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Abstract: Research into formal and informal technology transfer between universities and industry
in economical developed counties is well-documented. However, such studies are limited in number
in developing economies. In the context of developing economies, this study analyses technology
transfer offices’ role in university technology transfer to Ghanaian firms. We incorporate informal
mechanisms as a moderating variable to explore the role of human interaction in the technology
transfer value chain. In a cross-sectional survey in Ghana, using structural equation modelling with
245 firms, our research finds a negative moderating effect of informal mechanisms on the effect of
technology transfer offices on innovation performance in firms. The findings are of significance to
universities and corporate bodies in economically developing nations such as Ghana. Policies to
improve the effect of informal mechanisms of university technology transfer offices are proposed in
developing economies.
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1. Introduction

There are many claims of positive impact of innovation in academic literature; nonethe-
less, researchers still struggle to explain their understanding of how innovation perfor-
mance in firms is affected by technology transfer offices (TTOs) in developing economies.
Neither has the extant literature been able to clearly resolve the debate on the role of
informal mechanisms on firms’ innovation performance even in developed economies.
Moreover, given the volume of innovation literature of late, the absence of a widely agreed
theoretical framework to explain the issue is a case for concern, presenting a compelling
reason for further investigation into the concept of innovation and influencing factors, and
further conceptual and applied research is needed in the discipline of innovation at firm
level, and that includes the function of TTOs and informal mechanisms [1].

The global market is now an international technology-based economy given the com-
plexities in the nature of universal market demand and customers’ awareness of market
dynamics locally and internationally [2]. Following this development, the need for univer-
sity research and technology, its transfer to industry, and commercialization for economic
and social development has become imperative for firms’ competitiveness and profitabil-
ity [3,4]. The days when universities were “Ivory Towers” are over since the establishment
of the “third mission” of universities within the last quarter of the twentieth century as
a quick response to market demand for technology. This has been exacerbated by the
public quest for a direct return on investment in universities [5,6]. In another development,
Caniels and Bosch [7] described universities at the time as “cathedrals in the desert”; this
was the period when “blue-sky research” dictated the pace of university research, and
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knowledge creation was only for peer-reviewed journals. Nowadays, universities and
industry are required to operate in a “triple helix” space, where the two team up with
governments to generate technology to encourage innovation in firms to ultimately impact
society [8–10].

Indeed, available academic literature on technology generation in universities for com-
mercialization purposes is unduly skewed on its incidence in advanced economies [11,12].
The skewed literature delves much into several technology transfer mechanisms, including
collaboration, contract research, and joint research, leaving very little space on the more
significant intermediary agents of technology dissemination such as TTOs and informal
mechanisms [13,14]. In the context of this research, we concern ourselves with technology
transfer from universities to firms and investigate the firms’ perspective and how informal
mechanisms largely determine the level of TTOs influence on innovation performance in
firms incrementally at a basic level. As a matter of necessity, the aim of this study is to
contribute to the development of literature on the influence of university technology trans-
fer offices on firm-level innovation in developing economies and to include how informal
mechanisms of transfer affect the functioning of TTOs in manifesting innovation in firms.
To achieve this, we examined the relationship between TTOs and innovation performance
in firms in an incremental dimension and the moderating effect of informal mechanisms
of transfer. The next section provides a critical review of the literature, followed by the
research methodology, where the techniques employed in the research are explained to
include the research model and statistical results. The penultimate section is a discussion of
the results, with a conclusion in the fifth and final section, which describes the limitations
of the research, recommendations for policy reforms, and further research.

2. Literature Review
2.1. Innovation and Firm’s Performance

The meaning of innovation remains a debatable issue among scholars, and the un-
settled state of its conceptual definition poses a heavy empirical challenge to researchers.
Calling for innovation measurement to reflect on specific industries, sectors’, and markets’
needs, innovation is an elusive, dynamic, and broad concept that is difficult to define con-
sidering the nature of its activities, further demonstrating that deciding on how to measure
innovation is a very challenging task to all firms and researchers [15]. The OECD [16]
presents a comprehensive definition of innovation:

An innovation is the implementation of a new or significantly improved product
(good or service), or process, a new marketing method, or a new organisational
method in business practices, workplace organisation or external relations [16].

One of the simplest definitions refers to innovation as an invention that has been
commercialised [17]. Such a definition arguably excludes other forms of innovation, such
as organisational innovation [18] and social innovation [19]. In this study, innovation is
interpreted as the changes in a firm’s operations that lead to the introduction of a novel or
improved product, service or process. Indeed, change is considered to be a key element of
innovation [20]. Innovation often occurs in a milieux of interconnected individuals, firms,
and institutions interacting in feedback loops, promoting innovative activity for business
development and economic growth [21]. The cyclical nature of such interactions typically
involves institutions, universities, firms, and government agencies. Innovation system
theory explains the way in which the generation and transmission of knowledge and
technology may support a firm’s innovation performance [22]. It is important to note that
many factors affect a firm’s overall performance; for example, its social media usage [23]
and HRM practices [24] may have an impact.

Arguably, this still does not provide clear guidance on how small-scale firms and
developing economies can adopt innovation and its models for increased performance in
efficiency [25,26]. Notably, at the firm level, innovation measurement captures predom-
inantly any substantial increase in research and development (R&D) budget and other
investments in patents, licensing, and spin-offs as achieved from university research and
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TTOs [16,27]. A limiting factor found in the literature is the subjective nature of what
innovation actually is to different firms and researchers in different disciplines and ge-
ographic areas. In reality, what may constitute innovation in one firm may not even be
recorded or remembered as such in another firm by some researchers during data collection.
Notably, whereas entrepreneurs develop new combinations of existing resources, they
remain the drivers of economic development with innovation. Indeed, empirical evidence
in many studies shows that innovation and, for that matter, R&D enhance the performance
of firms in several respects, including an increase in market share and competitive ad-
vantage [28,29]. Although [30] also agreed with this, they contended that the impact of
innovation performance is actually weak at industry level.

Innovation is identified as a contributing factor determining a firms’ performance,
and [31] viewed the impact of innovation from two perspectives: the first being product
differentiation or in the introduction of new processes that consolidate a firm’s competitive
position against its rivals. He, however, warned that profits and growth may not be
steady and will usually be temporary or may not last for long if innovating firms cannot
continually improve on their core competence and guard against possible replication by
competitors. The second perspective, in his view, is the ability of firms to enhance their
internal capabilities to respond appropriately and, of course, quickly to market demand
compared to their rival firms. Many organizational strategies place emphasis on innovative
resources that are internal to firms as the most important drivers of their profitability and
strategic advantage [32,33]. This strategic shift drew the attention of management scholars
and economic development policy makers towards a resource-based view (RBV) strategy to
achieve innovation and economic advantage at firm, regional, and national levels. On the
whole, the fundamental question of RBV addresses the issue on why firms are different in
deploying their resources and how they achieve and sustain competitive advantage [34,35].
Certainly, the difference can be accounted for in the deployment of innovative approaches
in the use of resources and access to university-initiated technology. It is based on this that
this study focuses on the technology transfer mechanisms available for firms’ innovation
performance to offer a direction for evidenced policy and practice.

2.2. Technology Transfer Offices

Commercialization of intellectual property through TTOs has received much attention
in practice and in the literature [36,37]. For this reason, much has now been seen of such
bureaus at local and international levels [30], where they engage university scientists in
their research and assess market potential for their findings and breakthroughs [38,39].
Essentially, administrators of TTOs search for prospective investors for a variety of agree-
ments and licensing for university research outputs [2,40]. In fact, scholars still debate the
use of the terms technology transfer and technology exchange between universities and
industry, and while some are of them consider that technology exchange represents the
process better, perhaps due to its multi-directional transmissions of technology between
actors, the term technology transfer rather continues to dominate the literature [33,41–43].
Others even prefer technology sharing because of the “public good” characteristics of
technology, innovation, and knowledge [44–46]. However, one could argue that there are
some similarities with slight differences. Notably, while all the terms represent some form
of dissemination of technology, technology transfer portrays a unidirectional transmission
from universities to firms, which is the direction of inquiry in this study. Within industry, it
is considered to be the transfer of useful know-how or technology across company lines,
and while researchers differ in their understanding and definition, they have not yet ex-
plained how the transfer happens at industrial sector levels. Additionally, research has not
looked deeply into TTOs’ innovation activities of economies that have weak innovation
systems to offer any understanding, and our knowledge is still limited in that area.

For technology transfer offices in, for example, the U.S. and France, the concept has
promoted successful research projects and yielded high levels of income for both universi-
ties and investors, breakthroughs, and inventions in university settings. Principally, this
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applies to government-funded research [47,48]. Indeed, all of these have been efforts to-
wards encouraging universities’ effective involvement in innovative activities with industry
to influence firms’ competence and boost regional and national innovation systems [49,50].
Regrettably, the literature on TTOs suggests that these attempts by policy makers have faced
many challenges, primarily in the sense that most university faculty members with break-
throughs still use the “backdoor” to get their inventions to market due to bureaucracies and
deficiencies in the TTOs’ functionalities [2,6,51]. Implicitly, this is due to a lack of proper
structures to streamline or supervise the work of university scientists. Typical examples of
these abound in developing economies [52,53], where there are no guidelines or a proper
general administrative structure to pursue the objectives of university TTOs [54]. A test
case is the failure of the Technology Consultancy Centre (TCC) at the Kwame Nkrumah
University of Science and Technology in Kumasi in Ghana. Even with that, activities of
TTOs in developing economies are vague in the literature [47–49], and for these reasons,
this study tries to, by way of empirical study, investigate and contribute knowledge on
the potential effect of TTOs on innovation performance in firms in the neglected areas
of some world economies such as Ghana. Whilst most available literature acknowledges
the significance of TTOs in university technology transfer [55–60], it is virtually silent on
how they influence innovation in developing countries such as Ghana. Consequently, it
becomes imperative for researchers to expand our understanding on TTOs’ activities in
those countries and even extend to how different sectors are affected by their work. A more
specific study of how interpersonal relationships and informal mechanisms of university
technology transfer affect TTOs and their role in innovation still needs to be considered for
our understanding of the existing body of technology.

2.3. Informal Mechanisms of Transfer

The informal means of university technology transfer is the transfer of technology
through relationships between university researchers and individual entrepreneurs, mostly
facilitated by human interactions [61]. Known for its extensive tacit characteristics in its
mode of diffusion and high intensity of relationships, means of university technology
transfer encompass all freely disseminated university sources of technology [54,55]. For
instance, an informal communication agreement to offer advice or technical assistance, in
the area of technology, is considered informal and requires personal interaction between a
university researcher and a co-actor [62,63].

On the whole, informal technology transfer primarily encompasses all non-contractual
interactions between technology players and generators and thus university scientists and
industry practitioners [61]. It is challenging to differentiate between formal and informal
technology transfer in the literature since they are complementary and mutually well-
reinforced in an exclusive manner. For example, understood to be a mechanism facilitating
the flow of technology through informal communication processes, informal technology
transfer comprises consulting, collaborative research, or even technical assistance offered
to a firm to achieve efficiency and innovation [64]. On the other hand, a formal technology
transfer mechanism is aimed at transferring a well-defined research outcome and with a
capitalization intent, such as a patent or a license, which an informal mechanism of tech-
nology transfer does not, and there is usually not the slightest expectation to achieve such.
Indeed, whereas formal technology transfer ensures a judicious allocation of intellectual
property, informal technology transfer does not [61]. The difficulty in the differentiation
is compounded even more where research indicates that even if university inventions
are publicly disclosed informally, some firms will try to contact scientists and arrange
formally to work with them directly [65]. As a result, many university scientists in the
U.S. deliberately refuse to disclose their inventions to their universities, as found by [2,66],
although they are supposed to do so by law. In a more specific case, [67] raised concerns
that informal means of university technology transfer cannot be tracked for any detailed
study to add to the body of technology generation literature [64].
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Irrespective of the considerable interest in university technology transfer, research on
its informal mechanism of transfer in the developing countries’ context is quite scant and
relatively neglected by researchers given its significance to all firms across the globe. This
shows a significant literature deficiency, and this study takes the opportunity to contribute
to alleviating this.

2.4. Conceptual Framework

Firm-level innovation frameworks, designed to illustrate the innovation process, date
back to the 1950s, when scholars attempted to explain the process of innovation in industrial
firms [11,68]. As a result, during the post-war years, scientists depicted the process of
technology transfer and innovation as one that is smooth, sequential, and in a linear process
from start to finish. Namely, the popular “technology push” models [43,69] offered simple
and discrete procedural steps to explain how technology is transferred from universities
to firms in the industrial world. However, of late, further development in innovation
literature indicates that the linear model looked too simple to capture the intricacies of
technology transfer in such a straightforward process. Innovation is neither smooth nor
linear, nor is it often well-behaved [70]. Indeed, the innovation models of those days were
found not to represent the process and therefore considered to be seriously flawed. For
instance, the fact that they did not take into consideration the needs of the market presented
a clear case. Another criticism levelled against the linear technology transfer models was
their concentration on just investment in science, which was only a “technology-push
innovation” model in its orientation [17,71]. Still, many critics believe that many facets are
overlooked in the linear models. For these models, technology is solely R&D-driven or
supply-driven. The major theoretical setback has been the claim that “what is in the market
is a product of R&D outcome”, with little element of market or customer centralism [11,43].
Above all, the linear models also assume a “one-size-fits-all” status, and a standard criterion
has been availed to all practitioners for all forms and categories of technology transfer and
innovation processes in the models.

Today, the university technology transfer system is in transition, moving from the mar-
keting and sales of intellectual property model to one that places emphasis on innovation
and entrepreneurial university capacity building. In response, scholars such as [72,73] have
suggested a model of TTOs development along two dimensions, namely focus and stages
of development where legal, marketing, and innovation occupy the focus dimension, as
seen in Figure 1, and capacity building and high performance take second stage. The figure
shows how various tasks and stages are meticulously executed and how they connect with
one another in a systematic nature.

The transmission to an innovation model assumes the status of a broader administra-
tive unit that has business development, entrepreneurial education, and business formation
sections. As seen in Figure 1, TTOs have the duty to obtain legal protection for commercial
prospects when university invention meets the criteria for exploitation in the market. They
go “the extra mile” to shop for users even beyond the expectations of university scientists
and negotiate for product licenses, offer advice on R&D, and even go further to form and
activate regional networking among technology actors for regional economic development.
For all of these to take place, there are roles for informal channels and interpersonal relations
that lubricate the process and present social contracts that facilitate technology transfer to
firms. Based on the above and advocated for by other sections of TTOs literature [74,75], the
study proposes a structural model in Figure 2 and derives three hypotheses to investigate
the potential relationship between TTOs and innovation performance in firms. The model
also presents a proposition on the effect of informal mechanisms of university technology
transfer in ensuring the existence and successful transfer of technology from universities to
firms. These hypotheses are as follows:

H1: Informal mechanisms of technology transfer directly influence innovation performance in firms
in Ghana.
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H2: Technology transfer offices in Ghana directly influence innovation performance in firms.

H3: Informal mechanisms of technology transfer directly moderate the relationship between technol-
ogy transfer offices and innovation performance in firms in Ghana.

Figure 1. Non-linear TTOs stages. Source: [74,75] Etzkowitz and Goktepe-Hulten (2016).

Figure 2. Conceptual model. Source: Authors.

3. Research Design

To achieve the aim of the research, this study is designed to use a structural equation
modelling technique in a hypothesis test study to examine the relationship between the
study variables. To do this, a cross-sectional survey questionnaire was constructed and
distributed via email to 350 companies in Ghana. Companies were identified from standard
databases that contained company names and brief company details that allowed the
research team to identify in simple terms whether the company would be suitable for
the study. As a result, 245 usable questionnaire returns were obtained and data collected
using a stratified simple random sampling method to achieve a fair representative sample
of data [76–78]. The questionnaire was designed to obtain information based on the
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experiences and knowledge of respondents on forms of informal relationships their firms
had and their engagement with TTOs in universities for technology transfer [79].

To measure innovation performance in incremental dimensions in the instrument,
both soft and tangible elements were considered to ensure validity of the research findings.
Responses on innovation included incremental changes made with technology in products
and processes and also firms’ budgetary allocation for R&D towards technology acqui-
sitions in a space of one year. Incremental changes made with technology in marketing
strategies, general newness in methods in every area of the firms, capacity building, and
management style were all factored in. For informal mechanisms, relationships with at
least a university academic, including TTOs administrators, was included as well as man-
agement interest in published academic literature and common association with university
research staff at personal levels. Finally, with TTOs, firms’ involvement with TTOs and their
staff for the purpose of technological innovation, breakthroughs, and possible spin-offs
were rated by respondents.

All firms in the survey were privately owned and included wholesale, retail, and
processing firms; ICT organizations; and technology delivery firms. In fact, two databases
from the Association of Ghana Industries (AGI) and National Small-Scale Industries (NB-
SSI), now the National Enterprise Foundation, were accessed to obtain a sample frame of
800 firms. The three major industry sectors were included, and after two follow-up requests,
a 30.63% response rate was obtained [80]. For a medium effect size of 0.10, a sample size of
100 was estimated a priori for a power of 0.80 [80]. A partial least square (PLS)–structural
equation modelling (SEM) algorithm with WarpPLS v5.0 statistical software was used [81].

PLS-SEM is a component-based, second-generation multivariate data analysis tech-
nique with a capacity to model multiple exogenous and endogenous latent variables in
a single structural model [81–83]. The technique comes with many advantages over its
counterparts, e.g., ordinary least squares. Missing data were managed with multiple re-
gression imputation [84], and the measurement models were reflectively measured [85]. A
bootstrapping algorithm was used to estimate the model parameters and standard errors
with 5000 resamples in five iterations [81,86,87]. Figure 3 presents statistical results of the
PLS technique, giving the path coefficients and their significant test results.

Figure 3. Structural model. Source: Authors. *** p < 0.05; ** p < 0.001.



Knowledge 2022, 2 726

3.1. Exploratory Data Analysis

Table 1 gives demographic information of the sample and shows that of the 245 firms,
36.73% were within 10 to 25 years of age and were the highest representation of all the
categories in Table 1. The least category was 12.65%, with firms between 26 and 50 years of
age. However, start-ups and other younger firms aged between 1 and 9 years were 30.20%,
whilst firms above 50 years were 18.78%. Firms fifty years of age and over were 18.78%,
giving a rough distribution of firms’ operations in the last half a century in the country. At
the least, the data capture a comprehensive section of the business community in Ghana
and guarantee a valid generalization of the study findings [88].

Table 1. Firms age distribution, frequencies, and percentages (N = 245). Source: Author data.

Age Range Frequency Percentage (%) Cumulative (%)

1–9 74 30.20 30.20
10–25 90 36.73 66.93
26–50 31 12.65 79.58
50+ 46 18.78 98.36

Not Declared 4 1.64 100.00
Total 245 100.00

3.2. Model Evaluation

The measurement models, which were reflectively measured in the structural models,
were evaluated for fitness to the data in terms of the construct’s internal consistency and
reliability. Factor loading and Cronbach alpha (α) values were within acceptable thresholds
and can be seen in Table 2 [83]; thus, INNO is 0.742, INFO is 0.764, TTOs is 0.801, and INFO+
is 0.923, respectively. For convergent validity between latent variables and their observable
indicators, the highest outer loadings obtained are also consistent with a recommended
threshold of 0.50 or higher [83,89]. Discriminant validity was achieved and indicated by the
square roots of the average variance extracted (AVE), as seen in Table 3, as it was assessed
to be greater than each variable’s highest correlation coefficient with other variables [90,91],
and VIF reported are less than 3.3, showing no multicollinearity problem [92].

Finally, uni-dimensionality and convergent validity are also achieved, where the
manifest variables can be seen to have converged and loaded rightly at more than 0.60 only
on their respective constructs [86]. In Table 4, where indices for evaluating the structural
models can be found, the coefficients of determination (R2s) reveal the explanatory powers
of the exogenous latent variables, which shows a low coefficient (0.001) for H1, an average
effect of 0.244 for H2, and an effect of 0.028 for H3, which also indicates a low effect.
Similarly, effect sizes (f2) are found to be in good range for all relationships, with Q2s being
above zero (Q2 > 0.00): a proof of the relevance of the two exogenous variables on the
endogenous variable [93].
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Table 2. Combined loadings of the measurement models. Source: Author data.

Variables INNO INFO TTOs INFO + SE p-Value

Inn17 0.659 −0.069 −0.083 −0.093 0.057 <0.001
Inn18 0.739 0.021 0.082 −0.032 0.056 <0.001
Inn19 0.786 −0.048 0.119 0.071 0.056 <0.001
Inn20 0.645 0.048 −0.231 0.068 0.057 <0.001
Inn21 0.678 0.054 0.073 −0.022 0.057 <0.001
Inf6 0.052 0.755 −0.068 −0.008 0.056 <0.001
Inf7 0.089 0.720 −0.190 0.085 0.056 <0.001
Inf8 0.072 0.707 0.069 −0.061 0.057 <0.001
Inf9 −0.042 0.736 0.067 −0.011 0.056 <0.001

Inf10 −0.184 0.670 0.135 −0.005 0.057 <0.001
Ttr12 −0.138 0.268 0.638 0.150 0.057 <0.001
Ttr13 0.008 0.022 0.757 −0.006 0.056 <0.001
Ttr14 −0.114 −0.078 0.783 −0.068 0.056 <0.001
Ttr15 0.155 −0.108 0.794 0.030 0.056 <0.001
Ttr16 0.064 −0.055 0.756 −0.082 0.056 <0.001

Inf6*Ttr 0.162 −0.033 0.023 0.563 0.058 <0.001
Inf6*Ttr 0.072 0.069 −0.104 0.574 0.058 <0.001
Inf6*Ttr −0.059 0.031 −0.012 0.678 0.057 <0.001
Inf6*Ttr 0.055 0.018 −0.044 0.673 0.057 <0.001
Inf6*Ttr 0.120 0.041 −0.192 0.626 0.057 <0.001
Inf7*Ttr 0.100 −0.024 0.218 0.514 0.058 <0.001
Inf7*Ttr 0.000 0.097 0.018 0.608 0.057 <0.001
Inf7*Ttr 0.033 0.080 0.004 0.664 0.057 <0.001
Inf7*Ttr 0.061 0.093 0.028 0.665 0.057 <0.001
Inf7*Ttr 0.071 0.156 −0.084 0.591 0.058 <0.001
Inf8*Ttr −0.082 −0.288 0.386 0.535 0.058 <0.001
Inf8*Ttr −0.179 −0.305 0.321 0.572 0.058 <0.001
Inf8*Ttr −0.354 −0.105 0.185 0.635 0.057 <0.001
Inf8*Ttr −0.241 −0.142 0.235 0.650 0.057 <0.001
Inf8*Ttr −0.311 −0.029 0.107 0.608 0.057 <0.001
Inf9*Ttr 0.112 −0.317 0.339 0.504 0.059 <0.001
Inf9*Ttr −0.136 −0.214 0.239 0.530 0.058 <0.001
Inf9*Ttr −0.217 −0.031 0.162 0.630 0.057 <0.001
Inf9*Ttr −0.199 −0.042 0.205 0.630 0.057 <0.001
Inf9*Ttr −0.154 0.014 0.026 0.587 0.058 <0.001

Inf10*Ttr 0.386 −0.036 −0.171 0.497 0.059 <0.001
Inf10*Ttr 0.402 0.134 −0.451 0.544 0.058 <0.001
Inf10*Ttr 0.165 0.278 −0.527 0.545 0.058 <0.001
Inf10*Ttr 0.210 0.173 −0.374 0.602 0.058 <0.001
Inf10*Ttr 0.167 0.296 −0.545 0.579 0.058 <0.001

α 0.742 0.764 0.801 0.923
+ Represents moderating variables in the model. * Represents interaction between the two variables as inf is seen
to be moderating the influence of Ttr on Inno.

Table 3. Correlations among latent variables and square root of AVEs. Source: Author data.

Variables (1) (2) (3) (4) VIF

(1) INNO 0.703 *

(2) INFO 0.226 *** 0.718
1.23

(3) TTOs 0.510 *** 0.457 *** 0.748
1.72

(4) INNFO −0.214 *** −0.128 ** −0.202 *** 0.594
1.54

Note: Square root of average variance extracted (AVEs) shown on diagonal sign. *, p < 0.10; **, p < 0.05;
***, p < 0.001.
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Table 4. Structural model validation. Source: Author data.

Description Threshold Path
(Hypothesis)

Values
Achieved Outcome

R2

This is a measure of the variance
explained by the exogenous latent

variable of the total variance in
the endogenous.

Substantial = 0.670,
average = 0.333,

and as low = 0.190
[82]

H1 0.001

This explains virtually
nothing of the variation
in the endogenous latent

variable (no power).

(0 ≥ R2 ≤ 1)

Substantial = 0.75,
moderate = 0.50,
and weak = 0.25

[83]

H2 0.244

This explains a relatively
about average variation
of the total variation in
the endogenous latent

variable (average effect).

H3 0.028

This explains a relatively
low variation of the total

variation in the
endogenous latent

variable (low effect).

f 2

This measures the impact of the
exogenous latent variable on the

endogenous latent variable.
(0 ≥ f 2 ≤ 1)

Low = 0.020,
medium = 0.150,
and large = 0.350

[80]

H1 0.001

This is a relatively low
impact of the exogenous

latent variable on the
endogenous latent
variable (no effect).

H2 0.244

This is a low impact of
the exogenous latent

variable on the
endogenous latent

variable (large effect).

H3 0.028

This is a low impact of
the exogenous latent

variable on the
endogenous latent

variable (low effect).

Q2

This measures the predictive
relevance of the endogenous

latent variable to the endogenous
latent variable.

[81] H1 0.276

This appears as a
relevant exogenous

latent variable to the
endogenous latent
variable (relevant).

H2 0.276

Q2 > 0.00 H3 NA

Note: R2 = 0.27 is the combined contribution of two latent variables as seen in Figure 2.

3.3. Model Results

Table 5 presents the structural model results from Figure 2 and shows a non-significant
relationship (H1: β = 0.004, p > 0.05) between INFO and INNO. However, TTOs is statisti-
cally significant and with a positive effect (H2: β = 0.477, p < 0.05) on INNO, while INFO is
statistically significant with a negative effect (H3: β = −0.106, p < 0.05) on the relationship
between TTOs and INNO as a moderating variable.

Table 5. Path coefficients for latent variables. Source: Author data.

Path
(Hypothesis)

Direct Effect
(β) SE p-Value Moderation

Effect (β) SE p-Value

H1 0.004 0.064 0.475 NA - -
H2 0.477 0.059 0.001 NA - -
H3 NA - - −0.106 0.063 0.047
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4. Discussion

In summary, the data analysis reveals the role of informal mechanisms of university
technology transfer and TTOs in terms of their influence on innovation found in firms
in developing economies, using Ghana as a test case. The results of our hypotheses tests
(shown in Table 5 and described in Section 3.3) show that for H1, the results are not
confirmed, whilst H2 is confirmed, and H3 is also confirmed. Furthermore, the hypotheses
tests showed that TTOs, which are mostly referred to as technology or innovation centres
in Ghana, positively affect innovation in firms and lead to up to 47% of innovation in
Ghanaian firms. Implicitly, TTOs play a significant role in facilitating the marketisation
of university research breakthroughs. Evidence of this includes spin-offs and investment
in start-ups, enabling innovation and wealth creation to take place in firms. The findings
are demonstrated in the outcome of the work of [94], which sought to investigate the
productivity of French TTOs after government reforms. Significantly, their study revealed
that 50% of improvements in TTOs’ productivity reflected in the data envelopment analysis
(DEA)-based Malmquist productivity index, which was ascribed to the productivity of
the French TTOs systems. It further reports that the improvements are the result of both
positive efficiency and technology change. Notwithstanding the fact that younger offices
with hospitals showed negative productivity, the overall productivity is a demonstration
of TTOs’ positive effect on commercialization of intellectual property in France. Similar
positive results from TTOs were reported by [95] following support funds granted by
the Scientific and Technological Research Council of Turkey (TUBITAK). Accordingly,
demonstrable results in the form of patents, licenses, and new businesses were reported.

Conversely, informal mechanisms of university technology transfer have shown no
direct influence on innovative changes that take place in firms in Ghana, according to our
findings. Put another way, social relationships through which most informal technology
transfer mechanisms are conducted and those associated with networks and social capital
have no material impact on improvement of firms’ products and services.

Additionally, informal mechanisms of university technology transfer negatively affect
the direct influence of TTOs on innovation performance in the sense that as more firms are
drawn into using informal mechanisms of university technology transfer, the involvement
of TTOs in technology transfer from universities to firms reduces. Consequently, this is
found to constitute a disincentive to the efforts and activities of TTOs in Ghana. Indeed, for
every unit increase in informal mechanisms of university technology transfer in Ghana, the
study found a corresponding 10% decrease in TTOs’ influence on innovation performance
or, better put, a reduction in industry players’ engagement in university spin-offs and
start-ups. This may demonstrate the level of frustration TTOs face in places and markets
where firms have low absorptive capacities due to a low level of education attainment
and lack of basic functional skills by most business owners and firms’ staff. Arguably,
with higher informal means used, TTOs’ involvement in technology transfer, patent, and
licensing rather leads to loss of investment and spin-offs and start-ups. This eventually
renders production of technology in universities virtually worthless, thereby keeping
a great amount of research on shelves in universities. Interestingly, in a study by [96]
in China, informal mechanisms of technology transfer, which they explained to revolve
around trust, were found to greatly facilitate technology flows in exchange relationships in
emerging markets, which is actually at variance with the findings in this study. Nonetheless,
trust and control were found to jointly affect technology transfer negatively, as found
in this study, where informal mechanisms hinder the relationship between TTOs and
innovation in firms. It could be stated that informal mechanisms of university technology
transfer do not support progress in the wake of mistrust and dishonesty, and when a
society is embroiled with doubts and suspicions, technology transfer of any form suffers.
This assertion is evident in Table 2, where the manifest variable that measures trust as a
significant component in social capital loaded negative as well as Inf7 (−0.190), among
others, with TTOs latent variable and even as a moderating variable and inf7*Trt (−0.24) as
well. This view is supported by [89], who concluded with a similar finding, calling it “a
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dark side” of social capital, and it may be understood why such a valuable means to free
technology does not support innovation performance in firms in Ghana.

The research outputs from this study provide contributions to knowledge and deci-
sion making in that the role of TTOs clearly provides added value to the development of
innovation in firms, whereas informal mechanisms of knowledge and technology transfer
have little effect, and in some cases, they impede the innovation and knowledge transfer
process in companies largely due to incorrect information being provided, thus leading
to incorrect decisions being made within companies. This further identifies the influence
of institutions such as TTOs in positively affecting the decision-making processes within
companies through providing clear and sound information to firms. Therefore, it is im-
perative that firms in Ghana utilize the capacity and capabilities of TTOs to assist in their
development so that innovation can thrive within the engaged businesses.

5. Conclusions

The issues of the influence of informal mechanisms of university technology transfer
and TTOs have been found to have different effects on innovation performance in firms,
according to the study findings. Of course, the two means of university technology transfer
will therefore need different responses from stakeholders to understand and address the
subjects pertaining to their significance in the national innovation system of Ghana. Primar-
ily, the insignificance of informal means of technology transfer in getting university research
and discoveries to firms for innovation requires a joint effort of innovation management
professionals and universities to work toward recognizing the value and role they can play
in fostering innovation. Indeed, the free nature of some channels for university technology
and easy access of university researchers as social change factors present a great deal of
potential for firms. Particularly, small and financially weak firms require and depend on
informal mechanisms for university technology, as claimed by [89,90], to gain and achieve
innovation and to increase productivity. Without doubt, inventions are tedious and costly,
and no firms should believe they can benefit fully from them without contributing their
fair share of the cost.

Nonetheless, the study found TTOs to demonstrate an effective and significant role
in innovation through their successes in linking investors and existing businesses with
universities for bringing breakthroughs to the market in Ghana. This finding could be
taken advantage of by universities to encourage and support their TTOs, as done by
the Technology Venture Corporation (TVC) in New Mexico [53], to gain more income to
augment their internally generated fund (IGF) with income from industry.

Industry players can also create value through patent and licensing from TTOs’ ac-
tivities with intellectual property, which could be profitable locally and internationally. A
recent decline in government research budgets across the world due to economic crises
sends a signal to universities and researchers to look elsewhere for extra income [96–100].
Technology transfer offices could play a significant role, as was found in the study; in that
sense, by fostering closer and stronger links between university researchers and industry,
higher levels of income could be gained from intellectual property generated in universities.
The government of Ghana could boost TTOs’ chances of success with policies to support
in-service training and further capacity building for TTOs’ staff. This could be undertaken
in collaboration with higher-ranking TTOs and universities at both local and international
levels. Incentives could be made available by the Government of Ghana for universities as
a policy by adopting a modified version of the Bayh-Dole Act of 1980 by the U.S. govern-
ment [48,101]. Furthermore, tax holidays could be given to industries patronizing TTOs’
services, and public procurement of products’ regulations could be directed at goods and
services produced from such links [101].

Policies need to be designed to institute functional literacy and education for less-
educated business owners and workshops and seminars to give confidence and increase
the absorptive capacities of less-educated entrepreneurs in Ghana. This is believed to be
able to strengthen their links with universities and bring expected results as found in more
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economically developed countries. It is believed that other countries in a similar situation
could benefit from lessons learnt from these findings and recommendations. The study was
limited to the ten administrative areas of the country, which could affect the generalizability.
However, some urban centres were captured for data in an effort to achieve valid results.
We therefore recommend further research that should capture the entire country of Ghana,
achieving data more representative of the country.
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13. Kaymaz, K.; Eryiğit, K.Y. Determining factors hindering university-industry collaboration: An analysis from the perspective of
academicians in the context of entrepreneurial science paradigm. Int. J. Soc. Inq. 2011, 4, 185–213.

14. Huggins, R.; Johnston, A.; Stride, C. Knowledge networks and universities: Locational and organisational aspects of technology
transfer interactions. Entrep. Reg. Dev. 2012, 24, 475–502. [CrossRef]

15. Manoochehri, G. Measuring innovation: Challenges and best practices. Calif. J. Oper. Manag. 2010, 8, 67–73.
16. Organisation for Economic Co-Operation and Development. The Measurement of Scientific and Technological Activities: Proposed

Guidelines for Collecting and Interpreting Technological Innovation Data; OECD: Oslo, Norway, 2005.
17. Schot, J.; Steinmueller, W.E. Three Frames for Innovation Policy: R&D, Systems of Innovation and Transformative Change. Res.

Policy 2018, 47, 1554–1567.

http://doi.org/10.4337/9781788110266.00017
http://doi.org/10.1108/17468770710756068
http://www.aau.org/sites/default/files/University%20linkages/Strengthening%20University-Industry%20Linkages%20in%20Africa.pdf
http://www.aau.org/sites/default/files/University%20linkages/Strengthening%20University-Industry%20Linkages%20in%20Africa.pdf
http://doi.org/10.1016/j.respol.2012.06.006
http://doi.org/10.1111/j.1435-5957.2010.00344.x
http://doi.org/10.1080/09537320500088666
http://doi.org/10.1080/08985626.2011.618192


Knowledge 2022, 2 732

18. Azar, G.; Ciabuschi, F. Organizational Innovation, Technological Innovation, and Export Performance: The Effects of Innovation
Radicalness and Extensiveness. Int. Bus. Rev. 2017, 26, 324–336. [CrossRef]

19. Daniel, L.J.; Jenner, P. Another look at social innovation: From community—For community. Int. J. Innov. Stud. 2022, 6, 92–101.
[CrossRef]

20. Samson, D.; Gloet, M.; Singh, P. Systematic innovation capability: Evidence from case studies and a large survey. Int. J. Innov.
Manag. 2017, 21, 1–43. [CrossRef]

21. Henao-García, E.A.; Cardona Montoya, R.A. Fostering Technological Innovation through Management and Marketing Innovation.
The Human and Non-Technological Linkage. Eur. J. Innov. Manag. 2021. ahead of print. [CrossRef]

22. Mosey, S.; Wright, M.; Clarysse, B. Transforming traditional university structures for the knowledge economy through multidisci-
plinary institutes. Camb. J. Econ. 2012, 36, 587–607. [CrossRef]

23. Al Halbusi, H.; Alhaidan, H.; Abdelfattah, F.; Ramayah, T.; Cheah, J.H. Exploring social media adoption in small and medium
enterprises in Iraq: Pivotal role of social media network capability and customer involvement. Technol. Anal. Strateg. Manag. 2022,
1–18. [CrossRef]

24. Tehseen, S.; Khalid, S.; Rather, R.A.; Qureshi, Z.H.; Al Halbusi, H. HRM practices for knowledge management and retail firms’
performances: A comparative study among Malay and Chinese firms. Int. J. Entrep. 2020, 24, 1–7.

25. Borrás, S.; Edquist, C. Competence building: A systemic approach to innovation policy. In Atlanta Conference on Science and
Innovation Policy; The Georgia Institute of Technology Global Learning Center: Atlanta, GA, USA, 2013.

26. Dubickisa, M.; Gaile-Sarkanea, E. Perspectives on innovation and technology transfer. Procedia-Soc. Behav. Sci. 2015, 213, 965–970.
[CrossRef]

27. van der Have, R.P.; Rubalcaba, L. Social innovation research: An emerging area of innovation studies? Res. Policy 2016, 45,
1923–1935. [CrossRef]

28. Abdi, A.M.; Ali, A. Innovation and Business Performance in Telecommunication Industry in Sub-Saharan African Context: Case
of Somalia. Asian J. Manag. Sci. Educ. 2013, 2, 53–67.

29. Cohn, S. A firm-level innovation management framework and assessment tool for increasing competitiveness. Technol. Innov.
Manag. Rev. 2013, 2013, 6–15. [CrossRef]

30. Tidd, J.; Bessant, J. Managing Innovation: Integrating Technological, Market and Organizational Change; Wiley: Hoboken, NJ, USA,
2009.

31. Huang, Y.-C.; Huang, C.-H. Exploring institutional pressure, the top management team’s response, green innovation adoption,
and firm performance: Evidence from Taiwan’s electrical and electronics industry. Eur. J. Innov. Manag. 2022. ahead of print.
[CrossRef]

32. Rezaei-Zadeh, M.; Darwish, T.K. Antecedents of absorptive capacity: A new model for developing learning processes. Learn.
Organ. 2016, 23, 77–91. [CrossRef]

33. Markman, G.D.; Gianiodis, P.T.; Phan, P.H.; Balkin, D.B. Innovation speed: Transferring university technology to market. Res.
Policy 2005, 34, 1058–1075. [CrossRef]

34. Hunt, S.D.; Morgan, R.M. The Resource-Advantage Theory of Competition; Malhotra, N.K., Ed.; Review of Marketing Research
(Review of Marketing Research, Vol. 1); Emerald Group Publishing Limited: Bingley, UK, 2005; pp. 153–206. [CrossRef]

35. Vega-Jurado, J.; Gutiérrez-Gracia, A.; Fernández-De-Lucio, I. Analyzing the Determinants of Firm’s Absorptive Capacity: Beyond
R&D. RD Manag. 2008, 38, 392–405. [CrossRef]

36. Landry, R.; Amara, N. Elucidating and enhancement of knowledge and technology transfer business models. J. Inf. Technol.
Manag. Syst. 2012, 42, 94–116.

37. Guimon, J. Promoting university-industry collaboration in the developing countries. Innov. Policy Platf. Policy Brief 2013.
[CrossRef]

38. Junior, M.V.; Lucato, W.C.; Vanalle, R.M.; Jagoda, K. Effective management of international technology transfer projects: Insights
from the Brazilian textile industry. J. Manuf. Technol. Manag. 2014, 25, 69–99. [CrossRef]

39. Autio, E.; Hameri, A.-P.; Vuola, O. A framework of industrial Knowledge spillovers in the big-science centres. Res. Policy 2004, 33,
107–126. [CrossRef]

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

41. Abreu, M.; Grinevich, V.; Hughes, A.; Kitson, M. Knowledge Exchange between Academics and the Business, Public and Third Sectors;
University of Cambridge and Imperial College London: London, UK, 2009.

42. Chan, L.; Daim, T.U. Technology transfer in China: Literature review and policy implications. J. Sci. Technol. Policy China 2011, 2,
122–145. [CrossRef]

43. Goddard, J.; Robertson, D.; Vallance, P. Universities, technology and innovation centres and regional development: The case of
the North-East of England. Camb. J. Econ. 2012, 36, 609–627. [CrossRef]

44. Evstigneeva, L. International knowledge transfer as instrument of state innovation policy. J. Innov. Impact 2015, 8, 116–127.
45. Jacob, J.; Meister, C. Productivity gains, technology spillovers and trade: Indonesian manufacturing, 1980–1996. Bull. Indones.

Econ. Stud. 2005, 41, 37–56. [CrossRef]

http://doi.org/10.1016/j.ibusrev.2016.09.002
http://doi.org/10.1016/j.ijis.2022.04.001
http://doi.org/10.1142/S136391961750058X
http://doi.org/10.1108/EJIM-03-2021-0148
http://doi.org/10.1093/cje/bes008
http://doi.org/10.1080/09537325.2022.2125374
http://doi.org/10.1016/j.sbspro.2015.11.512
http://doi.org/10.1016/j.respol.2016.06.010
http://doi.org/10.22215/timreview/731
http://doi.org/10.1108/EJIM-03-2022-0126
http://doi.org/10.1108/TLO-04-2015-0026
http://doi.org/10.1016/j.respol.2005.05.007
http://doi.org/10.1108/S1548-6435(2004)0000001008
http://doi.org/10.1111/j.1467-9310.2008.00525.x
http://doi.org/10.13140/RG.2.1.5176.8488
http://doi.org/10.1108/JMTM-08-2011-0079
http://doi.org/10.1016/S0048-7333(03)00105-7
http://doi.org/10.1016/j.jengtecman.2003.12.006
http://doi.org/10.1108/17585521111155192
http://doi.org/10.1093/cje/bes005
http://doi.org/10.1080/00074910500072674


Knowledge 2022, 2 733

46. Mascarenhas, C.; Marques, C.S.E.; Galvão, A.R.; Carlucci, D.; Falcão, P.F.; Ferreira, F.A.F. Analyzing technology transfer offices’
influence for entrepreneurial universities in Portugal. Manag. Decis. 2019, 57, 3473–3491. [CrossRef]

47. Bradley, S.R.; Hayter, C.S.; Link, A.N. Models and methods of university technology transfer. Found. Trends Entrep. 2013, 9,
571–650. [CrossRef]

48. Mowery, D.C.; Sampat, B.N. The Bayh-Dole Act of 1980 and university–industry technology transfer: A model for other OECD
governments? J. Technol. Transf. 2005, 30, 115–127. [CrossRef]

49. Ibrus, I. From Innovation Systems to Cross-Innovations; Ibrus, I., Ed.; Emergence of Cross-Innovation Systems; Emerald Publishing
Limited: Bingley, UK, 2019; pp. 17–40. [CrossRef]

50. Mowery, D.C.; Sampat, B.N. Universities in National Innovation Systems. In The Oxford Handbook of Innovation; Oxford University
Press: Oxford, UK, 2005.

51. Bekkers, R.; Freitas, I.M.B. Analysing technology knowledge channels between universities and industry: To what degree do
sectors also matter? Res. Policy 2008, 37, 1837–1853. [CrossRef]

52. Padilla-Pérez, R.; Gaudin, Y. Science, technology and innovation policies in small and developing economies: The case of Central
America. Res. Policy 2014, 43, 749–759. [CrossRef]

53. Rogers, E.M.; Takegami, S.; Yin, J. Lessons learned about technology transfer. Technovation 2001, 21, 253–261. [CrossRef]
54. Necoechea-Mondragon, H.; Pineda-Dominguez, D.; Soto-Flores, R. A conceptual model of technology transfer for public

universities in Mexico. J. Technol. Manag. Innov. 2013, 8, 24–35.
55. Islam, J.N.; Mohajan, H.K.; Datta, R. Organizational models in university-industry collaboration: International perspective. Int. J.

Econ. Res. 2013, 3, 1–12.
56. Mensah-Bonsu, C.; Jell, F. Obstacles to Innovation and Entrepreneurship in Ghana: An Analysis of Opportunities for Sustainable

Development. SSRN Electron. J. 2011. [CrossRef]
57. Narteh, B. Knowledge transfer in developed developing country inter-firm collaborations: A conceptual framework. J. Knowl.

Manag. 2008, 12, 78–91. [CrossRef]
58. Lockett, A.; Siegel, D.; Wright, M.; Ensley, M.D. The creation of spin-off firms at public research institutions: Managerial and

policy implications. Res. Policy 2005, 34, 981–993. [CrossRef]
59. Padilla-Pérez, R.; Vang, J.; Chaminade, C. Regional innovation systems in developing countries: Integrating micro and meso-level

capabilities. In Handbook of Innovation Systems and Developing Countries: Building Domestic Capabilities in a Global Setting; Edwards
Elgar Publishing: Cheltenham, UK, 2009; pp. 140–182.

60. Barnes, T.; Pashby, I.; Gibbons, A. Effective university–industry interaction: A multi-case evaluation of collaborative R&D projects.
Eur. Manag. J. 2002, 20, 272–285.

61. Grimpe, C.; Hussinger, K. Formal and Informal Technology Transfer from Academia to Industry: Complementarity Effects and Innovation
Performance; Discussion Paper No. 08-080; Centre for European Economic Research: Mannheim, Germany, 2008.

62. Castro-Martínez, E.; Molas-Gallart, J.; Olmos-Peñuela, J. Knowledge Transfer in the Social Sciences and the Humanities: Informal Links
in a Public Research Organization; Universidad Politécnica de Valencia, Camino de Vera, s/n-46022: Valencia, Spain, 2010; Ingenio
Working Paper Series, n◦ 2010/12.

63. Winkelbach, A.; Walter, A. Complex technological knowledge and value creation in science-to-industry technology transfer
projects: The moderating effect of absorptive capacity. Ind. Mark. Manag. 2015, 47, 98–108. [CrossRef]

64. Link, A.N.; Siegel, D.S.; Bozeman, B. An empirical analysis of the propensity of academics to engage in informal university
technology transfer. Ind. Corp. Change 2007, 16, 641–655. [CrossRef]

65. Chesbrough, H.W. Open Innovation: The New Imperative for Creating and Profiting from Technology; Harvard Business School Press:
Boston, MA, USA, 2003.

66. Dooley, L.; Kirk, D. University-industry collaboration: Grafting the entrepreneurial paradigm onto academic structures. Eur. J.
Innov. Manag. 2007, 10, 316–332. [CrossRef]

67. Hagedoorn, J.; Link, A.N.; Vonortas, N.S. Research partnerships. Res. Policy 2000, 29, 567–586. [CrossRef]
68. Forbord, M. Co-Creating Successful New Industrial Networks And Products; Woodside, A.G., Ed.; Managing Product Innovation

(Advances in Business Marketing and Purchasing, 13); Emerald Group Publishing Limited: Bingley, UK, 2005; pp. 211–335.
[CrossRef]

69. Hoppe, H.C.; Ozdenoren, E. Intermediation in innovation. Int. J. Ind. Organ. 2005, 23, 483–503. [CrossRef]
70. Peters, B.; Lööf, H.; Janz, N. Firm Level Innovation and Productivity—Is there a Common Story Across Countries? 2003. Problems and

Perspectives in Management. 2. ZEW Discussion Paper No. 03–26. Available online: ftp://ftp.zew.de/pub/zew-docs/dp/dp032
6.pdf (accessed on 1 September 2022). [CrossRef]

71. Caraça, J.; Ferreira, J.L.; Mendonça, S. A Chain-Interactive Innovation Model for the Learning Economy: Prelude for a Proposal;
Department of Economics, ISCTE University, SPRU, University of Sussex: Sussex, UK, 2007.

72. Etzkowitz, H.; Goktepe-Hulten, D. De-Reifying Technology Transfer Metrics: To Address the Stages and Phases of TTO
Development. In University Technology Transfer: The Globalization of Academic Innovation 2016; Breznitz, S.M., Etzkowitz, H., Eds.;
Routledge: Oxford, UK, 2016.

73. Hart, A.; Northmore, S.; Gerhardt, C.; Rodriguez, P. Developing access between universities and local community groups: A
university helpdesk in action. J. High. Educ. Outreach Engagem. 2009, 13, 45.

http://doi.org/10.1108/MD-11-2018-1200
http://doi.org/10.1561/0300000048
http://doi.org/10.1007/s10961-004-4361-z
http://doi.org/10.1108/978-1-78769-977-920191008
http://doi.org/10.1016/j.respol.2008.07.007
http://doi.org/10.1016/j.respol.2013.10.011
http://doi.org/10.1016/S0166-4972(00)00039-0
http://doi.org/10.2139/ssrn.1875653
http://doi.org/10.1108/13673270810852403
http://doi.org/10.1016/j.respol.2005.05.010
http://doi.org/10.1016/j.indmarman.2015.02.035
http://doi.org/10.1093/icc/dtm020
http://doi.org/10.1108/14601060710776734
http://doi.org/10.1016/S0048-7333(99)00090-6
http://doi.org/10.1016/S1069-0964(04)13002-0
http://doi.org/10.1016/j.ijindorg.2005.03.003
ftp://ftp.zew.de/pub/zew-docs/dp/dp0326.pdf
ftp://ftp.zew.de/pub/zew-docs/dp/dp0326.pdf
http://doi.org/10.2139/ssrn.416444


Knowledge 2022, 2 734

74. Sainsbury, L.; Treasury, H. The Race to the Top: A Review of Government’s Science and Innovation Policies; The Licensing Division
(HMSO): London, UK, 2007.

75. Rorwana, A.; Tengeh, R.K. The role of academic entrepreneurs in the process of technology transfer and commercialization: The
case of a university of technology in South Africa. Environ. Econ. 2015, 6, 25–37.

76. Krippendorff, K. Content Analysis: An Introduction to Its Methodology, 2nd ed.; Sage Publications: Thousand Oaks, CA, USA, 2004.
77. Baltar, F.; Brunet, I. Social research 2.0: Virtual snowball sampling method using Facebook. Internet Res. 2012, 22, 57–74. [CrossRef]
78. Organisation for Economic Co-Operation and Development. Oslo Manual: Guidelines for Collecting and Interpreting Innovation Data,

3rd ed.; OECD: Paris, France, 2005.
79. Cooke, P.; Leydesdorff, L. Regional development in the technology-based economy: The construction of advantage. J. Technol.

Transf. 2006, 31, 5–15. [CrossRef]
80. Crossan, M.M.; Apaydin, M. A multi-dimensional framework of organisational innovation: A systematic review of the literature.

J. Manag. Stud. 2010, 47, 1154–1191. [CrossRef]
81. Kock, N. WarpPLS 5.0 User Manual, USA; ScriptWarp Systems: Laredo, TX, USA, 2015.
82. Gefen, D.; Straub, D.W. Consumer trust in B2C e-Commerce and the importance of social presence: Experiments in e-Products

and e-Services. Omega-Int. J. Manag. Sci. 2004, 32, 32–407. [CrossRef]
83. Hair, J.F.; Sarstedt, M.; Hopkins, L.; Kuppelwieser, V.G. Partial Least Squares Structural Equation Modeling (PLS-SEM): An

Emerging Tool in Business Research. Eur. Bus. Rev. 2014, 226, 106–121. [CrossRef]
84. Driver, C.; Oughton, C. Dynamic models of regional innovation: Explorations with British time-series data. Camb. J. Reg. Econ.

Soc. 2008, 1, 205–217. [CrossRef]
85. Edward, G.; Joost, S. Structural Equation Modeling: A Verbal Approach. Nyenrode Research Paper No. 12–02, ISSN 1872-3934.

2012. Available online: https://ssrn.com/abstract=2144243 (accessed on 3 October 2022).
86. Gefen, D.; Straub, D.W. A Practical Guide to Factorial Validity Using PLS-Graph: Tutorial And Annotated Example. Commun.

Assoc. Inf. Syst. 2005, 16, 5. [CrossRef]
87. Siegel, D.S.; Waldman, D.; Link, A. Assessing the impact of organisational practices on the relative productivity of university

technology transfer offices: An exploratory study. Res. Policy 2003, 32, 27–48. [CrossRef]
88. Siegel, D.S.; Waldman, D.A.; Atwater, L.E.; Link, A.N. Commercial knowledge transfers from universities to firms: Improving the

effectiveness of university-industry collaboration. J. High Technol. Manag. Res. 2003, 14, 111–133. [CrossRef]
89. Singh, A.; Wong, P.-K.; Ho, Y.-P. The role of universities in the national innovation systems of China and the East Asian NIEs: An

exploratory analysis of publications and patenting data. Asian J. Technol. Innov. 2015, 23, 140–156. [CrossRef]
90. Tetteh, E.K.; Essegbey, G.O. Firm level innovation: The case of Ghanaian firms. Eur. J. Bus. Innov. Res. 2014, 2, 1–18.
91. Van Rijn, F.; Bulte, E.; Adekunle, A. Social capital and agricultural innovation in Sub-Saharan Africa. Agric. Syst. 2012, 108,

112–122. [CrossRef]
92. Ned, K.; Lynn, G.S. Lateral collinearity and misleading results in variance-based SEM: An illustration and recommendations. J.

Assoc. Inf. Syst. 2012, 13, 546–580.
93. Powers, J.B.; McDougall, P.P. University start-up formation and technology licensing with firms that go public: A resource-based

view of academic entrepreneurship. J. Bus. Ventur. 2005, 20, 291–311. [CrossRef]
94. Curi, C.; Daraio, C.; Llerena, P. The productivity of French technology transfer offices after government reforms. Appl. Econ. 2015,

47, 3008–3019. [CrossRef]
95. Olcay, G.A.; Bulu, M. Technoparks and technology transfer offices as drivers of an innovation economy: Lessons from Istanbul’s

Innovation Spaces. J. Urban Technol. 2016, 23, 71–93. [CrossRef]
96. Zhang, Q.; Zhou, K.Z. Governing interfirm technology transfer in the Chinese market: The interplay of formal and informal

mechanisms. Ind. Mark. Manag. 2013, 42, 783–791. [CrossRef]
97. Perkmann, M.; Tartari, V.; McKelvey, M.; Autio, E.; Broström, A.; D’Este, P.; Fini, R.; Geuna, A.; Grimaldi, R.; Hughes, A.; et al.

Academic engagement and commercialisation: A review of the literature on university–industry relations. Res. Policy 2013, 42,
423–442. [CrossRef]

98. Plessis, M.D. The role of technology management in innovation. J. Knowl. Manag. 2007, 11, 20–29. [CrossRef]
99. Muscio, A.; Quaglione, D.; Vallanti, G. Does Government Research Funding to Universities Substitute, Complement or Leverage Industry

Funding? Working Paper 06; Center for Labor and Economic Growth: 2010; Science Direct, Elsevier Publishing, Amsterdam.
Available online: https://www.luiss.edu/celeg (accessed on 1 September 2022).

100. Muscio, A.; Quaglione, D.; Vallanti, G. Does government funding complement or substitute private research funding to
universities? Res. Policy 2013, 42, 63–75. [CrossRef]

101. O’Kane, C.; Mangematin, V.; Geoghegan, W.; Fitzgerald, C. University technology transfer offices: The search for identity to build
legitimacy. Res. Policy 2015, 44, 421–437. [CrossRef]

http://doi.org/10.1108/10662241211199960
http://doi.org/10.1007/s10961-005-5009-3
http://doi.org/10.1111/j.1467-6486.2009.00880.x
http://doi.org/10.1016/j.omega.2004.01.006
http://doi.org/10.1108/EBR-10-2013-0128
http://doi.org/10.1093/cjres/rsn012
https://ssrn.com/abstract=2144243
http://doi.org/10.17705/1CAIS.01605
http://doi.org/10.1016/S0048-7333(01)00196-2
http://doi.org/10.1016/S1047-8310(03)00007-5
http://doi.org/10.1080/19761597.2015.1074515
http://doi.org/10.1016/j.agsy.2011.12.003
http://doi.org/10.1016/j.jbusvent.2003.12.008
http://doi.org/10.1080/00036846.2015.1011318
http://doi.org/10.1080/10630732.2015.1090195
http://doi.org/10.1016/j.indmarman.2012.12.002
http://doi.org/10.1016/j.respol.2012.09.007
http://doi.org/10.1108/13673270710762684
https://www.luiss.edu/celeg
http://doi.org/10.1016/j.respol.2012.04.010
http://doi.org/10.1016/j.respol.2014.08.003

	Introduction 
	Literature Review 
	Innovation and Firm’s Performance 
	Technology Transfer Offices 
	Informal Mechanisms of Transfer 
	Conceptual Framework 

	Research Design 
	Exploratory Data Analysis 
	Model Evaluation 
	Model Results 

	Discussion 
	Conclusions 
	References

