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1. Introduction 

The global air cargo sector plays a critical role in enabling international trade by facilitating the rapid 

movement of high-value and time-sensitive goods, including pharmaceuticals, electronics, and industrial 

components (Merkert, 2023). In recent years, global supply chain volatility, geopolitical disruptions, and the 

sustained expansion of e-commerce have intensified operational pressures on air cargo operators, compelling 

them to deliver speed, reliability, and transparency simultaneously (Wang & Sarkis, 2021; Hong et al., 2025). 

These developments have exposed the limitations of traditional, paper-based, and labor-intensive cargo 

processes and have accelerated the sector’s shift toward digitally enabled operational models. 

 

Digital transformation in air cargo is increasingly understood as the systematic integration of advanced 

technologies—such as automation, artificial intelligence (AI), the Internet of Things (IoT), digital platforms, 

and data analytics—into logistics processes and decision-making structures (Cheung et al., 2023; Mihai et al., 

2022). Recent empirical evidence demonstrates that digitalization enhances real-time visibility, improves 

coordination across logistics actors, and enables predictive planning capabilities within air cargo supply chains. 

For example, Jurgelāne-Kaldava et al. (2025), in their case study of Latvia, show that digital integration 

standards significantly improve information flow, traceability, and operational alignment among air cargo 

stakeholders. Similarly, Wehner et al. (2025) provide comprehensive empirical insights from Germany, 

demonstrating that automation and digital airport process management contribute to measurable gains in 

throughput efficiency, process reliability, and cargo handling accuracy at major cargo hubs. 

 

Despite these documented benefits, the implementation of digital transformation in air cargo remains 

uneven and complex. Empirical studies highlight persistent challenges related to legacy system integration, 

fragmented digital infrastructures, workforce adaptation, and cybersecurity vulnerabilities (Yavas & Ozkan-

Ozen, 2024; Fakhraian et al., 2023). As air cargo operations become increasingly data-intensive and 

interconnected, risks associated with cyber threats, data governance, and regulatory compliance have grown 

in parallel (Murinde et al., 2022). These findings indicate that digital transformation in air cargo should not be 
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viewed merely as a technological upgrade, but rather as a socio-technical process shaped by organizational 

capabilities, institutional environments, and human factors (Thums et al., 2023). 

 

From a broader logistics perspective, recent scholarship also emphasizes that digital transformation is 

closely intertwined with platform-based economies and open-source digital infrastructures. Akçacı et al. 

(2026) argue that logistics digitalization increasingly operates within a “silicon economy,” where open-source 

platforms and digital ecosystems reshape value creation, coordination, and innovation across supply chains. 

Their findings suggest that digital transformation extends beyond efficiency gains, influencing strategic 

positioning and collaborative dynamics within logistics networks—an insight that is particularly relevant for 

air cargo hubs operating as integrators of global trade flows. 

 

Although the existing literature provides valuable insights into digital technologies and logistics 

performance, several gaps remain. First, much of the research on air cargo digitalization relies on quantitative 

surveys or technology-focused analyses, offering limited understanding of how digital transformation unfolds 

within complex operational settings. Second, while recent studies document efficiency and automation 

outcomes (e.g., Wehner et al., 2025; Jurgelāne-Kaldava et al., 2025), fewer studies examine the organizational, 

strategic, and governance dimensions of digital transformation in an integrated manner. Third, in-depth 

qualitative case studies focusing on large-scale, digitally advanced air cargo hubs—particularly in emerging 

aviation markets such as Türkiye—remain scarce. 

 

This study addresses these gaps by conducting an in-depth qualitative case analysis of Turkish Cargo’s 

SMARTIST facility at Istanbul Airport, one of the most technologically advanced air cargo terminals globally. 

Drawing on 25 semi-structured interviews, document analysis, and on-site observations, the study examines 

how digital transformation is operationalized in practice, the challenges and enablers shaping its 

implementation, and the perceived outcomes in terms of operational efficiency, transparency, customer 

satisfaction, and data governance. The analysis is theoretically grounded in the Technology–Organization–

Environment (TOE) framework and the Resource-Based View (RBV), enabling a holistic examination of how 

technological infrastructure, organizational capabilities, and environmental pressures interact in shaping digital 

transformation outcomes. 

 

The contribution of this research is threefold. First, it provides process-level qualitative evidence on digital 

transformation in air cargo operations, addressing the methodological imbalance in existing research. Second, 

by integrating TOE and RBV within a real-world cargo hub context, the study advances theoretical 

understanding of how digital capabilities translate into organizational value in aviation logistics. Third, the 

findings offer practical insights for air cargo operators, airport authorities, and policymakers by identifying 

actionable lessons for managing digital implementation, workforce adaptation, and cybersecurity governance 

in large-scale cargo facilities. 

2. Literature Review 

2.1. Digital Transformation in Air Cargo: Context and Evolution 

 

 The digital transformation of air cargo operations has gained significant momentum over the past decade, 

driven by the convergence of Industry 4.0 technologies and the increasing demand for speed, transparency, 

and resilience in global logistics. Historically, air cargo has lagged behind other logistics segments in adopting 

digital innovations due to legacy systems, fragmented value chains, and complex regulatory requirements. 

However, recent advancements in digital technologies, coupled with supply chain disruptions such as the 

COVID-19 pandemic, have catalyzed a paradigm shift toward more agile, integrated, and data-driven cargo 

ecosystems. Wang and Sarkis (2021) emphasize that digital technologies—ranging from Internet of Things 

(IoT) and artificial intelligence (AI) to blockchain and cloud computing—are transforming freight transport 

by enabling real-time tracking, predictive analytics, and automation. These technologies are not only 

enhancing efficiency and visibility but also driving the strategic reconfiguration of air cargo networks. As a 

result, air cargo carriers, airport authorities, and logistics service providers are increasingly investing in smart 

infrastructure and digital capabilities to remain competitive in a rapidly evolving global market.  

 

One of the primary factors contributing to the acceleration of digital transformation in air cargo is the 

pressing need for enhanced operational agility. Hong, Kim, and Hiatt (2025) highlight that airport agility—
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defined as the ability to rapidly adapt to fluctuating cargo volumes and regulatory changes—is becoming a 

core competency at major cargo hubs. Their empirical study on air cargo hub airports illustrates that 

digitalization directly supports agility by enabling real-time coordination across multiple stakeholders, 

streamlining customs clearance, and optimizing terminal throughput. In this context, the evolution of air cargo 

operations is increasingly characterized by a shift from reactive, paper-based systems to proactive, digitally 

orchestrated platforms. Similarly, Thums et al. (2023) underscore the significance of digital work 

environments in air transportation, noting that digital interfaces, automation, and remote management tools are 

reshaping the way airport personnel engage with cargo handling processes. This transformation not only 

improves workforce productivity but also fosters safer and more adaptive operational settings—an imperative 

as cargo volumes continue to grow globally. 

 

Beyond operational efficiency, digital transformation is also seen as a strategic enabler for sustainability 

and long-term competitiveness in the air cargo industry. Havle and Büyüközkan (2023), using the Intuitionistic 

Fuzzy Analytic Network Process (IF-ANP), argue that digital transformation is pivotal for evaluating and 

adopting sustainable technologies in air cargo. Their analysis finds that digital maturity strongly correlates 

with the successful implementation of green logistics practices, such as optimized route planning, energy-

efficient warehouse operations, and paperless documentation. This insight highlights that digital 

transformation is not merely a technical upgrade but a fundamental shift in business philosophy—one that 

integrates environmental and strategic objectives. In the same vein, Merkert (2023) positions digitalization as 

a cornerstone of modern supply chain management, particularly in the air cargo sector, where integrated 

platforms enable synchronized logistics and end-to-end visibility. The interplay between digital tools and 

sustainability goals is thus central to understanding the evolution of the industry, especially as environmental 

regulations and customer expectations become increasingly stringent. 

 

From a broader economic and infrastructural standpoint, the digitalization of air cargo is part of a global 

trend toward the reconfiguration of logistics networks through Industry 4.0 principles. Richnák (2022), in an 

empirical study conducted in the Slovak Republic, reveals that logistics companies embracing digital tools 

such as digital twins, cloud-based ERP systems, and automated decision support experience significant 

improvements in lead time reduction and inventory accuracy. These findings mirror developments in air cargo, 

where predictive maintenance, smart cargo routing, and real-time exception management are becoming 

standard practice. Similarly, Popkova et al. (2021) explore the entrepreneurial opportunities that digital 

transformation affords in transport and logistics, particularly in emerging markets like Russia. They propose 

that digitalization not only enhances service quality but also opens new business models based on platform 

economies, decentralized logistics services, and data monetization. This broader lens affirms that air cargo’s 

digital shift is embedded in a larger narrative of socio-technical transformation—one that reshapes how value 

is created, captured, and delivered in global supply chains. 

 

In synthesizing the literature, it becomes evident that while the pace and scope of digital transformation in 

air cargo vary across regions and organizations, the underlying trend is unmistakable: the sector is moving 

toward a more intelligent, integrated, and innovation-driven future. Kern (2021) provides a meta-analysis of 

technology implementation across the logistics industry and concludes that successful digital transformation 

requires a combination of technological readiness, organizational change, and external collaboration. This 

finding is especially relevant to air cargo, where interoperability among airlines, airports, freight forwarders, 

and regulatory bodies is essential for realizing the full potential of digital innovation. Moreover, Raza et al. 

(2023), in their analysis of digital transformation in maritime logistics, offer insights that are equally applicable 

to air cargo: namely, that digitalization must be aligned with strategic governance, stakeholder buy-in, and a 

clear roadmap to implementation. Taken together, these studies underscore the multifaceted nature of digital 

transformation in air cargo—encompassing not only tools and technologies but also culture, strategy, and 

system-wide coordination. The next sections will delve into the specific technologies, challenges, and 

theoretical frameworks that shape this transformation in greater detail.  

2.2 Enabling Technologies and Operational Challenges 

The transformation of air cargo operations in the digital era has been powered by the convergence of several 

core technologies, most notably Internet of Things (IoT), Artificial Intelligence (AI), blockchain, digital twins, 

and cloud-based systems. Each of these technologies plays a distinct yet interconnected role in reshaping how 

cargo is handled, tracked, and managed across the supply chain. IoT devices enable real-time monitoring of 

cargo conditions—such as temperature, humidity, and location—ensuring transparency and control over the 
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movement of sensitive goods. AI algorithms, on the other hand, are being deployed for demand forecasting, 

anomaly detection, and intelligent scheduling, thereby enhancing decision-making across operational layers. 

Cheung, Li, and Lei (2023) articulate that this technological triad—AI, blockchain, and digital twins—

constitutes a paradigm shift in the aviation sector, particularly for cargo operations, as it enhances safety, 

efficiency, and resilience. Their findings suggest that the integrated use of these technologies facilitates not 

only automation but also the dynamic reconfiguration of cargo flows in response to disruptions, which is 

critical in today's volatile global logistics landscape. 

 

Among these innovations, digital twin technology has emerged as a transformative enabler for both 

operational efficiency and predictive maintenance in transportation systems. A digital twin is a virtual 

representation of a physical asset, continuously updated with real-time data through sensors and integrated 

systems. In the context of air cargo, digital twins can simulate the behavior of cargo terminals, aircraft loading 

systems, and fleet operations, enabling proactive responses to potential bottlenecks or failures. Wu et al. (2025) 

provide a comprehensive review of digital twin applications in transportation infrastructure, identifying real-

time situational awareness, data-driven optimization, and lifecycle management as primary benefits. Similarly, 

Mihai et al. (2022) emphasize the importance of sensor fusion, AI integration, and cloud connectivity as 

foundational elements that support the creation of robust digital twins. In air cargo environments, these systems 

are increasingly used to monitor ULD (Unit Load Device) handling, storage conditions, and apron logistics. 

Yet, despite these advantages, significant challenges remain, including data interoperability issues, integration 

costs, and the need for skilled personnel capable of managing complex digital ecosystems. These barriers are 

particularly relevant for developing countries or mid-tier logistics firms lacking the infrastructure to support 

advanced digital twin deployment. 

 

Blockchain technology also plays a critical role in addressing long-standing inefficiencies and trust issues 

within air cargo operations. As an immutable, decentralized ledger, blockchain offers enhanced traceability, 

security, and transparency in document handling, cargo tracking, and stakeholder communication. Vilas-Boas, 

Rodrigues, and Alberti (2023) explore the convergence of blockchain with IoT, AI, and digital twins in 

logistics, particularly in the context of perishables such as fresh food. Their study finds that blockchain can 

significantly reduce the risk of information tampering and loss in time-sensitive supply chains by ensuring that 

data recorded at each touchpoint is verifiable and immutable. This benefit extends directly to air cargo, where 

delays, lost documentation, and customs-related inconsistencies have long plagued international freight flows. 

However, they also caution that the adoption of blockchain requires broad stakeholder collaboration and 

standardization—both of which are still lacking across much of the air logistics sector. Furthermore, the 

technology’s value is diminished if legacy systems and manual workflows remain entrenched, highlighting the 

need for holistic integration rather than piecemeal deployment of digital tools. 

 

Despite the evident advantages of these technologies, several operational challenges continue to hinder 

seamless digital adoption in air cargo logistics. Yavas and Ozkan-Ozen (2024), through their content analysis 

on digital air logistics, highlight fragmented digital infrastructures, resistance to organizational change, and 

regulatory uncertainty as key impediments to transformation. While some firms have successfully adopted 

advanced digital platforms, others continue to operate with outdated software or inconsistent data practices, 

leading to significant performance gaps within the industry. Fakhraian et al. (2023) further draw attention to 

the regulatory barriers associated with emerging technologies like digital twins and autonomous systems, 

particularly within the European Union. Their review stresses that compliance with aviation safety and 

cybersecurity frameworks is often complex and costly, creating hesitation among operators to fully digitize. 

Additionally, the rapid evolution of technologies often outpaces the regulatory mechanisms needed to govern 

them effectively, resulting in legal gray areas that complicate implementation. These findings point to a 

paradox in the digitalization journey of air cargo: while the tools for transformation are increasingly available, 

their adoption is uneven due to infrastructural, institutional, and cultural constraints. 

 

Finally, it is important to recognize that the successful deployment of these enabling technologies requires 

a systems-level approach that integrates both the physical and digital dimensions of cargo operations. Hakiri 

et al. (2024) underscore the necessity of designing future networks that support scalable and secure IoT 

ecosystems, especially for high-volume and high-frequency transport environments like airports. In air cargo 

settings, this implies not only upgrading sensors and software but also reengineering workflows, training 

personnel, and ensuring interoperability across platforms. Sadeghi et al. (2024) extend this argument to aircraft 

fleet monitoring, where digital twins and condition-based maintenance strategies are increasingly being used 
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to create more intelligent, electrified aviation systems. As air cargo carriers begin to adopt these systems for 

real-time fleet health monitoring and predictive diagnostics, they are laying the groundwork for more reliable 

and sustainable cargo services. Nevertheless, the operationalization of such technologies will depend on 

overcoming existing limitations—ranging from data silos and integration complexity to capital investment and 

human resource readiness. Thus, while enabling technologies offer transformative potential, they also bring a 

host of operational and strategic challenges that must be carefully navigated to realize their full benefits in the 

air cargo sector. 

 

2.3 Impacts of Digitalization: Opportunities and Risks 

 

The digital transformation of air cargo operations offers a wide array of operational, strategic, and customer-

facing opportunities that are reshaping the competitive landscape of the logistics sector. At the operational 

level, digitalization enables real-time tracking, automation of routine processes, predictive maintenance, and 

data-driven decision-making—each of which contributes to enhanced efficiency and reduced turnaround times. 

For example, integrated cargo management systems allow for automated cargo bookings, improved load 

planning, and optimized ground handling, which together minimize delays and improve capacity utilization. 

Telukdarie et al. (2023) highlight that for small and medium-sized enterprises (SMEs), digitalization fosters 

agility and responsiveness by enabling rapid information flows and process flexibility. Applied to air cargo, 

such capabilities translate into streamlined shipment handling, better coordination among stakeholders, and 

more resilient logistics flows—critical elements in an industry that is both time-sensitive and volume-intensive. 

Moreover, digital interfaces provide customers with greater visibility and control over their shipments, 

enhancing trust and satisfaction. These operational enhancements are particularly impactful in high-volume 

scenarios, such as during global health emergencies or seasonal e-commerce peaks, where speed and 

transparency are paramount. 

 

On a strategic level, digitalization also opens new avenues for business model innovation and value 

creation. Through digital platforms, cargo carriers can offer end-to-end services, integrate third-party logistics 

providers, and extend their reach to new customer segments. As Baidya et al. (2021) argue in the context of 

the energy sector, digital transformation can act as a catalyst for cross-sectoral convergence, enabling the 

formation of platform-based ecosystems that promote collaboration and efficiency. In air cargo, this 

convergence is evident in the integration of cargo booking platforms, customs clearance APIs, and IoT-based 

supply chain visibility solutions. Such integration not only reduces transaction costs but also supports dynamic 

pricing, route optimization, and service differentiation strategies. Furthermore, Lu, Song, and Yu (2023) found 

that digital capabilities positively influence firms’ access to supply chain financing, particularly under 

conditions of external risk. By extension, air cargo companies that invest in digitalization can improve financial 

performance and risk management, particularly in volatile or disrupted markets. Strategically, the ability to 

adapt rapidly to changing customer demands, regulatory requirements, and geopolitical conditions gives 

digitally mature air cargo operators a significant competitive edge. 

 

However, alongside these benefits, digitalization also introduces a set of complex risks and vulnerabilities 

that must be carefully managed. Chief among these is the threat of cybersecurity breaches, which can 

compromise sensitive shipment data, disrupt critical operations, and erode customer trust. As Murinde, 

Rizopoulos, and Zachariadis (2022) explain in their examination of the FinTech revolution, the increased 

reliance on digital infrastructure renders organizations more exposed to cyberattacks, data leakage, and system 

failures. This insight is equally applicable to air cargo, where the digital interfaces connecting carriers, freight 

forwarders, customs authorities, and end customers must be secured against malicious intrusion. Moreover, 

the implementation of digital tools often requires significant capital investment and a corresponding cultural 

shift within the organization. Resistance to change, lack of digital literacy among staff, and poorly executed 

transformation strategies can hinder adoption and dilute the potential benefits of technological upgrades. These 

risks are compounded by the complexity of integrating new systems with legacy platforms, especially in 

globally distributed and heavily regulated environments such as air cargo logistics. 

 

In addition to technological and organizational risks, digitalization poses broader social and ethical 

concerns that can impact the inclusivity and equity of the logistics workforce. Walkowiak (2024) explores this 

dimension within the context of human resource management, emphasizing that while digital tools can enable 

more inclusive practices—such as those aimed at neurodiverse employees—they can also exacerbate 

inequalities if not implemented thoughtfully. In the air cargo sector, where operational roles have traditionally 
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been labor-intensive, the transition to digital systems could lead to displacement or marginalization of workers 

lacking the requisite technical skills. Ensuring that digital transformation initiatives are accompanied by 

comprehensive reskilling and upskilling programs is therefore critical. Furthermore, Zscheischler et al. (2022) 

argue that the perceived risks of digitalization are often shaped by social, cultural, and institutional factors, 

highlighting the importance of context-sensitive implementation. In high-stakes environments like air cargo, 

the successful adoption of digital technologies depends not only on technical feasibility but also on social 

acceptance, trust, and stakeholder alignment. A failure to account for these dimensions may lead to resistance, 

underutilization of systems, or unintended consequences that diminish the overall impact of digital 

transformation. 

 

In conclusion, while digitalization in air cargo presents transformative opportunities for operational 

excellence, customer experience, and strategic growth, it also introduces a host of risks that must be proactively 

addressed. These include cybersecurity vulnerabilities, integration challenges, workforce disruptions, and 

ethical concerns related to inclusivity and fairness. As Plavčan, Tkachova, and Zeniakin (2022) observe in 

their study on the digitalization of education, the full potential of digital tools can only be realized when 

benefits are balanced against inherent risks and contextualized within the broader ecosystem in which they are 

deployed. In the case of air cargo, this means aligning technological implementation with organizational 

change management, workforce development, regulatory compliance, and stakeholder engagement. The next 

section explores how theoretical frameworks such as the Technology-Organization-Environment (TOE) model 

and the Resource-Based View (RBV) can be employed to systematically analyze these dynamics and guide 

effective digital transformation strategies in the air cargo industry. 

2.4 Theoretical Foundations and Research Gaps 

To effectively examine the digital transformation of air cargo operations, it is essential to ground the 

analysis in robust theoretical frameworks that can capture the multidimensional nature of technology adoption 

and strategic alignment. Two prominent models—the Technology-Organization-Environment (TOE) 

framework and the Resource-Based View (RBV)—offer valuable lenses through which to explore the dynamic 

interplay between technological capabilities, organizational readiness, and external contingencies. The TOE 

framework, originally developed by Tornatzky and Fleischer, conceptualizes digital adoption as being 

influenced by three interrelated contexts: technological (i.e., innovation characteristics), organizational (i.e., 

firm size, culture, and resources), and environmental (i.e., industry competition, regulation, and market 

pressure) (Baker, 2011). More recent applications of this framework have extended its scope to accommodate 

emerging technologies such as blockchain, digital twins, and enterprise metaverse platforms. For instance, 

Kumar and Shankar (2024) employed the TOE model to evaluate digital transformation within the context of 

enterprise metaverses, concluding that sustainability and agility are increasingly significant drivers of digital 

adoption in competitive, data-driven environments. 

 

The TOE framework has proven particularly useful in analyzing digital transformation in developing 

markets, where technological infrastructure and regulatory environments can significantly impact innovation 

uptake. Nguyen, Le, and Vu (2022), in their study on online retailing in Vietnam, found that while 

technological readiness and top management support were critical for digital transformation, environmental 

pressures such as customer expectations and industry standards also played a decisive role. These findings 

align well with the air cargo sector, which operates in highly dynamic and often fragmented regulatory 

landscapes across international jurisdictions. In a similar vein, Awa, Ukoha, and Igwe (2017) argue for a re-

envisioning of TOE to include behavioral and strategic dimensions—such as leadership mindset and 

innovation orientation—which are often pivotal in shaping digital trajectories but are underexplored in 

traditional TOE applications. The growing body of TOE-based studies on logistics and supply chains—

including the empirical work by Chittipaka et al. (2023) on blockchain adoption in emerging markets—

underscores the relevance of this framework in explaining the organizational complexities and external 

interdependencies that define air cargo digitalization. However, despite these advances, the TOE framework 

has not been sufficiently applied to qualitative case studies in the air cargo sector, especially those that explore 

the nuanced relationship between digital capabilities and organizational transformation from a process-

oriented perspective. 

 

Complementing TOE, the Resource-Based View (RBV) offers a strategic perspective on how internal 

capabilities influence a firm’s ability to generate competitive advantage through digital transformation. 

According to RBV, organizations that possess unique, valuable, inimitable, and non-substitutable (VRIN) 
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resources are better positioned to sustain long-term performance. In the context of air cargo, these resources 

may include proprietary digital platforms, advanced automation infrastructure, data analytics expertise, and 

strong organizational culture supporting innovation. Ferreira and Ferreira (2025), in their comprehensive 

mapping of RBV research, argue that dynamic capabilities such as knowledge sharing, digital agility, and 

innovation absorption have become central themes in modern strategic management, particularly as firms 

navigate the demands of Industry 4.0. Likewise, Gerhart and Feng (2021) emphasize the critical role of human 

capital in activating resource potential, noting that the alignment between talent capabilities and digital systems 

is essential for realizing operational benefits. This is highly pertinent for air cargo firms transitioning to smart 

warehouses and AI-driven logistics, where employee adaptability and digital fluency are as vital as the 

technologies themselves. 

 

The RBV framework has also been extended to assess knowledge-based capabilities and sector-specific 

competencies. For instance, Cooper et al. (2023) integrate the RBV with the knowledge-based view (KBV) to 

explore how firms in rapidly changing environments leverage intellectual assets to create strategic 

differentiation. In air cargo logistics, where differentiation is increasingly achieved through end-to-end 

visibility, real-time service responsiveness, and integrated digital platforms, such insights are particularly 

relevant. Wierzbiński et al. (2023) further support this claim through their study on aviation SMEs, showing 

that a knowledge management orientation significantly contributes to competitive performance in 

technologically intensive settings. However, most RBV studies in logistics have been quantitative and 

industry-generic, often neglecting the specific operational realities and regulatory intricacies of air cargo. There 

remains a significant gap in literature that qualitatively explores how air cargo firms develop, deploy, and 

renew digital capabilities in response to sectoral challenges—such as cross-border data governance, 

infrastructure interoperability, and cargo security standards. 

 

Taken together, both the TOE and RBV frameworks provide comprehensive yet distinct approaches to 

understanding digital transformation in air cargo logistics. TOE excels in identifying contextual enablers and 

barriers, while RBV elucidates the internal resource configurations that enable sustainable innovation. Despite 

their explanatory power, current literature reflects a methodological imbalance, with an overreliance on cross-

sectional surveys and a dearth of in-depth, qualitative case studies that investigate how these dynamics unfold 

over time. As Baker (2011) and Awa et al. (2017) caution, theoretical richness is often diluted when complex 

organizational behaviors are reduced to discrete variables. This highlights a critical research gap: the need for 

context-specific, process-driven analyses that uncover the lived realities of digital transformation in air cargo 

operations. Future research should prioritize longitudinal and comparative case studies that blend TOE and 

RBV insights, particularly in regions such as Türkiye, where national digital agendas intersect with global 

aviation ambitions. Such studies can yield actionable knowledge not only for academics but also for 

practitioners seeking to navigate the multifaceted landscape of digital innovation in air logistics. 

3. Methodology 

3.1 Research Design and Rationale 

This study adopts a qualitative case study design to explore the impact of digital transformation on air cargo 

operations, with a specific focus on Turkish Cargo’s SMARTIST facility at Istanbul Airport. The rationale for 

choosing a qualitative approach lies in its capacity to capture the complexity, contextual depth, and lived 

experiences of individuals directly involved in or affected by technological transformation. As Subrahmanyam 

(2025) emphasizes, qualitative research is particularly valuable in the aviation industry, where many 

phenomena—such as organizational change, stakeholder perceptions, and operational challenges—are deeply 

embedded in social, cultural, and institutional contexts. Quantitative models, while useful for measuring 

outcomes, often fall short in revealing the nuanced processes through which digitalization unfolds in practice. 

In contrast, a qualitative methodology enables researchers to interrogate the “how” and “why” behind digital 

implementation, offering richer insights into its multifaceted implications. 

 

The case study method is especially well-suited to this research because it allows for in-depth examination 

of a bounded system over time, offering an opportunity to holistically analyze digital transformation as it is 

experienced and managed within a specific organizational setting. Filipowski (2017) notes that qualitative case 

studies are ideal for investigating leadership behaviors and operational practices during periods of change or 

crisis—an insight that applies directly to air cargo’s transition into the digital era. Moreover, Pearson and Oni 
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(2024), in their exploratory case study on cybersecurity in aviation, demonstrate how this method allows 

researchers to identify disconnects, barriers, and unanticipated effects that may not be observable through 

surveys or experimental designs. Given that air cargo digitalization involves technological, organizational, and 

environmental dimensions—each interacting in complex ways—the case study approach enables a deep and 

contextualized understanding of these interdependencies. 

 

The interpretive paradigm underpins this research, guiding both the formulation of research questions and 

the analytical lens applied to the data. An interpretivist stance recognizes that reality is socially constructed 

and that meaning is co-produced through interactions between participants and researchers. This paradigm 

aligns with the research objective of understanding how stakeholders within Turkish Cargo perceive, respond 

to, and shape the process of digital transformation. As Şen (2025) explains, interpretive qualitative research in 

aviation is essential for uncovering the subjective dimensions of sustainability, innovation, and operational 

change—dimensions that are often invisible in more positivist approaches. By prioritizing the perspectives of 

organizational actors such as IT specialists, cargo planners, operations managers, and digital strategy 

personnel, this study aims to uncover how digitalization is not only implemented as a technical solution but 

also negotiated as a cultural and strategic process. 

 

In addition, the aviation context demands methodological rigor due to its safety-sensitive and regulation-

intensive environment. Albelo et al. (2022) highlight that qualitative studies in aviation must be designed with 

attention to ethical responsibility, data triangulation, and role clarity, especially when evaluating workforce 

competencies or operational systems. This study addresses these concerns by incorporating multiple data 

sources—interviews, document analysis, and observation—thereby enhancing the credibility and depth of 

findings. The single-case design focusing on SMARTIST, while limited in generalizability, is justified by its 

strategic significance: as one of the most technologically advanced cargo terminals globally, it offers a rich 

and illustrative context for investigating how digital transformation materializes in real-world aviation 

logistics. Ultimately, the qualitative case study approach provides the methodological flexibility and 

interpretive depth required to illuminate the transformative dynamics reshaping air cargo operations in the 

digital age. 

3.2 Case Selection and Context 

The selection of Turkish Cargo and its flagship facility SMARTIST as the focal case study is rooted in its 

exemplary integration of digital transformation principles and strategic relevance in global air cargo logistics. 

As the dedicated cargo arm of Turkish Airlines, Turkish Cargo has embarked on a rapid and expansive 

transformation journey since 2018, culminating in the development of SMARTIST—Europe’s largest and one 

of the world’s most technologically advanced air cargo terminals. Strategically located at the new Istanbul 

Airport (IST), SMARTIST was designed to anchor Türkiye’s ambition of becoming a global logistics hub 

while enabling Turkish Cargo to climb to the third position globally by freight tonne-kilometers (FTK) in 2023 

(STAT Times, 2023; Turkish Airlines Investor Relations, 2024). 

SMARTIST exemplifies digital transformation through its deployment of end-to-end automation, Internet 

of Things (IoT) technologies, artificial intelligence (AI), and robotic process automation (RPA). Phase 1 of the 

facility, fully operational since February 2022, features 30 automated cranes in a computer-controlled 

Automated Storage and Retrieval System (ASRS), integrated SmartDock technology for truck flow 

management, climate-controlled storage zones, and a digital twin of the warehouse ecosystem managed 

through COMIS and iCargo platforms (Turkish Cargo, 2024; Asia Cargo News, 2023). With over 17,000 pallet 

positions and 4,000 ULD slots, the ASRS alone is capable of processing the cargo equivalent of 14 wide-body 

freighters daily with minimal human intervention (Lödige Industries, 2023).Table 1 summarizes key 

milestones in the SMARTIST digital transformation timeline: 
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Table 1. Timeline of Major Milestones in SMARTIST Development and Operations 

Year Milestone Description 

2018–2019 Design & Initial Planning Istanbul Airport opens; SMARTIST envisioned as part of Turkey’s new logistics infrastructure. 

2019 Phase 1 Construction Begins Construction of SMARTIST terminal with full automation and capacity for 4 million tonnes. 

2020–2021 Tech Integration & Testing ASRS and SmartDock installed by Lödige Industries; COMIS and iCargo integrated. 

Feb 2022 Full Relocation & Go-Live Cargo operations fully transferred from Atatürk to SMARTIST; 72-hour transition executed. 

2023 Ramp-Up Success & Recognition Achieved #3 global cargo ranking; LEED Platinum & IATA SFOC certifications awarded. 

2024–2025 Phase 2 Expansion Terminal expansion to 340,000 m²; e-commerce sorting hub added; capacity targets 4.5M tonnes. 

Source: Turkish Cargo (2024); Asia Cargo News (2023); STAT Times (2023); Lödige Industries (2023); Turkish Airlines Investor Relations (2024) 

The case is also uniquely positioned within the national policy context. Türkiye’s Vision 2023 and "Digital 

Türkiye" strategy prioritize logistics modernization and digital infrastructure development. SMARTIST is 

frequently referenced in national economic and technological forums as a flagship of these initiatives 

(Gentemizer, 2024; Trade.gov, 2024). Turkish Cargo’s strategy of integrating smart warehouse technologies, 

IoT-based tracking, and data analytics is not merely operational—it reflects a broader vision of positioning 

Turkey as a digitally competitive trade and logistics hub across Europe, Asia, and Africa. 

Furthermore, the SMARTIST facility’s emphasis on sustainability and compliance with international 

standards makes it a leading case for studying how digital transformation can be aligned with global 

benchmarks. The LEED v4.1 O+M Platinum certification and IATA’s Smart Facility Operational Capacity 

(SFOC) certification confirm SMARTIST’s adherence to environmental and operational excellence (Airfreight 

Logistics, 2024; Air Cargo News, 2024). These recognitions underline the case's representativeness as a 

benchmark in the intersection of logistics, technology, and policy. In summary, Turkish Cargo’s SMARTIST 

hub offers a comprehensive and contextually rich case for examining digital transformation in the air cargo 

sector—one that intersects global ambitions, national strategy, and operational execution. 

3.3 Data Collection Methods 

This study employed a qualitative research design grounded in the interpretive paradigm, with a primary 

focus on understanding stakeholder experiences and organizational dynamics involved in Turkish Cargo’s 

digital transformation at the SMARTIST facility. The main data collection methods included semi-structured 

interviews, document analysis, and non-participant observation. This triangulated approach enabled the 

researcher to capture a holistic view of the transformation process while enhancing data credibility and 

contextual richness. The core of the empirical data was generated through semi-structured interviews with 25 

key stakeholders involved in or affected by the SMARTIST digitalization process. These participants included 

cargo operations managers, IT and digital systems specialists, warehouse supervisors, logistics planners, 

customer service representatives, and senior executives. Additionally, external stakeholders from relevant 

vendor and infrastructure organizations involved in SMARTIST’s planning and implementation phases were 

also interviewed. 

Participants were selected using a purposive sampling strategy, designed to capture diverse, role-specific 

insights across operational, technical, and strategic dimensions of the digital transformation. The selection 

criteria included (i) direct involvement in SMARTIST’s planning or daily operation, (ii) professional 

engagement with the facility’s technological infrastructure, or (iii) decision-making responsibilities related to 

digitalization strategy. In cases where further expert perspectives were needed—particularly in specialized 

technology integration or external collaboration—snowball sampling was also employed, wherein initial 

participants recommended additional knowledgeable contacts. 

All interviews were conducted in Turkish, which is the native language of both the participants and the 

researchers. The interviews were audio-recorded with participants’ consent and transcribed verbatim. For the 

purposes of analysis, coding was initially performed using the original Turkish transcripts to preserve 

contextual meaning and linguistic nuance. Relevant excerpts used for reporting were subsequently translated 

into English by the authors. To ensure accuracy and consistency, translations were cross-checked against the 

original transcripts during the analysis and writing stages, and interpretive meanings were discussed among 

the research team. This approach helped minimize translation bias while maintaining analytical rigor. 
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The interview protocol consisted of open-ended questions that explored topics such as technology 

integration, perceived challenges, organizational adaptation, employee training, and strategic alignment with 

national digital policies. Interviews were conducted in-person and online, depending on participant 

availability, and each session lasted between 45 and 90 minutes. Table 2 illustrates the interview topics and 

some of the questions related. 

Table 2. Sample Interview Topics and Example Questions 

Topic Area Example Questions 

Technology Integration How has the adoption of ASRS, SmartDock, and IoT systems affected your daily operations? 

Organizational Adaptation What changes in organizational structure or workflow were required following the digital transition? 

Training and Skill Building What types of training did you or your team undergo to adapt to the new digital systems at SMARTIST? 

Strategic Vision How does SMARTIST align with your organization’s broader digital transformation strategy? 

Challenges and Solutions What were the major challenges encountered during implementation, and how were they resolved? 

Stakeholder Collaboration How would you describe the collaboration between internal teams and external technology partners? 

In addition to interviews, document analysis was performed on Turkish Cargo’s publicly available strategic 

reports, press releases, SMARTIST facility brochures, and annual performance reviews (2018–2025). Industry 

news articles, government digitalization policy documents, and vendor white papers provided complementary 

perspectives and verified factual details about the technology deployments and milestones at SMARTIST. 

These materials supported contextual understanding and helped corroborate participants’ accounts. 

The researchers approached this study from an academic and analytical perspective, with professional 

expertise in aviation management, logistics, and digital transformation. The research team did not hold any 

formal employment, managerial, or decision-making role within Turkish Cargo or the SMARTIST facility. 

Access to the case organization was granted solely for research purposes. To mitigate potential bias, data were 

collected using a semi-structured interview protocol and triangulated with organizational documents and on-

site observations. Throughout the analysis, reflexive awareness was maintained, and interpretations were 

continuously compared across data sources to enhance analytical rigor and credibility. 

Non-participant observations were conducted during two site visits to the SMARTIST facility in 2024. 

Observations focused on workflow automation, smart system interactions (e.g., ASRS, SmartDock, digital 

kiosks), employee roles, and the layout of special cargo zones (pharma, live animals, perishables). Field notes 

were recorded and used to validate or challenge findings from interview narratives, contributing to thematic 

triangulation. 

All data collection activities were guided by ethical research principles. Informed consent was obtained 

from all participants, who were assured confidentiality and the right to withdraw at any stage. Interviews were 

audio-recorded with permission and transcribed verbatim. A coding scheme was developed and applied using 

NVivo software, allowing systematic thematic analysis of patterns across different data sources. 

Trustworthiness was ensured through member checking (participants reviewed summaries of their interviews), 

peer debriefing, and thick description techniques to support transferability. 

This comprehensive and multi-method data collection strategy ensured depth, accuracy, and contextual 

validity in exploring how digital transformation manifests within Turkish Cargo’s SMARTIST facility. 

3.4 Data Analysis Procedures 

The qualitative data were analyzed using thematic analysis following the six-phase framework proposed 

by Braun and Clarke (2006). The analytical workflow, illustrated in Figure 1, reflects the sequential and 

iterative nature of the process adopted in this study. First, all interview transcripts and field notes were 

reviewed multiple times to achieve data familiarization and contextual immersion. Second, initial codes were 

generated through line-by-line open coding, combining inductive insights emerging from the data with 

deductive elements informed by the research questions and theoretical framework. Third, related codes were 

clustered into preliminary themes by identifying recurring patterns and conceptual relationships across the 

dataset. Fourth, these themes were systematically reviewed and refined through comparison with the full 

dataset and cross-checked against documentary and observational evidence to ensure coherence and analytical 

consistency. Fifth, finalized themes were clearly defined and named to capture their conceptual scope and 
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relevance. Finally, the themes were synthesized and interpreted in relation to the Technology–Organization–

Environment (TOE) framework and the Resource-Based View (RBV), forming the basis for the empirical 

findings presented in the subsequent section. As shown in Figure 1, this workflow emphasizes both the 

sequential progression and the iterative refinement inherent in qualitative thematic analysis. 
 

Figure 1. Workflow Diagram of the Qualitative Data Analysis Process 

 
 

Phase 1: Familiarization with Data 

All interviews were transcribed verbatim and reviewed in detail by the researcher. Transcripts were read 

multiple times alongside field notes and observational memos to achieve deep immersion and contextual 

understanding. This phase helped the researcher gain an overview of the dataset and begin identifying 

preliminary patterns. 

 

Phase 2: Generating Initial Codes- Transcripts were uploaded into NVivo 14, where open coding was 

conducted line-by-line. Codes were both inductive(emerging from the data) and deductive (informed by the 

conceptual framework and research questions). Examples of initial codes included "workflow automation 

benefits," "resistance to change," "training adequacy," and "strategic alignment with national goals." 

 

Phase 3: Searching for Themes- Codes were then grouped into broader thematic clusters using NVivo’s 

node hierarchy features. Themes were developed by identifying shared meanings and relationships among 

codes. For instance, codes related to AI deployment, smart warehouse interaction, and robotic systems were 

grouped under the theme "Technology-Driven Operational Efficiency." 
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Phase 4: Reviewing Themes- Themes were reviewed against the entire dataset to ensure they accurately 

reflected the data and were meaningfully distinct. Cross-checking occurred between interview, document, and 

observation data to confirm consistency and enhance triangulation. Weak or redundant themes were merged, 

and sub-themes were created to provide nuance. 

 

Phase 5: Defining and Naming Themes-Each theme was clearly defined, and its scope refined to capture 

the essence of the narratives. Final themes included: (1) Technology-Driven Operational Efficiency, (2) 

Organizational Adaptation and Workforce Readiness, (3) Strategic Alignment and Vision, and (4) Challenges 

and Mitigation Strategies. Definitions were recorded in a codebook to ensure transparency and replicability. 

 

Phase 6: Producing the Report- The final themes were integrated into the findings chapter, supported by 

illustrative quotes and evidence from other data sources (e.g., documents, observations). Themes were 

interpreted in relation to the study’s theoretical frameworks—Technology-Organization-Environment (TOE) 

and Resource-Based View (RBV)—and contextualized within the broader literature on digital transformation 

in logistics. 

3.5 Trustworthiness and Ethical Considerations 

The study followed established qualitative research standards to ensure methodological trustworthiness, 

addressing the four key criteria: credibility, transferability, dependability, and confirmability. Each criterion 

was systematically considered throughout the research process to promote rigor and transparency. 

Credibility was achieved by employing multiple data sources (interviews, documents, and observations) to 

allow for triangulation. Furthermore, member checking was conducted by sharing interview summaries with 

participants to validate interpretations and ensure that the findings accurately reflected their views. This 

iterative process enhanced the authenticity of the thematic insights. Transferability was supported through the 

provision of thick descriptions of the research setting, participant profiles, and contextual factors influencing 

Turkish Cargo’s digital transformation. Detailed accounts of SMARTIST’s technological environment, 

organizational structures, and strategic goals enable readers to evaluate the applicability of findings to other 

air cargo or logistics settings. Dependability was established through careful documentation of the research 

process, including coding strategies, analytic decisions, and audit trails maintained in NVivo 14. The use of a 

standardized thematic analysis protocol (Braun & Clarke, 2006) ensured consistency across phases of data 

interpretation. Additionally, methodological choices were periodically reviewed with academic peers to 

reflectively assess the study’s design. Confirmability was ensured by maintaining a reflexive journal 

throughout the study, where the researcher recorded decisions, potential biases, and interpretations. Peer 

debriefing was used to verify the logic and coherence of emergent themes, thereby minimizing researcher 

subjectivity. Audit trails were preserved for all analytical steps, from coding to theme development. 

Importantly, ethical approval for the study was obtained from the Ethical Committee of Istanbul Ticaret 

University. The application was reviewed and approved prior to the commencement of fieldwork, and all 

research activities were conducted in accordance with the university’s ethical standards for research involving 

human participants. Informed consent was obtained from all participants, who were assured confidentiality, 

anonymity, and the voluntary nature of their involvement. Data were securely stored, and identifying 

information was removed or anonymized during transcription and analysis. Together, these measures ensured 

that the study upheld ethical integrity and maintained high standards of qualitative research rigor throughout 

the investigation of digital transformation processes at SMARTIST. 

4. Findings 

The analysis of qualitative data collected from 25 expert participants revealed five interrelated themes that 

collectively capture the multifaceted nature of digital transformation at Turkish Cargo’s SMARTIST facility. 

First, participants consistently emphasized significant operational efficiency gains enabled by technologies 

such as automation, real-time tracking, and integrated warehouse systems. Second, the study uncovered a range 

of challenges in digital adoption, including system integration issues, staff resistance, and digital skill gaps. 

Third, the role of data analytics and predictive capabilities emerged as a powerful driver of proactive decision-

making, resource optimization, and strategic foresight. Fourth, respondents highlighted how digital systems 

enhanced transparency and customer satisfaction, fostering trust through real-time visibility and personalized 

services. Finally, participants raised concerns related to cybersecurity and data governance, particularly in 

relation to regulatory compliance and platform vulnerabilities. These themes are presented in detail in the 
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sections that follow, with supporting evidence drawn directly from participant narratives, institutional 

documents, and industry benchmarks. 

Theme 1: Operational Efficiency Gains through Digital Integration 

One of the most prominent and consistently echoed themes across all participant groups was the significant 

operational efficiency achieved through the integration of digital technologies at the SMARTIST facility. 

Participants described this transformation as a "turning point" in how cargo operations were managed, citing 

the seamless flow of goods, increased processing speed, and reduction in manual intervention as key benefits. 

Several participants highlighted the impact of automation systems on routine operational processes. As one 

operations manager noted, "The automation system reduced our processing time significantly, especially for 

outbound cargo. Tasks that used to take 40 minutes now take less than 15" (P5). This sentiment was reinforced 

by a warehouse supervisor who explained, "With the ASRS, we no longer rely on forklifts for internal transfers. 

The system knows where everything is and moves it with precision" (P4). Participants also emphasized how 

SmartDock technology improved the efficiency of ground operations. A logistics coordinator shared that 

"Using SmartDock streamlined our truck scheduling and minimized congestion at peak hours. There’s less 

waiting, fewer mistakes, and a smoother flow overall" (P7). This integration allowed for dynamic docking 

assignments and reduced idle time for vehicles, contributing to quicker turnaround and reduced costs. IoT 

devices were another crucial enabler of real-time operational control. A digital systems engineer stated, "IoT 

sensors helped us catch temperature deviations in perishable goods much faster than before. This has reduced 

spoilage and increased trust with our pharma clients" (P21). The ability to monitor and act on live data also 

contributed to better compliance with international cold-chain standards. Beyond individual technologies, the 

synergy of systems was frequently cited. According to a senior planner, "What’s powerful is how everything 

connects—the ASRS, the tracking sensors, the management software. It’s a digital ecosystem that moves with 

the cargo" (P11). This systemic integration not only improved speed and accuracy but also enhanced 

predictability, enabling more efficient workforce and capacity planning. Several participants stressed that 

efficiency gains were not limited to throughput alone, but also extended to quality and reliability. "We’ve seen 

a drop in loading errors, and the damage rate has gone down too. Everything’s logged, traced, and validated 

by the system" (P9). The digitalization thus contributed to both operational excellence and enhanced service 

quality. 

In summary, participants broadly agreed that SMARTIST’s digital systems transformed traditional 

operations into a highly coordinated, automated, and responsive environment. The integration of automation, 

IoT, and intelligent software tools collectively enabled Turkish Cargo to boost its operational efficiency at 

scale, setting a benchmark for digitally enabled air cargo terminals. Table 3 presents the subthemes that 

emerged under this theme, each with associated codes (more than four per subtheme), the frequency of 

references to that subtheme across the 25 interviews, and an illustrative quote. 

Table 3. Subthemes, Codes, Frequencies, and Sample Quotes for Theme 1 

Subtheme Codes Frequency   Sample Quote 

Automation of Cargo 

Handling 

ASRS Efficiency, Internal Logistics Automation, Robotic 

Movement, Reduced Manual Labor, Auto-Positioning Systems 
12 

"With the ASRS, we no longer rely on forklifts... 

it moves cargo with precision" (P4) 

SmartDock 

Scheduling 

Dock Congestion Reduction, Real-Time Allocation, Dynamic 

Assignment, Vehicle Turnaround Time, Scheduling Predictability 
9 

"SmartDock streamlined our truck scheduling 

and minimized congestion at peak hours" (P7) 

Real-Time 
Monitoring with IoT 

Temperature Control, IoT-Based Alerts, Cargo Condition Data, 
Real-Time Feedback, Remote Monitoring Capabilities 

8 
"IoT sensors helped us catch temperature 
deviations in perishable goods" (P21) 

Integrated System 

Coordination 

Digital Ecosystem, Cross-System Interoperability, Unified 

Platform, End-to-End Visibility, Data-Driven Decision Support 
7 

"It’s a digital ecosystem that moves with the 

cargo" (P11) 

Improved Accuracy 

and Quality 

Reduced Errors, System Validation, Quality Compliance, 

Damage Tracking, Audit Trail Automation 
6 

"The damage rate has gone down too. 

Everything’s logged, traced, and validated" (P9) 

 

These subthemes collectively underscore the transformative role of digital integration in achieving 

operational efficiency at SMARTIST. Participants consistently emphasized that the adoption of automation 

technologies, IoT-based monitoring, and intelligent scheduling systems not only accelerated cargo processing 

but also introduced precision and predictability into everyday operations. The frequency and richness of the 

codes suggest that operational improvements were both tangible and multifaceted—impacting physical 

workflows, information systems, and service quality. The convergence of these technologies into a unified, 
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responsive digital ecosystem enabled Turkish Cargo to optimize performance on a large scale. This suggests 

that SMARTIST serves as a strong model for how smart infrastructure can support sustainable, high-volume 

logistics operations in the air cargo sector. 

Theme 2: Challenges in Digital Adoption  

While the integration of digital systems brought substantial gains in operational efficiency, many 

participants also identified significant challenges encountered during the transition. These challenges spanned 

technical, organizational, and human dimensions, revealing the complexities of implementing large-scale 

digital transformation in an operationally intensive sector like air cargo. A recurrent issue reported was system 

integration and data compatibility. One IT coordinator stated, "Bringing legacy systems into sync with the new 

automated platforms took much longer than planned. We had to customize a lot of middleware to get them to 

communicate" (P6). These integration challenges often delayed full system functionality and required 

extensive internal collaboration and troubleshooting. Another prominent concern was resistance to change 

among employees. "There was skepticism, especially from older staff. They felt uncertain about their roles and 

worried that machines might replace them" (P10). To address these fears, several participants emphasized the 

importance of communication and inclusion. "We involved them in testing and training. That helped ease their 

concerns" (P13). Participants also expressed challenges related to training and digital competence. While 

structured training programs were available, some roles required advanced digital literacy that not all personnel 

initially possessed. "Not everyone was comfortable navigating the software dashboards. We needed multiple 

training cycles, especially for shift staff" (P17). Concerns regarding cybersecurity also emerged, particularly 

with increased reliance on cloud platforms and interconnected systems. "We had to revisit our entire 

cybersecurity policy. The digital expansion meant more potential entry points for breaches" (P14). This 

prompted a renewed focus on threat monitoring, access control, and staff awareness programs. External 

dependencies presented additional hurdles. For example, aligning with technology vendors and airport 

authorities sometimes caused coordination bottlenecks. "We were relying on a vendor’s timeline for part of 

the integration, and that slowed things down internally" (P19). Despite these obstacles, most participants 

viewed them as expected friction points in a transformation of this scale. As one senior planner reflected, "No 

digital shift is without bumps. What matters is how quickly you learn and adapt" (P23). Table 4 summarizes 

the subthemes under this theme, along with multiple associated codes (more than four for each), the frequency 

of occurrence across interviews, and representative participant quotes. 

 
Table 4. Subthemes, Codes, Frequencies, and Sample Quotes for Theme 2 

Subtheme Codes Frequency    Sample Quote 

System Integration and 

Compatibility 

Legacy Systems, Middleware Development, Data 

Standardization, Cross-Platform Sync, Testing Delays 
14 

"Bringing legacy systems into sync... took 

much longer than planned" (P6) 

Human Factors and 
Resistance 

Change Resistance, Role Uncertainty, Generational Gaps, 
Involvement Hesitation, Morale Impact 

13 
"There was skepticism, especially from older 
staff..." (P10) 

Training and Digital 

Literacy 

Dashboard Navigation, Digital Skill Gaps, Role-Based 

Training Needs, Learning Curves, Training Overload 
12 

"We needed multiple training cycles, 

especially for shift staff" (P17) 

Cybersecurity Concerns 
Policy Overhaul, Threat Monitoring, Access Management, 

Incident Preparedness, Awareness Gaps 
11 

"The digital expansion meant more potential 

entry points for breaches" (P14) 

Vendor and External 
Dependencies 

Timeline Delays, Dependency Risks, Coordination Gaps, Tech 
Support Bottlenecks, Resource Misalignment 

10 
"We were relying on a vendor’s timeline... 
that slowed things down" (P19) 

These findings demonstrate that while digital transformation presents significant opportunities, it also 

introduces multidimensional challenges that require strategic mitigation, continuous learning, and stakeholder 

engagement. Addressing these factors was essential in ensuring the successful adoption and stabilization of 

SMARTIST’s digital systems. 

Theme 3: Role of Data Analytics and Predictive Capabilities 

Participants frequently emphasized the growing importance of data analytics and predictive technologies 

in enhancing decision-making, operational foresight, and strategic agility at SMARTIST. This theme captures 

how the digital systems implemented at the facility are leveraged not just for efficiency, but also for advanced 

monitoring, planning, and real-time responsiveness. Many participants described how live data analytics 

enabled proactive interventions and better control over cargo flows. As one data analyst explained, "With real-

time dashboards, we’re not just reacting—we’re predicting delays and bottlenecks before they happen" (P3). 
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This predictive capability was especially useful in rerouting cargo during peak hours or adjusting staff 

allocation dynamically. Predictive maintenance was another major application. "Our equipment sensors 

generate alerts before breakdowns occur. That’s a game changer for minimizing downtime" (P20), shared a 

warehouse operations manager. These sensor-triggered insights, coupled with historical performance data, 

allowed for scheduled interventions that reduced disruptions. Several participants noted how big data enabled 

more informed capacity planning. "We analyze demand patterns by region and time of year to optimize our 

load planning and fleet assignment" (P16). This data-driven approach replaced intuition-based planning with 

systematic, evidence-based strategies. Furthermore, AI-powered forecasting tools were also widely praised. 

"Machine learning models help us forecast cargo trends, from volume projections to seasonal fluctuations. It 

really sharpens our strategic planning" (P12). These tools provided a competitive edge in pricing, route 

optimization, and resource forecasting. Lastly, the integration of analytics into customer interfaces improved 

transparency and service personalization. "Clients now see estimated arrival times and route updates live. It 

builds trust" (P8). Enhanced visibility across the supply chain contributed to higher customer satisfaction and 

better stakeholder communication. Table 5 shows the subthemes, codes and frequencies for Theme 3. 

Table 5. Subthemes, Codes, Frequencies, and Sample Quotes for Theme 3 

Subtheme Codes Frequency    Sample Quote 

Real-Time Monitoring 

& Dashboards 

Live Analytics, Dashboard Alerts, Decision Support, Delay 

Prediction, Visual Indicators 
15 

"With real-time dashboards, we’re not just 

reacting—we’re predicting delays..." (P3) 

Predictive Maintenance 
Sensor Alerts, Downtime Avoidance, Equipment 

Monitoring, Scheduled Servicing, Automation Triggers 
14 

"Our equipment sensors generate alerts before 

breakdowns occur..." (P20) 

Data-Driven Capacity 
Planning 

Demand Forecasting, Seasonal Patterns, Load Optimization, 
Network Modeling, Scenario Analysis 

13 
"We analyze demand patterns by region and time 
of year..." (P16) 

AI-Powered Forecasting 
Machine Learning Models, Trend Prediction, Demand 

Estimation, Strategic Planning, Route Modeling 
12 

"Machine learning models help us forecast cargo 

trends..." (P12) 

Customer-Facing 

Analytics 

ETA Visualization, Client Dashboards, Tracking Interfaces, 

Shipment Insights, Transparency Tools 
11 

"Clients now see estimated arrival times and 

route updates live..." (P8) 

In summary, participants viewed analytics and forecasting technologies as critical enablers of 

SMARTIST’s transformation into a predictive, agile logistics hub. These capabilities extended the value of 

digitalization beyond automation—enabling proactive planning, system resilience, and data-informed strategic 

decision-making. 

Theme 4: Enhanced Transparency and Customer Satisfaction 

Another significant theme emerging from the interviews was the enhancement of transparency and 

customer satisfaction through digital transformation. Participants consistently emphasized that the deployment 

of real-time tracking systems, customer-facing dashboards, and digital feedback loops improved service 

quality and strengthened client relationships. Several participants highlighted the role of visibility tools in 

building trust with customers. A customer service officer stated, "Before, clients had to call us to get updates. 

Now they can see everything in real-time, from check-in to final delivery" (P2). This shift toward proactive 

transparency reduced workload on staff and increased customer confidence. Digital communication tools were 

also viewed as crucial for responsiveness. "We use automated alerts and messaging platforms to notify clients 

about delays or customs status. It makes us look more professional and reliable" (P6), noted a logistics 

coordinator. These enhancements allowed customers to plan ahead and reduced disputes over missed delivery 

timelines. Participants also mentioned the empowerment of customers through data access. "Clients now 

download reports on their shipments, see efficiency metrics, and evaluate our performance like never before" 

(P18). This was especially valued by corporate clients and freight forwarders who rely on data for their own 

service evaluations. The personalization of services also contributed to satisfaction. A commercial manager 

shared, "Some clients want early morning pickups, others need temperature logs—our system lets them choose 

preferences in advance" (P22). This kind of user-oriented customization, powered by digital infrastructure, 

was repeatedly linked to higher loyalty. 

 

Transparency was also perceived as a competitive differentiator. "The fact that clients can track their cargo 

across every checkpoint is something not every airline offers. It gives us a clear edge," remarked a senior 

strategy analyst (P9). For many, the availability of real-time, accurate, and comprehensive data was the 

linchpin of a more modern and customer-centric brand. Table 6 gives related subthemes and codes. 
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Table 6. Subthemes, Codes, Frequencies, and Sample Quotes for Theme 4 

Subtheme Codes Frequency Sample Quote 

Real-Time Visibility 
Live Shipment Tracking, Digital Checkpoints, ETA 
Updates, Full Route Transparency, Online Dashboards 

14 
"Now they can see everything in real-time, 
from check-in to final delivery" (P2) 

Proactive Client 

Communication 

Notification Alerts, Delay Messaging, Customs Status 

Updates, Mobile Integration, E-Communication 
13 

"We use automated alerts and messaging 

platforms..." (P6) 

Client Empowerment 

through Data 

Shipment Analytics, Downloadable Reports, Self-Service 

Metrics, Dashboard Access, API Integration 
12 

"Clients now download reports on their 

shipments, see efficiency metrics..." (P18) 

Personalized Service 
Options 

Client Preferences, Delivery Scheduling, Conditional 
Alerts, Service Customization, Temp Logs 

11 
"Our system lets them choose preferences in 
advance" (P22) 

Competitive 

Transparency Advantage 

End-to-End Tracking, Differentiation, Customer 

Retention, Digital Credibility, Market Perception 
10 

"Clients can track their cargo across every 

checkpoint... gives us a clear edge" (P9) 

 

To conclude, enhanced transparency and tailored digital services have significantly improved customer 

satisfaction at SMARTIST. The integration of these tools enabled Turkish Cargo to redefine client interaction 

from reactive service provision to a proactive, data-driven experience—strengthening both customer loyalty 

and operational trust. 

Theme 5: Cybersecurity and Data Governance Concerns 

As digital technologies and data-intensive systems became increasingly embedded in SMARTIST’s 

operational infrastructure, cybersecurity and data governance emerged as a salient and distinct theme across 

participant accounts. Interviewees consistently emphasized that the expansion of interconnected digital 

platforms introduced new vulnerabilities alongside operational benefits, requiring continuous reassessment of 

security practices and governance mechanisms. One IT supervisor noted that “once everything went digital, 

we had to reassess how exposed we were to cyber threats” (P7), underscoring how digital integration prompted 

heightened awareness of system-level risks. Given the scale and complexity of SMARTIST’s digital 

ecosystem, participants highlighted the necessity of frequent risk assessments, access control mechanisms, and 

real-time monitoring to safeguard operational continuity. 

In addition to technical safeguards, several participants pointed to human-related vulnerabilities as a persistent 

concern. Despite the presence of advanced security systems, interviewees acknowledged that staff awareness 

and everyday practices could undermine cybersecurity efforts. As one systems analyst explained, “we had 

strong systems, but human error was still the weak point. A single phishing email can create major disruptions” 

(P24). This observation reflected a broader recognition that cybersecurity risks are not solely technological but 

also behavioral, reinforcing the importance of continuous training, internal communication, and organizational 

vigilance. 

Data governance issues were also prominently discussed, particularly in relation to customer data protection, 

regulatory compliance, and system interoperability. Participants stressed the need to comply with stringent 

international data protection standards, such as GDPR, while managing large volumes of operational and 

customer-related data. A compliance officer highlighted that “there are strict standards about how customer 

and cargo data are handled—we needed to tighten our protocols to avoid violations” (P16). These concerns 

were further compounded by the integration of external platforms and customer-facing portals, which 

increased the complexity of defining data ownership, access rights, and accountability across systems. 

Several interviewees described ongoing efforts to clarify data governance policies, particularly regarding 

permissions and responsibilities within integrated digital environments. As one participant noted, “who owns 

what data, who can edit it, who gets to delete or export it—we needed clear policies and permission layers” 

(P20). This need for formalized governance structures reflected the challenges of maintaining control and 

transparency in a highly interconnected logistics ecosystem. At the same time, some participants 

acknowledged tensions between ensuring robust data security and maintaining operational efficiency. 

“Sometimes more layers of protection slow things down—it’s a tradeoff we’re still learning to manage” (P12). 

This illustrates the practical balancing act between usability and stringent access control in fast-paced air cargo 

operations. Table 7 summarizes the key subthemes and codes associated with cybersecurity and data 

governance concerns. 
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Table 7. Subthemes, Codes, Frequencies, and Sample Quotes for Theme 5 

Subtheme Codes Frequency Sample Quote 

System Vulnerabilities 
and Threats 

Network Exposure, Platform Risks, Malware Defense, 
Endpoint Weaknesses, Real-Time Monitoring 

13 
"Once everything went digital, we had to reassess 
how exposed we were to cyber threats" (P7) 

Human Factors in 

Cybersecurity 

Phishing Risks, Human Error, Awareness Gaps, Social 

Engineering, Behavioral Training 
12 

"Human error was still the weak point... a single 

phishing email can create major disruptions" (P24) 

Regulatory and 

Compliance Issues 

GDPR Alignment, Data Retention Policies, Legal 

Obligations, Audit Requirements, Consent Protocols 
11 

"We needed to tighten our protocols to avoid 

violations" (P16) 

Access Control and Data 
Ownership 

Permission Levels, Edit Rights, Platform Access Roles, 
Ownership Clarification, Interoperability Risk 

10 
"Who owns what data, who can edit it, who gets to 
delete or export it..." (P20) 

Security-Usability 

Tradeoffs 

Efficiency vs. Protection, Multi-Factor Delays, System 

Friction, Risk vs. Speed, UI Constraints 
9 

"More layers of protection slow things down—it's a 

tradeoff we're still learning to manage" (P12) 

In summary, participants recognized that the expansion of digital capabilities at SMARTIST must be 

matched with equally advanced and adaptive cybersecurity strategies. Addressing human factors, technical 

vulnerabilities, and governance protocols was viewed as essential to sustaining operational integrity and 

stakeholder trust in an increasingly data-dependent logistics ecosystem. 

5. Discussion 

The findings of this study provide a detailed and context-sensitive explanation of how digital transformation 

is enacted within air cargo logistics, grounded in the case of Turkish Cargo’s SMARTIST facility. While the 

results corroborate a substantial body of literature highlighting the efficiency-enhancing and coordination-

improving effects of digital technologies, they also reveal organizational, governance, and human-centered 

dynamics that remain comparatively underexplored in empirical research. In this respect, the study aligns with 

existing work on digital logistics transformation while extending it by demonstrating that digitalization in air 

cargo is best understood as a socio-technical and strategic process shaped by technological capabilities, 

organizational readiness, and environmental constraints rather than as a linear technological upgrade. 

A clear area of convergence with prior research lies in the role of automation and digitally integrated process 

management in enhancing operational performance. The empirical evidence from SMARTIST closely mirrors 

findings reported in recent air cargo and freight hub studies, which show that automation significantly 

improves throughput reliability, process transparency, and coordination across operational units (Wehner et 

al., 2025). From a Technology–Organization–Environment (TOE) perspective, these outcomes reflect the 

technological dimension of transformation, where advanced systems enable speed and predictability, but only 

when supported by organizational standardization and coordination. From a Resource-Based View (RBV) 

perspective, the integration of automation technologies with accumulated operational know-how constitutes a 

valuable and difficult-to-imitate capability that extends beyond short-term efficiency gains. 

The study’s findings also resonate strongly with prior work emphasizing the importance of digital 

integration standards for information flow and traceability across logistics networks. In line with Jurgelāne-

Kaldava et al. (2025), the SMARTIST case demonstrates how the integration of IoT sensors, centralized data 

platforms, and analytics dashboards enhances end-to-end visibility and supports proactive decision-making. 

Comparable results have been reported in broader digital supply chain research, where integrated data 

platforms improve coordination, resilience, and responsiveness across complex networks (Dolgui & Ivanov, 

2022). Interpreted through the TOE framework, these findings reflect not only technological sophistication but 

also organizational alignment and environmental pressure arising from customer expectations and regulatory 

scrutiny. Importantly, the SMARTIST case suggests that the benefits of digital integration observed in smaller 

or national-level systems can be scaled to larger hubs when governance mechanisms evolve alongside 

technological investment. 

At the same time, the findings nuance and challenge linear representations of digital transformation that 

assume a smooth progression from technology adoption to performance improvement. While advanced digital 

systems were widely deployed at SMARTIST, their effective use varied considerably across organizational 

roles. Technical and analytical teams displayed high levels of digital fluency, whereas frontline operational 

staff required sustained training and adjustment. This pattern aligns with broader digital transformation 

research, which emphasizes uneven adoption, skills gaps, and resistance as persistent challenges in large 

organizations (Chittipaka et al., 2023). From a TOE perspective, this highlights the organizational dimension 

as a critical constraint on transformation outcomes, while from an RBV standpoint it underscores the role of 

human capital and learning capabilities as complementary resources necessary to unlock the full value of 

digital assets. 
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The findings further contribute to emerging discussions on platform-based digital ecosystems in logistics. 

Consistent with Akçacı et al. (2026), who conceptualize digital transformation within the broader “silicon 

economy,” the SMARTIST case illustrates how value creation increasingly occurs through interconnected 

platforms rather than isolated technologies. Digital transformation extended beyond internal efficiency 

improvements to reshape coordination patterns, data-sharing practices, and customer interaction mechanisms. 

Similar dynamics have been observed in platform-based logistics ecosystems, where digital orchestration 

capabilities enable firms to integrate multiple stakeholders and services within a unified operational 

architecture (Dolgui & Ivanov,2022). From an RBV perspective, the ability to orchestrate such platforms 

represents a higher-order capability that is difficult to replicate without substantial organizational depth and 

infrastructural investment. 

One of the study’s most distinctive contributions lies in its treatment of cybersecurity and data governance 

as integral components of digital transformation rather than peripheral technical concerns. While prior logistics 

and transport studies often treat cybersecurity as an external risk or compliance issue (Zolkafli & AlArabiat, 

2025), participants in the SMARTIST case framed cybersecurity as a strategic constraint shaping system 

architecture, access control, and trust relationships. Within the TOE framework, regulatory requirements, 

cross-border data protection standards, and heightened cyber risk exposure constitute environmental pressures 

that directly influence technological design and organizational processes. From an RBV perspective, the 

capability to manage cybersecurity and data governance effectively emerges as a valuable and difficult-to-

imitate resource, particularly in large-scale cargo hubs where operational continuity and data integrity are 

central to competitive positioning. 

The findings also carry important implications for practice and policy when interpreted through these 

theoretical lenses. For air cargo operators and ground handlers, the results suggest that the performance benefits 

of digital transformation are maximized when technological integration is matched by organizational learning, 

workforce reskilling, and governance capacity. While digitalization reduced physical workload and manual 

error, it simultaneously increased demand for analytical skills, system literacy, and cross-functional 

coordination—echoing findings from Industry 4.0 and logistics workforce studies (Sony & Naik, 2020). For 

policymakers and regulators, the study highlights the importance of supportive digital infrastructure policies 

and robust data governance frameworks, particularly as air cargo hubs increasingly function as critical nodes 

within global digital supply chains. 

Although this research is based on a single in-depth case, its insights are analytically transferable to other 

air cargo and logistics contexts. The SMARTIST facility represents a flagship example of digital maturity, yet 

the underlying mechanisms identified—automation integration, predictive analytics, platform-based 

coordination, workforce adaptation, and cybersecurity governance—are relevant to operators at varying scales 

and stages of digital readiness. Similar challenges and trajectories have been observed across ports, rail freight 

hubs, and multimodal logistics platforms, suggesting that the findings contribute to broader debates on how 

digital transformation can be adapted and scaled across heterogeneous infrastructure environments. 

In sum, this study demonstrates that digital transformation in air cargo logistics is not a purely technological 

transition but a multidimensional process shaped by the interaction of technological capabilities, organizational 

resources, and environmental pressures. By explicitly interpreting empirical findings through the TOE and 

RBV frameworks and situating them within a broader comparative literature, the study advances understanding 

of digital transformation as a strategic, socio-technical, and governance-intensive phenomenon within the 

global air cargo and logistics ecosystem. 

6. Conclusion and Recommendations 

This study investigated the strategic execution and organizational realities of digital transformation within 

Turkish Cargo’s SMARTIST facility, offering a deeply contextualized and empirically grounded account of 

how advanced digital technologies are operationalized in a large-scale air cargo hub. While the broader 

literature has consistently emphasized the efficiency-enhancing potential of automation, analytics, and digital 

integration in logistics, empirical insights into how these transformations are implemented, governed, and 

stabilized in practice remain limited. In this respect, the findings of the present study contribute primarily by 

addressing previously identified gaps related to implementation dynamics, organizational adaptation, and 

governance complexity, rather than by introducing entirely new performance outcomes. At the same time, the 

study provides novel process-level insights by revealing how digital transformation unfolds as an ongoing, 

negotiated, and socio-technical process within a highly regulated and operationally demanding aviation 

context. 
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The thematic analysis identified five interrelated themes that collectively illustrate both the enabling and 

constraining dimensions of digital transformation in air cargo operations. These themes demonstrate that 

improvements in operational efficiency, transparency, and predictive capability are closely intertwined with 

challenges related to cybersecurity, data governance, and workforce adaptation. While similar dimensions have 

been discussed separately in prior studies, this research contributes by showing how they coexist and interact 

within a single operational ecosystem. In particular, the findings indicate that digital transformation does not 

generate uniform or linear benefits across organizational units; instead, its impacts vary depending on role, 

function, and digital readiness. This observation directly addresses a limitation in the existing literature, which 

often treats digital transformation outcomes as homogeneous or technology-driven, by highlighting the 

importance of organizational context, human agency, and institutional constraints. 

From a theoretical perspective, the study advances existing research by providing empirical depth to the 

application of the Technology–Organization–Environment (TOE) framework and the Resource-Based View 

(RBV) in the air cargo domain. While both frameworks are well established, their use in aviation logistics has 

largely remained conceptual or survey-based. The findings demonstrate how external pressures—such as 

regulatory requirements, customer expectations for transparency, and cybersecurity obligations—interact with 

internal organizational capabilities and technological infrastructure to shape digital transformation outcomes. 

At the same time, the RBV lens explains how Turkish Cargo was able to convert digital investments into 

sustained competitive advantage through proprietary infrastructure, advanced analytics capabilities, and 

continuous human capital development. Rather than proposing new theoretical constructs, the study 

strengthens existing frameworks through contextualized empirical validation. 

To enhance clarity and practical relevance, the key managerial and policy implications derived from the 

findings are summarized below. 

Implications for Airline and Air Cargo Managers 

• Digital transformation initiatives should be designed as integrated socio-technical programs rather 

than isolated technology deployments, ensuring alignment between systems, workflows, and 

human capabilities. 

• Investment in automation and analytics must be accompanied by continuous workforce upskilling, 

particularly for frontline operational staff, to address uneven digital maturity across roles. 

• Managers should treat cybersecurity and data governance as strategic priorities embedded in system 

design and operational decision-making, rather than as compliance-driven afterthoughts. 

• Cross-functional coordination mechanisms should be strengthened to ensure that digital tools 

support end-to-end visibility and collaboration across departments and operational units. 

 

Implications for Ground Handlers and Logistics Service Providers 

• Digital integration with airline systems requires clearly defined data governance structures, 

including access rights, data ownership, and accountability mechanisms. 

• Workforce roles are likely to shift from manual handling toward monitoring, exception 

management, and analytics-based decision support, necessitating proactive role redesign and 

training strategies. 

• Operational efficiency gains should be balanced with usability considerations to avoid excessive 

system complexity that may hinder real-time decision-making. 

 

Implications for Policymakers and Regulators 

• Regulatory frameworks should support digital innovation in air cargo while providing clear 

guidance on data protection, cybersecurity standards, and cross-border data flows. 

• Public–private collaboration can play a critical role in developing secure digital infrastructure and 

harmonized standards across air cargo ecosystems. 

• Given the critical role of air cargo hubs in global supply chains, cybersecurity resilience should be 

recognized as a component of national and international transport security policy. 

 

Despite its contributions, this study is subject to limitations that also point toward promising directions for 

future research. As a single-case, cross-sectional analysis, the findings cannot fully capture sectoral 

heterogeneity or the longitudinal evolution of digital maturity across different organizational and regulatory 

contexts. The SMARTIST facility represents a technologically advanced and resource-intensive case, which 
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may not be directly comparable to smaller or less digitally mature cargo operations. Future research would 

therefore benefit from comparative and longitudinal designs examining how digital transformation pathways 

differ across airports, airlines, and national systems over time. In addition, emerging technologies such as 

blockchain-enabled cargo documentation, AI-driven autonomous routing, and digital twins for multimodal 

logistics networks offer fertile ground for further investigation. 

Ultimately, this study demonstrates that while the outcomes of digital transformation may echo familiar 

themes of efficiency and transparency, the organizational pathways through which these outcomes are realized 

remain insufficiently understood. By illuminating these pathways, the research contributes original empirical 

insights that advance scholarly understanding and inform strategic decision-making in the evolving air cargo 

logistics landscape. 
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Introduction 

The concept of Intangible Cultural Heritage (ICH) is defined in the 2003 Convention on the Intangible 

Cultural Heritage in Paris as "practices, representations, expressions, knowledge, skills and related 

instruments, tools and cultural spaces that communities, groups and, in some cases, individuals, identify as 

part of their cultural heritage" (Ministry of Culture and Tourism, 2026a). ICH values are evaluated in five main 

groups: oral traditions and expressions along with language, which serves as a carrier in the transmission of 

cultural heritage; performing arts; social practices; festivals and rituals; practices related to nature and the 

universe; and finally, handicrafts. As of January 2026, Turkey has 32 registered intangible cultural heritage 

values. With this rich list, Turkey is the second country in the world after China, to have registered the most 

intangible cultural heritage values. When the list is examined, it is seen that traditional sports and games are 

also under protection. In 2010, Kırkpınar oil wrestling, in 2019 traditional Turkish archery, and in 2020 

traditional intelligence and strategy games were added to the list. Traditional Turkish sports can be defined as 

sporting activities passed down from the past to the present, with functions of competition and entertainment, 

as well as recreational purposes (Turkey Culture Portal, 2026). At the heart of traditional Turkish sports lie 

themes of friendship, brotherhood, and bravery. Thanks to their functions of fostering togetherness and social 

cohesion, traditional sports have maintained their existence throughout history (Karahüseyinoğlu, 2008). 

However, it can be said that the demand for these sports is decreasing day by day. Therefore, the aim of this 

research is to determine the attitudes and participation intentions of university students towards traditional 

Turkish sports and games. The research sample consisted of students from the Faculty of Tourism at Balıkesir 

University. Based on the research findings, suggestions are presented to universities, public institutions and 

organizations, and researchers to increase students' awareness and interest.. 

Conceptual Framework / Theory 

Culture can be defined as a memory containing the codes of lifestyles that a nation has created throughout 

its history. Through culture, the interests, perceptions, attitudes, behaviors, and way of life of a society are 

passed on to future generations as a whole. In short, culture can be described as a distilled summary of a 

nation's experiences throughout history (Göçer, 2012: 50). Traditional sports and games, which hold an 

important place in the daily activities of Turks, are an integral part of Turkish folk culture (Karahüseyinoğlu, 
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2008). Traditional Turkish sports and games are basically divided into two groups: equestrian and non-

equestrian sports. Equestrian sports include flat horse racing, beyge, and jump, while non-equestrian sports 

include games such as bayrak, tomak, çelik-çomak, oil wrestling, and shalvar wrestling. It is known that there 

are approximately 25 equestrian and 157 non-equestrian sports (İmamoğlu et al., 1997). 

 

The Turkish society has been known as a nomadic people throughout history. Therefore, it has constantly 

interacted with new cultures in the new geographies it has traveled to. In this way, Turks have carried and 

taught sports and games, which are a part of their culture, to different geographies (Güven, 1999). 

 

Traditional Oil Wrestling 

Oil wrestling is one of the traditional Turkish sports that is believed to have originated in Thrace and the 

Balkans and has a 4500-year history (World Ethnosport Federation, 2026). The main factor that distinguishes 

traditional sports from other sports is the customary and ceremonial practices that the sport contains. In this 

context, oil wrestling, like other traditional sports, consists of cultural concepts. Traditional oil wrestling 

includes its own unique cultural elements such as oil, the announcer, prayer, greeting, kispet (wrestling attire), 

peşrev (prelude), music, the institution of the chieftain, and the Kırkpınar tradition (Yıldıran, 2000: 56). What 

distinguishes oil wrestling from other types of wrestling is that it is a sport that requires balance. In oil 

wrestling, matches begin with the wrestlers wearing kispet (a leather garment that extends from below the 

navel to below the knee). Afterwards, the wrestlers are oiled, and the match continues until one wins. During 

this competition, war tunes are played with drums and zurna (Turkish wind instrument) (Turkish Wrestling 

Federation, 2026). The traditional Kırkpınar oil wrestling competition was inscribed on the UNESCO 

Representative List of Intangible Cultural Heritage in 2010, representing Türkiye. 

 

Traditional Turkish Archery 

Archery is the effort to hit a specific target while shooting an arrow as far as possible through a bow. This 

sport is the result of combining posture, grip, and shooting techniques with muscle power (İnan, 1992: 2). In 

addition to physical attributes such as strength, balance, flexibility, speed, body integrity, gross and fine motor 

skills, it requires intelligence, attention, and concentration during shooting (Türker, 2022). Archery holds a 

significant place in Turkish folk culture. Historically, Turks have been known by different nations as an archer 

nation, a people who wielded bows, and those who shot arrows to the sky. Archery and horsemanship, in 

particular, are concepts synonymous with Turks. Mounted archery and foot archery were the most effective 

weapon-wielding methods known during the Ottoman period. What makes them so powerful is the 

technological superiority of the bows (Tuzcuoğulları, 2022). To ensure the continuation of this sport, lodges 

called kemankeş were established during the Ottoman Empire. The areas where archery was practiced are still 

known today as archery fields, maintaining their importance (Karcıoğlu and Söylemez, 2022). Traditional 

Turkish archery was inscribed on the UNESCO Representative List of Intangible Cultural Heritage in 2019, 

representing Türkiye. 

 

Traditional Intelligence and Strategy Game Mangala 

Mangala is an intelligence and strategy game that dates back to the earliest periods of humanity. In different 

cities of Turkey, it is known as: altı ev, hane, mele, han, göçmecik, höme, emme, bızıdı, bızıt, çüş, foduk, pıç, 

meneli taş, guycuk, kuyucuk taşı, evcik, kuytu, yuf, çal, kuy taşı (Uluışık, 2018). In Kazakhstan and 

Kyrgyzstan, the game is known as togyzqumalaq, toquz korgool, and göçürme (UNESCO, 2026). The game 

is suitable for two people or two groups. The aim of the game is for players to collect the most stones (seeds, 

grains, etc.). The duration of the game can vary depending on the players and the rules (Ministry of Culture 

and Tourism, 2026b). Playing Mangala provides benefits such as cunning, alertness, foresight, flexibility, 

resilience, prudence, and memory (Kul, 2018: 987). This traditional intelligence and strategy game was 

registered on the UNESCO Representative List of Intangible Cultural Heritage in 2020 as a joint file with 

Kazakhstan and Kyrgyzstan. 

 

Literature Review 

There are limited studies on traditional Turkish sports in the relevant literature. In the study conducted by 

Şahin and Evli (2020), theses on traditional Turkish sports were examined and only 11 publications were 

found. When the subject distribution of the theses is evaluated, it is seen that they focus on general sports or 

branches in a certain period. In line with the aim of the research, studies that deal with traditional Turkish 

sports within the framework of intangible cultural heritage are listed below. A review of the international 

literature also reveals a similarly limited number of studies. 
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The study conducted by Brankov et al. (2026) examined the assessment and preservation status of 

traditional sports and games within the scope of intangible cultural heritage. The research findings indicate 

that the promotion of traditional sports and games is largely carried out through event tourism, but community 

participation in these events is limited. While a significant portion of participants believe that traditional sports 

and games can be marketed through tourism, inadequacies in knowledge transfer and weak local community 

support stand out as key obstacles to the sustainability of this heritage. Furthermore, the study found that 

women and individuals with lower levels of education exhibited more positive attitudes towards traditional 

sports and games.  

 

Zhang (2025) examined the cultural capital transformation of Wushu, a traditional Chinese martial art, 

within the scope of intangible cultural heritage, and the impact of this transformation on individuals' social 

status. The research argues that intangible cultural heritage transforms traditional cultural practices and 

becomes an important tool in individuals' social positioning. 

 

A review study was conducted by Genç and Kırdemir (2024) examining the sports branches included in the 

list of intangible cultural heritage. Within the scope of the research, it was determined that sports such as 

Kırkpınar oil wrestling, traditional archery and mangala are important cultural heritage elements that reflect 

history and culture and provide value transfer. In addition, it was concluded that various studies are carried out 

by official institutions in these areas. 

 

The study conducted by Nalcıoğlu (2024) aims to determine the awareness of professional sports 

representatives regarding the cultural heritage related to Kırkpınar oil wrestling, traditional Turkish archery, 

and mangala, and their participation in the processes of protecting, preserving, and transmitting this heritage. 

According to the findings, it was observed that the participants had a high level of awareness regarding 

Kırkpınar oil wrestling, but their level of involvement in the nomination file preparation process was low. 

Furthermore, it was determined that the participants’ awareness of traditional Turkish archery and mangala 

was at a moderate level, and their level of involvement in the nomination file preparation process was also 

low.  

Karcıoğlu and Söylemez (2022) aimed to determine the place and importance of traditional Turkish sports 

within cultural tourism and to examine the potential contribution of these sports to tourism as a cultural heritage 

element. As a result of the research, it was determined that traditional Turkish sports are an important historical 

and cultural heritage, continue to be preserved in different regions, and have high potential in terms of cultural 

tourism. However, it was determined that these sports are not sufficiently promoted in Turkey and have not 

yet received the place they deserve in tourism policies.  

 

Luchoro-Parilla et al. (2021) consider traditional sports and games as a component of intangible cultural 

heritage. In this context, their research examines the cultural heritage nature of traditional games within the 

framework of an “ethnomotor” approach. The study analyzes 513 traditional games specific to the Canary 

Islands, evaluating them based on their internal and external characteristics. The research results highlight that 

traditional games play a significant role in terms of sustainability and environmental harmony due to their use 

of materials derived from nature. In this respect, traditional games are considered not only recreational 

activities but also important tools for cultural transmission, social integration, and educational processes. 

 

The aim of the study conducted by Gencay et al. (2018) was to determine the tendencies and awareness of 

high school students regarding the practice of traditional Turkish sports. The research results show that the 

sports branches that young people are most interested in and want to practice are sledding and equestrian 

archery. In contrast, aba wrestling was found to be the least known traditional sport among young people. The 

research results reveal that young people do not have sufficient knowledge and awareness about some branches 

of traditional Turkish sports. Overall, the research results show that the level of interest and inclination towards 

traditional sports is low. 
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Method 

The population of this study consists of students studying at the Faculty of Tourism of Balıkesir University. 

Due to time and access constraints, the research was limited to a single university, which is considered one of 

the significant limitations of the study. In sample selection, convenience sampling, a non-probability sampling 

method, was used. In this context, students who voluntarily participated in the research were included in the 

sample. A questionnaire was used as the data collection tool in the research. In the creation of the questionnaire, 

the scale developed by Koçak et al. (2021) to measure attitudes towards traditional sports and games, and the 

scale used by Akkuş (2013) to measure participation intention, were utilized. However, these scales were not 

used directly in the current study; instead, they were adapted to traditional archery and mangala games, selected 

from among the traditional sports and games listed in the ICH list. In the scale adaptation process, the 

statements were first rearranged to suit the research context, and then the opinions of three academics 

specializing in tourism and recreation were consulted to ensure content validity. Necessary linguistic and 

semantic corrections were made in line with expert opinions. In addition, a pilot study was conducted with a 

limited number of participants to test the comprehensibility of the scale, and the survey form was finalized 

based on the feedback received. The survey form consists of two sections. The first section includes statements 

measuring participants' attitudes towards traditional archery and mangala games, and their intention to 

participate. These statements were rated on a 5-point Likert scale (1=Strongly disagree, 5=Strongly agree). 

The second section includes questions to determine the demographic characteristics of the participants and 

their experiences with traditional sports and games. Data were collected between February 1, 2024, and March 

30, 2024, using a face-to-face survey method. A total of 300 questionnaires were obtained; after removing 

incomplete or incorrectly completed questionnaires, 255 valid questionnaires were included in the analyses. 

Descriptive statistics, normality tests, factor analysis, and regression analysis were applied to the obtained data. 

The hypotheses developed in line with the relevant literature in this study are as follows: 

 

H1: Attitude towards traditional archery has a significant effect on the intention to participate. 

H1a: Social attitudes toward traditional archery have a significant effect on the intention to participate. 

H1b: Cognitive attitudes toward traditional archery have a significant effect on the intention to participate. 

H1c: Cultural attitudes toward traditional archery have a significant effect on the intention to participate. 

H2: Attitudes toward the traditional mangala game have a significant effect on the intention to play the 

game. 

H2a: Socio-cultural attitudes toward the traditional mangala game have a significant effect on the intention 

to play the game.  

H2b: Cognitive attitudes toward the traditional mangala game have a significant effect on the intention to 

play the game. 

Findings  

Conclusion and Recommendations 

By summarizing the findings, a conclusion section containing theoretical and practical contributions should 

be created, and suggestions for future studies should be provided. 

Various statistical methods were used in the analysis of the data collected in the research. The findings 

obtained regarding the research are reported in this section.  

 

Table 1. Participant Information 
  n % 

Gender 

Male 159 62,4 

Female 96 37,6 

Total 255 100 

Age 

Ages 18-20  152 59,5 

Ages 21-23  93 36,4 

Ages 24 and above 10 4 

Total 255 100 

Department 

Tourism Guiding 124 48,6 

Tourism Management 46 18,0 

Recreation Management 38 14,9 

Gastronomy and Culinary Arts 47 18,4 

Total 255 100 
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Continuation of the table 

Year of Study 

1 102 40,0 

2 80 31,4 

3 45 17,6 

4 28 11,0 

Awareness of Traditional 

Sports and Games 

Aba Wrestling 10 3,9 

Mounted Archery 157 61,6 

Traditional Archery 214 83,9 

Traditional Sledding 43 16,9 

Mangala 137 53,7 

Mounted Cirit 137 53,7 

Cirit  175 68,6 

Şalvar Wrestling 20 7,8 

Traditional Oil Wrestling 201 78,8 

Sources of Information 

Family 109 427 

Friend 115 45,1 

Internet/social media 146 57,3 

TV, newspapers, etc. 146 57,3 

School/faculty 65 25,5 

Other 3 0,8 

Previous Participation 
Participant 41 16,1 

Non-participant 214 83,9 

Sports and games they have 

previously participated in 

Traditional Archery 17 6,7 

Mounted Archery 1 0,4 

Mounted Cirit 1 0,4 

Cirit 3 1,2 

Mangala 22 8,6 

Oil Wrestling 5 2,0 

Traditional Sledding 1 0,4 

The sports or games they are 

currently interested in 

Yes 10 3,9 

Equestrian archery, Cirit 1 0,4 

Mangala 3 1,2 

Archery 5 2,0 

No 177 96,7 

 

Table 1 shows the demographic characteristics of the participants and their responses regarding traditional 

sports or games. 62.4% of the participants were female and 37.6% were male. Regarding age distribution, 

59.5% were between 18-20 years old, 36.4% were between 21-23 years old, and 4% were 24 years and older. 

Looking at the distribution of the departments they were studying, 48.6% were in tourism guiding, 18% in 

tourism management, 14.9% in recreation management, and 18.2% in gastronomy and culinary arts. 40% of 

the participants were first-year students, 31.4% were second-year students, 17.6% were third-year students, 

and 11% were final-year students. 

 

Regarding the sports and games the participants were aware of, archery was the most known sport with 

83.9%. Oil wrestling came in second with 78.8%. The least frequent source of information is aba wrestling, at 

3.9%. Regarding information sources for traditional sports and games, the internet/social media, TV, 

newspapers, etc., ranked first with 57.3% of participants. School/faculty came last with 25.5%. It was observed 

that 16.1% of participants had previously participated in traditional sports or games. Looking at the sports or 

games they had previously participated in, 8.6% mentioned mangala, 6.7% traditional archery, and 2% oil 

wrestling. Only 3.9% of participants are currently involved in traditional sports or games. 

 

Factor Analysis 

Factor analysis was conducted to examine the construct validity of the variables included in the scale 

prepared to determine the attitudes and participation intentions of tourism faculty students towards traditional 

archery and mangala games. For this, it was first checked whether the data were normally distributed. The 

Kolmogorov-Smirnov test was performed on the research data, and the data were found to be significant at the 

p>,05 level. Therefore, the kurtosis-skewness values of the data were examined. Since all kurtosis and 

skewness values were between (+1.5) and (-1.5), it was accepted that the data were normally distributed 

(Tabachnick and Fidell 2013). The suitability of the data for factor analysis was examined with the sample 
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adequacy (KMO) coefficient and the Bartlett Sphericity test. In order to perform factor analysis, a KMO sub-

value of 0.70 (Altunışık et al. 2012) and a Bartlett's sphericity test value of ≤0.05 were used as the basis 

(Akkoyunlu et al. 2010). 

 

Table 2. Factor Analysis for Attitudes Towards Traditional Archery. 
Items Factor 1 Factor 2 Factor 3 Communalities FACTORS 

ArcheryA2 ,859   
,807 Social 

Eigenvalue: 3,027 

Variance Explained: % 23,286 

Mean: 3,73 

Cronbach’ Alpha: ,842 

ArcheryA1 ,791   
,666 

ArcheryA4 ,709   
,690 

ArcheryA3 ,613   
,543 

ArcheryA7  ,846  
,723 Cultural 

Eigenvalue: 2,889 

Variance Explained: % 22,221 

Mean: 4,09 

Cronbach’ Alpha: ,805 

ArcheryA5  ,782  
,675 

ArcheryA6  ,757  
,644 

ArcheryA8  ,567  
,550 

ArcheryA12   ,770 
,698 

Cognitive 

Eigenvalue: 2,540 

Variance Explained: % 19,535 

Mean:3,86 

Cronbach’ Alpha: ,800 

ArcheryA10   ,745 
,698 

ArcheryA13   ,683 
,655 

ArcheryA11   ,556 
,535 

ArcheryA9   ,468 
,571 

Total Variance Explained: % 65,041 Kaiser-Meyer-Olkin: 870; Barlett Test: x2 : 1618,340 s.d.:78, p<.001  

 

A reliability analysis was conducted for the traditional archery attitude scale, and since Cronbach's Alpha 

(α) value was determined as .894, it was decided to perform factor analysis. KMO and Bartlett's Sphericity 

Test were performed on the scale, and the KMO value was found to be .870. According to the Bartlett test, the 

approximation chi-square (χ2) value was 1618.340, and the significance level was p=.000. Based on these 

results, it is understood that the scale is suitable for factor analysis. The factor analysis of the traditional archery 

attitude scale revealed three factors. The first factor has an explained variance of 23.286%, an eigenvalue of 

3.027, a mean of 3.73, and a reliability of .842. The second factor has an explained variance of 22.221%, an 

eigenvalue of 2.289, a mean of 4.09, and a reliability of .805. The third factor has an explained variance of 

19.535%, an eigenvalue of 2.540, a mean of 3.86, and a reliability coefficient of 800. These factors are named 

social, cultural, and cognitive, respectively, as in the original scale. The total explained variance of the scale 

was determined to be 65.041%. 

 

Table 3. Factor Analysis for Intention to Participate in Traditional Archery. 
Items Factor 1 Communalities FACTORS 

ArcheryI2 ,955 ,911 Intention 

Eigenvalue: 2,689 

Variance Explained: % 89,630 

Mean: 2,51 

Cronbach’ Alpha: ,942 

ArcheryI3 ,945 ,893 

ArcheryI1 ,941 ,885 

Kaiser-Meyer-Olkin: ,870; Barlett Test: x2 : 1618,340 s.d.:78, p<.001  

 

A reliability analysis was conducted for the traditional archery intention-to-participate scale, and since 

Cronbach's Alpha (α) value was determined to be .942, it was decided to perform factor analysis. The scale's 

KMO value was found to be .870, and according to the Bartlett test, the approximation chi-square (χ2) value 

was 1618.340 with a significance level of p=.000. These results indicate that the scale is suitable for 

exploratory factor analysis (EFA). According to the factor analysis results, the items were grouped under a 
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single factor, as in the original scale. Accordingly, the explained variance of the scale was determined to be 

89.630%, the mean 2.51, and the eigenvalue 2.2689. 

 

Table 4. Factor Analysis of Attitudes Towards Traditional Mangala Game 
Items Factor 1 Factor 2 Communalities FACTORS 

MangalaA6 ,879  
,782 

Social-Cultural 

Eigenvalue: 4,631 

Variance Explained: % 35,619 

Mean: 3,69 

Cronbach’ Alpha: ,912 

MangalaA5 ,869  
,763 

MangalaA7 ,802  
,659 

MangalaA4 ,719  
,668 

MangalaA8 ,668  
,504 

MangalaA2 ,659  
,657 

MangalaA1 ,636  
,650 

MangalaA3 ,621  
,523 

MangalaA11  ,880 
,788 

Cognitive 

Eigenvalue: 4,127 

Variance Explained: % 31,744 

Mean: 4,19 

Cronbach’ Alpha: ,900 

MangalaA10  ,869 
,794 

MangalaA12  ,838 
,742 

MangalaA13  ,791 
,677 

MangalaA9  ,651 
,549 

Total Variance Explained: % 67,364  Kaiser-Meyer-Olkin: ,898; Barlett Test: x2 : 2410,106 s.d.:78, p<.001  

 

A reliability analysis was conducted for the attitude scale towards the Mangala game. Since Cronbach's Alpha 

(α) value was determined to be .922, it was decided to perform factor analysis. KMO and Bartlett's Sphericity 

Tests were performed on the scale, and the KMO value was found to be .898. According to the Bartlett test, 

the approximation chi-square (χ2) value was 2410.106, and the significance level was p=.000. Based on these 

results, it is understood that the scale is suitable for factor analysis. The factor analysis revealed two factors. 

The first factor has an explained variance of 35.619%, an eigenvalue of 4.631, a mean of 3.69, and a reliability 

of .912. This factor was named social-cognitive. The second factor has an explained variance of 31.744%, an 

eigenvalue of 4.127, a mean of 4.19, and a reliability of .900. This factor was named cultural. The total 

explained variance of the scale was determined to be 67.364%. 

 

Table 5. Factor Analysis for Intention to Play Traditional Mangala Game 

Items Factor 1 Communalities FACTORS 

MangalaI3 ,946 ,894 
Intention 

Eigenvalue: 2,635 

Variance Explained: % 87,836 

Mean: 1,81 

Cronbach’ Alpha: ,942 

MangalaI2 ,935 ,874 

MangalaI1 ,931 ,867 

Kaiser-Meyer-Olkin: ,764; Barlett Test: x2 : 617,725 s.d.:3 , p<.001  

 

A reliability analysis was conducted for the intention to participate in the Mangala game scale, and 

since Cronbach's Alpha (α) value was determined as .931, it was decided to perform factor analysis. The KMO 

value of the scale is .764, and according to the Bartlett test, the approximation chi-square (χ2) value is 617.725 

and the significance level is p=.000. These results show that the scale is suitable for factor analysis. According 

to the factor analysis results, the items were grouped under a single factor, as in the original scale. Accordingly, 
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the explained variance of the scale was determined as 87.836%, the mean as 1.81, and the eigenvalue as 2.635. 

These values are given in Table 8. 

 

 Hypothesis Tests (Regression Analysis) 

Table 6 presents the results of the regression analysis conducted to measure the effect of social, cultural, 

and cognitive attitudes towards traditional archery on the intention to participate in traditional archery. The 

multiple regression model established for the dependent variable (intention to participate) and predictor 

variables (social, cultural, cognitive) is statistically significant (F [3;251] =10.538 p<0.001). Social, cultural, 

and cognitive attitude dimensions explain approximately 10% of the variation in intentions to participate in 

archery. Social and cognitive attitude dimensions have a positive effect on intention to participate in archery 

(0.392; 0.289), and these relationships are statistically significant (tsocial= 3.014 psocial <0.01; tcognitive= 

2.022 pcognitive<0.05). The cultural attitude dimension (t= -1.196, p=,232) did not have a statistically 

significant effect on intention to participate in archery. In line with these results, H1a and H1b are supported, 

and H1c is not supported. 

 

Table 6. Effects of Attitude Towards Traditional Archery on Participation Intention. 
S, K, B 

➔ 

Intention 

β Std. β t p R Adjusted R2 F p VIF 

Constant ,584 - 1,197 ,232 

,334 ,101 10,538 *** 

- 

Social ,392 ,244 3,014 ,003 1,849 

Cultural -,158 -,088 -1,198 ,232 1,510 

Cognitive ,289 ,169 2,022 ,044 1,974 

*p<0.05, **p<0.01, ***p< 0.001; regression-residual: 17,862  / 1,695  s.d.:3 - 251 

 

Table 7 presents the results of the regression analysis conducted to measure the effect of socio-cultural and 

cognitive attitudes towards the mangala game on the intention to participate in the mangala game. The multiple 

regression model established for the dependent variable (intention to participate) and the predictor variables 

(socio-cultural, cognitive) is statistically significant (F [2;251] =9.555 p<0.001). The socio-cultural and 

cognitive attitude dimensions explain approximately 6% of the variation in intentions to participate in the 

mangala game. The socio-cultural dimension has a positive effect on the intention to participate in the mangala 

game (0.401), and this relationship is statistically significant (tso-cultural = 3.710 pso-cultural <0.001). The 

cognitive attitude dimension (t = -0.187, p = 0.852) did not have a statistically significant effect on the intention 

to participate in the mangala game. Based on these results, H2a is supported and H2b is not supported. 

 

Table 7. Effects of Attitude Towards Traditional Mangala Game on Intention to Play. 
S-K, B 

➔ 

Intention 

β Std. β t p R Adjusted R2 F p VIF 

Constant 1,037 - 2,312 ,022 

,266 ,063 9,555 *** 

- 

Social-Cultural ,401 ,273 3,710 ,000 1,468 

Cognitive -,023 -,014 -0,187 ,852 1,468 

*p<0.05, **p<0.01, ***p< 0.001; regression-residual: 16,898  / 1,768  s.d.:2 - 252 

 

Conclusion and Recommendations 

 

The research results show that tourism faculty students are generally familiar with traditional Turkish sports 

and games, but their level of active participation in these activities remains quite limited. It is noteworthy that, 

despite relatively high awareness of elements such as traditional archery and mangala, which are included in 

the UNESCO Intangible Cultural Heritage List, their intention to participate is at a low level. This situation 

reveals a disconnect between awareness and experience of cultural heritage elements. 

When attitudes towards traditional archery were examined, it was found that social and cognitive 

dimensions significantly influenced the intention to participate, but the cultural dimension did not have a 

statistically significant effect. This finding shows that although students perceive archery as a cultural value, 

this perception does not directly translate into a behavioral intention. In the mangala game, socio-cultural 
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attitude was found to be decisive in the intention to participate, while the cognitive dimension was ineffective. 

Overall, the results reveal that the intention to participate in traditional sports and games is shaped more by 

social interaction and experience-oriented elements. In this context, the study contributes to the literature by 

drawing attention to the role of young people in preserving intangible cultural heritage. Based on the research 

findings, various suggestions can be developed to ensure the transmission and sustainability of traditional 

Turkish sports and games to younger generations. Firstly, it is recommended that universities, especially 

tourism faculties, include more practical courses or workshops on traditional sports and games in their 

curricula. This would allow students not only to acquire theoretical knowledge but also to experience these 

cultural heritage elements firsthand. 

Public institutions and local governments organizing festivals, promotional days, and practical events in 

cooperation with universities can encourage students to participate in these activities through social interaction. 

Furthermore, the effective use of social media and digital platforms can be considered an important tool for 

attracting the interest of young people. For researchers, conducting similar studies at different universities and 

with different sample groups will increase the generalizability of the results. In addition, it is recommended 

that qualitative research methods be used to examine the motivations behind students' intentions to participate 

in greater depth. Such studies will contribute to the preservation of traditional sports and games and their more 

effective utilization in the field of tourism. 
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Introduction 

Maritime transport forms the backbone of global trade, offering a cost-effective method of transporting 

goods while generally producing lower greenhouse gas emissions compared to many alternative modes of 

transport. However, piracy remains a significant and ongoing threat to ship security, crew safety, and the 

reliability of global supply chains. With historical roots stretching back to antiquity, piracy continues to disrupt 

maritime transport routes despite significant technological, regulatory, and security advances. Beyond direct 

security implications, piracy can also influence operational decisions such as changing routes or opting for 

alternative modes of transport. 

Therefore, a comprehensive understanding of the characteristics and trends of piracy incidents is of 

paramount importance for developing effective maritime security strategies. Traditional analyses of piracy 

often rely on statistical summaries, regional comparisons, or case-based assessments. While these approaches 

offer valuable insights, they are limited in capturing recurring linguistic patterns, thematic structures, and 

implicit meanings within large volumes of incident narratives. In this context, advances in text mining enable 

the systematic analysis of unstructured textual data and the extraction of meaningful information from piracy 

reports. 

The Porter Stemming algorithm, also known as Porter Stemmer, is a widely used preprocessing technique 

in text mining and information retrieval. Developed in 1979 by computer scientist Martin F. Porter, this 

algorithm reduces English words to their roots by removing suffixes. It reduces the size of the vocabulary and 

increases computational efficiency in terms of storage, processing time, and retrieval performance. However, 

the stemming process has some limitations. In particular, Porter Stemmer can encounter the fit problem 

associated with over-stemming and under-stemming errors. Over-stemming occurs when words with different 

meanings or different roots are incorrectly reduced to the same root, resulting in a false positive association. 

In contrast, under-stemming occurs when semantically related words cannot be reduced to a common root 

leading to a false negative result. 

This study is guided by the following research question: To what extent can a Porter Stemming-based text 

mining approach reveal dominant themes, operational patterns, and emerging trends in piracy incident reports 

published by the International Maritime Bureau between 2021 and 2023? 
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The rest of the paper is organised as follows: the theory is presented in Section 2; the methodology of the 

study is discussed in Section 3; the case study is defined in Section 4; the findings and discussions are presented 

in Section 5; and the conclusions are described in the final section. 

Theory 

Maritime piracy attacks adversely affect importer-exporters, shippers, ship owners, and international trade. 

Moreover, the shipping costs are dramatically increases because of the attacks. The International Maritime 

Bureau’s (IMB) Piracy Reporting Centre stated that there is a significant increase in Q2 2023 events as 25% 

compared to the previous year report. The increase of the piracy attacks could affect global shipping in the 

future besides than the lowest attack record is dated in Q1 2023 as per IMB. The annual report of the IMB 

revealed that 120 incidents of maritime piracy and armed robbery occurred in 2023 compared to 115 incidents 

in 2022.  

In this view, the literature section of the study is aimed to analyse previous research paper that are related 

to accident or incident reports using text mining techniques. The selected papers are investigated for the idea 

of finding any trend of previous reports or data. 

S. Shi et al. (2019) analysed inland waterway ship collision for 419 collision accidents using text mining. 

The results revealed that human factors are the primary factors of ship collision. In similar, Zhong et al. (2020) 

is focused on learning from past accidents. The authors studied a novel framework that mixes deep learning 

and text mining technologies to analyse hazard records automatically. The results demonstrated that hazard 

records could be automated by a proper model. Moreover, insightful patterns of hazards could be presented to 

decision makers using a systematic and data-driven approach. Similarly, Ahadh et al. (2021) is proposed a 

semi-supervised keyword extraction approach for analysing accident reports. The proposed approach provided 

a domain specific predictive model that identify the cause of pipeline accidents. Besides, Chintalapudi et al. 

(2021) collected medical records from Italian Telemedical Maritime Assistance System (TMAS) for three 

years to analyse using lexicon and Naïve Bayes algorithms. The results indicated that visualization of 

symptomatic information is completed through word clouds and the sentiment analysis. In the same view, XU 

et al. (2021) studied text mining approach to identify safety risk factors from accident reports. The authors 

proposed an information entropy weighted term frequency to extract useful factors from accident reports. The 

results revealed that the proposed approach performs well to obtain importance degree of factors. In similar, 

Liu & Yang (2022) analysed historical railway reports to clarify risk factors using text mining. The results 

showed that potential relationship between hazards, faults, and accidents with proposed approach. It is 

important to note that, Bai et al. (2021) used a structural topic model (STM) to analyse research trends and 

themes in the maritime domain. As a text mining-based methodology, the proposed approach revealed that 

STM could provide more informed decisions. Besides, Tirunagari (2015) applied text mining methods to 

gather causal relations for maritime investigation reports. The authors employed pattern classification and 

connectives methods. The causal patterns were compared to human expert opinions. The results showed that 

text mining methods could be used to extract causal relations from maritime accident reports. Furthermore, He 

et al. (2023) analysed Piracy and Armed Robbery dataset to analyse the piracy behaviour patterns and 

characteristics of shipping risk using sentiment analysis, risk analysis, point/kernel density analysis, and word 

cloud analysis. The results provided that the proposed research could help to strengthen the monitoring of 

shipping risk. 

On the other hand, Papadimitriou et al. (2018) aimed to address the strategic planning of short-haul 

maritime transport from a maritime cluster perspective and to examine the complementary relationships 

between these two areas. Paul (2012) studied  to automatically classify a corpus of near-miss incidents 

consisting of 17,846 textual event descriptions. The findings showed that classification accuracy varies from 

62% in the detailed event category to 95% in the high-level event category. These results demonstrated that 

automated text classification offers an effective method for structuring and analyzing large volumes of event 

data. Zhou et al. (2021) examined the implicit information in the sustainability reports of publicly traded 

container shipping companies using a hierarchical and unsupervised text mining method. As a result of the 

research, an integrated sustainability statement framework was developed consisting of three core dimensions: 

employee training and management, sustainable business management, and sustainable transportation 

operations. 

Text mining studies are used for analysing accident reports and provided valuable insights regarding 

maritime domain. Moreover, artificial intelligence approach provided possible influential factors regarding 

insightful patterns of maritime security. Text mining approach could extract insights such as identifying 

common accident causes, extracting threat levels from incident reports, extracting threat levels from incident 

reports, prioritizing response strategies.  
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Method 

Porter Stemming 

The Porter Stemming algorithm (referred to as the Porter Stemmer) is used to extract an English word's 

stem from its suffixes. The main idea of obtaining its stem is to reduce space and time complexity for 

Information Retrieval (IR). The algorithm was developed in 1979 by Martin F. Porter who is a Computer 

Scientist. 

The main disadvantage of the porter algorithm is the fitting problem. Over-stemming and under-stemming 

are mainly two errors in stemming approach. If two words with different stems are stemmed to the same root, 

over-stemming or a false positive problem arises. On the other hand, under-stemming is not to reduce two 

words semantically related to the same root which called as a false negative. 

The flowchart of the algorithm is as follows (Ali & Ibrahim, 2012): 

 

Figure 1. Porter Stemming algorithm flow chart. 

 

 

The Porter Stemming algorithm flowchart illustrates a rule-based process that reduces English words from 

their suffixes to their stem forms. The process begins by examining an input word according to predefined 

morphological rules. If the relevant suffix meets the necessary conditions, it is removed or transformed. 

Otherwise, the word is passed to the next processing step. The simplified stem of the word is obtained by 

progressively processing plural suffixes, tense suffixes, derivation suffixes, and suffixes. In this study, the 

flowchart represents the text preprocessing stage where word variations in piracy incident reports are 

standardized and pattern identification processes. 

Case Study 

The study data is collected from maritime events of 2021, 2022, and 2023 reported in web site of The 

International Maritime Bureau (IMB) Piracy Reporting Centre. Piracy reports are gathered monthly basis to 

create a one total year report. For three years, the reports are converted into “txt/pdf” file format to upload 

Google COLAB IDE.  

The reports contain a comprehensive overview of piracy and robbery incident reported against ships from 

2021 to 2023. The incidents are divided into three categories that international waters, territorial waters, and 
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port areas. Moreover, geographic distributions and types of ships are provided. Nature of incidents, response 

actions, and consequences are other valuable information in piracy and robbery reports.  

Total 396 piracy attacks which occurred in international waters, port area, and territorial waters are analyzed 

with Porter Stemmer for stemming using text mining approach. The reports are divided into three years to 

reveal any trend of frequencies of pirate attacks. The types of the vessels are ignored not to provide biased 

results, since the speed or freeboard height prevent vessels from attacks.  

The incidents include a wide variety of ship types such as supply ships, tugboats, product tankers, bulk 

carriers, container ships, chemical tankers, general cargo ships, and fishing boats. Such incidents may occur in 

many different forms from large-scale hijackings to full-scale hijackings, often involving armed perpetrators. 

The examples indicate the variety of hazards that different kinds of vessels confront in different seaways 

around the world. 

In 2021, total 98 different pirate attacks (8448 words in reports) occurred in international waters. Similarly, 

36 pirate attacks (2422 words in reports) in port area and 15 pirate attacks (1250 words in reports) in territorial 

area occurred. In 2022, there was slight decrease by 6 percent (92 cases-9016 words in reports) in international 

area attacks. Furthermore, attacks in port area decreased by 67 percent (12 cases-846 words in reports) and 

attacks in territorial area decreased by 27 percent (11 cases -1116 words in reports). In similar, attacks in 

international waters decreased by 91 percent (8 cases -795 words in reports) in 2023. On the contrary, attacks 

in port area increased by 475 percent (69 cases -4600 words in reports) and attacks in territorial area increased 

by 400 percent (55 cases -5946 words in reports). 

 

Figure 2. Accident numbers and word count in piracy reports 

 

In the first step of the study, the text mining approach is applied to three years of pirate attack reports from 

2021 to 2023 on yearly basis. The porter stemming algorithm is used for each year of pirate attack reports 

gathered from The International Maritime Bureau’s (IMB) Piracy Reporting Centre portal to determine which 

word is used most by removing affixes from words. By removing unnecessary suffix or affixes, the algorithm 

could find meaningful insights regarding differences between year basis attacks. The stemming text mining 

approach is used to eliminate unnecessary information that jeopardize the result of the study. In this view, 

porter text mining algorithm is used to analyze piracy and robbery reports using default algorithm settings not 

to reveal biased results. The reason for selecting porter stemming algorithm is considered superior to other 

stemming algorithms in the scope of effectiveness, simplicity, efficiency, compactness, language 

independence, and customizability. 
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Top 100 words of text mining approach (and more than 25) are selected to analyze with experts’ choices. 

As seen in Table 1, text mining results provided insightful results regarding piracy attacks with words as 

“alarm, inform, robber, perpetr, incid, escap, rais, duti, search, crew, board, boat, singapor, anchor, report, 

muster, etc.”.  

Table 1. Text mining results. 
 2021 2022 2023  2021 2022 2023 

 alarm 103 112 112  robber 86 104 61 

 alert 35 39 27  perpetr 137 93 150 

 inform 63 102 87  stolen 76 61 65 

 sight 85 89 74  incid 104 126 127 

unauthoris 24 34 25  knive 0 35 31 

 investig 27 23 31  arm 62 46 48 

 escap 77 88 59  crew 300 238 242 

 rais 78 82 72  master 86 106 127 

 duti 91 74 60  person 73 76 62 

 search 90 67 79  offic 28 24 24 

 boat 65 110 64  onboard 52 23 37 

 barg 31 73 28  underway 77 73 59 

 tug 0 46 0  board 159 160 171 

 small 26 34 0  navig 36 40 36 

 coast 59 74 90  singapor 97 146 161 

 port 50 57 45 indonesian 24 29 36 

 anchor 79 53 71  republ 25 29 28 

 guard 66 77 90  broadcast 29 37 42 

 author 63 45 54  report 152 162 142 

 polic 38 63 65  notifi 41 44 53 

 secur 51 40 52     

 maritim 30 30 29     

 safe 75 34 36  conduct 56 32 51 

 muster 55 60 57  initi 27 36 37 

 safeti 37 32 0  there 31 23 25 

 investig 27 23 31  share 0 25 36 

 while 67 47 66     

 upon 36 32 37     

 immedi 0 24 30     

 further 31 29 46     

 hr 0 0 38     

Findings and Discussions 

A total of 396 incidents of piracy and armed robbery across international, port, and territorial waters were 

examined using a text mining methodology. Data were sourced from the International Maritime Bureau (IMB) 

Piracy Reporting Centre and categorised into three annual subsets to evaluate temporal developments. 

The data reveal a significant shift in the geography of piracy. In 2021, activity was concentrated in 

international waters (98 incidents). By 2022, while international incidents saw a marginal 6% decline, port and 

territorial water incidents fell sharply. However, 2023 marked a dramatic pivot: attacks in international waters 

plummeted by 91%, while port-based and territorial water incidents surged by 475% and 400%, respectively. 

This suggests that perpetrators have modified their operational strategies, moving away from the high seas 

toward nearshore environments. 

The Porter stemming algorithm was utilised to standardise the data, extracting the 100 most frequent stems. 

While core terms such as "crew", "board", and "robber" remained constant, specific yearly variations emerged: 

• Human Factor: The persistence of "crew" and "master" underscores the continued focus on human 

targets. 

• Weaponry: A notable increase in stems such as "knive" and "arm" after 2021 suggests either an 

escalation in violence or more granular reporting. 

• Location Focus: In 2023, stems like "singapor", "anchor", and "port" trended upwards, mirroring 

the statistical shift toward anchorage zones. 

• Narrative Complexity: Despite fewer high-seas attacks in 2023, the word count for port-side reports 

increased, indicating more detailed descriptions of complex encounters or multi-party response 

actions. 
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Overall, the findings indicate a redistribution of maritime security risk from international sea corridors to 

port and nearshore areas. This trend may be related to increased naval presence and surveillance activities in 

the open sea, as such security measures can direct perpetrators to less protected and more complex areas in 

terms of jurisdiction. Given that previous studies have mostly focused on geographical concentration areas or 

incident frequencies, this study reveals both spatial and narrative shifts in piracy and armed robbery incidents 

by evaluating statistical trends together with text mining outputs. In this respect, the study shows that modern 

piracy is becoming increasingly opportunistic and perpetrators can exploit lack of coordination between crews, 

port authorities, coastal security units, and particularly targeting vessels anchored at sea. The use of a data-

driven text mining framework allows for the objective and scalable identification of latent patterns in maritime 

threats.  

The findings suggest that maritime security policies should prioritize port area surveillance, monitoring of 

anchorages, and strengthening coordination between ship crews and port authorities. In this context, the study 

contributes to the existing literature by demonstrating that textual analysis of incident reports can complement 

traditional quantitative approaches and offer a deeper understanding of the changing nature of maritime 

security risks. 

 

Conclusion and Recommendations 

This research examines global piracy and armed robbery by applying a text mining framework to 396 

incident reports spanning 2021 to 2023. By utilising the Porter stemming algorithm, the study systematically 

evaluates unstructured narrative data from international, port, and territorial waters to uncover latent temporal 

and spatial trends. 

The analysis identifies a significant transition in the geographical distribution of maritime threats. While 

offshore incidents predominated in 2021 and 2022, a precipitous decline in international water attacks occurred 

in 2023. This was mirrored by a surge in incidents within port areas and territorial waters.  

Linguistic evidence confirms that piracy remains a "crew-centred" phenomenon. Consistently high 

frequencies of stems related to boarding, onboard presence, and emergency protocols (e.g., alarms and 

mustering) highlight the human element of these encounters. Furthermore, an increase in weapon-related and 

location-specific terminology suggests either an escalation in the severity of threats or a shift toward more 

granular reporting standards. 

Methodologically, this study demonstrates that narrative-based analytics can successfully augment 

traditional statistical counts. By deliberately omitting vessel-specific variables such as design or speed. The 

framework avoids potential biases, focusing instead on the raw dynamics of the incidents and subsequent 

response behaviours. 

The results showes a shift in maritime security priorities, specifically toward enhanced anchorage 

surveillance, port-area access control, and crew readiness in jurisdictionally complex coastal zones. Text 

mining serves as a scalable, data-driven tool that enables stakeholders to detect emerging risk patterns that 

aggregate statistics might overlook. 

 

Despite the contributions, the study has some limitations: 

• Reporting Bias: Reliance on IMB data brings with it a sectoral limitation, particularly in small-scale 

incidents such as underreporting. 

• Root Finding Sensitivity: Although the Porter stemmer method provides consistency, it can sometimes 

lead to the loss of semantic nuances by combining words with different contextual meanings under the same 

root. 

• Scope and Time Interval: Excluding ship-specific technical data and limiting the analyses to a three-year 

time interval restricts the profiling of individual ship vulnerabilities, the identification of long-term cyclical 

trends, and the strengthening of the validity of the findings. Therefore, analyses covering longer-term data (5–

10 years) would increase the validity and robustness of the findings. 

 

Future work could consider integrating Advanced Natural Language Processing (NLP), such as 

transformer-based models or topic modelling, to capture deeper semantic layers. Additionally, cross-

referencing text mining outputs with AIS (Automatic Identification System) data or port congestion metrics 

could provide a multi-dimensional view of the operational environments that facilitate piracy. 
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Introduction 

The aviation sector is at the center of sustainability debates due to its high carbon emissions, intensive 

energy consumption, and various environmental externalities on a global scale. Data from the International 

Civil Aviation Organization (ICAO) shows that commercial aviation accounts for approximately 2–3% of 

global carbon emissions; projections indicating that this percentage could increase by 2050 further intensify 

environmental pressure on the sector (ICAO, 2023). The prioritization of themes such as climate change, 

sustainable development, and corporate environmental responsibility on the policy agenda has made airlines' 

environmental strategies more visible in the eyes of both the public and consumers (Gössling & Higham, 

2021). In this context, airlines are implementing various environmental activities such as fuel efficiency 

programs, carbon offsetting initiatives, waste reduction practices, and sustainable supply chain management. 

The literature frequently emphasizes that such practices contribute not only to reducing environmental impacts 

but also to shaping consumers' perceptions and behavioral intentions toward the company (Chen, 2010; Han 

et al., 2019). 

The increase in consumer environmental awareness has led to the strategic importance of environmental 

perceptions in marketing and customer relationship management in aviation, as in modern service industries. 

In particular, the effects of perceptual factors such as green image (GI), corporate social responsibility 

awareness (CSR), green service quality (GSQ), and perceived green value (GV) on behavioral outputs such as 

customer trust (GT), satisfaction (SAT), loyalty (LOY), and word-of-mouth communication (WOM) (Carroll, 

1999; Chang & Fong, 2010; Grimmer & Woolley, 2014). For example, it has been found that environmental 

image contributes to loyalty by increasing consumer satisfaction and trust (Chen, 2010), perceived 

environmental responsibility positively influences attitudes toward the company (Bhattacharya & Sen, 2004), 

and perceived green value strengthens positive behavioral intentions toward eco-friendly brands (Han & Hyun, 

2018). 

In this context, the current study aims to examine the effects of environmental perceptions towards airline 

companies on key outcomes in the context of customer relationships within a comprehensive model. The 

effects of perceptual antecedents such as environmental image, corporate social responsibility awareness, 

environmental service quality, and perceived green value on trust, satisfaction, loyalty, and word-of-mouth 

communication were tested using quantitative data obtained from a sample of travelers in Turkey. In this 

regard, the study aims to contribute to the literature by revealing the reflections of environmental sustainability 
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on consumer behavior, while also producing important managerial insights for airline companies to optimize 

their environmental strategies in terms of customer experience and loyalty. Based on the theoretical 

framework, the study seeks to answer the following research questions: 

RQ1: How do airline environmental activities influence passenger trust, satisfaction, loyalty, and word-of-

mouth communication? 

RQ2: Does green image influence passenger loyalty directly or through psychological mechanisms such 

as trust and satisfaction? 

RQ3: Do trust and satisfaction play a mediating role in the relationship between environmental perceptions 

and behavioral outcomes? 

     These research questions guide the development of the conceptual model and hypotheses tested in the study. 

Conceptual Framework / Theory 

The airline industry, due to its high level of competition and its share of global carbon emissions, views 

sustainability practices not only as a legal requirement but also as a strategic element that strengthens brand 

image (Cowper-Smith & De Grosbois, 2011). In particular, the green image (GI) reflects consumers' 

perceptions of airline companies in terms of environmental responsibility, sensitivity to ecological balance, 

and sustainability efforts. The literature indicates that the green image has direct and indirect effects on 

consumer satisfaction, trust, and loyalty, while also encouraging word of mouth (WOM) communication 

(Hwang & Lyu, 2019). Corporate Social Responsibility (CSR) practices reveal the responsibilities of airline 

companies towards society in environmental, social, and economic dimensions. Chung, Park, and Lee (2022) 

found that CSR activities increase loyalty through passenger satisfaction, brand image, and trust; Han et al. 

(2020) found that environmental CSR strengthens WOM through service quality and emotional attachment. 

Considering CSR alongside an eco-friendly image reinforces loyalty by influencing both the rational and 

emotional dimensions of consumer perceptions. Green Service Quality (GSQ) is defined by the inclusion of 

environmental awareness in services provided before, during, and after flights. For example, fuel optimization 

to reduce carbon footprint, the use of recyclable materials, or waste management policies strengthen 

consumers' perception of service quality (Galhoz et al., 2024). GSQ is expected to have indirect effects on 

loyalty by increasing both satisfaction and perceived green value (GV). Perceived Green Value (GV) 

encompasses the benefits (economic, functional, and emotional) that consumers derive from environmentally 

friendly practices. When GV is high, consumers evaluate the benefits they derive from the service not only 

functionally but also ethically and environmentally. This increases trust (GT) and satisfaction (SAT) levels, 

supporting WOM and loyalty. Trust (GT) is the level of consumers' belief that the airline will fulfill its 

promises and is sincere in its environmental policies. In the literature, trust is defined as a critical determinant 

of loyalty and positive word-of-mouth communication (Han et al., 2020). Satisfaction (SAT) expresses the 

degree to which the consumer's expectations are met and is directly influenced by the green image, CSR 

practices, service quality, and perception of green values. The effect of satisfaction on loyalty and WOM has 

been repeatedly confirmed in both tourism and aviation literature (Chung et al., 2022). Loyalty (LOY) and 

Word of Mouth (WOM) are the final outputs of the conceptual framework. Loyal customers tend to make 

repeat purchases, while WOM allows them to share their positive experiences with their peers, organically 

strengthening the company's brand value. Especially in sectors requiring high service standards, such as 

airlines, WOM is one of the most reliable and effective means of marketing communication (Hwang & Lyu, 

2019). In this context, the proposed conceptual model includes the direct and indirect effects of antecedent 

variables such as GI, CSR, GSQ, and GV on LOY and WOM through GT and SAT. Furthermore, the literature 

suggests that variables such as price perception, service experience duration, and passenger segment may play 

a moderating role in these relationships (Han et al., 2020). 

The literature suggests that environmental image strengthens consumer trust and value perception; service 

quality is a critical determinant of satisfaction; and satisfaction and trust influence loyalty and positive word-

of-mouth communication. In this context, the following hypotheses were tested: 

H1: Green image (GI) positively affects green trust (GT). 

H2: Green image (GI) positively affects satisfaction (SAT). 

H3: Perceived green value (GV) and green service quality (GSQ) positively affect satisfaction (SAT). 

H4: Green trust (GT) and satisfaction (SAT) positively affect loyalty (LOY). 

H5: The effect of green image (GI) on customer loyalty (LOY) is indirect (parallel mediation) through green 

trust (GT) and satisfaction (SAT). 

H6: Green trust (GT) and satisfaction (SAT) positively affect word-of-mouth communication (WOM). 
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Based on the theoretical background and hypotheses developed above, the conceptual model of the study 

is presented in Figure 1. The model illustrates the relationships between environmental perception variables, 

mediating mechanisms, and passenger behavioral outcomes. 

 
Figure 1. Conceptual Model of the Study 

 
The conceptual model presents the relationships between environmental perception variables, mediating 

mechanisms (trust and satisfaction), and passenger behavioral outcomes. Environmental activities are assumed 

to influence loyalty and word-of-mouth communication through psychological evaluation processes. 

Method 

This study was conducted using a cross-sectional research model designed within the quantitative research 

paradigm. A structured questionnaire was used in the data collection process, and measurements were made 

using Likert-type scales rated on a 1–5 scale, which are frequently preferred in social science research. The 

scale options “1 = Strongly disagree” and “5 = Strongly agree” represent the extreme values. The eight latent 

constructs included in the research model—green image (GI), corporate social responsibility awareness (CSR), 

green service quality (GSQ), perceived green value (GV), trust (GT), satisfaction (SAT), loyalty (LOY), and 

word-of-mouth communication (WOM)—each of which consists of three items, totaling 24 statements. In 

addition, categorical questions such as age, gender, education level, and income level were included in the 

survey to measure demographic variables. 

The sample of the study empirically tests these relationships by applying reliability analyses, multiple 

regression models, and parallel mediation tests on data obtained from 450 travelers in Turkey using 

anonymized data sets taken from previous studies. The sample consists of travelers in Turkey, and the sample 

size is set at N = 450. This number meets the minimum sample criteria recommended in structural models; it 

also allows for reliable estimates in regression and mediation analyses (Kline, 2015; Hair et al., 2019). After 

data collection, the internal consistency of the measurement tools was first evaluated. In this regard, Cronbach's 

alpha (α) coefficients were calculated, and it was observed that the α values for all structures were above the 

accepted thresholds (≥ .70), confirming the reliability of the scales. Furthermore, the positive and statistically 

significant item-total correlations indicated that the items were consistent with the scale structures. 

In the analytical process, multiple linear regression analyses were applied to reveal the effects of the 

independent variables (GI, CSR, GSQ, GV) on the dependent variables (GT, SAT, LOY, WOM). Regression 

assumptions (normality, multicollinearity, independence of error terms, and variance homogeneity) were 

checked using diagnostic tests. 

In addition, a parallel mediation analysis based on the Hayes (2013) approach was conducted to examine 

the mediation relationships in the direction of GI → (GT, SAT) → LOY, which was one of the main hypotheses 

of the study. The non-parametric bootstrap method was used to test the significance of the mediation 

coefficients, and 95% confidence intervals were obtained with 1000 resampling (B = 1000) 

[GI→(GT,SAT)→LOY parallel mediation analysis (bootstrap, B=1000)]. The fact that the bootstrap 

confidence intervals did not include zero values indicates that the relevant mediation effects were statistically 

significant. This method was preferred because it provides more reliable results, especially in cases where the 

distribution of mediation effects may deviate from the normal assumption.  

The proposed research model assumes that environmental perception variables influence behavioral 

outcomes through psychological mechanisms. In the model, green image acts as the primary independent 

variable, while trust and satisfaction serve as parallel mediators. Loyalty and word-of-mouth communication 
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represent the final outcome variables. The model was tested using regression-based mediation analysis 

following. (Hayes, 2013). 

Findings and Method 

The questionnaire form designed for this purpose was structured to cover all constructs included in the 

measurement model of the study and is presented in Appendix A. 
 

The reliability analysis results of the study are presented below, followed by the regression analysis results 

and the mediation analysis results. 

 

Reliability Analysis 

The internal consistency of the eight constructs included in the questionnaire was assessed using Cronbach's 

alpha coefficients, and it was observed that the alpha values of all scales ranged between .77 and .87 (Table 

1). These values are above the threshold of .70 accepted in the social sciences, indicating that the scales 

demonstrate sufficient internal consistency (Cronbach, 1951; Nunnally & Bernstein, 1994).  

 
Table 2. Cranbach’s Alpha Values 

       Scale       Number of Items        Cronbach Alpha (α)        Mean       Standard Deviation    (SD) 

GI 3 0.815 3.0 1.21 

GSQ 3 0.77 3.0 1.17 

CSR 3 0.797 3.0 1.19 
GV 3 0.869 3.0 1.26 

GT 3 0.854 3.0 1.25 

SAT 3 0.867 3.0 1.26 
LOY 3 0.861 3.0 1.25 

WOM 3 0.843 3.0 1.23 

 

The scale averages and 95% confidence interval error bars shown in Figure 1 reveal the general trend for 

the eight structures examined in the study. The clustering of average scores around 3.0 for all constructs 

indicates that participants' perceptions of environmental image, environmental service quality, CSR, green 

value, trust, satisfaction, loyalty, and WOM are at a moderate level. The fact that the average values are quite 

close to each other indicates that environmental perception sets are evaluated holistically in the airline 

experience and that there is no significant divergence in the general attitudes of the participants. The standard 

deviations ranging from 1.17 to 1.26 show that the responses have a wide distribution, thus indicating that 

perceptions of environmental practices among passengers are not homogeneous.  

 
Figure 2. Scale averages and 95% error bars 

 
 

 The fact that the error bars are within a narrow range indicates that the scales have high measurement 

reliability and that the measures of central tendency are estimated reliably. This finding is also consistent with 

the internal consistency results of the scales (Cronbach α > .77). In this context, the fact that the averages are 

moderate indicates that the environmental performance of airlines is not perceived as either extremely positive 

or negative by passengers; however, it shows that there is significant potential for improving perceptions. The 

distribution graph and linear fit line in Figure 2 visually illustrate the direction and strength of the relationship 
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between satisfaction (SAT) and loyalty (LOY). The graph shows a positive linear relationship between the two 

variables and that loyalty intention increases as satisfaction levels rise. 
 

Figure 3. Relationship between Satisfaction and Loyalty (distribution and linear fit) 
 

 

The clustering of distribution points around the linear regression line indicates that the relationship has a 

systematic structure and that the model fits well. This supports the established findings in the customer 

behavior literature that satisfaction is one of the strongest predictors of loyalty. Indeed, numerous studies have 

shown that satisfaction has direct and powerful effects on customers' repurchase intentions and long-term 

loyalty (Oliver, 1999; Homburg & Giering, 2001). Furthermore, in the field of service research, it is 

emphasized that satisfaction is one of the most critical determinants of behavioral intentions and that its effect 

on loyalty is consistently observed across various sectors (Zeithaml, Berry & Parasuraman, 1996). Therefore, 

the findings obtained show that the satisfaction–loyalty relationship is consistent with the theoretical 

framework and is also empirically robust. Particularly in the service sector, satisfaction is not merely an 

experiential evaluation but a fundamental determinant of repurchase intention, brand loyalty, and positive 

word-of-mouth communication. The regression analysis in the study found that the effect of satisfaction on 

loyalty is significant (β = .19, p < .001), statistically confirming the graphical observation. In this context, the 

satisfaction–loyalty relationship appears to be a critical mechanism in transforming both service quality 

evaluations and environmental perceptions into behavioral tendencies. The standardized regression 

coefficients (β) for the loyalty model presented in Figure 3 reveal the relative effects of the independent 

variables on loyalty in a comparative manner. 

Figure 4. Standardized coefficients in the loyalty model 

 

The variable with the highest impact on modeling is found to be green image (GI; β ≈ .27); this finding 

indicates that green activities play a direct and strong role in passenger loyalty. When examining the coefficient 

magnitudes of trust (GT; β ≈ .23) and satisfaction (SAT; β ≈ .19), it is understood that both variables predict 

loyalty in a meaningful and moderate way. This finding supports the trust–satisfaction–loyalty relationship 

frequently emphasized in the loyalty literature. Indeed, numerous previous studies have shown that trust and 

satisfaction are the most fundamental determinants of loyalty, creating strong effects, particularly on 
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repurchase intention and long-term customer commitment (Morgan & Hunt, 1994; Singh & Sirdeshmukh, 

2000). In contrast, the standardized coefficients of GSQ, GV, and CSR remained low and were not statistically 

significant (p > .05). This suggests that environmental service quality or CSR practices may influence loyalty 

primarily through mediating mechanisms (e.g., trust, perceived value) rather than directly. Indeed, the 

literature frequently emphasizes that the effect of CSR on consumer loyalty often manifests through indirect 

channels such as trust, corporate reputation, or perceived value (Pivato, Misani & Tencati, 2008; Pérez & del 

Bosque, 2015). In this context, the results obtained are consistent with the existing theoretical framework that 

environmental and social responsibility-focused practices generally show indirect effects when shaping 

loyalty. When the coefficient structure in the model is evaluated overall, it is seen that perceptual and emotional 

evaluations (GI, GT, SAT) are much stronger determinants in the formation of loyalty behavior compared to 

demographic or external factors. Figure 3 supports the structural integrity of the loyalty model. 

 
Regression Analysis 

The multiple linear regression model presented in Table 2 reveals the key determinants affecting loyalty 

intention (LOY) and demonstrates that the model has a generally meaningful structure. When examining the 

coefficients of the variables predicting loyalty, it is seen that the green image (GI) variable is one of the 

strongest and most significant predictors (β = .2716, t = 5.44, p < .001). This finding shows that consumers' 

perceptions of environmental sensitivity significantly shape their loyalty to airlines and that companies with a 

high green image create more loyal customer profiles. It is known in sustainability-based marketing literature 

that the effect of environmental image on loyalty creates a strong mechanism through both direct and indirect 

channels (Chen, 2010; Martínez, 2015); this study supports a similar finding. 

Another variable affecting loyalty is trust (GT) (β = .2282, t = 4.55, p < .001). This regression coefficient 

indicates that passengers' perception of the airline's environmental commitments and the accuracy and sincerity 

of the sustainability dimension of the services offered is one of the most important determinants of loyalty. 

Trust is considered almost the most critical precursor of loyalty behavior in service marketing literature; this 

finding is also highly consistent with the theory. 

Furthermore, the satisfaction (SAT) variable positively and significantly influenced loyalty (β = .1933, t = 

3.97, p < .001). The effect of satisfaction on explaining loyalty indicates that consumers' experiential 

evaluations create a strong behavioral intention toward loyalty. This result supports the fact that the 

satisfaction-loyalty relationship has been clearly confirmed in both traditional and modern literature, especially 

in airline services. 

Other environmental perception variables, namely GV, GSQ, and CSR, have positive coefficients but are 

not statistically significant (p > .05). This suggests that these variables may have more indirect effects on 

loyalty or that emotional-cognitive mechanisms such as trust and satisfaction are more decisive in shaping 

loyalty. The fact that none of the demographic variables were significant indicates that loyalty behavior is 

more strongly related to perceptual and psychological variables than to demographic characteristics. 

The overall model structure shows that environmental image, trust, and satisfaction are key determinants 

in the formation of loyalty; in addition, environmental perceptions create a more complex effect on loyalty 

through indirect channels. 
Table 3. LOY regression results 

Variable Coef. Std.Err. t P>|t| 

Sabit Terim (const) 0.433 0.44 0.9842 0.3255 

GI 0.2716 0.0499 5.4429 0.0 

GT 0.2282 0.0501 4.5533 0.0 
SAT 0.1933 0.0486 3.974 0.0001 

GV 0.0544 0.0517 1.0524 0.2932 

GSQ 0.0429 0.0451 0.9511 0.3421 
CSR 0.0778 0.043 1.808 0.0713 

Age 0.0013 0.0054 0.2416 0.8092 

Male 0.0412 0.3486 0.1182 0.906 

Female 0.0366 0.3482 0.105 0.9164 

High school 0.1009 0.1264 0.7978 0.4254 

Associate degree -0.0411 0.1308 -0.3143 0.7534 
Bachelor's and    graduate degree 0.1803 0.1279 1.4098 0.1593 

1-2 per year -0.154 0.1465 -1.0511 0.2938 

3-5 per year -0.221 0.1438 -1.5368 0.1251 

Table 3 presents the regression results of variables affecting WOM (word-of-mouth communication) and 

shows that the model has a generally meaningful structure. According to the findings, one of the variables that 

most strongly predicts WOM is trust (GT) (β = .2499, t = 4.86, p < .001). This result shows that the extent to 

which passengers trust the airline's environmental claims determines not only their loyalty but also their 

intention to make positive comments to others. Consumer behavior literature indicates that trust plays a critical 
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role in WOM intentions; positive recommendation behavior is significantly strengthened in environments 

where the level of trust increases. 

Similarly, satisfaction (SAT) also has a strong and significant effect on WOM (β = .2832, t = 5.68, p < 

.001). This finding indicates that passengers with higher satisfaction levels are more inclined to both share 

their positive experiences with others and post supportive content about the airline in digital environments. 

Satisfaction is considered one of the key predictors of WOM, especially in experience-intensive service 

industries such as airlines (Sultan & Simpson, 2000; Park, Robertson & Wu, 2004); this study supports this 

theoretical assumption. 

Green service quality (GSQ) shows a marginally significant effect on WOM (β = .0903, t = 1.95, p = .051). 

This finding suggests that GSQ contributes to WOM, but a higher level of green service visibility may be 

required for its effect to become more pronounced. The effects of the other variables, GI, GV, and CSR, on 

WOM are not statistically significant. This indicates that WOM intention is shaped more by emotional 

(satisfaction) and cognitive (trust) mechanisms. 

The fact that all demographic variables are insignificant shows that WOM is more dependent on 

psychological processes and is only affected by demographic factors to a limited extent. When the model is 

evaluated overall, it is seen that satisfaction and trust are critical determinants in the formation of WOM, while 

environmental perceptions affect WOM indirectly rather than directly. 

 
Table 4. WOM regression results 

Variable Coef. Std.Err. t P>|t| 

Constant Term (Const) 0.7874 0.4506 1.7474 0.0813 

GI 0.0022 0.0511 0.0436 0.9652 

GT 0.2499 0.0513 4.8669 0.0 
SAT 0.2832 0.0498 5.683 0.0 

GV 0.0979 0.053 1.8495 0.0651 

GSQ 0.0903 0.0462 1.9551 0.0512 
CSR 0.0551 0.0441 1.2497 0.2121 

Age 0.0002 0.0055 0.0353 0.9719 

Male -0.0642 0.357 -0.1797 0.8575 
Female -0.181 0.3566 -0.5075 0.6121 

High school -0.1829 0.1295 -1.4129 0.1584 

Associate degree -0.1672 0.134 -1.248 0.2127 
Bachelor's and graduate degree -0.0425 0.131 -0.3247 0.7455 

1-2 per year 0.083 0.15 0.553 0.5806 

3-5 per year 0.0614 0.1473 0.4167 0.6771 

 
Mediation Analysis 

The study applied a parallel mediation analysis to test whether the effect of the green image (GI) on loyalty 

(LOY) occurs through trust (GT) and satisfaction (SAT), and confidence intervals were calculated using the 

bootstrap method. The results of the mediation analysis show that the total effect of environmental image on 

loyalty is significant (total effect = .339, 95% CI [.242, .437]). This finding indicates that GI has a significant 

and strong indirect and direct effect on loyalty. 

A detailed examination of the analysis results shows that the indirect effect mediated by trust (GT) is 

statistically significant (indirect effect = .073, 95% CI [.035, .115]). The fact that the confidence interval does 

not include zero indicates that the GI → GT → LOY pathway is operational and that a significant portion of 

the environmental image's effect on loyalty is mediated through the trust mechanism. This result confirms that 

trust plays a central role in transforming consumers' perceptions of environmental practices into loyalty and 

that green trust is one of the most critical psychological components of environmental marketing. 

In contrast, the indirect effect mediated by satisfaction (SAT) is not significant (indirect effect = .006, 95% 

CI [-.014, .025]). The inclusion of zero in the confidence interval indicates that there is no significant mediating 

mechanism in the GI → SAT → LOY path. This finding suggests that although the eco-friendly image is 

effective on satisfaction (GI → SAT is significant in the regression model), satisfaction plays a partial or weak 

role in transmitting this effect to loyalty. 

Overall, the parallel mediation analysis shows that the environmental image is particularly effective in 

increasing loyalty through the trust mechanism, while satisfaction, despite being a strong determinant of 

loyalty, does not play a mediating role in transmitting the effect of the environmental image. This result shows 

that trust is a central and indispensable element in environmental-based loyalty models, while satisfaction is 

shaped more by the overall service experience than by environmental perceptions. The results of the parallel 

mediation analysis are presented in Table 5. 
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Table 5. Parallel Mediation Analysis Results 

Path Effect Boot SE 95% CI Lower 95% CI Upper Result 

GI → GT → LOY .073 .021 .035 .115 Significant 

GI → SAT → LOY .006 .010 -.014 .025 Not Significant 

Total Effect .339 .049 .242 .437 Significant 

Direct Effect .260 .052 .158 .361 Significant 

The results confirm that green trust significantly mediates the relationship between green image and loyalty, 

whereas the mediating role of satisfaction is not statistically significant. 

Conclusion and Recommendations 

This study contributes significantly to the sustainability and service marketing literature by examining the 

effects of passenger perceptions of airline companies' environmental activities on customer relationship 

outcomes such as trust, satisfaction, loyalty, and word-of-mouth communication. The research findings show 

that green image (GI) affects loyalty both directly and indirectly, but this effect is particularly evident through 

trust (GT). This result reveals that green image alone may not be sufficient for consumers; environmental 

promises are converted into behavioral intentions when consumers find them credible, transparent, and 

realistic. Findings in the literature that environmental image increases customer trust and strengthens loyalty 

behaviors through trust (Chen, 2010; Hwang & Lyu, 2019) are consistent with the results of this study. Trust 

plays a central role in consumer decision-making processes, especially in sectors with high risk perception and 

information asymmetry, such as aviation. 

The strong effect of satisfaction (SAT) on both loyalty and WOM validates the classic satisfaction–loyalty–

WOM chain found in the service literature (Oliver, 1999). However, the lack of a significant mediating role 

for satisfaction in the relationship between environmental image → loyalty indicates that while environmental 

image contributes to satisfaction, this contribution does not create a clear mechanism for loyalty. This suggests 

that environmental perceptions are conveyed through trust-based mechanisms rather than satisfaction; 

satisfaction appears to be more dependent on overall service quality and experiential factors. This finding 

indicates that environmental practices alone are not sufficient to create satisfaction; however, when combined 

with service performance, they can generate strong satisfaction and loyalty among consumers. 

It is noteworthy that in regression analyses, CSR, green service quality (GSQ), and perceived green value 

(GV) did not show a significant effect on either loyalty or WOM. This finding indicates that some consumers 

may not directly perceive environmental practices or may assign relatively low importance to evaluations of 

environmental service quality compared to more general elements of experiential service quality. The fact that 

GSQ has a near-significant effect on WOM (p = .051) suggests that increasing the visibility of environmental 

service quality practices could have a more direct impact on WOM. The weak direct effect of CSR, on the 

other hand, indicates that CSR messages are perceived in the consumer mind as corporate-level discourse and 

do not sufficiently translate into behavioral intentions. This finding is consistent with studies in the literature 

suggesting that the effect of CSR on behavioral outcomes must be mediated by psychological processes such 

as trust and brand image (Bhattacharya & Sen, 2004; Chung et al., 2022). 

One of the striking findings of the study is that demographic variables did not show a significant effect in 

any model. This indicates that the processes shaping behavioral outcomes such as loyalty and WOM are driven 

more by perceptual and emotional variables than by demographic characteristics. The literature frequently 

emphasizes that psychological variables (e.g., environmental awareness, ethical attitudes) are important 

determinants in sustainability-based marketing, rather than demographic characteristics (Schlegelmilch, 

Bohlen & Diamantopoulos, 1996; Grimmer & Woolley, 2014). In this context, the findings of this study 

suggest that qualitative customer segmentation independent of demographics may be more effective in terms 

of sustainable strategies. 

The results of the mediation analysis constitute one of the most critical theoretical contributions of this 

study. The transmission of the environmental image's effect on loyalty through trust strongly supports the 

mechanism of “environmental commitments creating trust and trust shaping loyalty behavior,” which is one 

of the fundamental arguments in green marketing literature (Chen, 2010; Chaudhuri & Holbrook, 2001). 

Conversely, the non-functioning of the satisfaction channel indicates that while the environmental image is 

effective in creating satisfaction, it is not sufficiently decisive in the path to loyalty. This finding reveals that 

even if environmental practices contribute to customer satisfaction, trust is a more critical psychological 

element for the formation of loyalty. 

Overall, this study shows that airlines' environmental activities play an important role in shaping consumer 

behavior; however, this effect occurs indirectly, particularly through trust-based mechanisms, rather than 

directly. The findings reveal that it is not sufficient for airlines to merely develop environmentally friendly 
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practices when shaping their sustainability strategies; it is also critically important that they communicate these 

practices in a transparent, measurable, and verifiable manner. 

This study examined the effects of passenger perceptions of airline environmental activities on customer 

trust, satisfaction, loyalty, and word-of-mouth communication in light of quantitative findings and made 

important contributions to the sustainability-based customer behavior literature, both theoretically and 

practically. The results obtained from the research show that the environmental image significantly increases 

loyalty both directly and indirectly, particularly through trust. The strong confirmation of trust's mediating role 

demonstrates that environmental practices are not only a brand image element but also a critical strategic 

element that reduces consumers' perception of risk towards the company and strengthens the foundation of the 

trust relationship. 

The strong effect of satisfaction on loyalty and WOM supports the fundamental assumptions of service 

marketing literature. However, the lack of a mediating effect of satisfaction in the GI → LOY relationship 

indicates that environmental practices alone are not sufficient to increase satisfaction; satisfaction is formed 

within the broader framework of the service experience. This suggests that airlines need to integrate their 

environmental practices with overall service quality. 

The research also revealed that CSR, GSQ, and GV have weak direct effects on loyalty and WOM. This 

finding suggests that environmental activities are not always directly perceived by consumers; such practices 

need to be supported by awareness and trust mechanisms to translate into loyalty or WOM. In particular, the 

fact that GSQ has a marginal effect on WOM indicates that the visibility and communication dimensions of 

environmental service processes need to be strengthened. 

Based on the findings of the study, several managerial implications stand out for airlines: 

(1) Environmental activities must not only be implemented but also reported transparently, documented, 

and supported by continuous communication. 

(2) Sustainability strategies that strengthen the trust mechanism play a critical role in increasing loyalty. 

(3) Considering the decisive impact of satisfaction on loyalty, it is imperative that environmental practices 

be integrated into the overall service experience. 

(4) Increasing the visibility of environmental service quality can create stronger effects on WOM. 

The cross-sectional design of the study and the self-reporting method used to collect data constitute 

significant limitations. Future studies are recommended to use longitudinal data, compare different airline 

types (low-cost vs. full-service), and examine how environmental perceptions change with moderator variables 

(such as price sensitivity and environmental awareness). 

In conclusion, this study systematically reveals the effects of environmental image on passenger behavior, 

demonstrating that environmental sustainability is not only an area of corporate responsibility in the airline 

industry but also a strategic customer relationship element. In this context, the study contributes to the literature 

theoretically and offers important practical implications for integrating sustainability strategies into customer 

behavior for airlines. 
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Appendix A. Survey Form (Item Pool) 

Green Image (GI) 

GI1: This airline has a responsible image in environmental matters. 

GI2: It is known for its environmentally conscious practices. 

GI3: It is one of the brands leading the green transition. 

Green Service Quality (GSQ) 

GSQ1: Emphasizes waste reduction in pre-flight and post-flight processes. 

GSQ2: Cabin interior materials are environmentally friendly. 

GSQ3: Is transparent about fuel efficiency and emission reduction. 

Corporate Social Responsibility (CSR) 

CSR1: Announces environmentally focused social responsibility projects. 

CSR2: Sustainability reports are credible. 

CSR3: Has initiatives that contribute to society and the environment. 

Green Value (GV) 

GV1: Eco-friendly practices add value to the ticket price I pay. 

GV2: Green practices are beneficial to me. 

GV3: This airline's eco-friendly approach positively influences my choice. 

Green Trust (GT) 

GT1: I trust environmental promises. 

GT2: I believe the stated environmental performance is accurate. 

GT3: It fulfills its green commitments. 

Satisfaction (SAT) 

SAT1: Overall, I am satisfied with this airline. 

SAT2: My experience met my expectations. 

SAT3: I would be happy to choose them again in the future. 

Loyalty (LOY) 

LOY1: I am highly likely to repurchase. 

LOY2: I would choose this airline if the price is reasonable. 

LOY3: I am loyal to this airline compared to alternatives. 

Word of Mouth (WOM) 

WOM1: I would recommend this airline to my friends and family. 

WOM2: I share my positive experiences with others. 

WOM3: I am willing to post positive comments on social media. 
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1. Introduction

Air traffic control services are of vital importance for the smooth and safe operation of air traffic. 

Maintaining the safety of this service necessitates constant coordination through mutual communication. In 

recent times, research domains within the field of air traffic management have expanded to encompass 

both established disciplines and novel advancements in science and technology. To maintain a satisfactory 

level of congruence with such rapid changes, effective communication and coordination between all 

sections of air traffic management is an essential prerequisite. The increasing demand and air traffic 

associated with the shift in passenger preferences towards air travel is increasing the workload of air traffic 

management within the projected timeframe (Nolan, 2011). The commissioning of new airports and 

increased investment from the Asia-Pacific and Middle East regions to upgrade airports in North America 

and Europe are also increasing the need for air traffic control. The International Air Transport Association 

(IATA) has stated that it is anticipated that air passenger traffic will exceed 7 billion by 2035, with an 

annual growth rate projected to exceed 3.5 percent. In developed regions, airport authorities are 

concentrating on the modernization of existing airport infrastructure through the introduction of advanced 

air traffic management systems, with the objective of enhancing the efficiency of air traffic services 

(IATA, 2019). The increased investment in the enhancement of airport infrastructure within developed 

regions of North America and Europe is a key factor in the growing demand for effective traffic 

management solutions. The increase in demand and flight numbers has created a need for investment in 

new tools and equipment for air traffic management. For instance, in 2017, Seattle-Tacoma Airport in the 

United States initiated an expansion program with an investment of 1.6 billion US dollars; the airport's 

systems for managing air traffic accounted for the second-largest share of this expansion (FAA, 2010). 
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The airport terminal control and ground control systems received approximately one-third of the 

investment. The lighting and signaling equipment associated with these systems is also included in this 

category (IATA, 2019).  
Current estimations suggest that hardware components will account for in excess of 75% of the air traffic 

management market by 2025, a development that will be driven by the commissioning of new airports and the 

increasing digitalization of existing airports. The majority of developed regions, including North America and 

Europe, are concentrating on the enhancement of existing air traffic management systems with the objective 

of providing superior air traffic services to airlines (EUROCONTROL, 2000). The field of air traffic 

management has undergone significant expansion, driven by the development of existing systems and the 

commissioning of new airports. The increasing use of artificial intelligence in air traffic systems has led to a 

growing demand for more advanced software (Wickens, Mavor, & McGee, 2013). For instance, in 2019, the 

Irish Aviation Authority (IAA) utilized Iridium NEXT satellites equipped with Aireon space-based Automatic 

Dependent Surveillance-Broadcast (ADS-B) payloads (Eurocontrol, 2017). This innovative software 

facilitates real-time air traffic surveillance and tracking and the provision of air navigation services. 

Concurrently, air traffic control assumes a pivotal function within the overarching framework of air traffic 

management, a development primarily attributable to two interrelated factors. Firstly, the escalating volume 

of passenger traffic, and secondly, the market entry of a multitude of new airlines (Rantanen, 2005). The 

demand for more advanced communication and navigation systems is driving further growth in the field of air 

traffic control (ATC). For instance, in January 2019, the National Air Traffic Services (NATS), the body 

responsible for air traffic management in the United Kingdom, installed an AI-supported digital control tower 

at Heathrow Airport. The principal objective of the control tower is to minimize delays in flight. The expansion 

primarily stems from the emergence of remote and virtually controlled towers. For instance, countries such as 

India and China are providing cost-effective solutions for air traffic management services by focusing on 

regional connectivity and long-haul flights (IATA, 2019; Sengur, 2022).  

In this context, the study examines how air traffic control in Europe has evolved in response to changing 

demands and how current practices are being implemented. A plethora of recommendations have been 

proposed concerning how air traffic control can manage the increasing volume of traffic in an efficient and 

safe manner. The literature review revealed that a thorough examination of European air traffic management 

had not been conducted, and existing research was limited to appraisals of the topic. A complete literature 

review of ATM has not been conducted, and contributions have been made to the literature concerning 

advancements in the field and potential deficiencies. The study is significant in terms of identifying emerging 

practices in Europe and their evolution or differentiation.  

2. Literature 

The study's framework is predicated on government and contractor technical reports, scientific journal 

articles, book chapters, and operational reviews. The relevant references are primarily drawn from the fields 

of ATM research, human factors, safety management systems, air traffic control management, and cognitive 

psychology and computer modeling. While the primary focus is on the examination of practices regarding air 

traffic control coordination and monitoring, theoretical and empirical studies on workload assessment have 

also been utilized, given the importance of human factors in ensuring this coordination. The majority of the 

established factors related to air traffic management have been published by EUROCONTROL, IATA, and 

ICAO or drawn from the relevant literature. Recently, a series of significant reports and articles on the ATC 

problem have been published, including various in-depth reviews of the complexity factor literature (Malakis, 

2019). Complexity has been defined as a situation or event being complex and incomprehensible, with many 

parts coming together to form a more complex situation, and furthermore, each unit combining to make the 

existing situation even more difficult (Cambridge Dictionary, 2020). In the context of air traffic control, 

however, numerous distinct definitions of complexity have been proposed (Radišić, Andraši, Novak, Juričić, 

& Antulov-Fantulin, 2020). The most perspicuous definition was provided by Meckiff and colleagues as the 

difficulty in monitoring and managing a specific air traffic situation (Meckiff, Chone, & Nicolaon, 1998). Air 

traffic complexity can also be defined as a series of potential aircraft-to-aircraft and aircraft-to-environment 

interactions occurring within a specific time frame. It is important to note that not all of these interactions 

require the same level of attention, urgency, or workload (Radišić, Andraši, Novak, Juričić, & Antulov-

Fantulin, 2020). It is important to note that complexity does not bear the same significance as air traffic density. 

The number of aircraft in a sector has been shown to influence complexity; however, treating this number as 

the sole indicator is not a valid approach, particularly when comparing two different sectors (Kirwan, Scaife, 

& Kennedy, 2001; Mogford, Guttman, & Morrow, 1995; Athènes, Averty, & Puechmorel, 2002). It is 

noteworthy that two disparate sectors may exhibit analogous traffic density, yet significantly disparate levels 
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of complexity. Numerous studies have demonstrated that complexity generally increases workload (Christien, 

Benkouar, Chaboud, & Loubieres, 2002). Mogford et al. (1995) posited that complexity is a pivotal factor in 

the workload of controllers (see Figure 1). However, it should be noted that complexity and workload are not 

directly correlated. A range of mediating factors have been identified, including equipment quality, individual 

differences, and controllers' cognitive strategies.  

 
Figure 1. Factors affecting controller workload

 

The study refers to the work of Mogford and colleagues (1993) on the subject of complexity. Given the 

anticipated increases in traffic, alongside corresponding developments in ATC (Air Traffic Control) 

procedures and technologies, there is a growing need to understand the capabilities of control systems and 

controllers and to determine the ‘safe’ limits of their workload (Schmidt, 1976). In this context, studies on how 

air traffic control adapts to the increasing demand and traffic have been evaluated in this section. The literature 

review revealed that issues of capacity and complexity in relation to air traffic are frequently encountered in 

various studies. Another frequently encountered topic is how EUROCONTROL and various organizations 

across Europe are responding to the increasing traffic and the projects they have developed for monitoring and 

coordinating this traffic. It is reported that the greatest limitation of air traffic management lies in the 

increasingly complex operations (Mogford, Guttman, & Morrow, 1995). It is thought that improved measures 

to address ATC complexity could provide benefits such as the evaluation of ATM productivity, the comparison 

of cost-effectiveness, and the assessment of the impact of new tools and procedures (Mills, 1998). In this 

regard, EUROCONTROL’s Network Capacity and Demand (NCD) initiative is implementing the Complexity 

and Capacity (COCA) project. The primary objective of COCA is to identify, develop, and evaluate factors 

related to air traffic control complexity; to validate and test complexity factors; and to identify those linked to 

controller workload and sector capacities. The aim of the application is to create a model of air traffic, compare 

this model with factors causing complexity in air traffic, design the airspace according to this model to 

determine the optimum capacity, and apply the existing capacity to sector classification and air traffic flow 

management (EUROCONTROL, 2000). In the majority of studies conducted to date, attempts have been made 

to draw conclusions whilst disregarding the cognitive structure of air traffic controllers. However, recent 

advancements in technology and increasing human-machine interaction have led to little discussion on how to 

reduce cognitive load, aside from a few studies and reports. It has been observed that with increasing 

automation technologies, the cognitive load on controllers can be reduced, thereby ensuring a safer air traffic 

flow. Within the context of the COCA project, EUROCONTROL acknowledges the necessity of incorporating 

controllers’ cognitive aspects into the complexity of air traffic.  

Recent advancements in air traffic management (ATM) and air traffic control (ATC) systems have been 

significantly shaped by rapid technical progress, escalating traffic demand, and the rising complexity of 

airspace operations. The digital transformation of ATM systems has become a significant trend marked by the 

integration of automation, data-driven decision-making, and sophisticated decision-support technologies. 
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ATM systems are progressively integrating artificial intelligence (AI) applications and automation 

technologies to improve operational efficiency and assist controllers in managing intricate traffic scenarios 

(Xia et al., 2026; EUROCONTROL, 2020). The SESAR Joint Undertaking emphasizes that the "Digital 

European Sky" goal is heavily reliant on the deployment of intelligent technology that can provide predictive 

traffic management and real-time decision assistance which contributes to safe implementation of ATM 

operations (SESAR JU, 2026). 

In this regard, artificial intelligence and machine learning have been employed particularly in domains such 

as traffic flow forecasting, conflict identification, and workload evaluation. Current advancements focus on a 

"human-in-the-loop" model, emphasizing the enhancement of human operators rather than their complete 

replacement, with AI systems serving as assistive tools to supplement human decision-making capabilities 

(Whig et al., 2024).  FAA (2023) underscores that next-generation ATM systems seek to enhance the interplay 

between automation and human proficiency to guarantee safety and operational resilience. 

A significant trend is the heightened emphasis on the intricacies of air traffic and the administration of 

controller duty. Capacity management now transcends mere traffic volume considerations. Advanced models 

incorporating complexity measurements and dynamic sectorization tactics are supplanting conventional 

capacity management. Reports from EUROCONTROL (2006) and CANSO (2022) emphasize the importance 

of managing controller workload and operational complexity for ensuring safety and efficiency in high-density 

airspace.  

Moreover, collaborative decision-making procedures and network-centric operations have become 

essential components of contemporary ATM systems. The execution of Airport Collaborative Decision-

Making (A-CDM) programs signifies a shift from centralized control systems to coordinated efforts among air 

navigation service providers, airlines, and airport managers. ICAO  (2021) indicates that collaborative 

frameworks enhance information exchange, augment predictability, and bolster overall system performance.  

      Significant European-scale modernization initiatives, like the Single European Sky and SESAR programs, 

play a crucial role in influencing ATM advancements at the European level. These projects seek to diminish 

airspace fragmentation, enhance interoperability, and establish performance-based management systems. The 

European Commission and the SESAR Joint Undertaking highlight developments such as Free Route Airspace 

and trajectory-based operations, which provide more flexible and efficient flight planning (SESAR, 2025).  

     Technological innovations have facilitated the creation of remote and digital tower concepts, enabling air 

traffic services to operate independently of the physical location of control towers. This is especially 

advantageous at low-traffic airports where cost advantages can be achieved without jeopardizing operational 

safety. Research conducted within the SESAR framework indicates that digital towers are becoming viable 

and scalable options for the existing air traffic management environment (SESAR JU, 2026; SESAR, 2025.  

       The incorporation of unmanned aerial vehicles into regulated airspace has generated both obstacles and 

opportunities for air traffic management. U-Space and unmanned traffic management (UTM) technologies 

represent a significant advancement in the safe and effective integration of drones into current airspace 

frameworks. EASA (2021) delineates a legal framework that facilitates this integration, emphasizing the 

necessity for solutions that are harmonized and scalable (EASA, 2021). 

       Environmental sustainability is now a crucial catalyst for ATM innovation. The significance of 

decreasing fuel usage, limiting emissions, and improving flight paths is increasing. Trajectory-based 

operations and performance-based navigation are essential for attaining these environmental goals (ICAO, 

2022). The transition to trajectory-based operations (TBO) in air traffic management represents a significant 

paradigm shift. TBO is not a conventional sector-based control; rather, it is a four-dimensional aircraft 

trajectory management system that incorporates time, facilitating more accurate and efficient traffic 

management. This approach, broadly supported by the International Civil Aviation Organization and the 

Federal Aviation Administration, is anticipated to serve as the foundation for future ATM systems.  

     The research indicates that contemporary ATM systems are evolving towards a highly integrated, data-

centric, and collaborative framework. Technological innovation, particularly in artificial intelligence and 

digitalization, alongside coordinated regulatory initiatives and stakeholder collaboration, is essential for 

tackling the problems posed by increasing traffic demand and operational complexity (ICAO, 2020). 

Another issue encountered in the domain of air traffic management pertains to the management of air traffic 

flow. The flow management system is regarded as one of the most promising short-term approaches for 

alleviating the serious congestion problems currently affecting the air traffic network across the United States 

and Europe. As Amedeo (1987) noted, congestion is having a significant impact on air traffic in both the United 

States and Europe. This situation is still, to a certain extent, limited to the busiest commercial airports and a 

few 'sectors' of the air traffic control (ATC) network. However, the distribution of traffic is such that the effects 

are practically felt by passengers using both North American and Northern European air routes (Nolan, 2011). 
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The increase in demand has resulted in heightened congestion in air traffic, leading to various challenges at 

several airports. Airlines have asserted that the direct financial burden of airport and air traffic control delays 

in the United States alone amounts to 2 billion dollars. It is evident that the cost in question represents a 

significant proportion of the net profit of the US airline industry, which was 26.4 billion dollars in 2019 (United 

States Department of Transportation, 2019). 

Situational awareness is examined as another key factor influencing air traffic control. Situational 

awareness is recognized as a fundamental element affecting an effective air traffic control system and the 

decision-making and performance of controllers (Endsley & Rodgers, 1994). Air traffic controllers are 

responsible for the coordination and monitoring of a large number of aircraft to ensure minimum separation 

and safe and efficient take-off, en route, and landing operations (Dailey, 1984). The successful execution of 

this complex and demanding task is contingent upon situational awareness (Endsley & Rodgers, 1994). 

Controllers must be cognizant of and monitor numerous factors, such as aircraft positions, fuel status, approach 

and descent procedures, and flight routes (Rodgers, 1993). Despite the plethora of definitions of situational 

awareness, the most generally applicable definition was provided by Endsley (1987). According to the 

aforementioned definition, "situational awareness is defined as the perception of elements in the environment 

within a given time and spatial volume, the understanding of their meanings, and the reflection of their states 

within an immediate timeframe" (Endsley & Rodgers, 1994). The objective of this study is to identify these 

elements—including perception, comprehension, and projection—to ensure the safety requirements for air 

traffic control during flight and to enhance efficiency. The issues engendered by an absence of situational 

awareness are substantial, not only from a material and financial standpoint but, above all, because human 

lives are at risk (Dailey, 1984). The potential for errors to arise in practice can be mitigated through the 

implementation of coordination and monitoring mechanisms supported by technological solutions. 

Furthermore, the employment of alerts and proactive measures can serve to minimize human error.  

3. Methodology 

Air traffic control can be defined as an operational element in which the human factor, safety management 

systems, air traffic management, cognitive psychology, and technical infrastructure interact (Schmidt, 1976). 

However, analyzing the cause and effect of a specific phenomenon in air traffic control services can be 

challenging due to the presence of multiple variables where numerous factors interact (Gerede, 2015). 

This research employs a structured literature review methodology to analyze air traffic control (ATC) 

coordination and monitoring practices in Europe. Instead of employing an empirical research design, the study 

conducts a systematic examination of existing academic and institutional literature to cultivate a thorough 

grasp of current air traffic management (ATM) systems and their operational dynamics. The review is both 

narrative and systematic, seeking to synthesize information from various sources within a cohesive analytical 

framework. This approach is particularly appropriate for topics like ATC coordination, where information is 

dispersed among scholarly articles, regulatory documents, and technical reports. The aim is to synthesize 

current research and identify main themes, patterns, and gaps in literature. The literature utilized in this study 

was gathered from many sources to guarantee academic structure and practical significance. Academic 

publications were retrieved from prominent scientific databases, including Web of Science, Scopus, and 

Google Scholar. Moreover, comprehensive evaluations were performed on institutional reports and policy 

documents from prominent aviation entities, including International Civil Aviation Organization, 

EUROCONTROL, International Air Transport Association, EASA, CANSO, and SESAR Joint Undertaking. 

These sources have been selected because of the decisive role they play in shaping global and European air 

traffic management (ATM) policies and practices. The literature was chosen based on specific inclusion criteria 

to guarantee both its relevance and quality. Studies were included if they:  

• Focus on air traffic control (ATC) or air traffic management (ATM) 

• Coordination, capacity, complexity or controller workload, 

• Check out European airspace or give ATM insight relevant to the world, 

• Published in peer-reviewed journals or by recognized aviation institutions. 

 

Recent advancements in technology and operations, including digitalization, artificial intelligence, and 

collaborative decision-making procedures, were also taken into consideration. A thematic analysis was 

performed to analyze the literature collected. An iterative process of reading and coding the selected sources 

resulted in key themes. This analysis covered four key dimensions: (1) ATC coordination practices, (2) 

capacity management strategies, (3) air traffic complexity and controller workload, and (4) technological and 

operational innovations, such as digital ATM systems and collaborative decision-making frameworks. 
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The study does not present empirical findings but synthesizes insights from the literature to highlight common 

patterns, emerging trends and areas of convergence and divergence across different sources. This method 

makes it possible to gain a conceptual understanding of how the ATC coordination is structured and managed 

in the European context. 

The study's most significant limitation is the inaccessibility of primary sources, which hinders the ability 

to substantiate claims and verify information. In the context of literature review, data obtained from secondary 

sources is of paramount importance for the accurate observation of the phenomenon under study (Vassala, 

2006). The data obtained is based on a comprehensive review of the extant literature, regulatory authorities' 

guidelines, company reports, and internet data. The capacity of air traffic control to orchestrate air traffic in an 

orderly and secure manner is predominantly realized through mutual communication and adherence to 

legislation. The present study examines compliance with regulations and operational procedures to ensure the 

proper functioning of air traffic management in Europe.  

4. Synthesis of Findings from Literature 

4.1. Innovation and Technological Developments in ATM; Principles and Improvement Initiatives 

The literature on current ATC/ATM advances indicates that European air traffic management is progressing 

towards a more digital, integrated, and performance-oriented framework. Current research and institutional 

reports indicate that digitization, automation, artificial intelligence, and data-driven decision-support systems 

are essential elements of ATM modernization. EUROCONTROL emphasizes the growing utilization of AI-

driven applications to improve forecasting, decision-making, resource allocation, and human performance in 

air traffic management operations (Xia et al., 2026). The SESAR Digital European Sky vision identifies digital 

transformation as a crucial facilitator for enhancing the safety, security, sustainability, and efficiency of 

European air traffic management (EUROCONTROL, 2020; SESAR, 2025). 

The body of literature also recognizes the increasing importance of trajectory-based operations. Future 

ATM systems are expected to control aircraft trajectories in four dimensions (including time), as opposed to 

sector-based control. FAA’s NextGen program considers trajectory based operations (TBO) as an important 

transition in modern air traffic management, where all stakeholders and automation systems share the same 

understanding of aircraft movement and future trajectory. Though this example is from the United States, it is 

indicative of the larger trend of predictive ATM based upon data-sharing, worldwide (FAA, 2023). 

Recent literature indicates that the ATM domain is expanding beyond conventional manned flight. The 

advancement of U-space in Europe signifies the increasing necessity to include unmanned aircraft systems into 

both controlled and uncontrolled airspace. The U-space regulatory framework was implemented in January 

2021 to facilitate the safe segregation and effective utilization of airspace between manned and unmanned 

aircraft, according to EASA. This indicates that future Air Traffic Control coordination will increasingly 

involve hybrid traffic scenarios, where conventional aircraft, drones, and even sophisticated air mobility 

vehicles will function inside interconnected airspace systems (EASA, 2021). 

Sustainability has finally emerged as a pervasive issue in ATM literature. Digitalization, free-route airspace, 

performance-based navigation, and trajectory optimization are increasingly being seen not only as efficiency 

instruments but also as methods to diminish fuel consumption and emissions. The literature generally suggests 

a transition of European ATM from a fragmented and capacity-limited system to a more collaborative, 

automated, interoperable, and environmentally conscious system. This transformation introduces new issues 

in controller workload, AI governance, cybersecurity, human-machine interface, and the regulatory integration 

of new airspace users. 

Air traffic encompasses all aircraft in flight or maneuvering and taxiing at an aerodrome. The Air Traffic 

Control service is a service provided to prevent collisions between aircraft, to ensure maneuvering clearance 

between aircraft and obstacles, and to expedite, maintain, and ensure the orderly flow of air traffic (Annex 11). 

In Annex 11, the objectives of air traffic services are defined as preventing collisions between aircraft, 

preventing collisions between an aircraft and another aircraft in the maneuvering area, and preventing 

collisions with objects, bodies, or obstacles on the ground; maintaining air traffic in a swift and orderly manner; 

providing the necessary information and advice to ensure flights are conducted safely and efficiently; and to 

inform the relevant authorities and providing support where necessary in emergency situations and when 

search and rescue operations are required. Air traffic services are divided into sections to ensure these 

objectives are met. They consist of three sections: Area Control (ACC), Approach Control, and Aerodrome 

Control. ACC is responsible for controlling air traffic at high altitudes within a specific airspace (FIR) during 

the period between takeoff and approach. It controls traffic originating from the approach control service. The 

separation of aircraft is carried out in two different ways: VFR (Visual Flight Rules) and IFR (Instrument 
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Flight Rules). In addition to flight separation, it transmits various information to aircraft, such as weather 

conditions, altitude, speed, and no-fly zones. Airspace is divided into classes, with different flight rules 

applying to each class. Approach Control takes over control once the aircraft has reached a specific altitude, 

providing control services within a radius ranging from 56 to 93 km. This situation varies depending on the 

characteristics of the airport (Osamba, 2012). Takeoff control assumes control from the tower once the aircraft 

has passed an altitude of 500 meters; at this stage, it issues instructions for the aircraft to climb and reach its 

flight level. Local control, on the other hand, is responsible for the active runways at the airport; landing and 

takeoff clearances are issued at this stage. Its duties include runway separation, maintaining gaps between 

flights, and ensuring the maximum utilization of the runways.  

The International Civil Aviation Organization (ICAO) has instituted the Global Air Navigation Plan 

Strategy (GANP) to establish a global air navigation system that is secure, sustainable, efficient, and 

interoperable. It is primarily grounded in the A-CDM initiatives of IATA and EUROCONTROL. Socio-

economic concerns arising from the aviation industry are encountering numerous obstacles due to evolving 

and escalating demand. Passenger and cargo travel is anticipated to quadruple global aviation traffic within the 

next 15 years (ICAO, 2020). Over 120,000 flights are conducted safely and securely each day (ATAG, 2018). 

Projections indicate significant air traffic expansion over the next two decades, attributed to favorable 

economic, political, and social developments (ICAO, 2018). Simultaneously, emerging demands on the 

aviation system, advancing technology, novel methodologies, and the expanding role of personnel require not 

only the resolution of difficulties but also the transformation of the global air navigation system to guarantee 

the continuity of aviation. The International Civil Aviation Organization (ICAO) has released a framework 

known as the Global Air Traffic Management Operational Concept (GATMOC, Doc 9854) to facilitate 

systematic and sustainable oversight of global air traffic. 

The International Civil Aviation Organization (ICAO) has released a framework known as the Global Air 

Traffic Management Operational Concept (GATMOC, Doc 9854) to facilitate the systematic and sustainable 

oversight of worldwide air traffic. GATMOC establishes the basis for a unified operational framework for an 

integrated, sustainable, cohesive, and internationally interoperable air traffic management (ATM) system. The 

operational concept functions autonomously from technology and is characterized as a representation of what 

is anticipated. The prompt advancement of a sustainable aviation system founded on GATMOC necessitates a 

cooperative, coordinated, and enduring planning instrument like GANP. Thus, the vision, performance 

objectives, and conceptual framework outlined in GANP explicitly reference GATMOC. By persistently 

advancing supplementary guidance documents, such as the Air Traffic Management System Requirements 

Manual (Doc 9882) and the Global Performance Guide for Air Navigation Systems (Doc 9883), while 

establishing solid conceptual frameworks and emphasizing an integrated, sustainable, compatible, and globally 

interoperable air navigation system. ICAO standards predominantly emphasize seven specific components of 

the ATM procedure. To elucidate the delivery of these services, the seven conceptual components have been 

summarized in conjunction with conceptual modifications. The initial aspect is to the organization and 

management of airspace. Airspace organization creates airspace frameworks to facilitate various types of air 

operations, traffic densities, and service levels. 

Airspace management is the procedure by which airspace alternatives are chosen and executed to fulfill 

ATM requirements. All airspace is under the jurisdiction of air traffic management (ATM) and serves as the 

foundation of the system. Air traffic management possesses a flexible and dynamic framework to effectively 

coordinate airspace. Any limits placed on airspaces of a specific volume are regarded as a temporary condition 

for air traffic management (ATM). Airspace borders ought to be modified in accordance with the density and 

flow conditions of air traffic; national or procedural limits should not impede the flow. 

The second element pertains to airport operations. Airport operators play a crucial role in the air traffic 

management system. Safety, security, and efficiency are guaranteed under all circumstances, while 

concurrently aiming to uphold airport capacity at its maximum level. This scope includes services such as 

lighting, taxiways, exits, runways, and precision ground guiding. The ATM system is tasked with optimizing 

the utilization of the airport's airside infrastructure capabilities. The primary objectives are to minimize runway 

occupancy duration, ensure aircraft can maneuver safely in all weather conditions while maintaining capacity, 

direct aircraft on taxiways, sensitive zones, and transition surfaces under all circumstances, and to accurately 

ascertain the purpose and location of all vehicles and aircraft in the movement area, disseminating this 

information to ATM stakeholders. 

The third component has been recognized as the equilibrium between demand and capacity. Demand and 

capacity balancing systematically assesses traffic patterns and airport capabilities throughout the system to 

mitigate conflicting requirements for airspace and airport resources, while enabling users to decide when, 

where, and how they will operate. The utilization of data regarding air traffic patterns, meteorological 
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conditions, and system facilities facilitates the effective management of air traffic flow in collaborative 

processes. Demand and capacity management establishes a basis for predictable allocation and scheduling by 

optimizing assets through collaborative decision-making at the strategic level to enhance efficiency. During 

the pre-tactical phase, collaborative decision-making facilitates adjustments to assets, resource allocations, 

anticipated trajectories, airspace restrictions, and the scheduling of entry and leave times for airports and 

airspace volumes to mitigate imbalances whenever feasible. During the tactical phase, efforts encompass 

adaptive modifications in airspace organization to optimize capacity, real-time alterations in airport and 

airspace entry/exit timings, and diverse user interventions in the schedule. 

The fourth operational component is designated as traffic synchronization. Traffic synchronization refers 

to the strategic implementation and upkeep of air traffic flow in a secure, systematic, and efficient manner 

(Pawełek, Lichota, Dalmau, & Prats, 2018). Flight paths are assessed in a clear and unequivocal manner, from 

multiple dimensions. Narrow bottlenecks causing traffic congestion are detected and eradicated by proactive 

approaches. Traffic optimization guarantees the enhancement of runway efficiency.  

The fifth component is designated as airspace user operations. Airspace user operations pertain to the ATM-

related components of flight operations. This scope addresses the synchronization of global practices and 

criteria to improve safety and efficiency. Relevant ATM data is utilized for an airspace user's general, tactical, 

and strategic situational awareness and conflict management, while pertinent operational information from the 

airspace user is sent to the ATM system. Collaborative decision-making seeks to promptly assess the effects 

of aircraft and airspace user system design on air traffic management (ATM), emphasizing the necessity of 

evaluating aircraft as a core element within the ATM framework. 

The sixth component is identified as conflict management. Conflict management encompasses three tiers: 

strategic conflict management through airspace organization and administration, demand and capacity 

equilibrium, and traffic synchronization. Conflict management mitigates the risk of aircraft collisions and 

hazards to an acceptable threshold. Potential hazards that may jeopardize an aircraft encompass: collision, 

topography, meteorological conditions, turbulence, conflicting airspace operations, and ground vehicles or 

other impediments in the apron and maneuvering area during ground operations. Strategic conflict 

management mitigates risk and alleviates constraints to a certain extent. The notion of conflict can be 

broadened within the confines of established procedures, safety protocols, and relevant information. Collision 

avoidance systems are integral to ATM safety management; yet they are excluded from the assessment of the 

calculated safety level necessary for maintaining separation.  

The seventh and concluding component is the management of ATM service delivery. The objective of ATM 

service provision management is to provide seamless operation from gate to gate across all phases of the flight 

and among all service providers. The ATM service provision management component governs the equilibrium 

and integration of decisions from several processes, together with the schedule and criteria for these decisions. 

Flight trajectories and agreements significantly influence the decision-making processes within Air Traffic 

Management (Wickens, Mavor, & McGee, 2013). The services offered by the ATM service provision 

management component are developed according to the ATM system design and are delivered upon request. 

The design of the ATM system is conducted through collaborative decision-making and the implementation 

of safety and operational processes throughout the system. The plans established by management include all 

physical phases of operations, and processes and practices are executed accordingly. 

4.2. Capacity Management Approaches 

Delays in air transportation result in customer dissatisfaction and substantially impact carriers' financial 

performance. EUROCONTROL data indicates that the airline industry experiences an annual financial deficit 

ranging from 1.3 to 1.9 billion Euros attributable to delays (EUROCONTROL, 2003). Airspaces are 

categorized into distinct portions known as sectors. A sector is a segment of airspace delineated by 

geographical coordinates and a designated radio frequency, overseen by a control crew. Various sectors 

converge to establish the FIR (Flight Information Region) line, which denotes the flight information area 

(EATM, 2004). During peak demand periods, the number of flights operated must not be above the 

predetermined limit, known as sector capacity. The capacity for managing air traffic refers to the capability of 

delivering air navigation services to a specific amount of air traffic while maintaining a high safety standard 

and avoiding substantial operational, economic, or environmental issues under normal circumstances 

(EUROCONTROL, 2002). Sector capacity refers to the regulation of aircraft within a designated area by a 

controller, ensuring safety while preventing undue congestion or capacity deficits during a specified timeframe 

(Jaurena, 2009). 

It is essential to assess the increased sector capacities and their effect on controller workload in light of the 

revised airspace laws, modifications in air traffic control procedures, and the technologies devised to address 
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the expected rise in air traffic. EUROCONTROL has created the CAPAN (Air Traffic Control Capacity 

Analyzer Tool) and COCA (Complexity and Capacity) software for this objective. CAPAN is a capacity 

assessment methodology established by EUROCONTROL (EUROCONTROL, 2006). This approach relies 

on a simulation engine that assesses the controller's workload and estimates air traffic density for a designated 

air traffic sample. CAPAN employs two capacity values derived from two methodologies (peak and regression 

approaches) to predict the controller's workload through simulation (EUROCONTROL, 2006). The ideas of 

capacity, complexity, and workload are significantly interrelated. The intricacy elevates the controller's 

workload, whereas the workload constrains capability. Sector capacity encompasses not only the quantity of 

aircraft within the sector but is also significantly influenced by the interactions among aircraft across several 

sectors. With the escalation of interconnections, the complexity correspondingly intensifies. Consequently, it 

is essential to identify the reasons or conditions that complicate controllers' tasks and contribute to an increased 

workload. The COCA project has defined aims to elucidate the link among complexity, workload, and 

capacity. These objectives are (EUROCONTROL, 2006); 

• The analysis of ATM complexity must encompass both macroscopic and microscopic perspectives, 

incorporating elements such as route segments, airspace volumes, traffic flows, and converging or 

crossing locations across several levels, including sector, center, or state. 

• The supply of pertinent complexity indicators and capacity evaluators for designated complexity 

analyses and additional studies has been identified as ATFM (Air Traffic Flow Management), 

airspace design, ATFM performance and efficiency, and economic studies for ATM, among others. 

 

The COCA project has mostly concentrated on macroscopic analyses and methodological advancement. 

Throughout the development process, comprehensive procedures and processes were established, and the 

outcomes were executed extensively in environmental applications, validated by operational experts. 

The CAPAN approach is in development as part of the COCA (Complexity and Capacity) project. One of 

COCA's objectives is to establish a straightforward, rapid, and precise technique for estimating workload and 

capacity that incorporates complexity as an inherent aspect (Christien, Benkouar, Chaboud, & Loubieres, 

2002). The Complexity and Capacity (COCA) project was launched by the EUROCONTROL Experimental 

Center (EEC) at the conclusion of 2000. The main objective is to delineate the correlation between capacity 

and complexity using precise performance measurements. The COCA project employs two distinct 

methodologies: identifying and assessing the elements that contribute to complexity in air traffic control, and 

verifying, testing, and analyzing the correlation between these complexity factors and controller workload 

(EUROCONTROL, 2006). The objective of the CAPAN method is to create an effective approach for 

assessing sector capacity. Efficiency is assessed by three distinct criteria in the air traffic method: 

compatibility, usability, and precision. For the approach to be effective, specific procedures must be adhered 

to (Christien, Benkouar, Chaboud, & Loubieres, 2002). 

• Calculation of parameters: Air Traffic Flow Management (ATFM), Wide Object-Oriented Data 

Standard Traffic Observable Complexity Knowledge (WOODSTOCK), ATFM Modeling 

Capacity Tool (AMOC) 

• Classification of sectors according to their complexity level 

• Preparation of a large-scale workload model for each classification 

• The use of a regression model to predict sector capacities 

 

The workload of controllers refers to the duration required by a controller to accomplish all responsibilities 

within a designated time period (Majumdar & Ochieng, 2002). Workload assessment necessitates a definition 

of airspace, pertinent flight plans or radar tracks, aircraft performance data, and the selection of a representative 

traffic sample. This requires a database encompassing diverse information, including the working conditions 

and hours of controllers, within the air traffic service system sanctioned by operational specialists. In the 

CAPAN system, predictions are generated by two methods: 
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4.2.1. Peak Method 

Real-time simulation studies and operational trials have categorized numerical boundary values and their 

qualitative interpretations as delineated in Table 1 according to the CAPAN methodology (EUROCONTROL, 

2006). 
Table 1. Peak Method 

Boundaries Workload Working Hours 

%70 and above Excessive Load 42 min. 

%54-%69 High Level Load 32-41 min. 

%30-%53 Medium Level Load 18-31 min. 

%18-%29 Low Level Load 11-17 min. 

%0-%17 Very Low Level Load 0-10 min. 

4.2.2. Regression Analysis 

An identical quantity of flights can generate varying workloads. In the event that the traffic sector's 

circumstances have become intricate, the controller's responsibilities for that sector may increase. In the peak 

method, assessing complexity and workload purely based on the overall time expended by a controller may 

prove inadequate. The regression model analyzes the distribution of time spent on each flight independently, 

yielding four distinct scenarios (EUROCONTROL, 2003). 

1. Regression analysis indicates that the capacity value typically exceeds the CAPAN capacity value 

when the sector's peak hour aligns with the most intricate traffic conditions. 

2. The regression capacity number is typically inferior to the CAPAN capacity value, establishing a 

conventional ATC workload when the sector's peak hour aligns with uncomplicated traffic 

conditions. 

3. When the regression capacity number approaches the CAPAN capacity value, it signifies that the 

sector's peak hour reflects the average traffic complexity for the entire day. 

4. If the workload documented throughout the 24-hour simulation is little, the capacity estimate may 

significantly exceed this regression analysis result. This indicates the presence of surplus capacity. 

4.3. A-CDM Implications in Air Traffic Management 

The Airport Collaborative Decision Making (A-CDM) function is a component of a broader collaborative 

decision-making and action-taking framework (ICAO, 2020). The objective of the procedure is to oversee the 

aircraft's turnaround period, execute it transparently, and enhance service across all pertinent domains. A-CDM 

was initially introduced in Europe in 2004 in the context of air traffic control, as ATFM (ATM network 

management) necessitates greater airline involvement for fleet-level management at certain airports. 

Subsequent to Europe, the FAA (Federal Aviation Administration) started analogous programs targeting more 

interfaces. Conversely, ICAO has embraced and extended the concept. It has developed applications mostly 

based on the EUROCONTROL paradigm, including the GANP and Aviation System Block Upgrades (ASBU) 

(ICAO, 2021). A-CDM primarily focuses on fostering collaborative situational awareness among air traffic 

management, airlines, and airport operations (IATA, 2018). A-CDM enhances air traffic services through three 

phases. Initially, in incoming traffic, air traffic management (ATM) notifies Airport Collaborative Decision 

Making (A-CDM) of the aircraft's arrival and its corresponding time, while ATM supervises the aircraft until 

control is transferred to apron control or until the aircraft comes to a complete stop. Secondly, during the 

turnaround phase, A-CDM exercises control over the aircraft. It supplies the requisite information to the ATM 

for the turnaround. It modifies priorities and procedures in accordance with the stated temporal target 

information. A-CDM relinquishes control of the aircraft to the ATM when the aircraft is off-block (engine 

start) or enters the taxiway. During the concluding phase of departing traffic, the ATM supplies the A-CDM 

with the TSAT (Target Start-up Approval Time) to meet the necessary requirements. TSAT denotes Target 

Start-up Approval Time. The IATA (2012) defines TOBT (Target Off-Block Time), CTOT (Calculated Take 

Off Time), and the traffic conditions under which an aircraft anticipates receiving authorization for engine start 

or pushback as the timeframes issued by ATC. ATM oversees the aircraft's departure procedures from the 

airport and communicates the projected landing time at the destination. These self-replicating processes 

facilitate enhanced demand forecasting. Furthermore, the ATM can compute estimated departure and arrival 

times with enhanced accuracy and precision. In certain tough and atypical circumstances, flexibility is 

afforded. Upon a re-evaluation and collective request, operations may be reassessed utilizing alternative 

approaches, including slot modifications and reduced turnaround durations (IATA, 2016). 
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A-CDM is responsible for coordination both in the control tower and at the airport. It offers services at 

three distinct tiers. Initially, it executes supportive and implementation duties to enhance efficiency in local 

airport operations through resource management, particularly by alleviating congestion on airport aprons, 

taxiways, and runways. ATFM is present at the second level. The ATFM function is executed within the ACC 

(Area Control Center), necessitating collaboration between A-CDM and ACC. This level monitors and records 

ATM movement timings and can impose limitations on departures and arrivals if required. Airport operations 

and the turnaround procedure may also be encompassed within these limitations. At the third and final level, 

ACC/ATFM communicates with other Flight Information Regions (FIR), ensuring inter-regional cooperation. 

This stage is designated as the regional ATFM network (EUROCONTROL, 2002). When slot exchanges 

transpire across regions, alerts are issued, and estimated arrival and departure times are conveyed to the 

pertinent regions. The airlines' operation control centers (OCC) are increasingly actively engaged in the ATFM 

processes. 

5. Discussion and Result 

Air traffic management is facing capacity congestion due to the rising demand for air travel. To address the 

growing demand and guarantee air transportation, novel technologies are being devised, and infrastructural 

enhancements are being executed. Projections for future air traffic are crucial for the advancement of these 

technologies and the establishment of requisite rules (EUROCONTROL, 2000). The factors contributing to 

the heightened demand, the locations experiencing this rise, and the present condition of air traffic are crucial 

for formulating precise forecasts.  The objective of the study is to investigate and evaluate the existing methods 

and strategies for managing European airspace within this context and to provide a comprehensive framework. 

The administration of safe, secure, efficient, and orderly airspace, considering the rising demand and capacity 

density, has been analyzed through directives, protocols, and newly developed applications. The study assessed 

the current and evolving practices in Europe and their variations or transformations. 

The literature review indicates that air traffic management (ATM) systems in Europe are experiencing a 

significant shift, stimulated by digitalization, automation, and heightened operational complexity. This study 

presents an integrated perspective on air traffic control (ATC), indicating that technical innovation, 

coordination mechanisms, and workload management constitute a complex interconnected framework within 

a broader systemic transformation, despite prior research concentrating on individual aspects. 

A significant finding from the literature is the transition from traditional management, which was sector-

oriented and focusing on traffic volume, to a more dynamic and complexity-oriented management approach. 

This change reflects the inadequacies of traditional capacity models, which are unable to address the growing 

variability and unpredictability of contemporary air traffic. The emphasis is increasingly on complexity metrics 

and workload-sensitive instruments. These advancements provide significant operational advantages, while 

also introducing new obstacles, particularly with human-machine interface and controller adaptability. The 

reliance on automation and AI-based decision support systems prompts significant inquiries over trust, 

transparency, and the potential hazards of excessive rely on automated technologies. 

A significant topic of discussion is the evolving function of air traffic controllers in progressively automated 

settings. The literature constantly underscores a "human-in-the-loop" model, contending that complete 

automation is neither practical nor preferable in the short run. The controllers are intended to serve as 

supervisors of intricate systems rather than as direct operators. This alteration has significant ramifications for 

training, skill prerequisites, and cognitive demands. While automation may diminish ordinary tasks, it may 

concurrently elevate cognitive complexity, necessitating controllers to handle infrequent but significant 

scenarios. Consequently, next ATM systems must be developed with a robust human-centered approach to 

ensure that automation enhances rather than undermines operational safety. 

The findings emphasize the significance of collaborative and network-centric strategies in the management 

of European airspace. The instances of Airport Collaborative Decision-Making (A-CDM) and the Single 

European Sky framework illustrate a distinct transition towards integrated and multi-stakeholder coordination. 

This move resolves persistent problems associated with airspace fragmentation and inefficiency across national 

borders. Nonetheless, despite these initiatives, institutional and political impediments continue to pose 

substantial challenges to complete integration. Nonetheless, the efficacy of pan-European ATM coordination 

remains constrained by disparities in national regulations, operating protocols, and technology infrastructures. 

The emergence of new technology, including unmanned aircraft systems (UAS) and digital towers, presents 

both opportunities and challenges for air traffic management (ATM) systems. These improvements, although 

enhancing flexibility and scalability, also contribute to increased system complexity and introduce new safety 

issues. The research indicates that legislative frameworks are still developing and may not be entirely 
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congruent with the operational reality of hybrid airspace situations where manned and unmanned aircraft 

coexist. This indicates the necessity for more adaptable and proactive regulatory strategies. 

 Environmental sustainability constitutes a significant facet of the discourse. The heightened focus on 

trajectory-based operations and performance-based navigation signifies a wider movement towards 

environmentally optimal air traffic management. The literature indicates that technology solutions alone are 

inadequate for attaining sustainable goals, necessitating coordinated policy frameworks and stakeholder 

alignment. If they are misaligned, the potential advantages of these innovations may be constrained. 

The literature addresses the topic of air traffic management in relation to capacity, complexity, time, and 

workload. The newly created methodologies and technologies are designed to address issues in these four 

dimensions, enhance system performance, and augment capacity. The complexity element is identified as the 

primary issue of ATM service. The complexity of air traffic is determined by the configuration of air traffic 

and its geographic positioning. The quality of equipment, cultural and individual disparities, and the cognitive 

constraints of controllers significantly influence the complexity of the issue and, consequently, the workload 

of the controllers. The research undertaken and the innovative techniques devised seek to diminish complexity 

and lessen the burden on controllers. EUROCONTROL, IATA, and ICAO have created multiple apps aimed 

at enhancing capacity and optimizing air traffic management. EUROCONTROL has initiated the Complexity 

and Capacity (COCA) project, which has produced a suite of software designed to identify the determinants 

of complexity in air traffic and to facilitate enhancements in this domain. COCA constructs an air traffic model 

that analyzes various traffic patterns across different sectors based on complexity-inducing elements, and 

utilizes this model to ascertain the appropriate capacity level. Furthermore, it categorizes capacity by sectors 

and implements this in air traffic flow management (ATFM). The COCA study indicates that new technology 

can alleviate the cognitive load on controllers, hence enhancing the safety of air traffic services. 

EUROCONTROL employs a program named CAPAN (ATC Capacity Analyzer Tool) to assess capacity and 

workload. Technology employs a simulation method that assesses controller workload and air traffic density. 

Two distinct methodologies, specifically regression and peak analysis, are employed to assess the controller's 

workload according to the circumstances and intensity. 

ICAO Annex 11 delineates the procedures and implementation methods for air traffic management; 

however, ICAO is formulating new global norms in response to evolving environmental conditions. ICAO has 

established a concept identical to the A-CDM implementations executed by IATA and EUROCONTROL, 

referred to as GANP (Global Air Navigation Strategy). The airport collaborative decision-making function (A-

CDM) is an element of a comprehensive collaborative operation and decision-making framework founded on 

cooperation. Under the GANP, a law known as the Global Air Traffic Management Operational Concept 

(GATMOC, Doc 9854) has been issued, offering guidelines for the systematic management of global air 

traffic. The regulation has analyzed the fundamental components necessary for time and capacity management 

in air traffic control. The analysis indicates that the ICAO standards on air traffic management are found on 

seven distinct core factors. The components include airspace regulation and management, airport operations, 

demand and capacity balance, traffic synchronization, airspace user operations, conflict management 

(complexity), and ATM service provision management. The study finally reveals that the most commonly 

encountered challenges in air traffic management pertain to constraints regarding capacity, complexity, 

workload, and time. The paper aims to elucidate the strategies implemented by regulatory authorities and 

organizations such as ICAO, IATA, and EUROCONTROL to address these restrictions. Due to heightened 

demand and emerging capacity challenges, along with advancements in technology, various applications may 

be developed to address this issue. The augmentation of capacity immediately influences the intricacy of air 

traffic. 

The discussion indicates that, despite the shift of European ATM systems to a more integrated, automated, 

and collaborative architecture, significant obstacles persist. The challenges include escalating system 

complexity, ensuring efficient human–machine interaction, addressing institutional fragmentation, and 

integrating new airspace users. Consequently, forthcoming research ought to concentrate on the empirical 

validation of complexity and workload models, the advancement of human-centered AI systems, and the 

assessment of regulatory frameworks that facilitate cross-border coordination and technological integration. 

In this context, it is essential to develop innovative applications to mitigate complexity. In literature, aside 

from a few studies, there is a scarcity of research dedicated to developing innovative approaches and 

technologies to tackle complexity and capacity difficulties; the initiatives of regulatory authorities may be 

insufficient to identify the principal impacting factors. Thus, upcoming research addressing these concerns 

will yield benefits for air traffic management and air traffic flow management. 
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