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ABSTRACT 
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Year 2009 

 

 

This research studies the effects of University-Industry Interaction (UII) on 

innovation project performance from the perspective of university researchers. The 

main objectives are: 1) to identify the main factors of the researchers’ project 

performance that will benefit private firms, 2) to investigate the power of University-

Industry Interaction (UII) on project performance, and 3) to test the model of 

University-Industry Interaction (UII) and project performance as well as the 

relationship of all the factors in the model.   

 The author distributed questionnaires to faculty members in two universities: 

Chulalongkorn University and Mahidol University. The respondents were researchers 

in the fields of Science and Technology and Engineering. In  total, 296 respondents 

answered the questionnaires. For the research methodology, several quantitative 

statistics were used in this study including descriptive statistics, t-test, ANOVA, and 

Structural Equation Modeling (SEM). 

 The results of the statistical testing showed that the factors affecting the 

project performance either directly or indirectly through UII are: UII, Information and 

Communication Technology capabilities and social network. The indirect impacts are 

the firm characteristics, researcher characteristics, and social network. UII has the 

most influence out of all of the constructs that have a direct impact on project 

performance. It can be concluded that all constructs have a positive impact on the 



 iv

performance of the project and have different values depending on the factors and 

relationships.  

This dissertation concludes by providing recommendations and direction for 

future research. The results of this study can be used to provide recommendations to 

the three main parties in the triple helix model, namely government, industry (private 

firms) and university.  
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CHAPTER 1 

 

INTRODUCTION 

 

This chapter introduces the topics and areas of the research study. The 

significance of the study in the areas of University-Industry Interaction (UII) and 

project performance are also included. The important linkage between universities, 

industry, and the government has been clearly defined by many scholars, such as 

Patarapong  Intarakumnerd, Pun-arj Chairatana and Tipawan  Tangchitpiboon (2002); 

Brimble and Doner (2007); Schiller and Liefner (2006). 

The context of this study is that of the perspective of researchers. The author 

mainly highlights university researchers who have had interaction with private firms. 

The objectives and scope of this study are explicitly identified. The benefits of and 

dedication to both the aspects of academic contribution and practical contribution will 

be discussed with their specific roles which the study will provide important insights 

into the field of innovation. 

 

1.1  Significance of the Study 

 

The concept of the National Innovation System was introduced in the 1990s to 

refer to the new economy that altered the relationships among science, technology, 

innovation, and economic performance. In Thailand, the National Innovation System 

is approaching a stronger and more synergistic system. Changes in government and 

private firms are noticeable but there are also some passive players (UNESCO, 2009). 

Whether these changes will have a significant impact on Thailand’s ability to innovate 

and compete at international level.   

Thailand is undergoing an economic transition from an agricultural to 

industrial economy (Patarapong Intarakumnerd, Pun-arj  Chairatana and Tipawan  

Tangchitpiboon, 2002). According to GDP reports from the 1960s to the late 1990s, 

the agricultural sector in the overall Thai economic structure has been following a 

rapid downward trend, while experiencing growth in the industrial sector. According 
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to UNESCO (2009), Thai exports have also shifted into more advanced technology 

areas and undergone differentiation but technological complexity is still an issue. 

Knowledge concerning the National Innovation System in Thailand is in the 

early stages (Pun-arj Chairatana and Patarapong Intarakumnerd, 2002). Policy makers 

realize that it is essential for Thailand to increase its innovation capabilities in order to 

be competitive. Thus, there are important issues of public policy that need to be 

explored, such as the way of evaluating the performance of national innovation within 

Thailand. Policy makers need to know thoroughly the process of innovation and 

technological changes. This would definitely help Thai firms become familiar with 

innovation and compete with international companies.  

The main concept of the National Innovation System (NIS) is that of the 

linkages among Government, Industry, and University. Universities play an important 

role in any research related to innovation. Knowledge capability, invested capital, and 

knowledge transference are important factors for project success. However, without 

University-Industry Interaction (UII), projects may face some obstacles. 

Furthermore, the findings of some studies have insisted on the idea of 

universities supporting basic research that has a direct result for firms by providing 

clear knowledge and tangible results. Also, a more advanced perspective will consider 

the indirect benefits, for instance, more useful knowledge, training graduates for more 

skills, inventing new scientific instrumentation and methodology, forming networks 

through intercommunication and social interaction, gaining more scientific capability 

and problem solving in technology (Salter and Martin, 2001), offering social 

knowledge and, finally, accessing distinct facilities (Scott, Steyn, Geuna, Brusoni and 

Steinmueller 2002; Molas-Gallart, Salter, Patel, Scott and Duran 2002) state that it is 

appropriate to assume that the participants from Universities are not involved in basic 

research but that it is the third mission for them. 

Many studies have found cause to improve and cease the integration of 

University-Industry-Government (UIG) (Patarapong Intarakumnerd et al., 2002) but 

no studies have aimed at addressing the linkages among these groups resulting in  

solid proof as to how projects can become more successful and productivity can be 

increased in less time. The range of linkages between the university and industry 

bodies of knowledge in this study intend to define essential factors that affect project 
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performance and innovation issue. It has also been reported that the interaction 

between Thai educational institutions and firms are weak (Brimble and Doner, 2007). 

A structured flow of knowledge should include joint industry research, public-private 

sector partnerships, technology diffusion and movement of personnel. 

Universities are the research units that have the purpose of creating new 

knowledge. This happens in most developing countries (Chataway and Wield, 2000). 

However, only a small amount of the basic research in a university research unit is 

developed by students who are research staff under the supervision of professors (Jain 

and Triandis, 1990). Their main contribution of discovering new knowledge for 

society’s development is also weighed down with the responsibility of teaching, 

community service and administrative duties. 

According to Somchai Numprasertchai and Igel (2002), the advantage of 

university research in Thailand is the freedom of carrying out research based on their 

interests with few administrative procedures involved. However, there are also the 

disadvantages of financial shortages, a need for more basic knowledge, and a failure 

to target market needs. As a result, the research output in Thailand has barely found 

actual social implementation, registered patents or been turned into commercial 

products. It should be noted that research policy, resources, incentives, motivation, 

teamwork and effective time management are key factors to Thai university research 

performance. 

There is a concern on how easy on the ongoing in changes for the institutional 

settings to maximize University-Industry Interaction (UII) because the ongoing 

benefits from academic activities was disregarded. Moreover, the reflection of 

academic has honored some aspect of the University in University-Industry 

interaction (UII), as a result there is a gap in the literature. 

One, researchers have paid more attention to studies at the institutional level, 

e.g. Vedovello (1997); Marques, Caraca and Diz (2006); Rasmussen, Moen, and 

Guldbransen (2006) and hardly at the individual level and also more on the input 

factors rather than the characteristics of personal involvement (Lee, 1996 and D'Este 

and Patel, 2005). Despite the power with which public universities can decide which 

activities they can interact in, the work on scientific production also gives some 
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understanding into the effect of personal characteristics on University-Industry 

Interaction (UII). 

Two, studies on managerial actions have mostly focused on case study 

analysis that have led to increasing University-Industry Interaction (UII) (Vedovello, 

1997; Marques et al., 2006 and Rasmussen et al., 2006), sometimes evaluating and 

describing the degree of interaction (Vedovello, 1997; Schartinger, Rammer, Fishcher 

and Frolich, 2002; Mora-Valentin, Montoro-Sanchez and Guerras-Martin., 2004; 

D'Este and Patel, 2005). They have neglected to define the type of firms to be targeted 

on the assumption that benefits from any public firms should all be alike and therefore 

settle for any firm that matches an average profile in the region.  The allocation of 

resources should be such that it encourages the exploration of literature on UII from 

the firm’s perspective for better understanding of how to interact with firms. 

However, there is no explicit reason why there should be no interaction with non-

targeted firms. 

Finally, in more advanced technological countries, US (Lee, 1996), Canada 

(Hanel and St-Pierre, 2006), the UK (Vedovello, 1997; D'Este and Patel, 2005), 

Germany (Schartinger et al., 2002) or Scandinavia (Rasmussen et al., 2006), and 

sometimes under development in technological countries like Spain (Mora-Valentin et 

al., 2004) or Portugal (Marques et al., 2006), the research is usually carried out at the 

country level. At the regional level, analysis should also be considered important 

since the  role of UII may be different. However, a level of  attention should also be 

particularly paid on low-tech regions with exceptional records of pioneering (Buesa, 

Heijs and Martinex, Baumert, 2006) such as Aragonin in Spain (Martinez-Sanchez 

and Pastor-Tejedor, 1995) although their properties for interaction may be less 

desirable. 

This is a significant area of study because the research results can be applied 

by Thailand's National Science and Technology Development Agency (NSTDA), and 

National Innovation Agency (NIA) in forming the best policy. With better 

understanding of the linkage, policy makers can be relied on to improve innovative 

project performance. As the goal for this study is to strengthen National Innovation 

System interaction between government, industry, and university, the government can 

allocate suitable budgets or other resources as it sees fit. 
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1.2  Research Objectives 

 

Whereas a broad picture of the Triple Helix Model and National Innovation 

System has been studied and reported, the literature lacks an extended body of 

knowledge about the problem of inter-parties linkage. This study aims at studying the 

factors determining project success resulting from the interaction between university 

and industry. There are three research objectives: 

1)  To identify the main factors on a researcher’s project performance that will 

benefit private firms 

2)  To investigate the influence of UII on project performance 

3)  To test the model of UII and project performance as well as the relationship of 

all factors in the model 

 

1.3  Scope of the Study 

 

The scope is to define the main factors that drive researcher project 

performance in terms of interaction between university and industry. 

The study mainly concentrates on science and technology as their role in 

developing innovation and also the outcome of science and technology is measurable 

and tenable for new products or equipment. The author targets Thai researchers who 

are instructors in Thai public universities. 

The study of the focus is on the analysis and discussion of the researcher’s 

project performance in Thai public universities mainly in the fields of science and 

technology. 

 

1.4  Benefits of the Study  

 

The benefits of this research can be explained in terms of its theoretical and 

practical contributions 
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1.4.1  Theoretical Contributions 

The research study benefits from various theories including Organizational 

theory and New Growth theory. The author’s contribution is intended to fill in the 

literature gap by providing perspective on UII with theoretical reflection from the 

academic side at the individual level along with evaluating the degree of interaction of 

faculty members and firms that they are targeting. 

 

1.4.2  Practical Contributions 

The capability of applying research results that help to increase both the 

efficiency and effectiveness of policy formulation and for policy makers to gain better 

perspective in transferring knowledge from university to industry. Finally, budgets 

can be more wisely utilized. 

 

1.5  Definitions of Key Terms 

 

For the purposes of this study, some basic definitions are needed to help in 

understanding the contents of this dissertation. In this section, the author provides the 

definitions of key terms as follows: 

1)  Project performance refers to the results of a project that can be measured 

by time, cost, and technical performance. 

2) University-Industry Interaction is the effort and commitment between 

university and industry. 

3)  Information Communication Technology Capability is the ability of an 

organization to use technological tools to capture and to exchange useful information 

and knowledge in a manageable manner. 

4)  Social Network refers to the relations among the organizations and external 

groups, such as government agencies and private firms. 

5)  Researcher Characteristics refers to the specific personal characteristics that 

matter in the process of scientific production.  

6)  Firm Characteristics are those specific firm characteristics that matter 

including size, geographical location, and technological level. 
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1.6  Organization of the Study 

 

This dissertation is organized into six chapters. The first chapter is the 

discussion of the significance of the study, objectives, scope, and benefits in terms of 

theoretical as well as practical contributions. 

1)  Chapter Two is an overview of innovation and development in Thailand.  

2)  Chapter Three covers the literature review and past studies of related 

research. This chapter also discusses the growth theory, agency-cost theory, 

organizational theory and the key constructs of the study. 

3)  Chapter Four is the study of research methodology, including the details of  

the structural equation modeling and fit indices, that is used to measure the fit 

between the data and the proposed model. 

4)  Chapter Five provides the results of the study, including a discussion of the  

findings of this research. 

5)  Chapter Six provides discussion, conclusions and recommendations for  

further studies. 

In conclusion, this chapter provided the significance of the study and its 

context of innovation development in Thailand. Innovation is a key factor in 

developing the Thai economy. The emphasis is on the University-Industry linkage and 

project performance at the individual researcher level through which the author hopes 

the government can gain a greater and clearer insight. Then, the government can 

enhance policy and hopefully enhance the government-industry-university 

relationships. The author has also pointed out several crucial contributions in this 

study 



 

CHAPTER 2   



INNOVATION AND DEVELOPMENT IN THAILAND 

 

2.1  Background of Thai Economic Development 



According to reports, the Thai economic structure has shown a rapid decrease 

in the Thai agricultural sector in terms of GDP, from 40% in the 1960s to 

approximately 10% in the late 1990s while, at the same time, experiencing a trend of 

growth in the industrial sector. Thailand is undergoing the economic transition from 

an economy in which everything started from agriculture to the shift to a distinctive 

and significant industrial sector (Patarapong Intarakumnerd et al., 2002).  Noticeably, 

in the 1990s, Thai exports shifted from labor-intensive exports and into more 

advanced and differentiated technology. However, the degree of complexity in 

technological activities does not reflect the dividing categories, for example, high 

complexity technology and high value-added components are imported while the high 

technology-based exports category are assembled locally. (UNESCO, 2009) 

The ten-year Science and Technology Action Plan (2004-2013) has adopted 

the concept of National Innovation Systems and industrial clusters with the main 

objectives of increasing Thailand's capacity to respond to the rapid changes in the age 

of globalization and the increased competitiveness of countries in the long term, as 

drivers of its vision that “The Thai economy will be strong, the Thai knowledge-based 

society will be able to compete internationally, the Thai nation will be secure, and the 

Thai people will have a good quality of life.” 

The four fundamental factors that emphasize the importance of developing the 

plan are (UNESCO, 2009): 

1)  The strength of the National Innovation System 

2)  The strength of human resources 

3)  An encouraging environment for development, and 
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4)  The capacities of the four core technologies for the future, i.e. information 

and communications technology, biotechnology, material technology and 

nanotechnology. 

However, the scope of the plan is much broader than these fundamental 

factors. The measurements are aimed to encourage innovation and to strengthen the 

National Innovation System with industrial clusters being clearly identified 

(Patarapong  Intarakumnerd et al., 2002).  The targeted clusters are almost identical to 

those that were identified by the government, namely food, automotive, textiles, 

software, microelectronics, tourism, life science, and community (grassroots) 

products. The Cluster Development Agent will be responsible for fostering the 

collaboration among the players in each group.  

 

2.2  Background of the Thai National Innovation System 



The National Innovation System (NIS) emerged during the 1990s, referring to 

the new economy that altered the relationships among science, technology, 

innovation, and economic performance.  However, to successfully produce, 

accumulate and proliferate to promote competition in the knowledge-based or 

learning economies, such relationships among the different players within the 

innovation system are important (Archibugi and Lundvall, 2001; Lundvall and 

Johnson, 1994). 

The Thai NIS is “gradually evolving” from a “weak and fragmented” system 

to a “stronger and more synergistic” one. While signs of change in government and 

significant numbers of private firms have been seen, other players seem to be more 

passive (UNESCO, 2009). Whether these changes will have a significant impact on 

Thailand’s ability to innovate and compete both within the country and compared to 

significant competitors is yet to be decided.  

Even though policy makers have begun to realize the importance of innovation 

in being competitive in Thailand, it remains an important public policy issue in 

Thailand. Thailand’s NIS and knowledge of industrial clusters is still at the early 

stage. There are several issues that need detailed exploration along with a means of 

how to evaluate the performance of Thai national innovation (Pun-arj Chairatana and 
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Patarapong Intarakumnerd, 2002). Thai policy makers must know the process of 

innovation and the technological changes that will help Thai firms become more 

innovative and make them more competitive internationally. They also need to 

consider how to stimulate innovation, create greater benefits to society and produce 

more efficient trading results from R&D and other innovation investments. Lundvall 

(1988) address the interaction among the different players including Industry, 

University, and Government which can be described through the National Innovation 

System as shown in Figure 2.1. 

 

 

Figure 2.1  Interaction Among the Three Main Parties. 



The National Innovation System (NIS) relies on the concept of understanding 

the relationships among institutions, especially those whose relationships are based on 

the collective system of knowledge creation, diffusion and use. These are important 

tools in improving the innovation performance of the country. These institutions are 

both ‘Things that pattern behavior’, such as rules and legal standards and 'formal 

structure with clear objectives' such as firms, industrial R&D laboratories, 

universities, and public R&D institutes (Pun-arj Chairatana and Patarapong 

Intarakumnerd, 2002) 

The Triple Helix takes a similar approach to the NIS in terms of innovation 

development. The former states that the university plays an increasing role in 



11 

 

innovation and in increasing the knowledge of society while the latter determines 

firms (the industry) as taking the leading role in innovation (Etzkowitz and 

Leydesdorff, 2000). Both models confirm the importance of UII study. 

 

2.2.1  Firms in the National Innovation System (NIS)  

Studies (Bell and Scott-Kemmis, 1985; Chantramonklasri, 1985; TDRI, 1989 

and Arnold, 2000) have claimed that the National Innovation System seems to be less 

successful for Thai firms due to a lack of focus on long-term technological 

capabilities development and also they have been shown to be slow and passive in 

their technological learning with only a small minority of Multinational Companies 

(MNCs), Large-size domestic firms and SMEs being capable of investing in R&D. 

The rest still lack basic R&D capabilities. 

The current stages of the technological capabilities of firms located in 

Thailand are shown in Figure 2.2. 
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Figure 2.2  Current Stages of Technological Capabilities of Firms located in Thailand 

Source:  Patarapong  Intarakumnerd et al., 2002. 
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Patarapong Intarakamnerd et al. (2002) reveal the following weaknesses  

of Thai firms:  

1)  Low technological capabilities of Thai firms  

2)  Producing innovative activities without properly implemented 

R&D for the products. 

3)  No encouragement of  the indigenous technological capabilities of 

Thai firms 

 

2.2.2  Universities in the National Innovation System (NIS) 

Universities in the Thai education system remain relatively weak and growing 

in number (Schiller, 2006). Based on the study by Patarapong Intarakamnerd et al. 

(2002), there are 24 public universities and 50 private universities with a learning 

capacity of 1.1 million students. They are concentrated in the areas of Social Sciences 

and Humanities, but the quality of the universities and their graduates is not high 

compared to other universities in Asia. The Brooker Group (1995) revealed that their 

research abilities are still underachieving with poor industrial relevance and in the 

early stage of long-term development and formal links. Rather than concentrating on 

organizational commitments, the personal connections between individual researchers 

and companies are the linkage. Most industry–university links represent short-term 

training or ad-hoc use of consulting or research activities. The range of activities and 

mechanisms remain relatively limited in terms of both the nature and depth of activity 

and complexity of institutional mechanisms.  

In 2002, Thai public universities were made semi-autonomous. While 

subsidized by the government, they left the rigid conformity of government, gaining 

more financial freedom with the expectations of generating more income from other 

sources, especially from the private sector. The result being more relevant research 

and other activities to industry. The efforts of acquiring funding from industry and 

forming relationships with industry are through collaborative R & D and training 

(TDRI, 1998). As in the case of a joint venture between King Mongkut’s Institute of 

Technology, North Bangkok and the Hi-tech Industrial Estate to establish the 

Ayutthaya Technical Training Centre, where they provide training and facilitate the 
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recruitment of skilled workers in the industry under the support of Japanese 

companies (Brimble, 1999). 

Thai universities provided insufficient manpower in the past which resulting in 

a recent radical change in funding and the higher education system in competition, 

good conduct and fiscal discipline. Schiller and Liefner. (2006)indicates the expected 

impact on the needs of universities in the region in future: 

1)  Stagnant public funding is an opportunity for all kinds of new 

income sources.  

2)  Outward orientation is given since basic funding of universities 

mainly covers teaching expenses.  

3)  Research agencies support joint research with industry and 

commercialization  even though these projects are still quite small and too bureaucratic.  

4)  Technology policy has started to promote research and 

development, but has not yet been implemented in a structured way.  

5)  For individual promotion, in particular, the teaching record is more 

important than excellence in research and academic services.  

6)  There is not enough high quality research which is potentially 

beneficial for industry.  

7)  Regulations for industrial projects are not fixed at most universities 

and, therefore, do not encourage academics to conduct personal projects with official 

consent.  

Patarapong Intarakumnerd et al. (2002) listed the following characteristics of 

Thai universities in terms of science and technology development:  

1)  Producing much more Social Science graduates than Science and 

Engineering graduates to the ratio of 67:33. 

2)  Many Science and Engineering graduates fall short in operating 

modern and effective tools. 

3)  Less Ph.D. and Master-degree graduates per year. In 1998, there 

were 89 Ph.D. graduates of whom only 3 were in Engineering. 

4)  Ranking in Science and Technology is low compared with others in  

the Asia-Pacific region. Placed at 25th with a tendency to fall over time according to 

Asia Week Magazine’s rankings in 2000. 
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5)  Weak research culture and capabilities as proven by low 

international recognition in the publication of research. Three times less published 

works than Singaporean researchers in the number of publications, according to the 

Science 17 Citation Index. 

6)  Concentration on basic research while losing sight of industrial 

relevance. 

 

2.2.3  Government in the National Innovation System (NIS) 

The National Science and Technology Policy was first implemented in 

Thailand in 1979 during Prime Minister Gen. Kriangsak Chamananta’s tenure after 

the establishment of the Ministry of Science, Technology and Energy. This showed 

the explicit intention of the government to adopt science and technology in 

developing the country and now the public organizations relevant to science, 

technology and innovation both directly and indirectly have increased and become 

more widely known (Preeda Youngsuksathaporn, 2005). 

For the past 20 years, many important government institutions for innovation 

have been founded, including the National Research Council of Thailand (NRCT), the 

Office of Policy and Strategy (OPS – formerly the Office of Policy and Planning in 

Ministry of Science and Technology), the Thailand Research Fund (TRF), the 

National Science and Technology Development Agency (NSTDA), the National 

Economic and Social Development Board (NESDB), the National Science and 

Technology Policy Committee (NSTC), and the National Innovation Agency (NIA).  

An illustration of the linkage of the institutions involved in science, 

technology, and innovation is shown in three levels: Policy Formulation, Policy 

Development, and Policy Implementation and Execution, as shown in Figure 2.3. 
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Figure 2.3  The Three Levels of Policy Formulation, Policy Development, and Policy  

                   Implementation and Execution  

Source:  UNESCO, 2009. 



Patarapong Intarakumerd et al. (2002) generalized the government policies 

relating to science, technology, and innovation as follows: 1) Innovation policies were 

not consistent and well articulated.  2) The policies of promoting industrial 

technology development were given low priority and excluded from industrial, trade, 

and investment policies.  3) Unlike NIEs, industrial policies to promote targeted 

industries/clusters were not established and there was no cooperation regarding state 

subsidies.  4) The weight of government effort was placed on technology 

development activities for industry by public institutions rather than technological 

development within industrial firms.  5) There is an obvious imbalance between 
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science, technology, and innovation organizations and economic organizations related 

to technology development. 

 

2.2.4  University-Industry Interaction in Thailand  

Thailand has poor university-industry linkage (The Brooker Group, 1995). 

Rather than focusing on long-term and organizational commitments, personal 

connections between individual researchers and companies are emphasized and the 

short-term training or ad-hoc use of consulting or research activities represents the 

link. This shows the limits in terms of both the nature and depth of activities, and the 

institutional sophistication of mechanisms 

The three main groups of modalities of Thai universities as classified by 

Brimble and Doner (2007) are Training and Education, Services and Consulting, and 

Research (as shown in Table 2.1). There is a preponderance of linkages involving 

universities training employees in relatively low technology areas and individual 

consulting relationships between academics and particular firms. 
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Table 2.1  Modalities of Universities in Thailand 

 

Modality 

group 

Type of linkage 

activity 

Description of linkage activity 

1. Training/ 

education  

Cooperative education  Involving students spending a significant portion 

of their academic program in private companies  

  Industrial training 

(continuing education) 

In the application of new technologies such as 

machine tools  

  Small business training  Addressing issues of concern to small or nascent 

entrepreneurs  

  Visiting lectureships  Formal arrangements where private companies 

support staff to participate in teaching activities  

2. Services/ 

consulting  

Industrial extension 

services  

Including testing, calibration, repair services, 

production trouble-shooting, simple design 

modifications 

  Technologybrokerage/ 

licensing  

Assistance in obtaining or licensing technologies 

either from the university or from a third party  

  Business consulting/ 

services 

From business schools, or through research parks, 

science parks, incubators 

  Direct or indirect 

investment  

Through equity investment and venture capital 

schemes  

  Coordination of 

technology-related issues 

Through such inter-organization entities as 

regional technology councils  

3. Research  Research consulting  Contractual research carried out for a private 

company with specified terms  

  Joint or cooperative 

research  

Often carried out in dedicated laboratories, 

centers, or institutes  

  Partnership contract  Long-term arrangement between university and 

company to build up research/education facilities 

  Personal interchange or 

industrial fellowships  

On a regular or long-term basis  

  Shared equipment or facilities  On a regular or long-term basis  

Source:  Brimble, and Doner, 2007.  
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Somchai Numprasertchai and Igel (2005) found that the R&D units in 

Thailand’s universities seem to be obligated to collaborate externally for different 

purposes. For example, leading research units have collaborated with industrial, high-

tech companies, and leading research centers abroad for in-depth knowledge while 

others have worked with local companies for acquiring research problems and gaining 

access to research equipment. 

Research on universities successful in their R&D collaboration by Somchai 

Numprasertchai and Igel (2005) found a linkage between in-house research with 

external partners. With strong interaction and good collaboration, they can improve 

the potential of their Knowledge Management practices to achieve product and 

service innovation. It is suggested that trust, commitment, and mutual benefits are 

keys to the success of research collaboration. However, when formulating research 

strategy, the in-house needs and network development have to be considered. 

The structure and incentive systems consist of the centralization and 

fragmentation of the Thai bureaucracy who act as facilitators of research technology 

organizations. The system on the university side has been difficult and not favorable 

to the business community’s needs. 

Three dimensions of weakness can thus be specified. First, these linkages tend 

to involve fairly low levels of technology. Second, they tend to be weakly 

institutionalized as reflected by the fact that many are of short duration, operate 

through individuals rather than through more organized ‘‘linkage mechanisms,’’ and 

lack significant linkages to local or regional institutional assets. Third, research result 

revealed only a few instances of linkages with significant benefits to both sides, such 

as improvements in curricula, creation of new academic units, or upgrading on the 

part of firms. 

Although, the private sector seems to be more eager to link up with 

universities, Thailand’s educational infrastructure still has disadvantages regarding 

the incentives for and institutional capacities of such linkages. 

Interestingly, Brimble and Chartri Sripaipan (1996) point out the characteristics 

that set universities apart from the private sector. First, regarding the issue of finding the 

right person to develop the link, they comment that university staff operate on the 

semester basis or during the thesis writing period of students, whereas a quicker 
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turnaround time is preferred by private sector agents. Second, there is the issue of 

academics suspicious of the private sector, the question of ‘‘peripheralization’’ and 

how to ensure that the core disciplines of the university are not contaminated by 

interaction with the private sector are crucial. Third, there exists the issue of 

individual researchers preferring personal contacts with private companies. Not only 

will this reduce the benefits accruing to the university, but it also creates time 

allocation conflicts for faculty members. Finally, some of the efforts being made to 

develop interface initiatives have been too ambitious, resulting in long delays. 

 

2.2.5  University-Industry Interaction and Project Performance: The   

          Cases of Chulalongkorn University and Mahidol University  

The study of the University-Industry Interaction (UII) of Chulalongkorn 

Unversity and Mahidol University shows that there is the mechanism to facilitate the 

linkage between university and industry. This mechanism is illustrated in the 

Framework of University and Industry Interaction (UII) in Figure 2.4 and 2.5. The 

key stages of both universities are the same in general. However, there are some 

differences in detail.  

For Chulalongkorn University, there exist three main steps that initiate links 

with the private sector, including research, industrial collaboration research and 

development, and commercialization enterprise. The research step involves acquiring 

knowledge from basic research, applied research, and R&D lab scale. This step is 

accomplished through university and industrial promotion, U-relationship fund 

seeking, and the marketing of R&D. This comes under the responsibility of 

Chulalongkorn University Research Affairs.  The second step is industrial 

collaboration research and development to make R&D on the manufacturer scale, to 

support and coach private firms. The Chulalongkorn Intellectual Property Institute is a 

central unit linking with partners in the private sector. The third step involves 

commercialization enterprises. The aim in this step is to commercialize innovation. 

Private companies and spin-off companies are responsible for this task. The 

Framework of University-Industry Interaction (UII) of Chulalongkorn University is 

shown in Figure 2.4. 

 



21 

 

 

Figure 2.4  Framework of University-Industry Interaction (UII) of Chulalongkorn  

       University 

Source:  Soottiporn Chittmittrapap, 2006. 

 

The role of Mahidol University in the national innovation system with regard 

to knowledge diffusion is given in the statement by H.R.H. Prince Mahidol: “True 

success is not in learning, but in its applications for the benefit of mankind”. Vissara 

(2008) illustrates the translation of the university’s policy into implementation by the 

former Mahidol University management team with the many supporting organizations 

and mechanisms supporting UII, for example the technology licensing office, business 

incubator, venture fund, technology ventures and spin-off companies. The Framework 

of University-Industry Interaction(UII) of Mahidol University is shown  below: 

 

 

Figure 2.5  Framework of University-Industry Interaction (UII) of Mahidol University 

Source:  Thanaphol Visara, 2008. 
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There are three main steps in Mahidol University’s Framework of University-

Industry Interaction (UII). Starting with the step of research and dissemination process, 

the university diffuses its research output to the public via article publications, conference 

presentations, teaching, and patenting. In the collaboration step, the university joins forces 

with private firms in research collaboration, proving new scientific concepts, technology 

development, and licensing. In the commercialization step, the university commercializes 

its knowledge with existing companies in industry, or licensing technologies to startup 

companies. 

Understanding the roles and responsibility of universities in UII helps to 

clarify what universities do for strengthening linkages. In this section, the author 

summarizes the key roles and responsibilities of Chulanlongkorn University and 

Mahidol University.    

As concerns Chulalongkorn University, Prof. Soottiporn Chittmittrapap, 

Former Vice President of Research Affairs, presented the major roles and 

responsibilities of universities in the Global University Network for Innovation – 

Asia-Pacific (GUNI-AP) 2006 Conference as shown in Table 2.2. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



23 
 

Table 2.2  Roles and Responsibilities of Chulalongkorn University in UII  

 

   Traditional Role New Role   

 Teaching of students 

 Publication of research results  

 Making relationship with industry  

 Consulting and training with industry  

 Do sponsored research  

 Patent filing  

 Rules and regulations as 

governmental organization  

 Line items budgeting  

 Hierarchy administration 

 Personal limitations  

 HRD for Industry  

 Create collaboration  

 Technology transfer  

 Licensing  

 Incubators  

 Spin-off companies  

 Think out of the box about the 

university organization 

 Performance-based budgeting  

 Flat organization/ Independent 

Technology Licensing Office 

 Marketing and business model  

 High quality personnel  

 Co-investment  

 

Source:  Soottiporn Chittmittrapap, 2006. 

 

As for Mahidol University, the roles and responsibilities of the university in 

linking with the private sector are classified into three main activities: Training and 

Education-related activities, Research-related activities, and Innovation-related 

activities.  The details are shown in Table 2.3. 
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Table 2.3  Roles and Responsibilities of Mahidol University in UII  

 

Training and 

Education-related 

activities 

Research-related 

activities   

Innovation-

related activities 

 Training of industry 

researchers in MU lab 

 Industrial training for 

undergraduate students 

 Cooperative student 

training program 

 Entrepreneur training 

programs 

 Joint research 

projects 

 Government funded 

research projects 

(initiated by industry) 

 

 Intellectual property 

rights 

 Technology licensing 

 MU Holding 

company 

 Spin off companies 

 

 

 

Source:  Thanaphol  Visara, 2008. 

 

Regarding the organizational structure of each university with a role in 

enhancing UII, the author has classified the main units that interact with the private 

sector into three main parts: center of excellence and research units, intellectual 

property-related units, and spin-off/start-up companies.  

As concerns technology commercialization by Chulalongkorn University, the 

units include the related faculties, center of excellence and research units that provide 

knowledge about science, technology, and innovation. The Chulalongkorn University 

Property Foundation is responsible for commercialization and industrial linkage 

activities. The details of the structure are shown below in Figure 2.6. 
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Figure 2.6  Chulalongkorn University’s Organizational Structure for University-  

                    Industry Interaction (UII) Development 

Source:  Soottiporn  Chittmittrapap, 2006. 

  

Table 2.4 shows the units in Chulalongkorn University that link with private 

firms. In the Science Faculty, there are four centers of excellence and thirty nine 

research units. In the Engineering Faculty, there are sixty six research units.  The unit 

responsible for Intellectual Property is the Chulalongkorn University Intellectual 

Property Institute. There are three spin-off companies owned by Chulalongkorn 

University, namely Jamjuree Innovative Product Co. Ltd., Jamjuree Innovation Co. 

Ltd., and SLK Innovation Co. Ltd. 
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Table 2.4  Chulalongkorn University’s Units Link with Private Firms. 

 

Center of Excellence and Research units Intellectual 

Property- 

related unit 

Spin-off/ Start-up 

Companies under 

Chulalongkorn 

University 

Faculty of Science Faculty of Engineering 

Total centers of 

excellence = 4 centers  

Total research units = 39 

units 

  

 Total research units = 66        

 Units, comprising:  

 Chemical Engineering  (10) 

 Civil Engineering (1) 

 Computer Engineering (1) 

 Electrical Engineering (13) 

 Environmental Engineering (7) 

 Industrial Engineering (6) 

 Mechanical Engineering (14) 

 Metallurgical Engineering (2) 

 Nuclear Technology (10) 

 Survey Engineering (2)  

CUIPI – 

Chulalongkorn 

University 

Intellectual 

Property Institute  

Jamjuree Innovative 

Product Co. Ltd.  

Jamjuree Innovation 

Co. Ltd. 

SLK Innovation Co. 

Ltd.  

 

Source:  Chulalongkorn University, 2009. 

 

As concerns Mahidol University, the Faculty of Science has eighteen research 

units as shown in Table 2.5. There are twenty three research units in the Faculty of 

Engineering.  The Center of Intellectual Property Administration is responsible for all 

Intellectual Property-related affairs. The STANG holding company is a spin-off 

company and takes care of venture capital.  
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Table 2.5  Mahidol University Units with Links to Private Firms  

 

Center of Excellence and Research units Intellectual 

Property-

related unit 

Spin-off/ Start-

up companies 

under Mahidol 

University   

Faculty of 

Science 

Faculty of 

Engineering 

Total research units 

= 18 units, 

comprising:  

Centers of 

excellence =6 

centers  

Capability building 

Research units 

(CBU) = 5 centers 

Research 

consortium = 1 unit  

International 

Collaborative 

Research Centers = 

3 centers 

National Centers of 

Excellence 

(PERDO) =3 centers  

Total research units = 

23 units, comprising: 

 

Research service 

projects = 12 units  

Center and lab = 6 

units 

Research groups = 5 

groups    

Center of 

Intellectual 

Property 

Administration, 

Office of the 

President  

STANG Holding 

Company 

Xcellerex Inc.  

International Bio-

Service Co., Ltd  

International 

Drug 

Development  

Aclires Holding 

Co., Ltd  

MU Trading 

Company  

Shrimp 

Biotechnology 

Business Unit  

 

 

Sources:  Amaret  Bhumiratana, 2005; Mahidol University, 2009. 

 

An incentive scheme is of benefit in motivating inventors or owners to 

innovate new products and services. Both Chulalongkorn University and Mahidol 

University have benefit sharing structures showing the proportion of benefits received 

by each party in the organization. The five parties in the benefit sharing structures 

include: the inventor/owner, production manager, university, faculty, and department. 
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The proportion of profit sharing is different among universities. Information is 

provided in Table 2.6 

 

Table 2.6  Chulalongkorn University and Mahidol University Benefit Sharing  

                  Structures for  IP Revenues 

 

 Mahidol University Chulalongkorn 

University  

Patent Copyright IP 

Inventor/owner 50 % 70 % 50 % 

Production manager - 20 % - 

University 30 % 4 % 25 % 

Faculty 10 % 3 %  

25 % Department 10 % 3 % 

 

Sources:  Thanaphol  Visara, 2008; Chulalongkorn University, 2009. 

 

The key measurements of project performance at university level are the 

number of patents, number of collaborative projects with private firms, and the total 

amount of budgets funded by private firms. This section will illustrate the facts and 

figures of the project performance of Chulalongkorn University and Mahidol 

University. 

Regarding the number of patents of Chulalongkorn University, the author 

collected the information from between 2003 and 2009 from the Intellectual Property 

Institute, Chulaongkorn University. The total number of patents and petty patents in 

process are 204 and 45 respectively. Chulalongkorn University has received 10 

patents granted and 18 petty patents granted. The details are given below in Table 2.7. 
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Table 2.7  Number of Chulalongkorn University Patents and Petty Patents in 2003- 

                  2009 

 

 Patents Petty Patents 

In process Granted In process Granted 

2003 

2004 

2005 

2006 

2007 

2008 

2009 

- 

2 

4 

51 

26 

66 

55 

3 

1 

- 

2 

3 

1 

- 

- 

3 

4 

6 

8 

8 

16 

- 

- 

- 

5 

1 

7 

5 

Total 204 10 45 18 

 

Source:  Chulalongkorn University, 2009. 

 

As regards the number of patents of Mahidol University, the author collected 

information from between 1997 and 2008 from the Research Administration Division, 

Mahidol University and Thanaphol Visara (2008). The total number of patents and 

petty patents in process are 95 and 28 respectively. Mahidol University has received 

10 patents granted and 65 petty patents granted. The details are given below in Table 

2.8. 
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Table 2.8  Number of MU Patents and Petty Patents in 1998-2007 

 

 Patents Petty Patents 

In process Granted In process Granted 

1998 

1999 

2000 

2001 

2002 

2003 

2004 

2005 

2006 

2007 

2008 

4 

3 

1 

12 

4 

8 

13 

6 

24 

20 

n/a 

- 

- 

- 

2 

1 

1 

- 

1 

2 

2 

1 

- 

- 

- 

- 

1 

1 

5 

5 

6 

10 

n/a 

- 

- 

- 

1 

2 

4 

3 

7 

11 

22 

15 

Total 95 10 28 65 

 

Sources:  Thanaphol Virasa, 2008; Mahidol University, 2009. 

 

Concerning the number of collaborative projects with private firms, and the 

total amount of budgets for Chulalongkorn University as funded by private firms, the 

author collected the information from the Office of Academic Affairs, Chulalongkorn 

University.  Table 2.9 provides the details of the number of projects and total amount 

of funds  
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Table 2.9  Research Funds in Science and Technology Granted by Private Firms to  

                  Chulalongkorn University   

 

Budget Year 

(October-September

Number of 

project 

Granted budget  

(in million baht) 

2005 53 87.45 

2006 110 65.46 

2007 120 86.69 

2008 129 280.90 

 

Source:  Chulalongkorn University, 2009. 

 

As concerns the collaborative projects and budgets with private firms for  

Mahidol University, the author collected information from the Office of Research 

Administration, Office of the President, Mahidol University, and  the Annual Report 

of Mahidol University. Table 2.10 provides the details of the number of projects and 

total amount of funds  

 

Table 2.10  Research Funds in Science and Technology Granted by Private Firms to 

Mahidol University    

 

Budget Year 

(October-September) 

Number of 
projects 

Granted budget  

(in million baht) 

2003 9 21.59 

2004 12 10.47 

2005 3 2.05 

2006 132 332.49 

2007 21 10.51 

2008 67 65.71 

 

Sources:  Mahidol University, 2009. 
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Details of collaborative projects between Chulalongkorn University and the 

private sector are given below in Table 2.11 

 

Table 2.11  List of Selected Collaborative Projects between Chulalongkorn   

                   University and Private Firms 

 

Source:  Chulalongkorn University, 2009. 

 

The details of selected collaborative companies with Mahidol University 

between 2005 and 2007 are shown below in Table 2.12.  

No Name of project Collaborating company 

1 Research & Development Agreement For Selective 

Hydrogenation of Acetylene From Butadiene  

UBE Technical center (Asia) Limited 

2 Actinomycetes isolated from Thai 

environment,producing novel bioactive compound(s) 

responsible for antimicrobial activities  

Ktedogen 

3 Collaboration between Chulalongkorn University and 

Thaioil Public Company Limited (TOP)  

Thaioil Public Company Limited (TOP) 

4 Joint Development Agreement about Asian skin tissue   BASF Beauty Care Solution France 

SAS 

5 Bench-Scale Synthesis of Apatite-Coated Titania Nonami Science (Thailand) Co.Ltd.,  

Sasano Densen Co. Ltd.,  Mitsuko 

Enterprise Co. Ltd. 

6 Production of Polyester Fibers Containing Apatite/Silica-

Coated Titania Particles  

Nonami Science (Thailand) Co.Ltd.,  

Sasano Densen Co. Ltd.,  Mitsuko 

Enterprise Co. Ltd. 

7 Process Dynamic Simulator for HDPE Section # 700  Thaipolyethylene Co., Ltd. 

 

8 Cooperative Research and Development Agreement 

"Improvement of Washing Process for Machining 

Automotive Parts"  

Intergrated Precision Engineering 

(Thailand) Co. Ltd. 

9 Cooperative Research Agreement “The Petrochemical 

Research” 

SCG Chemicals Co. Ltd. 

10 Research and Development of Flexible Printed Circuit 

Using Nanotechnology  

MEKTEC Manufacturing Corporation 

(Thailand) Ltd. 
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Table 2.12  List of Selected Collaborative Companies During 2005-2007  

 

Year 2005 Year 2006 Year 2007 

CAT Telecom Plc.  

Thai Airway Plc. 

Raks Thai Foundation  

Astra Zeneca (Thaialnd) Co., Ltd.  

Glaxo Smith Kline (Thailand) 

Co., Ltd.  

ICON Clinical Research Pte Co., 

Ltd.  

Quinties (Thailand) Co., Ltd.  

Roche Thailand Co., Ltd.  

Sanofi-Synthelabo (Thaialand) 

Co., Ltd.  

Schering (Bangkok) Co., Ltd.  

St. Jude medical Co., Ltd.  

Thai Airway Plc.  

Chemgroup Co., Ltd. 

SDR Asset Co., Ltd.  

TRB Chermedica Co., Ltd.  

Bioscience Co., Ltd.  

Thai-Otsuka Co., Ltd.  

Pfizer (Thaiald)  

Mersk and Co Inc.  

Organon Co., Ltd.  

 

Thai Optical Group Plc. 

Thai Airway Plc.  

Medtronic Co., Ltd.  

Nestle research Center, 

Switzerland  

PPD Development 

(Thailand) Co., Ltd. 

Astellas Pharma (Thailand) 

Co., Ltd.  

Sanofi-aventis (Thailand) 

Co., Ltd. 

Pharma-Nuva Co., Ltd.  

Astrazeneca (Thailand) Co., 

Ltd.  

Schering (Bangkok) Co., 

Ltd.  

Roche (Thailand) Co., Ltd.  

APEC Internatinal Clinical 

Research Co., Ltd.  

Bristol-Myers Squibb 

(Thailand) Co., Ltd.  

Novartis (Thaialnd) Co., 

Ltd.  

Chemgroup Co., Ltd.  

 

Source:  Mahidol University, 2009. 

 



 

CHAPTER 3 

 

LITERATURE REVIEW 

 

3.1  Review of Literature 

 

The critical analysis of the literature in this chapter including the theories, 

concepts and variables relates to the conceptual framework. The theories are 

presented in section 3.1.1 with the highlight on two outstanding theories, namely   

new growth theory and organization theory. In the context of organizational theory, 

the author will discuss agency theory and organizational theory and how can we apply 

organizational theory to external technology integration. The concept of innovation is 

discussed in section 3.1.2, in which the author has elaborated on the theory of 

innovation, including the National Innovation System and Triple Helix Model. 

Finally, the variables that are related to the conceptual framework are shown in 

section 3.2. In this section, the author has pointed out several factors affecting U-I 

interaction and project performance including information and communication 

technology, types of researcher, social network, and firm characteristics. 

 

3.1.1  Theory 

In this section, author divides the literature review of theory into two main 

categories: New Growth Theory and Innovation, and Organizational Theory   

3.1.1.1  New Growth Theory and Innovation 

The concept of the relationship between innovation and economic 

growth has been studied since Smith (1776). However, innovation was not introduced 

into the economic growth model for better understanding of its role until 1957 

(Solow, 1957) and researchers have continued work to simplify models for the 

complex economy. The new growth theory considers knowledge as one of the factors 

of production. However, the assumption of full employment is still maintained and the 

role of knowledge in the economy is not well specified. This raises the question of 



35 

 

how knowledge leads to growth in each country. Moreover, there are ongoing 

discussions that concern technology change as an essential part of economic growth. 

Other studies have focused on how innovation affects economic 

growth. The key support for growth performance, as analyzed by Fagerberg and 

Verspagen (2003), is the potential for knowledge to the development of other parties 

in the system, the creation of new knowledge in the country (something new), and 

factors affecting the component’s ability to exploit the potential evoked by the 

freedom of knowledge to create.  

The new growth theory places emphasis on the nature and role of 

knowledge during the growth process (Grossman and Helpman, 1994; Romer, 1986; 

Romer, 1990) which, in fact, is different from the neo-classical model of growth. The 

neo-classical model claims that technology varies as an uncontrollable factor, the new 

growth theory has endogenized technical change to the conscious production by 

economic actors that meet market motivations. Since then, the conceptualization of 

the relationship between innovation and growth has been regarded in more complex 

theories. Maybe the most advanced and remarkable came from Lucus (1988) and 

Romer (1986; 1990), who studied the concepts of human capital and then knowledge 

spillovers. Romer derived the idea of innovation in the growth model by introducing 

knowledge spillovers, which gives a slight insight into  how scholars think of growth. 

Later, Romer (1990) considered human capital as an input as part of the production 

process for R&D activity to produce new technology with, in turn, knowledge output 

being an important factor to economic growth. Lucas followed the idea of human 

capital which can be evolved by investing in education and training. From a human 

capital perspective, he saw it is as a constant rather than something becoming obsolete 

like physical capital. As a result, this provides better understanding on how important 

a highly skilled workforce is in the future. Lucus (1988) treated human capital as 

having direct influence in the production process, so the output directly relies on the 

human capital. 

Next is an overview of how the Romer model should be in practice. 

Firms invest in R&D with the expectations of return on investment from R&D at a 

higher margin than any other investment. This creates two types of knowledge, 

namely appropriable knowledge and non-appropriable knowledge. The first type of 
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knowledge is that for the firm to solely benefit and generate more profit from, while 

sole use of the other type of knowledge by one firm is not allowed since it has the 

properties of being for the public good. Its use is not exclusive to one firm and it is 

difficult to prevent others from using it. The more knowledge the companies gain the 

more R&D efforts for human capital. If the firms have invested more in R&D, this 

could apply to more human capital to maximize profit. The firm can unintentionally 

over-allocate such capital, which is referred to as knowledge spillover. 

Agrawal (2002) addressed the relationship of the input “local 

university research funding” to the output “local industry value added” and explored 

the variable in this relationship at the state level. However, from the results of the 

university research papers, it is suggested that industry should increase its industrial 

R&D leading to an increase in the production of patents. Some firms have to rely on 

public funding with the intention of finding particular type of R&D, especially basic 

research which seems hardly appropriate and yet again the cause of spillovers benefits 

the overall economy and then, in turn, suffers from under-investment. The 

conclusions generated from research are worth less than experimenting on the product 

or studying documents or even overheard information from firm. This is also known 

as tacit knowledge, or knowledge that is difficult to explain or articulate and yet 

which remains a key factor in innovative activity. It has impact on regional economy 

growth since its central role in the process is learning-through-interacting which tends 

to reinforce the local and is obtained at lower cost. 

3.1.1.2  Organizational Theory  

In the review, the author includes three main organizational theories, 

namely agency theory, organizational information processing theory and organizational 

theory for integration with external technology. 

1)  Agency Theory  

Agency theory refers to a self-interested actor who tries to 

manage the risks associated with economic activities by negotiating contracts 

(Eisenhardt, 1989; Jensen and Meckling, 1976). Principals contract agents on behalf 

of their respective decision which involve delegating authority to them under the 

terms of the contract required because principals and agents have important goals and 

values of different risks. Risk sharing problem is the result of conflict in risk 
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preference between the principal and agents which lead to contradiction in the actions 

while the agency problem is the major attention for scholars. 

The main difference between the principals and the agents is 

the “agency problem” in the agency theory and main difference is always a basic 

assumption (Ouyang, 2006). The agency theory has been developed over 30 years and 

came from risk-sharing research. Agency theory can come in a wide variety of forms 

as long as delegation is involved, such as owner-management, management-

employees, principal-professional or congress–bureaucrats (Kiser, 1999). The agency 

problem comes from three sources, namely conflicts in goals and compensation, 

limited information, and difficulty in monitoring the agent’s behavior and their 

outcome (Kiewiet and McCubbins, 1991).  

Agency theory occurrs when there is an agent, who is an 

opportunist, information asymmetry, and risk avoidance when there is concern about 

solving two problems (Eisenhardt, 1989). 

As concerns agent opportunism, the agents manage the firm to 

fit their own interests at the principal’s expense. In the owner and management 

relations, the manager is concerned with their own benefit, building the benefit, 

expanding the company more than necessary and as a result leading to poor business 

decisions which over time damage the shareholders’ purpose (Amihud and Lev, 1981; 

Baker, Jensen, and Murphy, 1998).In the relations between congress and bureaucrats, 

the bureaucrats are concerned more about their budgets and career advancement than 

public services (Niskanen, 1971; Wood, 1988). 

Williamson (1985) asserted that information asymmetry is 

generally the problem in all principal and agent relations. When the agents are well 

aware of their skills and capabilities and know what they can or cannot do more than 

what the principal perceives to be the case, this can lead to the misjudgment of the 

agent ability resulting in an unpleasant hiring problem. Another perspective of 

information asymmetry is when the agent knows more about their performance and 

how much effort they have put into their work than the principal does. Ultimately, it 

leads to a lack of motivation and less effort put into work. Furthermore, it is worse 

when the behavior is hard to observe, monitor, and measure. The cost of monitoring 

and metering is the expense for addressing this issue of the principal.  
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In theory, agencies have two types of contract. Behavior-based 

contracts are those agreements that state the work the agent must do to get payment 

Outcome-based contracts concentrate on the outcomes that the agents must 

accomplish to receive payment. The decision as to which contract to pursue is entirely 

up to the principal who may take into consideration the monitoring of behavior or 

weighing the outcome of whether the agents can fulfill their agreement. However, 

monitoring can be difficult depending on the situation. 

Behavior-based contracts are generally pushed to initiate 

innovation. However, they can actually limit agents in creating innovation since the 

contract binds the agents to perform based on the scope of the contract. There exists a 

negative relationship between how closely the monitoring is conducted and enforced 

and the agent taking initiative and violating the contract. The principals can also use 

such contract for the agent to perform an innovative new plan to carry out a specific 

goal and the agent might complete it. This scheme can fail if the agent has made a bad 

decision or is risk-averse. In conclusion, the behavior-based contract facilitates the 

initiative by the principal rather than the agent themselves. Generally, it is a wise 

choice when the principal plans to direct the innovation, but not when the agent aims 

to produce them of their own accord. 

In contrast, the outcome-based contract is possibly more 

motivated by the agent since the agent themselves indicate what needs to be 

accomplished, entailing  more freedom for the agent to create innovation. This suits a 

situation where the entrepreneur gains profit from the initiative as a return. The 

benefit was given as the motivation of the initiative. If the innovative agent succeeds 

in fulfilling the contract with the minimal resources and the net profits of the action 

being maximized for the agent. The constraining effects of behavior and the 

incentives of outcome-based contracts can lead to later collaboration. 

The mission of the agency theory is to search for solutions 

based on human and information assumptions (Eisenhardt, 1989). Efficient solutions 

fall into three groups: to find the right agents, to utilize different forms of supervision, 

and to implement both positive and negative enforcement (Kiser, 1999). To solve the 

potential conflict by searching for an agent who shares the same preferences and with 

a good record of work performance, there are several monitoring instruments with 
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which the agents’ past actions and background can be revealed . Also, hiring a third 

party to monitor the agent can be a successful alternative that can engage the 

influencing elements (Kiewiet and McCubbins, 1991). The contracts and compensation 

can be judged based on the outcome of the performance for ensuring suitable incentives 

(Fama and Jensen, 1983; Holmstrom, 1982; Jensen and Meckling, 1976; Mirrlees, 

1976). 

2)  Organizational Information Processing Theory 

The processing of information is the determined production, 

aggregation, change and distribution of information linked with accomplishing some 

organizational assignment (Robey and Sates, 1994). While “‘mechanistic’’ organizations 

are one extreme, ‘‘organic’’ organizations are another which extend the overall variety of 

information processing proficiency (Burns and Stalker, 1961). In other words, 

mechanistic organizations offer inferior levels of information processing than organic 

organizations. 

Organizations utilize a diversity of solutions to process 

information in accomplishing a task. Galbraith (1977) explicated that the mode of 

organization depends on the competence of the organization to execute information 

and make a verdict on an unknown incident. The task uncertainty is the difference 

between the amount of information required to accomplish the task and the amount of 

information already has by the organization (Galbraith, 1977). The organizational 

tasks can be different depending on the objective of the task to be accomplished. The 

attributes of the task can mean the task is improbable or organization-specific, the task 

can be uncertain for one organization while it may not be to another. (Galbraith, 1977; 

Robey and Sates, 1994) The quality of the information is also crucial as well as the 

quantity to process. (Daft and Lengel, 1986) 

The organization information processing theory asserts that the 

task is key to determining what is needed for the information to be processed for the 

organization. A variety of organizational forms and managerial approaches provide 

information processing capacity that properly meets the quality of the task outcomes 

(Galbraith, 1977; Tushman and Nadler, 1978). When information processing is less 

than is required, the task will either fail, be delayed or completed at higher than 

expected expense. When the organization utilizes an approach with more information 
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processing power than required, the task will be accomplished but in a wasteful 

manner.  

To view external technology integration from the viewpoint of 

the organizational information processing theory is very useful. External technology 

integration is an interesting task. Although the information sources and transformation 

requirements may differ depending on the situation, they all still need to be engaged 

in some aspect of information processing. This theory inspires the theoretical structure 

of external technology integration. 

3)  Organizational Theory Applied to External Technology 

Integration 

        External technology integration (ETI) is the integration of 

technology obtained from an outside foundation into an operational procedure. Once 

the decision is finalized that a technology must be acquired from an external source, 

there are several procedures that need to be accomplished. The acquirer must study 

the source of the technology and there also needs to be an agreement to acquire the 

technology from the source. The technology is then installed and integrated into the 

process of the acquirer’s organization. 

The organization usually incorporates external technology 

integration through projects. Normally, it should include time, cost, and technical 

performance (Gerwin and Barrowman, 2002; Swink, Talluri, and Pandejpong, 2006; 

Tatikonda, 2007). For the ETI framework, these dimensions affect  three components 

of ETI project effectiveness, namely the practical process of the technology in the 

target operational process or technical routine, ETI project expenses (financial plan 

expenditures), and the quality of project with which the ETI project reaches its 

original intentions. 

There are two critical dimensions that control ETI performance. 

The first is technological ambiguity. Uncertainty in ETI is known to be the lack of 

enough information required to gain and execute the technology to be included. In 

particular, technology uncertainty is the difference between the information required 

by an organization’s receiver to receive and operate the technology and the 

information that they in fact have at the start of the ETI process. The second is inter-

organizational relations, which has something to do with the general OIPT concept of 
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organizing mode. Inter-organizational relations represent those among the sender and 

receiver of the technology in an ETI project. Walton (1966) recognized three 

important ‘‘components of the relationship’’ among organizations, namely to trade 

information in a joint decision process, the arrangement of inter-unit contracts and 

decision-making and, finally, thoughts towards other units. These components have a 

say in how to deal with information or are a part communication, organization, and 

collaboration in the perspective of ETI. So, higher levels of communication and a 

higher level of inter-organization interaction is required. 

 

3.1.2  Concepts of Innovation 

The theory of innovation considers innovation as central to the national 

innovation system. The system consists of links among institutions such as 

government, academia, private markets and political systems, social and cultural. 

Interaction between these institutions in the economy will promote learning process 

and lead to the creation of new knowledge. Finally, it can add to technological and 

economic growth. 

3.1.2.1  The National Innovation System and Triple Helix Model  

The national innovation system (NIS) is the flow of technology and 

information among people and organizations that are key institutions to the national 

innovation process. The theoretical innovation system, innovation and technology 

development are the results of a complex set of relationships among actors in the 

system, including universities and research institutions of the state. 

For the policy makers to point out where to enhance the effectiveness 

of innovation and overall competition, they need to understand the national innovation 

systems which will assist in identifying what is wrong in the system, both in 

institutions and related government policies, and what can damage the development of 

technology and innovation. Countries have different knowledge flow structures and, 

of course, different priorities in the type of institutions, actors and linkages, so there is 

no question that in some countries institutional interaction occurs more easily than 

others. A number of structural policies connected to regulations, taxes, and financing, 

opposition and intellectual property are able to ease or block a variety of types of 

connections and knowledge streams. Innovative technology use within the industry 
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structure and national context or understanding of the technology will lead to better 

government policy and innovation. 

The triple helix model presents a fresh pattern for institutional services 

rising from inside innovation systems. It includes three institutional areas, i.e. 

university, industry, and government. The model focuses on exterior linkages and 

association. It is established on the idea that systems among firms, subcontractors, 

universities, research institutions and government institutions can cause the transfer 

and gaining of knowledge as well as the improvement of innovation. 

It has been implied that the NIS approach in innovation development 

has similarity with the triple helix model. However, the triple helix model states that a 

university can be involved in the creation and improvement of innovation to build 

knowledge-based societies. For the NIS, the model emphasizes industry as a leader in 

the role of innovation (Etzkowitz and Leydesdorff, 2000). Which is to say that both 

models agree on the significance of university-industry relations and study. 

Hakansson and Snehata (1995) saw two factors as essential for 

accomplishing the triple helix scheme of innovation. One is the participation and 

obligation of a variety of associations inside and among different areas. Another is the 

assignment of the increasing means to organize the numerous and composite 

connections and interfaces so as to create the favorable surroundings for knowledge 

construction and distribution.  

A model that directly assesses the environment for the system of 

related activities, resources and actors is illustrated in Figure 3.1. 



43 

 

 

 

Figure 3.1  A Model for Effective Links and Integration among the Three Areas of 

the Triple Helix Model  

Source:  Sadd and Zawdie, 2005. 

 

The relationships which include the technical, managerial, commercial 

and other activities of the organization will control the result and the routine of the 

system. The associations seem to be more valuable when it is easy and convenient to 

access resources such as technology, material, knowledge, equipment, manpower and 

investment. According to the Hakansson and Sneheta. (1995), the third level of 

relationships involves relations among the actors through which they gain more 

confidence and synergy. It is also portrayed as being required for the triumph of the 

triple helix network. The character of these interactions can radically reveal how 

organizations and spheres are different in their contributions and convey their 

proficiency and knowledge, which facilitates firms in extending their technological 

competence. 
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The OECD (1997) confirmed the link between public and private study 

to be based on the groundwork of the main knowledge flow in the national system. On 

the one side, public research institutes and universities are included in the community 

section and private enterprises are on the other side.  

The public research facilities and links to industry are the most 

important national properties in reserving innovation. Government-supported research 

institutes and universities are also the main actors of generic research and create a 

body of basic knowledge for industry, sources of new methods, instrumentation and 

valuable skills. The public research sector acts as an overall repository of scientific 

and technical knowledge in precise areas. The study showed that these institutions are 

being sponsored by the public sector and joining together with the public sector in 

joint technology projects with the objective of contracting specific research or 

financing staff and researchers.  So we can say that the knowledge of the overall 

industry capability that we can access is crucial through patent data, distributing 

information about new scientific discoveries and knowledge in new instruments and 

methodologies. 

Peters and Herbert (1982) present many explanations for the relations 

between university and industry. For example, industry provides new sources of funds 

for university which involve less paperwork than government. Industry can sponsor a 

student to experience the actual world of experimenting and also provide university 

researchers with the chance to join academically challenging research courses and, 

finally, some government funds become more accessible for practical research when 

universities and industry cooperate.  

 

3.2  Conceptual Framework 

 

As shown earlier regarding growth theory, agency-cost theory and the concept 

of the national innovation system, the author proposed a theoretical framework that 

represented the relationships among five major factors, namely Information 

Communication Technology Capabilities, Social Network, Researcher 

Characteristics, Firm Characteristics and University-Industry Interaction (U-II) and 
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Project Performance. The details of each factor or construct with regard to the 

conceptual framework will be discussed and are shown below. 

 

 

 

Figure 3.2  The Conceptual Framework of the Proposed Model 

 

3.2.1  Information and Communication Technology Capabilities 

Information and communication technologies (ICTs) are those technologies 

that effectively turn knowledge into a meaningful component in improving the 

organization’s performance (Prez-Bustamante, 1999; Chataway and Wield, 2000; 

Garavelli, Gorgoglione and Scozzi, 2002) ICTs help an organization to confine and 

allocate practical information and knowledge, which makes it easier to handle. 

Freeman (1999) asserts  that the escalation of its performance and the simplicity of  

knowledge transfer has broken down the obstacles of time and distance in knowledge 

distribution. 

It is very useful to examine the noticeable relationship between information 

and knowledge (Somchai Numprasertchai and Igel, 2005). Many organizations 

understand that ICTs can empower their employees so they are now demanding the 
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use of ICTs to capture the knowledge and relay it to their employees with the hope 

that the information can be easily shared within the organization. The development of 

technology helps associates in worldwide organizations work together to exchange 

information and knowledge professionally. So ICTs are assuming an essential role in 

knowledge management and are most important in knowledge enabling which help to 

maintain the relationship network with research collaborations, partners and clients. 

 

3.2.2  Social Network  

The social network is the relationships among groups of individuals or 

organizations with similar interests, and with these networks one can utilize the 

connections to learn from others (Gregory, 2007). It is an important source of 

knowledge. A social network among organizations can benefit organizational 

performance as the organizations exploit the relationships. Darroch (2003) has stated 

that knowledge can be expanded from the relationships among the organizations and 

their customers and suppliers, and this knowledge also consists of data and 

information linking the financial condition of organizations, their competitors, 

industry tendencies, technological growth, and others. So knowledge management is 

the procedure of knowledge generation in order to direct the distribution and the 

submission of knowledge within organizations.  

Lea, Yu, Maguluru and Nichols (2006) defined the social network as a set of 

people, organizations or social organizations or any other important connection which 

involves social relationships, such as friendship, co-working and the relationship 

between the members network to the success of the business outcomes predictable 

from sharing skill and capital. In addition, the social network usually gives members 

the chance to search for social support and produce innovative business associates for 

cooperation by trading social funds in many features, such as economic resources, 

goods or services, and knowledge resources. Lea et al. (2006) put forward the notion 

that a social network comprises the links of relationships and there is no wall in 

between the organization and its surroundings. So, there is a transformation from 

traditional social network to a new type of social network. With the help of the 

accessibility of the internet and technology, organizations can generate social 

networks not merely surrounded by the country they are in, but by the world. 
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A social network is central for both knowledge management and for the 

performance of the organization, so to produce a successful social network, 

organizations have to contact through time-consuming processes and attempt the 

creation of a massive arrangement of organizational resources to accomplish the 

objectives of the social network (Davenport and Prusak, 1998; Lea et al., 2006).  

Social networks among organizations have been thought out in terms of the 

relations among the organizational, such as board-to-board interconnects and strategic 

associations (McDonald and Westphal, 2003). Somchai Numprasertchai and Igel 

(2005) stated that engaging in social networks can help to produce a superior breadth 

and depth of study knowledge than pure in-house expansion. Weber and Hkhademian 

(2008) said that it is significant to concentrate on the relationships and participation 

among social network members and attracting trade between participants. Fresh 

information and knowledge can be acquired and applied to helpful practice for 

problem solving. 

Moreover, the social network can show how capabilities can be structured 

when organizational resources are successfully included. These capabilities are the 

ability to integrate information, flexibility and distribution activities. For the 

integration of information, the organization can handle information sensitively and 

real-time data more effectively and efficiently. In terms of flexibility, the organization 

becomes more flexible and permits employees to join in the community they desire, 

allowing them to generate their model surroundings. Besides, it is decisive for 

continued existence in a fast-changing business situation. Finally, activities, 

knowledge, experience and best performance can be fully distributed through 

numerous communications media. The procedure of structuring a social network 

includes the sharing of information and resources among members in order to learn 

about best performance and introduce new plans, join in social activities, gather social 

network data and achieve innovation success, and provide the structure for the 

appropriate communication and allocation of experiences for the purpose of inspiring 

new knowledge. 

Social networks are also called knowledge networks (Gandhi and Sauser, 

2008). It is important for organizations to consider knowledge networks and patterns 

of knowledge among people and organizations. The benefits of networks include the 
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ability to produce value and to gather the vital resources and authority required to 

finish common tasks (Buchel and Raub, 2002; Weber and Hkhademain, 2008) 

The network offers considerable profit together with maintaining people with 

fundamental corporate knowledge and more social investment in the organization 

because the workers are connected to their work as well as the stakeholders, so they 

are more likely to stay with the organization. The organization can increase 

innovation, productivity and responsiveness by running the knowledge assets 

efficiently and effectively throughout the organization and minimizing the differences 

in their knowledge regarding the skills and proficiency along with the important 

aspects of reducing the amount of time that they spend on accessing or locating 

knowledge internally and externally. This enhances the benefits by altering the 

official organizational arrangement or bringing in new developments into 

organizations by obtaining knowledge networks. Furthermore, managers can classify 

the significant network connections which influence organizational performance. This 

helps to discover the best knowledge resources and linkages for increasing 

organizational performance. Finally, a means to deal with organizational 

restructuring, mergers, or acquisitions is found simply by identifying any specific 

individuals, groups, or organizations likely to affect the organizations in both negative 

and positive ways. It is also crucial for an organization to search for real experts 

inside and outside the organization who are aware of any opportunities and threats 

like the possibility of economic disaster or risks before mergers and acquisitions. 

In conclusion, there are many studies which concentrate on the benefits of the 

social network. Cross, Parker, Prusak and Borgatti (2001) also agree that the social 

network has an effect on organizational performance, including new product 

development, and innovation. The benefits are enhanced when there is involvement 

from top management and communities of practice. Furthermore, with computer 

software and the Internet (including e-mail and instant messaging), the company can 

advance in knowledge attainment and distribution more efficiently (Payne, 2007). 
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3.2.3  Researcher Characteristics   

The characteristics of researchers include specialty, proportion of time 

dedicated to R&D activities, time as professor or researcher, gender, and 

administrative position. 

The literature on personal characteristics has been researched with regard to 

scientific production. Stephan (1996) came up with a variety of information on age, 

finding that age is oppositely related to study output and the recognition of innovative 

thoughts. However, the study was weak. Kotrlick, Bertlett, Higgins and Williams  

(2002) confirmed that the relationship between age and research productivity is 

negative but the results were not conclusive. D’Este and patel (2005) found that age 

has a negative impact on a variety of connections, while scholastic standing is an 

optimistic force on this diversity. 

Regarding gender, Kotrlick et al. (2002) reached similar conclusions to that of 

age. Traditionally, research has pointed to males having higher productivity but this 

remains inconclusive. Merton (1968) considers reasons other than age and gender 

could be taken into explanation such as seniority (teaching position or research 

prizes).   

Xie and Shauman (1998) suggested that with sufficient control over the 

variables the dissimilarity in research output can be eliminated. Azagra-Caro (2007) 

found that both seniority and gender may be connected to the level of UII. There are 

also two additional personal characteristics that merit consideration. These are sharing 

an administrative position in a broad manner and having done research overseas. On 

the assumption that most faculty members support University-Industry Interaction 

(UII), they are likely to choose administrators who help enable them to attain that 

target and let them do research overseas to improve their scientific knowledge. 

Therefore, they will likely travel to advanced scientific countries with more to offer. 

Some of these leading countries also collaborate more with industry. As a result, 

faculty members who do research overseas may further their interactive culture. 

Certainly, having faculty members who have been overseas and keep ties of a more 

individual nature with the designated country would not affect UII. So without a 

superior explanation, a more careful statement would be that when they perform 

research overseas, they can find an interactive culture which is dissimilar. 
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A study by Chataway and Wield (2000) found that the majority of university 

research units in developing countries create new knowledge which is typically small-

scale fundamental research performed by students and research staff under the 

supervision of a professor who also teaches.  

Lee and Xia (2006) proved through Pearson tests that the greater the 

contribution to R&D activities, the greater the group effort with firms. However, the 

evidence is no longer valid when he includes this research as an explanatory variable 

in an econometric model along with the previous variables (type of university, 

disciplines). Nevertheless, we can say that the difference between Lee’s virtual 

measure of UII and actual UII is the dedication to R&D activities since the latter 

enhances the opportunity to offer something. So, given this fact, Lee assumes that the 

dedication to R&D activities has an influence on the degree of UII. 

 

3.2.4  Firm Characteristics  

A firm’s characteristics are what give it its distinctiveness and substance for 

example size, geographical location, and technological level. 

Concerning size, there are four studies in the literature have included variables 

on size to find some confirmation of an affirmative relation with the level of UII.  

Beise and Stahl (1999) discovered an affirmative and important result 

regarding firm size, according to the number of employees. However, as concerns the 

effect of innovation, this was not a finding on public study by universities. Laursen 

and Salter (2003) found a positive outcome of the number of employees resting on the 

degree of use of knowledge produced at universities and Bayona, Garcia-Marco, and 

Huerta (2001) also found a significant effect in the model for large firms on R&D 

cooperation. 

There are researchers who did not find evidence for the relationship of firm 

size with degree of innovation. Caloghirou, Vonortas, and Tsakanikas (2000) found 

that employees who took part in the Research Joint Ventures of the European Union 

Framework Programs generated more sales revenues but did not contribute in 

supporting R&D with universities. Acosta Ballesteros and Modrego Rico (2001) 

disagreed on the effect of the combination of the number of employees and sales 

revenue on the contribution in publicly funded concerted projects. Schartinger et al. 
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(2002) didn’t find any effect of the quantity of big firms in an economic division on 

the incidence of the option to agreement investigate. Previous writing proposes that 

organizational size can be connected to technological innovation effects (Lee and Xia, 

2006). So, they included a control variable, firm size, which dealt with the number of 

employees in the beneficiary firm. A recorded conversion of this variable was taken 

(as is customarily completed to decrease possible troubles with skewness and non-

normality) (Kleinbaum, kupper, and Muller, 1998). Besides, to check for potential 

effects of special forms of technology, they integrated a dummy variable, tech type. 

This variable was defined as 1 for operational technologies (i.e. operations hardware 

such as a CNC machine tool and operations software such as a warehouse 

management information system) and 0 for non-operational technologies. As for 

geographical location, there also exist both negative and positive arguments. 

There are no significant results concerning the proportion of scientists engaged 

by universities in municipalities less than a hundred kilometers (Beise and Stahl, 

1999). Schartinger et al. (2002) found a pessimistic consequence regarding the spatial 

remoteness between the scientific departments and firms from specific sector on the 

frequency of the alternatives to bond research. Mora-Valentin et al. (2004) also 

discovered no effect of the distance in kilometers and the time spent traveling to the 

collaborator’s address, on the success of the contribution in accommodating 

conformity, both for firms and for public research organizations. 

Arundel and Geuna (2004) found that after evaluating four extra information 

sources, distance, distance can impact public research organizations. So the authors 

showed that bond research is the only type of contact in which geographic distance 

matters. Nevertheless, this depends on a small outcome, at 10%.  

Of these works, only two find an optimistic connection between spatial 

nearness and UII, and even then the relation is weak. If distance does not control UII, 

it can likely be argued that the determinants of the susceptibility of firms to interrelate 

will have a similar result on interacting in and outside the area.  

However, a study by Vedovello (1997) showed that econometric writing found 

no grounds to support the significance of the relationship in geographic variations 

when UII takes the form of science parks. 
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There are two ways of studying the technological level of the firm: the first is 

through the force of its R&D and the other in its belonging to an explicit economic 

sector. 

Beise and Stahl (1999) believed there were no significant effects of firm R&D 

concentration on the production of innovations that could not have been improved 

without public study by universities, or to fit in to high-tech sectors, but discover quite 

to fit in to capital goods sectors. Caloghirou et al. (2000) found no evidence that 

expenditure on intense R&D would affect the level of participation in R&D 

cooperation agreements with universities, but that the proportion of scientists affects 

all employees. 

However, a study by Acosta Ballesteros and Modregob Rico (2001) sees the 

positive effects of a number of compound variables, relative to R&D strength, on the 

contribution to publicly financed concerted projects. Bayona et al. (2001) also concur 

on the significant effects of the majority of their variables for R&D ability on R&D 

collaboration and the belonging to intensely technological sectors. Schartinger et al. 

(2002) found a positive result of the typical R&D strength of an economic sector on 

the occurrence of the agreement research, though the pressure of precise sectors was 

found not to be important. Laursen and Salter (2003) proved that there is relation 

between the ratio of R&D spending and sales income, and the amount of knowledge 

utilized at universities Hanel and St-Pierre (2006) found there to be an even superior 

likelihood of partnership with universities in knowledge-based industries as well as in 

firms with their own domestic R&D labor. In general, we can find evidence of a 

positive relation between technological intensity and the degree of UII. 

 

3.2.5  University-Industry Interaction  (UII) 

The significance of UII to project performance has been discussed in earlier 

literature. UII is the relations among university and industry, including attempts and 

commitments, to improve project performance. 

Both University and Industry have special roles in the process of collaboration 

in achieving project performance. University corresponds to Supporting 

Organizations and Industry to Origin Organizations. So as to increase the efficiency 

of projects, both Supporting Organizations and Origin Organizations must contribute 
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to a greater degree of obligation, high extent of attempt, along with high degree of 

effort stability. 

Because knowledge is not limited to being produced from only within an 

organization, it can be attained external to the organization (McAdam, 2000). The 

necessary knowledge for up-to-date research has been developed to handle so many 

different restraints that it is fairly impractical for a particular R&D division to keep 

up-to-date with each field of complex research. Even thriving organizations face the 

challenge of continuing their aggressive competition when they cannot produce the 

obligatory knowledge internally. 

Networks and alliances are the main sources of innovation (Von Hippel, 

1998). Nonaka and Takeuchi (1995) suggested that an organization should 

disseminate and embody new knowledge beyond the organizational boundaries, 

leading to the increase in innovative partnerships and alliances via interaction with 

customers and suppliers. 

Rogers (1996) observes that in the fifth generation of R&D management 

teamwork is applied by principal corporate innovators, not rivalry. They still depend 

on associations with innovative companies, suppliers, partners and other distributors. 

Systems facilitate the flow of knowledge in the network. Partner agencies can expand 

their abilities to create new knowledge by focusing on the interaction among their 

members. 

Yli-Renko , Autio, and Tontti (2002) found that interactions between members 

within the organization as well as between the parties seem to lead to the higher 

growth of knowledge. An organization’s competence depends on its capability to 

confine and take up the tacit knowledge through contributions from internal and 

external networks (Cohen and Levinthal, 1990; Freeman, 1987). For example, a 

virtual biotech company in Germany was initiated through public funding and 

consists of more than 150 companies, research organizations, and public institutes. It 

was established to promote the research and commercialization of modern 

biotechnology (Weisenfeld, Reeve and Hunck-Meiswinkel, 2001). 

Mansfield and Lee (1996) suggested that collaboration among universities and 

industry is key to supporting change in the technology industry. For example, the 

chemical industry in Germany is given incentives for research related to universities. 
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Carayannis, Alexander and Loannidis (2000) also advise that many U.S. universities 

have turn into attracted in the past affiliation with such an industry research firm for 

location-specific housing support, explore and certify inventions to its universities.  

Knowledge integration is mainly valuable when it illustrates the different 

foundations of knowledge over the course of organizational partnerships with 

government agencies, universities, and industries (Carayannis et al., 2000; Wen and 

Kobayashi, 2001). Universities think industry R&D support is a renewable source. 

This is a major reason why a team will carefully study the appropriate methods to 

obtain, share information and knowledge from different research streams. Knowledge 

integrated with external knowledge through research collaboration with others is a 

new challenge for university R&D organizations. It is not easy for R&D units to 

manage collaboration. Strategic partnerships and joint ventures have failed because 

many participants are not willing to disclose their findings (Carayannis et al., 2000). 

For that reason, a strategic plan to prevent the possibility of disagreement is required 

not simply the legal and financial details (Tidd and Izumimoto, 2002).  

In Thai universities, R&D units have different principles towards external 

integration. The most important research units have teamed up with leading high 

technology companies and research centers abroad to seek in-depth knowledge. 

However, some units have teamed up with local companies for access to research and 

the right to use research tools (Somchai Numprasertchai and Igel, 2003). Many Thai 

researchers attempt to set up their own connection between their university research 

unit and industry derived from individual association rather than organizational 

obligations. Despite this, industry-university links from private relationships signify 

temporary association (Patarapong  Intarakumnerd et al., 2002). 

 

3.2.6  Project Performance  

Project performance refers to the result of a project according to time, cost, 

and technical performance. Stock and Tantikonda (2008) conducted research  and 

found that project performance from many organizations includes the degree of 

overall success, whether the project met schedule objectives, whether it was 

completed within planned budget, and did the technology function properly. 

Somchai Numpresertchai and Igel (2005) conducted research suggesting that project 
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performance can be measured by whether it was registered for patents and copyright, 

and whether it received awards or honors. 

The traditional tactical performance dimensions for a project include time, 

cost, and technical performance (Gerwin and Barrowman, 2002; Swink et al., 2006; 

Tatikonda, 2007). These dimensions result in three specific elements of External 

Technology Integration project effectiveness: the functional operation of the 

technology in the target operational process (analogous to technical performance), 

External Technology Integration project costs (budget expenditures), and the extent to 

which the External Technology Integration project met the schedule objectives. 

The measurement of the achievements of project execution that we apply is the 

degree to which an individual project achieved its original objectives. The central 

objectives for a product development project are technical performance, that is to say 

the technical functionality and quality of the product as well as product unit-cost, and 

time-to-market for the development effort (Rosenthal, 1992; Rosenthal and Tatikonda, 

1993; Smith and Reinertsen, 1998). These objectives are set in place at the start of 

project execution and their achievements are evaluated at the end of project execution. 

Consistent with the method of evaluating the effectiveness of executing the 

product development project, this performance measurement is distinctive in two 

ways. First, it is a success measurement of the project execution phase rather than 

project planning success or success from the combination of planning and executing. 

Second, it is an internal measurement (Hauptman and Hirji, 1996). Product 

development success is composed of many variable factors (Griffin and Page, 1996; 

Zirger and Hartley, 1996); however, market-oriented and other external measurements 

are uncontrollable factors as well as the execution-oriented scope and intention of the 

present research. A project with a well-executed plan will usually result in a high 

level of project success. However, it can still result in market failure. Market failure 

can happen even after high operational success when the product is planned poorly, 

for example, the introduction of the wrong product features or poor sales promotion. 

The main dependent variable measurement is the respondents’ evaluation of 

the overall project success. Project performance can be measured according to 

specific criteria such as time, cost and technical performance which can be monitored 

during the execution of the project. For example, does the project meet the budget 
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objectives? Does it meet the planned objectives? Does the technology function as well 

as intended? However, one dimension of performance evaluation can have higher 

priority than others depending on the agreement of stakeholders. For example, some 

projects may concentrate on fast project implementation rather than cost. As a result, 

we can weigh these performance dimensions based on their priority within the 

project’s context. 



 

CHAPTER 4 



RESEARCH METHODOLOGY 

 

This study analyzes the factors that affect UII and project performance. 

Quantitative research is used as the methodology and shown through statistics, tables, 

or charts with discussion of the relation of the findings to the hypotheses. The 

measurement and sampling procedures are for improving the reliability of 

observation, facilitating imitation studies, and allowing generalization to a larger 

population. 

 

Table 4.1  The Dimensions of Social Research in the Quantitative Approach  



Dimensions of Research  Major Types 

1. How the research is 

used  

Basic, applied  

2.Purpose of the study  Exploratory, descriptive, explanatory  

3.The way time enters in 
Cross-sectional, longitudinal (time 

series, panel, cohort) 

4.Data collection 

technique 

Experiments, surveys, content 

analysis, existing statistics studies 

 

Source:  Neuman, 2003. 

 

According to the table above, quantitative research seeks explanatory laws and 

measurement as well as sampling because it is based upon a deductive approach that 

focuses on detailed planning before the actual data is collected. 
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Table 4.2  Characteristics of Quantitative Research 

 

Characteristics of Quantitative Research 

Purpose  To test the hypothesis that the researcher begins with 

Concepts The form of distinct variables 

Measurements  Systematically created before data collection and are 

standardized 

Types of Data  In the form of numbers from correct measurement 

Types of Theory  Causal and deductive 

Sample Size  Large sample size   

Inquiry  Narrow in terms of the extent of inquiry, but the required 

information is obtained from a greater number of respondents 

Procedures  Standard and replication is assumed  

Topics  Explaining the prevalence, incidence, extent, nature of issues, 

opinions and attitudes, and finding regularities and forming 

theories 

Methods of 

Analysis  

Statistics, tables, or charts and discussing the relations of the 

hypotheses 

 

Sources:  Neuman, 2003; Kumar, 2005. 

 

According to Babbie (1999), research generally has three purposes. First, it is 

about exploration, for example, social science research explores the topic of interest 

and gets to know the topic especially when it is new. Exploratory studies typically test 

the feasibility of conducting more extensive studies and developing the research 

methods to be used in the study. 

Second, concerning description, aimed at a researcher wishes to describe a 

given phenomenon. However, scientific description is generally much more intensive 

than describing something in simple terms. Such descriptions have to be detailed, 

accurate, and knowledgeable. 

Third, the explanation as the purpose of the research by aiming at explaining 

things and the research finding, is descriptive studies seek answers to questions 
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concerning what, where, and how exploratory research seeks answers to why given 

phenomenon exist or occur. 

The seven steps in the research process drawn up by Gill and Johnson (1991) 

help to define the process for implementing the research project. This includes the 

hypothesis and criteria which can be used to measure the acceptability of the 

hypothesis and isolation, the control of the variables under the research study, and the 

methods of measuring, validating and verifying the variables as well as the constructs 

in the research. 

 

 

 

Figure 4.1  Basic Research Process 

Source:  Gill and Johnson, 1991. 

 

4.1  Units of Analysis 

 

The units of analysis or the levels of analysis are the most basic questions of 

any research. These are the entities or objects of study which draw the boundaries 

between the objects and one should be able to find an entity in which they are all 

connected. The units of analysis of this study are at an individual level. The research 

applies and requires individual researchers to answer the questionnaires so as to find 

the key determinants of project performance. 

 

4.2  Target Population 

 

Chulalongkorn University and Mahidol University have been selected for this 

study because of their high overall multidisciplinary scores as ranked by Time 

magazine in 2005 and shown in the table below. 
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Table 4.3  Overall Multi-Disciplinary University Ranking  

 

Overall Multi-Disciplinary Ranking Score (%) 

1.  Chulalongkorn University  67.82 

2.  Mahidol University  67.47 

3.  Thammasat University  65.93 

4.  Chiang Mai University  65.81 

5.  Kasetsart University (all campuses)  64.59 

6.  Prince of Songkla University  64.20 

7.  King Mongkut Institute of Technology Lad Krabang   63.14 

8.  Khon Kaen University  62.68 

9.  Srinakarinwiroj University  61.76 

10.  King Mongkut University of Technology Thonburi   60.86 

11.  Assumption University  59.73 

12.  Silpakorn University  58.05 

13.  King Mongkut Institute of Technology North Bangkok   57.67 

14.  Mahidol International College  57.38 

15.  Naresuan University  57.23 

16.  National Institute of Development Administration : NIDA   56.80 

17.  Suranaree University of Technology  56.46 

18. Bangkok University (International College)  55.82 

19.  Rajamangaka Institute of Technology (only main campus   

       and campuses in Bangkok)  55.19 

20.  University of the Thai Chamber of Commerce (only  

        business fields)  54.18 

21.  Mahanakorn University of Technology  54.70 

22.  Rangsit University  54.27 

23.  Burapha University  54.14 

24.  Walailak University  54.08 
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Table 4.3  (Continued) 

 

Overall Multi-Disciplinary Ranking Score (%) 

25.  Bangkok University  53.41 

26.  Mahasarakham University  53.12 

27.  Dhurakitbandhij University  53.00 

28.  Ubon rajathanee University  52.45 

29.  Maejo University  51.51 

30.  Sripathum University  51.33 

31.  Maefaluang University  51.28 

32.  Thaksin University  51.15 



Source:  Chulalongkorn University, 2008. 

 

The table above shows that Mahidol University and Chulalongkorn University 

are the best two ranked for overall multi-disciplinary scores. The comparison in the 

table below compares universities in Thailand and the scores are from performance in 

Science and Technology. The data is from the Higher Education supplement of Time 

magazine in 2005. 
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Table 4.4  Science and Technology University Ranking 

 

Science and Technology Ranking Score(%) 

1.  Mahidol University  67.04 

2.  Chulalongkorn University  65.95 

3.  Chiang Mai University  62.63 

4.  Prince of Songkla University  61.42 

5.  Kasetsart University (all campus)  61.01 

6.  King Mongkut Institute of Technology Lad Krabang   59.79 

7.  King Mongkut University of Technology Thonburi   58.58 

8.  Sirindhorn International Institute of Technology of 

Thammasat University 58.58 

9.  Srinakarinwiroj University  55.26 

10.  Khon Kaen University  54.94 

11.  King Mongkut Institute of Technology North 

Bangkok  53.8 

12.  Asian Institute of Technology : AIT 53.75 

13.  Thammasat University  53.01 

14.  Suranaree University of Technology  52.97 

15.  Naresuan University  52.84 

16.  Walailak University  52.2 

17. Rajamangala Institute of Technology (main campus 

and Bangkok Technical Campus)  50.18 

18.  Mahanakorn University of Technology  50.11 

19.  Rangsit University  50.07 



Source:  Chulalongkorn University, 2008. 

 

The ranking according to the number of commissions in higher education 

(Mthai, 2007) shows that both Chulalongkorn University and Mahidol University are 
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iat the top in terms of research capability. They also received  the highest score of 

five. 

The study aims to focus on and to collect data from faculty members, the 

Faculty of Science and Technology and the Faculty of Engineering in Chulalongkorn 

University and Mahidol University. The total number of faculty members in the 

Faculty of Science and Faculty of Engineering at Chulalongkorn University, is 360 

and 315, respectively. The Faculty of Science at Mahidol University has 297 faculty 

members and the Faculty of Engineering has 125 faculty members. Consequently, the 

total population of Chulalongkorn and Mahidol University is 1,097 faculty members. 

 

Table 4.5  Numbers of Faculty Members in the Faculty of Science and the Faculty of  

                  Engineering  

 

Title 
No. of Faculty 

Members 

Faculty of Science, Chulalongkorn University  360 

Faculty of Engineering, Chulalongkorn University  315 

Faculty of Science, Mahidol University  297 

Faculty of Engineering, Mahidol Univeristy 125 

Total Population  1,097 

 

Source:  Chulalongkorn University, 2009; Mahidol University, 2009 

 

4.3  Sampling 

 

The population of the study is the faculty members in the Faculty of Science 

and the Faculty of Engineering at Mahidol University and Chulalongkorn University. 

The random sampling method is used for this study. 

Referring to Taro Yamane’s book Elementary Sampling Theory (1967), an 

appropriate sample size can be applied as shown in the table below. 
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Table 4.6  Sample size for ±3%, ±5%, ±7% and ±10% Precision Levels Where  

                  Confidence Level is 95% and P=.5. 

 

Size of  Sample Size (n) for Precision (e) of:  

Population  ±3%  ±5%  ±7%  ±10%  

500  a  222  145  83  

600  a  240  152  86  

700  a  255  158  88  

800  a  267  163  89  

900  a  277  166  90  

1,000  a  286  169  91  

1,097 A 291 171 92 

2,000  714  333  185  95  

3,000  811  353  191  97  

4,000  870  364  194  98  

5,000  909  370  196  98  

6,000  938  375  197  98  

7,000  959  378  198  99  

8,000  976  381  199  99  

9,000  989  383  200  99  

10,000  1,000  385  200  99  

15,000  1,034  390  201  99  

20,000  1,053  392  204  100  

25,000  1,064  394  204  100  

50,000  1,087  397  204  100  

100,000  1,099  398  204  100  

>100,000 1,111  400  204  100  

a = Assumption of normal population is poor (Yamane, 1967). The entire population 

should be sampled.  

 

Source:  Yamane, 1967. 
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The total population of this study is 1,097. This population as shown in the 

table is given a precision level of +- 5% and a confidence level of 95%; thus, 291 sets 

of questionnaire are recommended. The details of the sample size are shown in the 

table above. However, for the structural equation modeling, the minimum sample size 

should be 150 according to Anderson and Gerbing (1998) while, Hair, Black, Babin, 

Anderson and Tatham (2006) concur the level of 200 to be small but reasonable.   

 

4.4  Data Collection Method 

 

Self-administered questionnaires were used to ask a wide variety of questions 

that could be answered anonymously if so desired. All distributed questionnaires 

consisted of the same set of questions, and the respondents were allowed to have 

enough time to carefully consider their answers. 

The author collected all 296 questionnaires with no missing values, because 

the author convinced the questionnaire collectors to review and make sure that the 

respondents completed every question in the questionnaire. The total time spent on 

data collection was approximately two months, from July to September 2009.  

 

4.5  Methods of Data Analysis 

 

Statistical testing was designed to empirically test hypotheses and to provide 

answers to the key questions. In this study, the author also utilizes the advantages of 

SPSS for Windows as the statistical package for Social Sciences. SPSS is a major and 

widely used computer package permitting many types of statistical analysis. In 

addition, EQS 6.1 or Structural Equation Modeling Software for all quantitative data 

analysis was also included in this study. 

The statistical techniques implemented in this study include descriptive 

statistics for describing the main features of the collection of data in quantitative 

terms, t-test for assessing whether the means between groups are statistically different 

from each other, ANOVA, and Structural Equation Modeling (SEM) for serving 

purposes similar to multiple regressions.  
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The descriptions of statistical methods and requirements follow: 

 

4.5.1  Descriptive Statistics 

Descriptive statistics will be summarized in order to provide the basic features 

of the sample profile. The descriptive statistics can refer to the statistical techniques 

that can be used to summarize and describe a data set, and also to the statistics in 

terms of measures, which can be used in such summaries. Measures of central 

tendency, for example of the mean, and variation such as standard deviation, are the 

definition of the main descriptive statistics. 

 

4.5.2  The t-Test 

The t-Test is the tool that can be used to assess whether the means of two 

groups are statistically different from each other. This analysis is recommended for 

use whenever the researcher would like to compare the means of two groups, and is 

even more suitable in the analysis of the posttest-only two-group randomized 

investigational intend. 

 

4.5.3  ANOVA  

Analysis of variance (ANOVA) is a collection of statistical models, and their 

correlated measures, in which the observed variance is partitioned into components 

due to different explanatory variables. It is used when the researcher is involved in 

deciding whether the means from two or more independent groups are different. The 

necessities of this technique include the following: only one independent variable, 

more than two levels for that independent variable and one dependent variable 

(Doncaster and Davey, 2007) 

 

4.5.4  Structural Equation Modeling (SEM) 

Structural equation modeling, or SEM, is used for data analysis along with 

descriptive statistics. According to Hair et al. (2006), structural equation modeling is a 

multivariate technique combining aspects of multiple regression and factor analysis to 

estimate a series of interrelated dependence relationships simultaneously. Structural 

equation modeling has characteristics that are different from other multivariate 
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techniques as it provides the simultaneous estimation of multiple and interrelated 

dependence relationships and represents unobserved (latent) concepts in these 

relationships and corrects measurement error in the estimation process. In addition, it 

can construct a model to explain the entire set of relationships. Structural equation 

modeling is also known as causal modeling, causal analysis, simultaneous equation 

modeling, and analysis of covariance structures. 

Sabherwal and Becerra-Fernandez (2003) stated that “it operates the 

constructs of interest with a measurement instrument, and tests the fit of the model to 

the obtained measurement data with hypothesis as a model." 

Ullman’s (2006) structural equation modeling (SEM) can be seen as a 

collection of statistical techniques to study or analyze a set of relations between one or 

more independent or dependent variables. In SEM, constructs (or latent variables) are 

shown in circles and the observed variables (or measured variables) are in rectangles. 

Structural equation modeling has the ability to transcribe information about causal 

relationships from correlation data. 

It is also known as a technique for theory testing, defined as the relation that 

the consistent and comprehensive description of this phenomenon and the model used 

to show theory, according to Hair et al. (2006) and helps to facilitate and enhance 

theory development and testing (MacKenzie, 2001). It needs to identify a clear 

measurement of a relationship and structural relationship which leads to the process of 

forming relationships between hidden and observed variables and the consideration of 

the relationship of these hypotheses. So, SEM offers a method of estimating and 

testing complex theoretical structures, helping to extend the theoretical model based 

on the terms of the overall system of conceptual relationships. SEM helps in 

simplifying the test of mediating processes, studying the systematic effects of non-

hypothesized factors on hypothesized relationships and researchers can also compare 

hierarchically related theories about the structure, supporting the test of other theories 

or models to advance knowledge in the field of theory. 

Structural equation modeling is one of the most widely used tools in research 

because of the advantages of the model. Moreover, it is better than the multiple 

regression analysis. SEM provides a mechanism for accounting error in measuring 

variables observed in the form of education while regression analysis ignores it in the 
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independent variables. As a result, regression analysis can be misinterpreted. 

Additionally, it helps researchers to develop, estimate, and test complex models and 

display direct and indirect variables in the model. These direct effects that occur 

directly with other variables in the indirect effects as effects that occur between the 

two variables that mediated by one or more of a mediating variable. The total effects 

include both direct and indirect effects on the dependent variables. Moreover, Kline 

(2005) stated that the total standardized effects can be used to represent the path 

coefficient of structural equation models by including all presumed direct and indirect 

causal links among the factors or constructs. Regression analysis can be used to assess 

the indirect effects and can be seen as appropriate when no errors in the measurement 

of independent variables occur. This assumption appears to be unrealistic and it is 

difficult for the standard errors of related estimates to be accurately computed by 

applying regression analysis. For this reason, structural equation modeling is 

appropriate for all study effects. 

 

4.5.5  The Main Structural Equation 

In the structural equation models, the observed variables and latent variables 

were interpreted by Hair et al. (2006). The researcher tried to explain the endogenous 

constructs and the equations that explain endogenous constructs () with those 

explaining the observed variables. However, for regression analysis, the model is for 

predicting a single dependent variable. Structural equation models and regression 

analysis have similar equations to elaborate the dependent variable (y) with multiple 

independent variables. 
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Figure 4.2  Path Diagram of a Simple Structural Theory 

 

Note:     is a construct associated with measured x variables. 

   represents the endogenous constructs in a model and  can be on both 

sides of the equation since it can be dependent on one another. 

  is a path representing the factor loading between a latent construct and 

a measured x variable. 

Y   is a path representing the factor loading between a latent construct and 

a measured y variable. 

   is the error term associated with estimated, measured x variables. 

  is the error term associated with estimated, measured y variables. 

1  is a path representing a causal relationship (regression coefficient) 

from a  to an . 

   is a path representing a causal relationship (regression coefficient) 

from one 

   construct to another  construct. 
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Figure 4.3  Path Diagram of a Complex Structural Model 

 

The structural equation can be expressed as  

B represents the parameter efficient linking endogenous constructs with other 

endogenous constructs. 

 represents the corresponding matrix of the parameter coefficient linking the 

exogenous constructs () with the endogenous constructs (). 

 represents the error in the prediction of . 

 

Hayduk, Cummings, Boadu, Pazdeka-Robinson and Boulianne (2007) 

concluded that the structural equation models, the latent and measured variables 

shows causal connections. The model’s parameter estimations pointed out an 

indicator variance/covariance matrix that it has causal estimates represented the 

population from which the data were collected. In conclusion, the model showed that 

the covariance matrix could be the population covariance matrix if the model fits the 

data. 

 

4.5.6  Types of Constructs 

Petter and Straub (2007) stated that the relationship between measures and 

latent constructs are important. There are two types: formative and reflective. 

According to Edwards and Bagozzi (2000), the measurement acquired from methods 

of study can be used to examine a construct and it is an abstraction that describes an 

area of interest in a study. In the social sciences, the constructs are used to explain the 
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observed phenomena; however, Hair et al. (2006) stated that constructs or latent 

factors shown by multiple variables are unobservable. 

According to Petter and Straub (2007), an unobservable construct or a latent 

variable with indicators, is referred to as a reflective indicator, causality flows from 

the latent construct to the indicators. Constructs consisting of “causal” indicators are 

called formative. While constructing a structural equation model, all of the constructs 

need to be reflective be a reflective model, otherwise it is a formative model. The 

internal consistency is important so Cronbach’s alpha or other reliability measures can 

be applied to ensure the reliability Also, the direction is also another aspect of the 

differences between the two models. For reflective constructs,  (eta) causes the 

indicators; for formative constructs,  is being caused. 



 

 

Figure 4.4  Formative and Reflective Models 

Note:  While 

Yi and Xi = item scores/observations 

 = endogenous construct or latent construct 

i = measurement error for indicator i 

 = a disturbance term 

 

4.5.7  Exploratory and Confirmatory Factor Analysis 

Hair et.al. (2006) asserted that exploratory factor analysis is for exploring data 

and providing information about how many factors are for the data.  In addition, 
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everything (measured or observable variables) is for every factor according to the 

value of its loading estimate. The main characteristic of exploratory research is that all 

factors are derived from statistical results and can be named after factor analysis is 

performed. The exact number of factors is unknown when they are analyzed in the 

study which they belong to. Anderson and Gerbing (1998) implied that theory testing 

facilitates the distinct characteristics of confirmatory factor analysis with structural 

equation modeling. Structural equation modeling provides a pattern for factor 

loadings that represent actual data, not the assignment of the variables to factors as the 

confirmatory is used in this study. Confirmatory factor analysis needs a number of 

factors to be defined within a set of variables and defines which factors will be high 

when measured. 

Barrett (2007) stated the differences between exploratory factor analysis and 

confirmatory factor analysis. Exploratory factor analysis has latent variables that are 

constructed as a reflex action from data by processing eigenvalue breakdown. 

Confirmatory factor analysis clings on to the idea that latent variables are created by 

the principle of theory. 



4.5.8  Strategies in Structural Equation Modeling 

There are three strategies in SEM application according to Hair et al. (2006) 

including confirmatory modeling, competing models, and model development 

strategies. As in this study, the confirmatory modeling strategy is applied to test the 

model from the background of the study in theory and the competing model to 

compare the proposed model with the alternatives.  

Confirmatory modeling strategy claims to be a direct application where a 

single model or a set of relationships can be created and how well the model fits the 

data evaluated by SEM. When the proposed model achieves an acceptable fit using fit 

indices, it can only be confirmed that it is the model to explain the assumption. 

The competing models strategy aims to compare the proposed model with the 

other alternatives. By using this strategy, the testing of alternate theory can be 

selected instead of modifying some aspects. This strategy identifies competing models 

which represent different theoretical structural relationships.  

Goal of Model development is to alter the structural or measurement models. 
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The theory should be applied as a grounds for model re-specification for justifying the 

changes that occurred in the models and models not to fit with the data. 

 

4.5.9  Model Fit Indices 

The measure of how valid the model is in the structural equation modeling is 

based on the goodness of the fit and the evidence of construct validity. It shows how 

the proposed model can produce the covariance matrix among the indicator items. 

Barrett (2007) stated that the chi-square exact fit test is fit for structural 

equation modeling. However, it is sensitive to errors when the sample size increases, 

so with a large size sample (n>200), the chi-square test will show that the proposed 

model does not fit the data. The chi-square test in model fit is not to reject null 

hypothesis. It is about testing for errors that might have change to occur. By the 

implied covariances and their observed sample in discrepancy between the model is 

more than the expected distribution value by a probability of 0.05, this is considered 

as “non-fitting.’ 

According to Hair et al. (2006), Hu and Bentler (1999), MacCallum and 

Austin (2000), main fit indices are used for model assessment, including the ratio of 

Comparative Fit Index (CFI), Normed Fit Index (NFI), Non-Normed Fit Index 

(NNFI), and Root Mean Square Error of Approximation (RMSEA). Many researchers 

have studied fit indices to identify if the model fits with the data and several fit 

indices are used, including CFI, NFI, NNFI and RMSEA. Hair et al. (2006) compiled 

guidelines for setting up acceptable fit indices. They recommended the use of three to 

four fit indices to show evidence of model fit, but that to report to all of the fit indices 

seems to be unnecessary. Only one absolute index should be reported. In conclusion, 

Hair et al (2006) and Katsikea, Theodosiou, Morgan and Papavassiliou (2005) 

suggested that a model provides the fit indices of CFI and RMSEA can assess model 

fit with the appropriate information. 

According to Schumacker (1992) and Kenny (2008), fit indices are shown in 

the formula below: 

4.5.9.1  Comparative Fit Index (CFI) 

The Comparative Fit Index (CFI) measures model fit based on the non-

centrality measure.  
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= d(Null Model) - d(Proposed Model) 

                    d(Null Model) 

Where: 

d = 2 - df where df is the degrees of freedom of the model. 

For the value of CFI, if after calculating the index  

> 1, then = 1  

< 0, then = 0 

CFI is correlated with the data. If the average correlation between 

variables is not high, then the CFI will not be very high. If the CFI is greater than .9, 

than the model is well-fitted. 

4.5.9.2  Normed Fit Index (NFI) or Bentler Bonett Index 

NFI is for defining the null model as a model in which all of the 

correlations or covariances are zero or the independence model. 

NFI = 2(Null Model) - 2(Proposed Model) 

                        2(Null Model) 

The NFI of .90 to .95 is acceptable, and above .95 is good. 

4.5.9.3  Non-Normed Fit Index (NNFI) or Tucker Lewis Index 

The limitation is that there is no penalty for adding parameters. 

NNFI adds 2/df (the ratio of chi square to its degrees of freedom) and 

therefore, the 

NNFI= 2/df(Null Model) - 2/df(Proposed Model) 

                                2/df(Null Model) – 1 

> 1, then it sets at 1. The NNFI of .90 to .95 = acceptable, and above 

.95 = good 

4.5.9.4  Root Mean Square Error of Approximation (RMSEA) 

The formula of the RMSEA is   

Where  

N = sample size  

df = the degrees of freedom of the model.  

If 2 < df, then RMSEA = 0 and if RMSEA < .08, indicating 

acceptable model fit. 
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RMSEA is said to be one of the fit indices for structural equation 

modeling according to MacCallum and Austin (2000) because it is sensitive to  

misspecification model, used interpretative guideline for the conclusions about model 

quality and helpful for building confidence intervals around the values. 

Therefore, this study reports the five following fit indices: CFI, 

RMSEA, NFI and NNFI for the model fit and for analyzing other aspects of the model 

after identifying the model fit. 

 

Table 4.7  Measurement of the Structural Model Fit 

 

Items  Criteria  

Comparative Fit Index (CFI)  >0.90  

Normed Fit Index (NFI  >0.90  

Non-Normed Fit Index (NNFI)  >0.90  

Root Mean Square Error of Approximation 

(RMSEA)  

<0.10 

 

Source:  Hu and Bentler, 1999; Hair et al., 2006. 

 

4.6  Measurement of Reliability and Validity  

 

In this section, the author has the intention of discussing the concept of the 

reliability and validity of the research. It also includes the details of the pre-testing 

and operationalization of variables.  

The reason for including this section is to make sure that the conclusions given 

in the research study are validated and that the results of the research are consistent 

and, more simply, the degree to which an instrument measures the same way each 

time it is used  under the same conditions with the same subjects. Moreover, the result 

will help reveal the degree to which the author is measuring as intended. 

The author also went through the process of pre-testing with the results being 

shown in the section below. 
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4.6.1  Reliability 

Hair et al. (2006) and Katsikea et al. (2005) gave definitions of reliability as 

the level to which measures are free from error and consequently give dependable 

outcomes. To measure how well a set of variables are reliable, the Cronbach’s alpha is 

the statistical indicator. If the Cronbach’s alpha exceeds the threshold of .70, then the 

test has high reliability, although a .60 level is considered acceptable in exploratory 

research. 

 

4.6.2  Pretesting 

Prior to the questionnaires being dispatched, the author conducted a pretest of 

the questionnaires’ reliability. Two universities were chosen for the pretest, King 

Mongkut's University of Technology Thonburi, and King Mongkut's Institute of 

Technology Ladkrabang. The results of this pretest were used to measure the 

questionnaire’s reliability so it would be included in this study. 

 

Table 4.8  Questions from the Pre-Testing Questionnaire  

 

Construct Observed variables 

Project 

Performance  

Perf1: The latest project coordinating with a private company was 

successful  

Perf2: The project was completed within the planned budget  

Perf3: The project was able to be used for commercialization by the 

private firm  

Perf4: The trustworthiness of the technology is excellent  

University-

Industry 

Interaction  

Interact1: If the financial budget is not enough, the private firm is 

willing to provide additional funds  

Interact2: The private firm monitors the progress closely  

Interact3: The private firm always follows the action plan  

Interact4: I conduct myself in a fair, responsible and trustworthy 

manner from the perspective of the private firm  
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Table 4.8  (Continued)  

 

Construct Observed variables 

ICT 

capabilities  

ICT1: I am good at using the internet  

ICT2: I am good at using intranet  

ICT3: I am good at using e-mail  

ICT4: I am good at using the database for storage research results  

Social 

Network  

Social1: I am in close co-operation with a public organization such as 

the Ministry of Science and Technology, National Innovation Agency, 

etc.  

Social2: I am in touch with professional and expert technicians  

Social3: I  am a member of various groups and associations related to 

science, technology, and innovation  

I am in close co-operation with faculty members at other universities  

Firm 

characteristics  

Firm1: The private firm provided enough budget for the research 

project  

Firm2: The proportion of scientists to total staff in the private firm is 

high  

Firm3: The firm is in an industry that is an intensely technologically-

focused sector  

Firm4: The coordinators from the private firm have strong knowledge 

about the topic related to the research project  

Researcher 

characteristics  

Res1: The discipline of specialization of the researcher is really 

relevant to the project  

Res2: The proportion of time devoted to R&D activities in general is 

high  

Res3: Most of the past finished research is research that linked to other 

organization outside the university  

 

The questionnaires asked the respondents to rate the items on a 7-point scale 

(1 = lowest degree of agreement to 7 = highest degree of agreement). 
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Table 4.9  Reliability Analysis of the Questionnaire from Pre-Testing  

 

Constructs Conbrach’s alpha 

Project Performance (Perf1-Perf4) (4 items) .813 

University and Industry Interaction (U-I 

Interaction)(Interact1-Interact4) (4 items) 

.839 

Information and Communication Technology 

Capabilities (ICT1-ICT4)  (4 items) 

.816 

Social Network (Social1-Social4) (4 items) .719 

Firm’s Characteristics (Firm1-Firm4) (4 items) .887 

Researcher’s Characteristics (Res1-Res3) (3 items) .797 

 

Note:  The pre-testing was conducted with two universities which were excluded  

           from the study  

 

Regarding the pretesting of the questionnaires’ reliability, the results of the 

analysis are explained from the highest rank of Conbrach’s alpha or reliability to the 

lowest. The firm’s characteristics, which consist of 4 items, had the highest value of 

Conbrach’s alpha (0.887) while University and Industry Interaction (4 items) was the 

next highest (.839). The third constructs were ICT capabilities with a Cronbach’s 

alpha of .816 (4 items). Project performance had a Cronbach’s alpha of .813 (4 items). 

The researcher’s characteristics had a Cronbach’s alpha of .797 (3 items) and finally 

the lowest constructs were the 4 items of Social Network with the Cronbach’s alpha 

of 0.719. However, all of the constructs yielded high Cronbach’s alpha values of  

greater than 0.7, which means that the questionnaires were of high reliability. 
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Table 4.10  Pre-Testing of Descriptive Statistics from Two Universities  

 

Observed Items Number of Researchers Mean Std. Deviation 

Perf_1 37 5.54 1.043 

Perf_2 37 5.54 .869 

Perf_3 37 5.59 .985 

Perf_4 37 5.49 .804 

Interact_1 37 5.22 1.336 

Interact_2  37 6.05 1.104 

Interact_3 37 5.97 1.093 

Interact_4 37 6.19 .739 

ICT_1  37 6.46 .505 

ICT_2 37 6.41 .551 

ICT_3 37 6.51 .507 

ICT_4 37 6.22 .787 

Social_1  37 4.92 1.211 

Social_2  37 5.32 1.082 

Social_3  37 5.76 1.011 

Social_4  37 5.24 .925 

Firm_1 37 5.30 1.372 

Firm_2 37 4.51 1.644 

Firm_3 37 5.11 1.220 

Firm_4 37 5.27 1.097 

Res_1 37 6.11 .737 

Res_2 37 5.57 1.168 

Res_3 37 5.03 1.384 

 

In the pretesting, 23 observed variables were studied for six constructs. The 

range of the mean of these items was from 4.51 to 6.51 
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4.6.3  Validity 

Validity is the concept of testing how well the scale or measuring instrument 

that is developed can measure the variables (Hair et al., 2006). There are two major 

types of construct validity, namely convergent validity and discriminant validity. 

Convergent validity refers to instruments that intend to measure the same concept and 

that are highly correlated. Discriminant validity refers to instruments that are 

uncorrelated. 

As Hair et al. (2006) declared that construct validity is the degree to which the 

instrument proves that the group of related hypotheses generated from theory is 

indeed based on the concepts. Convergent validity is the level to which the instrument 

is positively related to other measures with the same construct and is reviewed by 

using the t-statistics for the path coefficients for the latent construct to the related 

items of the observed data (Anderson and Gerbing, 1988; Sabherwal and Becerra-

Fernandez, 2003). Sin, Tse and Yim (2005) implied that the convergent validity is the 

level of agreement in at least two measures or observed variables of the same 

construct. Finally, for Forrel and Larcker (1981), the convergent validity is recognized 

when the difference in extracted value is greater than .5 for one factor. 

As regards discriminant validity, this refers to the ability of the measures that 

have relationships with the ability of the measures that have relationships with low-

concept measures (Hair et al., 2006). Discriminant validity measures are not limited to 

relationships with other constructs which should be different. Forrel and Larcker 

(1981) and Sin, Tse and Yim (2005) asserted that the correct discriminant validity will 

find the measures of the degree to create conceptually clear difference. Pairwise 

correlations between the constructs or factors come from  relationship factors that can 

be compared with the variance distinct from the estimates for each pair constituting 

the scale. To prove the existence of discriminant validity of variance extracted 

estimates, the value will be higher than the table relationships between each pair 

constituting factors. 
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4.7  Operationalization of Variables  

 

Operationalization is the process of defining variables as tangible factors to 

make them more measurable. In the table below the author has defined the variables 

and the operationalization to increase the quality of the results and improve the 

strength of the design.  

To describe how the author operationalizes the construct or variables, the 

tables below demonstrate the operationalization of each variable. 

 

Table 4.11  Operationalization of Variables  

 

Variables Definitions Operationalization References 

Project 

performance  

Project 

performance is 

the outcome 

which can be 

determined by 

time, cost, and 

technical 

performance. 

- The overall level of 

success, including 

whether the project 

reached its schedule 

objectives, whether 

the project was 

completed within the 

planned budget and 

whether the 

technology functioned 

properly. 

- Granted registration 

for patent and 

copyright. 

- Received  awards or 

honors  

Stock and 

Tatikonda (2008) 

Numprasertchai 

and Igel (2004)  

Gerwin and 

Barrowman (2002) 

Swink, Talluri, and 

Pandehpong (2006) 

Tatikonda (2007) 
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Table 4.11  (Continued) 

 

Variables Definitions Operationalization References 

University-

Industry 

Interaction 

The dealings 

between university 

and industry. The 

interaction includes 

effort and  

commitment    

- Extent of obligation of 

Origin Organization, and 

Supporting Organization  

- Degree of attempt of  

Origin Organization, and 

Supporting Organization 

- Degree of attempt 

stability 

Mansfield and Lee 

(1996) 

Information 

Communication 

Technology 

Capability 

Ability to use 

technological tools 

for the organization 

to confine, deal out 

helpful information 

and awareness, and 

supervise trouble-

free  

- Degree of  capability to 

use Information and 

Communication 

Technology Tools for 

helping university and 

industry interaction  

Numprasertchai and 

Igel (2004) 

 Chataway and 

Wield (2000) 

Garavelli et al.       

(2002) 

Prez-Bustamante 

(1999) 

Social Network Social network can 

be defined as the 

grouping of all 

dealings that exist 

among the 

organizations and 

external groups, 

such as customers 

and suppliers. 

 

 

 

 

 

- The level of switch 

information in the 

combined conclusion 

progression 

- Structure of inter-unit 

interactions and 

decision-making  

- Feelings towards other 

units 

Stock and Tatikonda 

(2007) 

Cross et al. (2001) 

Gandhi and Sauser 

(2008) 
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Table 4.11  (Continued) 

Variables Variables Variables Variables 

Researcher 

Characteristics  

definite personal 

characteristics of 

value in the process 

of scientific 

production 

- Regulations regarding 

occupation  

- Quantity of time 

dedicated to R&D 

activities 

- Occupation familiarity 

as university lecturer or 

researcher  

- Gender  

- Administration  

Azagra-Caro (2007)  

Kotrlick et al.(2002)  

D’Este and 

Patel(2005) 

Xie and Shauman 

(1998) 

Firm 

Characteristic 

Certain firm 

characteristics of 

importance 

including 

dimension, 

biological location, 

and technological 

level  

-The level of 

technological level  

- Firm size  

- Geographical location  

- Educational 

prerequisite of coworker   

Azagra-Caro (2007) 

Beise and Stahl 

(1999) 

Laursen and Salter 

(2003) 

 

Each research study has to conform with the objectives and methods of 

education. So, the research procedure of this study appears in the diagram below. 

 

 

 

Figure 4.5  The Research Process of this Study  
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In summary, this chapter has discussed the research and sampling method to 

identify the appropriate sample size of the structural equation model (n> 200). The 

questions used in the pre-test, in the survey, found that the Cronbach's alpha was 

greater than .70. This number indicates good reliability . In addition, the author 

discussed the convergent and discriminated validities between the tests to ensure that 

the data is appropriate for analysis and for the structural equation model. In addition, 

the fit indices such as NFI, NNFI, CFI and RMSEA were identified and the criteria 

for each fit index were explained. 



 

CHAPTER 5  

 

DATA ANALYSIS 

 

This chapter details the results of the analysis and description, comparison 

means (t-test, ANOVA), analysis of the reliability and accuracy of each test for 

discriminant construct that are suitable for further analysis by SEM. Then the author 

develops a model with four core constructs, namely the ICT capabilities, social 

network, researcher characteristics, and firm characteristics that affect UII and the 

performance of the project. The author employs structural equation modeling by EQS 

as the statistical technique to analyze data. At this point, two models are incorporated 

into the step by step process to show that each model has met the criteria of model fit. 

Then the most suitable model is offered to help test the research hypotheses. The 

author presents the results to explain and support the research hypotheses proposed in 

the previous chapter. 

 

5.1  Characteristics of the Respondents 

 

The characteristics of the respondents in the research are rather important to 

ensure that the questionnaires are distributed to the right group of participants. This 

section describes the main characteristics of the respondents to provide a broad 

perspective on the subject of education. 

The population of this study comprised faculty members in the Faculty of 

Science and Technology and Faculty of Engineering at Chulalongkorn University and 

Mahidol University as discussed in the previous chapter. The participants were invited 

to respond to the personal data section in the questionnaire. This form was primarily 

designed to obtain the background information concerning each respondent’s gender, 

education, academic position, faculty, and university. These are detailed below and in 

the accompanying tables. 

The gender of the respondents in this research is almost equal in number. 150 

respondents are male (about 50.7%) and 146 respondents are female (about 49.3%) as 
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shown in Table 5.1. Most of the respondents (about 81.1%) have a Ph.D ( see Table 

5.2) and they hold the academic positions of assistant professor, associate professor 

and professor (27.4%, 32.1%, and 7.1% respectively (see Table 5.3)). As concerns 

their workplace, 65% of respondents are faculty members of the science faculty (see 

Table 5.4) and about 58.1% are employed at Mahidol University (see Table 5.5) 

 

Table 5.1  Respondents as Classified by Gender  

 

Gender  Frequency Percent 

Male  150  50.7 

Female  146  49.3 

Total  296 100.0 

 

Table 5.2  Respondents as Classified by Educational Level  

 

Level of Education  Frequency Percent 

Bachelor’s degree    2     .7 

Master’s degree   54  18.2 

PhD. Degree   240  81.1 

Total  296 100.0 

 

Table 5.3  Respondents as Classified by Academic Position 

 

Academic position   Frequency Percent 

Lecturer  99 33.4 

Assistance Professor    81 27.4 

Associate Professor  95 32.1 

Professor  21  7.1 

Total  296 100.0 
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Table 5.4  Respondents as Classified by Faculty  

 

Faculty member of  Frequency Percent 

Science faculty  194  65.5 

Engineering faculty 102  34.5 

Total  296 100.0 

 

Table 5.5  Respondents as Classified by University  

 

University Frequency Percent 

Chulalongkorn  124  41.9 

Mahidol  172  58.1 

Total  296 100.0 

 

5.2  Results of Descriptive Statistics  

 

In this section the author explains the statistical variables constructs. There are 

six main constructs including project performance, university-industry interaction, ICT 

capabilities, social network, firm characteristics and researcher characteristics. For the 

observed variables, they were measured on a scale from 1 to 7. The mean of all the 

data was in the range of 4.96 to 6.29 (see Table 5.6). As shown in Table 5.8, the 

average mean of the project performance construct (4 items) was 5.59. The average 

mean of the UII construct (4 items) was 5.55. The average mean of the ICT 

capabilities construct (4 items) was 6.08. The average mean of the social network 

construct (4 items) was 5.53. The average mean of the firm characteristics construct (4 

items) was 5.25. The average mean of the researcher characteristics construct (3 items) 

was 5.58. 

For the project performance construct, the question with the highest mean was 

“Pref1: The latest project coordinating with a private company was successful” with a 

mean of 5.69 while the question with the lowest mean was “Pref3: The project was 

useful for commercial purposes by the firm” with a mean of 5.48. 

For UII, the question with the highest mean was “Interact4: I conducted myself 

in a fair, responsible and trustworthy manner from the perspective of the firm” with a 
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mean of 6.15 and the question with the lowest mean was “Interact1: If the financial 

budget is not enough, the firm is willing to provide additional funds” with a mean of 

4.96.  

For ICT capabilities, the question with the highest mean was “ICT1: I am good 

at using the internet” and “ICT3 I am good at using e-mail” with a mean of 6.29. The 

question with the lowest mean was “ICT2: I am good at using intranet” with a mean of 

5.87. 

For social network, the question with the highest mean was “Social3: I am a 

member of various groups and associations related to science, technology, and 

innovation” with a mean of 5.69 while the question with the lowest mean was 

“Social4: I am in close co-operation with faculty members at other universities” with a 

mean of 5.35.  

For firm characteristics, the question with the highest mean was “Firm1: The 

private firm provided enough budget for the research project” and “Firm4: The 

coordinators from the private firm have strong knowledge about the topic related to the 

research project” with a mean of 5.39. The question with the lowest mean was “Firm2: 

The proportion of scientists to total staff in private firm is high” with a mean of 4.98. 

For researcher characteristics, the question with the highest mean was “Res1: 

The discipline of specialization of the researcher is really relevant to the project” with 

a mean of 6.09. The question with the lowest mean was “Res3: Most of the past 

finished research is research linked with other organizations outside the university” 

with a mean of 5.14. 

The researcher’s age and researcher’s work experience were used as control 

variables in this study. The author asked respondents using an open-ended question. 

So, these two control variables were ratio scale. The range of the researcher’s age was 

between 23 and 64 years old with an average mean of 41.38 years old (see Table 5.6).  

The length of the researcher’s work experience (doing research) ranged between 1 and 

40 years. The average years of experience was 12.75 years (see Table 5.6).  
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Table 5.6  Descriptive Statistics of Observed Variables 

 

Construct Observed variables Min Max Mean S.D. 

Project 

performance  

Perf1: The latest project coordinating 

with a private company was successful  

2 7 .69 949 

Perf2: The project was completed 

within the planned budget  

2 7 .54 .004 

Perf3: The project was useful for 

commercial purposes by the firm 

2 7 .48 988 

Perf4: The trustworthiness of the 

technology was excellent  

1 7 .64 954 

University-

Industry 

Interaction  

Interact1: If the financial budget is not 

enough, the firm is willing to provide 

additional funds 

1 7 .96 239 

Interact2: The private firm monitors 

the progress closely  

1 7 .53 .138 

Interact3: The private firm always 

follows the action plan  

1 7 .56 .145 

Interact4: I conduct myself in a fair, 

responsible and trustworthy manner 

from the perspective of the firm 

3 7 .15 917 

ICT capabilities  ICT1: I am good at using the internet 3 7 .29 715 

ICT2: I am good at using the intranet 3 7 .87 979 

ICT3: I am good at using e-mail   2 7 .29 792 

ICT4: I am good at using the database 

for storage research results  

2 7 .88 979 
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Table 5.6  (Continued) 

 

Construct Observed variables Min Max    Mean S.D. 

Social 

Network  

Social1: I work in close co-

operation with a public 

organization such as the Ministry 

of Science and Technology, 

National Innovation Agency, etc. 

1 7 5.43 1.255 

Social2: I am in touch with 

professional and expert 

technicians  

1 7 5.66 1.124 

Social3: I am a member of 

various groups and associations 

related to science, technology, 

and innovation 

1 7 5.69 1.181 

Social4: I work in close co-

operation with faculty members 

at other universities  

1 7 5.35 1.155 

Firm 

characteristics  

Firm1: The private firm provided 

enough budget for research 

project  

2 7 5.39 1.137 

Firm2: The proportion of 

scientists to total staff in the 

private firm is high  

1 7 4.98 1.366 

Firm3: The firm is in an industry 

that is intensely technologically-

focused sector  

1 7 5.25   

 1.224 

Firm4: The coordinators from 

the private firm have strong 

knowledge about the topic 

related to the research project  

1 7 5.39 1.110 
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Table 5.6  (Continued) 

 

Construct Observed variables Min Max    Mean S.D. 

Researcher 

characteristics  

Res1: The discipline of 

specialization of the researcher 

was very relevant to project  

3 7 6.09 .835 

Res2: The proportion of time 

devoted to R&D activities in 

general is high  

2 7 5.50 1.147 

Res3: Much of the past finished 

research is research linked with 

other organizations outside 

university  

1 7 5.14 1.273 

Researcher’s age (years) 23 64 41.38 8.645 

Researcher’s work experience (years) 1 40 12.75 8.083 

 

The data were collected from two universities, namely Chulalongkorn 

University and Mahidol University with a total of 296 respondents. For data 

collection, the questionnaires were distributed to both universities. The respondents 

were faculty members or instructors in the two main fields of science and engineering. 

The highest number of participants were the faculty members in the Faculty of Science 

at Mahidol University. The amount of respondents totaled 137 samples sets (see Table 

5.7).  

 

Table 5.7  Data Collection and Respondents    

 

University Faculty member of Total 

(Respondents) Science Engineering 

Chulalongkorn  57 67 124 

Mahidol  137 35 172 

Total 194 102 296 
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Table 5.8  Summary of the Means of all Constructs  

 

Construct Number of 

Samples 

Mean Standard 

Deviation 

Project performance  296 5.59 .798 

University-Industry Interaction 296 5.55 .886 

ICT capabilities  296 6.08 .701 

Social network  296 5.53 .974 

Firm characteristics  296 5.25 1.010 

Researcher characteristics 296 5.58 .889 

 

5.3  Comparison of Means 

 

There are several techniques available to achieve this objective through the 

comparison of the means of independent groups. In this section, the author makes a 

comparison of means by studying several factors including gender, faculty, education, 

and academic position. T-test and ANOVA were used to identify the differences 

among the analyzed factors. T-test was used to identify the differences among gender, 

faculty, and education (two categories) and ANOVA was used to identify the 

differences among academic positions (four categories). 

 

5.3.1  Comparison of Means (Gender) 

From Table 5.9 below, most of the mean scores of each construct for males 

were higher than those for females except University-Industry Interaction. To test the 

difference between male and female, the author analyzed the data by using a t-test. 
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Table 5.9  The Mean and Standard Deviation of Male and Female Researchers  

                  (Gender)  

 

Construct Faculty member  N Mean Standard 

Deviation 

Project performance  Male  

Female  

150 

146 

5.66 

5.53 

.789 

.805 

University-Industry 

Interaction 

Male  

Female  

150 

146 

5.53 

5.57 

.939 

.831 

ICT capabilities  Male  

Female 

150 

146 

6.18 

5.97 

.715 

.672 

Social network  Male  

Female 

150 

146 

5.56 

5.50 

1.007 

.941 

Firm characteristics  Male  

Female 

150 

146 

5.26 

5.25 

1.063 

.958 

Researcher 

characteristics 

Male  

Female 

150 

146 

5.64 

5.52 

.925 

.851 

 

As shown in Table 5.10, the results of the t-test between Male and Female 

shows that most of the constructs except for ICT capabilities revealed no significant 

difference between Male and Female at p<.05. Only the t-test of ICT capabilities (4 

items) revealed significant difference between Male and Female at p<.05. The ICT 

capabilities means of Male and Female are 6.18 and 5.97 respectively  
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Table 5.10  Results of the T-test between Male and Female (Gender) 

 

Construct 

 

Test of Equal 

Variance 

Levene’s Test for 

Equality of 

Variance  

T-test 

Equality of Means  

F Sig T Sig. 

(2-tailed) 

Project performance  Equal variance 

assumed  

Equal variance not 

assumed    

.016 .901 1.323 

 

1.323 

.187 

 

.187 

University-Industry 

Interaction 

Equal variance 

assumed  

Equal variance not 

assumed    

2.349 .126 -.355 

 

-.355 

.723 

 

.723 

ICT capabilities  Equal variance 

assumed  

Equal variance not 

assumed    

1.709 .192 2.566 

 

2.566 

.011* 

 

.011* 

Social network  Equal variance 

assumed  

Equal variance not 

assumed    

.361 .548 .499 

 

.499 

.618 

 

.618 

Social network  Equal variance 

assumed  

Equal variance not 

assumed    

.361 .548 .499 

 

.499 

.618 

 

.618 

Firm characteristics  Equal variance assumed  

Equal variance not 

assumed    

1.202 .274 .072 

 

.072 

.943 

 

.943 

Researcher characteristics Equal variance 

assumed  

Equal variance not 

assumed    

.794 .374 1.156 

 

1.158 

.248 

 

.248 

 

Note:  * Significant at p<.05 
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5.3.2  Comparison of Means (Faculty) 

From Table 5.11 below, most of the mean scores for the Engineering Faculty 

were higher than the average mean scores of Science Faculty, except for University-

Industry Interaction. To test the difference between the Science Faculty and the 

Engineering Faculty, the author analyzed the data by using a t-test. The t-test is for 

testing the difference of means (for example, test the mean differences between 

samples of men and women).  

 

Table 5.11  Mean and Standard Deviation of the Faculty of Science and Technology  

                    and the Faculty of Engineering  

 

Construct Faculty member N Mean Standard 

Deviation 

Project performance  Science Faculty  

Engineering Faculty  

194 

102 

5.53 

5.68 

.828 

.733 

University-Industry 

Interaction 

Science Faculty  

Engineering Faculty 

194 

102 

5.55 

5.54 

.897 

.869 

ICT capabilities  Science Faculty  

Engineering Faculty 

194 

102 

5.95 

6.33 

.739 

.546 

Social network  Science Faculty  

Engineering Faculty 

194 

102 

5.51 

5.59 

.972 

.983 

Firm characteristics  Science Faculty  

Engineering Faculty 

194 

102 

5.18 

5.39 

.933 

1.132 

Researcher characteristics Science Faculty  

Engineering Faculty 

194 

102 

5.46 

5.80 

.907 

.993 

 

As shown in Table 5.12, the results of the t-test between the Faculty of Science 

and Technology and the Faculty of Engineering reveals that most of the constructs 

except ICT Capabilities and Researcher Characteristics show no significant difference 

between the Science Faculty and Engineering Faculty at p<.05. The t-test of ICT 

Capabilities (4 items) revealed significant difference between the Science Faculty and 

Engineering Faculty at p<.05. The mean of ICT capabilities (4 items) for the Science 

Faculty and the Engineering Faculty are 5.95 and 6.33 respectively. The mean of 
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Researcher Characteristics (3 items) for the Science Faculty and the Engineering 

Faculty are 5.46 and 5.80 respectively. 

 

Table 5.12  The Results of the T-test between the Faculty of Science and Technology 

and the Faculty of Engineering  

 

Construct 

 

Test of Equal 

Variance   

Levene’s Test 

for Equality of 

Variance  

T-test Equality of 

Means  

  F Sig T Sig. 

(2-tailed) 

Project performance  Equal variance 

assumed Equal 

variance not assumed    

.508 .477 -1.465 

 

-1.521 

.144 

 

.130 

University-Industry 

Interaction 

Equal variance 

assumed Equal 

variance not assumed    

.002 .962 .033 

 

.034 

.974 

 

.973 

ICT capabilities  Equal variance 

assumed Equal 

variance not assumed    

2.885 .090 -4.593 

 

-5.024 

.000* 

 

.000* 

Social network  Equal variance 

assumed Equal 

variance not assumed    

.077 .781 -.342 

 

-.341 

.733 

 

.734 

Firm characteristics  Equal variance 

assumed Equal 

variance not assumed    

6.946 .009 -1.716 

 

-1.620 

.087 

 

.107 

Researcher 

characteristics 

Equal variance 

assumed Equal 

variance not assumed    

4.691 .031 -3.238 

 

-3.038 

.001* 

 

.003* 

 

Note:  * Significant at p<.05 
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5.3.3  Comparison of Means (Education Level) 

The data (educational level) was transformed by recoding the input into 

different variables which are below PhD. and Ph.D., the main reason of the 

transformation is to combine Bachelor’s and Master’s degrees as below PhD. since 

there were two participants with an education level below that of Ph.D. This may 

mislead in an interpretation about the comparison of means because n<30. 

From Table 5.13 below, all of the mean scores from the researchers with  PhDs 

were higher than the average mean scores of those researchers with an education level 

lower than PhD. To test the difference between researchers with PhDs and those 

without, the author also analyzed the data by using t-test analysis. 

 

Table 5.13  Mean and Standard Deviation of Education Level Lower Than Ph.D. and 

Ph.D.  

 

Construct Educational level N Mean Standard 

Deviation 

Project performance  Below PhD.  

PhD.   

56 

240 

5.03 

5.72 

.989 

.687 

University-Industry 

Interaction 

Below PhD.  

PhD.   

56 

240 

5.07 

5.66 

1.047 

.806 

ICT capabilities  Below PhD.  

PhD.   

56 

240 

5.84 

6.14 

.911 

.630 

Social network  Below PhD.  

PhD.   

56 

240 

4.81 

5.70 

.885 

.917 

Firm characteristics  Below PhD.  

PhD.   

56 

240 

4.65 

5.40 

1.017 

.958 

Researcher 

characteristics 

Below PhD.  

PhD.   

56 

240 

4.88 

5.74 

.845 

.819 

 

As shown in Table 5.14, the results shown that there was significant difference 

in all of the constructs between the researchers with PhDs and those at a lower 

education level at p<.05. So, educational level could be one factor for consideration in 
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enhancing project performance on innovation, University-Industry Interaction, ICT 

capabilities, social network, firm characteristics and researcher characteristics.  

 

Table 5.14  Results of the T-test between  the Educational Levels of  Lower Than 

Ph.D. and Ph.D.   

 

Construct 

 

Test of Equal 

Variance   

Levene’s Test for 

Equality of 

Variance  

T-test 

Equality of Means  

  F Sig T Sig. 

(2-tailed) 

Project performance  Equal variance 

assumed  

Equal variance not 

assumed    

15.740 0.000 -6.145 

 

-4.926 

.000* 

 

.000* 

University-Industry 

Interaction 

Equal variance 

assumed  

Equal variance not 

assumed    

8.228 .004 -4.618 

 

-3.934 

.000* 

 

.000* 

ICT capabilities  Equal variance 

assumed  

Equal variance not 

assumed    

3.925 .049 -2.884 

 

-2.310 

.004* 

 

.024* 

Social network  Equal variance 

assumed  

Equal variance not 

assumed    

.101 .751 -6.562 

 

-6.713 

.000* 

 

.000* 

Firm characteristics  Equal variance 

assumed  

Equal variance not 

assumed    

.657 .418 -5.136 

 

-4.948 

.000* 

 

.000* 

Researcher 

characteristics 

Equal variance 

assumed  

Equal variance not 

assumed    

.001 .981 -7.076 

 

-6.942 

.000* 

 

.000* 
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5.3.4  Comparison of Means (Academic Position) 

In this section, the author compares the means by using ANOVA techniques to 

analyze the difference between academic positions. Table 5.15 shows the descriptive 

data of the constructs and academic position. 

 

Table 5.15  Mean and Standard Deviation of Academic Position   

 

Construct Faculty member of  N Mean Standard 

Deviation 

Project performance  Lecturer  

Assistant Professor  

Associate Professor  

Professor  

99 

81 

95 

21 

5.37 

5.59 

5.77 

5.88 

.953 

.837 

.550 

.498 

University-Industry Interaction Lecturer  

Assistant Professor  

Associate Professor  

Professor  

99 

81 

95 

21 

5.26 

5.41 

5.84 

6.10 

.967 

.936 

.643 

.610 

ICT capabilities  Lecturer  

Assistant Professor  

Associate Professor  

Professor  

99 

81 

95 

21 

5.98 

6.05 

6.12 

6.42 

.754 

.736 

.617 

.583 

Social network  Lecturer  

Assistant Professor  

Associate Professor  

Professor  

99 

81 

95 

21 

5.21 

5.41 

5.84 

6.09 

1.043 

.979 

.739 

.950 

Firm characteristics  Lecturer  

Assistant Professor  

Associate Professor  

Professor  

99 

81 

95 

21 

4.94 

5.14 

5.57 

5.71 

1.086 

1.084 

.797 

.614 

Firm characteristics  Lecturer  

Assistant Professor  

Associate Professor  

Professor  

99 

81 

95 

21 

4.94 

5.14 

5.57 

5.71 

1.086 

1.084 

.797 

.614 

Researcher characteristics Lecturer  

Assistant Professor  

Associate Professor  

Professor  

99 

81 

95 

21 

5.25 

5.47 

5.85 

6.25 

.852 

.970 

.743 

.595 
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As shown in Table 5.16 the results of the ANOVA test for academic position 

reveal that there is significant difference between some academic positions at p<.05 

for all of the constructs except ICT capabilities. ANOVA testing of project 

performance (Sig.=.002), University-Industry Interaction (Sig.=.000), social network 

(Sig.=.000), firm characteristics (Sig.=.000), and researcher characteristics (Sig.=.000) 

revealed significant difference in some groups of academic positions at p<.05. For ICT 

capabilities (Sig.=.059), there is no significant difference in academic position at 

p<.05 according to ANOVA . 

 

Table 5.16  Results of the ANOVA Test for Academic Position  

 

Construct ANOVA  

 F Sig 

Project performance  5.239 .002* 

University-Industry Interaction 10.965 .000* 

ICT capabilities  2.513 .059  

Social network  10.552 .000* 

Firm characteristics  8.379 .000* 

Researcher characteristics 13.329 .000* 

 

Table 5.17 below presents the Multiple Comparison of Academic position. For 

project performance, there are two pairs of academic position that ANOVA testing has 

shown to be significantly different at p<.05. The first is the significant difference 

between Lecturer and Associate Professor (Sig.=.003) and the second is the significant 

difference between Lecturer and Professor (Sig.=.044). 

For University-Industry Interaction, there are four pairs of academic position of 

which ANOVA testing reveals significant difference at p<.05 with a significant value 

of .000. Lecturer has significant difference from Associate Professor, and Professor. 

Assistant Professor has significant difference with Associate Professor and Professor 

with a significant value equal to .007. Finally, there is no difference between Associate 

Professor and Professor (Sig.=1.000) 

For social network, there is significant difference at p<.05 in four pairs of 

academic position according to ANOVA testing. First, there is significant difference 
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between Lecturer and Associate Professor with a significant value equal to .000. 

Secondly, there is significant difference between Lecturer and Professor (Sig.=.001). 

Finally, Assistant Professor is significantly different to Associate Professor 

(Sig.=.014) and Professor (Sig.=.018). There is no significant difference between 

Associate Professor and Professor (Sig.=1.000). 

For firm characteristics, there are three pairs of academic position that showed 

significant difference at p<.05 after ANOVA testing. Firstly, there is significant 

difference between Lecturer and Associate Professor with a significant value of .000. 

Secondly, there is a significant difference between Lecturer and Professor (Sig.=.009). 

Third, Assistant Professor is significantly different to Associate Professor (Sig.=.030). 

There is no significant difference between Associate Professor and Professor 

(Sig.=1.000). There is no significant difference between Assistant Professor and 

Professor (Sig.=.129). 

For researcher characteristics, there are four pairs of academic position that 

showed significant difference at p<.05 after ANOVA testing. Firstly, there is 

significant difference between Lecturer and Associate Professor with a significant 

value equal to .000. Secondly, there is significant difference between Lecturer and 

Professor (Sig.=.009). Finally, Assistant Professor is significantly different to 

Associate Professor (Sig.=.018) and Professor (Sig.=.001). There is no significant 

difference between Associate Professor and Professor (Sig.=.289). 
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Table 5.17  Multiple Comparison of Academic Position (Results from ANOVA) 

 

Construct  Academic position  Lectu

rer 

Assistant 

Professor 

Associate 

Professor 

Professor 

Project 

Performance 

Lecturer 1.000    

Assistant Professor    .692 1.000   

Associate Professor   .003*  .440 1.000  

Professor   .044*  .559 1.000 1.000 

UII  Lecturer 1.000    

Assistant Professor  1.000 1.000   

Associate Professor  .000* .007* 1.000  

Professor  .000* .007* 1.000 1.000 

ICT 

capabilities  

Lecturer 1.000    

Assistant Professor  1.000 1.000   

Associate Professor  .832 .440 1.000  

Professor  .057 .559 1.000 1.000 

Social 

network 

Lecturer 1.000    

Assistant Professor  .866 1.000   

Associate Professor  .000* .014* 1.000  

Professor  .001* .018* 1.000 1.000 

Firm 

characteristic

s 

Lecturer 1.000    

Assistant Professor  .992 1.000   

Associate Professor  .000* .030* 1.000  

Professor  .009* .129 1.000 1.000 

Researcher 

characteristic

s  

Lecturer 1.000    

Assistant Professor  .480 1.000   

Associate Professor  .000* .018* 1.000  

Professor  .000* .001* .289 1.000 

 

Note: *. The mean difference is significant at the 0.05 level 
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5.4  Reliability Analysis  

 

High reliability shows that internal consistency exists which indicates that the 

measures can represent the same latent construct. Hair et al (2006) declared that 

reliability is one of the meters of convergent validity. To determine good reliability, 

Conbrach’s alpha value should be equal to or more than .70. For this study, there are 

six constructs, as shown in Table 5.18 

 

Table 5.18  Constructs and Reliability Analysis  

 

Constructs Cronbrach’s alpha  

Project Performance [Perf1-Perf4] .837 

University-Industry interaction [Int1-Int4] .803 

ICT Capabilities [ICT1-ICT4] .814 

Social network [Social1-Social4] .844 

Firm characteristics [Firm1-Firm4] .859 

Researcher characteristics [Res1-Res3] .735 

 

From the reliability analysis of the pre-testing, the construct of firm 

characteristic gives the highest Cronbach’s alpha of .859 (4 items). Second, social 

network with four items has a Cronbach’s alpha of .844, followed by project 

performance with a Cronbach’s alpha of .837 (4 items). ICT capabilities has a 

Cronbach’s alpha of .814 (4 items). University-Industry Interaction has a Cronbach’s 

alpha of .803 (4 items). All constructs provide high reliability with a Cronbach’s alpha 

of greater than.70. The construct with the lowest Cronbach’s alpha was researcher 

characteristics (.735). The Cronbach’s alpha of these constructs indicates that all 

constructs are highly reliable because the six constructs are higher than .70. 
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5.5  Convergent Validity and Discriminant Validity  

 

5.5.1  Convergent Validity  

Convergent validity means the capability of the measures to have a high 

proportion of variance in common. Some measures have high convergent validity 

when there is a strong relation among different constructs. The convergent validity is 

also the level that is highly related to added measures of the similar construct 

according to According to Hair et al. (2006). So the results show that the convergent 

validity can be found by assessing the scale of issue loadings of observed variables on 

the suggested constructs or latent variables. Anderson and Gerbing (1988) proposed 

that good convergent validity is shown when the standardized factor loadings of each 

item exceed .40 (Lin and Germain, 2003) and all t-values are higher than the 

significant level, for example, the t-value is higher than 2.  

In this study, the construct measurement model was tested for convergent 

validity as shown below. 
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Figure 5.1  Construct Measurement Model 
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Table 5.19  Construct Measurement  

 

 

Note:  
a
 t-values from the unstandardized solution are in parentheses, 

 b 
fixed parameter 

 

There were six constructs that were tested for convergent validity, namely 

project performance, university-industry interaction, ICT capabilities, social network, 

Factor Standardized loading 
a
 

Project performance (F1)  

Pref1 .761 
b
  

Pref2 .780(10.735) 

Pref3 .779(10.729) 

Pref4 .692(9.482) 

University-Industry Interaction (F2)  

Int1 .630 

Int2 .784(8.789) 

Int3 .843(9.175) 

Int4 .647(7.629) 

ICT capabilities (F3)  

ICT1 .811 

ICT2 .724(9.943) 

ICT3 .772(10.537) 

ICT4 .622(8.482) 

Social network  (F4)  

Social1 .818 

Social2 .801(12.112) 

Social3 .703(10.353) 

Social4 .710(10.488) 

Firm characteristics (F5)  

Firm1 .754 

Firm2 .759(10.713) 

Firm3 .820(11.645) 

Firm4 .798(11.307) 

Researcher characteristics (F6)  

Res1 .703 

Res2 .766(9.433) 

Res3 .652(8.205) 
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firm characteristics, and researcher characteristics. In these six constructs, there are 23 

items as shown in Table 5.17. 

The goodness of fit is to establish both measurement and structural model 

validity. The fit criteria are as shown in Table 5.18.  

 

Table 5.20  The Goodness of Fit for Convergent Validity  

 

Items  Fit Indices  Criteria  

Normed Fit Index (NFI) .948  >0.90 

Non-Normed Fit Index (NNFI) .972  >0.90 

Comparative Fit Index (CFI) .976  >0.90 

Root Mean Square Error of Approximation (RMSEA)  .054  <0.10 

 

From Table 5.18, the testing model fit for convergent validity passes all 

criteria. So, all of these indices confirmed good model fit. 

The standardized loading indicates the strength of the relationship between the 

item and the latent construct and, thus, is used to ascertain the convergent and 

discriminant validity of the scales. As can be seen in Table 5.17, all standardized 

loadings exceed .400 and all associated t-values are significant. So, this indicates the 

high strength of the relationships among the items. The results show that all six factors 

are correlated. Hence, we can conclude that convergent validity has been established. 

 

5.5.2  Discriminant Validity 

Discriminant validity is for measuring a construct which is actually distinct 

from another construct that it theoretically should not be correlated with. It is used to 

provide confirmation that one construct is different from the other. This proves that 

different instrument measurements measure different constructs, discriminant validity 

provides a test to guarantee that each construct is unique and different from one 

another. 

According to Anderson and Gerbing (1988) and Jiang, Klein, and Crampton 

(2000), the result should exceed 2 (1, 0.05) =3.841 to conclude that the two 

constructs have established discriminant validity. In addition, there is more useful 

measure for evaluating discriminant validity between the two constructs if it is related 
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that is to compute a confidence interval of ± 2 standard errors for the correlation of 

those two constructs. If the interval does not also equal 1.0, it can be concluded that 

discriminant validity occurs between those constructs. For us to verify if the construct 

is unique, a chi-square difference test can be used to assess the discriminant validity. 

The value of chi-square difference is greater than 3.841 (p<.05) which suggests that 

the two constructs are different and that discriminant validity exists. 

The measuring of discriminant validity is for comparing the average 

discrepancy that can be extracted from any two or more constructs with the estimate of 

the squared correlate. In isolation, the normal variance extracted has to be larger than 

the discrepancy of the correlation according to Hair et al., (2006). The reason is that a 

latent construct should give the details of the item measured better than it can clarify 

other constructs. 
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Table 5.21  Pairwise Analysis of Discriminant Validity  

 

Construct  Construct  2 fixed 2 free 2 

difference 

[d.f. = 1] 

Project performance  University-Industry 

(U-I) interaction 

60.208  42.426  17.782 

Project performance  ICT capabilities  59.466  23.314  36.152 

Project performance  Social network    47.804  39.305  8.499 

Project performance  Firm characteristics  41.422  27.578  13.844 

Project performance  Researcher 

characteristics 

50.305  19.317  30.988 

University-Industry 

(U-I) interaction 

ICT capabilities  61.746  33.412  28.334 

University-Industry 

(U-I) interaction 

Social network    55.656  43.239  12.417 

University-Industry 

(U-I) interaction 

Firm characteristics  44.310  38.914  5.396 

University-Industry 

(U-I) interaction 

Researcher 

characteristics 

64.669  36.202  28.467 

ICT capabilities  Social network    59.613  42.756  16.857 

ICT capabilities  Firm characteristics  72.969  46.245  26.724 

ICT capabilities  Researcher 

characteristics 

79.771  43.744  36.027 

Social network    Firm characteristics  36.391  32.332  4.059 

Social network    Researcher 

characteristics 

35.928  23.891  12.037 

Firm characteristics  Researcher 

characteristics 

31.625  11.849  19.776 

 

According to discriminant validity analysis (Table 5.18), all the constructs 

indicated that they were distinct from one another, meeting the criteria of the chi-

square difference of each pair of constructs exceeding 3.841. In addition, the highest 2 
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difference was 36.125 for project performance and ICT capabilities, and the lowest 2 

difference was 4.059 for social network and firm characteristics. 

 

5.6  Model Assessment  

 

The model is reviewed to discover how well the observed data align with the 

author’s proposed model which is one of the main goals for using confirmatory factor 

analysis. However, it can be difficult for statistical significance test methodology to 

precisely point out the best method for evaluating the goodness-of-fit of the model to 

the observed data of the authors. As a result, it is important to apply various criteria 

and to assess model fit on the basis of several measurements or criteria at the same 

time.  

In this literature, the data were analyzed by using structural equation modeling 

(SEM) as the technique for testing the relationships using a mixture of statistical data 

and qualitative causal assumptions and confirmatory factor analysis (CFA) technique 

for evaluating the number of factors and the loadings of variables. Moreover, the EQS 

6.1 or structural equation modeling software was used for performing the analysis. The 

reason that structural equation modeling and confirmatory factor analysis were chosen 

as the most appropriate methods for this study are because they provide the most 

appropriate and efficient estimation technique as reported by Hair et al., (2006). 

In addition, the ERLS (elliptical reweighted least squares) method was applied 

because this method minimizes problems which occur from data skewness and 

kurtosis, and this method has been shown to provide unbiased parameter estimation for 

both normal and non-normal data (Sharma, Durvasula and Dillon, 1989) as data 

distribution has been found to deviate from normal distribution. Sharma et al. (1989) 

further declared that ERLS for non-normal data correspond in correspond to the 

Maximum Likelihood (ML) estimation. Moreover, compared with all other elliptical 

estimation techniques, ERLS was advanced in performance. According to Browne 

(1984), ERLS claims to be less constrained by the normality assumptions of the data 

which is advantageous over Maximum Likelihood (ML). In addition, ERLS also 

outperforms the ML procedure when the data are non-normal (Sharma et al., 1989). 

There are several researchers that recommend the use of the ERLS method for CFA 

(Singh, 1993; Zou and Cavusgil, 2002; Townsend, Yeniyurt, Deligonul and Cavusgil, 
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2004; Xu, Cavusgil and White, 2006). Also, Sharma et al. (1989) recommended that 

ERLS should be used for both normal and non-normal data. 

From recommendations by Hair et al. (2006), the researcher should apply at the 

very least three to four of the fit indices for the research to demonstrate that a model 

exhibits an acceptable fit. In this study, the author has proposed four fit indices to 

measure the model, namely NFI (normed fit index), NNFI (nonnormed fit index), CFI 

(comparative fit index), and RMSEA (root mean square error of approximation). 

According to Byrne (2006), NFI, NNFI, and CFI with a value of 0.90 or higher means 

that the hypothesized model is adequately aligned with the data while a value of 0.80 

or higher points out a reasonably well-fitting model.  

For root mean square error of approximation or RMSEA (also known as the 

badness of fit index), when the RMSEA is more than .1, the model has a bad fit. 

Jiménez-Jimenez, Valle and Hernandez-Espallardo (2008) also asserted that a RMSEA 

below 0.08 should be considered good enough. In addition, MacCallum, Browne and 

Sugawara (1996) suggested that the cut off point for RMSEA is the range of 0.80- 0.10 

indicating an average fit and values of more than 0.05 to 0.10 indicate that the model 

has an average fit. If the values are 0.05 or lower, this suggests that the model has a 

good fit. 

In this study, the author proposed criteria to measure model fit as discussed in 

Chapter Three and shown in the table below. 
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Table 5.22  The Criteria to Measure Model Fit 

 

Items Criteria  

Normed Fit Index (NFI) >0.90 

Non-Normed Fit Index (NNFI) >0.90 

Comparative Fit Index (CFI) >0.90 

Root Mean Square Error of Approximation (RMSEA) <0.10 

 

 The author has developed two models  shown as follows: 

The first proposed model includes three factors, namely ICT capabilities, social 

network, and university-industry interaction and these factors are in the path of project 

performance. Also, another three factors – social network, firm characteristics, and 

researcher characteristics –are in the path of university-industry interaction as shown 

in Figure 5.2 (Proposed Model 1). 

 

 

 

Figure 5.2  Proposed Model 1  

      

Figure 5.3 presents the second proposed model in which there are the three 

factors of ICT capabilities, social network, and university-industry interaction. These 

three factors are in the path of project performance with the control variables. Another 

three factors are social network, firm characteristics, and researcher characteristics 
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which are in the path of university-industry interaction as shown in Figure 5.3 

(Proposed Model 2).   

 

 

 

Figure 5.3  Proposed Model 2 

 

Tests of the Proposed Models 

 Test of Proposed Model 1 

          For the test of the first model, there are three factors (ICT capabilities, 

social network, and university-industry interaction) which are in the path of project 

performance. Three factors (social network, firm characteristics, and researcher 

characteristics) are in the path of university-industry interaction. 
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Figure 5.4  Proposed Model 1 for SEM Testing  

 

Table 5.23  The Results of Proposed Model 1  

 

Items Fit 

Indices 

Criteria  

Normed Fit Index (NFI) .908 >0.90 

Non-Normed Fit Index (NNFI) .927 >0.90 

Comparative Fit Index (CFI) .936 >0.90 

Root Mean Square Error of Approximation (RMSEA) 0.086 <0.10 

  

 According to the fit indices above, the model provided a good fit as 

indicated by the Normed Fit Index (NFI), Non-Normed Fit Index (NNFI), and 

Comparative Fit Index (CFI), because their values are greater than .90.  RMSEA was 

lower than .10. Therefore, overall, it can be concluded that the model indicates model 

fit. 

 The result indicated adequate fit indices, showing that the data fitted 

well with the proposed model.  
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Table 5.24  The Relation of Parameters and Parameter Estimates of Proposed Model 1  

 

The Relation of Parameters Standardized Estimates 

University-Industry (U-I) interaction  Project 

Performance  

.511* 

(5.431) 

ICT capabilities  Project Performance  .184* 

(2.385) 

Social Network  Project Performance  .168* 

(3.626) 

Social Network  University-Industry Interaction .129* 

(2.714) 

Firm characteristics  University-Industry Interaction .500* 

(6.321) 

Researcher characteristics  University-Industry 

Interaction 

.219* 

(2.444) 

 

Note:  * indicates statistical significance at .05 with t-values shown in parentheses  

   

  All relationships are statistically significant for both the indirect and 

total effects of all parameters. University-Industry Interaction had the highest positive 

influence on project performance (path coefficient = .511 and t-vale = 5.431), while 

social network had the lowest positive influence on University-Industry Interaction 

(path coefficient = .129 and t-value = 2.714). 
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Proposed Model 2 

  The second proposed model presents the three factors (ICT 

capabilities, social network, and University-Industry Interaction) in the path of project 

performance with control variables. Three factors (social network, firm characteristics, 

and researcher characteristics) are in the path of University-Industry Interaction. 

 In this model, the author explored the effects of the control 

variables in this study, namely researcher’s age and research’s work experience. Both 

control variables are used to measure the effects of other variables which might have 

an influence on the main constructs of a study. The model is shown in the Figure 5.5 

(Proposed Model 2). 

 

 

 

Figure 5.5  Proposed Model 2 for SEM Testing  

 

             It was recommended that, in general, each construct cover two 

or three observed items. However, structural equation modeling can be compacted 

with only single item construct where some of the constructs can have only one item. 

The mentioned constructs are researcher’s age and work experience. Therefore, for the 

control variable, the researcher’s age and work experience were used as a single item 

construct. 

 As mentioned earlier, the researcher’s age and work experience 

are set as single-item scales which can also be viewed as formative measures. Their 

paths from the latent construct where the indicator were fixed at .95 and their error 
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terms were fixed at 0.10 (Anderson and Gerbing, 1988; Katsikeas, Samiee and 

Theodosiou, 2006). 

                After analyzing the data using structural equation modeling, the 

factors affecting project performance and University-Industry Interaction are shown in 

Table 5.23.  

 

Table 5.25  Factors Affecting Project Performance and University-Industry Interaction 

(UII)  

 

Items Fit Indices  Criteria  

Normed Fit Index (NFI) .881 >0.90 

Non-Normed Fit Index (NNFI) .898 >0.90 

Comparative Fit Index (CFI) .909 >0.90 

Root Mean Square Error of Approximation (RMSEA) .098 <0.10 

  

For the testing of the model, the results show that only 2 indices 

pass the criteria, namely Comparative Fit Index (CFI), and Root Mean Square Error of 

Approximation (RMSEA). So this can be interpreted as meaning that the model with 

the control variables does not fit.  
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Table 5.26  Relationship of Parameters 

 

Relationship of Parameters Standardized Estimates 

University-Industry Interaction  Project Performance  .504* 

(5.504) 

ICT capabilities  Project Performance  .152* 

(2.395) 

Social Network  Project Performance  .171* 

(3.766) 

Researcher age  Project Performance .016 

(1.086) 

Research’s work experience  Project Performance .009 

(-.581) 

Social Network  University-Industry Interaction .124* 

(2.683) 

Firm characteristics  University-Industry Interaction .499* 

(6.444) 

Researcher  characteristics   University-Industry 

Interaction 

.219* 

(2.496) 

 

Note:  * indicates statistical significance at .05 with t-values shown in parentheses 

 

As the proposed of this project was aimed, the test effect of 

control variables on project’s performance, the results show that researcher age and 

researcher work experience have no statistically significant effects on research with 

the former having a path coefficient of 0.16 and t-value of 1.086 and latter having a 

path coefficient of 0.009 with the t-value of -.581. 
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Table 5.27  Comparison of Two Proposed Models  

 

Relationship of Parameters Model 1  Model 2  

Standardized Estimates 

University-Industry Interaction  Project 

Performance  

.511* 

(5.431) 

.504* 

(5.504) 

ICT capabilities  Project Performance  .184* 

(2.385) 

.152* 

(2.395) 

Social Network  Project Performance  .168* 

(3.626) 

.171* 

(3.766) 

Researcher Age  Project Performance - .016 

(1.086) 

Researcher’s Work Experience  Project 

Performance 

- .009 

(-.581) 

Social Network  University-Industry Interaction  .129* 

(2.714) 

.124* 

(2.683) 

Firm Characteristics  University-Industry 

Interaction 

.500* 

(6.321) 

.499* 

(6.444) 

Researcher Characteristics  University-Industry 

Interaction 

.219* 

(2.444) 

.219* 

(2.496) 

Model Fit Criteria    

Normed Fit Index (NFI) .908  .881 

Non-Normed Fit Index (NNFI) .927  .898 

Comparative Fit Index (CFI) .936  .909 

Root Mean Square Error of Approximation 

(RMSEA) 

0.086  .098 

 

Note:  * indicates statistical significance at .05 with t-values shown in parentheses 

 

Therefore, from the models discussed earlier, a chosen model 

was used to test the research hypotheses in Model 1. The main reason for choosing 

Model 1 is that it  fits the data well as all fit indices met the fit criteria. 
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5.7  Testing of Research Hypotheses  

 

According to the framework in the previous chapter, the author proposed a list 

of research hypotheses and the results of hypothesis testing are given as follows: 

 

5.7.1  H1: University-Industry Interaction (UII) has a Positive Relationship 

with Project Performance. 

As regards the hypothesis of University-Industry Interaction (UII) having a 

positive relationship with Project Performance, the result is that a positive relationship 

with Project Performance with a path coefficient of .511 and t-value of 5.431. So, it 

can be concluded that higher University-Industry Interaction leads to higher project 

performance. As suggested in the literature, the relationship of University-Industry 

Interaction has a positive relationship with Project Performance. This result is 

supported by the work of); and Nonaka and Takeuchi (1995);  

 

5.7.2  H2: Information Communication Technology Capability has a 

Positive Relationship with Project Performance. 

As regards the hypothesis is that Information Communication Technology 

capability has a positive relationship with Project Performance with the results 

revealing that it has a positive relationship with the path coefficient of .184 and t-value 

of 2.385. Communication Technology capability is important for enhancing project 

performance which is supported by the work of Prez-Bustamante (1999); Chataway, 

and Wield (2000). 

 

5.7.3  H3: Social Network has a Positive Relationship with Project 

Performance. 

The third hypothesis of Social Network having a positive relationship with 

Project Performance  is supported with a path coefficient of .168 and t-value of 3.626. 

Social Network leads to higher Project Performance, which is supported by the work 

of Buchel, and Raub (2002); Weber, and HKhademian (2008) and Cross et al (2001). 
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5.7.4  H4: Social Network has a Positive Relationship with University-

Industry Interaction.  

Regarding the fourth hypothesis, Social Network has a positive relationship 

with University-Industry Interaction and the result is significant. The value of the path 

coefficient is .129 with a t-value of 2.714. It can be concluded that Social Network  

leads to higher University-Industry Interaction. This finding is supported by the work 

of Lea et al (2006) and Gandhi, and Sauser (2008).  

 

5.7.5  H5: Firm Characteristics has a Positive Relationship with 

University-Industry Interaction. 

The fifth hypothesis was supported in the statement that Firm Characteristics 

has a positive relationship with University-Industry Interaction with a path coefficient 

of .500 and t-value of 6.321. As supported by the study of Beise and Stahl (1999), 

Firm Characteristics leads to higher University-Industry Interaction. 

 

5.7.6  H6: Researcher characteristics has a Positive Relationship with 

University-Industry Interaction.  

As regards the sixth hypothesis of researcher characteristics having a positive 

relationship with University-Industry Interaction, this is supported by a path 

coefficient of .219 and t-value of 2.444. This finding concurs with the work of Xie, 

and Shauman (1998). 

In conclusion, from the testing of the hypotheses above,  the path coefficients 

of Information Communication Technology Capability, Social Network and 

University-Industry Interaction show positive influence on project performance. With 

the path coefficients of Social Network, Firm Characteristics, and Researcher 

Characteristics, the results confirm that these three main constructs also have a 

positive influence on University-Industry Interaction.  

However, the level of impact on the relationship among the constructs is 

different. The three constructs of Information Communication Technology Capability, 

Social Network and University-Industry Interaction and their relationship to Project 

Performance indicates that University-Industry Interaction with a path coefficient of 

.511 has the greatest positive impact on Project Performance followed by Information 
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Communication Technology Capability with a path coefficient of .184 and Social 

Network with a path coefficient of .168, respectively. 

Regarding the impact of the three main constructs of Social Network, Firm 

Characteristics and Researcher Characteristics on University-Industry Interaction, the 

results indicate that Firm Characteristics with a path coefficient of .500 has the 

greatest positive impact on University-Industry Interaction followed by Researcher 

Characteristics with a path coefficient of .219 and Social Network with a path 

coefficient of .129, respectively.  

 

Table 5.28  Summary of the Results of Hypothesis Testing 

 

Hypotheses  Relationship Results 

H1 University-Industry Interaction has a positive 

relationship with Project Performance. 

Supported 

H2 Information Communication Technology 

capabilities has a positive relationship with Project 

Performance  

Supported 

H3 Social Network has a positive relationship with 

Project Performance 

Supported 

H4 Social Network has a positive relationship with 

University-Industry Interaction  

Supported 

H5 Firm characteristics has a positive relationship with 

University-Industry Interaction  

Supported 

H6 Researcher characteristics has a positive relationship 

with University-Industry Interaction  

Supported 

 

From the summary table above, the results indicate that all research hypotheses 

are supported by empirical tests from the data collected from the researchers to 

measure University-Industry Interaction and Project Performance. 

In conclusion, this chapter described the data characteristics and characteristics of 

the respondents. A reliability analysis of the constructs in the study and Cronbach’s alpha 

were provided to confirm the reliability of each construct. Moreover, before conducting 

the model assessment, the author tested discriminant validity and convergent validity in 
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order to prove that the constructs met the criteria for both validities and reliability. In 

addition, the author conducted structural equation modeling for the two proposed models. 

Only the first model met the criteria of fit indices, namely NFI, NNFI, CFI and RMSEA. 

So, the author used the first proposed model to analyze and test the hypotheses. Finally, 

the results from the model testing were used to respond to the research hypotheses and the 

research hypotheses were clearly supported by the findings of this empirical study 



 

CHAPTER 6  

 

SUMMARY, CONCLUSION, AND RECOMMENDATIONS 

  

In this chapter a summary of the study is given, the main results of this 

research are explained and the major conclusions of the study are provided. Finally 

further research that might contribute to the study of the relationship between 

universities and the private sector is suggested. 

 

6.1  Summary and Conclusion 

 

This study has sought to provide answers to three basic objectives. Firstly, the 

author aimed to identify the main factors affecting the researcher’s project 

performance that will benefit private firms. Secondly, the author aimed to investigate 

the power of University-Industry Interaction on project performance. Finally, the 

author aims to test the model of University-Industry Interaction and Project 

Performance as well as their relationship to all factors in the model. 

To answer those objectives, the author created a conceptual framework from 

the study of the literature review on the triple helix model, the organizational theory 

applied to external technology integration, the organizational information processing 

theory and the development of a conceptual framework based on the knowledge of the 

theories.  

In this conceptual framework, the author has used all five primary constructs 

that affect Project Performance, namely University-Industry Interaction, Information 

Technology Capabilities, Social Network, Firm Characteristics, and Researcher 

Characteristics. The conceptual framework is illustrated in Chapter 5. 

In the conceptual framework, the factors that have direct effect on Project 

Performance are Information Technology Capabilities, Social Network, and University-

Industry Interaction.  There are also some factors that have indirect impact through 
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University-Industry Interaction, including Social Network, Firm Characteristics, and 

Researcher Characteristics. 

The author distributed questionnaires to faculty members in two universities –

Chulalongkorn University and Mahidol University. These respondents were experts in 

the fields of Science and Technology and Engineering under the Faculty of Science 

and Technology and the Faculty of Engineering. In total, 296 questionnaires were 

completed and collected. 

The author tested the Conceptual Framework by using a quantitative research 

method. Several techniques were used in this study including descriptive statistics, t-

test, AVONA, and Structural Equation Modeling (SEM). The author also tested the 

reliability, convergent validity and discriminant validity to ensure that the collected 

data is directly valid and reliable prior to its analysis in detail.   

The tests of reliability analysis, convergent validity, and discriminant validity 

were to ensure that results are directly valid and reliable. The result of the evaluation 

showed that all such information through the criteria set can be used in the 

quantitative analysis  

The author proposed two models of University-Industry Interaction regarding 

Project Performance. The first proposed model is shown in Figure 6.1 and is selected 

for use in testing hypotheses. For the second proposed model, the author proposed all 

the variables and linkages of the first proposed model with the control variables of 

researcher’s work experience and researcher’s age.  

As concerns the first model to test the hypotheses, the test results prove that 

the model fits and passes four fit indices – Normed Fit Index (NFI), Non-Normed Fit 

Index (NNFI), Comparative Fit Index (CFI), and Root Mean Square Error of 

Approximation (RMSEA) as shown in the table below.  
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Table 6.1  Measures of the Structural Model Fit of Proposed Model 1  

 

Items Fit Indices  Criteria  

Normed Fit Index (NFI) .908 >0.90 

Non-Normed Fit Index (NNFI) .927 >0.90 

Comparative Fit Index (CFI) .936 >0.90 

Root Mean Square Error of Approximation (RMSEA) 0.086 <0.10 

 

The results from the Structural Equation Model analysis supported all the 

hypotheses the author had set out in the conceptual framework derived from the 

literature review. The relationships of all the constructs are positive as shown in 

Figure 6.1. 

 

 

Figure 6.1  Diagram Showing Conceptual Framework and Relationship of Constructs 

The above diagram shows that Project Performance is directly influenced by 

the three main constructs of University-Industry Interaction, Social Network, and ICT 
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Capabilities.  It can be concluded from the results that University-Industry Interaction 

influenced Project Performance with the highest path coefficient value equal to 0.511. 

The author concludes that innovation success is achieved by building the links 

between universities and the private sector and that this is the most important factor. 

Second in importance is the ability to use the information from the researchers and the 

final issue of social network is the least important part of this research. 

University-Industry Interaction has the most positive relationship with Project 

Performance which is positively influenced by three constructs. The three influences 

are Social Network, Firm Characteristics, and Researcher Characteristics.  

The analysis results obtained from the research has proven that the two main 

factors that has the most effect on firm characteristics (path coefficient = .500) and 

researcher characteristics (path coefficient = .219). The organizations and researchers 

are the two main groups of links between universities and the private sector. 

However, if the path coefficient comparison of the two construct influences 

University-Industry Interaction, the relationship of Firm Characteristics is higher than 

Researcher Characteristics. The conclusion can be drawn that good University-

Industry Interaction results from the characteristic of the private sector encouraging 

further links in the social network. Moreover, Researcher Characteristics also have 

positive results on University-Industry Interaction. The results of testing the six 

hypotheses can be summarized as shown below.  

 

 

 

 

 

 

 



128 

 

Table 6.2  Results of Testing Six Hypotheses 

Hypotheses  Relationship Results 

H1 University-Industry Interaction (UII) has a positive 

relationship with Project Performance. 

Supported 

H2 Information Communication Technology 

capabilities has a positive relationship with Project 

Performance  

Supported 

H3 Social Network has a positive relationship with 

Project Performance 

Supported 

H4 Social Network has a positive relationship with 

University-Industry Interaction  

Supported 

H5 Firm Characteristics has a positive relationship 

with University-Industry Interaction  

Supported 

H6 Researcher Characteristics has a positive 

relationship with University-Industry Interaction  

Supported 

 

The objective of this study is to identify the main factors affecting project 

performance on innovation with the research results having enabled it to do so. It can 

be concluded that the factors that affect project performance both directly and 

indirectly through University-Industry Interaction are University-Industry interaction 

(UII), Information and Communication Technology Capabilities and Social Network. 

The factors that have a indirect impact on Project Performance are Firm 

Characteristics, Researcher Characteristics, and Social network. 

The second objective is to investigate the power of University-Industry 

Interaction on Project Performance. From the research as illustrated above, it can be 

concluded that University-Industry Interaction has the most direct influence out of all 

of the constructs on the Project Performance with a path coefficient value of as high 

as 0.511. 

The third objective aims at testing the model of University-Industry 

Interaction and Project Performance as well as the relationship of all the factors in the 

model. It can be summarized that all of the constructs have positive effects on Project 



129 

 

Performance but that they have different levels of impact depending on the 

relationship factors as summarized in the tables in Chapter 5. 

It can be concluded that the factors affecting the performance of the project, 

either directly or indirectly, through University-Industry Interaction are University-

Industry Interaction, Information and Communication Technology Capabilities and 

Social Network. The indirect impacts are Firm Characteristics, Researcher 

Characteristics, and Social Network. University-Industry Interaction has the most 

influence out of all of the constructs with direct impact on Project Performance. It can 

be concluded that all the constructs have a positive impact on the performance of the 

project and have different values depending on the factors and relationships. 

 

6.2  Recommendations 

 

The creation of innovation in the economy is an indispensable link among the 

three units of society as presented in the triple helix model, namely university, 

industry, and government to increase the efficiency and effectiveness of work 

programs in the field of scientific research and innovation. The results from this study 

highlight the factors that affect the success of the project and the executives of the 

three agencies can make use of the results to extend the planning policies in their 

regulated agencies. 

It is suggested that the three agencies have different needs, so the author has 

separated the issues into three main parts: recommendations to government, 

recommendations to the private sector and recommendations to the university. 

 

6.2.1  Recommendations to Government  

As regards the recommendations to government, specifically the agencies 

involved in promoting development and innovation, the author proposes three 

suggestions as regards short-term policies for innovation, suggestions on developing 

long-term policy for innovation, and regulatory agencies to create innovation and 

continue to drive innovation. 
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6.2.1.1  Short-Term Policies for InnovationDevelopment 

  It has been has recognized and concluded that there is a possibility that 

the government sector in the development of the science and technology of innovation 

in the country can utilize the recommendations from this research for  policy 

formulation and policy implementation. In this section, the author offers suggestions 

for short-term policy to government agencies. 

The goal of the short-term policy is for the government to utilize and 

achieve an outcome on innovation development faster and to use the budget to 

promote innovation effectively and efficiently, being able to see concrete results over 

a short-term performance of one to three years. 

The author focused on short term plan to promote innovation which 

can be divided into two parts: short term government policy to support researchers, 

and short term government policy to support private companies.  

Short term government policy to support researchers encourages those 

in high-level academic positions – Associate Professor and Professor – to interact or 

link with private firms. Short term government policy to support private companies 

supports university-industry interaction in technology-intensive industries.  

1)  Short-Term Government Policy to Encourage Those in 

High-Level Academic Positions to Interact with Private 

Firms 

This research has proven that there are significant differences 

of means among the academic positions of researchers in many constructs including 

Project Performance, University-Industry Interaction, Social Network, Firm 

Characteristics, and Researcher Characteristics except for Information 

Communication Technology Capabilities. 

The author divided the researchers into three groups according 

to the differences in their academic position. The first group is those researchers 

without academic positions or Lecturers. The second group of researchers is Assistant 

Professors. The last group is a group of researchers in a high-level academic position 

including Associate Professors and Professors. The reason to group Associate 

Professors and Professors together is that there is no significant difference in both. 
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The mean values of each construct of the three groups as 

classified above prove that there is significant difference among the three groups. The 

group of Associate Professor and Professor has a higher mean value of all the 

constructs. The path coefficient in the model revealed a positive sign. The author 

concludes that a higher mean in each construct can result in the higher chance of the 

project being successful.  

To be successful in short-term policies on innovation 

development, governments should focus on the third group of researchers – the 

Associate Professor and Professor – to link with private firms. Project performance 

with Associate Professors and Professors has a higher success rate. 

To achieve project success in the short term lays a solid 

foundation for developing a national innovation system and is responsible for 

ensuring that all parties involved in the national innovation system are ready to 

develop innovation at a higher level. 

2)  Short-Term Government Policy to Support Private 

Companies in Technology-Intensive Industries 

The author here addresses the question about which group of 

industries the government should support in the short-term for building links with 

universities to get the fastest results in project performance on innovation. The author 

has reached an answer from the results of the research by using structural equation 

modeling (SEM), which has proven that the relationship between Firm Characteristics 

and University-Industry Interaction has a path coefficient equal to 0.500. In the series 

of questions  that observed the variable of firm characteristics, one asked whether the 

"Firm is in an industry that is in an intensely technologically focused sector", with the 

mean values obtained of samples equalling 5.39 This can give the answer to the 

above question, that firms in technology-intensive industries are those that should be 

targeted.  

So, short-term government policies to promote innovation in 

Thailand should be initiated to encourage companies in technology-intensive 

industries to link with university. So, this group is a strategic segment which the 

government should focus on in the short-term to develop the national innovation 

system of Thailand.  
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6.2.1.2  Long-term Government Policy for Innovation 

Development 

As concerns long-term policies to promote the innovation system in 

Thailand, the author has drawn up a long-term policy framework for three to ten years 

with suggestions from the results of the research writing and emphasizing that the 

proposed policies need time for the policy implementation to be accomplished. 

The proposal on long-term policy is divided into three parts, namely 

knowledge transfer policy, a policy for supporting researchers to pursue Ph.D., and 

the creation of an innovation network.  

1)  Knowledge Transfer Policy 

The data and analysis has presented in the above section on the 

differences of using academic positions as a measurement has shown that the 

positions of Associate Professor and Professor are different. The mean of the success 

of the project is of a higher value than the other groups. 

The potential of the researcher at other levels of academic 

position, including Lecturer and Assistant Professor, should be developed to have the 

ability to work with the private sector more effectively and efficiently. The long-term 

policy of related government agencies should be focused on knowledge transfer from 

the Associate Professor and Professor to the Lecturer and Assistance Professor by 

focusing on the mentoring system, academic seminars, projects funded in a joint- 

research, the awards of best knowledge transfer  

2)  Policy for Supporting Researchers to Pursue PhDs 

The development of university researchers for study in PhD is 

one of the key issues in developing and promoting innovation in Thailand.According 

to the author’s research, the educational level was divided into groups to measure the 

differences between groups. Group 1 comprised those researchers with PhDs and 

Group 2 comprised those at a lower educational level. The research study used a t-test 

as a statistic tool to show that the researchers’ education has a major impact on all 

constructs related to project success, namely Project Performance, University-Industry 

Interaction, Information Communication Technology Capability, Social Network, 

Firm Characteristics, and Researcher Characteristics. The researchers who have a PhD 
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degree have a higher mean value than those constructs of the researchers with a lower 

educational level. 

Therefore, to promote the innovation and development of a 

system, the long-term policy of the involved government agency should focus on 

encouraging researchers to have an educational level of at least a Ph.D. Projects that 

can be implemented to encourage researchers to pursue their Ph.D. such as 

scholarships for researchers (special track), projects in collaboration with both local 

and foreign universities for faculty development in PhD degrees in science, 

technology, and innovation.   

3)  Networking Innovations 

Social networking is one factor that makes innovation.

Networking is important, both directly and indirectly, to the success of the projectin 

science technology and innovation. Thus, the social network also has a positive 

relationship to University-Industry Interaction and in this research a positive 

relationship was found between social network and project performance with a path 

value of 0.168 and the positive relationship between social network and University-

Industry Interaction with a path coefficient value equal to 0.129. 

Therefore, agencies involved in innovation should promote the 

social network. The main agencies involved in social networks include related 

government agencies, universities, various financial research institutions and related 

associated industries, for example, the networking presented the diagram below. 
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Figure 6.2  Diagram to Illustrate Networking Innovation 

Proposals for creating social networks should focus on issues of 

how the agencies can work together effectively. Examples of projects that create 

networking innovation include the development of the communications systems 

project, appointed central-unit agencies to coordinate all aspects, database preparation 

to facilitate the social network in searching. 

 6.2.1.3  Regulatory Agencies to Create Innovation and Continue to 

Drive Innovation 

 In carrying out government policy, it is necessary to have the agency 

or a responsible host to spearhead a policy for a good and successful result.  

 On 26th August 2546, the Cabinet approved the establishment of the 

National Innovation Agency (NIA) to be a corporate unit in the Ministry of Science 

and Technology and to have a management system that is independent form 

government by transferring funds in the capital of innovation. At the same time, 

according to the regulations by the Ministry of Science and Technology, the working 

capital for research and development is considered a good starting point in promoting 

technology and innovation in Thailand. 

The main tasks of the National Innovation Agency, whose mission it is 

to enhance technological capabilities and innovation especially in the field of industry 

and which is the strategy of the country needs to be looked at. Strategic innovation 
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through networking with enterprises and educational networks that will be integrated 

into the building the National Innovation System with the National Innovation 

Agency focusing on strategic industries needs to be developed. However, problems 

that arise from changes of government will impact the National Agenda in target 

industry sectors. A recent example is the government of Prime Minister Thaksin 

Shinawatra, who emphasized the automotive, food, travel, textiles and animation 

industries while the current government of Prime Minister Abhisit Vejjajivahas 

adjusted the National Development Strategy by instigating a creative business-driven 

economy. Hence, continuity of policy between the governments has been missing.  

  The continuous implementation of economic policy between 

governments is very important to successfully create innovation in Thailand. For the 

government to implement industrial policy, the government should target those 

sectors that have high potential and competitiveness. 

  In conclusion, in making recommendations for the government, the 

author has proposed several short-term and long-term policies. Governments should 

focus on the positions of Associate Professor and Professor for promoting the links 

between private agencies and universities because innovative projects with 

researchers at this academic level have higher success rate. For Thailand, the 

government should begin to encourage companies in the high technologiy-intensive 

industry. For long-term policies, the proposal of creating a social network should 

focus on the issues of how the agencies can work together effectively. The approach 

of continuously implementing economic policy between governments is very 

important to for creating innovation in Thailand. For the government to implement 

industrial policy, the government should target those sectors that have high potential 

and competitiveness. 

 

6.2.2  Recommendations for Private Firms  

The research results can be used for the following proposals to private firms: 

Firstly, private companies should learn and understand about the links 

between the universities and the private sector in order to successfully develop 

innovative projects. Firms should understand the overall relationship of the factors 

that affect the project that the author discussed in Chapter 5, namely the links among 
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Project Performance, University-Industry Interaction, Social Network, Information 

Communication Technology Capability, Firm Characteristics andResearcher 

Characteristics. 

Secondly,in order to execute joint projects efficiently, private firms should 

focus on a research budget that is appropriate and adequate to develop the project. 

The company should monitor the progress of ongoing projectsand follow the project 

plan and evaluate the project results. Private firms should hire the right proportion of 

researchers to the number of employees in the firm. Finally, it is important for the 

firms to have a coordinator with a good understanding of the project.  

So, in sum, firms should understand the overall relationship of the factors that 

affect project performance. Companies should monitor the progress of the projects 

which must follow the project plan. Firms should hire the right amount of researchers 

and it is important for them to have someone with a good understanding of the 

project.  

 

6.2.3  Recommendations for Universities  

Suggestions for universities are divided into two sub-topics, including 

suggestions for university policy and feedback to researchers which are given as 

follows. 

  6.2.3.1  Suggestions for University Policy 

  The results of the research as discussed in Chapter 5 that author has 

brought results from analysis of a proposal for a framework of University policy and 

give suggestions for university policy. The first policy is to encourage researchers 

associated with external private agencies. Second policy is policy for allocating time 

for research and Procurement policy. 

1) To Encourage the Researcher to Link with External 

Private Agencies 

 Encouraging the researcher to link with the external private 

sector is one factor that is critical to success in developing innovation projects. 

Universities can plan policy and projects to support the strength of relations through 

the following methods. First method is for a university to establish a center that can 

link between universities and private agencies, for example an R&D and consulting 
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center to manage private firms funding university research, and to coordinate between 

private firms and researchers. The second policy would be for the university to 

establish an appropriate incentive scheme for the researchers who have links with 

private firms to develop innovation projects. 

  2)  Time Allocation Policy for Research 

 The time used in research is another important factor for the 

success of the project. The results from the research indicate that the proportion of 

time that researchers use in research compared with other practical tasks, such as 

classroom teaching and administrative work, has a positive effect on university-

industry interaction. 

 In conclusion, the author has summarized the recommendations 

in the following four proposals: firstly, a university administrator should set a clear 

policy framework and time allocation for researchers in the three main research issues 

of teaching administrative work to promote innovation; secondly, establish a special 

track (research track) for researchers to focus on the research rather than other tasks 

and provide appropriate incentives and compensation; thirdly, establish an annual 

evaluation system that is suitable for the researcher to focus on links with the private 

sector; and fourth, promote those who are dedicated to research associated with the 

external sector to the academic position of a clinical professorship.  

 6.2.3.2  Suggestions to the Researchers 

From the results of the research in Chapter 5, the author can break 

down and summarize  the following proposals to the researcher: 

 One is to strengthen the links between universities and industry. 

Researchers need to have the characteristics that the private sector requires, namely 

being honest, responsible, having credibility and being able to collaborate with others 

with outstanding records. 

 Two is for researchers to try connecting social networks to develop 

their knowledge interests. Social networks can be classified into four groups. Firstly, 

the researcher should work in close co-operation with public organizations such as the 

Ministry of Science and Technology and the National Innovation Agency. Secondly, 

researchers should keep in touch with groups of professionals and expert technicians. 

Thirdly, researchers should be members of various groups and associations related to 
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science, technology, and innovation. Finally, the researcher should work in close co-

operation with faculty members in other universities. 

 In conclusion, the recommendation is for universities to encourage 

researchers to interact with the private firms. The methods of supporting the strength 

of relations include the university establishing a center that can link between 

universities and private agencies and also establishing an appropriate incentive 

scheme for the researchers. There are four proposals: (i) a university administrator 

should draft a clear policy framework, (ii)  establish a special track (a research track) 

for researchers to focus on research rather than other tasks, (iii) provide the 

appropriate returns as in payment/incentives  and an annual evaluation system that is 

suitable for the researcher to be able focus on links with the private sector and (iv) to 

promote researchers  dedicated to research associated with the external sector to the 

position of clinical professor. For the researcher there are two issues: (i) strengthen 

the links between universities and industry, and (ii) attempt to connect to social 

networks to develop their knowledge interests.  

 This study is for government, university and researchers. For the 

government there are short-term and long-term policies. In the Thai context, the 

government should begin to encourage companies in the high technology-intensive 

industry. The continuous implementation of economic policy between governments is 

also very important to creating innovation in Thailand. For the government to 

implement industrial policy, it should target the industrial sectors that have high 

potential and competitiveness. Methods that support universities in maintaining 

relations are to establish a center that can link between universities and private 

agencies and to establish the right returns for the researchers and their work. Finally, 

the researcher should strengthen the links between university and industry and try to 

connect to social networks to develop their knowledge interests.  

 

6.3  Recommendations for Further Research  

 

In this study, the author studied the relationship between universities and the 

private sector only. This is just part of the triple helix model and only those interested 
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in research in the future can extend the study about university-government interaction, 

and government-industry interaction in the context of Thailand.  

The sample in this study used only two universities – Chulalongkorn 

University and Mahidol University. Researchers who wish to do future research can 

extend the study to include other universities in Thailand.  

Education in Thailand is in transition as a result of educational reform. Public 

universities now tend to be autonomous universities. Environmental factors in the 

future may have changed which could cause the results of this study to change. Future 

research could involve the comparative study of university-industry interaction and 

project performance, prior to educational reform and post educational reform.   
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