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Abstract. This research analyzes the impact of government effectiveness on innovation by using
unbalanced panel data from the World Bank on 166 countries spanning 1996 to 2018. We analyze
the impact of government efficiency on innovation through various panel fixed-effects models,
while incorporating control variables such as GDP, education, and industrial structure into the
analysis framework. The empirical results conclude that, in our selected countries, government
efficiency has a significantly positive impact on innovation output and more importantly verify
the positive impact from the improvement of bureaucracy quality on innovation. The evidence
again shows the positive impacts of government efficiency on innovation output by addressing
endogenous and robustness checking via the series of methods. Furthermore, the heterogeneity
and mechanism of this relationship would be explored. Therefore, the research results provide
an alternative method for national governments to promote innovation output by improving
government effectiveness.
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Introduction

Since the start of the 21 century, technological innovation as an important approach has
attracted attention from many national countries looking to enhance their levels of growth
and quality for their economies (Aghion et al., 2007). There is also more evidence that re-
gions with active innovation and entrepreneurship have more late-moving advantages during
the process of economic development (Furman et al., 2002). Furthermore, the Institutional
School believes that economic growth is attributed to institutional optimization (Fuenfschil-
ling & Truffer, 2014). Thus, scholars focus more on a government’s various policies and the
improvement of related systems by various countries, but there is a lack of understanding
on related issues concerning the influence of the implementation of policies on innovation
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activities, and imperfect implementation of the regulations will hinder innovation activities
(Wang et al,, 2020). As this view has been widely accepted, this study investigates a relation-
ship between government efficiency and innovation output. This research fills the gap in
exploring the path of innovation promotion from the perspective of the overall institution
of government and provides a fresh view of the political economy.

Previous scholars believe that increasing innovation output is one way to increase total
factor productivity and thereby promote high-quality economic development (Pradhan et al.,
2016). Therefore, how to improve innovation output has become an urgent issue for most
countries (Romer, 1990). However, government behaviors always play the decided role in
choosing the directions of innovation. Specifically, we study innovation output from the
perspective of government effectiveness mainly due to the following four reasons. First, if
it is possible to clarify the role of government effectiveness in innovation, then enhancing
the innovative level can be achieved by improving government efficiency (Dolfsma & Seo,
2013). Second, by considering the potential relationship between innovation and economic
development, studying the influence of government efficiency on innovation will also provide
a reference for policymakers to formulate adaptive policies at various phases of economic
development (Dong & Martin, 2017). Third, increasing innovation output in countries can
raise productivity and win greater potential for sustainable development, while also reduc-
ing dependence on advanced technologies in developed countries (Farre-Mensa et al., 2020).
Finally, it is an argument that “a better effective government benefits the promotion of in-
novation” indicates that this study enriches the content of the innovation economy in a
governance regulation (Hung & Chou, 2013).

Some pieces of evidence have illustrated that innovation policies are conducive to in-
creasing the outputs of patents and trademarks. For example, based on OECD national data,
Acemoglu et al. (2019) finds that when policymakers recognize that technological innovation
can help boost the latecomer advantage of economic growth, the significant positive effect
shows up clearly on innovation output via a series of incentive policies. Additionally, Nelson
(2000) believes that a well-designed policy can increase the productivity of innovation, but
the positive effects of the policy gradually diminish for poorly implemented policies. More-
over, inefficient governments can lead to policy failure. The main reason is that too long
approval time for technological innovation projects to complete technological innovation
investment on time (Duygun et al., 2016). More precisely, excessive contract restrictions,
government intervention, and the uncertainty of potential returns have a negative impact
on the enthusiasm of technological innovation (Hudson & Minea, 2013). As a provider of
social public services and a regulator of social conflicts, government work efficiency will
significantly affect the living quality of residents. For individual innovation activities, the
government will promote the innovation output by protecting the interests of inventors and
providing a reasonable institutional environment for innovation activities (Tang, 2012). In
addition, enterprises as the main force of technological innovation, on the one hand, the
government creates a stable innovation incentive mechanism and institutional guarantee for
private enterprises to promote enterprises to increase investment in research and develop-
ment (Musiolik et al., 2020). On the other hand, the improvement of government efficiency
will also urge the reformation of state-owned enterprises and guide state-owned enterprises
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to convert monopoly income into innovative capital. Thus, the creation of an effective ad-
ministrative system may stimulate innovation productivity improvement and enhance the
influence of an innovation promotion policy.

However, it is probable that the endogenous problem exists among variables indeed. For
example, reverse causality is likely to run from innovation output to government efficiency.
On the one hand, due to high information barriers in a government management system, the
efficiency of government governance will recede (Li et al., 2017). Therefore, improving the
level of digital innovation not only can reduce information asymmetry between departments,
but can also improve the emergency response capability of the government (Picazo-Tadeo
et al., 2012). In general, the funding for most technological innovation projects comes from
government subsidies. Therefore, the efficiency of administrative approval largely affects the
rate of return on innovation projects and the productivity of innovation results (Murphy
et al,, 1993). On the other hand, by considering that higher innovation output also ben-
efits several sectors such as agriculture and industry, then improving innovation output will
also increase the operating efficiency and productivity of these sectors (Samara et al., 2012).
Therefore, in order to improve the output of innovation, more effective policies should be
implemented by effective governments.

By employing the panel fixed, and dynamic GMM as well as the Poisson regression,
the present research specifically explores the association between government efficiency and
innovation for 166 countries over the past nearly four decades. Furthermore, the dynamic
estimation helps us to address the potential endogenous problem. To ensure robustness,
this study employs two indicators of government effectiveness. This first is “government ef-
ficiency” taken from Worldwide Government Indicator (WGI).; the second measure reflects
Bureaucracy Quality, with data collected from the International Country Risk Guide (ICRG).
Besides, we utilize measures for innovation output, which are patents and trademarks, whose
data are from the World Intellectual Property Organization (WDI). To explore the data fur-
ther, we hence divide the full sample into four sub-groups: European countries, former Com-
munist countries, top-10 patent output countries, and OECD countries. In sum, comparing
with the existing literature, this study investigates an association between government ef-
ficiency and innovation output by adopting static and dynamic models, which could help
account for cross-country investigations and address the endogeneity among variables.

The main objective of this paper is to explore the effect of government efficiency on
innovation output. We explored the heterogeneity of the relationship between government
efficiency and innovation in different countries or international organizations by sub-sample
tests and discussed some interesting results. Besides, we not only select traditional agency
variables (patents) for innovation but also selected commercial innovation indicators (trade-
marks) in various regressions. Finally, we verify and discuss how government efficiency im-
pacts innovation output from the perspective of the institutional environment. Additionally,
the results achieve consistency among various checking which confirm that high-effective
government tend to enhance the innovation level

The remainder of this paper runs as follows. Section 1 is a literature review. Section 2
introduces data and methodology. The empirical results and discussions are exhibited in sec-
tion 3. Last section draws overall conclusions and puts forward relevant policy suggestions.
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1. Literature review
1.1. The impacts on innovation

Technological innovation can create a large number of intangible assets and make enterprises
more competitive (Hung & Chou, 2013) and therefore has received increasing attention from
governments and enterprises. As innovation activities are significantly affected by the ex-
ternal environment, more scholars have shifted their research focus to factors influencing
innovation activities. Anokhin and Wincent’s (2012) classification study introduces human
capital, physical capital, and institutions as the main impact factors.

Firstly, we divide the analysis of human capital into views of quality and quantity. On
the one hand, Dong et al. (2016) argue that increasing the population size leads to diversi-
fied needs that guide producers to work for continuous product innovation and to promote
technological progress. From another perspective, population growth and population density
also increase the possibility of the appearance of geniuses, who might create something new
for the world. Lachenmaier and Rottmann (2011) also confirm this view by measuring the
contribution of innovation from population growth. On the other hand, some scholars sug-
gest that a higher level of investment in human capital offers value for the innovation process
(Kaiser et al., 2015). Hudson and Minea (2013) believe that the accumulation and dissemina-
tion of existing knowledge are vital factors for the successful construction of an innovative
atmosphere. Furthermore, Lee (2010) claims that larger innovation capacity benefits from
the improvement in the absorptive capacity of knowledge. Donou-Adonsou (2019) conducts
an empirical analysis of the relationship between education and innovation and concludes
that innovative ideas often come from the stimulation of new external knowledge. Secondly,
in the aspect of physical capital, similar to the transfer of foreign advanced technology, the
spillover effect of foreign direct investment is also a crucial factor for promoting technologi-
cal progress in the host countries. Audretsch et al. (2014) recommend that foreign businesses
transfer knowledge and technology by training local workers. Moreover, local employees can
provide more localized and innovative ideas for product development. Baskaran and Muchie
(2006) explore the relationship between FDI and innovation and note that the spillover effect
of FDI distinctly improves the innovation level of the host country. In the background of
industrial changes, the cross-regional transfers of technology, capital, and knowledge magnify
the spillover effect, bringing innovational opportunities and motivating local companies to
achieve technological innovation (Kogan et al., 2017). Thirdly, from the point of local insti-
tutional environment The modification and execution of an industrial policy influence the
direction and field of technological innovation, as well as the innovation investment decisions
of market entities under powerful governance (Lovett, 2011). Kuhn (2012) points out that
research on higher value-added technologies can increase the attractiveness of related tech-
nological innovations and form a virtuous circle. Thus, an adaptive innovation environment
leads to more innovation output.

1.2. Government and innovation

Previous scholars have studied the relationship between governmental power, political con-
nections, and innovation incentive policies. Anokhin and Wincent (2012) takes patent appli-
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cation volume as a criterion for evaluating innovation output and conducts in-depth research
on innovation incentive policies. Their result is consistent with Hudson and Minea’s (2013)
research conclusion. They both believe that the establishment of a cross-sectorial policy and
system for technological innovation is a crucial step for the government to support innova-
tion (Flanagan et al., 2011). The government can also improve innovation output by design-
ing a complete innovation compensation mechanism. Bronzini and Piselli (2016) state that
local government possesses a driving effect on the regional economy by subsidizing specific
high-tech projects. Identically, government power has a significant impact on the direction
of technological innovation research for most developing countries, which is similar to the
conclusion to that obtained by Godfrey et al. (2002) when studying the role of innovation
incentives in economic development and technological innovation. Additionally, previous
scholars believe that the incentive policies proposed by parties with different ideologies will
also lead to differences in innovation output (Rydgren, 2005). This is reflected in the long-
term innovation policies advocated by left-wing parties. On the contrary, a government is
more inclined to loosen market control when right-wing parties hold power, which is sup-
ported by relevant empirical results (Smith et al., 2010). Similarly, these studies display that
policies proposed by left-wing parties are more conducive to technological innovation. This
conclusion is consistent with the far-sightedness of left-wing parties in the policymaking
process'.

Innovation also closely relates to the institutional environment. For example, by study-
ing the relationship between the government and entrepreneurs, Hudson and Minea (2013)
conclude that a friendly property rights protection system will help entrepreneurs make
technological innovation decisions. Samara et al. (2012) find a non-linear relationship be-
tween the intellectual property system and technological innovation, in which excessive intel-
lectual property protection is harmful to technological innovation in developing countries.
Therefore, the absence of a formal system is also one of the reasons for the lack of innova-
tive activities in most countries. Moreover, informal institutional constraints such as beliefs,
cultures, and values also profoundly impact technological innovation (Kogan et al., 2017).
For example, a good innovation atmosphere and a social culture that tolerates failure have
important impacts on stimulating innovation. Similarly, improvements in innovation perfor-
mance are constantly shaping inclusive social values.

Political connections and government intervention are also vital factors in the research
of innovation behavior (Lovett, 2011). Under the constraints of limited resources, compa-
nies often seek political connections to replace technological innovation for gain (Acemoglu
et al,, 2019). For most risk-averse companies, seeking political connections can help them to
more easily access scarce resources, but this will also cause negative effects from increased
rent-seeking costs and government corruption (Murphy et al., 1993). After studying inno-
vative behavior under different contract laws, property rights protection laws, and other
legal systems, Lin and Du (2013) obtain in regions and countries where the proportion of
state-owned enterprises is relatively high that companies face more hidden barriers in the
transformation of innovation achievements. This also inevitably will lead to a crackdown on

! Belke and Potrafke (2012) note that a right-wing ruling party prefer to choose expansionary economic policies
compared with leftist government.
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enterprises’ enthusiasm for innovation (Anokhin & Wincent, 2012). The informal institu-
tional constraints embedded in political connections also weaken the innovation enthusiasm
of the whole society to a certain extent.

To sum up, most existing relate literature focuses on issues concerning policies that im-
prove innovation output, including innovation incentives, intellectual property regulations,
and industry standards. Dolfsma and Seo (2013) target the influence of specific policies on
innovation activities. Several associated policies not only stimulate target industries but also
reform the innovation system to incentivize innovation output (Samara et al., 2012). Galang
(2012) discuss some innovation policies and their implementation effect, but the efficiency
of government systems often plays a key role in the implementation of innovative policies.
Thus, this study explores how effective government systems can promote innovation output
based on data from 166 countries.

1.3. Hypothesis

Based on previous relevant literature, we found that innovation is highly relevant to policy.
At the same time, whether the innovation policy can play a role depends on the govern-
ment’s efforts to implement it. Due to the lack of incentives, government employees display
burnout or are more inclined to abuse their power during the implementation of policies
(Glotko et al., 2020). Therefore, government effectiveness may promote innovation output
through the impact of policy implementation. Specifically, governments with higher efficien-
cies tend to support innovation which has more far-sighted employees. These characteristics
are benefiting with the prosperity of innovation activities. On the contrary, a low-motivated
government prefers to rely on power rent-seeking and monopoly income to maintain its
operation, which cannot provide a better environment for innovation activities (Sekmen &
Toptas, 2015). From a social point of view, an effective government can create an open and
shared social atmosphere, which will also promote the innovative expression of residents,
while an ineffective government will lead to the social atmosphere of fraud and plunder,
which will also be detrimental to innovation. Therefore, we propose the following hypothesis.

HP1: The improvement of government efficiency can promote the increase of innovation
output.

The impact of the economic system on technological development has attracted the atten-
tion of some scholars. Furthermore, it has clarified the mechanism of technological innova-
tion for private and state-owned enterprises through ownership analysis. But the diversity
of the economic system stems from the choice of ideology and political system (Wang et al.,
2019). Countries with better economic performance are able to support R&D expenditures
and thus obtain the more innovative output. But if the government can mobilize more
economic resources to fund innovation activities, it will also lead to more new technology
achievement (Angelini et al., 2020). For developed countries in Europe and America, innova-
tion comes more from the spontaneous behavior of enterprises or individuals, which benefits
from the market incentive mechanism (Sena et al., 2018). For developing countries that have
experienced the period of a planned economy, people generally believe that the government
is the protagonist of research and innovation. Therefore, the implementation of policies is
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particularly important in innovation activities. From the above inferences, we expect that
comparing with European countries, the former communist countries (FCC) can obtain a
larger number of patent and trademark applications by improving government efficiency.
Based on the above analysis, we propose Hypothesis 2 for verification.

HP2: FCC can obtain a greater degree of innovation output by improving government ef-
ficiency.

Institutional economics divides the system into a formal system and an informal system.
The formal system is mainly represented by laws and regulations, while the informal system
is mainly represented by beliefs, values, and culture. Since the regulations and laws could
do an obvious influence on innovation in the short-term. Thus, the formal institutional en-
vironment will be particularly important. The improved institutional environment can sta-
bilize the expectations of entrepreneurs to conduct innovation activities (Sena et al., 2018).
Meanwhile, it means that governments would provide entrepreneurs with loose approval
processes and reduced transaction costs. The poor institutional environment can only force
enterprises to prefer to do unproductive and rent-seeking behaviors. In the previous studies
of the relationship between the formal system and innovation, researchers mainly focused on
the relationship between a certain regulation or policy and innovation (Kogan et al., 2017).
There are few studies that concentrate on the role of the overall institutional environment
on innovation. In developing countries, enterprises often encounter difficulties in operating
due to ambiguity contract laws, property laws, and other unreasonable regulations (Musiolik
et al., 2020). Exactly, the lack of improved systems and the legal environment always cause
poor innovation activities. Therefore, the establishment of a perfect formal institutional en-
vironment can effectively strengthen the protection of investors and inventors. Thus, we
propose the following hypothesis.

HP3: Government efficiency impacts innovation activities by optimizing the institutional
environment.

2. Data and methodology

In this study, we utilized the unbalanced panel data of Patent, Trademark, FDI, GDP, Educa-
tion, Industry, Energy, openness, and Population from WDI (2018). The Patent and Trade-
mark are transformed into their natural logarithms as core dependence variables in baseline
regression. And the original data of other variables in the models. The empirical period is
determined by the availability of data, while we drop those observations that are missing
values of the abovementioned variables. We subsequently obtain unbalanced panel data that
cover 166 countries from 1996 to 2018.

2.1. Dependent variables

Many scholars have focused on the estimation of innovation behaviors. Among them, patents
and trademarks are always related to the influence and appearance of new inventions, which
are also powerful indicators that show how governments upgrade the degree of innovation



Technological and Economic Development of Economy, 2021, 27(3): 626-655 633

domestically. Therefore, the number of applications for patents and trademarks? is often
used to measure the efficiency of innovation output. In addition, the original form data of
applications for patents and trademarks are utilized in Poisson regression as the one of robust
checking methods. The major advantages of these two forms of technology recognition are
presented as follows.

Patent: Farre-Mensa et al. (2020) points out that patents represent a useful invention that
offers insight into regional-level innovation activities. In contrast to the number of granted
patents, Jalles (2010) claim that patent applications label the output of the innovation process
intermediately. Moreover, Pradhan et al. (2016) suggest that large available databases for
patents can be a great type of innovational measurement. Kayal (2016) proposes that a high
number of patent applications means that the economy has a greater advantage in sustainable
development, which is also the main goal pursued by governments. As such, we follow Chang
et al. (2015), who adopt the logarithmic form of the number of patent applications (Patent),
to assess the innovation output of a large sample of countries.

Trademark: As Wen et al. (2018a) state, a trademark application is one of the most adap-
tive measurements of innovation behaviors. The reason why we utilized trademark applica-
tion as another indicator of innovation is that trademarks represent the degree of industrial
innovation and also mark several business phenomena that are not captured by patents.
Furthermore, trademark applications have become systematical records for past decades.
Thus, various data sources for trademarks are available (Duygun et al., 2016). We utilize the
amount of trademark applications (Trademark) in the previous literature as a proxy for in-
novation (Stim, 2020; Zaichkowsky, 2020). Following Benny (2020), the number of applica-
tions for patents and trademarks can come from the World Development Indicator (WDI,
2018) database’.

2.2. Independent variables

The core explanatory variable is government efficiency in this study. Chang and Lee (2011)
claim that two indicators could reflect the effectiveness of government. According to the defi-
nition of Wen et al. (2016), the indicators of government efficiency and bureaucracy quality
are utilized and described below.

Government efficiency (Goveffect): Accumulated wisdom takes several independent vari-
ables into consideration that influence innovation output. We emphasize government ef-
ficiency, which may spur innovation output. Wen et al. (2018b) notice that the quality of
government impacts the procedure for measuring innovation policies. Hence, we set up a
variable “Government Efficiency” that measures the government efficiency (WGI) taken from
the World Governance Indicators (WGI, published by the World Bank) to focus on “the

2 There are some shortcomings from using one of the indicators of Patent and Trademark. Precisely, due to the pat-
ent applications is appropriated to describe several technological problems. And patent always use in manufacture
industry. Thus, it difficult to express the innovation output of all economic activities (Audretsch et al.,, 2014). By
contract, Trademark provide some information about slogan brand and logo which is likely to cover the third
industry (Mendonga, 2014). Hence, in order to ensure the accuracy of our results, this research employs both
Patent and Trademark as indictors to estimate the level of innovation.

3 The total number of application of patent and trademark are assessed from World Bank Indictor.
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extent of its independence from political pressure, the quality of the public service and the
credibility of issued policy”. Government efficiency (WGI) ranges from approximately -2.5
to 2.5, and a higher value reflects a more effective governance system.

Bureaucracy quality (Bure): Additionally, Bureaucracy Quality (BURE)* provides infor-
mation regarding the level of a government officer, the structure of government employees,
and the efficiency cost of the approval process. In other words, the improvement in govern-
ment efficiency can be attributed to the reformation of governance structure (Fredriksson &
Svensson, 2003). herefore, Bureaucracy Quality is an appropriate indicator for checking the
association between innovation output and government efficiency (Lovett, 2011). To more
deeply confirm the robustness of the benchmark results, we define Bureaucracy Quality as
an alternative variable to be incorporated into the model with two dependent variables men-
tioned above.

2.3. Control variable

Per capita real GDP (GDP): GDP? usually reflects the overall level of economic growth in a
country. Luo and Cheng (2013) confirm that technological innovation requires a well-antic-
ipated social atmosphere provided by overall economic growth. Furthermore, more financial
resources could support research fees from economic development. Aghion et al. (2007) set
per capita real GDP as the level of economic development. Hence, we follow previous studies
and adopt per capita GDP to assess economic growth in the sample countries.

Proportion of the manufacturing industry to GDP (Industry): Changes in industrial struc-
ture affect the direction and field of technological innovation, as well as the innovation in-
vestment decisions of local governments (Lehmann & Seitz, 2017). Research on higher value-
added technologies can increase the attractiveness of technological innovations and form a
virtuous circle (Geroski & Walters, 1995). Therefore, following Kayal’s (2016) viewpoint, we
utilize the value of the manufacturing industry divided by GDP to measure the industrial
structure.

Gross secondary school enrollment rate (Education): A higher level of education can also
help more people to join in on the research and development of new technologies (Bianchi &
Giorecelli, 2020). Moreover, the flow and availability of knowledge are attributed to knowledge
accumulation (Donou-Adonsou, 2019). From another perspective, a higher level of human
capital can promote technological innovation output. Following Chi and Qian (2010), we
adopt education-year per capita to represent the education level of various countries.

Total export-import volume divided by GDP (Openness): Economic activities, in general,
are more active in export-oriented regions, and active trade exchanges have also increased
the amount of local governments’ current accounts (Dahlander & Gann, 2010). Therefore,
on the one hand, the government can invest in the long-term accumulation of foreign ex-
change capital in new technology research and development. On the other hand, patents and

4 According to the International Country Risk Guide, Bureaucracy Quality is assessment of government effectiveness
which including officer structure, policy implement efficiency and credibility etc.

> In accordance with Aghion et al. (2018), the GDP per capita on basis of 2000 US dollars from WDI database.
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trademarks are exposed to the risk of having such trade secrets being stolen (Melero et al.,
2020). We make use of total export-import volume divided by GDP to measure economic
openness as per Murray et al. (2016)

Population density (Population): According to the theory of endogenous economic
growth, as an important input factor in the process of economic development, the mass
of labor benefits from a higher population density, which promotes total factor productiv-
ity (Ziller & Goodman, 2020). As Dong et al. (2016) note, more innovational inspirations
are created within the optimized process for higher population density. However, Parrotta
et al. (2014) discover an inverted U-shape relationship between innovation and population.
Therefore, we select the number of people per square kilometer as an important indicator of
regional human resource supply from the World Bank data in the model.

Ratio of foreign direct investment to GDP (FDI): Many scholars believe that more for-
eign direct investment (FDI) will spur local industrial upgrading and technological progress.
More importantly, foreign capital investment will bring significant spillover effects to the
host country via factory construction and employee training (Autor et al., 2016). Conversely,
Howell (2020) suggests that a cheaper labor force and larger market scale are mainly for FDI.
Thus, the impact of innovational FDI is difficult to quantify. Therefore, this study includes an
average annual net foreign direct investment as an indicator (Akisik et al., 2020).

Ratio of energy use to GDP (Energy): Energy is an important resource in the process of
economic development. Haas and Kempa (2016) find that traditional energy and technologi-
cal innovation have a certain degree of substitution and promotion effects during economic
development. In areas where traditional energy is more abundant, the large wealth accumu-
lation from energy businesses could support technological innovation (Hille et al., 2020).
From the opposite view, the local economy might overly rely on resources and be lazy to
work on innovation (Kogan et al., 2017), thus negatively affecting the output of technological
innovation. We herein utilize the ratio between energy supply and gross domestic product to
measure energy density in the model.

2.4. Data description

We check the influence of government efficiency on innovation output using panel data
that consist of 166 countries over the period 1996-2018 in List A3. First, we employ the full
sample in the estimations. The sample countries are displayed Figures 1 and 2, reflecting their
applications of patents and trademarks. We easily see that the spatial distributions in these
numbers are basically the same. Obviously, there are significant regional differences in the
number of applications. Specifically, China and the United States have the largest numbers
of patent and trademark applications, while countries with more trademarks and patents are
mainly located in Europe and East Asia. In addition, countries in Africa and Latin America
have relatively few innovation outputs.

Appendix Table A2 provides a summary of the descriptive statistics for the data utilized,
including their sources and definitions. The positive average government efficiency (WGI)
indicates the majority of selected countries have effective governments. In addition, the de-
viation in the indictor of innovation is about 70000, meaning that the majority of patents and
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trademarks are handled in only a few countries. Additionally, the deviations in population
and real per capita GDP illustrate the distribution of wealth and labor vary greatly. We also
observe that the average indicators of industry structure and energy density are significantly
higher than zero. Compared to openness and FDI, there is a narrow and similar degree of
dispersion for energy density and school enrollment. It also suggests several variables varied
greatly over time and across countries. The correlation matrix appears in Appendix Table Al.
Broadly speaking, the correlation of all variables is not related very much. Hence, multicol-
linearity may not influence the accuracy of the estimated results.
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2.5. Empirical methodology

Owing Wooldridge (2015) argued that panel data with advantages: firstly, panel data pro-
vides the solution for the question of missed variables. Secondly, more dynamic information
reflects in the panel data. Finally, panel data enlarge the sample capacity compared with
time-series data, which is likely to obtain more accurate results. Therefore, in order to in-
vestigate the relationship between government efficiency and innovation output. We collect
the panel data over the period 1996-2018. Due to several differences among variables. In the
estimation, we take the natural logarithm of the dependent variables Patent and Trademark,
explanatory variables Goveffect, and several control variables such as GDP per capita, foreign
direct investment, energy density, education, industry, and openness. Therefore, this study
sets the following panel data model:

Ln(Patenti)t ) =0+ alGovejfecti’t + BZi,t TV HE s (1)
Ln(Trademarki’t ) =0, +oyGoveffect; , +BZ; , +u; +v; +g;,. (2)

where, Patent and Trademark represent innovation output as the main dependent variables;
Z is a vector of control variables that may affect innovation output; p; and v; are the fixed
effect variables for time and region, respectively; and ¢;, is the error term.

As a benchmark regression model, the standard fixed effects model provides us with a
good set of static estimation processes (Nickell, 1981). Furthermore, the static model does
not take into account the endogenous problems that may arise from the mutual impact be-
tween government efficiency and innovation output, making the estimation results appear
inconsistent. Therefore, in order to solve the endogenous problem in fixed effects, we follow
the systematic GMM estimator proposed by Arellano and Bond (1991) and select the lagging
period value of the dependent variable as an instrumental variable in the regression model
to test endogeneity.

The Generalized method of moments can also deal with autocorrelation and heterosce-
dasticity problems. During this process, since the correlation between the lag instrument
variable and endogenous variables is small, the problem of a weak-instrument variable will
be exposed, which will be checked by the Sargan test. Therefore, a dynamic method should
be adopted to better analyze the effect of government efficiency on innovation output. The
two-step system GMM estimate is shown as:

Ln(Patent; ;) =0 + oclLn(meenti,t_1 ) +a,Goveffect; , +BZ; , +¢€; 5 (3)
Ln(Trademark; ;) = oy + ocan(deemarki)t_1 ) +a,Goveffect; , +BZ; , +¢; . 4)
where, Patent;, | and Trademark;, | represent the lagged value of the dependent variable.
The other variables have the same meaning as above.
3. Estimation results and discussion

In this section, our paper provides empirical results for the relationship between government
efficiency and innovation output by utilizing various methods.
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3.1. Basic results

We first present the results of the panel fixed effect model in Table 1. In the regression, we
include a variety of control variables and characterize the relationship between government
effectiveness and innovation output from the perspective of patent and trademark applica-
tions. Model 1 reports the impact of government effectiveness on innovation output after
including indicators of foreign direct investment and GDP per capita. The remaining models
add richer control variables to verify this relationship. Among them, Model 4 and Model
8 include all control variables. Several bottom rows of Table 1 exhibit Pearson (2015), R-
squared, and F tests, respectively. Overall, the empirical evidence shows that all regressions
pass the fixed effect test, and hence the results support the validity of the determination for
sample countries.

Table 1. The Impacts of Government Innovation (WGI) on Innovation (Fixed Effect)

LnPatent LnTrademark
(1) (2) (3) (4) (5) (6) (7) (8)
Government | 0.17% | 028 | 0.31%* | 0.33% [ 0.23%* | 0210 | 0220 | 0370
efficiency (1.85) | (212) | (61) | (2.04) | (482 | (343) | (394) | (5.72)
FDI 0.09 -0.30 0.17 -0.52 0.02 0.09 0.04 -0.27
0.32) | (-0.58) | (035 | (-0.85) | (0.15) | (0.39) | (0.20) | (-1.13)
GDP -0.02 0.90%** | —0.09*** -0.08
(-0.67) (3.12) | (-4.27) (-0.77)
Openness 0.08 -0.53** -0.02 -0.14
(0.58) (-2.35) (-0.37) (-1.62)
Energy 0.08*** 0.09%** -0.01 -0.01
(4.64) (2.75) (-0.44) (-0.75)
Population 0.02 0.19 0.04* 0.16***
(049) | (1.63) (1.68) | (3.99)
. 0.06 -0.46 0.31%% | 0.73*%**
Education
0.33) | (-1.17) (3.35) | (4.73)
Industry -0.12 -0.94 -0.08 -0.07
(-0.29) | (-0.86) (-0.33) | (-0.22)
Constant S2.6104% | 3,040 | —2.6674% | =3.08%* | —0.23%*F | —0.21%%* | —0.53*%*F | —0.92%**
(-56.61) | (-18.21) | (-14.59) | (-5.93) | (-9.61) | (-2.87) | (-5.16) | (-4.80)
%:il(;}rldual control | control | control | control | control | control | control | control
Time factor control | control | control | control | control | control | control | control
R2 0.00 0.04 0.01 0.05 0.03 0.02 0.04 0.14
F 12.20 6.52 1.52 3.03 12.73 3.12 6.04 9.47

Notes: Trademark denotes the total number of trademark applications, while Patent presents the total
number of patent applications. Z-statistics in parenthesis; ***, **, and * indicate statistical significance
at the 1%, 5%, and 10% levels, respectively.
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We additionally find a positive coefficient of government efficiency at 0.17, which is sig-
nificantly different from zero at the 10% level. It indicates that higher innovation output
comes from the increase in government efficiency. In column (4), an increase in government
efficiency by one unit enhances patent and trademark applications by 0.33 and 0.37 percent-
age points, respectively. Moreover, our evidence reflects that government efficiency generates
a crucial influence on innovation activities. This result is consistent with Galang (2012), who
finds that ineffective governments often damage international technology adoption.

The variable Energy generates a different impact on patent and trademark applications.
Columns (2) and (4) show a positive impact on Patent at the 1% significance level, which
implies that higher energy density could boost the activities of the patent application. Con-
versely, some energy businesses do not promote the benefits of their trademarks at the 1%
significant level. It may be attributed that the large demand for technology innovation from
monopoly energy enterprises to improve their productivity, rather than the dissemination
of trademarks. These results are in line with Chang et al. (2018), who pay more attention to
energy reformation.

3.2. Robustness check

In order to address potential endogenous problems, we form a dynamic fixed-effect model
between government effectiveness and innovation output, Wen et al. (2018b) find that coun-
tries with high levels of innovation output expect to have higher innovation output in the
following years. We use the systematic GMM estimation method to simulate the dynamic
correlation between government effectiveness and innovation. The coeflicients of government
efficiency in 1-4 columns are higher than others respectively which suggests that the pro-
moting effect of patent applications from government effect is greater than the trademark. It
may be drawn from different verification systems. Adding the lagged value of the dependent
variable as one of the explanatory variables will generate the dynamic panel model (Nickell,
1981). The estimation results reveal that AR (2) for most models are not significant at the
10% level, meaning that the problem of over-identification from the instrument variable is
absent. Similarly, we gradually add control variables into columns (1)-(4) in Table 3. From
the results of various equations in Table 4, several alternative conclusions can be drawn. As
shown in Table 2, the estimated coeflicient of the lagged dependent variable is positive and
significant at the 1% level for all regressions, suggesting that countries with a high level of
current innovation tend to promote higher innovation output in the future. In other words,
the current innovation output always is original from past innovation behaviors. These re-
sults are similar to Wen et al. (2016), who put forward that innovation output exists strong
consistency.

We next note evidence that a higher education level is positively associated with improve-
ment in innovation output in all equations. This effect has been confirmed by Ayres et al.
(2007), and it means that prosperous innovation activities originally come from the accu-
mulation of human capital. In contrast, the mixed effect happens on the variable GDP. Its
coeflicient is negative when Openness and Energy are absent from the regression. However,
a positive coefficient appears after incorporating the other explanatory variables. It indicates
that finance resources support different fields during GDP growth (Pradhan et al., 2016).
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Table 2. The Impacts of Government Efficiency (WGI) on Innovation (SYS-GMM)

LnPatent LnTrademark
(1) (2) (3) 4) (5) (6) (7) (8)
Lagged dep. 0.54% | 0.667** | 0.497%* | 0.68** | 0.62*** | 0.61*** | 0.60°** | 0.66***
var (126.43) | (175.73) | (97.67) | (67.60) | (78.00) | (89.57) | (101.27) | (37.95)
Government | 022 | 0.06%%* | 0.47+% | 0.21%%* | 0.05%* | 0.03* | 0.12%% | 0.15%%
efficiency (43.63) | (3.73) | (2553) | (8.77) | (891) | (3.07) | (14.98) | (5.52)
DI 0.03 -0.07% | -0.27*** | -0.02 0.15%%* 0.04 0.06 -0.33%*
(1.53) | (-1.80) | (=7.17) | (<0.15) | (13.60) | (0.77) | (1.08) | (=3.32)
0.12%** 0.31%%* | —0.01%** 0.17**
GDP
(80.92) (4.82) | (-6.74) (2.19)
-0.17™ -0.24™" 0.02 0.08"™
Openness
(-10.85) (-5.47) (0.61) (2.67)
0.01+** 0.02%** —0.01*** —0.02%**
Energy
(14.66) (4.44) (=3.97) (=2.92)
. 0.12%** 0.01 0.02 -0.01
Population
435) | (0.21) (1.45) | (~0.24)
0.350%% | —0.28%%* 0.17*%* 0.07
Education
(16.69) | (-3.23) (8.80) | (0.58)
Industry —0.51*%% | -0.96*** 0.18%* | 0.63***
(-5.98) | (~5.16) (2.01) | (2.94)
Constant —1.310%% | —0.67%% | —1.67*%* | —0.50%** | —0.07°** | -0.02 | -0.29%%* | —0.37***
(-55.10) | (-25.67) | (-25.03) | (-3.75) | (-10.88) | (-0.55) | (-7.25) | (-3.10)
Sargan test 0.54 0.97 0.98 0.99 0.51 0.84 0.80 0.99
AR(1) 0.00 0.00 0.01 0.02 0.00 0.03 0.00 0.09
AR(2) 0.16 0.19 0.05 0.05 0.82 0.68 0.80 0.85

Notes: ***, **, and * indicate statistical significance at the 1%, 5%, and 10% levels, respectively. AR1
and AR?2 report the p-value for the Arellano-Bond test of first-order and second-order autocorrelations
in the residual of the (log) patent and trademark applications series. Sargan reports the p-value of the
Sargan overidentification test for instrument variables. N represents observations. The lagged depend-
ent variable as the instructment variable.

As expected, whether for the baseline regression or dynamic regression, the proxy vari-
ables of Industry and Openness achieve the opposite relationship with patent applications,
implying that industrial change and market openness influence patent and trademark appli-
cations through different protection and expansion mechanisms. This evidence is consistent
with Nasirov (2020). Surprisingly, the variable FDI does not draw a significant influence on
innovation output. And more negative coefficients of the indicators of Patent and Trademark,
which denote that governments always be cautious with the usage of foreign direct invest-
ment. It seems probable that foreign direct investment face a series of constraining under
relevant local laws.
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To minimize the interference caused by limitations in the independent variable data and
to conduct a more comprehensive empirical analysis, we further verify the effectiveness of
governments to enhance the promotion of innovation by replacing the effectiveness of the
government with Bureaucracy Quality (BURE), which measures the quality and capacity of
the administrative system. Consistent with the above estimation results, improvement in the
quality of the bureaucratic system is conducive to growth in the number of patent and trade-
mark applications. The effect of increasing the number of patent applications is also more
obvious. The opposite significant impact of population and industrial structure on different
innovation indicators may be attributed to differences in the incentive transmission mecha-
nism under institutional adjustments. Surprisingly, a larger-scale export-oriented economy
brings more risk factors for patent and trademark infringements, reflecting a negative corre-
lation coefficient of openness. Broadly speaking, improving the quality of the administrative
team has a greater promotion effect on innovation which also answers hypothesis 1.

Table 3. The Impacts of Bureaucracy Quality (ICRG) on Innovation (Fixed Effect)

LnPatent LnTrademark
(1) (2) (3) 4) (5) (6)
Bureaucracy 0.22" 0.17" 0.13 0.41"" 0.43™" 0.54""
Quality (2.57) (1.70) (1.20) (6.96) (6.38) (7.33)
EDI 0.12 -0.03 -0.11 -0.04 0.01 0.03
(0.37) (-0.08) (-0.30) (-0.20) (0.06) (0.16)
0.41" 0.57"" 0.54" -0.18" -0.31" -0.43""
GDP
(2.41) (2.78) (2.45) (-1.75) (-2.30) (-2.83)
-0.00 -0.12"" -0.10™ -0.04™ -0.12"™" -0.12""
Openness
(-0.13) (-3.30) (-2.55) (-2.68) (-4.82) (-4.80)
Energy 0.30” 0.20 -0.20" -0.27"
(2.24) (1.37) (-1.98) (-2.42)
Population -0.79" -0.66" 0.13 0.06
(-2.35) (-1.86) (0.59) (0.29)
-0.03 0.19™
Education
(-0.63) (2.75)
Industry -3.01" 0.10
(-2.53) (0.13)
Constant -3.30™" -2.25™ -1.24" -1.01"" -0.34 -0.88"
(-12.12) (-4.89) (-2.09) (-5.53) (-1.15) (-2.21)
Individual factor control control control control control control
Time factor control control control control control control
R2 0.02 0.07 0.08 0.07 0.11 0.13
F 3.35 6.04 5.36 14.66 10.86 10.34

Notes: Trademark denotes the total number of trademark applications, while Patent presents the total
number of patent applications. Z-statistics in parenthesis; ***, **, and * indicate statistical significance
at the 1%, 5%, and 10% levels, respectively.
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In order to conduct further analysis, the fixed-effect model is replaced with the Poisson
model for a robustness check. The Poisson model is:

Patent; , = o + o, Goveffect; , +BZ; , +W; +v; + &3 (5)
Trademark; , = o,y + o, Goveffect; ;, +BZ; , +1; +v; +¢;,. (6)

The estimation results above clearly imply the relationship between government efficiency
and innovation. Wen et al. (2018b) indicate that the general panel fixed model is limited by
normal distribution among variables. Thus, the analysis using Poisson regression is mainly
to prove that the positive correlation between government effectiveness and innovation is
still very significant under the condition of diversified distribution, which is also consistent
with the results of previous regression analysis. Obviously, after adding a variety of control
variables, the factors that can promote innovation output are mainly education and industrial
structure.

Table 4. The Impacts of Government Efficiency (WGI) on Innovation (Poisson Regression)

Patent Trademark
(1) (2) (3) (4) (5) (6) (7) (8)
Government | 1.41%** 0.41** 0.44** 0.42** 0.99*** 0.28** 0.46** 0.50%**
efficiency (11.05) (2.39) (2.57) (1.98) (9.66) (2.10) (3.58) (3.27)
DI 0.76 1.39 0.02 0.19 -0.06 0.37 -0.11 -0.03
(1.50) (1.85) (0.03) (0.22) (-0.17) (0.60) (-0.21) | (-0.04)
-0.14 0.47 0.11
GDP
(-1.83) (0.47) (0.24)
-0.37 -0.26 -0.18 -0.20
Openness
(-1.11) (-0.59) (-0.85) (-0.72)
0.02 0.03 -0.04 -0.01
Energy
(0.36) (0.22) (-1.31) (-0.10)
0.11 0.29 0.13 0.15
Population
(0.45) (0.59) (1.55) (0.94)
1.84™ | 2.49™ 1207 | 2.18™
Education
(8.13) (3.73) (8.03) (4.48)
-2.44" | -2.99" -1.317 | -1.09
Industry
(-2.44) | (-1.97) (-2.22) | (-0.92)
—2.610% | _3,04%F% | —2,66%%F | —3.08¥%F | —0.23%F4% | —0.21%% | —0.53%F* | —0.92***
Constant
(-56.61) | (-18.21) | (-14.59) | (-5.93) | (-9.61) | (-2.87) | (-5.16) | (-4.80)

Notes: Trademark denotes the total number of trademark applications, while Patent presents the total
number of patent applications. Z-statistics in parenthesis; ***, **, and * indicate statistical significance
at the 1%, 5%, and 10% levels, respectively.
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3.3. Further analysis

3.3.1. Heterogeneity analysis

As emphasized by scholars such as Chang and Lee (2011), dividing the entire sample into
multiple sub-samples with different characteristics can help us to further explore the hetero-
geneity of social development in various countries. Because innovation activities are often
affected by the degree of political openness and economic development. Therefore, we plan
to form various contrasts analysis in the level of political, economic, and innovation. Ac-
cording to different development levels and characteristics, we divide the full sample into
four sub-sample: former communist countries, European countries, OECD countries, top-10
innovational countries® , and reduced sample. Table 5 shows the analysis results. In general,
the results obtained by each sub-sample are basically consistent with the entire sample, and
improvement in government efficiency can significantly promote innovation output. Simi-
larly, we employ the dynamic estimation for the sub-sample to obtain a longer-term dynamic
relationship between innovation output and government effectiveness and to explore sev-
eral heterogeneities through the generalized method of moments in Table 6. Additionally,
it also deals with the endogenous problems in the variables. We chose the lag period of the
government efficiency index as the instrumental variable of the model and explored the
sustainability of the impact of government efficiency on innovation output. Compared with
the estimation results of the former communist countries in the fixed-effect model, the im-
provement of government efficiency could impact innovation output at the low significance
level and even has no significant impact on the number of trademark applications in the
dynamic model. From our perspective, it is original from the laws related to patent examina-
tion and protection are stricter and more completed than trademark, which will inevitably
cause patent applications to be more deeply affected by government intervention in most
countries. Therefore, government efficiency has a greater role in promoting the number of
patent applications than trademarks. In addition, the promotion of innovation output by ef-
ficiency improvement in the governments of former communist countries is more significant,
which is mainly due to the characteristics of concentrated political rights and the governance
habits formed during their planned economies. This reflects the unsustainability support
for innovation activities from political power. Meanwhile, the negative coefficient of the lag
phase indicates that the atmosphere of the planned economy has a significant restrictive ef-
fect on business innovation, which may stem from increased government intervention for
the improvement of government efficiency. The difference in the elasticity of trademarks
and patent applications on government efficiency further confirms the difference in devel-
opment paths between them. From another perspective, it shows that business innovation
needs a market-oriented environment. The government should create and maintain a good
business environment rather than to pursue economic growth rapidly by mobilizing the
large economic resources during the period of economic transformation which also answers
hypothesis 2. Therefore, it also shows that their governments are more inclined to increase
innovation output to achieve economic growth.

¢ Top 10 innovational countries: United States, China, Japan, Germany, South Korea, France, the United Kingdom,
Switzerland, Sweden, and the Netherlands (According the cumulative number of application for patents up to
2018).
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In the sample of EU countries, compared with the former communist countries, Eu-
ropean countries generally advocate the concept of “small government, big market”. The
various resources are allocated by the invisible hand. Therefore, the positive effect of their
innovation output from the improvement of government efficiency is limited. The number
of trademark applications and the degree of foreign trade openness show more significant
positive influences than other regression results. This result may come from the more ad-
vertised trademarks by a developed foreign trade system that attracts more businessmen to
apply for trademarks.

To confirm whether relatively richer countries pay more attention to investment in in-
novation, we select 27 OECD countries as the last sub-sample. It can be seen that compared
with European countries and former communist countries, the improvement of government
effectiveness of OECD countries has less impact on innovation output, which shows that
global cooperation has promoted the exchange of technology and capital among countries
that weaken the government influence in innovation activities. Obviously, the estimation is
very similar to the previous findings.

It is worth noting that the coefficient of government efficiency for high-innovation coun-
tries is smaller in the dynamic model than the estimated results of the fixed-effect model.
It may be attributed to the countries with higher levels of innovation have a more complete
innovation incentive mechanism. Furthermore, in the comparison between static and dy-
namic regressions, the improvement of government efficiency could stimulate innovation
output in the short term. It is convinced that the government could issue a large account
of innovation projects and policies to attract more talents to join the innovation team and
focus on innovation activities that promote the improvement of innovation output. But more
government actions brought by the improvement of government efficiency will interfere with
the spontaneous innovation system which may be the reason for the negative coefficient in
the dynamic process. On the contrary, in the aspect of trademark-related estimations, the
improvement of government efficiency has a limited marginal impact on trademark applica-
tion in the long run. It is believed that commercial innovation output comes from market
forces rather than the government. Thus, although the government efficiency is improved
could do a significantly positive impact on the number of trademark applications in the static
model, but the final effect still needs the market-testing in the long-term dynamic process.
On the other hand, the coefficient of the lag item can verify the stronger the continuity of in-
novation for high-innovational countries. The smaller coefficient also shows that the market
mechanism is the dominant force of innovation rather than political power which confirms
the estimated results from previous regressions.

Therefore, we also selected the reduced sample to confirm this conclusion for robustness.
And the results of reduced sample regression still reflect the positive effect on innovation
output from the improvement of government efficiency. This result also suggests that the
administrative teams need to generate well-designed systems and maintain a competitive
environment by attracting talents with a greater sense of mission who recognize the social
meaning of innovation. For this reason, higher government efficiency and less administrative
intervention will bring about a better innovation level.
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3.3.2. Mechanism analysis
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Compared with the previous heterogeneity study, we will further focus on how government
efficiency affects innovation. We choose the system and legal indicators from ICRG as a
measurement of the institutional environment. It reflects the degree of investor protection
and system integrity. In order to reflect the complementary relationship between the insti-
tutional environment and government efficiency, we have added two dependent variables to
the model to verify whether government efficiency impacts the local innovation output by
improving the institutional environment.

system;, +BZ; , +1; +V; +€;

Ln(Patenti, ) = a,, + o, Goveffect; ; +a,system;, +o;Goveffect;, x

Ln(Trademarkit ) =0, +o,Goveffect; ; +a,system;, +o;Goveffect;, x

system;, + BZM T Y g,

(7)

(8)

where |, represents unobserved factors with no timely change that is used to control regional

fixed effects, and v; is used to control time fixed effects.

Table 7. Innovation output, system environment and government efficiency

LnPatent LnTrademark
(1) (2) (3) (4)
Government 0.87** 0.06
efficiency (2.50) (0.45)
System 0.04*** —-0.19%** 0.08*** -0.06**
environment (3.30) (-2.59) (7.54) (-2.27)
Goveffect* 0.31°0¢¢ 0.08*
system (4.08) (2.81)
FDI —0.05%** -0.63 —0.11%** -0.02
(-8.67) (~1.08) (~18.70) (=0.09)
0.01%*+* 0.10%** 0.01%+* 0.01
GDP (2.59) (3.50) (3.92) (0.48)
Openness —0.11%%* -0.30 0.03** -0.06
(-4.09) (-1.49) (2.17) (-0.79)
Energy 0.04 0.55 -0.06 -0.21
(0.58) (1.45) (<0.64) (-1.41)
Education 0.08** -0.23 0.45%** 0.80***
(2.39) (=0.59) (10.53) (5.15)
Industry -0.03 -0.13 0.64*** -0.25
(-0.28) (-1.28) (5.86) (-0.80)
1.62%** 7.170%% 2.74%* 8.95%**
—cons (9.44) (12.35) (16.26) (40.36)
N 561 458 617 484

Notes: Trademark denotes the total number of trademark applications, while Patent presents the total

number of patent applications. Z-statistics in parenthesis;
at the 1%, 5%, and 10% levels, respectively.

X% %
>

, and * indicate statistical significance
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From the regression model shown in Table 7, column (1) and (3) show that the in-
stitutional environment has a significant promotion effect on innovation output, and the
institutional environment has a more significant promotion effect on business innovation,
both of which meet the 1% significance test. This shows that a good institutional environ-
ment can significantly increase local innovation output. On the other hand, by exploring the
interaction between the institutional environment and government effectiveness in columns
(2) and (4), we can find that the institutional environment and government efficiency have
a significant complementary effect on innovation activities. It also further verifies that the
government can promote innovation activities by optimizing the institutional environment
which answers hypothesis 3.

From the above results, it can be concluded that whether the benchmark regression or the
robustness check results show that the improvement of government efficiency can increase
innovation output. In addition, the use of different government performance indicators and
estimation methods have verified that the improvement of government efficiency has a con-
tinuous role in promoting innovation. After checking the sub-samples, several heterogeneous
conclusions can be drawn, for example, in regions with a culture of a planned economy, the
improvement of government efficiency would play important role in innovation develop-
ment. In addition, in regions with a high level of innovation, the promotion of government
efficiency to promote innovation output is limited, which shows that developed and inno-
vative regions are forming a virtuous circle of spontaneous innovation activity. Finally, the
mechanism test suggests that government could improve innovation output by optimizing
related laws and systems.

Conclusions

This study tests the effects of government efficiency on innovation output using the fixed
effect model, dynamic GMM estimation, and Poisson model for 166 countries during 1996-
2018. The education, per capita GDP, energy density, and openness-related indicators have
been utilized as explanatory variables to more closely characterize the relationship between
government effectiveness and innovation output. The results show that among the 166 sam-
ple countries, the variables GDP, Industry, and Energy always generate different impacts on
trademark and patent applications.

This paper further explores the sub-sample set of former communist countries, European
countries, OECD countries, and top-10 innovational countries to test the robustness of the
model, offering several surprising findings. The sub-sample regression proves the robustness
of the benchmark model, and more importantly, the dynamic model illustrates the long-term
positive correlation between government effectiveness and innovation output. Concretely,
through the robustness test is conducted, we find that improvement in the efficiency of ad-
ministrative power in the former communist countries has a more prominent impact on the
output of innovation output. This also suggests that research on the concentration of political
rights and on the impact of a democratic environment on innovation is valuable.

We obtain the conclusion from researching the government effectiveness of selected
countries that improvement in government effectiveness mainly comes from the optimiza-
tion of the system, the improvement of the education of government staff, and the stream-
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lining of the approval process. Therefore, to further improve the output of innovation in the
future, we should start by optimizing the institutional environment, transform government
functions, attract more innovative talents, and rely on an active atmosphere for innovation
and entrepreneurship.

Therefore, our findings also provide implications to an ambitious government for upgrad-
ing the innovation level. Firstly, human capital is a vital factor in the process of efficiency
promotion. Thus government should attract highly educated personnel to join them and
conduct regular innovative training for government employees. The officers should clarify
the boundary between the government and enterprises and play the role of guidance and
service. Secondly, the appreciated innovation policies and coherent project approval process
could give entrepreneurs more support through the reformation of a transparent operat-
ing system. However, due to the rotation of political parties, the instability of policies and
political power hinders or excessively interferes with the development of innovation activi-
ties. Therefore, it is particularly important to establish a long-term incentive mechanism by
market power for innovation activities. In addition, based on the high-risk characteristics of
innovative research projects, innovative projects often face the problem of limited financing
channels. What is more important is to force the government to build and improve the digital
matching system among funds and research projects to achieve the higher innovation level.
Finally, the government should improve the Intellectual Property Protection Law to regulate
inappropriate competition and maintain a fair market environment.

There are additionally several limitations in this paper. First, the sample size is limited and
only for international data. Second, although a sub-sample test is conducted on the sampled
countries, the exploration of individual economies is insufficient. Third, this paper only ex-
plores an impact mechanism in which government efficiency promotes innovation output
through system optimization and does not conduct a more diversified mechanism testing
approach. Thus, scholars in the future can conduct research on how to improve government
efficiency and build a digital governance environment based on this paper. In order to pro-
mote innovation output, researchers should highlight topics about policy design of patents
and trademarks. Most importantly, better alternative impact mechanisms between innovation
and government for individual countries could be explored in subsequent research.
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Table Al. Correlation matrix

war | 16RG | Fp1 | Gop | PP | R | e erey | vem | VIF | ‘e
WGI 1 1.06 | 0.94
ICRG -0.04| 1 1.15| 0.86
FDI -0.02 | 0.01 1 1.66 | 0.60
GDP 0.09 | -0.07 | 0.07 1 1.79] 0.55
Population | -0.03 | -0.06 | 0.04 | 0.45 1 1.78 | 0.56
Education | 0.02 | 0.06 | 0.09 | 0.56 | 0.11 1 2.16| 0.46
Industry | -0.07 | -0.01 | -0.03 | 0.06 | -0.13 | 0.07 1 1.24| 0.80
Openness | -0.06 | 0.02 | 0.32 | 0.22 | 0.41 0.27 | -0.02 1 1.88| 0.53
Energy -0.08 | 0.00 |-0.06|-0.22| -0.12 | -0.23 | 0.08 | -0.13 | 1 1.19| 0.84
System 0.46 | -0.01|-0.01|0.17 | -0.01 | 0.08 | -0.04 | 0.08 | 0.07 | 1 |2.78| 0.35

Notes: WGI represents government efficiency (WGI). ICRG represents bureaucracy quality (ICRG).

GDP represen

ts real per capita GDP.

Table A2. Data sources and descriptive statistics

Variable Definition Source Mean | S. Deviation | Observation
World Intellectual
Property
Patent Patent applications Organization 13954.33 | 68586.43 3,617
(WIPQO) Patent
Report
World Intellectual
Property
Trademark Tra‘li.eni‘f"rk Organization 20689.16 | 72127.16 4,068
apprications (WIPO) Patent
Report
Ranging from
approximately -2.5
Government | %) 5. higher values |\ oLd Governance | ) 1.02 3,894
efficiency Indicators
represent greater
government efficiency
. International
Bure Bureaucracy Quality Country Risk Guide 2.12 1.16 4,172
Institutional International
Environment Law and Order Country Risk Guide 3.96 1.43 3539
Foreign direct
FDI investment, net Yr‘fgi‘it?res"(e‘l;%‘gem 4.69 30.46 4,704
inflows (% of GDP)
GDP per capita World Development
GDP (constant 2010 US$) | Indicators (WDI) 10467.23 | 17056.86 2795
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End of Table A2
Variable Definition Source Mean | S. Deviation | Observation

Population density

Population | (people per sq. km of World Bank . 267.56 1317.57 7,547

population estimates

land area)

Education School enrollment, UNESC.O. Institute 62.39 3232 4,149
secondary (% gross) | for Statistics
Industry (including

Industry construction), value Xgiﬂt?resv&l;%%em 27.10 12.25 4,649
added (% of GDP)
Sum of exports and

Openness Imports of goods and ;/I\l]giit?resv&l;%%em 73.95 50.40 5,263
services (% of GDP)
Energy intensity level

Energy of primary energy ;/I\l,gigt?rzv(e\lz%%em 6.84 5.31 3,016
(MJ/$2011 PPP GDP)

List A3. The country list (full sample)

Albania, Austria, Bahamas, Bahrain, Bangladesh, Barbados, Belarus, Belgium, Belize, Bhutan, Bolivia,
Bosnia and Herzegovina, Botswana, Brazil, Brunei Darussalam, Bulgaria, Burkina Faso, Burundi, Can-
ada, Chile, China, Colombia, Congo, Dem. Rep, Congo, Rep, Costa Rica, Cote d'Ivoire, Croatia, Cuba,
Cyprus, Czech Republic, Denmark, Djibouti, Dominica, Dominican Republic, Ecuador, Egypt, Arab
Rep., El Salvador, Eritrea, Estonia, Ethiopia, Fiji, Finland, France, French, Guiana, Gambia, Georgia,
Germany, Ghana, Greece, Greenland, Grenada, Guam, Guatemala, Guinea, Guinea-Bissau, Guyana,
Haiti, Honduras, Hong Kong SAR. China, Hungary, Iceland, India, Indonesia, Iran, Iraq, Ireland, Israel,
Italy, Jamaica, Japan, Jersey. Channel Islands, Jordan, Kazakhstan, Kenya, Kiribati, Korea, Dem. Rep.,
Korea, Rep., Kosovo, Kuwait, Kyrgyz Republic, Lao PDR, Latvia, Lebanon, Lesotho, Liberia, Libya,
Liechtenstein, Lithuania, Luxembourg, Macao SAR. China, Madagascar, Malawi, Malaysia, Mali, Malta,
Mauritania, Mauritius, Mexico, Moldova, Monaco, Mongolia, Montenegro, Morocco, Mozambique,
Namibia, Nepal, Netherlands, New Zealand, Nicaragua, Niger, Norway, Oman, Pakistan, Panama, Pap-
ua New Guinea, Paraguay, Peru, Philippines, Poland, Portugal, Qatar, Romania, Russian Federation,
Rwanda, Samoa, Sdo Tomé and Principe, Saudi Arabia, Senegal, Serbia, Sierra Leone, Singapore, Slo-
vak Republic, Slovenia, South Africa, South Sudan, Spain, Sri Lanka, St. Kitts and Nevis, St. Lucia, St.
Vincent and the Grenadines, Sudan, Suriname, Sweden, Switzerland, Syrian Arab Republic, Tanzania,
Thailand, Tonga, Trinidad and Tobago, Tunisia, Turkey, Turkmenistan, Uganda, Ukraine, United Arab
Emirates, United Kingdom, United States, Uruguay, Uzbekistan, Venezuela RB, Vietnam, Yemen Rep,
Zambia, Zimbabwe.



