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Objective: This study aims to analyze the impulse response of the long-run
effects of knowledge-based economy indicators on the economic growth of
selected Persian Gulf countries during the period 2010 to 2022.

Methods and Materials: The study employed a Panel Vector Autoregression
(PVAR) model along with the Impulse Response Function (IRF) technique.
Variables included institutional quality, innovation (R&D), human capital and
active labor force, ICT infrastructure, and personal internet usage. Data were
sourced from the World Bank, and optimal lag lengths were determined prior
to analysis.

Findings: Results revealed that institutional quality, innovation, human capital
and labor force, ICT, and internet usage—each representing one of the four key
pillars of the knowledge-based economy—have statistically significant and
positive effects on economic growth in both the short, medium, and long run
across the selected Persian Gulf countries.

Conclusion: The findings affirm the strategic importance of knowledge-based
economy components in fostering sustainable economic growth in the region.
Policymakers are advised to strengthen institutional frameworks, enhance
digital infrastructure, invest in human capital, and support innovation systems
and intellectual property protection to fully leverage the growth potential of
knowledge-based development.

Keywords: Impulse response analysis, long run effects, knowledge-based
economy, economic growth, Persian Gulf countries
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EXTENDED ABSTRACT
Introduction

The concept of the knowledge-based economy (KBE), first introduced by Peter Drucker in 1969,
has gained prominence as a cornerstone of modern economic thought and policy. Emerging alongside
shifts in resource valuation, production paradigms, and social structures, KBE emphasizes innovation,
human capital, institutional quality, and digital infrastructure as its core components (Sidra & Wagan, 2024;
Tan, 2024). Countries such as the United States, South Korea, and the UAE have extensively integrated
knowledge into their development agendas, while Iran has more recently adopted strategic initiatives to
foster knowledge-driven growth (Karimi & Yadgari, 2024). In this context, sustainable economic
development increasingly hinges on the systemic promotion of technological innovation, human resource
development, legal and institutional reform, and ICT infrastructure (Matousek & Tzeremes, 2021; Pourali et
al., 2022). From an endogenous growth theory standpoint, variables like innovation, education, and R&D
investment function as internal drivers of productivity enhancement and long-term economic expansion
(Feshari & Valibeigi, 2017; Hirono, 2021).

Empirical literature supports the strong association between KBE indicators and economic growth
across various national contexts. Studies have highlighted the role of institutional quality in improving
investment environments (Matousek & Tzeremes, 2021), R&D in stimulating creative destruction and
productivity (Antonelli & Fassio, 2018), and human capital in shaping the labor force's ability to generate
value (Kim et al., 2017). Additionally, ICT infrastructure facilitates real-time information exchange and e-
governance, which are critical in modern economic systems (Aksentijevi'c et al., 2021; Appiah-Otoo & Song,
2021). While most studies focus on individual KBE pillars, limited research offers a simultaneous analysis
of all four across the Persian Gulf region. Given the strategic economic transformations occurring in
countries such as Saudi Arabia, the UAE, and Qatar, understanding the combined and long-term impact
of KBE indicators is essential for guiding regional development policy. This study addresses this gap by
employing a panel vector autoregression (PVAR) model with impulse response function (IRF) analysis to
investigate the long-run effects of KBE indicators—namely institutional quality, innovation, human
capital, and ICT—on the economic growth of seven Persian Gulf countries over the period 2010 to 2022.

Methodology

This research adopts a descriptive-analytical approach with an applied purpose, using secondary
macroeconomic panel data from the World Bank for Iran, Irag, Saudi Arabia, UAE, Kuwait, Qatar, and
Oman between 2010 and 2022. The dependent variable is economic growth (EG), measured by annual
GDP growth. Independent variables include institutional quality (RQ), innovation (R&D expenditure as a
percentage of GDP, denoted INN), human capital (secondary school enrollment rate, HC), labor force
participation (L), ICT infrastructure (proxied by secure internet servers, SIS), and individual internet usage
(1U). Given data limitations for direct ICT measures, IU and SIS serve as proxies for digital infrastructure.

The PVAR framework allows all variables to be treated as endogenous, providing flexibility to
examine their dynamic interrelationships. Prior to model estimation, several econometric diagnostics were
conducted: Pesaran's cross-sectional dependence test to ensure panel integrity; panel unit root tests (ADF
and Levin—Lin—Chu) to confirm stationarity; and optimal lag selection using Schwarz and Akaike
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information criteria, which identified a one-period lag as optimal. IRFs were then generated to assess the
time-dynamic responses of economic growth to shocks in each KBE indicator across short (1 year),
medium (2-5 years), and long-term (beyond 5 years) horizons.

Findings

Descriptive statistics show the average annual economic growth across the selected countries was
3.10%. Institutional quality exhibited a mean of -0.06, indicating governance challenges, while innovation
registered an average of 0.44%. Human capital and labor force participation recorded averages of 34.67%
and 65.24%, respectively. ICT infrastructure (as measured by SIS) and internet usage had means of 70.87
and 934.57, reflecting moderate to high digital penetration.

All variables were confirmed to be stationary at level, and cross-sectional dependence was present,
justifying the use of second-generation unit root tests. The IRF analysis demonstrated that institutional
quality had a statistically significant and positive impact on economic growth across all time horizons.
Similarly, innovation led to consistent increases in GDP growth over time, confirming the productivity-
enhancing effects of R&D. Human capital and labor force variables showed significant positive responses,
indicating that educated and engaged workforces are instrumental in sustaining growth. ICT and internet
usage also exhibited positive and persistent effects, validating their role in enabling information flow,
reducing transaction costs, and enhancing global market access.

Discussion and Conclusion

The empirical results strongly affirm the relevance of the knowledge-based economy paradigm for
the Persian Gulf region. First, institutional quality emerged as a foundational pillar for economic
development. Its positive impact in both short and long-term scenarios supports the notion that efficient,
transparent, and accountable governance structures foster investment, enhance trust, and reduce
uncertainty. These results echo prior findings on the importance of regulatory quality and legal
frameworks in promoting growth and productivity.

Second, innovation—measured through R&D expenditure—demonstrated a robust and sustained
contribution to GDP growth. This underscores the necessity of national innovation systems that support
academic research, technological commercialization, and startup ecosystems. Innovation's capacity to
create new markets, improve production efficiency, and facilitate competitive advantage renders it a key
enabler of transformation in resource-based economies transitioning toward diversification.

Third, the education level and labor force participation—proxies for human capital—highlighted
the critical importance of workforce readiness in a knowledge-intensive economy. Investment in skills
development, particularly STEM education, not only enhances employability but also increases
productivity and facilitates technological diffusion. The results reinforce the human capital-growth nexus,
wherein education and training catalyze innovation absorption and sustainable economic performance.

Fourth, ICT infrastructure and digital connectivity were shown to significantly influence economic
growth. The widespread use of internet technologies enables access to knowledge, improves service
delivery, reduces market frictions, and encourages e-commerce. As such, ICT investments play a dual
role: they serve as enablers of other KBE components and act as direct contributors to GDP. These findings



resonate with global experiences wherein ICT expansion has driven structural shifts and digital
competitiveness.

Comparatively, this study’s findings align with the broader literature. For instance, the positive
effect of institutional quality matches (Pourali et al., 2022), while the economic relevance of ICT and
innovation confirms results reported by (Appiah-Otoo & Song, 2021) and (Antonelli & Fassio, 2018). In
contrast to (Alomari, 2019), who found limited direct influence of knowledge indicators in African
economies, this study demonstrates that, in the Persian Gulf context, KBE elements have tangible,
consistent, and statistically significant impacts on economic growth.

In conclusion, governments in the region are advised to deepen their commitment to knowledge-
driven development by enhancing the quality of institutions, incentivizing innovation through robust
intellectual property regimes, and investing in human capital and digital infrastructure. Policymakers
should also focus on reducing bureaucratic barriers, increasing R&D budgets, and improving digital
literacy. Ultimately, the transition to a knowledge-based economy is not merely a policy objective but a
developmental imperative that offers sustainable and inclusive growth pathways in an increasingly
interconnected global economy.
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