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Abstract: The aim of the present study is to identify the critical success factors for 

successful technology transfer across the technology transfer project life cycle. 

The study analyzed the critical factors influencing successful technology transfer 

from Indian publicly funded R&D institutions to the industry. Through content 

analysis, 27 influencing variables were identified. The perceptions of 734survey 

respondents were obtained through questionnaire survey on the relevance and 

importance of these 27 variables on a Likert scale. The conceptual model was 

proposed that included five factors which were considered to influence successful 

technology transfer. The survey data was analyzed using structural equation 

modeling (SEM) technique. The model fit indices were found to be significant for 

both the measurement model and structural model. The results of the SEM 

analysis showed that among the five factors, technology transferor factors, market 

factors and financial factors play a major role in successful transfer of technology. 

Based on these findings, recommendations to technology transferors, technology 

receivers and government were proposed in order to ensure and facilitate the 

successful technology transfer. 

Keywords: Technology transfer; publicly funded Indian R&D institutions; structural 

equation modeling; key successful factors; Public-Private-Partnership (PPP) 

projects; university-industry technology transfer model 

 

 

1 INTRODUCTION 
India spends about 1% of its GDP on R&D every 

year (~US $10 billion/year) through its vast network 

of publicly funded R&D institutions, primarily 

government laboratories and universities, where 

thousands of technologies are being developed. In 

spite of several pro-active measures, large number 

of technologies developed in the Indian publicly 
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funded R&D laboratories have remained either 

unexploited, or the desired impact has not been 

made by the transferred technologies, although a 

beginning has been made [1]. In a recent seminal 

review on technology transfer from government 

laboratories to industry, Tran and Kocaoglu [2] 

articulated that the governments in both developed 

and developing countries were still yet to answer 

adequately how to translate the huge public 

spending on R&D to the achievement of the 

country’s economic goals and thus required more 

investigation. Achieving higher rate of successful 

technology transfers from publicly funded R&D 

institutions enhances country’s competitiveness and 

brings several benefits to all its stakeholders. For 

example, attractive return on investment (ROI) to 

investors, creates new jobs for citizens, gives new 

products and services to the consumers to meet their 

needs, revenue in the form of royalties to the 

technology transferring  institutions, taxes to 

government and there will be an overall socio-

economic development. A successful technology 

transfer has a multiplier effect on the overall 

economy. 

The technology transfer is however, a lengthy, 

complex and dynamic process that involves a series 

of nonlinear activities and processes, which requires 

ation between multiple stakeholder groups. A 

review of the literature of both theoretical and 

empirical studies also revealed that the success or 

failure of a technology transfer depended on large 

number of variables or factors and their 

interrelationships across the technology transfer 

project life cycle [3-7]. Because of the several 

complexities involved in TT, management of 

technology transfer assumes a pivotal role in 

optimizing business and retaining competitive edge 

for both the technology transferor (publicly funded 

R&D institutions) and transferee (the industry) in 

the emerging globalized economy.  

It is observed that there are very few empirical 

studies on management of TT, which have 

identified the influencing or critical 

variables/factors, and simultaneously examined 

their impact on successful technology transfer in a 

single integrated model [8] either in developed 

country or in developing country perspective. Thus, 

it is proposed in this study to identify the 

influencing or critical variables/factors across the 

TT process/project through a content analysis and 

their impact on achieving successful technology 

transfer simultaneously in a single, holistic model 

under Indian context using structural equation 

modeling (SEM) approach as SEM can examine 

series of dependence relationships simultaneously 

[9]. 

2 DEFINITIONS OF TECHNOLOGY, 
TECHNOLOGY TRANSFER & 
SUCCESSFUL TRANSFER 
Theoreticians and practitioners have defined the 

concepts of technology transfer in many different 

ways. The review of literature shows that the 

literature lacks consensus on the definition of 

technology transfer. For example, Sazali, et al., [10] 

reported 24 definitions of technology transfer. 

Some of the definitions relevant to the context of 

this study are cited below. 

Technology is information that is put into use in 

order to accomplish some task [11]. Transfer is the 

movement of technology via some communication 

channel from one organization to another. A 

technological innovation is an idea, practice or 

object that is perceived as new by an individual or 

some other unit [12]. Technology Transfer (TT) is 

therefore, the application of information (a 

technological innovation) into use [13]. 

In the context of the present study, technology 

transfer is defined as the process by which 

intellectual property rights (IPRs) and/or know-how 

developed under technology push or market pull 

mode is moved to the market place. 

The terms, technology transfer, knowledge transfer, 

technology commercialization, commercialization 

of R&D results, technology innovation, technology 

valorization, technology diffusion etc are all used 

synonymously and inter changeably in the literature, 

as the activities covered and ultimate goal of all 

these definitions are one and the same [14, 15]. 

A technological innovation or technology is said to 

be fully and successfully transferred only when it is 

commercialized into a product or service that is sold 

in the marketplace [15].  

3 LITERATURE REVIEW 
A literature review was undertaken, primarily with 

the help of online databases Web of Knowledge, the 

world’s most popular and frequently used global 

database of choice for broad review of scientific 

accomplishment in all fields of study [16] along 

with other sources of information. The literature 

review reveals that most of the publications were on 

international technology transfer (ITT) from MNCs 

to private sector. The TT research from publicly 

funded R&D institutions to industry is just at its 

infancy stage not only in developing countries like 

India but also in many developed countries too, 

except USA (Fig. 1).  

Several traditional models of technology transfer 

were suggested in the literature for use in 
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federal/government laboratories [17], such as  the 

Information Dissemination Model, in which the 

information is made available for industry’s use; the 

Licensing Model, in which  exclusive/non-exclusive 

rights are granted to a firm so that it may 

commercialize the technology; the Venture Capital 

Model, in which venture capitalists acting on behalf 

of entrepreneurs take an active role in determining 

the commercial potential of a laboratory’s 

technology, the Large Company-Joint Venture 

Model, in which companies send personnel to a 

laboratory and then return with the technology; and 

the Incubator-Science Park Model, in which 

support mechanisms are provided for individuals, 

which wish to commercialize the technology. About 

148 qualitative and quantitative TT models were 

reported in the literature during the period 1991-

2012.  

 

Fig. 1. Trend of global publications on TT from government labs to industry 

Most of the TT models were conceptual in nature 

and only small number of these models was backed 

by empirical data analysis.  

The literature review further reveals that application 

of SEM to technology management discipline was 

started only in early 2000s. The first paper in this 

area perhaps was from Sohn and Moon [18] of 

Korea who had applied SEM for predicting 

technology commercialization success index in 

relation to technology developer, technology 

receiver, and environmental factors.   They 

identified number of measurement and latent 

variables/constructs, which were integrated and 

solved to find out the significant structural 

relationships among the measurement and latent 

variables. During the same year, Benedetto [19] 

modeled international technology transfer process 

in China using SEM. Subsequently, Sohn et al., [20], 

applied structural equation model for the evaluation 

of national funding on R&D projects to identify the 

best practices as well as to provide feedback 

information for the improvement of the government 

funding programs of the R&D projects of SMEs in 

Korea. Waroonkun and Steward [21] modeled the 

international technology transfer process in 

construction projects in Thailand using SEM, which 

included four TT process enablers, namely, 

government influence, transferee characteristics, 

transferor characteristics and relationship building, 

and one outcome factor named TT value added. The 

model findings revealed that building relationship 

between the transferor and transferee was 

determined to be the key predictor of TT induced 

value creation for the host construction sector. Lou, 

et al. [22] evaluated the commercialization potential 

of emerging technologies in China based on the 

structural equation model. The model findings 

revealed that technology commercialization success 

depends on technology factor, economic factor, 

qualification factor, consistent factor, and social 

factor. 

Thomas Ng et al [23] prescribed a structural 

equation model of feasibility evaluation and project 

success for public-private partnership (PPP) 

projects in Hong Kong. The factors for evaluating 

the feasibility of PPP projects were classified into 
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five broad categories: technical, financial and 

economic, social, political and legal, and others.  

Through the structural equation modeling approach, 

data attained from questionnaire survey conducted 

in Hong Kong was analyzed and a model was 

developed to examine the relationship between 

different evaluation factors and the overall success 

satisfaction of stakeholders. The results indicated 

that the technical and social aspects were critical to 

the feasibility of PPP projects and therefore, were 

the determining factors for success.   

Farhad et al [24] proposed a university-industry 

technology transfer (UITT) model and validated the 

model from the survey data using Structural 

Equation Modeling (SEM). Their model consists of 

5 latent factors and 15 measured variables. 

Behboudi et al. [25] presented a structural equation 

model of commercialization of research outcomes 

in Iran.  Although this is a very good empirically 

validated model, but it has some limitations, like, it 

did not consider some of the relevant technology 

transferor, receiver and environmental variables.  

Furthermore, the rational to form different 

constructs, their validity and reliability were also 

not established. 

Based on the literature review, the framework for 

management of successful technology transfer from 

public funded R&D institutions to industry is 

presented in Fig. 2. 

 

Fig. 2. Framework for management of successful technology 

transfer 

The models and frameworks reviewed above offer 

in general a rich understanding of management of 

technology transfer process in different settings and 

reveal the key variables/factors that affect the 

technology transfer success of their country’s 

context. These models are helpful in formulating the 

overall structure of the proposed conceptual generic 

TT model suitable under Indian context.  

 

Fig. 3. Key stages in technology transfer process from publicly 

funded R&D labsto the industry 

4 IDENTIFYING INFLUENCING 
VARIABLES OF TT  
Identification of the influencing variables of 

successful technology transfer from publicly funded 

R&D institutions to the industry is the starting point 

for building the research model in this study. To 

identify these influencing variables across the 

technology transfer process/project, it is necessary 

to understand and map the process of technology 

transfer that is prevailing in Indian publicly funded 

R&D laboratories. Based on the theory, literature 

review and researcher’s long field experience in the 

area of technology development and transfer in 

publicly funded Indian R&D institutions, the 

process of how technology is being typically 

transferred, which we think applies for most 

publicly funded R&D labs in India is graphically 

presented in Fig. 3. 

It can be seen from Fig. 3 that technology transfer 

can be initiated by forces related to either the 

technology push (laboratory/supply side) or market 

pull (receiver/demand side) of the process [26] and 

will continue until the product/service is launched 

in the market with stakeholders adding value to it at 

different stages of the process. This process 

emphasizes the involvement of transferor and 

transferee at all stages until the product/service 

emerging from the technology transfer is 

commercially produced and launched in the market. 
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Table 1. Summary of identified influencing variables and their grouping into different factors 

Factor Variable Name References 

1. Technology 

Transferor 

Factor 

Strong IPRs 
Jolly [28], Bozeman [29], Heslop [30], Kneller [31], Siegel [32], Bandarian [33], 

Palmberg [34], Joseph [35], Lou [22], Amadi [36]. 

Prototype Field Tested 
Jolly [28], Joseph [26], Sundararajan [5], Khan [3]. Heslop [30], Kumar [37], 

Andrew [38], Slater [39]. 

Exclusive Licensing of 

Technology 
Sundararajan [5], Bozeman [29], Kneller [31], Chandra [40], Ray [41]. 

Training & Demonstration 
Narayana [42], Jolly [28], Gupta [43], Sung [44], Khan [3], Kumar [37], Richard 

[45], Jagoda [46], Sung [47]. 

Performance Guarantee Sundararajan [5], Khan [3], Pandit [48], Lou [22] 

Effective Communication 
Williams [49], Xinping Shi [50], Sung [44], Cummings [51], Waroonkun [21], 

Pandit [48], Sung [47], Jagoda [46], Farhad [24]. 

2. Technology  

Receiver 

Factor 

Top management 

champions the project 

Joseph [26], Sung [44], Heslop [30], Kneller [31], Siegel [32], Cummings [51], 

Richard [45], Sohn [18], Sung [47].  

Having competent team Henard [52], Lin [53], Rammohan [54] 

Strong financial 

background 

Sundararajan [5], Joseph [26], Khan [3], Bozeman [29], Kumar [37], Siegel [32], 

Richard [45], Li [15]. 

Prior business experience 
Cooper [55], Xinping Shi [50],  Sundararajan [5], Bozeman [29], Waroonkun [21], 

Mohamed [56], Farhad [24] 

Vision & Passion Cooper [55], Sung [57] 

Domain Knowledge Sung [57], Mohamed [56], Amadi [36]. 

Marketing capability/ 

skills 
Sundararajan [5], Friar [58], Bozeman [29], Industry Canada [59] 

3. Market Factor 

Large market size 
Cooper [60], Piper [61], Narayana [42], Friar [58], Heslop [30], Rammohan [54], 

Thomas Ng [23], Pandit [48], Behboudi [25]. 

Product meeting 

user needs 

Cooper [60], Piper [61], Joseph [26], Heslop [30], Bandarian [33], Thomas Ng [23], 

Lou [22], Nazanin [27], Behboudi [25], Li [15]. 

 

Competitive price and 

quality 

Cooper [60], Span [62], Piper [61], Joseph [26], Khan [3], Heslop [30], Kneller [31], 

Sohn [18], Galbraith [63], Mohamed [56], Behboudi [25]. 

First to market Cooper [60], Heslop [30], Ramamohan [54] 

4.Financial 

Factor 

Techno-economic 

feasibility/viability 

Jain [66], Khan [3], Kneller [31], Bandarian [33], Jagoda [46], Thomas Ng [23], Jin-

fu [67],  Behboudi [25], Navid [65] 

Easy access to Finance 
Joseph [26], Friar [58], Khan [3], Heslop [30], Kumar [37], Cummings [51], Pandit 

[48], Nazanin [27], Behboudi [25], Nandagopal [68]. 

Longer repayment periods 

of debt 
Kumar [37] 

5. Government 

Policy Factor 

Proactive legislative acts 
Heslop [30], Bhattacharya [69], Etzkowitz [70], Waroonkun [21], Jagoda [46], 

Thomas Ng [23], Nazanin [27], Behboudi [25], Amadi [36]. 

Fiscal incentives 
Pawan [71], Sung [44], Kumar [37], Pandit [48], Agarwal [72], Visalakshi [73], 

Sung [47]. 

Strengthening the existing 

financing/ incubation 

schemes 

Agarwal [72], Purushotham [7, 74]. 

Continued in Next Page 
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*Out of 27 variables, 18 were tested empirically by few researchers in the past. 

By reviewing the literature, examination of leading 

theoretical/empirical TT studies/models reviewed 

above and performing content analysis [25, 27], we 

have identified 27 measured variables (Table 1) 

which could influence the successful technology 

transfer process as shown in Fig. 3. 

All the 27 variables identified through content 

analysis were hypothetically grouped by 

conceptualizing their relationship with one another 

in the above context into five broad 

exogenous/facilitating factors (constructs); and one 

endogenous/outcome factor (construct), i.e. 

successful technology transfer as shown in Table 1. 

Subsequently, the formation of the six factors was 

confirmed by conducting exploratory factor 

analysis. 

 

5 DEVELOPMENT OF A CONCEPTUAL 

MODEL AND HYPOTHESES 

Research on technology transfer management has 

been traditionally concentrated on effective 

linkages and information movement, generally to 

the exclusion of the management theory [47]. 

However, researchers, off late began to argue that 

TT models developed based on the factors that will 

influence technology transfer, would have better 

power to predict TT outcomes and could be used as 

a framework for facilitating effective technology 

transfer [8, 13, 21, 25, 33, 44, 47, 77, 78].  

Therefore, development of a conceptual model for 

managing technology transfer aims to capture all the 

relevant variables that influence the effectiveness of 

the TT process and the resulting transfer success. 

Based on the models reported earlier [1, 18, 25, 29, 

44, 55], an integrated generic conceptual causal 

model for managing technology transfer from 

publicly funded R&D laboratory to the industry in 

terms of the variables/factors identified above 

(Table 1) was developed and shown in Fig. 4 which 

consists of five exogenous factors and one 

endogenous factor (successful technology transfer). 

Along with the technology transferor and receiver 

factors, the model also takes into consideration, the 

marketing, financial and government policy support 

factors, as these factors were not considered in 

detail in the previous models.

 

 

Fig. 4. Conceptual model for managing technology transfer from publicly funded R&D labs to industry 

6. Measures of 

successful 

technology 

transfer  

Commencement of 

commercial production 
Sundararajan [6], Jagoda [46], Sajid [75]. 

Launch of product in the 

market 

Cooper [6058 

], Jolly [28], Joseph [26], Henard [52], Sung [57], Jagoda [46]. 

Attractive Return on 

Investment 

Span [62], Sung [64], Heslop [30], Kumar [37], Lin [53], Waroonkun [21], Lou 

[22]. 

Socio-economic 

development 

Bozeman [29] Industry Canada [59], Lou [22], Nazanin [27], Behboudi [25]. Navid 

[65], Purushotham [76] 
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The links between the exogenous 

(input/independent) factors and endogenous 

(output/dependent factor in the conceptual model 

have been largely conceptualized based on literature 

support and from an understanding of the 

technology transfer process from publicly funded 

Indian R&D laboratories to industry. The 

relationship between the above mentioned factors or 

constructs along with their related measured 

variables are represented by five hypotheses as 

described below: 

H1: Fulfilling technology transferor factor is 

considered as a key for successful 

technology transfer (has positive and 

significant effect).  

H2: Fulfilling technology receiver factor is 

considered as a key for successful 

technology transfer.  

H3: Fulfilling market factor is considered as a 

key for successful technology transfer.  

H4: Fulfilling finance factor is considered as a 

key for successful technology transfer.  

H5: Enabling government policy is considered as 

a key for successful technology transfer. 

The key variables likely to influence successful 

technology transfer as derived from the previous 

studies as well as the hypotheses developed here 

constitute the foundation of the research model for 

this study. In this respect, a questionnaire using 5 

point Likert scale was developed and each variable 

was presented as separate hypothesis to test its 

influence on successful technology transfer from 

publicly funded R&D laboratories to industry in 

India.  

6 RESEARCH METHODOLOGY 
Since the overall research objectives of this study 

were to identify the factors influencing technology 

transfer, develop a generic conceptual model for 

management of TT in terms of these influential 

factors and examine the influence of these factors 

on the success of technology transfer 

simultaneously, technology transfer project itself is 

considered as the level or unit of analysis. The 

respondents for data collection were chosen from 

publicly funded R&D institutions, technology 

financing institutions and private sector companies, 

which have in-house R&D units recognized by the 

Department of Scientific & Industrial Research 

(DSIR) and listed in the “Directory of R&D 

Institutions 2010” published by the Department of 

Science & Technology, Government of India. The 

Directory listed 4288 such institutions. Thus, 

respondents from the above population/universe of 

4288 institutions were considered to be the best 

respondents to evaluate the importance and 

effectiveness of variables pertaining to the TT 

process and the outcomes it could potentially 

generate. After analyzing the activities and 

relevance of the population, with regard to the 

context of the study and using a purposive sampling 

method, a sample size of 3000 respondents was 

chosen, out of the population/universe of 4288 for 

conducting the questionnaire survey. 

To measure the perceptions of the respondents on 

the identified 27 key variables, which are likely to 

be influencing the success of technology transfer, 

we have developed a survey 

instrument/questionnaire primarily on the basis of 

the survey questionnaires reported in the literature 

[25, 30], with a few modifications to suit the 

research purpose and particular study context. The 

survey questionnaire contained three sections. 

Section 1 covers demographic information of the 

respondents such as name, gender, organization 

name, age, years of experience in technology 

transfer, number of TT projects coordinated, 

position, education, organization type (publicly 

funded R&D institution or private company) etc. 

This section was included to ensure that information 

was received from valid sources. Section 2 covers 

total of 27 questions representing individual 

variables in the conceptual model. Section 3 seeks 

suggestions to improve the technology transfer. The 

responses/suggestions provided were used to 

supplement the quantitative analysis.  

On the pilot tested questionnaire, respondents were 

asked to evaluate the importance and relevance of 

each variable on a 5-point Likert scale (1= strongly 

disagree, 5=strongly agree). Five-point Likert scale 

was used instead of 7-point scale since it is reported 

that the respondents have a tendency to avoid the 

two extreme points. This tendency makes 7-point 

scale less applicable in social science research 

settings [64]. 

The primary questionnaire survey was undertaken 

during September 2012 to January 2013 with the 

above target group/sample of respondents. Out of 

3000 questionnaires administered (based on 

purposive sampling), 806 filled in questionnaires 

were received after substantial follow-up. 72 filled 

questionnaires were rejected as the respondents 

were not having the minimum qualifying 

experience of associating with at least one 

technology transfer project at the time of filling the 

questionnaire. The balance 734 filled in 

questionnaires, representing a response rate of 24.5 

per cent were taken up for SEM analysis, as the 

sample size meets the minimum requirement of 1:15 
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ratio (variables: responses) for carrying out SEM 

[79]. 

7 DATA ANALYSIS AND RESULTS 
The data collected through questionnaire survey 

was analyzed, using the statistical package for the 

social sciences (SPSS v16), for estimation of the 

Cronbach’s alpha, means and standard deviations 

(SD), analysis of variance (ANOVA), factor 

analysis. SEM (AMOS Software Package, which is 

available on SPSS platform) was used to carry out 

the confirmatory factory analysis (CFA), the inter-

relationships/structural relationships between the 

different factors and for testing the hypotheses of 

the conceptual model. 

7.1 Respondents Profile 

The respondents of the questionnaire survey were 

classified into six categories: scientists (25%), 

technology transfer professionals (15%), 

technology financing professionals (5%), 

professors (10%), R&D managers from industry 

(25%) and directors/chief executive 

officers/managing directors/chairman (20%). The 

respondents’ level of education was classified into 

three levels: bachelor’s degree (16%), master’s 

degree (34%) and PhD degree (50%). Age of 

respondents was also noted: less than 40 years (5%), 

40-50 years (21%), 51-60 years (63%), and over 60 

years (11%). Number of TT projects coordinated by 

the respondents was also sought. 86% of the 

respondents coordinated 1-5 TT projects, 11% 

coordinated 6-10 projects and 3% of the 

respondents coordinated more than 10 TT projects. 

The breakup of respondents’ technology transfer 

experience was: less than 10 years (22%), 10-20 

years (54%), 21-30 years (20%), and over 30 years 

(4%). The respondents’ areas of technology transfer 

experience include chemical sector (30%), drugs & 

bio-pharma (34%), materials and nanotechnology 

(14%), food and agriculture (10%), electronics (5%), 

telecommunications (4%) and information 

technology/ information technology enabled 

services (3%). The respondents were from either 

publicly funded R&D institutions (55%) or private 

sector (45%) and from across the country: southern 

region (41%), northern region (20%), eastern region 

(10%) and western region (29%). 

Analysis of variance (ANOVA) was performed to 

ensure that respondents having different positions 

(e.g. scientists, technology transfer professionals, 

professors, R&D managers, investors, CEOs of 

companies etc.) and from different types of 

organizations (publicly funded and private sector 

etc.) could be considered as a single sample. The 

results of ANOVA (F statistic, p value) shown that 

the data can be treated as one usable sample [80]. 

The personal profiles of the survey respondents 

show that the participants are fairly senior, 

predominantly technically oriented persons having 

experience in diverse areas of technology 

development and transfer. Experience of 

participants from the wide range of technology 

verticals was critical for ensuring the validity of 

results. The greater is the experience of respondent 

in technology development and transfer, greater 

will be their understanding of the issues involved in 

the technology transfer.  

7.2 Structural Equation Modeling (SEM) 

SEM is an effective technique for conceptualizing a 

theoretical model, confirming relationships 

between variables and gaining insight into the 

causal nature and strength of identified relationships 

[83, 85]. SEM examines series of dependence 

relationships simultaneously and it is particularly 

useful in testing theories that contain multiple 

equations involving dependence relationships like 

in the present research. SEM consists of two parts. 

The first part is the measurement model or 

confirmatory factor analysis (CFA). It represents 

theory showing how measured variables come 

together to represent constructs or factors. The 

second part is the structural model showing how 

constructs are associated with each other, often with 

multiple dependence relationships [9]. SEM was 

employed in this study for two main tasks: (1) 

confirmatory factor analysis (CFA) to corroborate 

the constructs established through exploratory 

factor analysis (i.e. testing the measurement model); 

and (2) testing the structural model by testing the 

hypotheses using path significance analysis for 

every construct of the research model for the each 

path. 

7.2.1 Measurement Model / Confirmatory 

Factor Analysis (CFA) 

The field data collected on the above 27 variables 

from the 734 respondents was analyzed using 

exploratory factor analysis (EFA) for data reduction 

and summarization. The EFA retained 25 variables 

which were properly loaded on six factors with 

65.42% cumulative variance explained. The 

resulting six factors were labeled as (1) Technology 

transferor factor (2) Technology receiver factor (3) 

Market factor (4) Finance factor (5) Government 

policy factor and one outcome factor; i.e. (6) 

Successful technology transfer, which were shown 

in Table.1. The EFA did not support retaining two 

variables, (first to market and domain knowledge of 

a technology receiver) as the factor loadings 

obtained for these two variables were insignificant 

and less than  the recommended threshold factor 

loading (<0.5). These factors or constructs along 

with the respective measured variables shown in 
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Table 1 were the backbone for building a conceptual 

model for managing technology transfer and 

validating the same from survey data using SEM. 

Specifying the measurement model (i.e. assigning 

variables to the constructs they should represent) 

based on the proposed theoretical model/EFA is a 

critical step in developing a measurement model. 

By using the graphic interface of AMOS, the 

measurement model is drawn and depicted in Fig. 5, 

which shows the linkage between the specific 

variable and their associated constructs along with 

the relationship among the constructs.  Paths from 

the latent construct to the measured variables are 

based on the measurement theory. A measurement 

theory specifies how measured variables logically 

and systematically represent constructs involved in 

a theoretical model. A general thumb rule is that a 

minimum of three measured variables per latent 

factor or construct is needed to provide minimum 

coverage of the construct’s theoretical domain [9]. 

In our measurement model all constructs were 

having minimum three measured variables.  

Confirmatory Factor Analysis of SEM was 

performed using the AMOS 16.0 (Analysis of 

Movement Structures) software package. AMOS is 

a one of the modules in SPSS, which uses a very 

user friendly and interactive graphic interface to 

draw path diagrams for the measurement and 

structural models of SEM using any personal 

computer. 

Once the measurement model is correctly specified 

by following the standard syntax rules of SEM, 

AMOS software package was run to perform the 

confirmatory factor analysis on the proposed 

measurement model consists of the first order six 

latent factors as shown in Fig. 5, with the 

measurement variables loading in accordance with 

the pattern revealed in the exploratory factor 

analysis. The default estimation procedure is 

maximum likelihood. Table 2 shows the summary 

of CFA empirical results of the relationships among 

variables and constructs represented by the data. 

 

Fig. 5. A Path Diagram Showing Hypothesized Measurement Specifications (Cfa)

 



Purushotham et al., Advances in Industrial Engineering and Management, Vol. 4, No. 2 (2015), 123-146 

132 

Table 2. Summary of CFA results 

Latent Factor/Construct 

(Code) 

Observed Variable Overall Confirmatory 

Factor  

Loading 

p-value AVE CR 
Cronbach 

Alpha 
Code Description Mean S.D. 

Technology Transferor factor (TF) 
Overall  

mean = 4.35 

S.D=0.82 

T1 Strong IPRs 4.63 0.64 0.75 *** 

0.73 0.94 0.940 

T2 Prototype field tested 4.57 0.58 0.92 *** 

T3 Exclusive Licensing 4.19 1.05 0.76 *** 

T4 Training & Demonstrated 4.24 0.91 0.88 *** 

T5 Performance guarantee 4.37 0.78 0.96 *** 

T6 Effective communication 4.09 0.97 0.96 *** 

Technology Receiver Factor (RF) 

Overall  

mean = 4.16 
S.D= 1.01 

R1 Top management champions the project 3.95 1.11 0.88 *** 

0.85 0.94 0.712 

R2 Having competent team 4.29 0.98 0.83 *** 

R3 Strong financial background 4.17 1.08 0.71 *** 

R4 Marketing capability 4.23 0.89 0.72 *** 

Market Factors (MF) 
Overall  

mean = 4.49 

S.D= 0.70 

M1 Large market size 4.75 0.56 0.99 *** 

0.72 0.89 0.708 M2 Product meeting user needs 4.35 0.81 0.71 *** 

M3 Competitive price and quality 4.36 0.71 0.77 *** 

Finance Factors (FF) 

Overall  

mean = 4.47 
S.D=0.83 

F1 Techno-economic feasibility/variability 4.49 0.82 0.84 *** 

0.85 0.94 0.709 F2 Easy access to finance 4.73 0.68 0.90 *** 

F3 Longer repayment period of debt 4.18 1.0 0.84 *** 

Government Factors (GF) 
Overall  

mean = 4.07 

S.D= 0.84 

G1 Proactive legislative acts 3.82 1.23 0.71 *** 

0.64 0.84 0.830 G2 Fiscal incentives 4.32 0.86 0.72 *** 

G3 
Strengthening the existing financing and 
incubation schemes 

3.98 0.42 0.74 *** 

Successful Technology  

Overall  
mean = 4.12 

S.D= 1.12 

S1 Commencement of commercial production 4.23 1.13 0.93 *** 

0.82 0.95 0.856 
S2 Launch of product in the market 4.20 1.05 0.98 *** 

S3 Attractive Return on Investment 4.12 1.08 0.79 *** 

S4 Socio-economic development 3.85 1.24 0.94 *** 
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In order for a measured variable to be considered 

valid, it must have a factor loading of at least 0.6 

with its related constructs [81]. All responses of the 

questionnaire were met with these criteria except 

two variables i.e. prior business experience of the 

technology receiver and vision and passion of the 

technology receiver, which have factor loadings of 

0.412 and 0.389 respectively. Therefore, these two 

variables were rejected as they have a factor loading 

of less than the threshold factor loading of 0.6 [81]. 

The validity and reliability of the measurement 

model was carried using the remaining 23 measured 

variables, to see how well the theory fit the data by 

comparing the goodness of fit indices obtained in 

the measurement model with the reported standard 

goodness of fit indices. 

7.2.2 Assessing Validity and Reliability of the 

Constructs of the Measurement Model 

Construct validity is the extent to which a set of 

measured variables actually reflects the latent 

construct or factor they are designed to measure [9]. 

Construct validity was established in this study by 

establishing the face validity, factor loading, 

Cronbach’s alpha, convergent validity and 

discriminate validity. To test the reliability of the 

constructs, Anderson and Gerbing [82] suggested to 

use composite reliability (CR) and average variance 

extracted (AVE) instead of Cronbach-alpha 

(internal consistency of measures). 

To achieve convergent validity, the factor loadings 

and composite reliability (CR) should be greater 

than 0.7 and average variance extracted (AVE) of 

the constructs as suggested by Fornell and Larcker 

[83] should be greater than 0.5. As can be seen from 

Table 2, all the measured variables are having 

significant loadings on to the respective factor/ 

constructs (p0.001) with values varying between 

0.71 and 0.99.  In addition the average variance 

extracted (AVE) for each construct is 0.5 and CR 

is >0.70, which support the convergent validity of 

the constructs. Discriminant validity was assessed 

by comparing the AVE with the corresponding 

inter-construct squared correlation estimates [83].  

It was found from the data analysis that the AVE 

values of all the factors are greater than the inter-

construct correlations (Table 3) which support the 

discriminant validity of the constructs [83]. Thus, 

the measurement model has an adequate validity 

and constructs reliability. 

 

Table 3. Discriminant validity 

 Technology Factor(TF) 
Receiver 

Factor(RF) 

Market 

Factor(MF) 

Financial 

Factor(FF) 

Government 

Factor(GF) 

Success 

Factor(ST) 

Technology Factor (TF) 0.73      

Receiver Factor (RF) 0.26 0.85     

Market Factor (MF) 0.12 0.35 0.72    

Financial  Factor (FF) 0.04 0.07 0.22 0.85   

Government Factor (GF) 0.10 0.48 0.52 0.18 0.64  

Successful Transfer (ST) 0.08 0.07 0.17 0.29 0.14 0.82 

 
Note:  Diagonal elements in the correlation matrix of constructs are the square root of the AVE values.  AVE should be greater than squared 
inter-construct correlations. For discriminant validity to be present the diagonal elements should be greater than the off diagonal.  
 

7.2.3 Assessing Model Fit of Measurement 
Model  
The model to be acceptable, all goodness-of -fit 

indices should be greater than 0.9 and RMSEA 

should be less than 0.08 [84, 85]. As shown in Table 

6, the values of the goodness-of-fit indices obtained 

for the measurement model indicate a reasonable fit 

of the measurement model with data.  In short, the 

CFA of SEM model confirms to the six-factor 

structure containing 23 measured variables, which 

contributes significantly for the successful 

technology transfer from publicly funded R&D 

laboratories to industry. In addition to acceptable fit 

indices, all the 23 variables loaded significantly (p< 

0.001) on the respective latent constructs or factors. 

If the measurement model has not survived its test 

of reliability, validity and, do not achieve acceptable 

fit, the structural model validity cannot be 

performed. Therefore, only after the measurement 

model is validated and achieved acceptable model 

fit then only we can turn our attention to a test of the 

structural relationships. Since the measurement 

model met the above acceptance criterion, the 

structural model was specified and the proposed 

model hypotheses were tested in the structural 

model in the subsequent section.  
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7.3 Structural Model 
Structural model specification focuses on using 

dependence relation type to represent structural 

hypotheses of the researcher’s model. In other 

words, what dependence relationships exist among 

factors/constructs? Each hypothesis represents the 

specific relationship that must be specified. In 

specifying structural model, we carefully select the 

potential key factors that influence successful 

technology transfer.  From the experience and 

judgment, it is believed that there is a strong reason 

to argue that different variables/factors of 

technology transferor, technology receiver, market, 

finance and government policy affect the successful 

technology transfer. Based on the theory, we 

proposed the five structural relationships in the form 

of five hypotheses as described above and the 

hypothetical model shown in Fig. 4. 

H1 is specified with the arrow connecting 

technology transferor factor and successful 

technology transfer. In similar mannerH2, H3, H4& 

H5 are specified.  In single headed arrows showing 

the dependence relationship between constructs 

represent the structural part of the model. This 

structural model shown in the path diagram in Fig. 

4 is used to estimate the model parameters and 

assess its validity.  The algorithms that perform 

SEM estimation have the goal of explaining 

observed covariance matrix of variables, S, using an 

estimated covariance matrix, Ʃk calculated using the 

regression equations that represent the hypothetical 

model. The matrix of residuals (the differences 

between the observed and estimated covariance 

matrices |S-Ʃk|), becomes the key driver in assessing 

the fit of SEM model. If the estimated covariance 

matrix is sufficiently close to the observed 

covariance matrix (the residuals are small), then the 

model and its relationships are supported. All the 

calculations in the path analysis are handled by the 

AMOS computer software and it finally gives an 

output, which can be analyzed and reported to 

validate the model. The SEM program computes a 

model solution directly from data file without the 

researcher computing a correlation and covariance 

matrix separately.  

Path analysis was undertaken using the SEM to 

uncover the significant interrelationships between 

the constructs and for testing the set out hypotheses. 

Table 4 highlights the inter-correlations between the 

five categories of latent evaluation factors or 

constructs.  All the five factors were shown to be 

inter-correlated to some degrees. Strong 

interrelations were found between Government 

Policy Factor and Market Factor (correlation 

coefficient = 0.72), Government Factor and 

Technology Receiver Factor (correlation coefficient 

= 0.70), Market Factor and Technology Receiver 

Factor (correlation coefficient = 0.6).It can be seen 

from the Table 4 that Government Policy Factor 

significantly influences Market Factor, Finance 

Factor and Technology Receiver’s Factor.  

Table 4. Correlation coefficient between the factors/constructs 

Correlation Path Estimate 

Technology Factor (TF)    ↔ Receiver Factor (RF) 0.51 

Receiver Factor   (RF)       ↔ Market Factor (MF) 0.60 

Market Factor(MF)         ↔ Finance Factor (FF) 0.47 

Finance Factor    (FF)        ↔ Government Factor (GF) 0.43 

Technology Factor (TF)    ↔ Market Factor (MF) 0.35 

Technology Factor  (TF)   ↔  Finance Factor (FF) 0.20 

Technology Factor  (TF)   ↔ Government Factor (GF) 0.32 

Receiver Factor      (RF)    ↔ Finance Factor (FF) 0.26 

Receiver Factor      (RF)    ↔ Government Factor (GF) 0.70 

Market Factor         (MF)  ↔ Government Factor (GF) 0.72 

7.3.1. Testing of Hypotheses  

The second step in the SEM model is testing the 

hypotheses formulated using path significance 

analysis for each construct of the research model for 

each path by computing the path coefficient 

/standardized estimates and path significance. All 

the hypotheses were tested empirically in the 

context of successful technology transfer from 

publicly funded R&D laboratories to industry using 

the AMOS software package. Table 5 summarizes 

the results of hypotheses testing, showing the 

respective path coefficient /standardized estimates 

and path significance, p-values. It was found that all 

five constructs introduced (Hypothesis 1 to 5) have 

significant and positive effect on successful 

technology transfer and therefore, confirm all five 
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hypotheses proposed. In doing so, this research 

sheds light on the relationship between different 

technology transfer factors on successful 

technology transfer from publicly funded R&D 

laboratories to industry. In this study, the construct 

of market factor with the path coefficient of 0.723 

(p<0.001) was found to be the most influential and 

significant factor compared to other constructs, 

namely, finance factor 0.619 (p<0.001), technology 

transferor factor 0.523 (p<0.001), government 

policy factor 0.507 (p<0.01) and technology 

receiver factor0.476 (p<0.01). The similar kind of 

trend was also found when we computed the overall 

factor/construct means of the measurement model 

(Table 2). This shows the robustness of the data and 

the model. 

Table 5. Hypotheses testing results 

Hypothesis Hypothesized path / Structural relationship 
Standardized 

Estimates 
P-values 

Is hypothesis 

Supported? 

H1: TFST Technology (TF)Success (ST) 0.523 *** YES 

H2: RFST Receiver (RF)Success (ST) 0.476 ** YES 

H3: MFST Market (MF)Success (ST) 0.723 *** YES 

H4: FFST Financial (FF)Success (ST) 0.619 *** YES 

H5: GFST Government (GF)Success (ST) 0.507 ** YES 

Note: *** implies path coefficients significant at 0.1% level of significance. 

** implies path coefficients significant at 1% level of significance 

 

The study concludes that all the five proposed 

hypotheses were found to be true as they have 

significant and positive effect on successful 

technology transfer and constitute the model for 

management of successful technology transfer from 

publicly funded R&D laboratories to industry. Fig. 

6 shows the SEM for management of TT from 

publicly funded R&D laboratories to the industry 

with all the estimated parameters. 

7.3.2 Assessing the Structural Model Validity 

The overall fit of the structural model was assessed  

using the same criteria as the measurement model. 

The model fit indices of structural model obtained 

were compared with the model fit indices of 

measurement model and are shown in Table 6. To 

achieve an acceptable measurement and structural 

model, all fit indices should be greater than 0.9, 

RMSEA should less than 0.08 and χ2/DF or 

CMIN/DF should be <5.0. Since all the fit indices 

obtained are within the acceptable range of a 

goodness of fit indices reported in the literature, it 

suggests that the SEM provides a good overall fit.  

 

Table 6. Comparison of the goodness of fit between the measurement and structural models 

Model 

 Goodness of fit indices (GOF) 

χ2 D.F. 
χ2/D.F. or 

(CMIN/DF) 
CFI IFI TLI NFI RFI GFI AGFI RMSEA 

Measure-ment model 616.04 194 3.17 0.967 0.967 0.953 0.955 0.937 0.924 0.901 0.063 

Structural model 703.04 194 3.60 0.915 0.915 0.911 0.912 0.907 0.913 0.903 0.053 

 

Comparison of goodness of fit (GOF) indices 

between the measurement model and structural 

model further establish and strengthen the validity 

of the structural model. Generally, the closer the 

structural model goodness of fit (GOF) comes to the 

measurement model, better will be the structural 

model fit, because of measurement model fit 

provides an upper bound to the GOF of a 

conventional structural model. 

The CFA/measurement model fit provides a useful 

baseline to assess the structural or theoretical fit. A 

recursive structural model cannot fit any better 

(have a lower χ2) than the overall CFA [9]. It can be 

seen from Table 6that the χ2 GOF for measurement 

model is less than the χ2 GOF of the structural 

model. This is because the measurement model 

assumes that all constructs are correlated with one 

another (correlation relationships).But in the 
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structural model, relationships between some 

constructs are assumed to be zero [9]. Table 

7showsthe overall integrated model fit indices 

obtained for the final SEM in comparison to the 

recommended model fit indices reported in the 

literature to accept the model.

 

Fig. 6. Estimated SEM for TT from publicly funded R&D laboratories to the industry 
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Table 7. Fit indices of the final SEM 

Goodness-of-fit (GOF) 

measure 

Recommended level of 

GOF measure 

GOF measure 

obtained in final 

SEM 

References 

χ2/ degree of freedom or 

CMIN/DF 
Recommended level5.0            3.62 

Ganguli [86], Marsh and Hocevar [87],  

Waroonkun [21], Hair [9] 

Root mean square error of 

approximation (RMSEA)  

<0.05 (Ideal)  

<0.08 (Acceptable 

 (Threshold level=0.10) 

0.053 Browne [88], Armstrong [89], Garson [90] 

Trucker-Lewis index (TLI)  0 (no fit) to 1 (perfect fit) 0.911 Ashok [91];  Armstrong [89], Hu [92] 

Comparative fit index (CFI) 0 (no fit) to 1 (perfect fit) 0.915 Armstrong [89] 

Normal fit index (NFI) 0 (no fit) to 1 (perfect fit) 0.912 Armstrong [89] 

Incremental fit index (IFI) 0 (no fit) to 1 (perfect fit) 0.915 Byrne [93] 

Relative fit index(RFI) 0 (no fit) to 1 (perfect fit) 0.907 Ganguli [85] 

Goodness of fit index(GFI) 0 (no fit) to 1 (perfect fit) 0.913 Armstrong  [89], Garson [90] 

Adjusted Goodness of fit index 

(AGFI) 
0 (no fit) to 1 (perfect fit) 0.903 Armstrong [89], Garson [90], Hatcher [94] 

Based on the estimated model parameters as 

detailed above and according to the SEM theory [9], 

the overall SEM equation to predict  

the successful technology transfer success potential 

of a given technology transfer project is proposed as 

under: 

 

The results of SEM path diagram reveal that the 

factor loading and path coefficient of all 

factors/constructs are more than 0.71 and 0.476 

respectively and statistically significant.  Therefore, 

the theoretical model resulted from SEM path 

diagram analysis confirms the cause and effect 

relations of the factors of empirical model as well. 

The causality relations considered are non-recursive. 

Finally, based on these results the model developed 

for managing successful transfer of technology 

from publicly funded R&D laboratories to industry 

was found to be satisfactory. 

8 SUMMARY OF FINDINGS AND 
RECOMMENDATIONS 
The findings of this study have some key 

implications for technology transferors, 

government and companies seeking technology 

transfer from publicly funded R&D laboratories. If 

these implications are understood well before hand 

and addressed adequately while planning for 

technology transfer projects, they would facilitates 

successful technology transfer of a chosen 

technology. Salient findings of SEM along with 

their practical implications are presented here.  

 

Technology Transferor Factor: The key two 

variables, providing performance guarantee and 

prototype field tested successfully prior to transfer 

by the technology provider are found to have 

highest correlation with the “technology transferor 

factor” with a factor loading of 0.96 and 0.92 

respectively in comparison to other variables, i.e. 

effective communication (0.90), training and 

demonstration (0.88), exclusive licensing of 

technology (0.76) and strong IPRs (0.75). From this 

study it was found that providing performance 

guaranty by the technology transferor is one of the 

most important critical variables and the technology 

transferor should consider this aspect while 

transferring technology as it minimizes technology 

scale-up risk to the technology receiver. It is 

therefore, recommended that the publicly funded 

R&D institutions may fulfill all the above six 

variables in adequate measure to achieve successful 

technology transfer. 

To ensure successful technology transfer, the 

technology transferor should also evaluate the 

technology receiver capabilities objectively, 

particularly the financial strength, marketing 

capability and whether the receiver has strong team  

Successful technology transfer =0.523 (Technology transferor factor) + 0.476 (Technology receiver factor) + 0.723 

(Market factor) + 0.619 (Finance factor) + 0.507 (Government policy factor). 
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in all functional areas as these variables were found 

to have a strong bearing on achieving successful 

technology transfer.  

Developing an innovative technology by publicly 

funded R&D institutions may be a necessary 

condition but not a sufficient condition to achieve 

successful technology transfer. Apart from 

developing an innovative technology the publicly 

funded R&D laboratories need to strengthen their 

market research analysis capabilities to assess the 

market potential/ size for the product/service that is 

emerging from the contemplated technology 

transfer project. Most of the technologies 

transferred by the publicly funded R&D institutions 

lack the market research part as they do not have 

such capabilities in-house and these institutions 

need to strengthen their market orientation 

capabilities [43] to achieve the success in 

technology transfer. 

Technology Receiver Factor: In “technology 

receiver factor” the variable, top management 

championing technology transfer project with factor 

loading of 0.88 has the highest loading compared to 

the having competent team (0.83), having 

marketing capability (0.72) and strong financial 

background (0.71).From this study it was 

discovered that under Indian conditions top 

management championing the project is one of the 

top key variable  to achieve successful technology 

transfer along with maintaining required strength in 

the other three significant variables. 

The survey findings and the structural equation 

model (SEM) show that the marketing factor was 

the most dominant factor followed by the finance 

factor to achieve successful technology transfer. 

Therefore, the technology receiver should assess 

and satisfy himself about the market potential of the 

product/service, ability to market the 

product/services and raise the required financial 

resources across the project life cycle. In view of the 

above, it is strongly recommended that before 

setting up of a venture based on technology transfer 

from publicly funded R&D institutions, the 

technology receiver should thoroughly assess the 

technology/its transferor capabilities, market, 

competition, feasibility/viability, government 

policies /regulatory procedure, incentives available 

the right team in place, understand the overall 

financial requirement and possibilities/alternatives 

to achieve timely financial closure.  

Market Factor:  In the construct, “market factor” 

having large market for the product/service with 

factor loading (0.99) has the highest correlation 

with the construct in comparison to the other 

variables i.e. competitive price and quality (0.77) 

and product meeting user needs (0.71). From this 

study, it was found that evaluating the credible 

market size, coupled with competitive price and 

quality for the product or service are the key critical 

variables/factors for achieving successful 

technology transfer. 

Financial Factor: In the construct, “financial factor” 

the variable of easy access to finance for 

commercializing new technologies with factor 

loading of 0.96 is highly in correlation with this 

construct compared to the variables of techno-

economic feasibility/viability (0.84) and longer 

repayment periods of debts (0.84). Access to 

finance was found to be the second most critical 

variable with factor loading of 0.96, after large 

market size (0.99), among all the 19 input variables 

studied.  Easy and timely availability of the required 

term loan and working capital at different phases of 

the project life cycle play a crucial role in making 

the technology transfer project successful.  

However, availability of early stage finance either 

in the form of soft loan/debt or equity is a major 

bottleneck in developing countries like India 

particularly for first generation entrepreneurs and 

for unproven risky technologies transferred by 

publicly funded R&D institutions.  There are many 

cases in the history where many technology projects 

were fore closed in the mid way due to the lack of 

availability of required finance [7]). Creation of 

government owned Venture Capital (VC) and low 

cost debt funds in different ministries exclusively 

for commercialization of technologies transferred 

by the publicly funded R&D institutions 

particularly to meet early stage fund requirements 

will go in a long way. Initiatives similar to this have 

been started by the Department of Biotechnology, 

Government of India few years ago, but still there is 

a need to emulate such funding schemes in other 

government departments with sufficient funds. 

Government Policy Factor: In the construct of  

“enabling government policy factor”, strengthening 

the existing technology financing schemes 

including the incubation support schemes with 

factor loading of 0.74 has the highest correlation 

with this construct in comparison to the fiscal 

incentives (0.72) and proactive government policies 

(0.71). Results of the inter-correlation coefficients 

(Table 4) further confirm that the government 

policy has a strong influence on market (GFMF; 

0.72), technology receiver (GFRF; 0.70), finance 

(GF FF; 0.43) and on technology transferor 

(GFTF; 0.32). Government therefore should 



Purushotham et al., Advances in Industrial Engineering and Management, Vol. 4, No. 2 (2015), 123-146 

139 

provide the required stimulus through various 

policy initiatives and Acts. For example: 

 Bringing out suitable legislative Acts like, 

Bayh-Dole Act 1980, Stevenson-Wydler 

Technology Innovation Act 1980, Federal 

Technology Transfer Act 1986, Technology 

Transfer & Commercialization Act 2000 of 

USA, etc. [2] which were proved to brought out 

a significant and revolutionary benefits in the 

innovation eco-system in the USA.  It was 

reported that the Bayh-Dole Act had been 

instrumental in contributing more than USD 40 

billion to the US economy, and in creating more 

than 26,000 new high-tech jobs every year [95]. 

It may be noted, that prior to these Acts 

technology transfer was not a part of the mission 

of publicly funded R&D institutions and as a 

result, government labs made very limited effort 

in pushing the technologies developed at their 

institutions to the market place and success of 

technology transfer from government research 

labs to the industry were exceptions rather than 

norms [2]. The similar situation is prevailing in 

most of the Indian Publicly funded R&D 

institutions. Therefore, there is a strong need to 

learn lessons from the technology transfer 

legislative Acts from the developed countries 

like USA and bring in suitable Acts immediately, 

which stimulate and improve technology 

delivery system in our country [73]. 

 Providing tax/ fiscal benefits/ incentives to all 

stakeholders in TT/credit guarantee for the 

commercialization of new technologies to 

encourage investors, entrepreneurs and 

transferors to take up the innovative projects. 

 Allowing long repayment periods of loans/debt 

borrowed for the implementation of 

technologies transferred from the publicly 

funded R&D institutions will ease the financial 

burden during its early commercialization phase 

and facilitate stabilizing the operations there by 

achieving successful technology transfer. 

Governments may formulate a policy and direct 

banks and financial institutions to allow the long 

repayment period (say 10 years) of loan/debt 

that the techno-preneurs borrow from these 

institutions as it is allowed in infrastructure 

projects. 

 The financial resources made available through 

some of the recent initiatives by the Government 

of India (NMITLI program of CSIR, 

SBIRI,BIRAC and BIPP of DBT, PRDF,TDB 

and NSTEDB of DST, etc.) were limited as 

being scarcely distributed over several funding 

agencies. There is a strong need to strengthen 

these initiatives with more financial and human 

resources and make the terms and conditions to 

avail the assistance on liberal terms particularly 

for the first generation innovators with regards 

to the collateral securities they need to provide 

to avail the assistance.  

 The field research and case studies [7, 74] 

revealed that the technology business incubation 

support schemes available in the country 

significantly facilitated for the successful 

technology development and transfer 

particularly for first generation entrepreneurs.  

Therefore, government may establish incubation 

centres based on cluster approach in universities 

located in all large metros/cities/towns. 

The global experience also reveals that government 

creates an environment conducive for promoting the 

technology transfer from publicly funded R&D 

laboratories to industry by market creation, 

removing the market imperfections, providing 

necessary policy push and tax benefits, etc., which 

facilitated implementation of large number of 

innovative technology projects [29]. 

Successful Technology Transfer Factor: Finally, 

in the dependent latent variable or construct of 

“successful technology transfer factor”, 

commencement of commercial production with 

factor loading of 0.98, launching of the product in 

the market with factor loading of 0.94, attractive 

return on investment (ROI) with factor loading of 

0.93 have the highest correlations with the construct 

relative to other outcome variable of socio-

economic development (0.79). The study found that 

commencement of commercial production and 

launch of product in the market are the two initial 

precursors to gain the long term benefits of 

achieving attractive return on investment (ROI) and 

socio-economic development. Therefore, the 

technology transferor should not think the whole TT 

process is completed and successful, once the sale 

of technology is completed. The technology 

transferor should handhold the technology receiver 

until the product is launched successfully in the 

market and accordingly plan the resources 

allocation to the technology transfer project. 

The research study examined and brought out the 

impact of various factors on achieving successful 

technology transfer. To ensure successful 

technology transfer, the technology transferor and 

receiver need to manage effectively 23 critical 

variables emerged from the SEM study.  

9 SPECIFIC CONTRIBUTIONS AND 
VALUE ADDITION TO RESEARCH 
A large portion of the previous studies were 

predominately focused on the international 

technology transfer process and very limited studies 
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were focused on the technology transfer from 

publicly funded R&D institutions to the industry. 

Some of these empirical and qualitative studies 

resulted in the development of the frameworks or 

models of the TT process specific to those countries. 

However, none of the previously published models 

from other countries can be adopted straight away 

under Indian conditions because of the differences 

in cultures, capabilities/maturity of the institutions, 

entrepreneurial eco-system, markets, government 

policies and regulatory environments, etc. In an 

attempt to fill this gap in the knowledge, this 

research has developed a model for managing TT 

from the Indian publicly funded R&D institutions to 

industry, capturing all of the key  variables/factors 

that influence the effective and successful 

technology transfer and validated the model with 

empirical data collected from the stakeholders using 

SEM. This research study offers the significant 

contributions to the existing body of knowledge in 

the TT research area. 

In general, this study is the first attempt for 

developing a comprehensive model for managing 

technology transfer (TT) from publicly funded 

R&D laboratories to industry using SEM, wherein 

the measurement model (confirmatory factor 

analysis) and structural model (path analysis) have 

been conducted simultaneously using AMOS 

software package. The model was confirmed as the 

hypotheses were found to be true and statistically 

significant.   

 The study has identified 10 critical variables 

within the five factors, which could influence 

the successful technology transfer. They are (i) 

existence of an adequate market demand or 

market size (mean=4.75), (ii) easy access to an 

early stage finance (mean=4.73), (iii) strong 

IPRs,(mean=4.63), (iv)  field tested proto type 

successfully (mean=4.57), (v)techno-economic 

feasibility/viability(mean=4.49), (vi) 

performance guarantee (mean=4.37),(vii) 

competitive price and quality of the 

product/service (mean=4.36), (viii) product 

meeting user needs (mean=4.35), (ix) fiscal 

incentives provided by the government 

(mean=4.32) and (x) having competent team 

(mean=4.29), etc. These factors can serve as a 

thumb rule to assess the technology transfer 

readiness by the technology receiver and 

investor. 

 Out of the 27 variables studied, 18 were 

previously tested empirically by the different 

researchers relevant to the context of their 

countries. Along with the 18 variables, 9 

variables were thought to be relevant to India, 

which were identified based on the published 

literature but had not been not tested empirically 

and validated their significance earlier.  After 

testing all the 27 variables, in the model, 2 

variables out of the 18 variables already tested 

empirically in developed countries perspective, 

were not found significant under Indian 

conditions (First to market and domain 

knowledge of the technology receiver).  

Similarly out of the 9 variables chosen for 

testing empirically for the first time, 7 were 

found to be significant and 2 variables were 

found to be insignificant (prior business 

experience, vision and passion of the technology 

receiver). This is one of the original 

contributions to the existing body of knowledge 

in the TT area. 

10 LIMITATIONS OF RESEARCH 
Despite the exhaustive research method has been 

followed to generate the most 

comprehensive/generic TT model, the research is 

bound to have some limitations, as this is a 

pioneering study in Indian context. Some of the 

limitations observed are highlighted here. 

 First, in India there is not a strong tradition of 

survey research in the area of technology 

transfer as it is still at a very primitive stage [37]. 

It requires a great deal of personal persuasion to 

get an adequate response from the respondents. 

Carrying out empirical research involving 

laboratory directors, senior scientists, 

academicians and industry CEOs, senior R&D 

managers from the industry as respondents was 

scarce in India. The lack of experience to 

participate in paper-pencil research on the part 

of study respondents may have affected the 

quality of data collected in this study [43]. 

 Second, most of the data collected in the study 

is perceptual in nature. In the absence of any 

objective data to compare with, perceptual data 

may have limited appeal to some stakeholders 

[43]. However, a great deal of published 

business management and marketing literature 

are based on perceptual data. Some may even 

argue that the perceptions are even more 

important than the reality based on a single case 

they are generally formed over a long period of 

experience. 

 Third, the subject chosen for the study i.e. 

technology transfer from Indian publicly funded 

R&D institutions to industry being pioneering 

one and vast, the study does not focus on any 

specific sector, and is therefore may be more in 

the nature of exploratory research. 

 Fourth, the major objective of the study was to 

develop a generic model of technology transfer 

from publicly funded R&D institutions to 

 



Purushotham et al., Advances in Industrial Engineering and Management, Vol. 4, No. 2 (2015), 123-146 

141 

industry and to have survey responses from wide 

range of sectors from both government and 

private sectors. However, at the end of the 

survey we found that, majority of the 

respondents (64%) were from the chemical, 

pharma and bio-pharma sectors, therefore this 

may limit generalization of results to the entire 

population across all industry verticals. 

 Fifth, there were very few respondents from 

defence, space, atomic energy, therefore, the 

model may not be applicable to these strategic 

sectors. 

 In spite of the above limitations, the study does 

provide an important information on how the 

technology transferor can better position their 

technologies to transfer to industry successfully. 

11 SCOPE FOR FURTHER RESEARCH 
This empirical study is a response to the need for 

statistical evidence that has typically been lacking 

in the literature of technology transfer from publicly 

funded R&D institutions to industry particularly in 

the Indian context. Notwithstanding the limitations 

brought out in the foregoing paragraphs, the 

researcher is convinced that the findings reflect the 

present state of affairs. The following suggestions 

are made for carrying out further research in this 

emerging area of technology transfer. 

 As a pioneering study under the Indian context, 

we have identified 23 critical variables and five 

factors or constructs which influence the success 

of TT process from publicly funded R&D 

institutions to industry. This may prove to be a 

good foundation and future research can be built 

on this by exploring more variables/factors. 

 More research is required in the area of model 

application. To establish the robustness of the 

model, the model may be applied and studied on 

narrow areas of different industrial sectors like, 

electronics, IT& ITES, energy, food and 

agriculture, construction, medicine, defence 

production etc. with adequate sample size and 

outcomes can be compared.  

 The model may be applied on more number of 

case studies to benchmark different variables 

identified by the model and to identify new and 

significant variables missed if any. 

 The linkage between industry and publicly 

funded R&D institutions/academia and the role 

of incubators, mentors, technology parks and 

other new constructs/factors may be introduced 

in the SEM as they are also emerging as key 

drivers and the impacts of these factors on 

successful technology transfer can be studied. 

12 CONCLUSIONS 
This research made a fundamental contribution in 

three areas: (1) identifying the influencing 

variables/factors of technology transfer from 

publicly funded R&D institutions to the industry (2) 

formulation of a conceptual model for managing 

successful TT in terms of the identified factor and 

(3) validating the model empirically and statistically 

from the primary survey data using SEM. 

The conceptual model for management of TT was 

developed after reviewing numerous TT studies 

conducted in a wide variety of industry sectors. The 

refined and pilot testing questionnaire was utilized 

for the primary study. Using information collected 

from 734 respondents representing technology 

development, transfer and implementing 

professionals from both government institutions 

and private sector companies, a series of data 

compilation and analysis steps were undertaken. 

The findings brought out 23 critical variables that 

would facilitate successful technology transfer and 

a model for TT, which included five TT process 

facilitating factors/enablers, namely, technology 

transferor factor, technology receiver factor, market 

factor, financial factor, government policy factor 

and one outcome factor named successful 

technology transfer. Whilst, the TT model was 

developed only by using a sample data obtained 

from the Indian technology development, transfer, 

and implementing professionals, it could be easily 

adapted to suit other developed and newly 

industrialized countries as well. 

Acknowledgements 
The author (corresponding) expresses his sincere 

gratitude to Dr. G. Sundararajan, Director, 

International Advanced Research Centre for 

Powder Metallurgy & New Materials, (Dept. of 

Science & Technology, Govt. of India), Hyderabad, 

for granting permission to pursue the research work. 

References 
[1] H. Purushotham, V. Sridhar, and S. Shyam Sunder, 

2013, Management of Technology Transfer 

from Indian Publicly Funded R&D Institutions 

to Industry-Modeling of Factors Impacting 

Successful Technology Transfer, International 

Journal of Innovation, Management and 

Technology, vol. 4, no. 4, pp. 422-428. 

[2] A. T. Tran and F. D. Kocaoglu, 2009, Review of 

Government technology transfer in Vietnam, 

PICMET Proceedings, Portland, Oregon, 

U.S.A. 

[3] M. U. Khan, 2000. Problems of technology transfer 

from laboratory to industry and policy issues in 

India, International Journal Technology and 

Management, vol. 1, no. 4, pp. 375-394. 



Purushotham et al., Advances in Industrial Engineering and Management, Vol. 4, No. 2 (2015), 123-146 

142 

[4] V. Kumar, U. Kumar, and A. Persaud, 1999. Building 

technological capability through importing 

technology: the case of Indonesian 

manufacturing industry, Journal of Technology 

Transfer, vol. 24, no.1, pp. 81-96. 

[5] G. Sundararajan and H. Purushotham, 1999. The 

Transfer of Material Related Technologies to 

Indian Industries: ARCI Experience, 

Proceedings of the R&D Management 

Conference, Organized by CISR and RADMA, 

UK, pp. 316-322. 

[6] G. Sundararajan and H. Purushotham, 2001. The 

Management of Material Related Technologies 

at ARCI-An overview, National Academy of 

Engineering, Proceedings of the 2001, National 

Seminar on Technology Management, Oct 12-

13, pp. 7-31. 

[7] H. Purushotham, 2012. Transfer of Nanotechnologies 

from R&D institutions to SMEs in India. Tech 

Monitor, October-December, 2012, pp. 23-33.  

[8] A. W. Sazali, C. R. Raduan, U. Jegak, and A. Haslinda, 

2009. Effects of Inter-Firm Technology 

Transfer Characteristics on Degree of Inter-

Firm Technology Transfer in International Joint 

Ventures, European Journal of Scientific 

Research,  vol. 35, no. 3, pp. 474-491. 

[9] J. F. Hair, R. E. Anderson, R. L. Tatham, and W. C. 

Black, 2010, Multivariate Data Analysis, 

Prentice-Hall, Upper Saddle River, NJ, USA. 

[10] A. W. Sazali, C. R. Raduan, and W. O. SuzanaIdaya, 

2012. Defining the Concepts of Technology and 

Technology Transfer: A Literature Analysis, 

International Business Research, vol. 5, no. 1, 

pp. 61-71. 

[11] J. D. Eveland, 1986. Diffusion, Technology Transfer, 

and Implementation Thinking and Talking 

about Change, Science Communication,  vol. 8, , 

no. 2, pp. 303-322. 

[12] E. M. Rogers, 1995. Diffusion of innovation, 4theds, 

New York: Simon & Shuster. 

[13] D. V. Gibson and E. M. Rogers, 1994. R&D 

Collaboration on Trial: The Microelectronics 

and Computer Technology Consortium, 

Harvard Business School Press, Boston, M.A. 

[14] O. C. Eneh, 2010. Technology transfer, adoption and 

integration: A review, Journal of Applied 

Sciences, vol. 10, , no.16, pp. 1814-1819. 

[15] Y. C Li, 2012. The influence of entrepreneurial 

orientation on technology commercialization: 

The moderating roles of technological 

turbulence and integration, African journal 

Business Management, vol. 6, no.1, pp. 370-

387. 

[16] K. C. James, H. C. Wen, F. L. K Stacy, and Y. T. L. 

Leo, 2010. Evaluating Global Technology 

Transfer Research Performance, 7th 

International Conference on Service Systems 

and Service Management (ICSSM) pp. 28-30. 

[17] R. C. Dorf and K. K. F. Worthington, 1987. Models 

for commercialization of technology from 

universities and research laboratories, Journal 

of Technology Transfer, vol. 12, no.1, pp. 1-8. 

[18] S. Y. Sohn and T. H. Moon, 2003. Structural 

equation model for predicting technology 

commercialization success index, 

Technological Forecasting and Social Change, 

vol. 70, no. 9, pp 885-899. 

[19] C. A. Benedetto, J. C. Roger, and C. Zhang, 2003. 

International technology transfer: Model and 

exploratory study in the People s Republic of 

China, International Marketing Review, vol. 20, 

no. 4, pp. 446-462. 

[20] S. Y. Sohn, Y. G. Joo, and H. K. Han, 2007. 

Structural equation model for the evaluation of 

national funding on R&D project of SMEs, 

Evaluation and Program Planning, vol. 30, no.1, 

pp.10-20.  

[21] T. Waroonkun and R. A. Steward, 2008. Modeling 

the international technology transfer process in 

construction projects: evidence from Thailand. 

The Journal of Technology Transfer, vol. 33 , 

no.6, pp. 667-687. 

[22] Y. Lou, F. Xiao, and L. Huang, 2010. Evaluation on 

the Commercialization Potential of Emerging 

Technologies base on Structural Equation 

Model, 12th International Conference on 

Computer Modelling and Simulation, pp. 329-

333. 

[23] Ng. Thomas, M. Yoki, W. Wong, and M. W. James, 

2010. A Structural Equation Model of 

Feasibility Evaluation and Project Success for 

Public-Private Partnerships in Hong Kong, 

IEEE Transactions on Engineering 

Management, vol. 57, no. 2, pp. 310-322. 

[24] K. Farhad, S. A. Kazemi, M. Movahedi, and G. 

Jandaghi, 2011. Reengineering University-

Industry Interactions: Knowledge-Based 

Technology Transfer Model, European Journal 

of Economics, Finance and Administrative 

Sciences, vol. 40. pp 47-59. 

[25] M. Behboudi, J. Nazanin, and M. Mousakhani, 2011. 

Examine the Commercialization Research 

Outcomes in Iran – A Structural Equation 

Model, International Journal of Business and 

Management, vol. 6, no. 7, pp. 261- 275. 

[26] P. Joseph and M. B. P. A. Lane, 1999. Understanding 

Technology Transfer" AS&T Technology: vol. 

11, no. 1, PP. 5-19. 

[27] J. Nazanin, M. Mousakhani, and M. Behboudi, 2011. 

Nationalized Model for Commercialization, 



Purushotham et al., Advances in Industrial Engineering and Management, Vol. 4, No. 2 (2015), 123-146 

143 

Field Study in Iran, International Journal of 

Business and Management, vol. 6, no. 7, pp. 

261-275. 

[28] V. K. Jolly, 1997, Commercializing new 

technologies: Getting from mind to market, 

Boston, MA Harvard Business School Press. 

[29] B. Bozeman, 2000. Technology Transfer and Public 

Policy: A review of research and theory 

Research Policy, vol. 29, 627-655. 

[30] L. A. Heslop, E. McGregor, and M. Grifith, 2001. 

Development of a Technology Readiness 

Assessment Measure: The Cloverleaf Model of 

Technology Transfer, Journal of Technology 

Transfer, vol. 26, no. 4, pp. 369-384. 

[31] R. Kneller, 2001. Technology Transfer: A Review 

for Biomedical Researchers, 

http://www.phrma.org/publications, vol. 7, pp. 

761-774, April 2001. 

[32] D. Theinfluence, L. E. Waldman, and A. N. Link, 

2003. Commercial knowledge transfers from 

universities to firms: improving the 

effectiveness of university-industry 

collaboration, The Journal of High Technology 

Management Research, vol. 14, pp. 111-133. 

[33] R. Bandarian, 2007. Evaluation of Commercial 

Potential of a New Technology at the early 

stage of development with Fuzzy Logic, Journal 

of Technology Management & Innovation, vol. 

2, no. 4, pp. 73-85. 

[34] C. Palmberg, 2008. The transfer and 

commercialisation of nanotechnology: a 

comparative analysis of university and 

company researchers, J. Technol Transfer, vol. 

33, pp. 631-652. 

[35] K. J. Joseph and V. Abraham, 2009. University-

Industry Interactions and Innovation in India; 

Patterns, Determinants, and Effects in Select 

Industries, Seoul JournalofEconomics, vol. 22, 

no. 4. 

[36] J. E. Amadi-Echendu and R.T. Rasetlola, 2011. 

Technology Commercialization Factors, 

Frameworks and Model, IEEE International 

Technology Management Conference. 

[37] V. Kumar and P. K. Jain, 2002. New technology 

commercialization in India: experiences and 

imperatives-an empirical study, Int. J. 

Technology transfer and commercialization, 

vol. 1, no. 3, pp. 268-279. 

[38] J. Andrew and A. Sirkin 2007. Payback: Reaping the 

Rewards of Innovation, Boston, Harvard 

Business School Press. 

[39] S. F. Slater and J. J. Mohr, 2006. Successful 

Development and Commercialization of 

Technological Innovation: Insights Based on 

Strategy Type, Journal of Product Innovation 

Management, vol. 23, no. 1, pp. 26-33. 

[40] N. Chandra and V. V. Krishna, 2010. Academia-

industry links: modes of knowledge transfer at 

the Indian Institutes of Technology, Int. J. 

Technology Transfer and Commercialization, 

vol. 9, pp. 53-76. 

[41] A. S. Ray and S. Saha, 2011. Patenting public-funded 

research for technology transfer: conceptual–

empirical synthesis of US evidence and lessons 

for India, The journal of world intellectual 

property, vol. 14, no. 1, pp. 75-101. 

[42] R. Narayana, 1997. Commercializing Technology: 

From Laboratory to the Marketplace –A Case 

Study of Starch-based Biodegradable Plastics 

Technology, https://www.msu.edu/-

narayan/commercializingstarchplastics.htm, pp. 

1-9. 

[43] A. K. Gupta, H. R. Bhojwani, K. Rajinder, and K. 

Manjulika, 2000. Managing the process of 

market orientation by publicly funded 

laboratories: the case of CSIR, India”. 

Blackwell Publishers Ltd., vol. 30, no. 4. 

[44] T. K. Sung and D. V. Gibson, 2005. Knowledge and 

technology transfer grid: empirical assessment, 

International Journal of Technology 

Management, vol. 29, no.3-4, pp. 216-230. 

[45] R. M. Franza and K. P. Grant, 2006. Improving 

Federal to Private Sector Technology Transfer, 

Rich Technology Management, pp. 36-40. 

[46] K. Jagoda, B. Maheshwari, and L. Robert, 2010. Key 

issues in managing technology transfer projects, 

Management Decision, vol. 48, no. 3, pp. 366-

382. 

[47] T. K. Sung, 2010. Government IT strategy and 

technology transfer in Korea, International, 

Journal of Technology Management, vol. 49 , 

no. 1/2/3, pp. 123-139. 

[48] A. Pandit and Y. Suman, 2011. Crucial factors in 

technology transfer from Government research 

institutions to private sector industry: Findings 

from the case studies.  Source: Strategies and 

Innovations for Sustainable Organizations, pp. 

136-153 

[49] F. Williams and D. V. Gibson, 1990. Technology 

Transfer: A Communication Perspective, 

Beverly Hills, CA: Sage. 

[50] X. P. Shi, 1995. Patent licensing for technology 

transfer: an integrated structural model for 

research, Int. J. Technology Management, vol. 

10, Nos 7/8. pp. 921-940. 

[51] J. L. Cummings and B. S. Tong, 2003. Transferring 

R&D knowledge: the key factors affecting 

knowledge transfer success, Journal of 

http://www.phrma.org/publications,%20vol.%207
https://www.msu.edu/-%09narayan/commercializingstarchplastics.htm
https://www.msu.edu/-%09narayan/commercializingstarchplastics.htm


Purushotham et al., Advances in Industrial Engineering and Management, Vol. 4, No. 2 (2015), 123-146 

144 

Engineering and Technology Management, 20, 

pp. 39-66. 

[52] D. H. Henard and D. M. Szymanski, 2001. Why 

Some New Products Are More Successful Than 

Others, Journal of Marketing Research, vol. 38, 

no. 3, pp. 362-375. 

[53] C. Lin, B. Tan, and S. Chang, 2002. The critical 

factors for technology absorptive capacity, 

Industrial Management & Data Systems, ISSN 

0263-5577, pp. 300-308. 

[54] S. Ram Mohan and A. Ramakrishna Rao, 2003. Early 

identification of innovative and market 

acceptable technologies – A model for 

improving technology transfer capabilities of 

public research institutes, Journal of scientific 

& industrial research, vol. 62, pp. 865-875. 

[55] R. G. Cooper, 2001. Winning at New Products: 

Accelerating the Process from Idea to Launch, 

3rd ed., Newyork, Perseus Publishing. 

[56] A. S. Mohamed, S. M. Sapuan, M. M. H. M. Ahmad, 

A. M. S. Hamouda, and B.B. Baharudin, 2010. 

Modeling technology transfer for petroleum 

industry in Libya: An overview, Scientific 

Research and Essay, vol. 5, no. 2, pp. 130-147. 

[57] T. K. Sung, 2009. Technology transfer in the IT 

industry: A Korean Perspective, Technological 

Forecasting & Social Change, vol. 76, no. 5, 

pp. 700-708. 

[58] J. H Friar and R. Balachandra, 1999. Spotting the 

customer for emerging technologies, Research 

Technology Management, July – August.  

[59] Industry Canada, People and Excellence: the Heart 

of Successful Commercialization - vol. II, 

Supporting Material, People and Excellence: 

The Heart of Successful Commercialization, 

Ottawa, Industry Canada.  

[60] R. G. Cooper, 1980. Project New Prod: Factors in 

New Product Success, European Journal of 

Marketing, vol. 18, no. 5, pp. 5-53.  

[61] W. S. Piper and S. Naghshpour, 1996. Government 

technology transfer: the effective use of both 

push and pull marketing strategies,” Int. Journal 

Technology Management, vol. 12, pp. 85-93. 

[62] M. S, Span, M. Adams, and W. E. Souder, 1995. 

“Measures of technology transfer 

effectiveness: Key dimensions and differences 

in their use by sponsors, developers and 

adopters, IEEE Transactions on Engineering 

Management, vol. 42, pp. 19-29. 

[63] C. Galbraith, S. Ehrlich, and A. DeNoble, 2006. 

Predicting technology success; identifying key 

predictors and assessing export evaluation for 

advanced technologies, Journal of technology 

transfer, vol. 31, pp. 673-684. 

[64] T. K. Sung and G. David, 2000. Knowledge and 

Technology Transfer: Levels and Key Factors. 

[65] N. Khabiri, S. Rast and A. AmatSenin, 2012. 

Identifying Main Influential Elements in 

Technology Transfer Process: A Conceptual 

Model,Procedia – Social and Behavioral 

Sciences, vol. 40, pp. 417-423. 

[66] R. K. Jain and C. Chifos, 1997. Facilitating the 

commercialization of public technology: 

adopting the university as a partner, 

International Journal of Industrial Engineering: 

Theory Applications and Practice. vol. 4, pp. 

212-219. 

[67] W. Jin-fu, 2010. Framework for university-industry 

technology transfer: View of atechnology 

receiver, Second international conference on 

communication systems, networks and 

applications. 

[68] M. Nandagopal, G. Kaushik, and V. Premnath, 2011. 

Improving technology commercialization at 

research institutes: practical insights from NCL 

Innovations, Paper presented at Innovation 

Educators Conference (IEC), Indian School of 

Business, Hyderabad. 

[69] P. Bhattacharya, 2005. Technology transfer from a 

Technical University”. Journal of Intellectual 

Property Rights, vol. 10, pp. 413-416. 

[70] E. Henry, J. Dzisah, M. Ranga, and C. Zhou, 2007. 

The Triple Helix Model for Innovation, Tech 

Monitor, Jan-Feb 2007, pp. 14-23. 

[71] Pawan Sikka, 1997. Financing the development and 

commercialization of indigenous technology in 

India”.Current Science, vol. 73, no. 5. pp. 406-

408. 

[72] S. P. Agarwal and A. Gupta, 2006. Policies and 

Infrastructural Facilities for Technology 

Transfer to SMEs in Globalized Economy, 

Technology Exports, November-December 

2006, vol. 8, no. 4. 

[73] S. Visalakshi, 2009. Transferring Biotechnology in 

India: experiences and lessons, International 

Journal of Technology Transfer and 

Commercialization, vol. 8 Nos. 2/3, pp.185-202. 

[74] H. Purushotham, S. Bharadwaj, and G. Sundararajan, 

2002. An Integrated Technology Incubation 

Model for Innovation and High Technology 

Enterprise Development, R&D Management 

Conference, pp. 169-181. 

[75] A. Sajid, P. Vinay, and S. Chander, 2012. 

Technology transfer in pharmaceuticals, 

International Research Journal of Pharmacy, 

vol. 3, no. 6, pp. 43-48. 

[76] H. Purushotham and C. H. Shyam Sunder, 2014. 

Management of Technology Transfer, Indian 



Purushotham et al., Advances in Industrial Engineering and Management, Vol. 4, No. 2 (2015), 123-146 

145 

Publicly Funded R&D Institutions to Industry-

Lambert Academic Publishing. 

[77] D. Gibson and R. Smiler, 1991. Key variables in 

Technology Transfer, Journal of Engineering 

an Technology Management, vol. 8, no. 3-4, 

pp. 287-312. 

[78] E. M. Rogers, S. Takegami, and Y. Jing, 2001. 

Lessons learned about technology transfer, 

Technovation, vol. 21, no. 4, pp. 253-261.  

[79] J. P. Stevens, 1996. Applied multivariate statistics 

for the social sciences, 3rd edition, Mahwah, 

NJ: Erlbaum. 

[80] C. Black, A. Akintoye, and E. Fitzgerals, 2000. An 

analysis of success factors and benefits of 

partnering in construction, International Journal 

of Project Management, vol. 18 , no. 6, pp. 423-

434. 

[81] J. C. Nunnally, 1978. Psychometric Theory, 

Newyork; McGraw-Hill. 

[82] J. C. Anderson and D. W. Gerbing, 1982. Structural 

Equation Modeling in Practice: A Review and 

Recommended Two- Step Approach, 

Psychological Bulletin, vol. 103, no. 3, pp. 411-

423. 

[83] C. Fornell and D. F. Larcker, 1981. Evaluating 

structural equation models with unobservable 

variables and measure, Journal of Marketing 

Research, vol. 18, no. 1, pp. 39-50. 

[84] B. S. Ragunathan, C. H. Apigian, T. S. Ragunathan, 

and Q. Tu, 2004. Apath analytic study of the 

effect of top management support for 

information systems performance, Omega, vol. 

32, no. 6, pp. 459-471. 

[85] M. Zain, R. C. Roase, I. Abdullah, and M. Masrom, 

2005. The relationship between information 

technology acceptance and organizational 

agility in Malaysia, Information & 

Management, vol. 42, no. 6, pp. 829-839. 

[86] S. Ganguli and S. K. Roy, 2010. Generic technology-

based service quality dimensions in banking: 

Impact on customer satisfaction and loyalty, 

International Journal of Bank Marketing, vol. 

29, no. 2, pp. 168-189. 

[87] H. W. Marsh and D. Hocevar, 1985. Äpplication of 

confirmatory factor analysis to the study of self-

concept; First-and higher-order factor models 

and their invariance across groups, 

Psychological Bulletin, vol. 97, pp. 562-582. 

[88] M. W. Browne and R. Cudeck, Alternative ways of 

assessing model fit, in Testing Structural 

Equation Models, K.A. Bollen and J.S. Long, 

Eds. Newbury Park, CA: Sage, 1993, pp. 136-

162. 

[89] D. B. Armstrong, 2003. CEO characteristics, 

organization characteristics, decision making 

and CBIS success in regional small business, 

PhD, University of Western Sydney, Australia. 

[90] G. D. Garson, 2005. PA 765: Quantitative research 

in public administration, 

http://www2.chass.ncsu.edu/garson/pa765/sem

AMOS1.htm. 

[91] J. Ashok, 2003. Cognitio0n culture and competition: 

An empirical test of the learning organization, 

Learning Organization, vol. 10, no. 1, pp. 31-50. 

[92] L. Hu and P. M. Bentler, 1999. Cutoff criteria for fit 

indexes in covariance structure analysis: 

Conventional criteria versus new alternatives, 

Struct. Eq. Modeling, vol. 6, pp. 1-55. 

[93] B. M. Byrne, 2001. Structural equation modeling 

with AMOS: Basic concepts, applications and 

programming. Lawrence Erlbaum Associates, 

Mahwah, NJ. 

[94] I. Hatcher, 1994. A step-by-step Approach to Using 

the SAS System for Factor Analysis and 

Structural Equation Modeling, SAS Institute 

Inc, North Carolina, USA. 

[95] P. Ram, 2008. Technology Transfer in the Indian 

Public Research System, Research Global, 

October 2008, pp. 10-13.

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

http://www2.chass.ncsu.edu/garson/pa765/semAMOS1.htm
http://www2.chass.ncsu.edu/garson/pa765/semAMOS1.htm


Purushotham et al., Advances in Industrial Engineering and Management, Vol. 4, No. 2 (2015), 123-146 

146 

 

 

 

 

 

 

 

 

 

 


