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This study examines the effect of governance quality on technological innovation, focusing
Received: April 02, 2026 on annual patent applications in North America (the United States, Canada, and Mexico).

The governance quality was patterned after the World Bank World Governance Indicators
Accepted: June 07, 2026 (WG%), comprisircllg the rule Iz)f law, government effectiveness, control of corruption and
Published: August 27, 2026 regulatory quality. Annual time-series data for each variable were obtained from the World
Intellectual Property Organisation (WIPO) and the World Bank. The within-regression esti-
mator and quasi-demeaning generalised least squares (GLS) were used to estimate the fixed-
and random-effects models, respectively, while the Hausman test was used to select the
appropriate model. The findings showed that the rule of law and government effectiveness
significantly increased annual patent applications during the study period, indicating that
stronger legislation and government commitment to technological innovation are critical
for the growth of patent applications in Canada, Mexico, and the USA. At the same time,
regulatory quality is significant in increasing technological innovation. This highlights the
effectiveness of quality regulation in promoting patent applications. Additionally, the results
show that controlling corruption significantly reduced annual patent applications in North
American countries, implying that anti-corruption efforts might lower innovation spend-
ing and patent applications. Given the findings, this study recommends that governments
should strengthen patent enforcement, ensure a transparent judicial process, and improve
dispute-resolution mechanisms to boost innovators’ confidence and encourage greater pat-
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INTRODUCTION

North America, comprising the United States, Canada,
and Mexico, is one of the wotld’s advanced economies,
with increasing technological innovation.  Wang ez
al. (2021) argue that the region has undergone rapid
technological transformation across information and
communication technology (ICT), artificial intelligence,
biotechnology, renewable energy, and digital finance.
This has continued to shape the regions economic
prosperity, consistent with Romer (1990), and Lucas
(1988), who assert that technological innovation is an
important enabler of economic growth and development.
It is also widely acknowledged that firms’ innovativeness
in these economies is key to their competitiveness and
sustainability in the global market. In particular, Al-
Emran & Griffy-Brown (2023) and Al-Ramahi & Odch
(2020) contend that the broad adoption of technological
innovations across various sectors and regions enhances
productivity, strengthens industry competitiveness, and
improves quality of life.

Technologicalinnovation and dissemination are key drivers
among the Sustainable Development Goals (SDGs)
for promoting sustainable development worldwide
(Al-Emran &  Griffy-Brown, 2023). Incorporating
technological goals within the SDGs highlights the crucial
role of technology in addressing various developmental
issues, linking technological diffusion directly to global
sustainability initiatives (Elfaki & Ahmed, 2024). However,
one critical factor shaping innovation in these economies

is the quality of institutions. Odei (2026) defines formal
governance quality as encompassing legal and regulatory
frameworks, protection of property rights, the rule of
law, and the effectiveness of government institutions. A
robust formal institutional environment offers businesses
stability and confidence, encouraging investment in
innovation and related activities, protecting intellectual
property rights, and managing the complexities of the
business landscape (Wang ¢z a/., 2019).

Furthermore, Barasa ez o/ (2017) state that institutions
are the boundaries created by society’s members that
regulate political, economic, and social interactions.
These institutions are mainly guided by formal and
informal rules that govern the participation of various
actors and economic agents, enabling them to achieve
their goals (Carney, Dieleman & Taussig, 2016). The
governance quality encompasses a range of factors,
including legislation, individual rights, and the efficiency
of government regulations and services. Additionally,
the quality of governance influences how effectively
governments can develop and execute policies that foster
research and development, attract investments, and
drive technological innovation. In economies with high
governance quality, businesses and individuals are more
inclined to participate in innovative efforts due to lower
uncertainty, stronger legal frameworks, and easier access
to public infrastructure and services.

Despite their geographical proximity and economic
integration, countries in the North American region
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exhibit heterogeneous governance quality, institutional
effectiveness, and innovation performance. While the
United States and Canada consistently rank highly in global
innovation and governance indicators, Mexico continues
to face institutional and governance challenges that may
influence the pace and effectiveness of technological
development. This heterogeneity in governance quality
and innovation has continued to attract the attention
of policymakers and researchers. In this context, this
study examines how governance quality contributes to
technological innovation across selected North American
countties, with a focus on the United States, Canada, and
Mexico. The study is organised into five sections. Section
1 provides the introduction, while Section 2 embodies
the literature review, including theoretical and empirical
literature. Section 3 focuses on the methodology, while
Sections 4 and 5 present the findings and discussion,
respectively, and conclude the paper.

LITERATURE RIREVIEW
Theoretical Literature

Institutional highlights  the
institutions such as property rights, the rule of law, and

theory importance of
anti-corruption measures in shaping economic outcomes.
North (1990) describes formal institutions as the political,
economic, and legal rules that restrict individual and firm
behaviour and promote effective social cooperation.
Seyoum (2009) extend this postulation, stating that
formal institutions include laws, regulations, and rules
that underpin production, exchange, and distribution, as
well as those governing property rights, competition, and
contracts. The strength of these institutions significantly
influences the overall business climate. Robust formal
institutions create a conducive environment for firms to
operate, invest, endure, and innovate successfully.

The quality of institutions can greatly influence product
innovation and ripple through a country’s economic
growth and development. The ease of doing business
and the regulatory framework in emerging markets
affect innovation costs and obstacles (Rodriguez-Pose &
Zhang, 2020). Similarly, Barasa e a/. (2017) contend that
simplifying regulatory procedures can reduce bureaucratic
barriers and encourage companies to invest more in R&D
and innovation. Thus, protecting property rights is crucial
to fostering product innovation in emerging-market firms.
When firms and individuals believe their intellectual
property and investments are legally safeguarded, they
are more likely to engage in R&D and pursue innovative
projects (Dunyo & Odei, 2023). Therefore, institutional
quality identifies good governance as
technological innovation, including patent applications.

integral  to

Empirical Literature

There is extensive research on how quality governance
influences innovation across both developing and
developed economies and across economic blocs. Ibanez
et al. (2024) used Partial Least Squares Structural Equation

Modeling (PLS-SEM) to examine how good governance

affected innovation in the FEuropean Union (EU). The
findings indicate that good governance, education, and
indicators of gross domestic product have a positive effect
on innovation across EU countries and supranational
government-controlled institutions. The results further
indicated that gross domestic product mediates the
relationship between good governance and innovation,
as well as between education and innovation. Naimoglu,
Sahin & Ozbek (2025) analysed the factors influencing
green growth in Tirkiye between 1995 and 2022, focusing
on institutional quality, corruption, trade openness, and
innovation. The study employed the ARDL method using
annual data. The findings suggest that good governance
improves green growth, and effective governance structures
support sustainable development. Conversely, corruption
undermines green growth, underscoring the importance
of anti-corruption efforts. Additionally, the study found
that greater trade openness harms green growth, likely
because increased trade drives higher production and fossil
fuel use, which hampers sustainable development.

Odei (2020) explores how formal institutional quality
affects product innovation, considering how policy
instability and technological infrastructure can influence
this relationship. The research examines 44 emerging
markets in sub-Saharan Africa (SSA) from 2006 to 2022,
using a two-way fixed-effects probit model. Findings
show that strong institutional quality boosts product
innovation; technological infrastructure can weaken this
effect overall; both policy instability and technological
infrastructure can strengthen the link between institutional
quality and innovation; and policy instability enhances
this relationship further, especially when technological
infrastructure is in place. This study offers meaningful
insights for policymakers and business leaders secking to
foster innovation in emerging markets.

Using data from 2010 to 2024 for all South Asian
countries except Afghanistan, Chowdhury, Abdullah,
and Quader (2025) examine the impact of institutional
quality and technological innovation on entrepreneurship
development in the South Asian region. Applying the two-
step system generalised method of moments, the study
finds that technological innovation, institutional quality,
and economic growth have a positive and significant
impact on entreprencurship development, whereas foreign
direct investment and financial development have a positive
but insignificant impact. The study further finds that the
interaction between institutional quality and technological

innovation  significantly influences entrepreneurship
development. The study provides appropriate policy
recommendations for the government, regulatory

authorities, institutions, and other relevant stakeholders to
strengthen the entreprencurship ecosystem in South Asia
in the future.

Zhang & Rodriguez-Pose (2024) examined how
government reform, treated as an exogenous shock to
regional institutions, affected the innovation performance
of city-regions in China between 2009 and 2016. The

study finds a positive and significant relationship between
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enhanced institutional quality and innovation performance
in Chinese city-regions, especially in those with medium- to
high-level innovation.

This emphasises the important role of government
institutions in fostering innovation throughout China
and underscores regional differences in how government
agency reforms are adopted, shaping the country’s
innovation landscape. Hussen & Cokgezen (2021) utilised
data from the World Bank Enterprise Survey (WBES)
involving firms from 19 African countries to investigate
how regional institutional quality influences innovation.
They compared three institutional factors: regulatory
quality, rule of law, and corruption, to assess their impact
on firm innovation. The findings indicate that institutional
quality at the regional level significantly influences firms’
innovation performance. In contrast, firm-specific factors
such as age, ownership, and exporting activity showed no
significant correlation with innovation. However, factors
such as firm size, R&D spending, on-the-job training
(OJT), and owners’ ability to adopt new technologies were
significantly associated with a firm’s propensity to innovate.
Using a Tobit panel-data regression model, Dal-Molin &
Leggerini (2026) examined the role of institutional quality

1000
1

in fostering the twin transition across European regions.
Twin transition innovation is measured by the share
of patents that simultancously address environmental
sustainability and digital transformation. The findings
indicate that higher institutional quality significantly
increases the likelihood and intensity of twin transition
patenting. In a related study, Kogak (2017) employed
annual data from 1997-2014 to investigate the influence
of institutional quality on innovation performance in
developing countries. The results show that bureaucratic
quality, government stability, democratic accountability, and
law and order positively affect innovation performance.
The study concludes that strengthening institutional
structures in developing countries could significantly boost
innovation and economic development.

Stylised Facts on annual patent applications per
million people in North America

The stylised facts for annual patent applications are
presented as a time series trend as:

The time-series trend in annual patent applications per
million people across North American countries reveals
notable differences in the levels and trajectories of
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Figure 1: Annual patent applications per million people in North America

technological innovation in Canada, the United States,
and Mexico over the study period. The United States
consistently had the highest number of annual patent
applications, rising from around 640 per million in the
eatly 2000s to about 800 by 2007. After a marginal decline
in 2008-2009, patent applications continued to grow,
reaching an all-time record high level of over 900 per
million between 2013 and 2017. It gradually declined to
about 800 in the early 2020s. Despite this fluctuation, the
U.S. maintained a much higher level of innovation than
Canada and Mexico, reflecting its strong technological
capacity and extensive R&D investment. Canada is next to
the U.S patent application rate, beginning at approximately
120 per million and gradually rising to 160-170 by
2005-2006. From the late 2000s, applications gradually
declined to about 100-110 around 2016-2018. A slight
recovery after 2019 stabilised just above 110 applications
per million, suggesting a steady but lower innovation

environment compared to the U.S. On the other hand,
Mexico had the lowest patent application rate over the
period, with applications increasing gradually from 2016
to 2018. Applications in Mexico were significantly lower
than in Canada and the U.S. and declined slightly over time.
This reflects lower levels of innovation, research, and
patent activity. The trend cleatly indicates an innovation
gap among countries in the North American region, with
the U.S. leading in patent applications, Canada remaining
moderate, and Mexico’s rates remaining low.

MATERIALS AND METHODS

Data and Variable Description/Measurement
Annual time-series data were used in this study from the
World Intellectual Property Organisation (WIPO, 2026)
and the World Bank World Governance Indicators (WGT).
The level of technological innovation was measured by the
number of annual patent applications per million people.
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The WGI was employed to measure governance quality,
with a focus on the rule of law, government effectiveness,
control of corruption and regulatory quality.

In particular, the rule of law was measured using the
rule of law index, a composite indicator expressed as a
standard normal distribution, ranging from approximately
-2.5 to 2.5. A priori, improvements in the rule of law are
expected to boost technological innovation. The estimates
for government effectiveness and control of corruption
are in units of a standard normal distribution, ranging
from approximately -2.5 to 2.5. Similarly, the estimate for
regulatory quality is measured as an aggregate indicator,
in units of a standard normal distribution, ranging from
approximately -2.5 to 2.5.

Model Specification

This study is anchored in institutional theory and closely
follows the work of Odei (2026) and Ibanez ef al. (2024),
with improvements in technology innovation enabled by
the use of annual patent applications and the focus on
the WGI governance quality indicators. The fixed-effects
model representation is as follows:

APAT:=Po+ BiRULE:+ PoGOVEz - PsCORCy+ BREQT+ Ui + €. m

Where: APAT = annual patent applications, proxy for
technology innovation, RULE = rule of law index,
GOVE = government effectiveness index, CORC =
corruption control index, REQT = regulatory quality

Table 1: Summary statistics

index, B, = intercept, B, — B, =
fixed effects (individual effects), and €= error term.

slope parameters, U, =

The random effects model is specified as follows:

APATy = o+ B1IRULE; + B2GOVE;+ psCORCit + BsREQTit + Ui + vir....... (1

vi = Remainder disturbance term

Estimation Strategy

The within regression estimators were used to the fixed
effects model. This is considered ideal given the one-way
error component model, which captures the individual
effects. However, the random effects model was estimated
using quasi-demeaned generalised least squares (GLS),
consistent with Balestra & Nerlove’s (1966) proposition.
Consequently, the individual effect is treated as random.
The choice of the appropriate estimator between the
fixed and random effects was based on Hausman’s (1978)
test results. Additionally, descriptive statistics were used
to analyse the distribution of each variable over the study

petiod.

RESULTS AND DISCUSSION

Descriptive Statistics

The summary statistics for each variable are presented in
Table 1.

The results showed that the annual patent applications
across the sampled North American countries (Canada,
Mexico, and the USA) averaged 313.25 per million

Variable Obs Mean Std. Dev. Min. Max
APAT 69 313.25 353.51 4.545 910.51
RULE 69 0.784 1.039 -1.15 1.8
GOVE 69 1.115 0.8365 -0.32 1.98
CORC 69 0.828 1.078 -0.95 1.98
REQT 69 1.102 0.689 -0.2 1.84

Source: STATA 15 output

people, ranging from 4.545 to 910.51 per million during
the study period. The rule of law index and government
effectiveness index averaged 0.784 and 0.8365,
respectively.

The minimum and maximum values for the rule of law
index ranged from -1.15 to 1.8. The standard deviations
for annual patent applications and the rule of law exceed
their respective means, indicating that the observations
for each do not cluster around their respective means.
However, the standard deviation for government
effectiveness is less than the corresponding mean,
indicating that the observations are clustered around the
mean. The results further showed that the control of
corruption index and regulatory quality index averaged

0.828 and 1.102, respectively. While the observations for
the control of corruption index do not cluster around
the mean, those for the regulatory quality index do.
This suggests that the countries in the sample tend to
experience similar regulatory quality during the study
period.

Model Estimation

The model estimation followed a static panel approach,
with emphasis on fixed- and random-effects models. The
results are summarised in Table 4.2.

Note: *¥#*, ** and * denote statistically significant at 1%.
5% and 10% levels, respectively
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Table 2: Summary of fixed and random effects results

Dependent variable: APAT 1) 2)
Variable FE RE
RULE 17.087 623,84
(0.713) (0.007)
GOVE -32.73 594,81 %%
(0.521) (0.001)
CORC -39.975 -1322.23%%*
(0.4606) (0.000)
REQT -81.976 659.02%*
(0.224) (0.050)
Constant 459.79%+* -469.95%*
(0.000) (0.031)
Observations 69 69
R-squared 0.214 0.519
F-test
Prob.(F-stat.)
Number of crossid 3 3
F-test(u_i=0) 881.93
Prob.>F-(u_i=0) 0.0000
Chi-square(var(u_i=0)) 69.17
Prob.> chi2(var(u_i=0)) 0.0000
Hausman test results Prob>chi2 = 0.1382

Source: STATA 15 output

Figures denote the p-values of corresponding
coefficients

The Hausman test result shown in the last row of Table
4.2 has a p-value of 0.1382, which is less than 0.05,
indicating that the random effects model is preferred.
Thus, the estimated random-effects model served as
the basis for interpreting and discussing the findings.
The results showed that the rule of law index has a
significant positive effect on annual patent applications,
with a unit increase in the rule of law index leading to a
623.84 unit increase in annual patent applications during
the study period. This finding aligns with eatlier results
by Chen, Yao & Zhong (2022) and Zhang, Xie & Gao
(2022), who found that adherence to environmental laws
positively affected green invention patent applications.
Similarly, the random-effects results showed a significant
positive effect of the government effectiveness index on
patent applications. A unit increase in the government
effectiveness index is associated with a 594.81 unit
increase in annual patent applications across the selected
North American countries during the study period. This
is consistent with the findings of Gao & Fan (2023),
who established that institutional effectiveness is critical
for technological innovation. This further attests to
the government’s effectiveness and responsiveness in
promoting technological innovation in the region. The
results further showed that the regulatory quality index
has a positive effect on annual patent applications across

the countries in the study sample. This corroborates
the findings of Jiang & Sun (2025) and Agostino ¢ al.
(2020), who found that regulatory policies are integral for
technological innovations. On the other hand, corruption
control has a significant negative effect on annual patent
applications across the North American countries. One
possible explanation for this counterintuitive result is
that governments prioritising anti-corruption efforts may
reduce spending on research and development (R&D),
innovation incentives, or technology commercialisation
programs, thereby undermining patent applications.
The R-squared of 0.519 indicates that about 51.9% of
the total variation in annual patent applications is jointly
explained by changes in the governance quality indicators.
This finding attests to the statistical reliability of the
estimated random effects model. It is further observed
from the results that the p-value (0.0000) of the chi-
square statistic (69.17) is less than 0.05, indicating that the
governance quality indicators (rule of law, government
effectiveness, control of corruption and regulatory
quality) are jointly significant in explaining changes in
patent applications during the study period. This further
validated the statistical reliability of the estimated random
effects model.

CONCLUSION
This study provides insights into the implications of
governance quality on technology innovation, focusing on
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annual patent applications in North America. In particular,
the effects of the rule of law, government effectiveness,
control of corruption and regulatory quality on annual
patent applications were examined. The findings showed
that the rule of law and government effectiveness
significantly increased annual patent applications during
the study period, indicating that stronger legislation and
government commitment to technological innovation are
critical for the growth of patent applications in Canada,
Mexico, and the USA. At the same time, regulatory quality
is significant in increasing technological innovation.
This highlights the effectiveness of quality regulation in
promoting patent applications. Additionally, the results
showed that control of corruption significantly reduced
annual patent applications in the selected North American
countries. Given the findings, this study concludes that
improved governance quality provides a pathway for
technology innovations in North America. Therefore,
governments should strengthen patent enforcement,
ensure a transparent judicial process, and improve dispute-
resolution mechanisms to boost innovators’ confidence
and encourage greater patent applications. Governments
in North America should collaborate to ensure that anti-
corruption measures do not create excessive bureaucracy
that may undermine technological innovation.
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