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Abstract

Most of the literature on technology transfers (TTs) has tended to focus on a country or
regional level without looking at the cross-continent flows of knowledge that are becom-
ing ever more important due to regional trading blocs. This study fills the gap on the role
of cross-continent TTs and institutional factors by focusing on the impact of environment
related patents on economic growth. The continents selected for comparison are Europe
and Oceania, which differ in terms of economic climate, geography and sustainability poli-
cies. In this way, we contribute to the literature on cross-continent TT policies by examin-
ing how environmental patents influence the economic growth rate of continents. This will
help provide government policy with better means of enhancing TT. We conclude with the
implications for managers, theory and policy in conjunction with the limitations and sug-
gestions for future research.

Keywords Climate change - Economic growth - Environmental patents - Europe -
Institutional factors - Oceania - Technology transfer

JEL Classification 126 - M10 - O3

1 Introduction

The effectiveness of technology transfer (TT) policies arises out of the existing regional
institutional structures that foster environmentally related initiatives (Aparicio et al. 2016).
Environmental issues are an important part of the entrepreneurship process as they involve
focusing on the ability of organizations and regions to be sustainable (Pinkse and Groot
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2015). There is an increased emphasis on developing environmental technology due to the
impacts of climate change on society (Greiner and Franza 2003). One way of doing this is
through TTs, which represent important determinants of national efficiency and productiv-
ity growth (Danquah et al. 2018; Loko and Diouf 2009; Wooster and Diebel 2010). The
efficiency of any country is susceptible to improvement whenever the technology trans-
ferred enables better production systems to emerge (Archarya and Keller 2009). Due to
societal interest in environmental issues such as climate change and water usage, it has
become increasingly important for governments to focus on TTs able to produce innova-
tions in these areas.

Most prior research on TTs and innovation has focused on national settings without
taking into account international comparisons (Audretsch and Belitski 2017). Innovation
reflects a primary means for enhancing the efficiency of TTs and for triggering knowledge
spillovers to surrounding industries (Danquah et al. 2018).

There is general agreement around measuring knowledge spillovers according to patent
citation data in addition to the citations counting measurements commonly applied (Hall
et al. 2005; Lerner 1994; Trajtenberg 1990). Patent documents provide a printed trail of
knowledge flows as inventors need to reference prior patents of relevance to the develop-
ment of the new knowledge described in their patents.

For example, Mohr (2002) concludes that the existence of knowledge spillovers hinders
the replacement of old, polluting technology with newer, cleaner and more productive tech-
nology given that companies benefit from second-mover advantage whenever waiting for
others to adopt first. The introduction of environmental regulations induces this switch to
cleaner technologies and simultaneously triggering improvements to environmental quality
and, eventually, increased productivity levels (Aghion et al. 2016).

With many clean technologies depending on political backing in one form or another,
the expansion of clean technologies and their spillovers thus to a greater or lesser extent
derives from public investment policies.

Countries that have a reputation for being innovative are considered better places to
conduct TTs (Soto-Acosta et al. 2018). To improve a country’s position in the global mar-
ketplace, it needs an image of being innovative and willing to adapt its market resources
to respond to societal needs (Rosenzweig 2017). Therefore, technologies that contain a
high level of new knowledge (radical innovations) tend to present higher spillover effects
than technologies containing only low levels of new knowledge (incremental innovations).
Clean technologies are new and in early phases of their development. In contrast, dirty
technologies are much more mature and developed. Hence, environmental research and
innovation rank as cornerstones to the Europe 2020 Strategy, which identifies intelligent,
sustainable and inclusive technologies for growth as the means to aid the EU develop a
more economic and competitive resource base, generating high levels of employment, pro-
ductivity and social cohesion. Sustainable development also constitutes a priority set by
European Union member states that are progressively adopting market and non-market reg-
ulations within the framework of environmental policies (Fabrizi et al. 2018). In general,
on the one hand, innovation and on the other hand, regulation make up the core pillars of
the EU policy for sustainable development (Arimura et al. 2007; Johnstone and Labonne
2006; Lanoie et al. 2011).

Studies that focus on the innovation and entrepreneurship resulting from TTs amongst
continents are lacking in the empirical and theoretical literature, especially in terms of geo-
graphically distant continents such as Europe and Oceania.

Although the European Union lies far distant geographically, there are strong ties to
Oceania particularly in terms of facilitating TTs between the two continents. TTs provide
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a key facet to any country’s innovation strategy (Villani et al. 2017) and estimates point to
the European Union allocating more than €800 million in formal aid to Oceania each year
in addition to the sums spent on informal policy initiatives such as education and training.
Oceania is important to the European Union due to cultural reasons with many European
Union citizens living and doing business there. In addition, there are historical linkages in
terms of language and culture as many countries in the region were colonised by European
countries. Whilst there are many developing countries in the region, there are also devel-
oped countries such as Australia and New Zealand that contribute to regional economic
development.

This gap in the literature means we have yet to ascertain to what extent cross-continent
TTs are able to promote innovative developments and ensure better government policy.
Hence, the research questions of this study are: “do Europe and Oceania display differ-
ent behaviours in terms of TTs)?” and “do the institutional differences and TTs generate a
positive impact on the economic growth of both continents?

The aim of this paper therefore involves analysis of the institutional differences and TTs
in terms of the environmental patents of both continents while also verifying the impact of
these differences to the economic growth of both continents.

In Oceania, there is a large amount of green tourism and sustainable businesses but also
alongside a heavy reliance on mining, which needs to be managed through green policy
initiatives. Green patents are particularly important for Oceania as coal accounts for 60% of
its total primary energy supply compared to the average of 20% for the developed countries
of Europe (Australian Government 2015). In addition, Oceania has a large resource indus-
try and the policy towards sustainability has driven more firms to focus on ‘green’ patents.
The European Union, due to its strong emphasis on sustainability, is also facilitating more
environmental initiatives in Oceania through policy initiatives.

This paper then compares the effectiveness of TT policies by using data based on
country-level aggregated information about patents from the Organization for Economic
Co-operation and Development (OECD). This shall enable a better understanding of how
institutional differences shape and fashion the effectiveness of TT policies as regards the
economic growth of these specific continents.

This article contributes to the literature in three important ways. Firstly, despite the pro-
liferation of research into TTs and economic growth models, there is a lack of consensus
around the nature of these transfers and their actual economic impacts. This article comple-
ments the existing literature through considering a set of auxiliary variables that span the
institutional factors prevailing on each continent and gauges their differences in terms of
their impacts on economic growth.

Secondly, we reach beyond the neoclassical growth model in considering TTs as another
feasible explanation for economic growth. The studies in the literature on both areas are
only fragmented and modelled separately. The majority of studies evaluating TT policies
concentrate primarily on qualitative research and are broadly, even if not exclusively, ori-
ented towards the United States (Bozeman et al. 2015; Chen et al. 2018; Jaffe et al. 1998;
Jaffe and Lerner 2001; Link et al. 2011; Stevens et al. 2011), while the literature on eco-
nomic growth essentially spans endogenous factors, the factors of production, capital and
labour (Romer 1986; Solow 1956, 2007; Swan 1956). To this end, we made recourse to a
model similar to that of Aparicio et al. (2016), which emphasises the impact of entrepre-
neurship on economic growth taking into account institutional factors. We carried out the
calculations according to dynamic panels based on econometric methodologies with the
objective of capturing the differences emerging over the course of time (Bond 2002) given
that patents may impact on economic growth over the following years (Romer 1986).
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Hence, there has been neither any explicit nor joint approach either to this problematic
framework or to both the economies of Oceania and Europe. The recent empirical litera-
ture, in concentrating on TTs as the motor behind convergence, argues that poor countries
facing major technological shortcomings might be able to experience more rapid growth
depending on their capacity to absorb and adopt technology (Ahmed and Suardi 2007;
Aminullah et al. 2013; Bozeman 2000; Coe and Helpman 1995; Fagerberg 1994; Hoek-
man et al. 2004; Schmid 2012; UNCTAD 2014). When combined with endogenous growth
models, international TT theory forecasts that there is a short term boost to the rates of
growth susceptible to explanation through recourse to catch-up technologies (Dowrick and
Nguyen 1989; Howitt 2000). Finally, the empirical model applied in this article provides
the means of testing whether the institutional factors and TT (in terms of environmental
patents) contribute towards explaining economic growth. In turn, this aligns with a trend in
the literature that maintains institutions and TT foster economic growth (Barbosa and Faria
2011; Constantini and Liberati 2014; Tang and Coveos 2008; Shih and Chang 2009).

This article is structured as follows. Firstly, we have above detailed the theoretical
framework underpinning this study, which combines institutional factors and the develop-
ment of environmental related patents. Next, we review the literature on institutional fac-
tors and TTs by focusing on their importance for development and the economic growth of
a region’s innovation strategy. We then present the methodology and data analysis for the
study, which is based on OECD patent data focusing on the differences in institutional fac-
tors and TT policies between Europe and Oceania. Finally, we state the theoretical, mana-
gerial and policy implications of our study. This is followed by out conclusions, the limita-
tions of this study alongside suggestions for future research.

2 Literature review
2.1 Institutional factors and their importance to economic growth

Institutional theory in its modern form began development after 1990 following foun-
dational works by Soto (1989) and North (1991). Throughout economic history, institu-
tions have established rules for society that have shaped human interactions (North 1990).
According to North, there are two types of institution: formal (political, norms, etcetera)
and informal (culture, behaviour, etcetera). Meanwhile, Pattit et al. (2012) report how
formal and informal institutions performed a dominant role in preparing the ground for
technological change in the United States over a long period of time. Wang et al. (2015)
mention how laws, regulations and policies shape the innovative activities engaged in by
companies. Institutions act to influence the input costs of innovation while also protecting
the results and outputs and thus shape and mould the innovation activities ongoing as well
as those of other companies.

Institutional theory posits that the respective institutional configurations of a coun-
try facilitate investment through providing incentives and supports while simultane-
ously nurturing a stable environment, mitigating transactional costs and reducing
risks and uncertainties. North (1990) and Daude and Stein (2007) point to how invest-
ment decisions may depend on different dimensions of the surrounding environment.
R&D activities, as a form of investment, are also sensitive to institutional qualities
(Waarden 2001). Investments in education, strong legal protection, and stable politi-
cal and economic frameworks all positively interrelate with technological performance

@ Springer



The effects of technology transfers and institutional factors. .. 1509

(Varsakelis 2006). Hence, institutional factors constitute those particular conditions
embedded in the predominantly prevailing institutional and economic environments for
business and capable of influencing access to, the acquisition of and payment for tech-
nologies in different manners (Yousafzai et al. 2015). Specifically, we may state that
the equilibrium between the acquisition of national and international technologies and
the collaborations ongoing among companies and R&D institutions plays a determin-
ing role in these factors. For example, when a company accesses technological knowl-
edge of the type produced by R&D institutions, they may increase their participation
as regards the purchase of collaborative technology. Furthermore, institutional factors
may also influence the performance of technology development processes and, cor-
respondingly, improve on the cooperation ongoing among research institutions (Hem-
mert 2004; Niosi 1999; Sigmund et al. 2015; Von Hippel 1988). According to Lundvall
(1992) and Nelson (1993), national innovation systems incorporate an economic per-
spective, which also conveys potential for identifying the relevant factors for the per-
formance of companies acquiring technology. Lundvall (1992) details how the internal
organisation of companies, inter-firm relationships, the role of the public sector, the
institutional structure of the financial sector and R&D organisation rank amongst the
factors shaping the national innovation profile.

Choi et al. (2014) identify how efficient institutions may encourage R&D related
investment through minimising the agency problems of decision makers. Better insti-
tutions foster and enable the liberalisation of financial markets so that there are real
incentives for R&D investments and thereby freeing companies from some of their
financial limitations (Laeven 2003). Therefore, it is highly probable that strengthen-
ing institutional configurations serves to foster investment in R&D and improve on the
accumulation of knowledge and the spillovers of knowledge in a country (Priem and
Butler 2001; Yi et al. 2013).

Thus, institutional theory has served to provide new contributions to the problem-
atic of economic growth based on that termed institutional rules of behaviour (that is,
factors), such as the legal structure or even the prevailing religion. Economic theory
had hitherto tended to ignore such factors; however, these same factors may be the
drivers behind unequal economic growth, variations in the intensities of convergence
and inequalities among countries and peoples as measured by GDP per capita. GDP
is therefore the measurement applied to make comparisons among the performances
attained among richer and poorer countries. Even while economists have attempted to
ascertain the causes of growth, the factors that hold influence alongside issues around
their sustainability over long periods of time have still not yet received satisfactory
responses. Such factors partially arise from concentrations in that identified as the hard
factors of growth (for example, investments and technologies) or the omission of just
how factors of growth do not reflect actions but are rather variables in a constant state
of flux. Such conditions, by which the economy grows and therefore changes, encom-
pass the existence of smooth factors of growth that include institutions that hold great
importance to explanations both of their growth and their convergence as well as the
inequalities prevailing among countries and their peoples (DiMaggio and Powell 1983;
Meyer and Rowan 1977; Sucker 1987; Teo et al. 2003).

Hence, we may define our first research hypothesis as follows:

Hypothesis 1 Institutional factors generate positive impacts on economic growth.
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2.2 Technology transfers and economic growth

TTs represent a fundamental principle of the 1992 United Nations Framework Conven-
tion on Climate Change (UNFCCC). Article 4 of the UNFCCC requires its signatory par-
ties to “promote and cooperate in the development, application and diffusion, including
transfer, of technologies, practices and processes that control, reduce or prevent anthropo-
genic emissions of greenhouse gases not controlled by the Montreal Protocol in all relevant
sectors”.

TTs involve the movement of technology from the site of origin to the site of usage
(Kirchherr and Matthews 2018). The main dimensions of TTs are hardware and software.
Most of the literature on TTs adopts hardware as this refers to the physical facilities and
services emerging from the transfer of technology even while this context has changed
with the advance of the knowledge economy. Software refers to the skills required once
the physical facilities have emerged from the TTs. Thus, the software transfer includes the
ability to locally operate and maintain technology. This is important in further innovating a
technology and providing knowledge about potential future business ventures. When tech-
nology is transferred across continents, there normally needs to be a degree of expertise
in the knowledge capabilities of the recipient country (Kirchherr et al. 2017). This means
that the recipient country should be able to learn skills about how to utilize the technology
(Hensengerth 2015).

The main TT channels are foreign direct investment (FDI) and trade. FDI involves
investments made by foreign entities in local projects (Kirchherr and Matthews 2018). The
role of FDI and TTs in bringing about the growth of developing economies has received
widespread debate in the economic development literature over a long period of time (Kel-
ler 2004; Saggi 2002).

The scope for the FDI allowed in any country is determined by trade regulations and
restrictions. The business reason for TTs involves recipients needing technology that is
otherwise unavailable to them (Kirchherr et al. 2017). Whenever the technology is more
complex, it becomes likelier that the transfer results in more novel innovations. Developing
countries usually require the transfer of more tangible goods from a particular technology
whilst developed countries tend to focus more on transferring services (Gandenberger et al.
2016).

Bozeman (2000) propose a contingent effectiveness model for understanding TTs that
focuses on transfer agents, transfer objects, transfer recipients, transfer media and demand
environments. Within this contingent effectiveness model, the level of TTs in a country
depends on the industry, the technology and the country’s economic stage of development,
which occurs through convergence.

Ever since the earlier study by Bozeman, the broader scope of the TT literature has
expanded swiftly in various key directions. Firstly, many studies have approached gov-
ernment laboratories and research centres, especially those located in European countries
(Bozeman et al. 2015).

Lee et al. (2018: 524) define convergence as “combining different knowledge from
interdisciplinary fields or different types of sources to develop new innovation”. This con-
vergence is a trend in science and technology as the boundaries between industries, knowl-
edge and markets combine particularly in terms of types of TT policy.

To facilitate the TT process, there needs to be both social capital and processes (Van
Horne and Dutor 2017). Social capital enables the utilization of knowledge from an indi-
vidual’s organizational network of relationships (Inkpen and Tsang 2005). This can include
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the people known to an individual who may then assist in facilitating the exchange of
knowledge for value creation. Social capital is a facilitator for TTs as it enables individu-
als to share information for beneficial purposes. This may be conducted via relational trust
based on a mutual understanding between individuals. To utilize social capital there needs
to be shared cultural goals between individuals about how to utilize the technology. Net-
works configured in certain ways are better able to make usage of TTs. When there are
stable relationships ongoing in a network, it becomes easier to transfer knowledge through
repeated interactions.

The processes needed for TTs involve relational networks for the exchange of knowl-
edge. The formal components of the transfer processes are patents and licensing agree-
ments susceptible to codification and measurement (OECD 2009; Van Horne and Dutot
2017).

Patents involve know-why skills that are defined as “the ability to understand the prin-
ciples of how the physical facilities at question work” (Kirchherr and Matthews 2018:
548). Patents are a form of know-why skills as they detail the information about how to
use a technology. Thus, explanatory instruction about a novel technology is one important
way of advancing and completing projects. To transfer know-why skills, there needs to
be partner participation in the technology in order to enable innovation to occur (Urban
et al. 2015). The informal components involve the non-codified knowledge that occurs in
a more flexible manner. The exchange of informal knowledge increasingly accounts for an
important part of social interactions. This enables networks to develop based on technol-
ogy problem solving that increases the stock of knowledge exchanged. Often that which
gains most value from knowledge transfers involves the creation of innovative technologies
(Salter and Martin 2001). The next section discusses the role environmental patent TTs
play by stating the hypotheses incorporated into this study.

In general terms, TTs may involve both marketplace transactions and externalities.
While information on the former case is easily accessible through the payments made for
patent and license utilisation as well as for copyrights, there is a broad understanding that
the most effective TT channel derives from externalities. However, externalities may arrive
in different ways depending on whether dealing with developed or developing economies.
In the former case, FDI represents the main channel, ranging from face-to-face contacts or
procedural norms that may encounter transfer problems interrelated with the tacit nature of
technology (Coe et al. 1997; Constantini and Liberati 2014; Gholami et al. 2006; Markusen
and Venables 1999).

Many governments provide significant incentives to attract internal investment, moti-
vated by the expectations of indirect benefits. FDI generally emerges as the best channel
for the transfer of technology not only across national borders but also among companies—
in particular, among national and international companies (Samet 2014).

Research by Nelson and Phelps (1966), for example, highlights how human capital
constitutes one of the main factors for explaining the capacity to transform imported tech-
nology into productivity gains (Engelbrecht 1997; Keller 2004). They also report that the
long term benefits of economic integration are more probable whenever the formation of
human capital progressively adapts to the changes in the technologies incorporated into the
imported goods (Coe et al. 1997; Keller 2004; Mayer 2001). Madsen (2007) suggests that
certain conditions require meeting in order to favour international knowledge. Franco et al.
(2012) identify how the indirect spillovers from R&D may also leverage strong impacts
on economic growth. Up to a certain point, the indirect effects may prevail over the direct
effects such as, for example, in OECD member states when analysing the impact of the
externally available resources. Hence, in a broader sense, the positive influence of TTs on
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economic performance may strictly interlink with the presence of a national innovation
system that provides a good environment for the dissemination and adoption of new pro-
cesses (Fagerberg et al. 2007; Malerba 2006) and alongside the capacity of absorption of
this same country or region (Cohen and Levinthal 1990).

Thus, we may define our second respective hypothesis:

Hypothesis 2 TTs generate a positive effect on economic growth.

3 Conceptualization section: policies and contexts

There is a broad consensus that the differences in national histories, cultures, political con-
texts and the moment when the country entered into an industrialisation process reflect in
the diversity prevailing among countries in terms of their objectives, priorities, limitations,
directions, instrument and as well as in the overall performance of their science and tech-
nology policies (Bjorkman et al. 2007; Lemola 2002).

Science and technology policies stem from ideas around the deliberate integration of
scientific knowledge and technological activities into the mesh of ongoing political, eco-
nomic, military and social decisions. According to the traditional definition deployed
broadly by the OECD (1963, 1971), scientific and technology policies constitute the col-
lective measures taken by a government that, on the one hand, provide incentives for the
development of scientific and technological research (a policy for science and technology)
and, on the other hand, exploits the results of general political objectives (a policy through
science and technology). The establishing of science and technology as national patrimony
and the consequent direct intervention of government in the targets and scope of R&D
activities represents a new and irreversible turning point in the relations between science
and technology and the state (Salomon 1977).

There are various mechanisms through which the institutional convergence of national
science and technology models may come about (DiMaggio and Powell 1983). The mod-
els may spread in either an explicit or unintentional fashion through the interactions of
the persons engaged in the science and technology policy. The founding and growth of
professional networks spanning organisations in the field in different countries may drive
the formation of elites that, through means of interactions and cooperation, then define
the appropriate models for their organisational and political structures. Convergence also
results from the formal and informal pressures of supranational entities such as the OECD
and the EU. Such pressures are not necessarily direct and explicit but rather more subtle
and less explicit and derive from political influences and problems of legitimacy.

Government policies in support of innovation generally vary across the different techno-
logical fields. One important example is climate change policies that normally attempt both
to support what get termed as clean energies, those that avoid greenhouse emissions, and to
restrict those dirty technologies associated with polluting emissions (Dechezleprétre et al.
2017).

In 2012, OECD member states spent over three billion euros in support of developing
new clean technologies, such as renewable or hydrogen powered vehicles within the scope
of mitigating climate change over the long term. However, many policy makers—very often
in efforts to make climate change policies attractive to the public—suggest that this may also
have a beneficial impact on economic results, such as short term growth and employment.
Theoretically, this may only occur whenever the case that the clean technology innovation
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leads to a higher level of spillovers than the dirty technology undergoing substitution (Deche-
zleprétre et al. 2017).

TTs from the government sector to industry have emerged as an important activity in both
developed and developing countries to the extent that governments boost their financing for
national innovation systems with the objective of developing technologies that improve and
raise the prevailing level of national competitiveness (Tran et al. 2011). However, such efforts
require best practices for the transfer of technology from state R&D installations to industry.
The developed countries that embarked on this process over the last 2 decades did obtain some
successes but other improvements remain necessary.

Lemola (2002) examines the development processes deployed by the Finnish science and
technology policy to conclude that, rather than divergence, there is a surprising level of con-
vergence between organisational forms and practices. In turn, Tran et al. (2011) discuss and
compare the TT systems of the governments of the United States and of Vietnam in order to
conclude that countries in different stages of development display different levels of institu-
tional and legislative development as regards their TT policies.

According to Lemola (2002), the fundamental driver of a national science and technology
policy is the search for competitive advantages for the respective country. The leading organi-
sations implementing the science and technology policy compete with each other and seek to
imitate the performance successes of others by replicating their organisational structures and
practices in the struggle for resources, political power and institutional legitimacy and to adapt
to the prevailing social and economic environment (DiMaggio and Powell 1983).

Lee and Tan (2006) approach the intensity of international TTs in selected ASEAN mem-
ber economies through the importing of machinery and FDI. They correspondingly report that
such transfer intensities vary substantially among these economies with Singapore leading
among the four economies selected for study. The intensity of the FDI flows in the region
intimately relate with the levels of TTs ongoing to the region. This also observes how the
Asian financial crisis shifted the concentration of FDI flows in these countries. Walz and Mar-
scheider-Weidemann (2011) also analyse the technological capacities across six fields of sus-
tainable technology with indicators for innovation including publications, patents and trade in
newly industrialising countries. They conclude by pointing to different patterns in the absorp-
tion capacity for environmental (green) technologies in these countries and identify a strong
need for the strategic positioning of such countries and the coordination of the various partici-
pant political actors.

Puig et al. (2018) report evidence that there is a disconnection existing between the gov-
ernments of developing countries and their understanding of the main drivers and barriers to
TTs and how multilateral TT programs may provide, due to the budgetary restrictions prevail-
ing and the logic of expenditure, a means of assistance for development. Their study conveys
the well-established notion that rendering climate change mitigation actions an integral part
of solid development plans holds particular relevance for TTs. These authors furthermore set
out indicators for just how this might be done in practice, within the context of technological
action development plans within the framework of processes for evaluating the technology
needs now taking place under the auspices of the United Nations.
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4 Methodology
4.1 Data

The data analysed encapsulates aggregate data at the national level collected from various
different sources for the period between 1995 and 2015. Table 1 presents the 27 member
states included in the study, corresponding to balanced panel data. The final sample con-
sists of a set of balanced panel data containing 567 observations and 27 countries.

4.2 Measures
4.2.1 Dependent variable

As its dependent variable, this study deploys labor productivity (dividing Gross Domestic
Product by the number of employees), a proxy variable for economic growth (Y).

4.2.2 Predictor variables

Institutional variables The institutional variables applied in this analysis were: exports of
goods and services (EXP); Foreign direct investment (FDI), General government final con-
sumption expenditure (GC); Gross fixed capital formation (K); Life expectancy at birth
(LE); Government budget allocations for R&D (RD).

Patent variables/technology transfer In relation to the patents, we applied the following
variables: total patents (PAT); ICT patents; environment-related technological patents.

In Table 2, we set out the variables, their respective bibliographic references and the
hypotheses.

Table 1 Countries ]
European countries

@ Springer

Austria Lithuania
Belgium Luxembourg
Czech Republic Netherlands
Denmark Norway

Estonia Poland

Finland Portugal

France Slovak Republic
Germany Slovenia

Greece Spain

Hungary Sweden

Ireland Switzerland
Italy United Kingdom
Latvia

Oceania countries

Australia New Zealand
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4.3 Description of the variables

In order to analyse the impact of the variables on economic growth, we applied the follow-
ing Cobb-Douglas function:

Y, = aEXP) FDI? GCP K" LE?*RD!* PAT"

The equation above is similar to that applied by Aparicio et al. (2016), which seeks to
emphasise the impact of entrepreneurship on economic growth through taking into consid-
eration the institutional factors. In order to linearize the production function, we deployed
the natural logarithm for the variables depicting the institutional factors, as well as patents,
interpreting the coefficients, such as their impacts, in terms of the percentile variations
of the independent variables and the dependent variable. We also tested the scope for the
existence of moderation effects (interactions) of the countries belonging to Oceania on the
impact of the predictive variables on the dependent variable.

We carried out the estimates based on dynamic panel econometric methodologies with
the objective of capturing the differences arising over the course of time (Bond 2002) in
keeping with how patents might impact on economic growth in subsequent years (Romer
1986). We employed the two-step GMM estimators deploying moment conditions (Arel-
lano and Bond 1991) in which one lagged the level of the dependent and two lagged the
Patent variable levels.

Furthermore, we processed the data through STATA software version 14.0 (StataCorp
LP, Texas, USA).

5 Results and discussion
5.1 Descriptive statistics

Table 3 presents the measures, standard deviations and correlation coefficients for the vari-
ables applied in this study. We may also observe that labor productivity, the proxy for eco-
nomic growth, correlates significantly with the other variables.

Table 4 sets out the results returned by the different models estimated. The Arel-
lano—Bond test specifies no problems relating to serial correlation (p >0.05) and the Sar-
gan test also accepts the validity of the instruments (p >0.05).

As regards the results of these estimates, we may report that the institutional variables,
Exports of goods and services, FDI, Gross fixed capital formation and Life expectancy at
birth, hold a statistically significant positive effect on GDP per labor population, hence, on
economic growth across all of the models. According to various authors, these variables
serve for measuring the impact of institutional factors on economic growth (Alvarez and
Urbano 2011; Aparicio et al. 2016; Audretsch and Keilbach 2004a, b, 2008; Bleaney and
Nishiyama (2002, 2005). In addition, Karanikic” et al. (. 2017) deploy GDP as an indicator
for economic growth in arguing how this is an essential ingredient for a healthy economy
following analysis of the influence of the number of patents granted in Europe on eco-
nomic growth per field of technology.

Government budget allocations for R&D equally returns a statistically significant
positive effect on GDP per labor population, thus on economic growth but only for the
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Table 3 Descriptive statistics and correlation matrix

Variable European countries Oceania countries

N Mean SD N Mean SD

Ln labor productivity 525 11.014 0.678 42 11.224 0.227
Ln exports of goods and services 525 25505 1314 42 25171  0.838
Ln FDI, net inflows 525 21483 5415 42 19436 8.149
Ln general government final consumption expenditure 525  24.739 1465 42 24900 1.021
Ln gross fixed capital formation 525 7416 1.569 42 7.364 0.982
Ln life expectancy at birth, total 525 24774 1455 42 25.101 1.135
Ln government budget allocations for R&D 525 4352 0.044 42 4382 0.020
Ln total patents 525  5.820 2179 42 6438 0.908
Ln ICT patents 525 3.678 2497 42 4346 1.192
Ln environment-related technologies Patents 525 3.232 2.096 42 3.858 1.085
Variable 1 2 3 4 5 6
1. Ln labor productivity 1
2. Ln exports of goods and services 0.6449* 1
3. Ln FDI, net inflows 0.1016* 0.2367* 1
4. Ln general government final consumption 0.4934* 0.9216% 0.2411* 1

expenditure
5. Ln gross fixed capital formation 0.6432*% 0.9256* 0.2345* 0.9047* 1
6. Ln life expectancy at birth, total 0.5128* 0.9308* 0.2446* 0.9837* 0.9089* 1
7. Ln government budget allocations for R&D  0.7990* 0.7272* 0.0661 0.6402* 0.6984* 0.6673*
8. Ln total patents 0.7385* 0.9040* 0.1778* 0.8474* 0.8762* 0.8562%*
9. Ln ICT patents 0.7162* 0.8396* 0.1635*% 0.7794* 0.8085* 0.7742%*
10. Ln environment-related technologies 0.6998* 0.8933* 0.1481* 0.8480* 0.8675* 0.8428%*

patents

7 8 9 10

7. Ln government budget 1

allocations for R&D
8. Ln total patents 0.7745% 1
9. Ln ICT patents 0.7352* 0.9583* 1
10. Ln environment-related 0.7682* 0.9628%* 0.9338%* 1

technologies patents

#p<0.05

countries of Oceania. This continental effect stems from how the variable “Government
budget allocations for R&D (t) X Oceania” represents a statistically significant coefficient in
the ICT patents and Environmental Patents models. We may also observe how the impact
of the Gross fixed capital formation and Life expectancy at birth variables generates a posi-
tive impact on both continents while nevertheless reaching higher levels of labor produc-
tivity, therefore economic growth, in the countries of Oceania. Falk (2006) also concludes
that the fiscal incentives for R&D return significant and positive impacts on the R&D
expenditure of OECD member states irrespective of specification and estimation tech-
niques. Falk (2006) further argues that governments may stimulate business R&D through
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direct measures, whether providing fiscal incentives or through means of direct financial
support. This also refers to the role that the public sector might also play in acting as a
complement to the private sector through cutting the research costs for industry. Carrying
out research and publicly releasing the results represents one means of achieving this goal.

R&D investment ranks as one of the essential factors for fostering economic growth
(Alam et al. 2018). Wang (2010) observed that countries with sufficient levels of R&D
investment may attain growth, boosting productivity and deepening their knowledge base.
According to Barge-Gil and Lépez (2014), analysing the determinants of R&D holds par-
ticular importance. In addition to the Schumpeterian hypotheses and the inter-sectoral
effects (Barge-Gil and Lopez 2014) of the Resource Based View (Lai et al. 2015), Wang
(2010) also affirms the role institutional factors may play in helping to explain R&D
focused investments. Better institutional environments may stimulate R&D activities by
endowing capacities on companies (Wu et al. 2016). In the same fashion, Srholec (2011)
maintains that company attributes as well as institutional factors and the configurations
within which companies operate account for important facets to their innovation perfor-
mances (Alam et al. 2017; Wang et al. 2015).

Hence, we may confirm the first hypothesis (H1): institutional factors generate positive
impacts on economic growth.

In terms of patents, this observes how the number of patents in a particular year returns
statistically significant positive effects on labor productivity after a period of 2 years
($=0.02; p<0.05; p=0.04; p<0.05). In the model without any interactive effects, the
number of ICT patents in 1 year returns a statistically significant positive effect on labor
productivity in the following year (§=0.01; p <0.05) and after 2 years (=0.01; p <0.05).
In terms of environmental related patents, the model with interactive variables reports
that they hold a statistically significant positive effect on labor productivity after a 2-year
period (f=0.03; p<0.05) and that this impact is significantly higher in the countries of
Oceania (f=0.56; p <0.05). Thus, innovation does generate a positive impact on economic
growth. According to Varsakelis (2001), patent protection and other measures in defence of
intellectual property rights creating temporary technological rights may therefore tend to
raise the benefits accruing from R&D results. There would also seem to be a relationship
between patent protection and innovation activities (Falk 2006).

The main objective of TTs involves building bridges between countries undergoing pro-
cesses of obtaining technological competences according to long term plans for developing
technologies and skills (Hoekman et al. 2004). Brey (2018) defines TTs as the flows of
technology necessary to economic development from where they currently exist to where
needs them. TTs may take place both vertically and horizontally; vertical transfers occur
within companies while horizontal transfers take place from one industry or country to
another industry or country (Appiah-Adu et al. 2016). Knowledge transfers may also be
passive or active depending on the capacities and the willingness of the human resources
of countries to incur the costs of TTs and innovation. Thus, countries may advance in their
development more rapidly in keeping with their respective capacities, institutional barriers,
and incentives in effect for TTs and in the field of technology through means of foreign
direct investment, trade, licensing and joint ventures (UNCTAD 1999, 2014).

We may therefore confirm the second research hypothesis (H2): TTs generate positive
impacts on economic growth.
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6 Policy, theoretical and managerial implications

Our results encapsulate two important policy implications. Firstly, the fact that we prove
how environmental patent TTs contribute towards economic growth serves to justify the
need for greater subsidies for green innovations and specific R&D programs for clean
technologies in addition to the implicit support for clean R&D through climate policies
such as higher rates of carbon dioxide taxation. Radical and new clean technologies
deserve greater state support than research activities designed to improve the existing
dirty technologies.

However, justifications for such specific supports may equally stem from a series
of other emerging areas, such as nanotechnologies and IT (Acemoglu et al. 2012; Hart
2008). While a first political scenario would suggest a combination of emissions pricing
and R&D subsidies specifically targeting clean technologies, in terms of the tight budg-
ets facing government, raising the level of subsidy necessary might prove challenging.
There may also be concerns over the capacity of government to channel funding into
those R&D projects with the greatest potential, whether due to asymmetries of infor-
mation or due to political interference (Gerlagh et al. 2009; Hart 2008; Kverndokk and
Rosendahl 2007). Secondly, our results support the idea that institutional factors con-
tribute towards economic growth, induced by the Exports of goods and services, FDI,
Gross fixed capital formation and Life expectancy at birth and Government budget allo-
cations for R&D variables. Hence, institutional quality generates an absolute, stable and
robust impact on economic growth, independently of the specific structure and weight-
ing of the TTs and the means of measuring the stock of knowledge thereby conveyed.

This also makes another two important contributions to the literature on cross-con-
tinent TTs in terms of environmental patents. First, it contributes to the literature on
institutional factors by indicating that the regional trading bloc of the European Union
provides benefits in terms of promoting sustainable policies. We demonstrate in our
analysis that climate change mitigation patents have an effect on the economic growth of
both continents and this can be viewed as the result of entrepreneurial contexts empha-
sizing the importance of climate change. This enhances our knowledge of the interrela-
tionships with government policy regarding such an important societal issue as climate
change. This finding supports Vonortas (2018) who views the policy mix for TTs as
involving both the R&D and the innovation domains. The R&D domain includes the
generic and sectoral policy influenced by financial and industry linkages. The innova-
tion domain encompasses competition, environmental, energy, defence, trade and con-
sumer protection policies. This is important as both continents have policies designed
around being innovative in the development of natural resources.

There are different managerial challenges associated with TTs that depend on the
knowledge type and context involved as conveyed by the results of this study in dem-
onstrating how, overall, the European-based environmental policy has been more suc-
cessful in impacting on the level of patents and innovation. Van Horne and Dutot (2017)
suggest there are four main difficulties with knowledge and TTs: the characteristics of
the knowledge, the transfer source, the transfer recipient and the environmental context.
Some knowledge becomes hard to transfer due to its unproven nature that makes it hard
to understand. This means that managers need to focus on how environmental related
knowledge that has an uncertain outcome but still amounts to innovation might be har-
nessed through TTs. The transfer source may also hinder the transfer whenever not hav-
ing any need to exchange the knowledge.
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Some transferees may have reputations for their unwillingness to share sensitive data
due to business reasons, which managers need to try to mitigate with an emphasis on the
environmental benefits of such TTs. The transfer recipient might not be able to understand
how to utilize the knowledge because of a lack of resources, thus requiring the training and
education of managers in both Europe and Oceania. Often organizations in geographically
distant countries lack the capabilities for harnessing the potential of knowledge but a factor
susceptible to mitigation through greater communication among managers. The environ-
mental context may make it unstable in terms of the political conditions for transferring
knowledge although managers may also mitigate this risk by emphasizing the increased
economic growth rates resulting from environmental related patents.

7 Conclusions

The aim of this paper was to analyse the influences of the different institutions and environ-
mental patent TTs on both continents while also verifying the impact of the differences on
economic growth again on both continents. We may therefore conclude that, irrespective
of the institutional and TT differences, they generate a positive impact on the economic
growth of both continents.

Leveraging the economic growth theoretical frameworks, this study has added to the
literature on institutional factors and TTs by examining the role of content based environ-
mental patents. The successful exploitation of environmental patents is made possible by
the innovative capabilities of countries in how they disseminate technological innovations.
As an increased societal focus has stressed the need to develop innovations to alleviate
climate change, this study has shown that policy initiatives, on both continents, have been
successful in terms of TTs. Thus, this study has provided additional information on the
importance of comparing the economic impact of environmental related TTs. In conclu-
sion, a cross-continental perspective of environmental patents moves us closer to a deeper
understanding of emerging TT trends.

There are some limitations to this study that pave the way for future research. First, we
utilized OECD data to focus on two continents: Europe and Oceania. This means there is a
unique focus on two different geographical regions in terms of environmental related pat-
ents but we do not evaluate other continents. This is not a limitation stemming only from
this study as other cross-cultural studies display similar such limitations in terms of their
geographical scope of inquiry. However, future studies might examine other parts of the
world to see whether there is the same emphasis on environmental related TT. To the best
of our knowledge, no other studies have focused on comparing Europe and Oceania envi-
ronmental related TT, which means our study helps to bridge the gap in our understanding
of cultural contexts.

Second, our study focused on environmental related patents using OECD panel data.
Organizations that have higher levels of patents are better able to learn about how they can
satisfy market needs using their internal capabilities (Teece 2010). Another interesting area
for future research would be to utilize qualitative data in the form of in-depth interviews
to provide some more information about the reasons why water related patents impact on
economic growth.

Third, future research could examine the role of universities in facilitating environmen-
tal related TTs. There are interactions ongoing between universities, industry and business
that affect the ability of countries to focus on environmental patents. Thus, future research
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might approach the application of multi-country comparative studies on the different pol-
icy factors influencing environmental related patents. Due to time and cost considerations
in collecting data from multiple countries, our approach of comparing Europe and Oceania
returns a holistic understanding of the major geographical areas but still requiring further
research in order to continue to evaluate changing societal trends towards environmental
issues.
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