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Mega-sport events (MSEs) hold a prominent position in the global landscape, contributing across multiple
socioeconomic domains. Prestigious competitions such as the Olympic Games and the FIFA World Cup are
widely leveraged by host nations to elevate their international standing while generating substantial economic
benefits at both local and global levels. The economic activities associated with MSEs often align with
neoliberal urban agendas, strengthening competitiveness through large-scale public and private investments
and reorienting urban governance toward more entrepreneurial models. Hosting MSEs also accelerates digital
advancements that enhance athletic performance, spectator experiences, operational efficiency, and
stakeholder engagement. The digital evolution triggered by these events extends beyond the sports sector,
improving connectivity and stimulating broader innovation-led regeneration. Collectively, these outcomes
highlight the capacity of host nations to utilize MSEs as strategic levers for long-term development.

Despite the extensive body of research on MSEs, significant imbalances persist across impact domains.
Economic studies frequently rely on short-term models that overlook long-term risks and structural legacies,
while the roles of digital evolution and innovation capability remain underexamined and often descriptive.
Traditional qualitative and econometric approaches struggle to capture the multidimensional, nonlinear, and
context-specific nature of MSE impacts. As a result, inaccurate estimations pose serious challenges: under- or
overestimating costs can lead to resource misallocation, budget overruns, and ineffective legacy planning. For
beneficiaries, these inaccuracies translate into heightened hosting costs, unmet expectations, and increasing
skepticism regarding whether hosting genuinely delivers long-term benefits.

These limitations frame the central research problem: how machine learning (ML) methodologies can be
applied to comprehensively estimate economic, digital, and innovation impacts of MSEs, and whether ML
offers deeper insights than conventional methods. ML has the capacity to integrate diverse datasets, uncover
hidden interdependencies, and generate more precise estimates of how hosting MSEs influences economic
performance, digital development, and innovation capability. Accordingly, this dissertation focuses on four
objectives: (1) evaluating the economic impacts of MSEs using national performance indicators such as value
added and GDP per capita growth; (2) examining the influence of MSEs on innovation capability, using patent
applications as proxies; (3) analyzing the relationship between hosting and digital development through digital
evolution scores (DES); and (4) comparing the predictive performance of ML models with econometric
approaches to assess their relative accuracy in capturing multidimensional impacts.

A multi-decade panel dataset encompassing several host nations and multiple MSEs was employed.

The methodological framework integrates econometric techniques—including t-tests, fixed-effects regression,

and negative binomial models—with a suite of ML algorithms such as decision trees, stepwise regression,
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support vector machines, boosted trees, random forests, neural boosting, k-nearest neighbors, and time-series
forecasting. To enhance interpretability, explainable AI (XAI) tools including SHAP, partial dependence plots
(PDPs), and individual conditional expectation (ICE) were applied to identify threshold effects and variable
interactions. This integrated design yields a replicable toolkit suitable for capturing complex, nonlinear, and
context-dependent impacts.

The dissertation is organized into six chapters: Chapter 1 introduces the research context and objectives;
Chapter 2 reviews relevant literature and identifies methodological gaps; Chapter 3 applies ML models to
evaluate economic and innovation impacts of hosting MSEs; Chapter 4 analyzes effects on digital development;
Chapter 5 integrates econometric and ML approaches to assess how ESG and financial factors influence
economic growth and innovation capability; and Chapter 6 summarizes the findings, contributions, limitations,
and future research directions.

Empirical findings are synthesized across economic, digital, and innovation domains. Economically, MSEs
exert both direct and indirect effects. Population size, GDP change, and event-day attendance emerged as the
strongest predictors of value added, while environmental and social factors significantly influenced GDP per
capita growth via nonlinear effects. In the digital domain, high DES values were strongly associated with
hosting status, indicating that host nations tend to achieve more advanced levels of digital development. This
suggests that the digital legacy of MSEs is shaped not only by infrastructure investments but also by a host
nation's ability to leverage global knowledge flows and strengthen long-term competitiveness. Kconomic
variables such as export volumes, intellectual property charges, and trade in goods and services were identified
as important contributors to digital advancement, underscoring the importance of trade integration and
intangible assets.

Innovation capability exhibited steady improvement, reflected in increasing patent activity, with
disruptions primarily during global crises. Social indicators—particularly inclusivity—consistently emerged as
drivers of innovation capability in econometric models. Environmental and governance factors played
substantial roles in ML models, while population size and operational expenditure appeared as dominant
predictors across all approaches. Comparative analyses showed that ML models outperformed traditional
econometric techniques, especially in predictive accuracy and their capacity to model nonlinear relationships.

By integrating econometric analysis, ML techniques, and XAI, this dissertation presents a replicable
framework that addresses the limitations of conventional approaches and captures long-term,
multidimensional impacts of MSEs. The findings offer actionable implications for international event
organizers, sponsors, and policymakers. Embedding sustainability, digital readiness, and inclusivity
benchmarks into event planning can strengthen the long-term value of hosting. Aligning investment strategies
with technological advancement, renewable energy, and community development can further enhance societal
outcomes. Ultimately, integrating ESG principles with advanced analytics positions MSEs as catalysts for

innovation, digital transformation, and sustainable development at national and global levels. (851 words)
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