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Abstract: Technology transfer is one of the facets of academic entrepreneurship and acts as a vital
element of the innovation system. It forms a sustainable link between research and business commu-
nities. A holistic model for successfully transferring technology in developing countries is an unmet
need in the context of technology transfer from public-funded academic research institutions to small
and medium enterprises. In this work, we developed a conceptual model and undertook an empirical
study for the determinants of successful transfer. A questionnaire was prepared and administered
to key stakeholders involved in technology transfer. Overall, 321 respondents participated in the
survey with congener demography. The conceptualized input factors, viz. micro-level, meso-level,
and macro-level factors, are significantly interrelated. The contribution of input factors towards
the successful transfer of technology was extensively analyzed and tested using covariance-based
structural equation modeling. The results show that the model is a good fit. The study revealed that
communication, innovativeness, knowledge, quality of the product, and motivation were the five
most important factors for successfully transferring technology.

Keywords: technology transfer; macro-level factors; meso-level factors; micro-level factors; structural
equation modeling; public-funded academic research institutions

1. Introduction

In recent decades, an increasing interest in technology transfer (TT) is seen among
policymakers, practitioners, and scholars worldwide [1,2]. It is a long, complicated, and
diverse process affected by several forces emanating from multiple stakeholders. The
literature postulates the TT process as academic entrepreneurship [3], which is vital for
achieving sustainability [4,5]. There is a pressing need to recognize enablers to effective
TT so that stakeholders can better understand and support the process [6]. Further, many
research and development (R&D) innovations are not exploited or commercialized despite
many proactive policy interventions for various reasons [7].

The field of TT has garnered the attention of researchers from a variety of areas,
including economics, marketing, history, anthropology, engineering, and political science.
The researchers in these fields study the state-of-the-art TT operations, processes, and
effectiveness factors [8]. In the previous studies, researchers have investigated the factors
affecting TT and proposed several models. The majority of these models developed were
international, from multi-national companies to local businesses [6]. Furthermore, there
were relatively few models published in the literature that addressed TT from public-
funded academic research institutions (ARIs) to industry, and the majority were executed
in developed countries [1].

Moreover, the extant literature concentrates on TT from universities to existing busi-
nesses. TT from public-funded ARIs to small and medium-sized enterprises (SMEs) has
earned little consideration [9]. Universities are not only different from ARIs in terms of
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transfer origins [10], but existing companies are also different from SMEs in terms of trans-
fer receivers [11]. Since TT is highly contextual and uncertain, it is vital to acknowledge the
factors and develop models adapted to the local circumstances [12].

India aspires to be a $5 trillion economy by 2024–25, and its situation is at a crucial
juncture concerning sustainability. The vast population density and rapid pace of growth
are the two biggest challenges in the country’s approach to sustainability. At the policy
level, science, technology, and innovation are used increasingly as a tool to meet sustainable
development goals (SDGs) through technology-based startups [13]. The policy changes
focus on becoming sustainable technology providers [14]. In this context, TT from public-
funded ARIs is crucial as they constitute a significant part of the supply ecosystem in a
developing country [15].

The Council of Scientific & Industrial Research (CSIR) and associated Academy of
Scientific & Innovative Research (AcSIR) are the largest public-funded ARIs with a pan-
India presence [16] working primarily in the areas of green chemistry [17], waste manage-
ment [18], electrostatic spraying for agricultural and healthcare applications [19], urban
mining [20], and recycling [21]. Fu et al. has highlighted that the national environmental
innovation systems are vital for sustaining TT [22]. In India, a poor connection between the
innovation support system and the production system prevails [23]. SMEs are critical for
the nation’s economic and innovative progress, especially in new technology domains [24].
Strengthening TT from public-funded ARIs to SMEs is needed, and therefore, the study and
conceptualization of factors that impact TT are vital in the Indian and global context [1].

The current literature has revealed several factors impacting TT. The objective of
this study was to develop a conceptual model to understand the relationship between
the factors affecting successful TT in an Indian public-funded ARIs–SMEs setting. The
revelations will contribute to establishing successful TT as the driving force for SMEs.
However, when synergized with institutional sustainability, this work will contribute
towards the widespread proliferation of both TTs and SMEs.

The organization of the rest of this paper is as follows. First, we present a review
of the literature with a specific focus on the factors influencing the success of TT from
public-funded ARIs to SMEs. Next, we discuss the procedure adopted in the design of
conceptual work and research methodology. Finally, we present the results of data analysis,
findings, contributions, implications, and limitations of the work.

2. Literature Review
2.1. Background

The United Nations SDGs have identified TT as a means to promote sustainabil-
ity [25]. It is an essential pathway for achieving sustainability as new technology is more
economically viable, environmentally positive, and has more significant social potential,
focusing on developing countries [26]. In developing countries, the successful transfer of
appropriate technologies is integral for economic and social development, and enhances
sustainability [27]. However, the buzz has been around the international TT from devel-
oped to developing countries. The success of these practices depends on a host of issues in
the receiving country, and it requires a balanced approach [28]. Possession of domestic tech-
nology capabilities can lead to broad-based sustainable development and innovation [29].

Wang developed a TT model from the technology receiver’s perspective in China [30].
The focus of the model was on mechanisms involved in transfer between universities and
enterprises. Heather et al. developed an innovative TT model in the Addiction Technol-
ogy Transfer Center (ATTC) network [31], highlighting the need for creative innovation
capabilities in developing countries.

Nazanin et al. developed a model for the commercialization of R&D outcomes [32]
and identified 31 factors affecting the commercialization of research outcomes. The model
has an excellent conceptual framework and considered the phases of TT. Albats et al.
have analyzed the impact of key performance indicators (KPI) on the university–industry
collaboration (UIC) lifecycle at the micro-level on collaborative projects in Finland and
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Russia. The model identified several micro-level KPIs across the UIC lifecycle for the
R&D laboratory [33].

Chehrehpak et al. determined the factors influencing TT using an empirical study
in a large public petroleum company [34]. The study developed a model using SEM.
The factors considered in the study were law and policy, capabilities, human resources,
technology localization, technology traits, and cooperation among industries. The results
of the empirical analysis showed that all the factors except cooperation among industries
have a positive influence on the outcome of TT.

Cunningham and O’Reilly explored the conception of TT activities in the last few
decades and deduced that macro perspectives study has significant prominence recently.
The authors stressed the need and significance of micro and meso factors in TT [35]. Lee et al.
proposed a prediction model for TT, which help to identify the research opportunities, and
used it as a strategic tool for tapping the innovation opportunities by industry in line with
societal needs [36].

2.2. Factors Affecting Technology Transfer

Communication and knowledge have been found essential for the success of technol-
ogy transference [37]. The motivation of faculty for involvement in transfer activities is the
determinant for an increase in licensing activity [38]. Investment of time in an informal
interaction with the industry positively affects the research collaboration [39]. Thomas et al.
highlighted the role and importance of individual actors in academic entrepreneurship as
enablers for the lab to market journey [40]. Team competency and motivation have vital
influences on the absorption of technology in an innovation alliance [41].

Research and market-oriented technology transfer office (TTO) have a positive impact
on the licensing activity [42]. Incubators have significance for new product development
and economic growth [43]. Knowledge of the licensor about the technology source within
the transferor positively impacts the technology licensing [44]. Reis et al. identified man-
agement support as a vital factor [45], and lack of it can act as an inhibitor for researchers
to engage in TT [46]. Appropriate training is essential for the adsorption of technology in
the industry [47].

TT has a positive impact on the quality and quantity of the research [48] and so-
ciety [49], and vice-versa [50]. The quality of work in public institutions influence en-
trepreneurship, innovativeness, and competitiveness [51]. Research and innovation are the
critical drivers for the economic development of industry and nation [52]. Innovativeness
is a prerequisite for academic entrepreneurship, which leads to research opportunities [53].
Proactive policies and acts result in improved transfer efficiency [54]. Return on investment
from research and development has a long gestation period and requires consistent policy
support [55]. Technology licensing modes are being explored on formal and informal
lines, thinking beyond the traditional linear ways for a more significant impact on TT [56].
Financial support instruments help come up with investment-ready products, thereby
leading to potent TT [57]. In the quintuple helix paradigm, Carayannis et al. identified
societal impacts as drivers for technology generation and adoption [58].

Globally, the success of TT has been examined exhaustively on various parameters
viz. diffusion, commercial, political, environmental benefits, replacement benefits, human
resources, and economics, etc. [2]. However, special attention has been garnered by public
value recently [1,59], thereby considering the entire realm of sustainability. As for the
public impact, the literature highlights the need for studies assessing the overlap of levels
of analysis from micro to macro and their effect on commercialization [60]. A successful
TT requires collaborative efforts by several stakeholders to accomplish complicated and
challenging tasks from a knowledge perspective. It involves implementing the whole
process of imaging, incubating, representing, marketing, and sustaining a technology [7],
which comes under institutional sustainability.

The foregoing literature review details the factors influencing the successful TT from
public-funded ARIs to SMEs. We undertook the study of models to establish the causal
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relationship among factors. An analysis of the existing models in the literature shows that
the majority were either conceptual or theoretical models, and most of them were not tested
empirically and validated. Additionally, most of the existing models have focused on a
single dimension or a few factors in TT. Further, the perspectives of technology receivers
need to be studied empirically [61,62].

A prominent viewpoint emerging from the review is that Western countries have
been at the forefront of technology development, research, and commercialization of new
technologies. India has started embracing the process quickly and is evolving with its
innovation capability [63]. The process of TT from public-funded ARIs has not been
modeled adequately in the past studies except [6]. We propose to assess the relative
influence of each of the identified factors on the successful transfer of technology in a
proposed holistic model.

2.3. Conceptual Model

We developed a conceptual model for TT using the three input factors and one output
factor from public-funded ARIs to the SMEs, as shown in Figure 1. The model pictorially
depicts the relationships among factors affecting TT and success as the output factor. The
basis of conceptualization are the insights and knowledge from the literature about the TT
process from public-funded ARIs to SMEs.

Figure 1. A conceptual model for successful TT from public-funded ARIs to SMEs.

We identified 43 items and used them to measure the 18 variables that are likely
to impact the success of TT from public-funded ARIs to SMEs. These 18 variables were
grouped hypothetically into three input factors: macro-level, meso-level, and micro-level
factors. The model has one output factor: successful transfer of technology, measured using
four variables. We tested the model using a set of hypotheses.
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In the proposed model, micro-level factors focus on the mechanisms, actors and
their role in TT, the role of TTO, cultural differences, motivations, communications, time
allocations, and barriers to effective collaborations. Five variables have been considered
to measure the micro-level factors: communication [64], motivation [38], timeframes [39],
individual actors [65,66], and team competency [41]. We propose the following hypothesis:

H1: Micro-level factors significantly influence the successful transfer of technology from public-
funded ARIs to SMEs.

The meso-level factors focus on supporting institution’s roles, behaviors, and actions
of supporting actors. Six variables have been identified to measure the meso-level factors,
namely, TTO [67,68], incubators [69], management support [50,70,71], knowledge [44],
experience [72], and training [47]. We propose the following hypothesis:

H2: Meso-level factors significantly influence the successful transfer of technology from public-
funded ARIs to SMEs.

The macro-level factors focus on mechanisms of TT and methods, measurement,
evaluation, and effectiveness of TT, and policy initiatives designed to support effective
TT at various horizontal and vertical agglomeration levels. Seven variables considered
to measure the macro-level factors are quality of the product [50], innovativeness [53],
technology licensing [56], proactive policies and acts [54], financial support [57], societal
impact [58], and return on investment [55]. We propose the following hypothesis:

H3: Macro-level factors significantly influence the successful transfer of technology from public-
funded ARIs to SMEs.

Further, we analyzed the demographic variables, which reflect the respondent’s profile
and operating environment, viz. gender, age, educational qualification, experience in R&D
projects, total experience, and designation.

3. Materials and Methods

The present study uses an explorative research design [73] wherein we collected the
primary data using a questionnaire administered to the study participants. The question-
naire was designed based on the relevant hypotheses. The study adopted a cross-sectional
survey design approach [74], an observational research method involving data collection
from a population/sample at one specific point in time.

The focus of the sampling design was to identify those respondents who have expe-
rience and exposure to TT and related activities in the public-funded ARI–SMEs setting.
Hence, we have used the purposive sampling design [75] as it was considered appropriate
for such a study.

To ensure the validity of the survey instrument before the main study, the experts
from public-funded ARI and academia vetted the questionnaire clarity, consistency, and
redundancy. The target sample (approx. 1000) from the population (approx. 4500) con-
sisted of scientists, industrial personnel, R&D engineers, and professionals involved in
technology development and transfer activities in public-funded ARIs. The data collection
was conducted from October 2020 to December 2020 through an online survey, distributed
through emails, and followed up telephonically.

The survey instrument included five sections. The first section collected data related
to the personal and organizational information of the respondents of the study. The data
points in this section included gender, age, educational qualification, experience in R&D,
total experience, and designation. The second section focused on the micro-level factors,
measuring the influence of five elements in TT viz. communication, motivation, timeframes,
individual actors, and team competency. The third section focused on the meso-level factors,
measuring the influence of six elements in TT viz. roles of TTO, incubators and accelerators,
management support, knowledge, experience, and training. The fourth section focused
on the macro-level factors, measuring the influence of seven elements in TT viz. quality
of the product, innovativeness, technology licensing, proactive policies and acts, financial
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support, societal impact, and return on investment. The final section focuses on the items
that measure the successful transfer of technology.

4. Data Analysis and Validation

SPSS 25.0 software package was used for statistical data analysis in this study to
analyze the data collected from the respondents. Further, we used AMOS 26.0 software
package for SEM and hypothesis testing.

4.1. Demographic Analysis

Overall, 321 respondents participated in the study, representing all the 38 laboratories
of CSIR. Table 1 shows the demographic characteristics of the respondents of the survey.

Table 1. Demographic profile.

Variable Category Frequency Percentage

Gender
Male 273 85.0

Female 48 15.0

Age
(years)

Up to 30 6 1.9
31–40 112 34.9
41–50 124 38.6

Above 50 79 24.6

Educational qualification
Graduate 29 9.0

Post-Graduate 111 34.6
Doctorate 181 56.4

Experience in R&D projects
Up to 5 years 37 11.5

5–10 years 79 24.6
Above 10 years 205 63.9

Total experience
Up to 5 years 11 3.5

5–10 years 65 20.2
Above 10 years 245 76.3

Designation/
Position

Junior Practitioners 4 1.2
Mid-Level Practitioners 258 80.4
Top-Level Practitioners 59 18.4

The study primarily needed depth of information on the projects involving TT from
public-funded ARIs to SMEs. The study involved respondents with vast experience in the
field as they have a deeper understanding of the research problem.

To ensure the sample integrity, we performed an independent sample t-test and
one-way ANOVA. It confirmed that respondents of different genders, ages, qualification,
experience, and designation could be considered as a single sample [76]. At a 0.05 level of
significance, the statistical analysis confirmed the validity of the demographic variables.

4.2. Descriptive Statistical Analysis

The descriptive statistical measures were computed for micro-level factors, meso-level
factors, macro-level factors, and successful transfer of technology, as shown in Table 2.

From Table 2, it is clear that the top-rated factor impacting the successful transfer
of technology is communication (M = 4.64, SD = 0.39) between transferor and receiver.
The next highly-rated factor is innovativeness (M = 4.47, SD = 0.6). Knowledge (M = 4.34,
SD = 0.52) and quality of the product (M = 4.31, SD = 0.58) are subsequent rated factors.
Motivation was the fifth top-rated factor (M = 4.27, SD = 0.62). The least rated factors
are experience (M = 3.69, SD = 0.86), and technology licensing (M = 3.82, SD = 0.69). The
descriptive analysis also shows that micro-level factors are the predominant (M = 4.16,
SD = 0.48) when compared with meso-level factors (M = 4.08, SD = 0.46) and macro-level
factors (M = 4.05, SD = 0.44).
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Table 2. Descriptive statistics (n = 321).

Variable Mean SD Skewness Kurtosis

Communication 4.64 0.39 −1.07 1.36
Motivation 4.27 0.62 −0.42 −0.64
Timeframes 3.84 0.82 −0.48 −0.19

Individual actors 3.88 0.52 −0.25 0.47
Team competency 4.21 0.58 −0.59 0.20

Micro-level factors 4.16 0.48 −0.48 0.56

Training 4.12 0.54 −0.43 0.37
Experience 3.69 0.86 −0.36 −0.56
Knowledge 4.34 0.52 −0.44 −0.66

Management support 3.88 0.90 −1.12 0.33
TTO 4.14 0.65 −0.45 0.18

Incubator 4.17 0.70 −0.64 0.59

Meso-level factors 4.08 0.46 −0.76 0.28

Quality of the product 4.31 0.58 −0.59 0.18
Innovativeness 4.47 0.60 −0.85 0.18

Technology licensing 3.82 0.69 −0.24 −0.55
Proactive policies and acts 4.03 0.69 −0.47 −0.61

Financial support 3.86 0.59 −0.41 0.48
Societal impact 3.93 0.61 −0.41 −0.17

Return on investment 3.96 0.61 −0.46 0.90

Macro-level factors 4.05 0.44 −0.14 −0.50

Successful transfer of technology 4.12 0.52 −0.92 3.78

4.3. Reliability Analysis

The Cronbach’s alpha coefficient is the most common reliability analysis measure
to assess the instrument’s internal consistency [77]. If the Cronbach’s alpha value of the
items/factor is greater than 0.7, the tool is considered reliable in measuring the underlying
construct [78]. The results of the reliability analysis of the elements of the study are as
shown in Table 3. All these scales demonstrate acceptable reliability.

Table 3. Reliability analysis.

Variable No. of Items Cronbach’s Alpha

Micro-level factors 13 0.852
Meso-level factors 12 0.812
Macro-level factors 18 0.840

Successful transfer of technology 4 0.740

4.4. Correlation Analysis

The relationship between variables of the study is analyzed using correlation analysis.
The value of the correlation coefficient (R) can vary from 0 to 1, and the higher value of
R is considered better in depicting the correlation between the variables. Table 4 shows
the correlation between the input variables like micro-level factors, meso-level factors,
macro-level factors, and output variable successful transfer of technology. The p-value
represents the significance of the level of correlation.

From Table 4, we observed a significant correlation between input factors and the
successful transfer of technology at a 0.01 level of significance. Additionally, we found that
the micro-level, meso-level, and macro-level factors were significantly interrelated. The
following section tested the SEM model to find the strength of the relationship between the
input variables (micro-level factors, meso-level factors, and macro-level factors) and the
outcome variable (successful transfer of technology).
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Table 4. Pearson correlation analysis (n = 321).

Variable Micro-Level Factors Meso-Level Factors Macro-Level Factors Successful Transfer
of Technology

Micro-level factors 1

Meso-level factors 0.562 **
(0.000) 1

Macro-level factors 0.482 **
(0.000)

0.604 **
0.000 1

Successful transfer
of technology

0.561 **
(0.000)

0.615 **
0.000

0.538 **
0.000 1

** Correlation is significant at the 0.01 level (2-tailed).

4.5. Testing of Hypotheses

The SEM model of the hypothesized model (standardized estimates) is as shown in
Figure 2 below.

Figure 2. SEM model of the hypothesized model (standardized estimates).
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The standardized regression estimates of the variables in the model are as shown
in Table 5.

Table 5. Standardized regression estimates.

Outcome Variable Predictor Variable Estimate SE p

Communication Micro-level factors 0.628
Motivation Micro-level factors 0.681 0.15 ***
Timeframe Micro-level factors 0.521 0.17 ***

Individual actors Micro-level factors 0.641 0.12 ***
Team competency Micro-level factors 0.827 0.16 ***

Training Meso-level factors 0.547 0.12 ***
Experience Meso-level factors 0.592 0.17 ***
Knowledge Meso-level factors 0.767 0.13 ***

Management support Meso-level factors 0.491 0.17 ***
TTO Meso-level factors 0.561 0.14 ***

Incubators Meso-level factors 0.517

Quality of the product Macro-level factors 0.371 0.08 ***
Innovativeness Macro-level factors 0.473 0.09 ***

Technology licensing Macro-level factors 0.641 0.09 ***
Proactive policies and acts Macro-level factors 0.704 0.11 ***

Financial support Macro-level factors 0.749 0.08 ***
Societal impact Macro-level factors 0.531 0.08 ***

Return on investment Macro-level factors 0.74

Successful transfer of technology Micro-level factors 0.272 0.14 0.00
Successful transfer of technology Meso-level factors 0.305 0.19 0.02
Successful transfer of technology Macro-level factors 0.246 0.11 0.01

*** p < 0.01.

The goodness of fit values shown in Table 6 specifies how well the models fit the
observations. From the table, it is evident that the measured values conform to the recom-
mended values. Overall values for model fit indices and measures obtained in the study
are at an acceptable level. Therefore, we conclude that the SEM model is fit.

Table 6. The goodness of fit indices.

Indices Suggested Value [Ref.] Obtained Value

Chi-square value - 484.234
DF - 145

Chi-square value/DF (CMIN) <5.00 [79] 3.340
GFI >0.90 [80] 0.946

AGFI >0.90 [79] 0.901
NFI >0.90 [80] 0.922
CFI >0.90 [81] 0.924

RMR <0.08 [79] 0.030
RMSEA <0.09 [79] 0.086

We tested the H1, H2, and H3 using the path analysis from the SEM model (Table 5).
The relationship between the input variables and output variable in the SEM model was
analyzed using path coefficients/standardized estimates and path significance. Path
analysis brings out meaningful connections between the latent factors or constructs of
the model.

H1: Micro-level factors significantly influence the successful transfer of technology from public-
funded ARIs to SMEs.

The results of the analysis of regression coefficients of the SEM model (Table 5) clarify
that micro-level factors have a significant impact (R = 0.272) on the successful transfer of
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technology. The level of significance was 0.01 (p < 0.01). Thus, hypothesis H1 was accepted
as the p-value is less than 0.05.

H2: Meso-level factors significantly influence the successful transfer of technology from public-
funded ARIs to SMEs.

From the analysis of regression coefficients of the SEM model (Table 5), it is clear
that meso-level factors have a significant impact (R = 0.305) on the successful transfer of
technology. The level of significance was 0.05 (p < 0.05). Thus, hypothesis H2 was accepted
as the p-value is less than 0.05.

H3: Macro-level factors significantly influence the successful transfer of technology from public-
funded ARIs to SMEs.

From the analysis of regression coefficients of the SEM model (Table 5), it is clear
that macro-level factors have a significant impact (R = 0.246) on the successful transfer of
technology. The level of significance was 0.01 (p < 0.05). Thus, hypothesis H3 was accepted
as the p-value is less than 0.05.

5. Discussion
5.1. Theoretical Implications

Bozeman et al. discussed the weak links between transferors with demand and
channels [2], which continue to exist [1]. So, it is pertinent to identify and model the factors
which impact the successful transfer of technology. In this context, the developed TT model
is relevant for public-funded ARIs, those pursuing TT from these institutions, funding
bodies, and government agencies aiming to utilize public R&D investments to achieve
socio-economic growth.

The model has revealed some profound implications for the government and public-
funded ARIs in achieving efficient technology transfer and increasing the pace of TT. If
the factors identified and validated in the conceptual model are managed and handled
appropriately in TT projects, they could lead to fruitful results.

The successful transfer and adoption of technology [82] have multifold implications
for SMEs [83] and the innovation ecosystem [84]. It not only leads to new product devel-
opment (NPD), improving the business performance of the SMEs [85] but also inculcates
innovation culture leading to social gain [86] and corporate sustainability [87]. The absorp-
tion capacity of the SMEs, which is critical to the success of NPD [88], is improved, which
enables them to attract further investment [89]. Further, with the endowment funding [90]
available for sustainable technology development, proximity can lead to further collabora-
tion, technology development, and even reverse TT [91]. Thus, as postulated, successful
transfer of technology from ARIs seems to be a key enabler for sustainable technologies
and can be further explored empirically in other structural settings.

5.2. Managerial Implications

It is crucial for any successful transfer of technology to open the dialog between the
scientists and the receiver. The business development groups in public-funded ARIs need
to facilitate this. The motivation level of the individual actors is vital as the technology
commercialization process has bottlenecks and overcoming them to lead to success depends
on these actors. The communication process creates an environment for friendly technical
and business discussions, leading to lesser conflicts and goal achievement. Meeting the
timelines is vital as the opportunity created in the market for the technology may vanish
with delay. Moreover, the team should be competent to implement the commercialization
successfully. These aspects are complementary and support innovation.

The meso-level factors that reflect the individual actor’s ecosystem play an equally
important role in successfully transferring technology. The training [92] given via webinars
or workshops, the funding of the projects to build the capability and the knowledge base,
and the management support is vital to boost the confidence of the scientists. Moreover,
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the TTO’s role is essential to deal with the financial negotiations, match-making with the
firm, and deal with the write-offs.

Finally, the macro factors are also crucial. The quality of the product decides its fate
in the market. The certifications, proper testing, and customer acceptance are the key to
enhancing the quality. The innovativeness of the product leads to increased market share
for the firm and thus overcomes competition leading to business growth. The national
policies and acts in different sectors create an environment for commercialization. They
can also lead to an increase in demand. In addition, regulatory support is critical for
achieving economies of scale in green technologies. The financial support given to the
firms, especially for startups, can go a long way in deciding the product’s success from
lab to the market, considering the societal and environmental impacts of the technology
is vital for the countries to meet the SDGs as part of international commitments. The
societal implications of the technologies help in prioritizing the activities around its com-
mercialization process by the government. The gestation period for return from technology
can be very long, especially in environmentally friendly technologies, and can also be
considered holistically [1,93].

6. Limitations

Although we have put in our best effort to structure the research to be comprehensive,
it is not without limitations. One of the limitations of this method of analysis is related to
self-selection bias. People who are already interested in the topic of the study are more
likely to respond to this sort of survey, resulting in bias.

Since the present study is exploratory and transversal, it is challenging to define causal
relationships among the variables in the model. As a result, we recommend that future
studies perform longitudinal analysis to validate these causal relationships.

Similarly, this study used data collected from the respondents, which are perceptual.
Perceptual data may have skewed appeal to specific stakeholders in the absence of objec-
tive data to equate. Finally, since a geographical framework constrains the population,
deviations may be observed while extrapolating the findings to other settings.

7. Conclusions

The demographic variables of the study are congeners, and the descriptive statistical
analysis highlighted the importance of micro-level factors. We observed communication,
innovativeness, knowledge, quality of the product, and motivation to be the five most
important factors. On the other hand, experience and technology licensing are the least
important factors. The motivation for engagement of researchers with the industry [49]
and shortened technology lifecycle [94] typically support such findings.

The results of SEM analysis show a significant relationship between the three model
factors and the outcome factor. We used standardized estimates of the SEM model to test the
hypotheses. We infer that the three input factors significantly impact the successful transfer
of technology with a 0.05 level of significance. The outcomes validated the conceptual
model and identified variables for considering the successful transfer of technology from
public-funded ARIs to SMEs.

TT is a multi-faceted phenomenon that depends on a host of equally critical inter-
related mechanisms. The interrelationships between conceptualized micro-level, meso-
level, and macro-level factors are positive using correlation analysis at the 0.01 level
of significance.

A contribution of this work is in the timing of this empirical study. We observe the
strengthening of communication between the transferor and receiver with the addition of
frequent virtual channels. The current pandemic seems to have ignited the prevalence of
virtual communication, not observed in [95]. Ivarsson et al. identify regional proximity
as positive for technology absorption and innovation [96]. Whether virtual channels lead
to intellectual proximity, and if this acts as a substitute to regional proximity for tacit
knowledge, needs to be explored in future studies.
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In the context of SMEs, literature depicts the linkage of economic performance with
the sustainability of the enterprises [87,97]. An interesting perspective for future studies
could be to downstream these findings and contextualize the sustainability of ARIs with
the economic performance of SMEs being moderated by various control variables and
determine the causality. This linkage would enrich the literature by extending the sustain-
ability of technologies and ARIs and their impact on SMEs. A potential productive area for
investigation could be the design of an experimental study to evaluate the performance of
a transferred technology in terms of its socio-economic impacts on the key stakeholders.

Author Contributions: Conceptualization, S.S., H.K.S. and A.M.; Data curation, S.S. and R.S.; Formal
analysis, S.S., R.S., H.K.S. and A.M.; Investigation, S.S.; Methodology, S.S. and H.K.S.; Project
administration, H.K.S. and A.M.; Resources, S.S., R.S., H.K.S. and A.M.; Software, S.S. and R.S.;
Supervision, H.K.S. and A.M.; Validation, S.S., H.K.S. and A.M.; Visualization, S.S., H.K.S. and
A.M.; Writing—original draft, S.S. and R.S.; Writing—review & editing, S.S., R.S., H.K.S. and A.M.
All authors have contributed to every part of the article. All authors have read and agreed to the
published version of the manuscript.

Funding: This research was funded by DSIR: New Delhi.

Institutional Review Board Statement: Not applicable.

Informed Consent Statement: Not applicable.

Data Availability Statement: The data presented in this study are available on request from the
corresponding author.

Conflicts of Interest: The authors declare no conflict of interest.

References
1. Bozeman, B.; Rimes, H.; Youtie, J. The evolving state-of-the-art in technology transfer research: Revisiting the contingent

effectiveness model. Res. Policy 2015, 44, 34–49. [CrossRef]
2. Bozeman, B. Technology transfer and public policy: A review of research and theory. Res. Policy 2000, 29, 627–655. [CrossRef]
3. Vega-Gomez, F.I.; Miranda-Gonzalez, F.J. Choosing between Formal and Informal Technology Transfer Channels: Determining

Factors among Spanish Academicians. Sustainability 2021, 13, 2476. [CrossRef]
4. Qian, X.-D.; Xia, J.; Liu, W.; Tsai, S.-B. An empirical study on sustainable innovation academic entrepreneurship process model.

Sustainability 2018, 10, 1974. [CrossRef]
5. Vega-Gomez, F.-I.; Miranda, F.J.; Chamorro Mera, A.; Pérez Mayo, J. The spin-off as an instrument of sustainable development:

Incentives for creating an academic USO. Sustainability 2018, 10, 4266. [CrossRef]
6. Purushotham, H.; Sridhar, V.; Sunder, C.S. Management of technology transfer from Indian publicly funded R&D institutions to

industry-modeling of factors impacting successful technology transfer. Int. J. Innov. Manag. Technol. 2013, 4, 422.
7. Kim, M.; Park, H.; Sawng, Y.-W.; Park, S.-Y. Bridging the gap in the technology commercialization process: Using a three-stage

technology–product–market model. Sustainability 2019, 11, 6267. [CrossRef]
8. Tran, T.A.; Kocaoglu, D.F. Literature Review on Technology Transfer from Government Laboratories to Industry. In Proceedings

of the PICMET’09-2009 Portland International Conference on Management of Engineering & Technology, New York, NY, USA,
2–6 August 2009; pp. 2771–2782.

9. Skute, I.; Zalewska-Kurek, K.; Hatak, I.; de Weerd-Nederhof, P. Mapping the field: A bibliometric analysis of the literature on
university–industry collaborations. J. Technol. Transf. 2019, 44, 916–947. [CrossRef]

10. Rahm, D.; Bozeman, B.; Crow, M. Domestic technology transfer and competitiveness: An empirical assessment of roles of
university and governmental R&D laboratories. Public Adm. Rev. 1988, 48, 969–978.

11. Spithoven, A.; Vanhaverbeke, W.; Roijakkers, N. Open innovation practices in SMEs and large enterprises. Small Bus. Econ. 2013,
41, 537–562. [CrossRef]

12. Baglieri, D.; Baldi, F.; Tucci, C.L. University technology transfer office business models: One size does not fit all. Technovation
2018, 76, 51–63. [CrossRef]

13. Surana, K.; Singh, A.; Sagar, A.D. Strengthening science, technology, and innovation-based incubators to help achieve Sustainable
Development Goals: Lessons from India. Technol. Forecast. Soc. Chang. 2020, 157, 120057. [CrossRef]

14. Draft 5th National Science, Technology, and Innovation Policy for Public Consultation | Department of Science & Technology.
Available online: https://dst.gov.in/draft-5th-national-science-technology-and-innovation-policy-public-consultation (accessed
on 22 April 2021).

15. Watkins, A.; Papaioannou, T.; Mugwagwa, J.; Kale, D. National innovation systems and the intermediary role of industry
associations in building institutional capacities for innovation in developing countries: A critical review of the literature.
Res. Policy 2015, 44, 1407–1418. [CrossRef]

http://doi.org/10.1016/j.respol.2014.06.008
http://doi.org/10.1016/S0048-7333(99)00093-1
http://doi.org/10.3390/su13052476
http://doi.org/10.3390/su10061974
http://doi.org/10.3390/su10114266
http://doi.org/10.3390/su11226267
http://doi.org/10.1007/s10961-017-9637-1
http://doi.org/10.1007/s11187-012-9453-9
http://doi.org/10.1016/j.technovation.2018.05.003
http://doi.org/10.1016/j.techfore.2020.120057
https://dst.gov.in/draft-5th-national-science-technology-and-innovation-policy-public-consultation
http://doi.org/10.1016/j.respol.2015.05.004


Sustainability 2021, 13, 5600 13 of 15

16. About CSIR|Council of Scientific & Industrial Research|CSIR|GoI. Available online: https://www.csir.res.in/about-us/about-
csir (accessed on 23 April 2021).

17. Krishnamoorthy, G.; Sadulla, S.; Sehgal, P.; Mandal, A.B. Green chemistry approaches to leather tanning process for making
chrome-free leather by unnatural amino acids. J. Hazard. Mater. 2012, 215, 173–182. [CrossRef]

18. Kumar, S.; Smith, S.R.; Fowler, G.; Velis, C.; Kumar, S.J.; Arya, S.; Rena; Kumar, R.; Cheeseman, C. Challenges and opportunities
associated with waste management in India. R. Soc. Open Sci. 2017, 4, 160764. [CrossRef]

19. Patel, M.K. Technological improvements in electrostatic spraying and its impact to agriculture during the last decade and future
research perspectives—A review. Eng. Agric. Environ. Food 2016, 9, 92–100. [CrossRef]

20. Jha, M.K.; Kumari, A.; Jha, A.K.; Kumar, V.; Hait, J.; Pandey, B.D. Recovery of lithium and cobalt from waste lithium ion batteries
of mobile phone. Waste Manag. 2013, 33, 1890–1897. [CrossRef]

21. Dutta, T.; Kim, K.-H.; Uchimiya, M.; Kwon, E.E.; Jeon, B.-H.; Deep, A.; Yun, S.-T. Global demand for rare earth resources and
strategies for green mining. Environ. Res. 2016, 150, 182–190. [CrossRef]

22. Fu, X.; Zhang, J. Technology transfer, indigenous innovation and leapfrogging in green technology: The solar-PV industry in
China and India. J. Chin. Econ. Bus. Stud. 2011, 9, 329–347. [CrossRef]

23. Arora, P.; Nath, P. Innovation in Indian Industries: Insights from the First National Innovation Survey. Asian J. Innov. Policy 2015,
4, 360–380. [CrossRef]

24. Rothwell, R.; Zegveld, W. Innovation and the Small and Medium Sized Firm. 1982. Available online: https://papers.ssrn.com/
sol3/papers.cfm?abstract_id=1496714 (accessed on 22 April 2021).

25. Global Technology Transfer and Knowledge Management Partnership—United Nations Partnerships for SDGs Platform. Avail-
able online: https://sustainabledevelopment.un.org/partnership/?p=1541 (accessed on 21 April 2021).

26. Corsi, A.; Pagani, R.N.; Kovaleski, J.L. Technology transfer for sustainable development: Social impacts depicted and some other
answers to a few questions. J. Clean. Prod. 2020, 245, 118522. [CrossRef]

27. Srinivas, H. Technology Transfer for Sustainable Development. 1999. Available online: https://www.gdrc.org/techtran/techtran-
sustdev (accessed on 22 April 2021).

28. Karakosta, C.; Doukas, H.; Psarras, J. Technology transfer through climate change: Setting a sustainable energy pattern.
Renew. Sustain. Energy Rev. 2010, 14, 1546–1557. [CrossRef]

29. Romijn, H.A.; Caniëls, M.C. Pathways of technological change in developing countries: Review and new agenda. Dev. Policy Rev.
2011, 29, 359–380. [CrossRef]

30. Wang, J.-F. Framework for University-Industry Technology Transfer: View of a Technology Receiver. In Proceedings of the 2010 Sec-
ond International Conference on Communication Systems, Networks and Applications, New York, NY, USA, 29 June–1 July 2010;
pp. 383–386.

31. Addiction Technology Transfer Center (ATTC) Network Technology Transfer Workgroup. Research to practice in addiction
treatment: Key terms and a field-driven model of technology transfer. J. Subst. Abus. Treat. 2011, 41, 169–178. [CrossRef] [PubMed]

32. Jalili, N.; Mousakhani, M.; Behboudi, M. Nationalized model for commercialization, field study in Iran. Interdiscip. J. Res. Bus.
2011, 1, 118–129.

33. Albats, E.; Fiegenbaum, I.; Cunningham, J.A. A micro level study of university industry collaborative lifecycle key performance
indicators. J. Technol. Transf. 2018, 43, 389–431. [CrossRef]

34. Chehrehpak, M.; Alizadeh, A.; Nazari-Shirkouhi, S. An empirical study on factors influencing technology transfer using structural
equation modelling. Int. J. Product. Qual. Manag. 2018, 23, 273–288. [CrossRef]

35. Cunningham, J.A.; O’Reilly, P. Macro, meso and micro perspectives of technology transfer. J. Technol. Transf. 2018, 43, 545–557.
[CrossRef]

36. Lee, J.; Kang, J.-H.; Jun, S.; Lim, H.; Jang, D.; Park, S. Ensemble Modeling for Sustainable Technology Transfer. Sustainability 2018,
10, 2278. [CrossRef]

37. Cummings, J.L.; Teng, B.S. Transferring R&D knowledge: The key factors affecting knowledge transfer success. J. Eng. Technol. Manag.
2003, 20, 39–68.

38. Thursby, J.G.; Thursby, M.C. Who is selling the ivory tower? Sources of growth in university licensing. Manag. Sci. 2002, 48,
90–104. [CrossRef]

39. Ponomariov, B.; Boardman, P.C. The effect of informal industry contacts on the time university scientists allocate to collaborative
research with industry. J. Technol. Transf. 2008, 33, 301–313. [CrossRef]

40. Thomas, V.; Bliemel, M.; Shippam, C.; Maine, E. Endowing university spin-offs pre-formation: Entrepreneurial capabilities for
scientist-entrepreneurs. Technovation 2020, 96, 102153. [CrossRef]

41. Liu, H.M.; Yu, Y.R.; Sun, Y.X.; Yan, X. A system dynamic approach for simulation of a knowledge transfer model of heterogeneous
senders in mega project innovation. Eng. Constr. Archit. Manag. 2020, 28, 681–705. [CrossRef]

42. Soares, T.J.; Torkomian, A.L. TTO’s staff and technology transfer: Examining the effect of employees’ individual capabilities.
Technovation 2021, 102, 102213. [CrossRef]

43. Lopes, J.N.M.; Farinha, L.M.C.; Ferreira, J.J.M.; Ferreira, F.A.F. Peeking beyond the wall: Analysing university technology transfer
and commercialisation processes. Int. J. Technol. Manag. 2018, 78, 107–132. [CrossRef]

44. McCarthy, I.P.; Ruckman, K. Licensing speed: Its determinants and payoffs. J. Eng. Technol. Manag. 2017, 46, 52–66. [CrossRef]

https://www.csir.res.in/about-us/about-csir
https://www.csir.res.in/about-us/about-csir
http://doi.org/10.1016/j.jhazmat.2012.02.046
http://doi.org/10.1098/rsos.160764
http://doi.org/10.1016/j.eaef.2015.09.006
http://doi.org/10.1016/j.wasman.2013.05.008
http://doi.org/10.1016/j.envres.2016.05.052
http://doi.org/10.1080/14765284.2011.618590
http://doi.org/10.7545/ajip.2015.4.3.360
https://papers.ssrn.com/sol3/papers.cfm?abstract_id=1496714
https://papers.ssrn.com/sol3/papers.cfm?abstract_id=1496714
https://sustainabledevelopment.un.org/partnership/?p=1541
http://doi.org/10.1016/j.jclepro.2019.118522
https://www.gdrc.org/techtran/techtran-sustdev
https://www.gdrc.org/techtran/techtran-sustdev
http://doi.org/10.1016/j.rser.2010.02.001
http://doi.org/10.1111/j.1467-7679.2011.00537.x
http://doi.org/10.1016/j.jsat.2011.02.006
http://www.ncbi.nlm.nih.gov/pubmed/21466943
http://doi.org/10.1007/s10961-017-9555-2
http://doi.org/10.1504/IJPQM.2018.089801
http://doi.org/10.1007/s10961-018-9658-4
http://doi.org/10.3390/su10072278
http://doi.org/10.1287/mnsc.48.1.90.14271
http://doi.org/10.1007/s10961-007-9029-z
http://doi.org/10.1016/j.technovation.2020.102153
http://doi.org/10.1108/ECAM-01-2020-0077
http://doi.org/10.1016/j.technovation.2020.102213
http://doi.org/10.1504/IJTM.2018.093936
http://doi.org/10.1016/j.jengtecman.2017.11.002


Sustainability 2021, 13, 5600 14 of 15

45. Dos Reis, R.A.; Freitas, M.d.C.D. Critical factors on information technology acceptance and use: An analysis on small and medium
Brazilian clothing industries. Procedia Comput. Sci. 2014, 31, 105–114. [CrossRef]

46. O’Kane, C.; Zhang, J.A.; Cunningham, J.A.; O’Reilly, P. What factors inhibit publicly funded principal investigators’ commercial-
ization activities? Small Enterp. Res. 2017, 24, 215–232. [CrossRef]

47. Murovec, N.; Prodan, I. Absorptive capacity, its determinants, and influence on innovation output: Cross-cultural validation of
the structural model. Technovation 2009, 29, 859–872. [CrossRef]

48. Siegel, D.S.; Waldman, D.A.; Atwater, L.E.; Link, A.N. Toward a model of the effective transfer of scientific knowledge from
academicians to practitioners: Qualitative evidence from the commercialization of university technologies. J. Eng. Technol. Manag.
2004, 21, 115–142. [CrossRef]

49. D’este, P.; Perkmann, M. Why do academics engage with industry? The entrepreneurial university and individual motivations.
J. Technol. Transf. 2011, 36, 316–339. [CrossRef]

50. Sung, T.K. Technology transfer in the IT industry: A Korean perspective. Technol. Forecast. Soc. Chang. 2009, 76, 700–708.
[CrossRef]

51. Veiga, P.M.; Teixeira, S.J.; Figueiredo, R.; Fernandes, C.I. Entrepreneurship, innovation and competitiveness: A public institution
love triangle. Socio Econ. Plan. Sci. 2020, 72, 100863. [CrossRef]

52. Maroušek, J.; Myšková, K.; Žák, J. Managing environmental innovation: Case study on biorefinery concept. Rev. Téc. Ing. Univ. Zulia
2015, 38, 216–220.

53. Scuotto, V.; Del Giudice, M.; Garcia-Perez, A.; Orlando, B.; Ciampi, F. A spill over effect of entrepreneurial orientation on
technological innovativeness: An outlook of universities and research based spin offs. J. Technol. Transf. 2020, 45, 1634–1654.
[CrossRef]

54. Berbegal-Mirabent, J. The influence of regulatory frameworks on research and knowledge transfer outputs: An efficiency analysis
of Spanish public universities. J. Eng. Technol. Manag. 2018, 47, 68–80. [CrossRef]

55. Heher, A.D. Return on investment in innovation: Implications for institutions and national agencies. J. Technol. Transf. 2006, 31,
403–414. [CrossRef]

56. Bradley, S.; Hayter, C.S.; Link, A. Models and methods of university technology transfer. Found. Trends Entrep. 2013, 9, 6.
[CrossRef]

57. Munari, F.; Sobrero, M.; Toschi, L. Financing technology transfer: Assessment of university-oriented proof-of-concept programmes.
Technol. Anal. Strateg. Manag. 2017, 29, 233–246. [CrossRef]

58. Carayannis, E.G.; Barth, T.D.; Campbell, D.F. The Quintuple Helix innovation model: Global warming as a challenge and driver
for innovation. J. Innov. Entrep. 2012, 1, 1–12. [CrossRef]

59. Bornmann, L. What is societal impact of research and how can it be assessed? A literature survey. J. Am. Soc. Inf. Sci. Technol.
2013, 64, 217–233. [CrossRef]

60. Fini, R.; Rasmussen, E.; Siegel, D.; Wiklund, J. Rethinking the commercialization of public science: From entrepreneurial outcomes
to societal impacts. Acad. Manag. Perspect. 2018, 32, 4–20. [CrossRef]

61. Lim, W.M. Dialectic antidotes to critics of the technology acceptance model: Conceptual, methodological, and replication
treatments for behavioural modelling in technology-mediated environments. Australas. J. Inf. Syst. 2018, 22. [CrossRef]

62. Choi, H.J. Technology transfer issues and a new technology transfer model. J. Technol. Stud. 2009, 35, 49–57. [CrossRef]
63. Lema, R.; Lema, A. Technology transfer? The rise of China and India in green technology sectors. Innov. Dev. 2012, 2, 23–44.

[CrossRef]
64. Plewa, C.; Korff, N.; Johnson, C.; Macpherson, G.; Baaken, T.; Rampersad, G.C. The evolution of university–industry linkages—A

framework. J. Eng. Technol. Manag. 2013, 30, 21–44. [CrossRef]
65. Menter, M. Principal investigators and the commercialization of knowledge. In University Evolution, Entrepreneurial Activity and

Regional Competitiveness; Springer: Cham, Switzerland, 2016; pp. 193–203.
66. Miller, K.; Alexander, A.; Cunningham, J.A.; Albats, E. Entrepreneurial academics and academic entrepreneurs: A systematic

literature review. Int. J. Technol. Manag. 2018, 77, 9–37. [CrossRef]
67. Geoghegan, W.; O’Kane, C.; Fitzgerald, C. Technology transfer offices as a nexus within the triple helix: The progression of the

university’s role. Int. J. Technol. Manag. 2015, 68, 255–277. [CrossRef]
68. Secundo, G.; De Beer, C.; Schutte, C.S.; Passiante, G. Mobilising intellectual capital to improve European universities’ competi-

tiveness: The technology transfer offices’ role. J. Intellect. Cap. 2017, 18, 607–624. [CrossRef]
69. Kolympiris, C.; Klein, P.G. The effects of academic incubators on university innovation. Strateg. Entrep. J. 2017, 11, 145–170.

[CrossRef]
70. Franza, R.M.; Grant, K.P. Improving federal to private sector technology transfer. Res. Technol. Manag. 2006, 49, 36–40. [CrossRef]
71. Ankrah, S.; Omar, A.-T. Universities–industry collaboration: A systematic review. Scand. J. Manag. 2015, 31, 387–408. [CrossRef]
72. Arvanitis, S.; Kubli, U.; Woerter, M. University-industry knowledge and technology transfer in Switzerland: What university

scientists think about co-operation with private enterprises. Res. Policy 2008, 37, 1865–1883. [CrossRef]
73. Creswell, J.W.; Creswell, J. Research Design; Sage Publications: Thousand Oaks, CA, USA, 2003.
74. Churchill, G.A.; Iacobucci, D. Marketing Research: Methodological Foundations; Dryden Press: New York, NY, USA, 2006.
75. Tongco, M.D.C. Purposive sampling as a tool for informant selection. Ethnobot. Res. Appl. 2007, 5, 147–158. [CrossRef]

http://doi.org/10.1016/j.procs.2014.05.250
http://doi.org/10.1080/13215906.2017.1396558
http://doi.org/10.1016/j.technovation.2009.05.010
http://doi.org/10.1016/j.jengtecman.2003.12.006
http://doi.org/10.1007/s10961-010-9153-z
http://doi.org/10.1016/j.techfore.2008.03.011
http://doi.org/10.1016/j.seps.2020.100863
http://doi.org/10.1007/s10961-019-09760-x
http://doi.org/10.1016/j.jengtecman.2018.01.003
http://doi.org/10.1007/s10961-006-0002-z
http://doi.org/10.1561/0300000048
http://doi.org/10.1080/09537325.2016.1241874
http://doi.org/10.1186/2192-5372-1-1
http://doi.org/10.1002/asi.22803
http://doi.org/10.5465/amp.2017.0206
http://doi.org/10.3127/ajis.v22i0.1651
http://doi.org/10.21061/jots.v35i1.a.7
http://doi.org/10.1080/2157930X.2012.667206
http://doi.org/10.1016/j.jengtecman.2012.11.005
http://doi.org/10.1504/IJTM.2018.091710
http://doi.org/10.1504/IJTM.2015.069660
http://doi.org/10.1108/JIC-12-2016-0139
http://doi.org/10.1002/sej.1242
http://doi.org/10.1080/08956308.2006.11657376
http://doi.org/10.1016/j.scaman.2015.02.003
http://doi.org/10.1016/j.respol.2008.07.005
http://doi.org/10.17348/era.5.0.147-158


Sustainability 2021, 13, 5600 15 of 15

76. Black, C.; Akintoye, A.; Fitzgerald, E. An analysis of success factors and benefits of partnering in construction. Int. J. Proj. Manag.
2000, 18, 423–434. [CrossRef]

77. Cronbach, L.J. Coefficient alpha and the internal structure of tests. Psychometrika 1951, 16, 297–334. [CrossRef]
78. Nunnally, J.C. Psychometric Theory 3E; Tata McGraw-Hill Education: New York, NY, USA, 1994.
79. Hair, J.F. Multivariate Data Analysis; Prentice Hall: Hoboken, NJ, USA, 2009.
80. Hu, L.T.; Bentler, P.M. Cutoff criteria for fit indexes in covariance structure analysis: Conventional criteria versus new alternatives.

Struct. Equ. Modeling A Multidiscip. J. 1999, 6, 1–55. [CrossRef]
81. Hooper, D.; Coughlan, J.; Mullen, M. Equation modelling: Guidelines for determining model fit. Electron. J. Bus. Res. Methods

2008, 6, 53–60.
82. Fu, Y.; Kok, R.A.; Dankbaar, B.; Ligthart, P.E.; van Riel, A.C. Factors affecting sustainable process technology adoption: A

systematic literature review. J. Clean. Prod. 2018, 205, 226–251. [CrossRef]
83. Min, J.-W.; Kim, Y.; Vonortas, N.S. Public technology transfer, commercialization and business growth. Eur. Econ. Rev. 2020,

124, 103407. [CrossRef]
84. Yi, M.; Fang, X.; Zhang, Y. The differentiated influence of technology absorption on regional economic growth in China.

Sustainability 2019, 11, 450. [CrossRef]
85. Park, T.; Ryu, D. Drivers of technology commercialization and performance in SMEs. Manag. Decis. 2015, 53, 338–353. [CrossRef]
86. Link, A.N.; Scott, J.T. The economic benefits of technology transfer from US federal laboratories. J. Technol. Transf. 2019, 44,

1416–1426. [CrossRef]
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