

technological inputs as industrial chemicals, hardened metals, fertilizers and software can 

directly improve productivity by being placed into production processes. In this sense, 

international trade itself is a central form of technological change. 

b) Foreign direct investment 

A second channel is foreign direct investment (FDI) through multinational enterprises 

(MNEs). MNEs may be expected, in principle, to deploy to their subsidiaries in recipient 

countries technological information that is newer or more productive than was the case with 

incumbent firms. This is because the primary motivation for a firm to become multinational 

is the ownership of some knowledge-based asset (KBA) that provides it with a cost or quality 

advantage and that can be adapted and employed in multiple locations (Markusen, 1995). The 

notion of KBAs should be interpreted broadly, for they encompass agribusiness (e.g. 

livestock management and marketing), manufactures (e.g. chemical formulas, machinery 

design and factory-floor management), consumer goods and services (e.g. brand names), and 

numerous producer services (e.g. financial methods and construction blueprints). Thus, FDI 

is a major conduit through which firms compete globally in technology. 
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c) Licensing 

A third major channel is technology licensing, which may be done either within firms or 

between unrelated firms at arm's-length. Licenses typically involve the purchase of 

production or distribution rights (protected by some intellectual property right) and the 

technical information and know-how required to make effective the exercise of those rights. 

There are important differences between intra-firm ITT and market-mediated licensing. In the 

first case, the MNE retains proprietary control of the intellectual property and know-how, 

while in the second case, access to these assets must be provided to the licensee. In this 

regard patents, trade secrets, copyrights and trademarks serve as direct means of information 

transfer. Where licensing contracts are reached through negotiation between buyer and seller, 

the transfer is voluntary. However, governments may at time issue orders mandating the 

surrender of rights to a domestic firm, in which case the transfer is compulsory. It is evident 

that compulsory licenses may not succeed in acquiring the relevant know-how that is not 

embodied in patent or trademark rights. 

d) Joint ventures 

Licensing and FDI are closely related to the establishment of joint ventures (JVs), which are 

contractual arrangements between two or more firms in which each provides some advantage 

that should reduce the costs of joint operations. In this context, international firms may 

provide technically superior production information through licensing, while local partners 

provide distribution networks, information about labor markets, unique management 

techniques, brand recognition or some other local advantages. Some arrangement is reached 

for sharing any profits or losses from the JV. 

e) Cross-border movement of personnel 

A fifth significant channel of ITT is cross-border movement of technical and managerial 

personnel. Indeed, many technologies cannot be effectively or affordably transferred without 

the complementary services and know-how of engineers and technicians that must be on-site 

for some period of time. An important advantage of MNEs is the ability to shift such skilled 

personnel among subsidiaries as needed. Markets for temporary movement of skilled workers 

among unrelated firms may be more restrictive and less flexible, raising the costs of such 

transfer and absorption. 
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It is important to note that trade, FDI, licensing, joint ventures, and personnel movements are 

interdependent processes. These decisions are made jointly by firms seeking to maximize 

returns on their technological assets. 

The processes described so far may be characterized largely as market transactions. In most 

cases, there are literal buyers and sellers of technology and the role of the market is to 

facilitate such trade and permit negotiations of mutually advantageous terms of transfer. TT 

within multinational firms may not incorporate the same formal terms but ultimately such 

trades must reflect the true economic value of information to both the parent firm and its 

subsidiaries. Thus, markets for information play the major role in ITT. To a first 

approximation, expanding the scope for ITT requires reducing imperfections and 

impediments in such markets. 

Non-market channels 

a) Imitation 

At the same time, there are important non-market channels of ITT, as mentioned earlier. 

Perhaps the most significant is the process of imitation, in which a rival firm learns the 

technological or design secrets of another firm's formula or products. Imitation may be 

achieved through product inspection, reverse engineering, de-compilation of software and 

even simple trial and error. Whether imitation is legal or illegal depends on the scope of 

intellectual property protection and the security of trade secrets from unfair competition 

(Maskus, 2000). What distinguishes it from the earlier channels is that imitation bears no 

compensation to the technology owner in formal markets. As such, it seems an attractive 

form of learning and diffusion from the standpoint of developing economies. However, 

imitation may be a costly process and tends to divert attention from local innovation, so a full 

accounting of its impacts is more complex. 

b) Departure of employees 

A related form of learning is for technical and managerial personnel in whom knowledge of 

one firm's technologies has been entrusted, leave the firm and join or start a rival firm based 

on that knowledge. Such competition can be a significant form of information diffusion in 

industries and locations where cross-fertilization of knowledge is important and employees 

are mobile. Again, the technology is transferred without formal compensation to the original 



owner and the scope for this activity depends on the legal treatment of labor mobility, "non

compete clauses", and the like. 

c) Data in patent applications and test data 

Yet another means of acquiring technology without compensation is to study available 

information about those technologies. Patent applications, both those registered in a country 

and (more likely) registered abroad, are available for this purpose. Rival firms in principle 

can read such applications, learn the underlying technologies, and develop competing 

processes and products that do not infringe the claims of the original applicants. Thus, patents 

provide both a direct source of TT, through FDI and licensing, and an indirect form through 

inspection. However, there is much debate over whether such patent disclosures provide 

sufficient information that rival engineers can understand the technologies. 

A related source of information is confidential test data provided by patent applicants to 

governments. Government agencies may choose to share such data, possibly after a period of 

exclusivity awarded to the original applicants, to domestic rivals in order to avoid research 

duplication costs and accelerate generic competition. 

d) Temporary migration 

Finally, much technology appears to be transferred through the temporary migration of 

students, scientists and managerial and technical personnel to universities, laboratories and 

conferences located mainly in the developed economies. Note that in-depth training in 

science and engineering may be gained this way, suggesting that it is a particularly long-

lasting form of ITT. The challenge for developing countries in this context is to encourage its 

expatriate students and professionals to return home and undertake local scientific, 

educational and business development. 
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2.3.3 Models of Technology Transfer 
Since the early 1970s, considering the difficulties and complexities faced by managers of TT 

projects, researchers, consultants and practitioners of TT have been proposing models of TT 

that could facilitate the effective planning and implementation of TT projects. Both 

qualitative and quantitative models have been proposed. Jagoda (2007) points out that, 

"Qualitative models often have as their objective the delineation of activities involved in 

managing TT and the elicitation of factors and issues that can influence the success and/or 

effectiveness of TT. Quantitative models, on the other hand, aim at quantifying parameters of 

significance in TT and analyzing them with a view towards minimising goal incompatibility 

between the transferors and transferees of technology." 

Myers (1998) categorizes the possible scenarios in TT for an organization as follows, 

1. External source transferring to an internal use 

2. Internal source transferring to an internal user 

3. Internal source transferring to an external user 

He further explains the stages of the TT from and external source and has categorized as 

follows, 

1. Identification of available technology 

2. Evaluation of the technology 

3. Acquiring the technology rights if a positive evaluation 

4. Implementing the technology 

5. Diffusion of technology 

Jagoda and Ramanathan (2003) suggest a stage-gate approach, which has been extensively 

used for the product development projects, to be used for planning and implementation of TT 

projects. This model has six stages and six gates to go through. Ramanathan (2008) presents a 

new concept for ITT named "Technology Transfer Life-Cycle" (TTLC), an approach for 

Managing ITT and he also introduces Stage Gate model to demonstrate this concept by 

addressing various problems in TT. Basically this approach has been introduced to identify 

and sort out the common problems faced in Planning and Managing ITT. 
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2.3.4 T h e T T L C A p p r o a c h for P l a n n i n g a n d M a n a g i n g I T T 

The TTLC approach is based on the stage-gate structure developed by Jagoda and 

Ramanathan (2003) for developing a systematic approach for planning and managing ITT 

and a Stage-Gate Model for Guiding ITT. The TTLC approach takes a holistic view of an 

ITT project from its "conception" right up to its "conclusion." The TTLC approach is based 

on the recognition of the fact that a life cycle of a TT project can be looked at as follows. 

> Identifying the technology needed and making a business case to obtain corporate 

approval 

> Searching for possible technology sources and assessing offers 

> Negotiating with short-listed suppliers and finalizing the deal 

> Preparing a TT implementation plan 

> Implementing and assimilating 

> Assessing the impact of the TT project 

One way to effectively carry out the activities at various stages of the TTLC is by using the 

stage-gate approach developed by Jagoda and Ramanathan (2003), for managing the new 

product development process. In this generic framework, a process can be divided into stages 

and gates and the stages are made up of prescribed tasks with cross-functional and 

simultaneous activities and the gate or controlling point is at the entrance to each gate. Based 

on the information generated at each stage, in-depth and critical analysis is carried out at the 

gate that follows the stage. Based on the evaluation, a decision may be taken to go forward, 

kill the project, put it on hold, or recycle it. It is envisaged that through this approach, 

proactive measures could be taken to avoid or minimize problems thereby enhancing the 

chances of successful TT. The main advantage of such an approach is that it could ensure that 

major activities are not carried out carelessly or even missed. 

The major stages in the TT life cycle are shown schematically in Figure 2.4 and the stages 

and activities are shown in Table 2.3. It can be seen that, in this generic framework, each 

stage is associated with a gate. 
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Figure2.4: Stage-Gate Model for Guiding International Technology Transfer 
(Source: Ramanathan, 2008) 

Table.2.3: Stages and Activities 
(Source: Ramanathan, 2008) 

iStagc 1: Identifying CVD enhancing technologies Gate 1: Confirming identified technologies 

Stage 2: Focused technology search Gate 2: Technology and supplier selection 

Stage 3: Negotiation Gate 3: Finalising and approving agreement 

Stage 4: Preparing a TP project implementation plan Gate 4: Approving implementation plan 

Stage 5: Implementing TT Gate 5: Implementation audit 

Stage 6: TT impact assessment Gate 6: Developing guidelines for new project 

In short the TTLC approach is built to ensure that a TT project is considered holistically and 

it is a good way to incorporate cross-functional cooperation in planning and managing ITT 

projects. It also ensures that important activities are not forgotten or carried out carelessly. A 

single empowered team is responsible from start to finish and believe this avoids turf wars. 

All projects may not have to go through all the stages. Low risk projects may go quickly to 

the latter stages. The approach must not be seen as a bureaucratic system. It actually 

facilitates the development of a streamlined system with clear agreed upon, and visible, road 

map. The success of the approach will depend upon the skills that managers have to carry out 

the activities effectively at the stages and gates. Thus, organizations that are serious in 

competing in today's global business setting must develop such skills in their organization on 

a priority basis. 
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Figure 2.5: Malaysian Model for Technology Transfer 
(Source : Technology Transfer Practices among Malaysian high Technology Industry- IAMOT 2006) 



2 .3 .5 C o m m o n P r o b l e m s F a c e d in P l a n n i n g a n d M a n a g i n g I T T 

What is needed is a systematic approach that could enable a transferee of technology to 

proactively initiate an ITT project and manage it systematically in a partnering mode with the 

transferor of technology. One way to do this is to adopt a TTLC approach. Problems 

associated with the transfer of technology from developed country firms to developing 

country firms have been studied extensively for the past 40 years. During this period the 

global political setting has changed dramatically and many issues that were very troublesome 

and problematic have now either disappeared or become less important. Others still remain 

critically important. There are two main reasons identified for these problems; 

> Firstly, ITT is often seen by many buyers (transferees) as a relatively predictable 

process where the seller (transferor) of technology will ensure that the TT takes place 

effectively. This is often not the case. 

> Secondly, many ITT projects are initiated reactively (because competitors have done 

it) and thus the project manager is often under tremendous time pressure that could 

lead to cutting corners. 

2 .3 .6 T h e M a l a y s i a M o d e l 

Technology transfer has often been regarded as an important mechanism for increasing 

productivity. It is extensively applied in production, commercialization and distribution of 

goods and services. In addition, technology transfer plays an increasingly important role in 

sustaining and improving the competitiveness of Malaysia. The World Competitiveness Year 

Book placed Malaysia in the 28 position for 2005. The world today is characterized by 

increasing globalization, regionalism, bilateralism and competition both domestically and 

globally has become stiffer and more complex over the years. The Malaysian Government's 

intervention in the form of policies with regards to boost up TT has helped them in achieving 

the explicit goal of increasing scientific and technological capability. Malaysia approach to 

technological development and technology transfer is a successful model which is described 

in Figure 2.5. Malaysia through its Ministry of International Trade and Industry (MITI) has 

played various roles in nurturing Malaysian industrialization, particularly in three vital 

functions: 
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(a) Fostering alliances between industries and government in industrialization projects. 

(b) Strategizing specific technology transfer plans that tie with national interest and 

scope. 

(c) Formulating specific regulations and established monitoring mechanism on the 

process of TT. 

The study of "Analysis of international technology transfer experiences in Ceylon Electricity 

Board and development of technology model" by Hussain (2005) and study of "Success and 

Failure of Sri Lanka Railways in International technology transfer" by Hemachandra (2004) 

which were specially completed for Sri Lankan context, clearly state the possibility of 

technology transfer and the real barrier for smooth technology transfer. The two companies 

mentioned above have a monopoly in the Sri Lankan market and therefore there are many 

internal barriers identified for proper transfer. The key issue was choosing the appropriate 

technology for the country and its development. Furthermore, the studies discuss the 

capabilities needed to effectively TT and the influential factors required in transfer 

mechanisms between transferee and transferor. 

2.4 Technology Components 

The definitions of technology components are stated by Sharif (1994a), Ramanathan (1994), 

Ramanathan and Sharif (1995), the Technology Atlas Team (1987) and the Asian and Pacific 

Center for Transfer of Technology (APCTT) (1989). They state that technology consists of 

four interrelated and interacting components which are: 

1. Object - embodied form - Technoware 

2. Human - embodied form - Humanware 

3. Document or record - embodied form - Infoware 

4. Institution - embodied form - Orgaware 

The interrelated and interacting relationship of the four components and its sub categories of 

the technology are shown in Figure 2.6. 
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Figure 2.6: Technology Component Diagram 

(Source: Ramanathan, 1994) 

Technoware 

Technoware is object embodied physical facilities. It comprises of a material transformation 

subsystem and an information processing subsystem. The material transforming subsystem 

performs desired mechanical operations that the technoware has been designed to perform. 

Technoware amplifies human powers and controls for transformation operations. In a 

business enterprise, technoware changes through a process of periodic substitution of old by 

new. In general, the degree of technoware sophistication corresponds to the increasing 

complexity of the physical facilities for transformation operations and other functions such as 

scale of operations, interrelationships among operations, types of conversions, energy 

requirements, quality of outputs, safety and environmental soundness of operations etc. 

Humanware 

Humanware is the person embodied human abilities. It consists of skills, craftsmanship, 

expertise and creativity. It is needed to realize the potential of technoware and consists of 

"contact humanware" and "support humanware". Without relevant humanware, the 

technoware is simply useless. Humanware changes through a process of progressive learning 

of new things. Usually the degree of humanware sophistication indicates the increasing level 

of competence of all individuals engaged by the organization. The competencies are in terms 
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of skill level (derived from general education and specific training), appropriateness of 

training, achievement orientation, extent of relevant experience, productivity orientation, 

creativity potential and the motivation of the personnel (Sharif, 1994a). 

Infoware 

Infoware is record embodied documented knowledge. These are facts and formulas, design 

parameters, specifications, manuals, theories etc. It represents the accumulated knowledge 

needed to realize the full potential of the technoware, humanware and orgaware. Infoware 

enables quicker learning and savings in terms of time and resources. It changes through a 

process of cumulative acquisition of knowledge. Normally the degree of infoware 

sophistication represents the increasing utility of an up-to-date knowledge base acquired for 

various enterprise functions. Sharif (1994a) describes the utility as nature and type of 

knowledge (relevance, timeliness and reliability of facts and figures), ease of retrieval of 

stored knowledge, extent of networking for updating, etc. The degree of infoware 

sophistication includes documented knowledge that provides awareness regarding technology 

components, manuals for the operation and maintenance of physical facilities, availability of 

facts and figures for acquisition and optimal performance, and access to the latest theories of 

technoware, humanware and infoware and state-of-art knowledge for innovation. 

Infoware includes Technoware-Specific Infoware (TS1), Humanware-Specific Infoware 

(HIS) and Orgaware-Specific Infoware (OSI) as sub components. 

Technoware-Specific Infoware (TSI) 

Refers to Infoware needed to operate, maintain and improve the Technoware and consists of 

some other sub elements. 

Humanware-Specific Infoware (HSI) 

Refers to the Infoware needed to obtain a good understanding and appreciation of the 

manufacturing process and Technoware being used. 

Orgaware-Specific Infoware (OSI) 

Refers to the Infoware needed to ensure effective usage of and timely interactions between, 

the available Technoware and Humanware. 
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Orgaware 

Refers to the support net of principles, practices and arrangement that govern the effective 

use of Technoware by the Humanware and it is the institute embodied form of technology 

which includes all the frame works such as grouping, allocations, systemization. 

management, etc; necessary for transformation process. Orgaware includes work 

conventions, work organization, work evaluation and work modifications as sub components. 

It should be emphasized that the four components of technology - technoware, humanware, 

orgaware and infoware are interrelated and influence each other. They are required 

simultaneously in any system of production that is important to be transferred. Absence of 

any of the four components means no transformation in the process and thus an ineffective 

system. While the humanware is in the centre of all these activities, the orgaware is the 

environment that allows for all components to come together. The inforware can facilitate the 

process or its lack can slow it down. We can see the inter-relationship and dependency of the 

four components of the technology in figure 2.7 (Sherif, 1995). 

Humanware 

Technoware 

figure 2.7: Relationships of Technology Components 

(Source: Sherif. 1995) 
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2.5 Technology Capability and Assessment 

The understanding of technology components alone is not enough to ensure effective TT and 

implementation. Technological capabilities are the most important factors regarding effective 

TT as technology can be brought while you cannot buy capabilities. Capabilities need to be 

developed or grown or enhanced through enterprises as well as on individual level. The word 

capability as a noun has three meanings. Firstly, capability as capableness is the quality of 

being capable either physically or intellectually or legally. Secondly, capability as sense of 

capacity is the vulnerability of something to a particular treatment. Lastly, capability as a 

sense of capableness and potentiality is an aptitude that may be developed. Hence the 

capability is something individual which could be developed. 

Ramanathan (1993) refers to four kinds of technology capabilities needed to run a production 

process as an owner of particular technology namely operative capability, acquisitive 

capability, supportive capability, and innovative capability whereas Sharif (1994b) refers six 

types of technological capabilities. They are: transforming capability (operating and 

supporting capabilities), vending capability (marketing and servicing capabilities), acquiring 

capability (sourcing and procuring capabilities), modifying capability (improvising and 

improving capabilities), designing capability (conceiving and devising capabilities) and 

generating capability (innovating and commercializing capabilities). He also emphasizes that 

technology can be purchased either partly or as a whole, but technological capabilities have 

to be acquired gradually by self-learning which depends mainly on the humanware. These six 

types of capabilities are discussed below in order to provide a better understanding of what 

needs to be transferred during any kind of TT. 

Converting or Transforming Capability is the utilization of available technologies for 

transformation process (Sharif, 1994b). They are the capability to operate and control 

technoware for all transformation activities, the capability to use available humanware for the 

production of marketable outputs, the capability to provide the humanware with the required 

infoware for efficient production the capability to apply techniques for planning and 

coordination of production operations, and the capability to undertake preventive and 

corrective maintenance and trouble shooting. It also means the gradual progress towards the 

optimal use of installed technology components and the mobilization of all resources for 

optimum benefits. 
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Vending Capability is the capability of distributing, selling and servicing of outputs using 

technology (Sharif, 1994b). This includes the capability to sell the outputs for the optimum 

use of resources and production capacity, the capability to monitor the externalities and 

evaluate performance, the capability to identify the new markets and promote the sales of 

new products in new markets and the capability to provide after-sales service to enhance 

customer satisfaction. 

Acquiring Capability is the capability of acquisition of technology components and other 

resources (Sharif, 1994b). It includes the capability to prepare specifications for upgrading 

existing technological resources, the capability to identify independently the sources for 

procurement of required resources, the capability to evaluate offers, select and negotiate the 

terms of contract for procurement, the capability to secure favorable funding to upgrade 

technological resources and the capability to minimize project implementation time and cost 

of business modernization. It also means the ability to choose and obtain better quotations 

and better negotiating ability for procurement. 

Modifying Capability is the continuous improvement of all the activities and technology 

components (Sharif, 1994b). They are the capability to commission physical facilities and 

construct civil engineering works, the capability to adapt installed technoware and orgaware 

for better efficiency, the capability to duplicate & acquire machinery and equipment parts 

requiring replacement, the capability to carry out minor, incremental improvements for 

superior quality outputs, the capability to implement human resources development programs 

for all activities, the capability to introduce advanced management techniques for effective 

performance. It helps to minimize producer cost and maximize customer value. 

Generating or Innovative Capability is the utilization of process development technologies. 

They are the capability to carry out research and development work product-process 

innovation, the capability to drive commercial benefits by patenting useful research results, 

the capability to develop prototype and scale-up facilities for actual production, the capability 

to commercialize in house or contracted research and development results. Generation 

capability indicates the crucial realization of self-reliance and control of the critical 

technology components for effective international market competition (Sharif, 1994b) in the 

face of rapid technological changes. 
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Designing or Conceiving and Devising Capability is the actual utilization of product 

development technologies. This includes the capability to undertake product design, redesign 

and modifications for perceived felt needs, the capability to relate product design to 

producibility (the production process) factors, the capability to introduce creativity and the 

capability to move from imitation to the creation of new products for the future markets. 

Designing capability is important to recognize the customer utilities that are related to 

product function and performance. 

The capabilities are not purchasable item in the market place. They need to be learned either 

through training or by doing the related activities. The four components of technology and six 

categories of capabilities are interrelated (Sharif, 1995). 

2.6 Enabl ing E n v i r o n m e n t for Techno logy Transfer 

An enabling environment for TT, as described in the IPCC special report on Methodological 

and Technological Issues in TT (2000), includes macroeconomic conditions, the involvement 

of social organizations, national institutions for technology innovation, human and 

institutional capacities for selecting and managing technologies, the underpinning of 

sustainable markets for environmentally sound technologies, national legal institutions that 

reduce risk and protect intellectual property rights, codes and standards, research and 

technology development, and the means for addressing equity issues and respecting existing 

property rights (UNFCCC, 2000). 

The IPCC special report on Methodological and Technological Issues in TT (2000) 

recognizes that barriers to technology transfer exist at every stage of the technology transfer 

sequence and that there are 10 possible dimensions as described in Table 2.4 for enabling 

environments. 
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Table 2.4 : Ten dimensions of enabling environments according to IPCC (2000) 

(Source : UNFCCC, 2000) 

Enabling environment Influential acton EXAMPLES of activities 
National systems of innovation Governments, firms and 

industries, civil society 
organizations (CSOs) 

Clustering of SMEs, technology development 
boards, national health networks, agricultural 
research institutes 

Social infrastructure and 
participatory approaches 

Governments, CSOs, 
consumers 

Involvement of village conimittees/NGOs for 
renewable energy interventions, involvement 
of consumers 

Human and institutional 
capacity 

ALL: multilateral 
development banks (MDBs). 
governments, firms and 
industries. CSOs 

Teclinical training and education for budding 
practitioners and SMEs. awareness raising for 
consumers, demonstrations by farmer 
cooperatives 

Macroeconomic policy 
framework 

MDBs, governments, private 
financiers 

Energy sector reforms, joint venture and trade 
policies for industry, subsidies, investment tax 
rebates for wind farms 

Sustainable markets MDBs, governments, private 
financiers 

Revolving Hinds for efficient end-use and 
renewable energy devices, government 
procurement schemes, subsidies for suppliers 

National legal institutions WTO. MDBs, governments Patent laws for biotechnology and efficient 
lighting technologies, forestry regulation 

Codes, standards, and 
certification 

International organizations, 
governments, private firms 

Pollution standards for private and public 
vehicles, timber certification, equipment 
labeling 

Equity- considerations MDBs, governments, civil 
society organizations 

Formal recognition of socially vulnerable 
classes in solid waste management, grants for 
low capacity end-users 

Rights to productive resources Governments Land tenure rights for indigenous peoples 
Research and technology-
development 

MDBs, governments Direct funding for research on new crop 
varieties, coastal data monitoring, drugs for 
climate-sensitive diseases 

TT results from various actions taken by various stake holders. Key stakeholders are 

governments, technology suppliers, developers, buyers and users (research centers, private 

and state firm as well as individuals), financiers (international organizations) and 

intermediaries (NGOs, media, consumer groups, associations) (1PCC,2000). Although 

technology can be transferred directly between public agencies, between private-sector firms 

and between private partners and government, it is observed that increasingly technology 

flow depends on the interaction and coordination of multiple stakeholders (UNFCCC, 2003). 

The enabling environments component of the framework focuses on government actions, 

such as fair trade policies, removal of technical, legal and administrative barriers to 

technology transfer, sound economic policy, regulatory frameworks and transparency, all of 

which create an environment conducive to private and public sector TT. The purpose of the 

enabling environments component of the framework is to improve the effectiveness of the 

transfer of environmentally sound technologies by identifying and analysing ways of 

facilitating the transfer of environmentally sound technologies (ESTs), including the 

identification and removal of barriers at each stage of the process (UNFCCC, 2003). 
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Various stakeholder levels are responsible for creating enabling environments. As can be 

seen from Figure 2.8, at an international level, multilateral organizations frame Multilateral 

Environmental Agreements, the World Trade Organization (WTO) Agreements, etc. At the 

regional level, enabling environments have been created through regional charters and 

agreements. At the national level, the role of the government is crucial in framing public 

policy that enables the internal diffusion of ESTs, the adoption of foreign ESTs (subject to 

the appropriateness of the technology for local conditions), and, in some cases, the transfer of 

technologies to other countries. At the local level, the involvement of individual firms and 

industries in raising awareness among end-users on energy efficiency, running demonstration 

and training programs, and in building capacity has been crucial to EST transfer (UNFCCC, 

2003). 

UNFCCC negotiations, global 
environmental commitments. 
WTO multilateral funding 

ZZ1 
Regional networks, 
directives, 
commitments, 
cooperation projects 

Macroeconomic 
policies, national laws, 
public expenditure 

NGO capacity-building activities 
and local technology' transfer, 
industry demonstration projects 

Figure 2.8 : Different and interacting levels of enabling environment. 

(Source : UNFCCC, 2003) 

One of the most important conclusions drawn from literature survey on enabling 

environments at the recipient end in ITT, or internationally supported technology diffusion, is 

that the appropriate combination of policy tools, human and institutional capacity and 

technology absorptive capacity must exist. No single instrument can overcome the barriers 

prevalent in both developing and developing countries for EST diffusion. Economic 

instruments need transparent governance structures as much as they need the active support 

of financial and industrial authorities and community organizations, depending on the nature 

of the technology. The WTO Working Group on Trade and Transfer of Technology 

(WGTTT) has also acknowledged that "a mixed strategy that combines efforts toward 
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attracting foreign technology and increasing a country's absorptive capacity" is needed 

(WTO, 2002a). Figure 2.9 suggests some of the major elements that may be instrumental at 

the recipient's end. 

Figure 2.9: Integrated enabling environments framework at the recipient's end 

(Source : UNFCCC, 2003) 

The following Tables, 2.5 and Table 2.6, takes a look at the actions that helped to promote 

technology diffusion and ITT within two sectors namely Industry and Energy Supply. Each 

of the table will give an overview of some technologies, barriers, enabling environment and 

technology transfer experiences as an example. 
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Industry 

Table 2.5 : Industry 

(Source : UNFCCC, 2003) 

Example of Some enabling Example of technology 
technologies Some barriers environment transfer 
•Efficient boilers, •Lack of access to •Economic reforms •Bilateral and 
furnaces and motors capital and information that have opened up multilateral support for 

on efficient process and markets industrial training 
technologies programs 
(particularly SMEs) 

• Industrial •Shortage of trained •Energy price •National cleaner 
cogeneration equipment personnel rationalization, production centres 

•New production •Energy pricing not •Domestic and 
technologies( e.g. accounting for international programs 
efficient dry coke externalities; supporting funding for 
quenching) R&D and industry 

training 
•Efficient material use •Unclear policies for •Technology 

industrial cogeneration "anchoring" and 
demonstration 
programs in different 
regions of the country 
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Energy Supply 

Table 2.6 : Energy Supply 

(Source: UNFCCC, 2003) 

Example of technologies Some barriers 
Some enabling 
environment 

Example of technology 
transfer 

•Clean coal 
technologies 

•Decarbonization of 
flue gases 

o Carbon storage 

•Biomass-based 
cogeneration 

•Renewable energy 
technologies (e.g. solar 
photovoltaics, wind, 
biomass, small 
hydroelectricity) 

•Subsidies on 
conventional fuels 

•High economic cost of 
clean energy 
technologies, and higher 
financing costs due to 
perceived risks 

•Tariff barriers for 
imports of foreign 
technologies 

•Lack of management 
and administrative skills 
to develop technology 
cooperation contracts 

•Lack of competitive 
conditions for cleaner 
fuels 

•Production-sharing 
contracts (e.g. in oil and 
gas sectors) 

•A combination of 
national policies aimed 
at drawing FDI, trade 
liberalization and 
increasing stringency 
and enforcement of 
environmental laws 
•Resolving regulatory 
issues, and providing 
green electricity 
incentives 
•Involvement of NGOs, 
micro-credit agencies 
for renewable energy 
projects 

•Commercialization and 
market development 
strategies for renewable 
and alternative energy 

•International policies 
on trade, capacity-
building measures, 
sharing of best practices, 
and private sector 
investment-friendly 
policies 
•MDB loans to energy 
sector 
reforms/efficiency 
improvements 

•Support from the GEF 
for renewable energy 
market transformation 
programs in developing 
countries 
•Establishment of 
market facilitation 
organizations and 
clearinghouses by UN 
Organizations and other 
international 
organizations 
•Technical workshops 
and training programs 
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2.7 Operating Factors that can influence Technology Transfer 

As stated in Ramanathan (1997), the seven factor model describes seven major elements 

involved in TT. According to this model, the major elements can briefly be described as 

follows. It should be further stated that this model could be used to analyze TT projects, 

irrespective of whether the technology belongs to the manufacturing sector or infrastructure 

as these elements are common to any sector. 

These seven elements are as follows, 

1. Transferor - Transferor is the technology seller and should have specialized 

skills. He may sell his technology as a part of the commercialization process, if the 

technology does not fit into the overall business strategy or in fear of competitor selling 

the same technology. It is important to understand his motivation for TT, transferor's 

business stability and his previous experience. 

2. Transferee - Transferee is the buyer or recipient of technology. 

Understanding his motivations and commitment to purchase the technology are important 

in a TT project. 

3. Technology - Technology can be either a product technology or a process 

technology. The number of components of technology depends on the technology to be 

transferred. 

4. Transfer mechanism - This is another criteria that decides the extent of TT. 

Transfer mechanism can be either packaged or unpackaged. The TT mechanism has to be 

decided according to the capabilities of the transferee. 

5. Transferor's environment - The transferor's environment is the immediate 

set of conditions under which the transferor is operating. This analyses his capabilities, 

attitude and policies, and willingness for TT. 
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6. Transferee's environment - Transferee's environment analyses the 

transferee's ability to absorb the new technology, availability of infrastructure facilities, 

commitment and attitudes towards the change and skill of the workforce etc. 

7. Greater environment - Greater environment is the environment outside the 

transferee's environment. Political relations, exchange rates, balance of trades, national 

technological level and investment climate between two countries are considered as 

greater environment. 

These factors should be favorable for TT to be successful. 

2.8 Barr iers to the Transfer Process 

Technology does not stand alone, but encompasses political, social, economic and cultural 

values that can serve as barriers that impede the diffusion or transfer of technology. Figure 

2.10 shows the TT process with the many barriers that may impede the transfer process. The 

barriers to TT exist for all innovations, but some transfers are more affected by the barriers 

than others (Johnson, et al. 1997). 
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Figure 2.10: Conceptual View ot'Technology Transfer 

(Source : Johnson, el al, 1997) 

S o c i a l ba r r i e rs 

It is important to recogni/e that transfer occurs within a social system. The social system 

defines the boundary or limits within which the innovation will be transferred and diffused. 

Most transfers assume some sort of societal judgment. An individual will not recommend a 

technology to neighbors if it is detrimental to them or not of substantial benefit. Similarly, 

news of a new technology will not be printed in a scientific journal unless its benefit has been 

adequately proven. 



Political barriers 

The influence of political barriers on transfer was evident in a problem that occurred in India, 

where a near-famine situation prompted the development of an agricultural research system 

and the reform of the bureaucracy that had driven the peasants to poverty (Parayil, 1992). 

Before the development of the new technology, the colonial government was interested solely 

in increasing the production of exportable cash crops. In this case, the political agenda largely 

ignored the needs of the citizens between 1947 and 1965. The political barriers to transfer 

were not broken until an influential change agent gained a high level position in the 

government. This change agent pushed the technology through the political barriers by 

creating partnerships between the government and research institutions that ultimately helped 

to avert the famine and created an infrastructure in which the technology could thrive. 

Economic barriers 

The role of economic barriers in TT is apparent in studies of the transfer and diffusion of 

technology to the American cotton-textile industry (Feller, 1974). The adoption rate of a new 

loom was slow in the North because the industry had a heavy investment in non-automatic 

looms. In contrast, the new looms quickly spread throughout the South due to a relatively 

new textile industry that had not yet committed financial resources to a particular technology. 

Personal barriers 

An individual's particular concern about a given technology seems to be an influencing factor 

in the degree of acceptance Hall & Loucks, (1978). Hall and Loucks stress that individuals 

have different concerns about innovations and proceed through various stages before they 

fully accept the change. Rogers (1995) also asserts that transfer depends on certain 

characteristics of the end user. He contends that a very small percentage of the population, 

called innovators, constantly seek out new innovations. This group is followed by a larger 

group called early adopters who are generally eager to test new technologies. This group 

influences those around them and is often sought out for advice. This is a key group for 

change agents working to transfer a technology to identify because they can have a strong 

impact on their peers. Following this group is the early majority who tend to wait until they 

receive positive feedback from the early adopters about the technology before they become 

interested in adopting. Nearly half of the population trails behind these groups and has been 

classified as late majority and laggards. 
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Cultural barriers 

Cultural barriers also play a key role in TT. In many cases, the culture in which a technology 

is designed is different from that where it is ultimately used. Thus, it is important for 

designers to communicate with and understand the receiving culture (Pacey, 1986). This 

communication will help assure a solution that is appropriate for the culture and acceptable to 

social norms and values. Baranson (1963) stressed that designers should consider the 

characteristics of the labor force and the resources available in the receiving country. In 

developing countries, equipment should be small scale, rugged, and require minimal training 

for successful operation. These features should not be limiting, however, as the technology 

should have the potential to expand as a country's needs and resources expand. He explains 

that "little attention has been paid to accommodating technological design to cultural traits; 

instead emphasis has been placed upon adjusting societies to machines" (Baranson, 1963). As 

systems become more automated, those in charge of technology tend to believe that more 

computer power will make their processes more efficient. In pulling manufacturing and 

design toward automation, the tendency is to give as much power as possible to the machine 

and leave the remaining job tasks to the worker. This automation philosophy discounts the 

knowledge and intuitive capabilities of workers and pushes them to resent the technology. A 

better approach is to design systems around the workers, which offers the workers a change 

from mechanistic job tasks to higher-level tasks. 

Barriers can be external or internal or both in any organization and most probably internal 

barriers can be controllable if those are organizational control but external barriers due to 

government influence, regulatory related and cultural requirements can not be easily 

controlled. Barriers may generally be defined as factors that inhibit the TT process. The 

following is a short list of barriers relevant to the transfer (UNFCCC, 1998). 

Lack of qualified personnel: In the case of Sri Lanka or any other third world developing 

country, it may not have expertise in many fields and the people who do have interest in these 

fields also have migrated from the country due to various issues like low standard of living 

condition, security issues etc. 
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Financial risk: This is one of the key internal factors in most of the organizations. When the 

TT occurs, a heavy capital expenditure is involved in each component. Thus, there must be a 

good recovery mechanism from the transferred technology. If not, it's a high risk scenario. 

Therefore proper technology assessment needs to be carried out before the actual transfer. 

Inexperience in trade skill: This is not a major barrier in TT but proper knowledge is 

required to analyze the trade regulations between different countries. 

Low quality of supervision: This factor impacts heavily during the implementation and 

continuous maintenance. Since new technology is highly sophisticated, quality and 

supervision plays a major role and there is a need to give uninterrupted service to the 

customer. 

Management Capabilities: This refers to the capability to do analysis in order to transfer the 

appropriate technology and make the correct decision on time. Investing and risk taking 

capability should be with the management to make corrective decisions. Many companies are 

very reluctant to take risk. 

Institutional Gap: In joint ventures the institutional gap between the parties should be 

minimized in order to achieve high efficiency. Increased gap can be a major barrier to the 

effective transfer of technology. The issue of inappropriate or restrictive business was 

suggested as a barrier to the transfer of environmentally friendly technologies to some 

developing countries. An example of an inappropriate practice could be the transfer of 

outdated technology from developed to developing countries. 

Inappropriate Technology Transfer : The appropriate choice of technology is important for 

the technology to be absorbed. The term "appropriateness" makes significant sense in TT in 

terms of obsoleteness, culture of country, capability to maintain, scalability and cost 

effectiveness. 

Need for increased quality assurance: This refers to the increase in quality of the service 

after the installation of the new system. Therefore quality should be maintained in product 

and process in this service industry. This should also be looked at the initial point of transfer. 
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Poor R&D activities: This has crucial impacts on developing countries, even though resource 

and knowledge already exists, promoting and encouraging R&D activities does not occur. In 

any sector, if there are such facilities, all the capabilities will be in a higher level and TT 

process can be made smooth and successful. 

Basically lack of information: This is one of the major barriers to study and acquire the 

correct information for the correct requirement with low cost. Appropriateness again comes 

here because if the proper information is not available, then it will be far more difficult to 

find the required technology. Internal factors basically are developed from the organization 

such as financial risk; resistance for change, finding new market etc. Lack of information 

through many of the critical stages of the purposes of TT is a key barrier. These information 

gaps are frequently at the root of other significant barriers. Therefore information exchange is 

important for facilitating the transfer of technology. 

Technological barriers: Lack of infrastructure, lack of technical standards and institution for 

supporting the standards, low technical capabilities of the firms and lack of the technology 

knowledge base are the common barriers identified. 

2.9 Techno logy Needs Asse s sment and Sourc ing 

Technology needs are often poorly characterised and understood, even by the potential users. 

This failing impedes the effectiveness of others in the TT chain, including innovators, 

designers, developers, suppliers, financiers, insurers and regulators (Hay, 2003). 

Technology needs assessment is a coordinated set of country-, sector-, enterprise- or 

community- driven activities leading to the identification of technology needs, evaluation of 

specific technology options using generally accepted criteria, development of both specific 

and more integrated technology strategies and to facilitate the identification, development, 

selection, transfer, acquisition and uptake of sustainable technologies. The assessment 

involves all relevant stakeholders in a consultative process to identify the opportunities for, 

and challenges to, the successful uptake of sustainable technologies and the measures to 

address these opportunities and barriers through specific and more integrated actions. 
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The tangible outcomes of such an assessment are typically a portfolio of TT projects and 

capacity-building activities to facilitate and accelerate the development, adoption and 

diffusion of sustainable technologies in particular sectors, enterprises, locations and 

communities. The key activities are shown in Figure 2.11. 

Pre-nssessmeuf activities 
' establish institutional and related arrangements 
• define goals, objective, outcomes and outputs 
• prepare TORs for experts and other inputs 
• raise awareness of potential partners and stakeholders 
• recruit members of assessment team 
> establish informal networks 

Determine Kocus of Assessment, and C r i t e r i a 
* define priority sectors, sub-sectors and cross-cutting themes 
• develop criteria tor: 

• assessmy technology options 
• selecting and prionnsing technologies 

Ident i fy Technology Needs and Preferences 
• review, evaluate and synthesize available information 
• hold dialogues with stakeholders and technical experts 

Assemble I n f o r m a t i o n on Potential Technology Opt ions 
• focus on sustninabibty o f technology, opportunities and barriers 
• information includes technical, operational, insurance, financial, 

performance, transferability, replicability, availabil i ty 

Ident i fy , Eva luate and Pr ior i t ise the Terhnolo«»y Opt ions 
• reflect the needs and preferences 
• apply criteria for assessing technology options 
• apply criteria for selecting and prioritising lechnolooies 

Report, Disseminate and Implement Findings 
• prepare portfolio of technology-dependent projects and interventions 
• identify and address need for improvements in the enabling environment 
' establish and support collaborative partnerships for technology change 

Figure 2.11: Key activities in a technology needs assessment 

(Source : Hay, 2003) 
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T e c h n o l o g y N e e d s A s s e s s m e n t 

A prerequisite for any TT is the existence of an opportunity. This opportunity could take 

forms such as (Slowinski, et al. 2000); 

• Intensive Growth Opportunity- An opportunity where growth is possible within the 

firm's current business domain. 

• Integrative Growth Opportunity- An opportunity where growth is possible by building 

or acquiring businesses that are related to the firm's current business. 

• Diversification Growth Opportunity- An opportunity where growth is possible by 

adding attractive businesses that are unrelated to the firm's business 

• National policies and incentives for ITT (with respect to factors such as local and 

foreign investment, TT, research and development, intellectual property protection, 

and the environment) 

2.10 Types of Informat ion R e q u i r e d for I T T 

There are two main types of information that are required in making a decision on investing 

in a new technology or process (Slowinski, et al. 2000). 

• Product Specific Information. 

• Information on the Potential Suppliers of the Technology. 

2 .10 .1 P r o d u c t Spec i f i c I n f o r m a t i o n 

It is not an easy task to identify all the different types of product specific information that are 

needed in preparation for ITT. One way to solve this problem is to identify the information 

categories that are required, such as: 

• Available technologies and possible alternative sources. 

• Conditions for obtaining such technologies. 

• Condition in the potential product market. 

• Infrastructure requirements to use the technology within the enterprise. 

• Specific labour requirements. 

• Financial involvements. 

• Research and development facility requirements. 
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• Intellectual property protection. 

Somewhat different approach could also be utilized to list some of the kinds of information 

that are essential to the activities of modern industry and that must be covered during ITT 

preparation. 

• Market information in the Broadest Possible Sense 

Domestic and foreign markets; consumer habits and fashions; tariffs, taxes and 

other market restrictions; prices, including the price of goods produced by 

competitors; availability of transport and distribution schemes. 

• Information on Industrial Equipment, Machinery and Technologies 

- Available alternatives, prices, capacities, spare-parts situations, maintenance and 

repair facilities. 

• Information on Raw Materials and Semi-finished Goods 

-Opportunities to replace imported raw materials by domestic ones; new raw 

materials such as artificial fiber; prices; qualities; local appropriateness. 

• Infrastructure Information 

- Availability and supply costs of energy, water and transportation; quality of 

electrical power; labour situations, training opportunities, wages and social 

benefits; availability of qualified managerial personnel. 

• Information on the Industrial Environment 

Services; research facilities; industrial legislation, including legislation on 

patents; licensing, inquiry and extensive services; export promotion. 

Though it may be incomplete, this list shows the variety of information that has to be 

acquired and utilized when preparing and running industrial projects and enterprises. 

Different Types of Specific Product Related Information Required in Different Stages of 

ITT Project 

Information requirements, and in some respects also sources for information, vary in different 

stages of the project. 

• Information Requirements in the Pre-feasibility Study (First) Stage 

> Product quality and trends 

> Alternative products 

> Potential competitors that may produce the same or a closely related product 

> Market situation and analysis of trends 
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> Available technologies 

> Required equipment 

> Raw materials, utilities and labour requirements 

> Process and design development status 

> Intellectual feasibility under indigenous conditions 

> Possibility of developing an indigenous technology (starting of indigenous 

research) 

> Capital investment requirements and expected ROI. Operating and 

Manufacturing requirements and costs 

• Information Requirements in the Pre-feasibiliry Study (Second) Stage 

Same kind of information is required as the first stage. However, the needs have in one sense 

been partly narrowed down (some alternatives may have been discarded as not feasible) and 

in another sense broadened and depends on the alternatives that remain. At this stage, it will 

be necessary to obtain information on financing possibilities and the associated constraints as 

well as on legislative and registration conditions. 

• Information Requirements in the Bidding (Third) Stage 

> Iteration of the preceding stage, based mainly on the quotations or bids of the 

potential suppliers or licensors. 

> Technical services and assistance to be obtained from the licensor and the 

associated prices or expenses. 

> Licence fees to be paid and their terms and conditions 

• Information Requirements in the Contracting (Fourth) Stage 

Involves iteration of the preceding stage on the basis of the negotiations 

• Information Requirement in the Investment Implementation (Fifth) Stage 

Needs information on how the investment is developing in the light of technical, time and 

budget schedules. 

• Information Requirements in the Technology Maintenance (Sixth) Stage 

> Product quality and quality control methods 

> Product application, including potential new applications 

> Alternative products and alternative applications 
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> Alternative Raw materials 

> New developments (methods, legislation etc.) in environmental protection 

> Improvements in equipment design 

> Improvement in manufacturing techniques 

> Improvements in unit operations techniques 

> Improvements in the organization of production 

> Improvements in recovery and use of secondary and by-products 

> Market information on quantities and prices 

> Requirements of consumers/consumer acceptance 

> Potential competitors and the overall competitive situation 

2 .10 .2 I n f o r m a t i o n o n t h e P o t e n t i a l S u p p l i e r s o f t h e T e c h n o l o g y 

Some of the information relating to potential suppliers of the technology is subjective in 

nature. Technology transactions usually demand wide-ranging and long-lasting negotiations. 

It is, therefore, essential that every effort be made to minimize the possibility of frustrating 

disagreements, misunderstanding of difference of purpose and intention. Due consideration 

must be therefore be given to the standing, reputation and interest of the potential supplier. It 

should be remembered that a TT agreement is not simply a legal document but is also a 

business vehicle. It is not a simple sell/purchase agreement but one that constitutes a basis for 

cooperation among the parties for many years. Hence before accepting a company as a 

supplier of a technology, the recipient should collect reliable information on a number of 

elements: 

• Past performance on ITT including past project completed successfully (and failed 

project if there are any and reasons for failure). This could also include special 

achievements of the partner in the recent history (awards, ISO certifications, 

recognition by international/local industrial bodies, etc) 

• Details of other transferees 

• Facilities available for supporting the transferee. This includes personal, equipment 

capabilities and facilities to support the recipient with technical assistance, supply of 

spare parts (if supply of equipment is involved) and training of personnel. 

• Financial standing. This should include statement of assets and liabilities; business 

turnover in past years; cash flow details in past years; banker's references; bonding 

company reference; average working capital during the preceding financial year; 
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existing commitments, which should be considered in order to judge the ability of the 

supplier to fully meet contractual requirements in a timely manner. 

2 . 1 0 . 3 S o u r c e s o f i n f o r m a t i o n 

There are many sources of industrial and technological information to address the interest of 

potential licensees and investors (looking for a supplier of technology or a product to 

manufacture) and potential licensors (looking for an appropriate licence). However, potential 

entrepreneurs in developing countries often have no idea where to find a suitable technology 

supplier or partner. Despite the large amount of information available, the people who need it 

often do not know that it exists or do not know where to find it. Some of the common sources 

of information include: 

• Profit Oriented Sources 

> Engineering and consulting firms 

> Commercial databases 

> Technology brokers 

> Private consultants 

• Non profit oriented Sources 

> UN agencies such as UNI DO, APCTT of ESC A P 

> Universities 

> Consultants and embassies 

> Government research and support institutes 

> Industrial and trade fairs 

> Professional associations 

• Media Sources 

> Patent literature 

> Internet 

> On-line services 

> Technical journals 

> Scientific reviews 

> Conference proceedings 

> Professional referral periodicals 

> Publication of Industrial promotion agencies 
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• Personal Sources 

> Personal contacts (suppliers, friends, colleagues, etc) 

UN FCC (2003), have listed a comprehensive database on technology information clearing 

houses and several existing web-based portals that seek to enhance the information flow in 

TT. Many of their data bases contain useful information on EST's and they can be assessed 

through the internet and they are from reliable resources. This is tabulated in Appendix - 3. 

2 .11 . Techno logy Cho ice and Eva luat ing a Project 

A n i n t e g r a t e d a p p r o a c h for t h e c h o i c e o f a p p r o p r i a t e t e c h n o l o g y 

Choice of technology 

Technology choice has important implications for growth and productivity in industry. The 

use of technology is always tied to an objective. The issue of choice arises because of the 

various types of technologies which can be used to achieve an organization's objectives. The 

concept of technology choice assumes access to information on alternative technologies and 

the ability to evaluate these effectively. Moustafa (1990) asserted that, effective choice is 

based on pre-selected criteria for a technology's meeting specified needs. Furthermore, it 

depends on the ability to identify and recognize opportunities in different technologies. The 

expected outcome is that the firm will select the most suitable or "appropriate" technology in 

its circumstances. 

Firms are often faced with problems related to choice of technology. An approach to 

decision-making is suggested which integrates the salient and valuable features of both 

techno-economic and contingency approaches. It is based on findings of innovation diffusion 

research and the ideas of appropriate technology. It suggests three categories of criteria for 

screening: techno- economic, organisational and operating domain compatibility. The choice 

of technology could be based on the results obtained by this screening process. The approach 

is described here with a Bio Mass steam generation technology in Unilever. 
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From business perspective, the term 'choice' refers to a very strategic action that can be 

significantly influenced in the long - term sustainable development of a firm. From a 

management of technology perspective, firms are usually confronted with many problems 

related to choice: choice of technology, technique, mode of technology acquisition, R&D 

projects, products and /or service mix, and markets and market segments. In general, it may 

be said that management of business activities almost always involves the handling of choice-

related issue and problems. 

Wide variety of concerns including the need to: 

• Find a more harmonious and sustainable relationship with the environment; 

• Identify the way out of the accelerating energy and resource crisis; 

• Reduce alienating work; 

• Develop more socially conducive workplaces; 

• Revitalise local culture to counter the increasingly homogenous and sterile mass 

culture propagated through the electronic media. 

TT mainly served business interests by utilizing natural resources with no concern for 

environmental issues, cheap labour, and elite consumer markets. The result, for hundreds of 

millions of people, had been the modernisation of poverty and, in many cases the introduction 

of imported technologies which had resulted in a fundamental and massive assault on local 

culture. Therefore, the issue of technological choice arose essentially as an effort to import 

technology, adapt it if necessary, and develop technologies appropriate for the surroundings 

and compatible with the resource endowments. 

These efforts led to the coining of terms such as "intermediate technology" by Schumacher 

(1973), "appropriate technology" by Morawetz (1974), "progressive technology" by 

Marsden (1971), "third world technology" by Mathur (1968), "Alternative technology" by 

Dickson (1974), as well as "grass roots technology", "kind technology", "bare foot 

technology", "evolutionary technology", "non violent technology", "non polluting 

technology", "soft technology", "indigenous technology", "self help technology", and "green 

technology" cited by Ramanathan (1995) and from others. The proliferation of such terms, 

each coined to deal with very specific orientations of the analysts, appear to have caused 

considerable confusion. 
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This has led to inappropriate technology choices, because the specific orientations introduced 

by these analysts to examine a special issue tend to be rather loosely applied without 

examining their relevance in the particular situation. Bowonder (1979), has summarised the 

major reasons given by several analysts identifying the constraints that adversely affect the 

choice of appropriate technologies. Even though these views were expressed by the analysts 

over decades ago, the reasons appear to be more relevant today, especially in the context of a 

developing country. From a technological choice perspective these reasons may be elaborated 

as follows: 

• The absence of formalised and institutionalised criteria which leads to exclusive or 

monocular dimensions being used in selecting technologies (Maruyama, 1973). 

• The predominance of exogenous planners in technology selection and their inability 

to "extend the field of vision"(Ungstone, 1969). 

• Lack of co-ordination by different planning entities, and their inability to reach a 

consensus on the criteria to be used, and their prioritisation, in the choice of 

appropriate technologies. 

• The inability of many developing country firms to comprehend future complexities, 

and their restricted field of perception that makes it difficult for them to project their 

aspirations into the future (Bohler, 1973). 

• The influence of misconstrued socio-political paradigms in establishing technology-

choice criteria - the misinterpretation of 'self sufficiency' for 'self reliance', for 

instance. 

• The non availability of 'clean information' to many developing country firms 

regarding technology -choice decision taking. Due to their lack of skill in collecting 

relevant data and analysing it independently, many firms base their decisions on 

'edited' information from potential technology suppliers which often tend to stress 

only the main message that the provider of such information seeks to convey. 

All these limitations tend to work in a synergistic manner in weakening the technology -

choice process: as a result, technology that is not appropriate is often selected. Thus, in 

making technology choice decision, developing country firms need to: 
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• Develop multi-faceted perceptions that will incorporate not only pure techno -

economic criteria but also other, perhaps even more critical, dimensions relevant to a 

particular setting (Maruyama, 1973). 

• Encourage interdisciplinary interactions to facilitate co-ordination among planning 

entities and to reach a consensus on needs assessments and their prioritisation 

(Jantsch, 1972). 

o Use "multiple perspectives" in decision-making to extend the "field of vision" 

(Linstone, 1984). 

Factors in technology choice 

Making decisions regarding the choice of technology has basically taken two approaches, 

which for explanatory purposes may be called the 'pure techno-economic approach' and the 

'contingency approach'. 

The pure techno -economic approach - advocates the choice of technology based on 

technical criteria and well established economic analytical procedures such as cost- benefit 

analysis. This approach usually leads to the selection of a technology which satisfies all the 

stipulated technical criteria and promises the highest economic efficiency or highest net 

benefit (Sen, 1962 and Perkins, 1983). This is useful when the chosen technology is to be 

utilised in a surrounding similar to one in which it was developed and successfully 

commercialised, and for other similar purposes. However, when the surroundings of potential 

adopter of the technology and the objective functions differ, the pure techno economical 

approach needs to be modified. 

The contingency approach - analysts such as Dahlman and Westphal (1991), Fransman 

(1980) and Sharif (1983) have thus advocated the incorporation of other factors such as the 

technological capability of the potential user, nature of the supportive infrastructure and raw 

material availability. This contingency approach, they argue is more suitable for firms in 

many developing countries. 

However, the use of either of these two approaches requires the evaluation of the candidate 

technology in relation to some predetermined criteria. Analysts have some times been 

accused of using this factor to favor the selection of technologies that they prefer. Others 
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argue that the criteria used do not adequately reflect the concerns highlighted by the techno -

economic and contingency approaches. 

Thus, one of the critical steps in the choice of a technology is to establish a set of acceptable 

and usable predetermined criteria which can be used to evaluate candidate technologies. The 

literature on 'appropriate technology' and 'diffusion of innovations' is rich in such criteria, 

some of which will be outlined below. 

Appropriate technology 

Technology is a result of R&D efforts. However, different R&D efforts at different places 

produce different technologies for achieving the same or similar goals. This is because the 

operating domain (determined by parameters such as population, resources, economic, 

technological, environmental, socio-cultural and politico legal system) which act as a guiding 

force for the production of technology, is different even though the driving force, exerted by 

various needs, may be the same. 

Moreover, the objective function used in the development of technology at different places 

could also vary. Two basic components of the objective function are maximization of 

opportunities (positive effects) and minimization of losses (negative effects). 

Therefore, any technology is 'appropriate', at the time of development, with respect to 

operating domain for which it has been developed, and in accordance with the objective 

functions used for development. It may or may not be appropriate at the same place at a 

different time, because the operating domain and /or the objective function may have 

changed. Similarly, it may or may not be appropriate at a different place at the same time or 

at different times, because the operating domain and objective functions may be similar or 

different. 

Thus, technological appropriateness is not an intrinsic quality of any technology, but is 

derived from the operating domain in which it is to be utilized and also from the objective 

function used during evaluation. It is, in addition, a value judgment of those involved. 
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Bownder (1979) has proposed a set of choice criteria that may be used to decide the 

appropriateness of a technology. These criteria with suitable adaptations are listed in Table 

2.7. 

Table 2.7: Criteria for selecting appropriate technology 

C r i t e r i a P r e f e r r e d p a t h 

Energy intensiveness Should use less energy 

L a b o u r intensiveness 
Should be in accordance with man power endowment of the 
country but without leading to inefficiency 

C o s t intensiveness Affordable 

Productivity High 

Durabil i ty Easy to maintain 

Ease of operation Easy to impart operation and maintenance skills 

Scale of operation Suitable for the use of small -and medium -scale units 

Sectoral effectiveness 
Capable of contributing to more than one economic sector such as 
(power, agriculture, forestry, industry etc.) 

R a w material requirement Ability to use locally available raw material 

Impor t substitution Utilising local resources 

Ecological stability Environmentally friendly 

Waste recycling Capable of utilizing work 

R u r a l orientation Suitable for use in rural areas 

Delocalisation Capable of being diffused into many localities 

Income disparity reduction Capable of reducing income disparity 

Socio-cultural stabilization Should not have an adverse impact on socio -cultural conditions 

Local ownership Capable of facilitating local ownership 



Diffusion of innovations 

The term innovation is used broadly in the field of MOT to refer to a new product, technique, 

practice or idea. The term 'new' is also used in a general sense to reflect the fact that an item 

classified as an innovation might be intrinsically new or it might only be new to the setting in 

which one finds it. A well accepted definition by Lin and Zaltmann (1973) of innovation is 

"any idea, practice or material artifact perceived to be new by the relevant unit of adoption". 

Thus technologies of relevance to firms are included under this broad definition. 

Considerable work from multi-dimensional viewpoints has been carried out in diffusion of 

innovations over the last few decades. A comprehensive review of such work has been 

outlined in Ramanathan (1982). Summaries are also available in Sharif and Ramanathan 

(1984). This extensive literature on the diffusion of innovations shows that adoption 

decisions are taken by potential users, especially at the firm level, based on a number of 

demand and supply side criteria. 

An integrated approach 

The above criteria are used to assess whether a particular technology or innovation: meets the 

desired techno - economic specifications; is compatible with the economic and technological 

capability attributes of the organisation where it is to be used; and is compatible with the 

expectations of the operating domain - the national socio political milieu. These three 

categories of criteria, for the sake of convenience and ease of explanation, may be referred to 

as: techno economic compatibility criteria (TECC); organizational capability compatible 

criteria (OCCC); and operating domain compatibility criteria (ODCC). These categories are 

described in Table 2.8. 

-59-



Table 2.8.: Integrated approach - Technology choice criteria 

a. Techno- economic compatibility criteria (TECC) 

C r i t e r i a P r e f e r r e d pa th 

Technological complexity Degree of ease of use 

Qual i ty characteristic 
Degree of contribution towards the improvement of the quality 
out put 

Energy intensity Degree of energy saving 

Ecological stability Degree of environmental friendliness 

W a s t a g e recycling 
Degree of usage of wastage and facilitation of pollution 
prevention 

C o s t Size of investment required 

Profitability Degree of enhancement of profitability 

Utility - adjusted price ratio Comparison with other alternative technologies 

Productivity Extent of productivity increase 

Demonstrated usefulness Number of firms already using the technology 

b. Organisational capability compatibility criteria (OCCC) 

C r i t e r i a P r e f e r r e d pa th 

Scale of operation Suitability for the use in small and medium firms 

L a b o u r intensity Degree of use of available labour and skills 

Durabi l i ty Degree of ease of maintenance 

Ease of operation Degree of ease of operation 

State-of - the - a r t 
State -of-the-art of the technology in comparison to technology 
existing in the firm 

Interaction 

The type of interaction that the technology will have with other 
concurrent technologies currently being used by the organization -
independent, complementary, contingent or substitute 
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c. Operating domain capability criteria (ODCC) 

C r i t e r i a P r e f e r r e d pa th 

Suppl ier actions 

Degree of facilitation by supplier in terms of market selection, 
market segmentation, promotional communications, pricing and 
infrastructure development (after sales service, spare parts supply, 
trouble shooting etc) 

Government actions 
Degree of facilitation by the government in terms of infrastructure 
development, promotional communication and regulation/promotion 
(fiscal and financial incentives etc) 

Sector effectiveness Degree of contribution to other economic sectors 

R a w material requirements Degree of use of locally available raw materials 

Impor t substation Degree of conservation of foreign exchange 

R u r a l orientation Suitable for use in a rural setting 

Delocalisation Capability of being diffused into many localities 

Income disparity reduction Degree of contribution towards reducing income disparity 

Socio-cultural stabilisation Degree of non -adverse impact on socio cultural conditions 

Local ownership Degree of facilitation of local ownership 

2.12 Conc lus ion 

The literature review in this chapter examined the key words related to this topic on TT and 

its concepts. Furthermore, it examined in detail the concepts, theories and various models 

developed by different authorities and international bodies. Different definitions related to 

ITT have also been discussed in-depth in order to provide a comprehensive study about this 

topic. 

The literature review reveals that comprehensive TT takes place only when the transfer has 

transferred the technological components and the transferee is able to absorb and enhance the 

technological capabilities with time. Successfulness of ITT project can be concluded only 

after the full absorption of the technology, which depends on the various factors, such as 
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components of the technology to be transferred, transfer mechanism, capability of the 

transferee, appropriateness of the technology, environment of the transferor and transferee 

etc. Therefore, it emphasizes the need for following a systematic approach for managing the 

TT process. 

The following are the major contributory steps for successful TT. 

I. Choice of right technology 

II. Right supplier/source (Transferor) 

III. Right mechanism 

IV. Favorable environment of the Transferee a Transferor 

V. Supportive greater environment 

VI. Transfer of all needed components of technology 

VII. Achieving higher level of technological capabilities 

Ramanathan (1994) highlighted that in comprehensive TT, both product technology and 

process technology needs to be transferred. Components of process technology are 

Technoware, Humanware, Orgaware and Infoware whereas product technology consists of 

Product Design Infoware and Product Usage Infoware. Ramanathan (1997) reiterates that 

Technological Capabilities needs to be enhanced in order to have a successful TT. 

Ramanathan (1997) has successfully demonstrated that the Seven Factors namely Transferee, 

Transferor, Technology, Linking Mechanism, Transferee Environment, Transferor 

Environment and Greater Environment significantly affect the effectiveness of TT. 

Hemachndra (2004) and Hussain (2005) concluded that application of technology 

components model was successful in identifying the level of TT. 

Finally, the literature on technology choice and the evaluation of a national project as a case 

study have also been reviewed since this section is of utmost importance to USL business as 

well as to other industries. This is an integrated approach for the choice of appropriate 

technology. 

In conclusion, the objective of the literature review in this chapter is to provide the reader 

with an overall knowledge and understanding of ITT. Also, this chapter has reviewed in 

-62-



detail the general concepts, definitions, theories and various models in relation to 

"components of the conceptual model on technology transfer", the model which the 

researcher developed in Chapter 3 and used to carryout the analysis in Chapter 4. 
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