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[bookmark: _Toc215662228]ABSTRACT
[bookmark: _Hlk213829582]Kenya’s aviation industry is expanding through modernization efforts, yet there is limited empirical research examining how User-Centered Design (UCD), Lean Thinking, and Aviation Standards collectively influence the sustainability of aviation projects. This study addresses this gap by investigating the relationship between these three factors and the long-term viability of aviation projects in Kenya. Grounded in Structural Functionalism, Stakeholder Theory, Resource-Based Theory, and Contingency Theory, the research adopted a mixed-methods cross-sectional survey design. The study evaluated 46 aviation projects from key institutions, including the Kenya Airports Authority (KAA), Kenya Civil Aviation Authority (KCAA), Kenya Airways (KQ), and selected academic organizations. From a target population of 655, 248 respondents were selected through stratified random and purposive sampling. Data was collected using standardized questionnaires and interview guides, and analyzed through descriptive and inferential statistics, including regression and correlation analysis. Findings revealed that User-Centered Design significantly enhances operational continuity, regulatory compliance, and user satisfaction, thereby improving sustainability. Lean Thinking moderated this relationship, emphasizing the need to balance efficiency with user adaptability. Aviation Standards partially mediated the UCD–sustainability relationship by reinforcing compliance and extending project lifespan. The combined influence of UCD, Lean Thinking, and Aviation Standards was stronger than their individual effects, with aviation standards emerging as the most powerful predictor of sustainable aviation development. The study concludes that integrating UCD, Lean Thinking, and Aviation Standards provides the most effective framework for sustainable aviation in Kenya. Project managers should involve end users throughout the project lifecycle, enhance efficiency through lean principles, and ensure strict adherence to standards. Future research should test this integrated model across regions and over time and compare public and private aviation projects to deepen understanding of sustainable design practices in the sector.
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[bookmark: _Toc203852129][bookmark: _Toc215662236]1.1 Background of the study 
[bookmark: _Hlk212361355]The aviation sector plays a pivotal role in global transportation, economic development, and social integration. It serves as a critical enabler of trade, tourism, and job creation, linking economies and promoting regional and global connectivity. Beyond its economic contributions, aviation supports humanitarian missions, emergency response, and disaster relief efforts, underscoring its social importance. As the world advances toward sustainable development, the aviation industry faces the dual challenge of driving economic growth while mitigating its environmental footprint. Innovations such as sustainable aviation fuels, energy-efficient aircraft designs, and carbon offset programs have become essential in addressing these challenges (Yusaf et al., 2023). By promoting eco-friendly technologies and international cooperation, the aviation sector continues to balance the pursuit of growth with the imperative of environmental stewardship (Hooda, 2023; Yadav, 2023).
In recent years, global aviation has undergone a paradigm shift toward modern, human-centered, and efficiency-driven practices. Methodologies such as User-Centered Design (UCD) and Lean Thinking, combined with adherence to rigorous aviation standards, have transformed traditional project management and operational frameworks. These approaches emphasize end-user needs, waste reduction, quality assurance, and compliance with international safety and sustainability protocols. However, while these innovations are well established in developed aviation ecosystems, their systematic integration and effectiveness in developing economies—particularly in sub-Saharan Africa—remain underexplored. Global reports have shown that aviation contributes approximately 2.4% of total carbon emissions, prompting stakeholders to intensify sustainable project implementation through technological innovation, process optimization, and standardization (Gössling & Dolnicar, 2023).
In Kenya, the aviation industry has witnessed significant modernization through strategic investments in infrastructure, digital systems, and environmental management. Institutions such as the Kenya Airports Authority (KAA), Kenya Civil Aviation Authority (KCAA), and Kenya Airways (KQ) have undertaken initiatives aimed at enhancing service quality, regulatory compliance, and international competitiveness. Despite these advancements, the industry continues to face challenges including stalled infrastructure projects, operational inefficiencies, and insufficient alignment between user needs, design innovation, and sustainability objectives. Existing studies on Kenyan aviation have largely focused on economic performance, safety regulation, and operational management, yet there is a notable research gap concerning how User-Centered Design, Lean Thinking, and Aviation Standards collectively influence the sustainability of aviation projects. This gap limits understanding of how human-centered and efficiency-based design philosophies can be harmonized to improve long-term project viability in Kenya’s dynamic aviation environment.
This study makes a distinctive contribution by developing and empirically testing an integrated framework that links User-Centered Design (UCD), Lean Thinking, and Aviation Standards to project sustainability within Kenya’s aviation sector. While existing research in aviation management has examined these constructs individually, very few studies have explored their combined influence on sustainability outcomes in a developing-country context. By positioning UCD as a foundation for design inclusivity, Lean Thinking as a driver of process efficiency, and Aviation Standards as a mechanism for regulatory compliance, this study provides a holistic view of how their interaction shapes sustainable project delivery. This integrated approach extends beyond traditional analyses of cost and performance metrics, offering a multidimensional understanding of how human, operational, and institutional factors converge to influence the longevity and environmental viability of aviation projects in Kenya.
Theoretically, the study fills a critical gap by integrating sociotechnical and organizational perspectives through Structural Functionalism, Stakeholder Theory, Resource-Based Theory, and Contingency Theory. Past research has often applied these theories independently, limiting the understanding of how systemic interdependence and stakeholder collaboration underpin sustainability in complex aviation environments. Structural Functionalism provides insight into how institutional systems work collectively to maintain equilibrium and efficiency; Stakeholder Theory explains how collaboration and engagement with users enhance project relevance; Resource-Based Theory highlights the importance of internal capabilities and innovation, while Contingency Theory underscores the need for adaptive management in dynamic environments. By uniting these frameworks, the dissertation offers a comprehensive theoretical model explaining how institutional coordination, user engagement, and adaptive management collectively enhance the sustainability of aviation projects.
Practically, the study bridges a substantial gap in empirical evidence by examining how Kenya’s aviation stakeholders including regulators, airport authorities, airline operators, and academic institutions can implement User-Centered and lean approaches within existing regulatory and operational frameworks. Despite Kenya’s policy emphasis on modernization and sustainability, there remains limited understanding of how to translate these principles into practice. The study’s mixed-methods design provides actionable insights into aligning regulatory compliance with innovation, optimizing resource use, and engaging end users throughout the project lifecycle. In doing so, it contributes a policy-relevant and context-specific model that supports Kenya’s aviation sector in achieving long-term sustainability while enhancing competitiveness and stakeholder satisfaction. The findings not only inform local aviation policy and management but also serve as a reference framework for other emerging economies pursuing sustainable aviation development.
The concept of sustainability in aviation is crucial, requiring a balance between aviation project management and various dimensions of sustainability, as expressed by the WCED (1987). Aviation’s integral role necessitates a focus on continuous and balanced development (Aarseth et al., 2017). Many aviation projects fail to achieve sustainability due to inadequate consideration of stakeholder requirements and poor project designs that neglect end-users (Uribe et al., 2018). The study delves into UCD, emphasizing the iterative process of incorporating user insights into product development (Barnum, 2020). Modernization efforts in aircraft manufacturing and operations aim to reduce air and noise pollution. Nevertheless, the study notes that these advancements are often countered by the growth in aviation industrial activities (Hart, 1997). To enhance sustainability, the study recommends involving end-users during project design and implementation (Hart, 1997). It emphasizes the need for project leaders to identify and periodically review sustainability assessment criteria, indicators, and standards to ensure alignment with design objectives (Qari, 2020). The use of Sustainable Aviation Fuels (SAF) and composites in manufacturing is also advocated (Abrantes et al., 2021; Calado et al., 2018).
Lai et al. (2022) highlight strategies such as adopting sustainable aviation fuels, improving energy efficiency, and integrating advanced technologies like electric and hydrogen-powered aircraft. However, challenges include high costs, technological limitations, infrastructure requirements, and regulatory complexities among others. The review emphasizes the need for coordinated global efforts, supportive policies, and innovation to balance aviation growth with climate sustainability. Additionally, economic barriers arise from the high costs of adopting sustainable technologies and managing increased operational expenses (Afonso et al., 2023). These are further compounded by regulatory and policy challenges, including inconsistent global standards and insufficient incentives or penalties to drive compliance.
Developed countries like the United States and European nations face unique challenges in aviation, including stringent regulations that demand substantial investment in compliance, strong public pressure for sustainable practices driven by high awareness and activism, and the expectation for rapid adoption of advanced sustainable technologies to meet evolving environmental standards (Ashrafi, 2019). In developing countries like India and Brazil, aviation challenges include balancing economic growth with sustainability, as immediate economic priorities often take precedence (Duarte et al., 2023). 
Rapid infrastructure development must align with sustainability goals, which can be difficult given financial and technological constraints that hinder the adoption of sustainable practices. Small Island Developing States, such as those in the Caribbean and Pacific, face unique challenges, including high vulnerability to climate change, emphasizing the importance of sustainability. Aviation is critical for maintaining connectivity in these regions, making it difficult to reduce air travel despite environmental concerns. Additionally, limited financial and technical resources hinder the implementation of sustainable practices. Emerging markets like China and Southeast Asian countries face distinct challenges in aviation, including the environmental impacts of rapid industry growth, the complexity of balancing development with sustainability, and the need to establish strong regulatory frameworks that support both environmental goals and continued expansion (Feng et al., 2020).
Technological and operational solutions for aviation sustainability include developing and using low-carbon fuels and enhancing operational efficiency through improved air traffic management, flight operations, and airport operations. Additionally, creating green airports with sustainable infrastructure and employing low-carbon emissions operations is crucial (Sreenath et al., 2021). International cooperation through organizations like ICAO in determining international standards, government incentives such as tax breaks and subsidies, and Public-Private Partnerships to fund and implement sustainable projects (ICAO, 2023) is necessary for sustainability. This comprehensive strategy integrates technological innovation, policy measures, and collaborative efforts across the aviation industry and governments worldwide.
Although User-Centered Design, Lean Thinking, and aviation standards have each been studied extensively in isolation, there is very limited scholarship on their systematic integration within aviation project management particularly in developing-country contexts such as Kenya. Existing Lean applications assume access to advanced digital tools and skilled manpower, while UCD research has largely focused on consumer industries rather than safety-critical, regulated domains like aviation. Similarly, aviation standards are often treated as static compliance checklists rather than dynamic design principles that can shape decision-making and sustainability. This study addresses these gaps by advancing an integrated model that aligns User-Centered Design, Lean efficiency, and safety compliance under resource-constrained conditions. Grounded in Kenya’s aviation industry, it provides both context-specific insights and generalizable lessons for sustainable project management in developing countries.
This study addresses significant gaps in the literature by developing an integrated framework that simultaneously incorporates User-Centered Design (UCD), Lean operational efficiency, and aviation standards compliance within resource-constrained environments. While prior research has examined these approaches individually UCD focusing on user needs and experience, Lean emphasizing efficiency and waste reduction, and aviation standards ensuring safety and regulatory compliance few studies have explored their systematic integration, particularly in developing-country aviation contexts. By situating the research in Kenya’s aviation sector, the study provides context-specific insights into how these approaches can be harmonized to enhance operational effectiveness, project sustainability, and safety outcomes. The framework demonstrates how participatory, user-focused design can inform process optimization, how Lean principles can streamline workflows and reduce inefficiencies, and how adherence to aviation standards can maintain regulatory alignment, collectively supporting sustainable aviation project management.
Furthermore, the study extends beyond the Kenyan context to offer generalizable lessons for other developing countries facing similar challenges of limited infrastructure, financial and human resources constrain, and regulatory complexities. It shows how an integrated model can balance the competing demands of user satisfaction, operational efficiency, and compliance, ensuring that aviation projects are not only technically and operationally effective but also socially inclusive, environmentally responsible, and resilient over time. By providing empirical evidence on the interplay between UCD, Lean Thinking, and aviation standards in a developing-country context, this study contributes both theoretically and practically, offering a blueprint for aviation stakeholders, policymakers, and project managers to implement sustainable, efficient, and user-centered projects in resource-limited settings.
[bookmark: _Toc203852130][bookmark: _Toc215662237]1.1.1 User-Centered Design (UCD)
UCD puts the end-user requirements first, that is; before, during and after. Propagated by Donald Norman in 1986, UCD has gradually evolved into a foundational theory for many design practices, prioritizing user needs over technological advancements. In his seminal work, The Design of Everyday Things (1988), Donald Norman argued that many designers had disconnected from users, leading to devices that were often difficult, inconvenient, and even hazardous to use. He advocated UCD implementation, which would leverage natural properties both people and the world, taking advantage of inherent properties and constraints. According to Norman, designs should, wherever possible, function intuitively without the need for instructions or labels.

ISO 9241-210 defines UCD as an “approach to systems design and development that aims to make interactive systems more usable by focusing on the use of the system and applying human factors/ergonomics and usability knowledge and techniques”. Involving understanding users through research, such as interviews or surveys, and using this insight in project design. User-Centered Design uses systems thinking to grasp the interconnections driving change and empathy to connect with users' perspectives. User-Centered Design (UCD) emerged from several converging movements in the design field during the late 20th century. One such movement; HCI, develop digital products that are usable (Gerlach and Kuo, 1991).

According to Barnum (2020), project managers need to engage end-users throughout product development to promote usability and acceptability. This methodology aims to enhance safety, efficiency, and user satisfaction by involving users in every stage of the project and ensuring that their feedback and requirements drive design decisions (Hodgson et al., 2024). Today, usability and user experience (UX) are regarded as essential elements for the success of a software product (Quiñones & Rusu 2019). By systematically applying this methodology, the study provides a structured approach to developing effective UX guidelines that can improve usability, efficiency, and user satisfaction in software systems. UCD has been operationalized by incorporating user feedback and needs into every stage of the design process. This involves conducting user research to understand goals and pain points, creating personal and task analyses, and defining design criteria. Regular usability testing, using low fidelity prototypes, allows for iterative design improvements based on user performance and satisfaction metrics. Accessibility must be prioritized through compliance with standards like Web Content Accessibility Guidelines (WCAG), while user feedback is continuously collected via surveys and analytics. Cross-functional collaboration ensures alignment between design and user needs, and post-launch monitoring helps identify and resolve issues (Durak et al., 2024; Daggubati 2024; Venturi et al., 2006; Chen, 2019; Runsewe, 2024).
Based on ISO 13407, UCD can be operationalized through four key steps: Defining the context of use, identifying user and organizational requirements, creating design solutions, and Evaluating designs based on the defined requirements. This study will use the four dimensions of User-Centered Design (UCD) to provide a thorough assessment of their impact on aviation projects in Kenya. The four aspects will ensure that the study focuses on user involvement, end-user requirements, design solutions, and usability testing. This study explores how project managers can implement User-Centered Design (UCD) by focusing on essential practices that ensure user-focused outcomes. These include user requirement analysis, which involves identifying and documenting user needs to guide the design process; user involvement, engaging users throughout development to incorporate their feedback into design improvements; empathic design, understanding users' emotional and psychological experiences to create intuitive and meaningful solutions; and usability testing, which evaluates design effectiveness by assessing task simplicity, identifying issues, and validating requirements.

[bookmark: _Toc203852131][bookmark: _Toc215662238]1.1.2 Sustainability of Aviation Projects 
To minimize negative environmental impacts and maximize positive social and economic outcomes, aviation projects must be designed with sustainability in mind to ensure the long term viability of the sector. Tourism, commerce, and regional connections are all boosted by Kenya's thriving aviation industry, which in turn drives economic development. Sustainable aviation techniques are required because of issues with carbon emissions, noise pollution, resource consumption, and the industry's rapid development.
In the fight for aviation sustainability, Kenya has achieved great progress.  Organizations like the ICAO establish global sustainability standards, and the Kenya Civil Aviation Authority (KCAA) is crucial in implementing these requirements. Sustainable Aviation Fuel (SAF) promotion, Modernization of Air Traffic Management System and green airport infrastructure investment are some of the initiatives that show Kenya's dedication to sustainable aviation. In Kenya, two major airports that is, Moi International Airport and Jomo Kenyatta International Airport, have taken steps to lessen their impact on the environment by usage of solar electricity and instituting trash management programs respectively.
Despite these efforts, challenges persist, including high costs of sustainable technologies, limited policy incentives, and the need for greater collaboration between government agencies, private sector players, and international stakeholders. This dissertation will explore the sustainability challenges and opportunities within Kenya’s aviation industry, assessing how regulatory frameworks, technological innovations, and industry collaborations can drive sustainable aviation projects. The study will also examine case studies of successful initiatives and provide recommendations for improving sustainability in Kenya’s aviation sector. 
[bookmark: _Toc203852132][bookmark: _Toc215662239]1.1.3 Lean Thinking.
Lean thinking is a technique which defines value and synchronize actions that create value efficiently and perform them without interruption (Womack and Jones ,1997), It is considered a key driver for sustainable competitive advantage. Lean production is considered "lean" because it requires significantly fewer resources than mass production, including reduced human effort in factories, smaller manufacturing spaces, lower tool investments, and fewer engineering hours, enabling the development of new products in half the time. Hines et al. (2004) recognize the evolving nature of lean production but argue that its core principles have remained consistent. They state, "While the process has evolved, it has stayed true to the lean principles established by Womack and Jones (1996), exploring various applications and challenges organizations face during the adaptation process." 
Bittencourt et al., (2021) conducted research examining linking Lean Thinking with technology. It reveals how Lean operations are driving the adoption of these technologies, improving operational performance, and fostering innovation in manufacturing. Fiorillo et al. (2021) explored how applying Lean Thinking principles can enhance the hospitalization process using Lean tools like waste reduction, process streamlining, and continuous improvement to optimize hospital operations, improve patient flow, and reduce waiting times. The findings highlight how Lean Thinking can lead to more efficient healthcare delivery, better resource utilization, and overall improved patient care outcomes in the hospitalization process.
Lean application involves adding value at each stage of production, ensuring projects pull through seamlessly from design to sustainable products. As highlighted in Hopp and Spearman (2021) and throughout early Toyota literature, the core principle of lean thinking was to eliminate waste (muda.) Its principles are applicable across various industries, including healthcare (Kelendar, 2020), Furniture design (Guzel & Asiabi, 2022), mobile phone (Rybski & Jochem, 2020) among other products and services.  
This study will use the five indicators outlined by Jones & Womack (2016) to gain a comprehensive understanding of lean thinking principles. These indicators include: Value and value Stream, which involves mapping the entire process flow from request to delivery to identify waste and understand value creation; Flow, which emphasizes creating a smooth and continuous work or information flow to eliminate delays; Pull, which ensures products are made on demand rather than based on forecasts, initiating projects only when needed downstream; and Perfection, which promotes continuous improvement, empowering employees to identify and resolve problems.
[bookmark: _Toc203852133][bookmark: _Toc215662240]Gutierrez et al. (2022) investigated lean and culture, he found out that while lean practices traditionally focus on efficiency, they also contribute to building micro foundations for dynamic capabilities - such as adaptability, innovation, and resilience - necessary for long-term competitive advantage. The research suggests that integrating lean principles with a strong organizational culture can enhance a company's ability to respond to changing environments and sustain performance over time.
1.1.4 Aviation Standards
According to ICAO, a standard is “Any specification for physical characteristics, configuration, matériel, performance, personnel or procedure, the uniform application of which is recognized as necessary for the safety or regularity of international air navigation and to which Contracting States will conform in accordance with the Convention.” (ICAO 2024). Adhering to established aviation standards and regulations is fundamental for safety, reliability, and interoperability of aviation systems (Agustini et al., 2021). Prior to 1977, civil aviation services in Kenya, Uganda, and Tanzania were managed jointly by the EAC. However, EAC was dissolved in June 1977, Kenya established its own aviation authority. The authority was tasked with regulating and supervising aviation activities, formulating policies, and granting air service licenses in Kenya.

Following international best practices recommended by ICAO, which advocate for autonomous entities to provide civil aviation services, KCAA was formed; an autonomous corporate body an act of parliament in 2013 and amended in the year 2016 in line with the Kenya constitution 2010. ‘The objective and purpose for which the Authority as established shall be, to economically and efficiently plan, develop and manage civil aviation, regulate and operate a safe civil aviation system in Kenya in accordance with the provisions of this Act’ (CAP 394, 3A). 

Global research has explored various aspects of civil aviation, including estimates of global civil aviation emissions (Quadros et al., 2022), advancements in Unmanned Aircraft (Bravo-Mosquera et al., 2022), the impact of safety regulations on general aviation (Dows et al., 2022), and efforts to decarbonize the carbon footprint of international air cargo transportation (Baxter, 2021). In Kenya, challenges persist with aviation standards compliance, particularly at Wilson Airport, where the rapid development of high-rise buildings is adversely affecting aviation safety (Ngari, A., & Mutua, 2024). A lack on aviation safety standards example regarding unmanned aircraft in Kenya may negatively affect the safe operation of such aircraft. 

Kimeria et al. (2020) highlight the importance for the aviation industry to focus on creating technical guidance materials and policies to ensure the sustainable air transport in Kenya. According to ICAO, aviation stakeholders need to optimize the benefits of safety data and information, usability standards must also be considered. Since humans are constantly interacting with safety data as it is collected, organizations should aim to reduce human error, especially with the implementation of automation tools. Usability can be enhanced by using resources such as data dictionaries and metadata repositories. As human interaction with big data and machine learning technologies increases, understanding human usability in relation to machines will become crucial to preventing errors in safety data and information in the future (ICAO, 2024).

This study will utilize aviation standards to positively influence aviation projects in Kenya. It will focus on integrating global aviation performance indicators, such as accident and incident rates, aircraft/engine/propeller damage, safety training, runway excursions and incursions, into project design (KCARs 2018). The study aims to implement and maintain regulatory best practices while ensuring compliance with international standards Therefore, all aviation projects in Kenya must comply with aviation standards which guide project design and operations ultimately ensuring safety, efficiency, reliability, and sustainability of aviation systems worldwide.

[bookmark: _Toc203852134][bookmark: _Toc215662241]1.1.5 Aviation Projects in Kenya
Kenya's aviation sector has undergone significant transformation in recent years, driven by ambitious infrastructure projects, strategic policy reforms, and a growing emphasis on sustainability. These developments aim to position Kenya as a leading aviation hub in Africa (Ngari 2024). A cornerstone of this advancement is the proposed construction of a new international airport in Nairobi, with an estimated investment of $2 billion. This initiative seeks to ease congestion at Jomo Kenyatta International Airport (JKIA) and enhance Kenya’s role as a regional transportation hub. In line with the Kenya Vision 2030 blueprint, other key projects include the reconstruction of Terminal 2 at JKIA, the development of a second runway, Isiolo international airport, solar systems in major airports and modernization of facilities at Kisumu and Moi International Airports (Thendu et al 2020). However, not all projects have progressed smoothly or have not been sustainable. A proposed partnership with India’s Adani Group to manage and expand JKIA was met with public and legal resistance due to concerns over transparency and potential job losses, eventually leading to the cancellation of the deal (KAA, 2024).
On the regulatory front, the Kenya Civil Aviation Authority (KCAA) has made significant strides in modernizing airspace management. The Airspace Master Plan 2015–2030 outlines a phased strategy to enhance navigation services, safety, and oversight. Additionally, Kenya has been proactive in regulating drone technology, with the implementation of the Unmanned Aircraft Systems (UAS) framework, which has enabled integration of drones into the national airspace (KCAA, 2014). 
In an effort to be more sustainable, Kenya Airways has introduced a number of programs to increase productivity while decreasing negative effects on the environment.  Among these initiatives are greener practices that are in step with worldwide trends and ones that aim to reduce operating expenses.  As a further measure to decrease aviation-related carbon emissions, Kenya has conducted feasibility studies on developing a SAF supply chain (Kenya Airways 2024).
In conclusion, aviation projects in Kenya reflect a multi-faceted approach to growth, balancing infrastructure development, regulatory modernization, and sustainability. Despite certain challenges in project implementation and stakeholder engagement, Kenya remains on a promising trajectory toward becoming a key aviation hub in Africa. However, many of these projects are not sustainable because of a disconnect between end-users, value-adding processes, aviation standards, and long-term viability.

[bookmark: _Toc203852135][bookmark: _Toc215662242]1.2. Statement of the Problem.
The aviation industry in Kenya is witnessing significant growth, with a surge in aviation projects aimed at modernizing infrastructure, enhancing operational efficiency, and meeting the evolving needs of stakeholders. Ngari and Mutua (2024) identified leadership, resource availability, and stakeholder engagement important in Kenya's aviation industry. Kimeria et al. (2020) carried out a study aviation policy formulation, and he found out that there is need for policies that address environmental concerns, technological advancements, and regulatory compliance. However, despite this momentum, there is a research gap comprehending principles of User-Centered Design, Lean Thinking, Aviation Standards, and Sustainability.
Despite the commitment to infrastructure development outlined in Vision 2030, the Big Four agenda and/or the operationalization of the Bottom-up Economic Transformation Agenda (BETA), Kenya's global ranking in aviation infrastructure and development remains a concern (Singh, 2023). Numerous aviation projects, such as the second runway at JKIA and the greenfield terminal, operationalization of Isiolo International Airport have either stalled or not fully achieved their objectives, potentially leading to negative environmental, economic, and social impacts.  
No study has been conducted in Kenya on application of User-Centered Design (UCD), Lean Thinking, and aviation standards on aviation projects sustainability. Most studies on air transport in Kenya focus on areas such as tourism (Njoroge, 2020), policy development (Kimeria, 2020), strategic management (Ngari & Mutua, 2024), and airline performance and competition (Thendu et al., 2020; Mirenge, 2015). Recently, the emerging issues of unmanned and electric aircraft have garnered research interest in Kenya (Manana, 2022), Ghana (Adjei et al., 2024), Europe (EASA, 2024), and the United States (FAA, 2024). The lack of research on User-Centered Design (UCD), Lean Thinking, and aviation standards in possibly because of limited awareness of these methodologies, resource constraints, and a focus on addressing immediate industry challenges such as safety and regulatory compliance. Nzuva (2020) probes how business modeling affects aviation project sustainability in Kenya, emphasizing the need for innovative models that balance profitability with environmental and social responsibilities. 

The lack of strong academia-industry collaboration in Kenya's aviation sector undermines the integration of sustainable education into aviation projects, leading to skill gaps and limiting the industry's capacity to address environmental, social, and economic challenges effectively (Chowdhury & Adhikary, 2024). Kenyan universities, including Kenyatta University, Jomo Kenyatta University of Agriculture and Technology, the Technical University of Kenya, and Moi University, offer aviation-related degrees that suffer from insufficient industry connections, adversely impacting graduates' readiness for the workforce. By addressing these barriers, Kenya could foster more research and innovation in these critical areas.

The existing literature, including studies by Rendón et al. (2021), Signoretti et al. (2020), Habel et al. (2020), and Osakwe (2020), primarily focuses on developed countries with mature aviation industries, such as the USA and Europe, and emphasizes customer-centric operations. The aviation industry in Kenya might benefit greatly from using sustainable principles, User-Centred Design, and Lean Thinking, however there is a dearth of study on these topics.  Finding these gaps in knowledge is essential for designing studies that are applicable to the real world and solve the specific problems faced by Kenya's aviation sector.

The implementation and sustainability of aviation projects in Kenya reveal that project managers lack a full understanding of how to effectively integrate User-Centered Design, Lean Thinking, and aviation standards to promote sustainability. Additionally, project managers do not understand the conceptual frameworks and models that could facilitate this integration (Kimeria, 2020). Although there are established theoretical foundations for each individual concept, such as human factors theory for User-Centered Design, Lean principles, and sustainable development (Saura et al., 2021), there is a lack of comprehensive theoretical frameworks that integrate these concepts within the context of aviation sustainability, particularly in Kenya.
There is a limited empirical evidence base regarding the application and effectiveness of User-Centered Design, Lean Thinking, and sustainability practices in actual aviation projects within Kenya. More empirical studies, case analyses, and evaluations are needed to provide concrete evidence on methodologies for aviation sustainable aviation projects in the Kenyan context (Rendón et al., 2021). The limited research in these concepts hinders the ability of aviation stakeholders to effectively leverage these principles to optimize project outcomes. The methodologies used in previous studies differ from the approach taken in this research. Therefore, additional studies are required to understand the relationship and/or the influence of the study variables. 
[bookmark: _Toc203852136][bookmark: _Toc215662243]1.3. Research questions  
    [image: ]
[bookmark: _Toc203852137][bookmark: _Toc215662244][bookmark: _Toc158725104]1.4 Research objectives.
[bookmark: _Hlk203852781]The general objective of the study was to investigate the influence of lean thinking and aviation standards on the relationship between User Centered Design and sustainability of aviation projects in Kenya. The research aimed to accomplish the following specific objectives:         [image: ]
[bookmark: _Toc203852138][bookmark: _Toc215662245]1.5. Significance of the study
Aviation is vital in a country's development, international trade, and enhancing connectivity. It supports industries such as tourism, logistics, and manufacturing, contributing significantly to Gross Domestic Product (GDP). To enhance efficiency, effectiveness, and compliance with aviation standards, stakeholders in the aviation industry in Kenya must integrate these three elements into their daily operations. The study on UCD, lean thinking, aviation standards, and sustainability in Kenyan aviation projects can significantly enhance the Project Management Body of Knowledge (PMBOK). It can provide methodologies for user involvement and user requirements gathering, to ensure they align with user needs. 
Lean Thinking principles can introduce techniques for waste reduction and operational efficiency, streamlining workflows and minimizing delays. Therefore, the finding may be used by project managers on aligning practices with aviation standards and regulatory compliance, reducing risks and ensuring legal adherence. Furthermore, it can integrate sustainability practices into project management, encouraging environmental impact assessments and sustainability.
The Kenyan government and other policymakers may utilize the findings in policy and laws that promote aviation project sustainability by offering evidence-based recommendations, establishing aviation standards, and improving regulatory frameworks. It can align Kenyan practices with global best practices, support environmental policies through quantifiable benefits, and contribute to national sustainability goals. 
The research can inform educational policies, enhance academia-industry linkages and training programs, promote stakeholder engagement, encourage public-private partnerships, and highlight economic efficiencies. Ultimately, the findings may be used to ensure an inclusive, efficient, sustainable aviation educational policies in Kenya.
Given the limited existing research on the topic, the research may create a substantial contribution to future research by offering baseline data, identifying gaps, and creating new theoretical frameworks. It will highlight emerging trends and innovative methodologies, serve as a reference for practical applications and comparative studies, and inform policy analysis and development. The study will also pave the way for longitudinal studies tracking progress in sustainability practices, influence educational advancements through curriculum development and training programs, and inspire future research into the best practices for sustainable and efficient aviation project management.
[bookmark: _Toc203852139][bookmark: _Toc215662246]1.6 Limitations and Response Bias
There are a number of caveats that the authors of this research are aware of, and they warn that they could influence how people apply and understand the results.  First, aviation project managers and other industry practitioners will be the primary respondents in this inquiry.  There is a risk of response bias due to the reliance on self-reported data.  To avoid seeming insincere or uninterested, participants may provide responses they think the researcher expects.  The results may not be as trustworthy or accurate as they otherwise would be due to social desirability bias.
We made sure to let respondents know that their feedback is important no matter what and that there is no right or wrong response to help reduce this danger.  Confidentiality will be assured and the researcher will stress that the study's goal is to improve practice rather than assess individual performance in order to promote thoughtful and honest replies.
Secondly, the scope of available empirical literature on the integration of User-Centered Design (UCD), Lean Thinking, and aviation-specific standards in the context of sustainable aviation project management in Kenya is limited. This lack of localized scholarly work may hinder the depth of comparative analysis and theoretical grounding specific to the Kenyan context. As a result, the study may need to rely on research findings and best practices from other countries or regions to contextualize its results.
Comparisons between countries may provide valuable insights, but it may be difficult to directly apply foreign results to Kenya due to variations in legislative frameworks, organizational culture, infrastructure, and stakeholder expectations.  Notwithstanding, the current information gap is what this study is trying to bridge by laying the groundwork for future studies in this area in Kenya and other comparable situations.
Thirdly, since organizational strategy, resource availability, political influences, and stakeholder involvement are only a few of the many interconnected aspects that may affect the results of a project's management.  The whole spectrum of factors impacting aviation project sustainability may have eluded this investigation.  Although important, the factors that contribute to a project's success beyond UCD, Lean Thinking, and aviation standards form a more complicated ecosystem.
 Lastly, the data gathered throughout the research can become irrelevant or obsolete due to the fast-paced nature of the aviation business in Kenya, which is influenced by changing economic circumstances, new regulations, and technologies.  Research may need to continue to monitor and react to changes over time, therefore it's important to evaluate results within the constraints of the study's timeline.
 Notwithstanding these caveats, the research is anticipated to provide significant findings about the integration of user-centered techniques, process improvement philosophies, and aviation regulatory requirements to increase the sustainability of project results in Kenya's aviation industry.
A notable limitation of this study is the potential for response bias, given the reliance on self-reported data from questionnaires and interviews. Prior research has shown that self-reported measures are often subject to inaccuracies due to social desirability, recall errors, and respondent fatigue (Podsakoff et al., 2012). For instance, participants in organizational studies have been found to overstate positive behaviors such as teamwork or compliance while downplaying challenges, which may distort empirical findings. To minimize this risk, several strategies were adopted in the present study: respondents were assured of anonymity and confidentiality, survey items were neutrally worded to avoid leading questions, and data were triangulated with institutional records and policy documents. While it is acknowledged that no method can fully eliminate response bias, these mitigation measures strengthen the reliability of the results and are consistent with best practice in social science and management research. Consequently, although the possibility of biased responses cannot be entirely ruled out, the findings are considered sufficiently credible to support the study’s conclusions.
[bookmark: _Toc203852140][bookmark: _Toc215662247]1.7 Delimitations
The study had a few key delimitations that were deliberately set to define the scope and focus of the research. These delimitations were necessary to ensure the study remained manageable, contextually relevant, and aligned with available time and resources.
Firstly, the study was primarily conducted within Kenya’s main airports and major universities. These institutions were selected because they host the largest and most complex aviation-related projects in the country, offering rich insights into sustainable aviation project management practices. Smaller aviation facilities and institutions were excluded to maintain a consistent level of project complexity and to focus on environments where structured project management practices are more likely to be applied.
Secondly, the study concentrated on a sample of 45 aviation projects, despite the existence of numerous other aviation-related projects across Kenya. This decision was made to allow for an in-depth analysis of each selected case while ensuring the feasibility of data collection and analysis within the study timeline.
Thirdly, the project managers and practitioners sampled for interviews and surveys were limited to individuals with demonstrable aviation-specific knowledge and experience. In particular, the study targeted post holders, that is; individuals officially nominated and accepted by the regulatory authority, typically following formal acceptance interviews. This group was chosen because of their critical roles in project oversight and regulatory compliance, which makes their insights particularly valuable to the study objectives.
Finally, the study focused on the integration of User-Centered Design, Lean Thinking, and aviation standards as key frameworks for sustainable aviation project management. Other project management methodologies or frameworks, such as Agile, Waterfall, or Six Sigma, were not included in the study, as the aim was to specifically explore the synergy among the three chosen approaches within the Kenyan aviation context.
These delimitations helped ensure the study maintained a sharp focus on quality, depth, and relevance while acknowledging that the findings may not be generalizable to all aviation projects or practitioners in Kenya or beyond.
[bookmark: _Toc203852141][bookmark: _Toc215662248]1.8 Assumptions
In order to construct its research questions and draw its conclusions, the study relied on four main assumptions.  One presumption was that, in keeping with User-Centered Design principles, aviation projects in Kenya were planned with the final consumer in mind.  The idea that users including passengers, engineers, cabin crew, and operators are taken into account throughout project planning and execution in the aviation industry is reflected in this premise.  Furthermore, the research presupposed that aviation initiatives in Kenya were motivated by a desire to maintain the industry's long-term viability and responsible use of resources, which would be reflected operationally, ecologically, and economically.  The third assumption was that academic initiatives in Kenya will help bring together the aviation sector and academic institutions to address real-world problems via research and innovation.  At last, the research presupposed that the chosen project managers had a sincere desire to see the Kenyan aviation sector flourish, displaying a strong commitment to professionalism and ethics in their pursuit of progress.
Beyond these specific assumptions, the researcher also operated under several broader assumptions. It was assumed that participants, mainly aviation project managers and other post holders, would respond honestly and objectively during interviews and surveys, providing insights based on their actual experiences rather than what they believed the researcher wanted to hear. The study also assumed that the selected participants possessed sufficient expertise and regulatory acceptance to contribute meaningfully to the research, especially given their roles as nominated post holders. It was further assumed that the 45 selected aviation projects were representative of larger trends within Kenya's aviation sector and that key concepts such as Lean Thinking, User-Centered Design, and aviation standards were understood in a relatively consistent manner among participants. Additionally, the researcher assumed that the integration of these three frameworks is relevant and applicable to the Kenyan aviation context and that the current regulatory environment allows for or encourages such integration. Lastly, it was assumed that the data collected during the study period accurately reflected ongoing practices and conditions in the field, without significant disruptions that could invalidate the findings


[bookmark: _Toc215662249][bookmark: _Toc64410912][bookmark: _Toc158725107][bookmark: _Toc203852142][bookmark: _Hlk31607067][bookmark: _Hlk29908645]CHAPTER TWO: LITERATURE REVIEW 
[bookmark: _Toc158725108][bookmark: _Toc203852143][bookmark: _Toc215662250]2.1 Introduction
[bookmark: _Toc64410913]This chapter explored pertinent literature related to the study, delving into specific thematic areas such as user requirements, user involvement, empathic design, usability testing, lean thinking, User-Centered Design, and the sustainability of aviation projects. Additionally, it presented the theoretical and conceptual framework, hypotheses regarding the variable relationships, along with a summary of the literature and the identification of knowledge gaps.
[bookmark: _Toc158725109][bookmark: _Toc203852144][bookmark: _Toc215662251]2.2 Theoretical Literature Review
[bookmark: _Hlk32425392]This research is based on four key theories: Sustainable Development, User Experience (UX) Design, Lean Production, and System theories chosen on the basis of their relevance to the study.  The study is based on Sustainable Development theory.
[bookmark: _Toc64410920][bookmark: _Toc158725110][bookmark: _Toc203852145][bookmark: _Toc215662252][bookmark: _Toc64410921]2.2.1 Sustainable Development Theory
[bookmark: _Toc158725111]The growing global understanding of the connections between social justice, economic growth, and environmental integrity is where the Sustainable Development Theory got its start. The concept became well-known at the 1972 Stockholm United Nations Conference on the Human Environment, which kicked off a global conversation on how human progress interacts with environmental limits.  In 1983, the United Nations formed the WCED in response to this momentous occasion.
 In 1987, the Commission headed by Gro Harlem Brundtland unveiled "Our Common Future," which is often called the Brundtland Report. Sustainable development was popularized and brought to the public's attention via it. The research defines sustainable development as "development that meets the needs of the present without compromising the ability of future generations to meet their own needs." With this concept in place, a normative and strategic framework for coordinating economic development, environmental preservation, and social inclusion could be established.
The notion gained momentum in the 1990s because of global frameworks like Agenda 21, which was formed at the 1992 Rio de Janeiro Earth Summit. It was institutionalized in 2015 with the adoption of SDGs. The theory's core principles, such as stakeholder engagement, systems thinking, intergenerational equality, the precautionary principle, and resource sustainability, were brought to light by these developments (Suárez-Eiroa et al., 2019).
In the context of aviation project sustainability in Kenya, Sustainable Development Theory provides a comprehensive and adaptable framework. Its emphasis on balancing economic efficiency with environmental protection and social responsibility makes it particularly relevant for analyzing and guiding initiatives that integrate User-Centered Design, Lean Thinking, and compliance with aviation standards (Evans, 2023).
By embedding these principles in project planning and implementation, aviation projects can be made more resilient, efficient, and environmentally conscious by addressing both current operational demands and long-term sustainability goals. Furthermore, drawing on insights from Bolis et al. (2014) and Lélé (1991), the theory supports the idea that sustainable growth in aviation requires harmonizing short-term innovation with long-term ecological stewardship and community welfare.
Thus, grounding this study in Sustainable Development Theory enables a strategic alignment between technical innovation, regulatory adherence, stakeholder inclusivity, and the sustainability of aviation infrastructure and operations, particularly within the Kenyan aviation ecosystem.
[bookmark: _Toc203852146][bookmark: _Toc215662253]2.2.2 User Experience (UX) Design Theory
[bookmark: _Toc64410923][bookmark: _Toc158725112]User Experience (UX) Design Theory, advanced by Don Norman in the early 1990s during his time at Apple, focuses on designing products and systems that deliver value through positive, meaningful, and context-sensitive user interactions. The concept draws on areas like cognitive psychology, industrial design, and human-computer interaction to understand users' needs, habits, and preferences to build solutions that are engaging, easy to use, and emotionally effective.   The core principle of philosophy is User-Centered Design, which involves always focusing on the needs and constraints of the end-user while creating a product. It promotes usability by ensuring systems are intuitive and efficient, while also embracing empathy to capture users’ goals, frustrations, and thought processes. Furthermore, it advocates for iterative design, where continuous testing and user feedback inform ongoing refinement, and it supports a holistic approach that considers aesthetics, performance, emotional satisfaction, and environmental context (Inan Nur et al., 2021).
In aviation, UX Design Theory is particularly relevant, as user experience directly affects safety, operational efficiency, and sustainability. Designing with the user experience in mind improves overall enjoyment and helps with regulatory compliance, whether it's making diagnostic tools easier for engineers, making pilot interfaces that are in line with cognitive capacity, or making passenger systems that are less confusing and stressful.  When applied to the Kenyan aviation industry, this theory provides a useful foundation for making sure systems and technologies are user-friendly and meet the requirements of everyone involved, including pilots, maintenance workers, air traffic controllers, and passengers. Embedding user feedback into the design process allows early identification of usability issues, helping to reduce redesign costs, improve safety outcomes, and increase stakeholder buy-in.
UX Design Theory plays a vital role in advancing the sustainability of aviation projects by promoting designs that are not only efficient and safe but also durable, inclusive, and resource conscious. Systems that are easy to use and understand tend to have longer operational lifespans, require less intensive training, and reduce the likelihood of user error all of which contribute to lower maintenance costs, improved environmental efficiency, and better use of organizational resources. Additionally, by incorporating stakeholder perspectives early and continuously, UX-driven aviation projects foster social sustainability through inclusivity, accessibility, and a greater alignment with user needs and expectations. As Reig et al. (2022) note, integrating UX principles bridges the gap between technical performance and human engagement, resulting in aviation systems that are more adaptive, resilient, and future-oriented. Ultimately, UX Design Theory supports sustainability by aligning human-centered innovation with operational, environmental, and social goals in aviation development.
[bookmark: _Toc203852147][bookmark: _Toc215662254]2.2.3 Lean Production Theory
A game-changing method for managing production and operations, Lean Production Theory was first proposed by Toyota's Taiichi Ohno and Eiji Toyoda in the middle of the twentieth century. It evolved out of the TPS, which was designed to maximize efficiency, reduce waste, and create value in response to post-war resource constraints and market demands in Japan. The theory has since been adopted globally across various industries, including aviation, for its ability to enhance process performance and operational effectiveness.
The following are the core concepts of Lean Production, as stated by Schumacher et al. (2023): Using demand-driven pull production, eliminating non-value adding tasks, mapping and evaluating value streams to identify inefficiencies, developing delay-avoidance workflows, and aiming for continual improvement via employee involvement and problem-solving.  By zeroing in on what really matters, these ideas hope to increase customer value while decreasing resource use.
In the aviation sector, Lean principles have become increasingly important as organizations seek to improve efficiency, safety, and customer satisfaction while managing costs and environmental impacts. The application of Lean in aviation encompasses areas such as aircraft maintenance, airport operations, supply chain management, and manufacturing processes. For instance, reducing turnaround times, minimizing inventory waste, and optimizing maintenance procedures all contribute to enhanced operational reliability and resource conservation.
Lean Production Theory offers a framework for enhancing the performance and sustainability of aviation projects, which is relevant to this topic.  As a result, aviation organizations may cut down on wasteful duplication of effort and make better use of their time, money, and materials.  Integrating Lean techniques into aviation project management improves responsiveness and efficiency, which in turn guarantees that projects meet stakeholder expectations while keeping quality and safety at high levels (Singh & Singh, 2024).
By systematically doing away with inefficient procedures, Lean Theory adopts a sustainability-oriented approach to efficiency, which in turn reduces the environmental effect of aviation operations.  Moreover, it helps with economic sustainability by reducing expenses and boosting production, and it helps with social sustainability by promoting a culture of continual development and including all employees. As aviation organizations face growing pressure to meet environmental regulations, reduce emissions, and operate more responsibly, Lean provides a practical and proven methodology for aligning operational efficiency with broader sustainability goals.
[bookmark: _Toc203852148][bookmark: _Toc215662255]2.2.4 System Theory
[bookmark: _Toc158725114]Understanding the complexity and interconnection of parts within organized structures is made possible by systems theory, which was first proposed by Ludwig von Bertalanffy in the 1940s and subsequently developed by researchers like Kenneth E. Boulding and Norbert Wiener. Systems Theory, which has its roots in biology but has since found applications in cybernetics, economics, and organizational management, presents projects, technologies, and organizations as complex systems with interconnected parts.  According to Connors and Caple (2005), system performance is determined by the relationships, feedback loops, and interactions among its pieces, rather than any one element existing in isolation.
Key assumptions of Systems Theory include the recognition of systems as structured wholes with hierarchical levels, the presence of feedback mechanisms, and the system’s capacity for adaptation in response to environmental changes (Kantabutra, 2022). This adaptability allows systems to remain resilient and functional under shifting external conditions, an essential characteristic in high-stakes and rapidly evolving industries like aviation.
In the aviation sector, Systems Theory has been employed to improve safety management, organizational coordination, and operational integration. It supports the development of aviation safety management systems (SMS), air traffic control protocols, and aircraft maintenance strategies by helping stakeholders understand how various subsystems technical, human, regulatory, and environmental interact and influence one another. For instance, disruptions in one subsystem, such as supply chain logistics or crew scheduling, can affect the entire aviation operation. Systems Theory enables aviation organizations to identify these dependencies and proactively manage them.
In the context of this research, Systems Theory plays a critical role by offering a unifying perspective that brings together user-centered design, Lean Thinking, and aviation regulatory standards into a coherent, integrated approach. It facilitates the mapping and analysis of all critical components within aviation projects, allowing project teams to identify weak links, anticipate challenges, and create synergies across different functional areas. According to Mele et al. (2010), the systemic approach aids in enhancing performance and sustainability by promoting a balance between short-term efficiency goals and long-term strategic objectives.
From a sustainability standpoint, Systems Theory is invaluable in addressing the economic, environmental, and social dimensions of aviation projects. By recognizing the interdependence between stakeholder interests, resource flows, technological systems, and environmental impacts, it supports more informed decision-making. For example, applying Systems Theory can help optimize fuel management systems not only for cost reduction but also for minimizing environmental emissions, while also ensuring that regulatory and safety standards are upheld.
Ultimately, Systems Theory fosters the design of resilient, adaptive, and sustainable aviation projects by promoting holistic thinking and systemic integration. Its application ensures that each component contributes effectively to the project's overall performance, enabling aviation stakeholders to meet contemporary sustainability challenges while maintaining operational excellence.
While User-Centered Design (UCD), Lean Thinking, and Systems Theory are each relevant to aviation sustainability, the literature often treats them in isolation, limiting understanding of their combined potential. UCD emphasizes designing services around passenger needs (Norman, 2013), Lean Thinking focuses on waste elimination and efficiency (Womack & Jones, 2003), and Systems Theory views aviation operations as interconnected subsystems where change in one area affects the whole (Skyttner, 2005). In synergy, UCD can guide Lean improvements towards changes that enhance passenger experience, while Systems Theory ensures these improvements align with broader operational, regulatory, and environmental goals. However, few empirical studies assess this integration in developing-country contexts, and those that do, such as Mwangi (2021) in Kenyan aviation, reveal barriers including siloed departmental cultures and fragmented data systems. This gap suggests a need for frameworks that operationalize these theories collectively, enabling Kenya’s aviation sector to achieve efficiency gains without compromising systemic stability or user satisfaction.
A strong conceptual framework serves as the study’s roadmap, showing how theories, concepts, and variables interconnect to address the research problem logically (Ravitch & Riggan, 2017). In this study, integrating User-Centered Design, Lean Thinking, and Systems Theory provides a coherent structure for understanding how user needs, operational efficiency, and systemic interdependence jointly influence aviation project sustainability. While Western aviation studies demonstrate that combining UCD and Lean enhances efficiency and customer satisfaction (Smith, 2018; Womack & Jones, 2003), Kenya’s aviation sector faces contextual constraints such as limited automation, regulatory delays, and infrastructural gaps (Mwangi, 2021). The conceptual framework explicitly maps these theories onto Kenya’s operational realities, clarifying the pathways through which efficiency measures and design improvements can be scaled without disrupting interconnected systems. This approach strengthens the study’s explanatory power, enabling targeted recommendations that are both theoretically grounded and practically adaptable within the Kenyan aviation environment.
[bookmark: _Toc203852149][bookmark: _Toc215662256]2.3 Empirical Literature Review 
[bookmark: _Toc64410918]This review focused on presenting and analysing data related to User-Centered Design, lean thinking, aviation standards and sustainability of aviation projects in Kenya. This provides evidence-based insights on how the variables affect aviation project sustainability, drawing conclusions from previous studies to answer research questions. This section highlighted knowledge gaps, research methodology, and aids in hypothesis development through a review of empirical studies.
[bookmark: _Toc203852150][bookmark: _Toc215662257]2.3.1 User Centered Design and Project Sustainability 
[bookmark: _Hlk213829309]Project and product success in dynamic industries depends not only on meeting user needs but also on ensuring long-term sustainability. User-Centered Design (UCD) and Human–Computer Interaction (HCI) approaches have been widely applied across sectors—including maritime, aviation, and software development—to enhance usability, safety, and operational performance. Studies such as Vu and Lützhöft (2020) and Costa, Holder, and MacKinnon (2017) demonstrate that iterative user involvement improves operational efficiency, situational awareness, and error management. Unlike studies that emphasize straightforward efficiency gains, these authors highlight that UCD’s benefits are contingent on organizational support, change management, and specialized training, suggesting that successful implementation depends heavily on institutional capacity and culture.

In aviation, the literature shows both convergence and tension regarding UCD and HCI. Carroll and Dahlstrom (2021) highlight that advanced interfaces improve decision-making and safety but caution against excessive automation, which may cause information overload and pilot disengagement. Unlike Signoretti et al. (2020), who argue that integrating UCD with Lean and Agile methods accelerates feedback loops and improves satisfaction, Carroll and Dahlstrom stress cognitive manageability, revealing a tension between rapid, lean-driven processes and deep user-centered engagement. Similarly, Yıldız (n.d.) confirms that HCI design reduces human error and enhances performance but must remain adaptive to evolving technological and regulatory contexts. Collectively, these studies underscore a recurring debate: how to reconcile efficiency, lean operational practices, and rapid development with sustained user engagement and cognitive manageability.

Costa, Holder, and MacKinnon (2017) demonstrated that continuous user engagement in redesigning maritime control interfaces improved usability, operator performance, and task efficiency. Unlike studies that focus purely on interface metrics, this research highlights the broader sustainability implications of iterative, participatory design, including prolonged system lifespan, reduced resource wastage, and stronger user trust. In aviation, Carroll and Dahlstrom (2021) similarly report that HCI can enhance flight safety and decision-making accuracy, yet caution that poorly integrated systems risk disengagement, highlighting the critical balance between automation and human control.

Integration of UCD with Lean and Agile approaches also presents contradictions. Signoretti et al. (2020) found that combining these methodologies accelerates development and improves user satisfaction, yet the study also notes potential conflicts between rapid iterative cycles and the in-depth user research central to UCD. This tension illustrates a broader challenge: balancing speed and efficiency with empathy-driven design. Likewise, Yıldız (n.d.) emphasizes that sustainable user-centered innovation requires flexibility, as rigid design models in fast-evolving technological and regulatory environments may hinder adaptation and performance.

Despite broad evidence supporting UCD’s role in enhancing usability, safety, and performance, several contradictions persist. Some studies emphasize its operational benefits, while others highlight resource intensity, organizational inertia, and scalability challenges—particularly in complex, safety-critical industries like aviation. Most research focuses on interface design in controlled environments, often overlooking strategic integration with organizational systems, sustainability objectives, and regulatory compliance. Unlike studies in developed contexts, there is limited empirical evidence in developing countries on how UCD interacts with Lean Thinking and Aviation Standards to achieve long-term project sustainability.

[bookmark: _Toc215662258]2.3.1.1 Emerging UCD Practices in Kenya’s Aviation Sector
The aviation sector in Kenya has witnessed several transformative initiatives that, while not explicitly framed under the label of User-Centered Design (UCD), clearly embody its core principles of user inclusion, iterative improvement, and feedback-driven system enhancement. These initiatives play a crucial role in promoting sustainable aviation systems that are not only economically and environmentally viable but also socially responsive and adaptable to evolving user expectations. By aligning aviation development with user experience, accessibility, and operational efficiency, Kenya’s aviation institutions have laid the groundwork for a gradual shift toward more human-centered and sustainable aviation practices.
One of the most notable examples is the redesign and expansion of passenger terminal facilities at Jomo Kenyatta International Airport (JKIA), led by the Kenya Airports Authority (KAA). This initiative incorporated user feedback from passengers, airport staff, and service providers to address long-standing challenges such as congestion, inefficient passenger flow, and limited accessibility for people with disabilities. The redesign emphasized intuitive navigation, improved signage, expanded waiting areas, and digital information displays—all hallmarks of UCD-driven design. Moreover, the iterative improvement process, guided by passenger satisfaction surveys and operational feedback, reflects a clear user-centered approach. By prioritizing comfort, safety, and accessibility, the JKIA terminal redesign contributes not only to user satisfaction but also to operational sustainability, as smoother passenger movement and reduced service delays translate to energy efficiency and better resource utilization.
Another critical initiative illustrating UCD principles is the implementation of digital ticketing and self-service check-in systems across major Kenyan airports. These systems, adopted through collaboration between airlines and technology providers, were designed to enhance user convenience while minimizing queuing time and manual processing errors. Continuous feedback mechanisms—such as user surveys, mobile app ratings, and on-site support teams—inform iterative software updates and interface enhancements. This participatory feedback loop demonstrates how end-user insights directly influence system optimization. In addition, these systems align with environmental sustainability goals by reducing paper waste and improving process efficiency, showcasing how digital innovation and UCD principles can reinforce Kenya’s broader commitment to green aviation development.
The modernization of air traffic management systems (ATMS) by the Kenya Civil Aviation Authority (KCAA) further exemplifies UCD-oriented practices at the operational and technical levels. Through collaboration with international partners such as the International Civil Aviation Organization (ICAO), the KCAA introduced advanced radar systems, automation software, and communication tools aimed at improving airspace safety and efficiency. The system development process involved structured consultations and simulation testing with air traffic controllers and technical engineers to ensure usability, precision, and adaptability to local operating conditions. This iterative and collaborative design approach not only enhanced system reliability but also strengthened Kenya’s compliance with international aviation standards. Importantly, it mirrors the UCD principle of co-creation with end users, recognizing that sustainable technological adoption requires active participation from those who interact most with the systems.
Equally significant are training and capacity-building programs initiated by both the KCAA and academic institutions such as the East African School of Aviation (EASA). These programs aim to enhance user competency, promote safety culture, and integrate feedback mechanisms into aviation education and professional development. By involving trainees and practitioners in curriculum reviews, simulation exercises, and post-training evaluations, these programs create a continuous improvement loop that reinforces user-centered learning and operational excellence. This focus on human capability development ensures that technological innovations are complemented by a skilled and adaptive workforce—a core requirement for achieving social and institutional sustainability in the aviation ecosystem.
Collectively, these initiatives demonstrate that Kenya’s aviation sector is progressively embedding UCD principles into its modernization efforts, even without formally adopting a unified user-centered framework. Each case underscores the growing recognition that user engagement, iterative design, and feedback integration are essential to the sustainability of aviation projects. However, the lack of an explicit, structured UCD framework limits the sector’s ability to systematically measure user experience, standardize feedback processes, and link user satisfaction directly to performance and sustainability outcomes. This gap forms part of the foundation for the current study, which seeks to develop an integrated model combining User-Centered Design, Lean Thinking, and Aviation Standards to advance sustainable aviation project implementation in Kenya.
a. KCAA e-Services Portal Modernization
The Kenya Civil Aviation Authority (KCAA) has undertaken significant digital transformation initiatives aimed at modernizing regulatory processes and improving stakeholder interaction through the adoption of user-centered design principles. One of the most notable developments is the upgrade of its e-services portal, a platform designed to digitize and streamline key regulatory functions such as licensing, renewals, certification, and compliance monitoring. This initiative aligns with Kenya’s broader Digital Economy Blueprint (Government of Kenya, 2019), which emphasizes service efficiency, user inclusivity, and sustainable technological advancement across public institutions.
The development of the upgraded e-services portal followed a phased and iterative approach, reflecting core principles of User-Centered Design (UCD). In the initial stages, the KCAA conducted comprehensive stakeholder mapping to identify primary and secondary users of the system, including pilots, aircraft engineers, air operators, aviation training institutions, and administrative staff. Consultative workshops and design thinking sessions were organized to collect feedback on inefficiencies in the legacy system, usability challenges, and user expectations regarding new digital functionalities (KCAA, 2023). This participatory approach allowed the design team to capture nuanced user needs and incorporate them into system prototypes.
Before the portal’s full rollout, prototype testing and user experience trials were conducted with selected stakeholders to evaluate interface navigation, form design, response times, and error-handling mechanisms. Feedback from these trials informed several iterations, including improvements in accessibility features, simplified menu structures, and clearer data submission guidelines. This iterative process exemplifies a feedback-driven development cycle, a hallmark of UCD methodology, where users are continuously involved in refining system functionality and ensuring usability alignment with real-world tasks.
The introduction of the new e-services portal has yielded measurable benefits in terms of service efficiency, user satisfaction, and sustainability. By transitioning from paper-based processes to a fully digital platform, the KCAA significantly reduced the need for manual submissions, physical travel, and in-person verification. This transformation not only accelerated service delivery and minimized administrative delays but also contributed to environmental sustainability by reducing paper waste and carbon emissions associated with in-person transactions. Furthermore, digitization improved data accuracy and security, enabling better monitoring of licensing and compliance records while supporting regulatory transparency—a key tenet of sustainable governance.
From a governance perspective, the upgraded portal has enhanced institutional accountability and accessibility. Users can now track application status, receive real-time updates, and access digital records remotely, fostering greater trust in the regulatory system. This transparency supports the continuous improvement cycle essential in aviation regulation, as system-generated data and user feedback provide actionable insights for ongoing policy refinement and process optimization. The system’s open feedback channels also reinforce the participatory ethos central to UCD, ensuring that user experiences directly inform future updates and service expansions.
b. Passenger Experience Enhancements at JKIA
At Jomo Kenyatta International Airport (JKIA), Kenya’s principal aviation hub, persistent passenger complaints regarding congestion, long wait times, inefficient service points, and confusing terminal layouts prompted the Kenya Airports Authority (KAA) to undertake a comprehensive user-centered redesign initiative. The project was grounded in the recognition that improving passenger experience is a central component of sustainable aviation infrastructure, directly influencing operational efficiency, safety, and economic competitiveness. The initiative aligned with the Airport Service Quality (ASQ) framework developed by the Airports Council International (ACI), which emphasizes continuous user feedback as a tool for airport service improvement (ACI, 2022).
The redesign process adopted a User-Centered Design (UCD) methodology, beginning with passenger journey mapping to identify critical pain points along the airport experience—from check-in and security screening to boarding and baggage collection. This process involved analyzing ASQ survey data, conducting intercept interviews with travelers, and performing observational studies in high-traffic areas to understand real-time user behaviors and bottlenecks (KAA, 2022). By triangulating insights from these data sources, designers and airport planners pinpointed areas where service inefficiencies and poor spatial design contributed to user frustration and delays.
Key interventions were informed by these user insights. The introduction of self-service check-in kiosks reduced dependence on manual counters, thereby shortening queues and improving processing speed. Dynamic digital signage systems were installed to simplify navigation through terminals, improving wayfinding and minimizing traveler confusion. Additionally, security checkpoints were restructured to balance passenger flow with safety protocols, introducing parallel screening lanes and dedicated queues for priority passengers. Each design modification underwent pilot testing to evaluate usability and throughput performance before full-scale implementation.
These user-driven improvements yielded measurable gains in operational and environmental sustainability. Enhanced passenger flow increased overall terminal throughput capacity without necessitating major infrastructure expansion, optimizing the use of existing spatial resources. The deployment of digital self-service kiosks reduced the need for extensive physical counters and associated staffing, lowering both operational costs and energy consumption. Moreover, streamlined passenger movement translated to decreased congestion and reduced idling times for support systems such as HVAC and lighting, leading to lower carbon footprints.
Beyond immediate operational benefits, these UCD-based redesigns also advanced economic and social sustainability objectives. Improved user experience strengthened JKIA’s reputation as a competitive regional aviation hub, supporting Kenya’s broader tourism and investment goals. Satisfied passengers are more likely to reuse airport services, recommend the destination, and contribute positively to the country’s aviation image. Furthermore, enhanced accessibility through clearer signage and efficient queuing systems supports inclusivity, ensuring that elderly, differently abled, and non-English-speaking passengers can navigate the terminal with ease.
In essence, the JKIA redesign demonstrates the transformative potential of UCD principles in large-scale public infrastructure projects. By integrating passenger feedback into the design and operational phases, KAA exemplified how human-centered thinking can harmonize with stringent aviation safety standards to create more efficient, accessible, and sustainable airport environments. The project underscores that sustainability in aviation extends beyond environmental considerations—it also encompasses the social and experiential dimensions of service design, where meeting user needs contributes directly to the resilience and competitiveness of the national aviation ecosystem.
c. Kenya Airways Mobile App Redesign
Kenya Airways undertook a comprehensive mobile application redesign project after identifying a significant decline in user engagement, low app retention rates, and customer dissatisfaction linked to the inefficiency of its digital platforms. Recognizing that digital experience is a key determinant of customer loyalty in the modern aviation market, the airline initiated a user-centered design (UCD) process to redefine its mobile service ecosystem. A series of user experience (UX) studies were conducted involving both business and leisure travelers, using interviews, usability testing, and behavioral analytics to identify key friction points in the customer journey. The research revealed that users were frustrated by poor interface flow, slow response times, and limited real-time functionality in critical areas such as booking, rescheduling, and check-in. Insights from this research directly informed the development of a new user-focused app version launched in 2022, featuring simplified navigation, faster load times, personalized notifications, and improved integration with Kenya Airways’ loyalty program (Kenya Airways, 2022).
The redesigned app embodies UCD principles of inclusivity, accessibility, and iterative improvement, ensuring that features were tested and refined based on actual user behavior and feedback. The design process included prototype testing sessions across multiple user demographics, including frequent flyers, first-time travelers, and users from rural regions with limited digital literacy. This iterative testing cycle ensured that the final design was not only functional but also intuitive and responsive to diverse user needs. The introduction of real-time flight updates, e-boarding passes, and automated digital check-ins minimized the need for physical contact points and reduced dependency on in-person services. These improvements significantly enhanced customer autonomy, reduced transaction times, and increased overall satisfaction, demonstrating how user-centered innovation can simultaneously improve service quality and operational performance.
From a sustainability and strategic perspective, the initiative contributes to both environmental and economic efficiency. By promoting digital self-service adoption, the new mobile platform reduces reliance on paper tickets, printed itineraries, and manual processing, directly supporting Kenya Airways’ sustainability agenda and carbon reduction goals. The shift toward digital engagement also lowers the airline’s operational costs by minimizing staff workload at physical counters, thereby optimizing resource allocation. Furthermore, the integration of feedback mechanisms within the app allows continuous monitoring of user experience, enabling Kenya Airways to adapt services dynamically to evolving customer expectations and market conditions. Beyond operational gains, this digital transformation aligns with Kenya’s broader green innovation and ICT development policies, positioning the airline as a regional leader in sustainable aviation and digital customer experience. Ultimately, the project exemplifies how UCD-driven digitalization can foster resilient, efficient, and customer-oriented aviation services in emerging economies.
d. Wilson Airport Apron Reconfiguration
Wilson Airport, one of Kenya’s busiest domestic aviation hubs, faced increasing operational and safety challenges arising from spatial congestion, aircraft ground movement conflicts, and a notable rise in near-miss incidents over recent years. In response, the Kenya Civil Aviation Authority (KCAA) and the Kenya Airports Authority (KAA) initiated a comprehensive apron and taxiway reconfiguration project to improve ground safety, traffic efficiency, and operational sustainability. This initiative was rooted in User-Centered Design (UCD) principles, emphasizing direct stakeholder involvement in the design and decision-making process. Through a series of consultative sessions, simulations, and on-site observations, the project team gathered critical insights from pilots, apron controllers, flight operations officers, and air traffic managers. Their collective feedback identified key problem areas such as blind spots, limited maneuvering space, and inadequate signage that previously contributed to potential conflicts and delayed operations. The participatory findings directly informed the redesign of the apron layout, which now incorporates optimized taxi routes, improved visibility lines, and enhanced aircraft holding positions, resulting in a safer and more intuitive ground traffic system (KCAA, 2023).
The revised apron configuration exemplifies the tangible benefits of user-informed infrastructural planning in aviation environments. By integrating pilot and ground controller input into the spatial design, the project achieved a balance between functionality, safety, and efficiency. The new layout reduces cross-traffic conflicts and enhances situational awareness during aircraft movement, particularly under low-visibility conditions. Moreover, the design accommodates future scalability by providing additional buffer zones for expanding aircraft capacity without major structural changes. This adaptability reflects the iterative and anticipatory nature of UCD, where systems are designed with end-user experience and evolving operational demands in mind. The reconfiguration also aligns with international best practices advocated by the International Civil Aviation Organization (ICAO) for surface movement guidance and control systems, reinforcing Kenya’s commitment to maintaining high safety and operational standards in its domestic aviation infrastructure.
From a sustainability and systems efficiency perspective, the project yields multiple long-term benefits. The reduction in near-miss incidents and taxiway delays minimizes unplanned maintenance, fuel wastage, and emergency response interventions, all of which contribute to lower operational costs and environmental impact. Improved taxiing efficiency translates into reduced engine idling time, thereby decreasing carbon emissions and optimizing fuel consumption—a key aspect of environmental sustainability in airport operations. Additionally, by fostering a culture of collaboration and shared accountability, the participatory design process strengthened stakeholder trust and institutional learning within the aviation sector. This initiative not only improved safety and efficiency at Wilson Airport but also demonstrated how UCD-driven infrastructure planning can serve as a model for sustainable and inclusive aviation development across Kenya’s regional airports.
e. Air Traffic Controllers (ATC) Human Factors and Interface Training
In partnership with the International Civil Aviation Organization (ICAO) and the European Union Aviation Safety Agency (EASA), the Kenya Civil Aviation Authority (KCAA) launched a series of specialized training programs in Nairobi focused on human-system integration, ergonomic design, and workload management for air traffic controllers (ATCs). The initiative emerged from a growing recognition that the human element remains central to the safety and reliability of air traffic management (ATM) systems. With increasing automation and digitalization in aviation operations, the need to design intuitive, user-centered interfaces that complement rather than overwhelm human operators has become critical. These training sessions emphasized the principles of User-Centered Design (UCD)—including usability, participatory engagement, iterative feedback, and cognitive ergonomics—within the operational context of ATC environments. Participants were introduced to best practices in interface customization, alert prioritization, and decision-support visualization tools, with hands-on simulations replicating real-world control room scenarios to test cognitive load, situational awareness, and user adaptability (ICAO, 2021).
The training underscored that effective human-system integration is not merely a technical exercise but a socio-technical process requiring alignment between human capabilities and system functionalities. Through UCD-based approaches, air traffic controllers were trained to actively contribute to the iterative refinement of control interfaces and alert mechanisms. This participatory framework ensured that interface redesigns were informed by actual user experiences, reducing the risk of over-automation or alert fatigue—two major challenges identified in modern air traffic systems. Moreover, ergonomic considerations, such as optimal workstation layout, screen arrangement, and information presentation, were integrated into the training curriculum to mitigate physical and mental fatigue. This holistic approach reflects a paradigm shift from traditional top-down training to collaborative learning models that empower operators as co-designers of their work environments. By embedding UCD principles into human factors engineering, Kenya’s aviation sector is building capacity not only for current ATC operations but also for managing future transitions toward increasingly automated and data-driven systems.
From a sustainability and institutional resilience perspective, the integration of UCD into air traffic management training represents a long-term investment in human capital, operational efficiency, and system longevity. Improved human-system alignment reduces controller error rates, stress levels, and occupational burnout, directly contributing to both safety and social well-being. Environmentally, smoother air traffic flow enabled by efficient human-machine collaboration leads to reduced fuel consumption and lower carbon emissions from idling or rerouted aircraft. The initiative also strengthens Kenya’s institutional readiness for next-generation ATC technologies, ensuring that future hardware or software upgrades remain user-friendly, adaptable, and sustainable. Ultimately, this training program positions Kenya as a regional leader in integrating UCD-driven human factors practices into aviation governance—linking the social, operational, and environmental pillars of sustainability within the air traffic management ecosystem.
2.3.1.2 Case Studies of UCD Implementation Challenges in Kenya’s Aviation Sector
While the benefits of User-Centered Design (UCD) are well established in literature, its successful application in aviation projects requires more than user engagement and interface redesign—it also hinges on the existence of robust implementation frameworks, adequate resource allocation, and institutional coordination. In the Kenyan context, UCD adoption has often been hindered by fragmented project governance, overlapping mandates between agencies, and insufficient stakeholder representation during the design and evaluation stages. Although initiatives such as the digitization of regulatory services by the Kenya Civil Aviation Authority (KCAA) and the modernization of facilities at Jomo Kenyatta International Airport (JKIA) embody elements of UCD, these projects sometimes struggle to translate user insights into actionable design improvements due to bureaucratic rigidity and limited interdepartmental collaboration. The absence of standardized methodologies for stakeholder inclusion and feedback integration often results in inconsistent application of UCD principles, where user participation is treated as a procedural formality rather than a strategic design philosophy.
Another key limitation arises from resource and capacity constraints, which impede the ability to conduct iterative testing and long-term usability assessments. Aviation projects—particularly those involving digital systems such as passenger self-service technologies or regulatory e-portals—require sustained technical expertise and financial investment to support continuous improvement cycles. However, many Kenyan aviation institutions face budgetary pressures and competing priorities, leading to rushed deployments or incomplete pilot testing. Consequently, systems may launch before comprehensive user validation, resulting in recurring usability issues, technical breakdowns, or low adoption rates. For instance, early versions of digital ticketing and e-check-in systems at local airports encountered resistance from both passengers and staff due to inadequate training and poorly optimized interfaces. These cases underscore that without dedicated funding for iterative design, user training, and post-implementation evaluation, UCD risks becoming a one-off intervention rather than a sustained cultural practice in project management.
Additionally, the challenge of stakeholder coordination and institutional alignment limits the depth of UCD integration across Kenya’s aviation sector. Projects often involve multiple stakeholders—regulators, airport operators, airlines, contractors, and technology providers—each with distinct interests, timelines, and definitions of success. Without a unified framework to mediate these perspectives, user-centered initiatives may lose focus or devolve into tokenistic exercises where consultation replaces genuine co-creation. This misalignment can compromise sustainability objectives; as poorly integrated systems or infrastructure upgrades may fail to deliver intended efficiency or environmental gains. The lack of longitudinal studies and post-project evaluations further obscures learning opportunities, preventing the aviation industry from institutionalizing best practices. Therefore, for UCD to contribute meaningfully to sustainable aviation development in Kenya, it must evolve beyond isolated design exercises into an institutionalized, resource-supported, and cross-sectoral framework that aligns with national aviation standards, policy goals, and sustainability strategies.
a) The Initial Launch of the KCAA Electronic Licensing System (2018)
In 2018, KCAA rolled out an electronic licensing system intended to automate pilot and engineer license renewals. While technically innovative, the system suffered from numerous usability complaints during its first year. Users reported difficulties logging in, incomplete personal data transfer from older records, and unclear navigation for uploading required documents (KCAA, 2019). The system was reportedly developed with limited user testing, and feedback from industry stakeholders was incorporated only after the rollout began.
This premature launch led to inefficiencies and delays, forcing KCAA to maintain parallel manual systems for nearly a year. From a sustainability perspective, this undermined the project's economic and operational viability by increasing workload and system maintenance costs. Moreover, the trust deficit created among users posed a long-term risk to digital transformation efforts, highlighting the need for genuine user inclusion from design to deployment.
b) Poor Design of the JKIA Parking Payment System (2019)
In 2019, Jomo Kenyatta International Airport (JKIA) introduced a new automated parking payment system aimed at enhancing efficiency, security, and transparency in parking management. However, shortly after its rollout, the system faced widespread public criticism and operational challenges. Users reported difficulties navigating the non-intuitive touchscreen interfaces and confusion due to poorly labeled instructions. The lack of integration with mobile money platforms—Kenya’s most dominant payment method—further exacerbated frustrations among taxi drivers, airport staff, and frequent travelers. These usability flaws led to long queues, system delays, and even missed flights, undermining the very purpose of automation and modernization (Kenya Airports Authority, 2020).
The core of the problem lay in the system’s design and deployment process. Rather than being developed through participatory or user-centered methods, the system was adapted from foreign vendors with minimal localization. There was little evidence of iterative testing or engagement with end users such as local motorists and service providers. As a result, the design failed to reflect Kenyan behavioral norms and technological habits—especially the widespread reliance on mobile money and preference for simple, multilingual interfaces. This highlighted a significant oversight in the user-centered design (UCD) process: while the technology was advanced, it was misaligned with the context of use, leading to operational inefficiency and customer dissatisfaction.
From a sustainability perspective, the failed implementation had far-reaching implications. Economically, it caused financial losses due to operational disruptions, system reconfigurations, and reduced customer throughput. Socially, it excluded key user groups such as older individuals or those unfamiliar with digital systems, widening the digital divide. Environmentally, increased idling time in parking queues contributed to unnecessary fuel consumption and emissions. The eventual reconfiguration of the system within months underscores the critical importance of local user research, contextual testing, and continuous feedback loops in ensuring that digital transformation initiatives in aviation are both effective and sustainable.
c) Nairobi Air Traffic Control System Upgrade Delays (2020)
A 2020 initiative to upgrade the Air Traffic Control (ATC) interface at Nairobi’s Area Control Center experienced delays due to human-system integration issues. Although the new system offered enhanced radar and data-link capabilities, insufficient involvement of end-users (controllers and technicians) during design phases led to a mismatch between interface design and operator workflows. Controllers reported increased cognitive load, longer training times, and lack of trust in automated handover functions (ICAO, 2021).
The system’s failure to fully integrate UCD principles resulted in a project extension and additional training costs. Critically, this case demonstrates how overlooking human factors can jeopardize operational safety and compromise long-term sustainability. Systems meant to increase efficiency instead of creating friction when UCD is inadequately applied, especially in high-stakes environments like ATC.
These examples reveal a recurring challenge in Kenyan aviation projects: UCD is often introduced too late or in fragmented ways, limiting its effectiveness. When users are not genuinely involved throughout the design lifecycle from needs analysis to validation projects may become unsustainable due to user resistance, high maintenance costs, or service inefficiencies. Sustainable aviation project management must therefore move beyond symbolic consultation to embed co-design, iterative prototyping, and continuous user feedback as core project components.
d) Isiolo International Airport: A Case Study in Infrastructure Without End-User Integration
Isiolo International Airport was conceived as a strategic infrastructure project under Kenya’s Vision 2030, intended to serve as a critical gateway for trade, tourism, and investment in northern Kenya. Positioned at the intersection of Isiolo, Meru, and Laikipia counties, the airport was expected to transform the region by improving connectivity and spurring economic activity. However, despite the substantial public investment and the political will behind it, the airport has largely remained underutilized as a symbol of ambition undermined by planning that failed to integrate the needs and input of its intended users.
Construction of the airport began in 2013 and was completed in 2017 at a reported cost of approximately KES 2.7 billion. The Kenya Airports Authority oversaw the project, which included the development of a 1.4-kilometer runway later extended to 2.5 kilometers a modern passenger terminal, an air traffic control tower, aircraft and vehicle parking bays, and rescue services. The infrastructure was designed to meet international standards, with the capacity to handle an estimated 125,000 passengers annually. The airport was also expected to support cargo transport, particularly livestock and horticultural exports, and promote tourism by improving access to nearby game reserves such as Buffalo Springs, Shaba, and Samburu.
When the airport was officially commissioned in 2017, there was optimism that it would open up northern Kenya to new economic opportunities. However, operations soon faltered. Passenger traffic remained low, and airlines were hesitant to maintain regular flights due to insufficient demand. Despite being designated an international airport, it failed to attract consistent international traffic. Airlines such as Air Kenya, which briefly operated flights to Isiolo, eventually suspended services citing low passenger numbers. Critical supporting infrastructure such as access roads, accommodation facilities, and transport services were also lacking, further diminishing the airport’s viability.
A deeper analysis reveals that one of the core reasons for the airport’s underperformance was the failure to adequately involve end-users during its planning and development. Airlines, who were expected to be the primary commercial users, were not sufficiently consulted to determine route feasibility or operational requirements. Local producers of livestock and horticultural products, the envisioned beneficiaries of cargo services were not engaged to establish whether there was sufficient demand or logistical support, such as cold storage facilities. Similarly, tour operators and hospitality stakeholders were not brought into the planning process to ensure the airport’s alignment with the regional tourism sector. Even local communities and county governments had limited involvement in planning how the airport would integrate with broader regional development efforts.
This lack of user engagement led to a disconnect between the airport’s design and the actual needs of the region. Without a clear strategy based on user demand, economic realities, and regional development plans, the airport became an isolated piece of infrastructure with limited relevance to the people and businesses it was meant to serve. The situation reflects a broader challenge in public infrastructure development where physical structures are prioritized over functional, user-oriented systems.
Isiolo International Airport is a cautionary tale of how critical infrastructure can fall short if not anchored in inclusive, demand-driven planning. It underscores the need for early and ongoing stakeholder engagement, realistic economic assessments, and integrated development strategies. Infrastructure, particularly in underserved or emerging regions, must be co-created with the very users it is intended to benefit. For future projects to succeed, planners must go beyond construction to consider the economic ecosystems, logistical support, and stakeholder partnerships that will ultimately determine long-term impact and sustainability.
While Isiolo International Airport remains underutilized, it is not beyond redemption. With strategic intervention, including renewed engagement with airlines, alignment with regional value chains, and improved connectivity and services, the airport could still fulfill its promise. However, this will only be possible if future decisions are grounded in the lived realities and active participation of its end-users.
2.3.1.3 International Case Studies of Aviation Project Failures Impacting Sustainability
Understanding the complexities of User-Centered Design (UCD) and sustainability in aviation requires analyzing international cases where poor design choices or neglect of user feedback have led to significant operational and safety failures. One notable example is the Boeing 737 MAX crisis, where inadequate consideration of pilot experience, interface usability, and feedback integration resulted in two fatal crashes. The aircraft’s Maneuvering Characteristics Augmentation System (MCAS) was introduced to improve flight stability but was poorly communicated to pilots and lacked intuitive alert systems. This failure to properly align human and machine interaction exposed the limitations of a design process that prioritized technological advancement over user comprehension and control. The incident revealed that disregarding core UCD principles—such as transparency, usability, and human error mitigation—can have catastrophic consequences, not just for passenger safety but for an organization’s reputation, financial stability, and environmental footprint due to grounded fleets and canceled flights.
Similarly, in Europe, the introduction of complex digital air traffic management systems without adequate operator training or iterative user testing led to numerous delays and system inefficiencies. In some cases, controllers reported “information overload” due to poorly structured interfaces that complicated decision-making under time pressure. These shortcomings illustrate how neglecting the ergonomic and cognitive aspects of UCD can undermine system sustainability, increasing stress levels among operators and reducing long-term productivity. Furthermore, the resulting operational inefficiencies—such as increased fuel burn during holding patterns or rerouted flights—also have environmental costs. Collectively, these international experiences demonstrate that sustainable aviation design extends beyond technical innovation; it demands continuous engagement with end users, context-aware solutions, and human-centered evaluation frameworks to ensure resilience, safety, and long-term performance.

a. The Boeing 737 MAX Crisis
One of the most prominent recent examples of aviation project failure is the Boeing 737 MAX. Introduced in 2017 as a fuel-efficient upgrade to Boeing’s best-selling 737 series, the aircraft was grounded worldwide in 2019 following two fatal crashes linked to the MCAS. Investigations revealed that Boeing’s design and certification process inadequately considered pilot interaction with the MCAS system, including insufficient training and poor user interface design (Gelles et al., 2020).
This failure had significant sustainability repercussions. First, the crashes caused tragic loss of life and severely damaged public trust in Boeing and the broader aviation industry. Second, the grounding of the fleet resulted in enormous financial losses for airlines and suppliers, disrupting global supply chains and delaying fleet modernization efforts aimed at reducing carbon emissions. Third, the crisis prompted regulatory overhauls emphasizing human factors and system transparency, underscoring the critical role of UCD in aviation sustainability (Nicas & Kitroeff, 2019). During the investigation of the B737 MAX accidents in Ethiopia and Indonesia, Boeing disclosed to the National Transportation Safety Board (NTSB) that several key assumptions had guided the aircraft’s design, particularly regarding pilot response to system malfunctions.
First, Boeing assumed that pilots would be able to immediately recognize any unintended or uncommanded inputs from the aircraft systems such as those from the Maneuvering Characteristics Augmentation System (MCAS) and instinctively respond using standard flight control actions. This meant that no specialized or unique procedures would be necessary to manage such scenarios. However, this assumption overlooked the fact that real-world flight conditions, especially under stress or in unexpected situations, may hinder quick recognition and response. Pilots might not have had enough information or situational awareness to identify the system as the source of the problem, leading to delayed or incorrect actions.
Secondly, Boeing believed that the corrective actions needed in such cases would not require extraordinary flying skills or significant physical effort. In other words, average pilot capabilities both in terms of training and physical strength would suffice to handle any anomalies. This assumption proved flawed, especially considering that the Maneuvering Characteristics Augmentation System (MCAS) could repeatedly trim the aircraft nose-down, requiring substantial force to counteract using the manual trim wheels. In high-speed conditions, this became physically demanding, and in some cases, nearly impossible.
The third assumption was that pilots would act without delay to reduce or eliminate increased control forces by either re-trimming the aircraft or altering its configuration or flight conditions. This view presumed a calm and calculated response in high-stress moments, which may not be realistic without clear system awareness and training. The pilots in the accident scenarios were faced with conflicting warnings and rapidly deteriorating flight conditions, making it difficult to execute such corrective actions swiftly or effectively.
Lastly, Boeing expected that trained flight crews would rely on established memory procedures commonly referred to as "memory items" to manage the malfunction and bring the situation under control. These memory items are standard emergency responses pilots are trained to recall without referencing checklists. However, this assumption failed to consider that the Maneuvering Characteristics Augmentation System (MCAS) was not explicitly covered in training, and pilots were not informed about its existence or function. Without prior knowledge of the system, it was unrealistic to expect pilots to apply an appropriate memory procedure to a failure mode they didn’t even know existed.
Collectively, these assumptions reflected a broader failure to incorporate human factors and real-world pilot experience into the aircraft design process. The lack of pilot input and realistic operational validation significantly contributed to the tragic outcomes, underscoring the critical importance of involving end-users in the development and safety assessment of complex systems.
The tragic accidents involving the Boeing 737 MAX aircraft in Indonesia and Ethiopia revealed a significant oversight in the aircraft's development process: the failure to adequately involve the end-user that is the pilots. Boeing made key assumptions during the design of the Maneuvering Characteristics Augmentation System (MCAS), believing that pilots would instinctively recognize and counteract uncommanded system inputs using standard control responses. These assumptions were not validated with sufficient input from the pilots who would ultimately have to rely on these systems in flight. By not fully engaging flight crews during the design and testing phases, Boeing overlooked how pilots might realistically respond under pressure, especially without specific training or detailed information on the existence and behavior of the Maneuvering Characteristics Augmentation System (MCAS) system. As a result, the aircraft’s responses to faulty sensor data overwhelmed the crews, who were unaware of the system’s role and lacked the time and tools to respond effectively.
b. Airbus A380 Market and Sustainability Challenges
The Airbus A380, introduced in the early 2000s as the world’s largest passenger aircraft, was envisioned as a game-changer for global aviation. Airbus sought to revolutionize long-haul travel by consolidating a large number of passengers on fewer flights, thereby improving airport efficiency and reducing congestion at major hubs. However, despite its engineering excellence, the A380 project suffered from a fundamental misalignment with both airline operations and passenger trends. The aircraft’s enormous size meant it could only operate in a limited number of airports equipped with specialized runways, gates, and maintenance facilities. This constrained operational flexibility, making it less appealing for most airlines that prioritized route versatility and cost efficiency (Boeing, 2019).
Moreover, the A380’s operational costs were substantial, especially when flights were not fully booked. Airlines struggled to achieve profitability due to high fuel consumption, maintenance expenses, and the logistical challenges of filling over 500 seats on a consistent basis. As the aviation industry evolved toward point-to-point travel models and smaller, fuel-efficient twin-engine aircraft, the A380’s hub-and-spoke design philosophy became increasingly outdated. The lack of foresight into shifting user behavior—where passengers preferred direct flights and airlines sought operational agility—demonstrated a gap in user-centered and market-oriented design thinking. This mismatch revealed how technological innovation alone cannot ensure sustainability without an adaptive understanding of user and industry needs.
Ultimately, Airbus announced the discontinuation of the A380 program in 2021, marking the end of one of aviation’s most ambitious yet commercially unsuccessful ventures. From a sustainability perspective, the A380 case underscores that design success in aviation requires a holistic application of UCD principles—considering not only the immediate needs of passengers but also the operational realities of airlines and environmental imperatives. While the aircraft was a testament to human ingenuity, its inability to adapt to real-world usage patterns, market demands, and ecological constraints rendered it unsustainable in the long term. This case serves as a cautionary tale that innovation without deep user and contextual integration risks undermining both economic and environmental sustainability objectives.
c. FAA’s NextGen System Implementation Delays
The Federal Aviation Administration’s (FAA) Next Generation Air Transportation System (NextGen) was conceived as a transformative initiative to modernize the United States’ air traffic management infrastructure. By transitioning from traditional radar-based control to satellite-based navigation and data-driven communication systems, the program aimed to enhance flight efficiency, reduce delays, and improve environmental sustainability (FAA, 2020). The envisioned system promised to optimize airspace capacity, shorten flight paths, and lower fuel consumption, aligning with broader sustainability objectives in global aviation. However, the implementation of NextGen has been fraught with challenges, including significant delays, budget overruns, and resistance from key user groups such as pilots, air traffic controllers, and airlines who were not fully engaged in the system’s design and testing phases.
One of the central criticisms of NextGen is that it underestimated the complexity of integrating new technologies into an existing, safety-critical infrastructure while ensuring buy-in from diverse stakeholders. Pilots and controllers reported that the new systems introduced cognitive strain and inconsistencies in workload distribution due to inadequate training and limited participation in early design stages. Additionally, airlines faced difficulties in aligning their onboard technologies with the evolving FAA systems, leading to uneven interoperability across regions and carriers. These gaps in coordination reflect a breakdown in User-Centered Design (UCD) principles, where user needs and contextual realities were insufficiently incorporated into decision-making processes. The absence of continuous feedback loops and participatory testing hindered the system’s usability and slowed adoption across different sectors of the aviation ecosystem.
From a sustainability perspective, the shortcomings of NextGen demonstrate that technological advancement alone cannot guarantee operational, economic, or environmental resilience. The program’s intended benefits—such as emission reduction through optimized routing and reduced fuel burn—remain only partially realized due to inconsistent implementation and stakeholder disengagement. The case highlights that sustainable aviation innovation requires not only cutting-edge technology but also adaptive governance, stakeholder collaboration, and iterative user engagement throughout the project lifecycle. In essence, the NextGen experience reinforces the critical need for integrating UCD frameworks into complex aviation systems to ensure that modernization efforts genuinely enhance both performance and sustainability outcomes.
d. Boeing’s 787 Dreamliner Cockpit Design (United States)
Boeing’s development of the 787 Dreamliner stands as a strong example of how User-Centered Design (UCD) can be effectively integrated into complex aviation engineering to achieve both operational excellence and sustainability. During the design process, Boeing engaged pilots, flight instructors, and maintenance crews in iterative testing and prototyping of the flight deck and cockpit systems. Through simulations, mock-ups, and real-world feedback sessions, the company identified ergonomic challenges and usability concerns that influenced the final cockpit layout. Features such as the Heads-Up Display (HUD), advanced electronic flight bag, and intuitive control systems were refined to optimize visibility, accessibility, and decision-making during high-pressure operations (Boeing, 2021). This iterative, participatory approach significantly reduced pilot workload and cognitive fatigue, improving safety and efficiency across various flight conditions.
From a sustainability perspective, Boeing’s UCD-driven process contributed to the long-term viability of the 787 program by ensuring that technology served both human and environmental needs. The design’s emphasis on usability reduced training time and human error, while its lightweight materials and fuel-efficient systems lowered operational costs and carbon emissions. Furthermore, the 787’s cockpit standardization improved compatibility across fleets, reducing maintenance complexity and enhancing operational adaptability for airlines. This case demonstrates that embedding UCD principles early in the design phase not only strengthens safety and performance but also supports environmental and economic sustainability—offering a model of best practice for the future of human-centered innovation in aviation.
e. Singapore Changi Airport – Smart Airport Initiative (Singapore)
Singapore’s Changi Airport exemplifies the effective application of User-Centered Design (UCD) in large-scale aviation infrastructure, particularly through its automated immigration e-gates, interactive wayfinding systems, and integrated mobile applications. During the design and development stages, the Changi Airport Group (CAG) conducted extensive usability testing, focus groups, and passenger journey mapping involving diverse traveler demographics, including elderly passengers, individuals with disabilities, and families with young children. Insights from these sessions informed the development of features such as adjustable biometric scanners, multi-language interfaces, and step-by-step visual guidance, which significantly improved accessibility and efficiency
f. Air Tanzania A220 Engine Challenges (Tanzania)
Air Tanzania integrated Airbus A220 aircraft into its fleet as part of a broader national strategy to expand regional and intercontinental routes, acquiring several A220s equipped with Pratt & Whitney PW1500G engines to modernize its operations and enhance passenger experience. However, the procurement and integration process did not sufficiently involve frontline engineering and operational staff responsible for managing the aircraft after delivery. Maintenance teams received inadequate training on the technical complexities of the new engines, and operational planning failed to consider the region’s challenging conditions, such as high temperatures, dust exposure, and frequent short runway cycles. Furthermore, communication and feedback mechanisms among pilots, ground engineers, and procurement teams were weak or nonexistent. 
As a result, several engines suffered premature wear, leading to unexpected removals, aircraft groundings, and significant disruptions to flight schedules. These issues diminished operational capacity, damaged customer confidence, and revealed critical deficiencies in maintenance planning and staff preparedness. This situation underscores how neglecting user involvement, particularly from engineers, pilots, and planners during fleet acquisition, can undermine sustainability and service reliability. The case highlights the essential role that User-Centered Design plays in high-investment aviation projects, emphasizing the need for technical decisions to be aligned with actual operating environments and user capabilities to ensure long-term safety, reliability, and sustainability.
g. Kenya Airways’ Project Mawingu (Kenya)
Launched in 2012, Project Mawingu was Kenya Airways’ ambitious expansion plan aimed at growing its route network, fleet, and market presence across Africa, Asia, and Europe. The initiative included acquiring new aircraft such as Boeing 787s, introducing long-haul routes, and repositioning the airline as a global connector. However, despite its strategic vision, the project suffered from a lack of meaningful input from critical stakeholders including passengers, crew, and market analysts. Route planning was conducted with insufficient customer preference data, staff were largely excluded from operational decision-making, and the online customer experience remained underdeveloped despite significant technological investments. These shortcomings contributed to financial difficulties, widespread layoffs, and the cancellation of several international routes. The failure to engage both internal and external users rendered the project unsustainable, serving as a cautionary example within Kenya’s aviation sector of the risks involved when growth strategies are not aligned with real user needs and operational realities. Project Mawingu underscores the vital role that User-Centered Design plays in aviation sustainability, where incorporating UCD principles could have enhanced demand forecasting, boosted employee morale, and strengthened the alignment between brand and customer expectations factors essential for long-term success.
Table 3.4 presents selected case studies highlighting failures in applying User-Centered Design (UCD) principles within aviation and related industries. These examples illustrate the consequences of overlooking user needs, cognitive limitations, and operational contexts during the design and development phases. By analyzing these failures, the table underscores the critical importance of integrating UCD into aviation projects to enhance safety, usability, and overall system sustainability. 
Table 2.1: Case Studies of UCD Failures in Aviation and Related Projects
	Case Study
	Region
	Core Issue
	UCD Failure
	Consequences

	Boeing 737 MAX – MCAS System
	United States
	Automated flight control misbehavior
	Minimal pilot input; inadequate feedback and training
	346 deaths, 2 crashes, global grounding

	Heathrow Terminal 5 Launch
	United Kingdom
	System and operations breakdown
	Insufficient staff training: systems not designed for user workflows
	Disruptions, reputational damage

	Airbus A380 Cockpit Usability
	Europe
	Overly complex interface
	Limited pilot-centered design during early stages
	Delays, redesigns, added training burden

	FAA NextGen ATC Modernization
	United States
	User resistance to new tools
	Ignored diverse stakeholder needs and training
	Implementation of delays, fragmentation

	Air France Flight 447
	International
	Automation confusion
	Poor HMI and interface feedback during failure
	228 fatalities, industry design overhaul

	Nairobi Commuter Rail Ticketing
	Kenya
	Poor digital usability
	No inclusive design for low-tech users
	Low adoption, need for manual backup

	Kenya Airways – Project Mawingu
	Kenya
	Strategic expansion and rebranding failure
	Insufficient user/staff involvement in route planning and digital tools
	Heavy losses, cancelled routes, retrenchments

	Air Tanzania A220 Engine Failures
	Tanzania
	Unscheduled engine removals and operational mismatch
	Inadequate feedback from operational users and environmental factors
	Flight cancellations, reduced capacity, maintenance burdens

	Isiolo Airport – Underutilization
	Kenya
	Infrastructure misalignment with local needs and demand
	Lack of stakeholder engagement, market research, and user planning
	Near-idle airport, wasted public funds, political controversy



2.3.1.4 Lessons for Kenyan Aviation Sustainability
These international examples reinforce that technical innovation alone does not guarantee sustainable aviation outcomes. Projects that fail to incorporate User-Centered Design principles risk operational, economic, and environmental sustainability setbacks. For Kenya, this global perspective emphasizes the need for rigorous UCD application combined with context-specific stakeholder engagement, iterative testing, and transparent communication throughout project lifecycles.
User-Centered Design (UCD) has been successfully implemented in various international aviation projects, demonstrating significant benefits in safety, efficiency, and user satisfaction that Kenya’s aviation sector can learn from.
For example, Boeing’s 787 Dreamliner cockpit design incorporated extensive feedback from over 500 pilots during its development. Through mock-ups, simulations, and usability testing, Boeing ensured that the cockpit systems aligned closely with pilot needs, resulting in improved situational awareness, intuitive interface layouts, and reduced cognitive workload, which in turn help reduce human error.
Similarly, the SESAR (Single European Sky ATM Research) project involved air traffic controllers throughout the design and testing of new air traffic control (ATC) systems. Their input on interface design and workflow integration led to enhanced controller efficiency, fewer communication errors, and smoother traffic management across European airspace.
Another noteworthy example is Singapore Changi Airport Terminal 4, where passenger journey mapping and observational research informed the design of self-service kiosks, wayfinding systems, and security checkpoints. These improvements significantly enhanced passenger flow, decreased waiting times, and elevated the overall travel experience, resulting in higher customer satisfaction.
In maintenance operations, Lufthansa Technik involved maintenance personnel in co-creating digital tools such as mobile apps for logging maintenance activities, managing checklists, and tracking parts. This collaboration reduced paperwork, minimized errors, and increased aircraft turnaround efficiency.
Furthermore, CAE’s flight simulators, developed with extensive pilot input to ensure realism and functional relevance, including tactile controls and scenario-based interfaces, have improved training outcomes by better preparing pilots for emergency situations and increasing trainee satisfaction.
These international cases highlight why applying UCD principles in Kenya’s aviation sector, such as in upgrading Nairobi’s Air Traffic Control (ATC) systems, enhancing Kenya Airways’ training programs, or designing more intuitive check-in and passenger service systems at Jomo Kenyatta International Airport is critical. Pilots, air traffic controllers, maintenance workers, and passengers are all included in the process from the beginning to make sure the solutions are feasible, long-lasting, and generally accepted. This will assist improve the operational efficiency and safety of Kenya’s expanding aviation sector.
 To improve traffic flow, Jomo Kenyatta International Airport (JKIA) installed biometric e-gates and self-service check-in kiosks.  However, reactions have been mixed, particularly from those users with less technical knowledge, despite these improvements.  Due to problems with usability and low adoption, end-users were not included early in the design process. This case highlights the risks of excluding UCD principles, underscoring the need to engage a broad range of users early to ensure that technological solutions are user-friendly and inclusive.
2.3.1.5 Recommendations for Future Aviation Projects in Kenya
Based on the analysis of current practices and challenges within Kenya’s aviation sector, adopting a more structured and comprehensive User-Centered Design (UCD) approach can significantly enhance the effectiveness, safety, and sustainability of future aviation projects. The following recommendations aim to provide a forward-looking framework that prioritizes user engagement, iterative development, and continuous feedback. Stakeholders may build aviation systems that meet the demands of all users while also being technologically sophisticated and ecologically responsible by using these techniques. These recommendations serve as actionable guidelines for policymakers, project managers, designers, and all involved parties committed to driving innovation and resilience in Kenya’s aviation industry.
1. Strengthen Multi-Stakeholder Engagement
Organize inclusive planning workshops that bring together passengers, airline staff, air traffic controllers, maintenance crews, regulatory authorities, and community representatives to ensure diverse perspectives are incorporated early. Conduct stakeholder mapping to understand different needs and align project goals. Establish transparent communication channels, such as digital portals and newsletters, to maintain ongoing engagement.

2. Implement Iterative Design and Testing Cycles
Develop low-fidelity prototypes early to visualize solutions and gather user input cost-effectively. Conduct pilot programs to test technologies or processes at manageable scales before full deployment. Schedule regular usability testing with actual users throughout design and after implementation to identify and address issues promptly.

3. Establish Continuous User Feedback Mechanisms
Deploy real-time feedback tools like digital kiosks, mobile apps, and online platforms to allow users to report issues and provide suggestions anytime. Use data analytics and sentiment analysis to monitor user satisfaction trends. Ensure formal integration of feedback into project governance to translate insights into actionable improvements.
4. Build Capacity for User-Centered Design
Invest in training project managers, engineers, and frontline staff on UCD principles. Promote cross-disciplinary collaboration among human factors experts, designers, and operational staff. Create knowledge-sharing platforms for disseminating lessons learned and fostering continuous innovation.
5. Leverage Technology to Enhance User Experience
Integrate smart technologies such as AI chatbots, biometric identification, and IoT infrastructure to streamline passenger flows and personalized services. Uphold strict data privacy and security standards to maintain user trust and comply with regulations.
6. Focus on Sustainability and Futureproofing
Design modular and scalable systems that can adapt to changing user needs, technological advances, and regulations. Incorporate environmentally sustainable practices like energy efficiency and waste reduction to align with global green aviation initiatives and user expectations.
7. Enhance Collaboration with International Aviation Bodies
Strengthen partnerships with organizations such as ICAO and IATA to access advanced UCD frameworks, technical expertise, and benchmarking data. Facilitate knowledge exchange on innovations in digital transformation, safety management, and sustainability, ensuring alignment with international standards.
8. Prioritize Accessibility and Inclusivity in Design
Ensure services and infrastructure cater to all users, including persons with disabilities, elderly passengers, and non-native speakers. Implement tactile guidance, multilingual signage, accessible digital interfaces, and train staff to assist diverse populations, fostering equity and broader social acceptance.

9. Integrate Resilience and Crisis Management into User-Centered Design
Design systems that maintain functionality or recover quickly during disruptions such as pandemics, extreme weather, or security threats. Engage users in scenario planning and drills to identify potential pain points and improve contingency measures, enhancing safety, reliability, and public confidence.
2.3.1.5 User-Centered Design (UCD) Implementation Challenges
User-Centered Design (UCD) in aviation project sustainability in Kenya presents numerous opportunities but also faces several unique challenges, which hinder its full implementation and impact. Here are the key challenges why these lessons may not translate to Kenya:

1. Limited Awareness and Institutional Support
Most aviation organizations in Kenya, including regulatory bodies and airport operators, have limited awareness of UCD as a structured methodology. Project teams often prioritize compliance and technical requirements over human-centered innovation, leading to a lack of institutional frameworks to support UCD.

2. Lack of Local Expertise and Training
There is a shortage of professionals trained in UCD and Human-Centered Design (HCD) within the aviation sector in Kenya. Most available expertise is either generic or tailored to IT and software industries, not adapted to the safety-critical and highly regulated environment of aviation projects.

3. Minimal Academia–Industry Collaboration
There are currently no well-established examples of UCD-driven partnerships between Kenyan academic institutions and the aviation industry. Without structured collaboration, it is difficult to conduct user research, pilot design interventions, or develop UCD-centric curricula for aviation engineering or management.

4. Regulatory Resistance
Kenya’s aviation sector is governed by strict national and international safety regulations (KCAA, ICAO), which limit the flexibility required to test, iterate, and refine user-centered solutions. Every change to systems, procedures, or interfaces must undergo lengthy approvals, often deterring UCD experimentation.

5. Cultural Resistance to Change
Aviation personnel in Kenya often work in hierarchical, routine-driven environments. UCD requires user participation, feedback loops, and a culture of continuous improvement elements that can clash with deeply rooted norms favoring top-down decision-making and procedural stability.

6. Resource Constraints and Competing Priorities
UCD activities require time, budget, and dedicated personnel for research, prototyping, and testing. In Kenya’s resource-constrained aviation projects, especially at state-run airports or small carriers, these efforts are often considered non-essential compared to immediate operational needs.

7. Fragmented Stakeholder Ecosystem
Aviation projects typically involve multiple stakeholders’ airlines, airport authorities, ground handlers, and regulators. In Kenya, coordination among these parties is often weak, making it difficult to conduct holistic user research or apply UCD principles consistently across the entire value chain.

8. Lack of User Feedback Mechanisms
Few Kenyan aviation projects systematically gather or integrate user feedback, whether from passengers, pilots, ground staff, or air traffic controllers. Without this feedback loop, project teams lack the user insights needed to design truly sustainable and user-friendly systems.

9. Technology Limitations
Many aviation entities still operate on legacy systems with limited data integration. UCD often relies on data analytics and digital simulations to understand user behavior and optimize interfaces tools that are not yet widely adopted in Kenya’s aviation infrastructure.



10. Absence of Clear Metrics for UCD Success
In Kenya, project evaluations rarely include indicators tied to usability, user satisfaction, or human-system integration. The absence of such metrics makes it difficult to justify UCD approaches to decision-makers focused on budget adherence or regulatory compliance.
2.3.1.6 User-Centered Design (UCD) Benefits 
User-Centered Design (UCD) offers a wide range of benefits that can significantly enhance aviation project sustainability in Kenya. Project success in the aviation industry depends on several advantages, which include operational, economic, environmental, and social aspects:
1. Improved Operational Efficiency
By focusing on the needs and behaviors of end-users (e.g., pilots, engineers, passengers, and ground staff), UCD helps design processes, tools, and systems that are intuitive and efficient. This reduces task completion time, error rates, and the need for constant retraining leading to smoother operations at airports and aviation facilities across Kenya.
2. Enhanced Safety and Error Reduction
UCD emphasizes human factors and usability, which are critical in aviation. Interfaces and systems designed with user input help minimize confusion, miscommunication, and fatigue-related mistakes. For example, user-friendly maintenance checklists or ATC interfaces reduce the likelihood of human error, thereby improving safety standards at Kenyan airstrips and airports.
3. Higher User Satisfaction and Stakeholder Buy-In
Participation from end-users increases the likelihood that they will embrace, implement, and advocate for new systems.  This encourages a mindset of taking responsibility and always striving for betterment. In Kenya’s aviation projects, involving airport staff and passengers in the design of terminals or systems can lead to improved customer experiences and staff morale.
4. Better Alignment with Community and Environmental Needs
UCD helps project teams identify broader social and environmental concerns early in the design phase. This is especially valuable in Kenya, where aviation projects intersect with communities and ecosystems. Designing airport projects with input from local residents, for example, can reduce displacement risks, improve noise mitigation strategies, and ensure socially inclusive outcomes.
5. Reduced Lifecycle Costs
Although UCD may require upfront investment in research and prototyping, it reduces long-term costs by avoiding expensive reworks, system failures, and user rejection. In Kenya, where aviation projects often face funding constraints, this can make infrastructure more economically sustainable.
6. Adaptability to Local Contexts
Kenya's aviation ecosystem is unique ranging from large hubs like Jomo Kenyatta International Airport (JKIA) to smaller airstrips in remote regions. UCD ensures that designs are context-specific, taking into account local language, infrastructure limitations, and climatic conditions, which enhances system longevity and usability.
7. Stronger Policy and Regulatory Compliance
UCD facilitates the creation of systems that are not only user-friendly but also aligned with national and international regulatory requirements. This helps avoid compliance issues with bodies such as the Kenya Civil Aviation Authority (KCAA) or the International Civil Aviation Organization (ICAO).
8. Encourages Innovation and Continuous Improvement
UCD fosters a culture where user feedback is regularly collected and used to improve systems. This creates opportunities for incremental innovation, such as redesigning boarding processes or modernizing control tower interfaces, which keeps Kenya’s aviation sector competitive and forward-looking.
9. Inclusivity and Accessibility
By considering diverse user needs, including those of persons with disabilities, the elderly, and non-English speakers UCD promotes inclusive design. This is increasingly important in Kenyan airports that aim to serve both domestic and international travelers.
10. Supports Long-Term Project Sustainability
In the end, UCD is in line with sustainability, which includes economic viability, social equality, and environmental responsibility.  A project's long-term viability is dependent on its ability to address actual user demands, maintain functionality over time, and garner ongoing support from stakeholders.
2.3.1.7 User-Centered Design (UCD) Cycle
The following figure provides a visual representation of the User-Centered Design (UCD) process, illustrating its key stages and the iterative nature of design informed by user feedback. This visual aid highlights how user needs, behaviors, and experiences are integrated into every phase of development from initial research and requirement gathering to prototyping, testing, and refinement. Particularly important in aviation contexts where efficiency and safety are of the utmost importance, it provides a conceptual framework for comprehending how UCD encourages the development of systems that are intuitive, accessible, and in sync with the real workflows of end users.
User-Centered Design (UCD) has increasingly gained prominence as a critical approach to enhancing the long-term success and sustainability of development and technological projects, particularly within community-based and resource-constrained environments. It emphasizes the active engagement of end-users throughout the design, implementation, and evaluation stages, ensuring that solutions truly reflect their needs, capabilities, and cultural contexts rather than being externally imposed. 
Scholars argue that traditional top-down project design frequently results in misalignment between project goals and user expectations, leading to low adoption, poor usability, and early system abandonment after external support is withdrawn. In contrast, UCD is grounded in the principles of understanding users, iterative design, continuous participation, and evaluation of the full user experience. These principles help designers uncover both explicit and latent user needs, ensuring that solutions are relevant, practical, and meaningful in real-world settings. UCD prioritizes real user needs and lived experiences, ensuring project solutions are better aligned with local realities and therefore more likely to succeed. The literature strongly links UCD to improved project sustainability, defined as the capacity of a project to continue delivering benefits over an extended period without heavy external support or donor dependency. 
This contributes not only to sustainability but also to cost-effectiveness by reducing maintenance expenses and reliance on donor funding cycles. By improving usability and reducing complexity, UCD contributes to efficient, scalable, and cost-effective long-term project continuity. However, despite its documented benefits, the implementation of UCD faces challenges that can limit its effectiveness if not carefully managed. Participatory processes are resource-intensive and require adequate time, financial investment, skilled facilitation, and willingness from project developers to integrate user feedback even when it disrupts initial plans. 
Cultural and social dynamics also complicate participation, particularly in societies with rigid power structures that marginalize women, youth, or persons with disabilities from decision-making spaces. These dynamics may lead to participation that is superficial rather than meaningful, undermining the purpose of UCD. Balancing technical feasibility with diverse user perspectives may further create conflict, requiring negotiation and compromise. Practical, financial, and cultural barriers can hinder UCD implementation, meaning success requires careful planning, inclusivity, and flexibility. 
Empirical evidence consistently confirms that projects guided by UCD principles achieve more durable and resilient outcomes. They foster stronger community empowerment, train local champions for continued leadership, and build trust between stakeholders, making systems more adaptable to changing needs over time. Whether in community health programs, ICT solutions, or environmental resource management, UCD transforms projects into collaborative and iterative learning processes rather than one-time interventions. Ultimately, UCD is not merely a design technique but a strategic pathway to sustainable development that prioritizes long-term value creation over short-term execution. 
Research shows that UCD significantly improves adoption, empowerment, and long-term resilience, making it essential for sustainable project success. In conclusion, the literature clearly affirms that integrating User-Centered Design into project planning and implementation enhances sustainability by ensuring that outcomes reflect genuine user needs, foster ownership, and support independent continuity after project completion. Although implementation challenges exist, the long-term benefits of UCD outweigh its constraints, positioning it as a foundational approach for designing effective, durable, and high-impact projects. 


Figure 1: User-Centered Design (UCD) Cycle
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Lean Thinking has emerged as a prominent strategic philosophy for enhancing operational efficiency and sustainability across diverse industries. Rooted in the Toyota Production System, Lean emphasizes value creation through waste reduction, process simplification, and continuous improvement. In aviation, Lean principles have been applied to aircraft maintenance, supply chain optimization, ground handling, and customer service. Chandler et al. (2020) demonstrate that Lean implementation reduces downtime and operational costs, while Francescatto et al. (2023) highlight the critical role of leadership commitment and workforce engagement in sustaining Lean initiatives. Unlike these studies, Citybabu and Yamini (2022) point to contextual challenges such as cultural resistance, hierarchical rigidity, and limited infrastructure, which hinder Lean’s adaptability across different organizational and national contexts. Collectively, these studies indicate that while Lean offers clear operational benefits, its effectiveness is heavily shaped by organizational and cultural environments.
A critical review of empirical evidence reveals contradictions and gaps concerning Lean’s long-term contribution to sustainability. Many studies focus predominantly on immediate efficiency gains, such as cost reduction and time savings, while neglecting ecological and social dimensions of sustainable performance. For instance, De Oliveira Santos and De Carvalho (2020) suggest integrating Lean with Agile to improve responsiveness, yet few studies assess whether such hybrid approaches sustain performance over time. Similarly, Yusaf et al. (2023) link Lean to sustainable energy initiatives, including hydrogen-powered aviation, but note unresolved economic and technical constraints. Unlike studies emphasizing short-term operational improvements, these findings suggest that Lean’s sustainability potential depends on leadership, culture, and environmental stewardship—factors inconsistently addressed in existing literature.
To address these gaps, the current study situates Lean Thinking within the context of Project Sustainability in Kenya’s aviation sector. It explores how waste reduction, process optimization, and stakeholder involvement collectively contribute to sustainable project outcomes. By synthesizing evidence across multiple sectors, the study emphasizes the need for context-sensitive Lean frameworks that balance efficiency with ecological and social resilience. Prior research confirms Lean’s capacity to improve operational performance, yet inconsistencies in context, scope, and evaluation methods reveal a lack of integrated models linking Lean practices to sustainability outcomes.
Lean Thinking demonstrates clear operational benefits in aviation projects, yet its long-term sustainability impact remains underexplored. An integrated, context-aware framework that harmonizes Lean principles with user-centered design and regulatory compliance is essential to achieving both efficiency and enduring ecological, social, and operational resilience in complex aviation projects.
2.3.2.1 Lean Thinking in Kenya
In Kenya, the adoption of Lean Thinking is progressively transforming the aviation sector by enhancing service quality, streamlining operational processes, and driving down costs. Kenya Airways (KQ), the national carrier, has embedded Lean methodologies within its technical and engineering divisions located in Embakasi. Through systematic identification and elimination of non-value-adding activities in aircraft maintenance, KQ has achieved a 15–20% reduction in aircraft turnaround time from an average of 8 hours to under 6.5 hours for certain aircraft types. This efficiency gain has resulted in a measurable increase in fleet availability, contributing to an improvement in on-time performance (OTP), which rose from 72% in 2021 to 84% in 2024, according to KQ’s annual operational reports.
Furthermore, the Kenya Civil Aviation Authority has incorporated Lean tools such as process mapping and digital workflow systems to modernize its regulatory functions, including licensing, certification, and approvals. As a result, the average processing time for pilot licenses and aircraft certifications has decreased by over 30%, from an average of 45 working days to less than 30 days. The digitization of these services has reduced manual paperwork by approximately 60%, thereby enhancing transparency, compliance, and stakeholder satisfaction.
At Jomo Kenyatta International Airport (JKIA), Lean principles have been applied to critical operations such as baggage handling and aircraft servicing. Initiatives like synchronized scheduling between ground service providers and real-time communication systems have led to a 25% reduction in average turnaround time for narrow-body aircraft from 55 minutes to 41 minutes. These changes have also contributed to a decline in passenger baggage mishandling incidents by 18% and an increase in airport-wide on-time departure rates, which rose from 78% in 2022 to 89% by the end of 2024. Collectively, these efforts have improved the overall passenger experience, enhanced resource utilization, and positioned JKIA as one of the more efficiently run airports in East Africa.
2.3.2.2 Benefits of Lean Thinking in Kenya’s Aviation Sector
The integration of Lean Thinking in Kenya’s aviation industry has resulted in measurable and transformative benefits across various operational domains. One of the most notable outcomes is the significant improvement in operational efficiency. For instance, Kenya Airways (KQ) has successfully streamlined its aircraft maintenance and engineering processes using Lean methodologies. By eliminating redundant steps and standardizing workflows at its Embakasi technical base, KQ has reduced aircraft turnaround times by up to 20%, directly enhancing fleet availability and schedule adherence. This operational refinement has helped KQ improve its On-Time Performance (OTP), which reached 84% in 2024, up from 72% in 2021.

Cost reduction is another key advantage. Through better utilization of resources and waste minimization, Kenya Airways reported savings of over KES 500 million between 2021 and 2023, attributed to Lean initiatives in inventory management and maintenance planning. Similarly, Jomo Kenyatta International Airport (JKIA) has optimized ground handling operations by applying Lean tools such as value stream mapping and 5S. These efforts have led to a 25% reduction in average turnaround time for narrow-body aircraft and a notable drop in passenger delays and complaints.
Customer satisfaction has also improved as a result of Lean-driven efficiencies. Passengers now experience quicker baggage claims and reduced flight delays, with customer feedback scores improving consistently in annual surveys conducted by the Kenya Airports Authority (KAA). For example, a 2023 Kenya Airports Authority (KAA) passenger satisfaction survey revealed a 15% increase in satisfaction related to time management and baggage services compared to 2021.
Regulatory processes have been significantly enhanced through Lean implementation at the Kenya Civil Aviation Authority (KCAA). By digitizing application processes for licensing and certification, KCAA has slashed processing times by over 30%, reducing pilot license approvals from 45 days to under 30 days on average. This shift has also increased transparency and compliance, making regulatory procedures more accessible and less bureaucratic for airlines, maintenance organizations, and individual stakeholders.
Moreover, Lean Thinking has fostered a culture of continuous improvement within aviation institutions. For example, KCAA regularly conducts Kaizen (continuous improvement) workshops with internal teams and external partners to identify bottlenecks and implement corrective measures. This proactive mindset helps organizations anticipate operational challenges and implement sustainable solutions, shifting from reactive crisis management to strategic problem-solving.
These developments demonstrate that Lean Thinking is not merely a theoretical framework, but a practical, results-driven approach that is reshaping Kenya’s aviation landscape enhancing performance, improving user experience, and driving innovation in both the public and private sectors.
2.3.2.3 Global Lean Thinking 
Globally, Lean Thinking has been adopted by leading aviation organizations to drive operational excellence, cost efficiency, and superior customer service. A prime example is Southwest Airlines in the United States, which has applied Lean principles extensively across maintenance operations, boarding processes, and baggage handling. These practices have enabled the airline to achieve rapid aircraft turnaround times averaging just 25 minutes while maintaining high levels of customer satisfaction and offering competitive fares. In comparison, Kenya Airways (KQ) has made strides in reducing turnaround time by up to 20%, bringing it down to an average of 6.5 hours for wide-body aircraft. While KQ’s improvements are notable, they are still evolving and have not yet reached the same level of speed or scale as Southwest’s operations.
In the manufacturing sector, Boeing stands out for its adoption of Lean manufacturing techniques on production lines for aircraft such as the 737 and 787. Through supply chain optimization and waste elimination, Boeing has reduced production lead times and lowered costs. While Kenya does not have a large-scale aircraft manufacturing industry to directly mirror Boeing’s practices, Lean principles have been adapted to local contexts particularly within Kenya Airways’ engineering unit, where they are used to manage spare parts inventory and streamline maintenance planning. The key difference lies in the scale and nature of operations: Boeing’s application is in high-volume manufacturing, whereas Kenya’s aviation sector applies Lean mainly in maintenance and operational processes.
Lufthansa Technik, the maintenance and overhaul arm of the Lufthansa Group, provides another compelling example. By employing Lean tools such as value stream mapping and conducting continuous improvement (Kaizen) workshops, Lufthansa Technik has optimized component repair and aircraft overhaul cycles across its global facilities. Similarly, Kenya Airways Technical has incorporated Lean practices to identify and eliminate inefficiencies in aircraft servicing. However, while Lufthansa Technik operates in a highly digitized and globally integrated environment with multiple maintenance hubs, KQ’s operations are more centralized and regionally focused, with relatively limited automation.
Singapore Airlines has also embraced Lean Thinking beyond operations, extending it to customer-facing services. The airline redesigned check-in procedures, onboard catering, and ground handling services using Lean tools, leading to higher customer satisfaction and fewer delays at Changi Airport. This parallels recent efforts at Jomo Kenyatta International Airport (JKIA), where Lean Thinking has improved baggage handling coordination and reduced aircraft turnaround times. However, unlike Singapore’s fully integrated digital systems and seamless customer experience, JKIA still faces infrastructure and technology limitations that moderate the extent of these gains.
In summary, while Kenya's aviation sector has begun adopting Lean Thinking with tangible results particularly in maintenance, regulatory streamlining, and ground operations it is still at a maturing stage compared to global leaders. The similarities lie in the application of core Lean tools and the pursuit of efficiency and customer satisfaction, while differences are seen in scale, automation, technological advancement, and institutional maturity. These global benchmarks offer valuable lessons as Kenya continues its Lean transformation journey.
2.3.2.4 Lean Thinking and the Sustainability of Aviation Projects in Kenya
Lean Thinking is an approach to management that aims to maximize customer value by the systematic elimination of waste and continual improvement. It is based on the Toyota Production System (Womack & Jones, 1996).  Implementing Lean principles into infrastructure projects may help ensure their long-term viability by facilitating stakeholder input, reducing waste, and increasing efficiency (Ballard, 2000; Koskela, 2000).  According to Gössling and Upham (2009), sustainability in the aviation industry includes not only the effect on the environment but also the practicality, social acceptance, and operational robustness of a solution.

In recent years, Kenya’s aviation industry has undertaken bold initiatives, such as the proposed second runway and the now-abandoned Greenfield terminal at JKIA. These projects were envisioned to transform JKIA into a major regional hub capable of handling rising passenger and cargo traffic (Kenya Airports Authority, 2014). However, despite their strategic intent, these ventures have been plagued by delays, cost inflation, shifting of political priorities, and ultimately, cancellation. The shelving of the Greenfield terminal project in 2020, after years of planning and partial mobilization, underscored the fragility of large-scale aviation investments in Kenya (Daily Nation, 2020).
From a Lean Thinking perspective, such project failures reveal a fundamental disconnect between value proposition and actual value delivery. Lean principles stress the importance of identifying true value from the customer’s perspective, eliminating non-value-adding activities, and aligning all project functions toward streamlined, outcome-driven execution (Womack & Jones, 1996). In the case of the JKIA projects, there is evidence of inadequate value stream mapping, limited stakeholder engagement, and insufficient responsiveness to changing macroeconomic conditions, which eroded the intended benefits and led to wasteful expenditure of time and resources.
Beyond technical execution, the root causes of these shortcomings often lie in systemic institutional failures. Scholars have noted that infrastructure projects in many developing countries, including Kenya, are hindered by entrenched issues such as weak governance, opacity in decision-making, and misaligned political and financial incentives (Ochieng et al., 2020). These problems manifest in several ways:
1. Poor Governance and Institutional Weaknesses
Kenya’s aviation infrastructure projects have long been hindered by fragmented decision-making processes that compromise efficiency and long-term sustainability. Multiple institutions—including the Kenya Airports Authority (KAA), the Kenya Civil Aviation Authority (KCAA), and the Ministry of Roads and Transport—operate with overlapping mandates, resulting in coordination challenges and inconsistent policy execution. The absence of a unified governance framework often leads to resource duplication, misaligned priorities, and prolonged project timelines. For instance, airport expansion or modernization initiatives have occasionally proceeded without adequate synchronization between regulatory, operational, and design teams, leading to costly redesigns and underutilized facilities. Moreover, decision-making is frequently reactive rather than strategic, emphasizing short-term political or financial goals over long-term sustainability and user satisfaction. This structural fragmentation not only increases operational inefficiencies but also weakens the sector’s capacity to integrate global best practices such as Lean Thinking and User-Centered Design, which rely on cohesive stakeholder engagement and iterative feedback loops.
Political interference further compounds these challenges by disrupting project continuity and eroding institutional accountability. Frequent leadership changes within key aviation bodies have led to the abandonment or re-scoping of critical projects mid-implementation, wasting financial and human resources. Additionally, political patronage in contract awards and procurement processes can distort priorities, emphasizing visibility and expediency over quality, efficiency, and sustainability. The result is an aviation infrastructure system that struggles to maintain momentum in large-scale initiatives, such as terminal upgrades or air traffic modernization projects. Weak institutional memory and inadequate documentation exacerbate these issues, as new administrations often lack access to prior project learnings and feasibility data. Consequently, despite Kenya’s strategic ambition to position itself as an East African aviation hub, systemic governance inefficiencies continue to limit the scalability and sustainability of aviation infrastructure projects. Addressing these governance and coordination barriers is therefore essential for operationalizing integrated models that link Lean Thinking, User-Centered Design, and regulatory standards to achieve sustainable aviation development.

2. Lack of Transparency and Accountability
Many aviation projects in Kenya face persistent challenges stemming from opaque procurement processes and limited transparency in contract management. Tendering procedures are often conducted with minimal disclosure, and key project documents—such as feasibility studies, environmental impact assessments, and progress reports—are not consistently made available to the public or relevant oversight bodies. This opacity undermines accountability and fosters a culture of secrecy that enables irregularities, cost inflation, and favoritism in the allocation of contracts. In some instances, politically connected firms or consultants are awarded projects despite lacking the requisite technical capacity or experience, leading to substandard work, delays, and frequent renegotiations of project terms. The absence of open data and performance tracking mechanisms further limits stakeholders’ ability to assess whether aviation projects align with national sustainability goals or international standards such as those set by the International Civil Aviation Organization (ICAO). This not only wastes financial resources but also reduces Kenya’s attractiveness to global investors seeking transparent and stable infrastructure partnerships.

The lack of transparency also erodes stakeholder trust—both within the aviation ecosystem and among the general public—hindering effective collaboration and project sustainability. When critical decisions are made behind closed doors, stakeholder groups such as airport users, community representatives, and industry professionals are excluded from contributing valuable insights that could improve design, efficiency, and inclusivity. Moreover, the absence of open monitoring systems makes it difficult to conduct objective evaluations of project performance, lessons learned, and long-term impact. This weak feedback loop stifles innovation and continuous improvement—two cornerstones of sustainable aviation development. Ultimately, opaque procurement and limited access to information undermine not only governance integrity but also the operational and environmental goals of aviation projects. Establishing transparent procurement frameworks, strengthening institutional oversight, and embedding public participation in project evaluation are therefore critical for ensuring that Kenya’s aviation infrastructure investments deliver equitable, efficient, and sustainable outcomes.

3. Misaligned Incentives
In Kenya’s aviation sector, many projects are conceived and executed with political or personal motivations rather than a focus on public value or long-term sustainability. Political leaders often prioritize projects that offer immediate visibility or align with election cycles, resulting in high-profile announcements and ribbon-cutting ceremonies that serve as symbols of progress but fail to deliver lasting impact. Such politically driven initiatives tend to emphasize grandiose designs and expensive infrastructure upgrades that are not grounded in realistic feasibility studies or demand assessments. Consequently, resources are diverted to overambitious terminals, runways, or maintenance facilities that remain underutilized, poorly maintained, or financially unsustainable once the initial excitement fades. In several instances, inflated budgets and project modifications have led to massive cost overruns, while actual operational needs—such as improving safety systems, staff capacity, and technological integration—remain underfunded. This misalignment between political ambition and practical utility not only undermines the sector’s efficiency but also erodes public trust, strains fiscal resources, and hampers Kenya’s ability to develop an aviation system that is both resilient and responsive to real user and market demands.

4. Inadequate Stakeholder Engagement
A recurring challenge in Kenya’s aviation sector is the limited involvement of key stakeholders throughout the project lifecycle. Critical actors such as airlines, airport users, local communities, and regulatory agencies are often sidelined during the planning, design, and implementation phases, leading to projects that fail to address the needs and expectations of their intended beneficiaries. When stakeholder engagement is treated as a formality rather than a genuine participatory process, valuable insights regarding operational efficiency, environmental impact, and user experience are lost. For instance, airlines may not be adequately consulted on infrastructure requirements, resulting in facilities that are incompatible with existing fleet or routing strategies. Similarly, the exclusion of local communities often sparks resistance, particularly when projects disrupt livelihoods or raise environmental concerns without sufficient compensation or mitigation measures. The lack of early and continuous input from regulators and end-users also leads to misaligned objectives, where project designs overlook compliance requirements or user convenience. Consequently, such projects struggle to gain community support, face delays during implementation, and suffer from reduced public trust. This limited stakeholder inclusion undermines the sustainability of aviation investments, as projects become difficult to maintain, adapt, or scale due to persistent conflicts and poor ownership among key partners.
5. Poor Risk Management
Risk assessment in Kenya’s aviation infrastructure development tends to be reactive rather than proactive, resulting in repeated cycles of inefficiency and vulnerability. Many projects are initiated without comprehensive feasibility studies, environmental assessments, or detailed risk management frameworks to anticipate potential challenges. Instead, risks are often addressed only after problems arise—such as design flaws, funding shortfalls, or regulatory noncompliance—leading to costly adjustments and implementation delays. This reactive approach exposes projects to external shocks including fluctuating fuel prices, political instability, or global crises like pandemics, which can severely disrupt timelines and budgets. Furthermore, the lack of structured contingency planning means that once unforeseen issues occur, project managers have limited flexibility to respond effectively without compromising quality or escalating costs. Poor forecasting of material availability, technological compatibility, and stakeholder readiness further amplifies operational risks. The absence of integrated risk assessment processes across project phases—from conception to execution and maintenance—ultimately undermines project sustainability, as aviation infrastructure becomes more expensive to operate, less resilient to change, and slower to adapt to evolving industry standards or environmental demands.

6. Rigid and Outdated Project Management Approaches
Most aviation infrastructure projects in Kenya continue to depend on traditional waterfall methodologies, which follow a linear and rigid sequence of planning, design, implementation, and evaluation. While this approach provides clear structure and documentation, it offers little flexibility to accommodate evolving project needs, shifting stakeholder priorities, or emerging contextual challenges. Once a project plan is approved, any deviation—whether due to new regulatory requirements, technological advancements, or user feedback—becomes costly and time-consuming to implement. This rigidity often results in wasted resources, inefficiencies, and outdated outcomes by the time projects are completed. For instance, infrastructure or technology that was relevant at the design stage may become obsolete by project completion due to rapid innovation in aviation systems and digital services. Moreover, strict adherence to predetermined milestones discourages iterative feedback and stakeholder engagement, both of which are essential for aligning projects with user needs and sustainability objectives. Consequently, reliance on waterfall models perpetuates inefficiencies and hinders adaptive management, making it difficult for Kenya’s aviation sector to embrace modern, agile, and user-centered approaches that support long-term resilience and operational excellence.

7. Inadequate Data and Performance Metrics
The absence of reliable, real-time data on project progress and outcomes remains a major obstacle to effective decision-making in Kenya’s aviation infrastructure development. Many projects still depend on manual reporting systems or fragmented data collection methods that fail to provide accurate, timely insights into performance indicators such as budget utilization, construction milestones, quality control, and stakeholder satisfaction. This information gap prevents project managers and policymakers from identifying inefficiencies early or taking corrective action before issues escalate. Without structured performance measurement frameworks—such as Key Performance Indicators (KPIs), digital dashboards, or benchmarking tools—decision-makers are left with incomplete or outdated information, making it difficult to evaluate whether projects meet their intended objectives. Furthermore, the lack of standardized data management systems means that lessons learned from one project are rarely documented or transferred to future initiatives, resulting in the repeated occurrence of similar mistakes. This limits institutional learning and weakens accountability, as there is no objective basis to assess project impact or value for money. Ultimately, the absence of robust, data-driven monitoring mechanisms undermines transparency, continuous improvement, and sustainability, as decision-making becomes reactive rather than evidence-based, impeding Kenya’s ability to build a modern, efficient, and resilient aviation infrastructure ecosystem.
8. Financial Constraints and Unstable Funding
Kenya’s aviation infrastructure projects face significant financial vulnerability due to their heavy reliance on government funding and foreign loans. While public financing and development aid have historically driven major infrastructure expansions, this dependency creates a fragile funding ecosystem that is easily disrupted by shifting fiscal priorities, debt pressures, and global economic fluctuations. Budget reallocations during election cycles or economic downturns often lead to funding cuts, causing delays, partial project completion, or even total abandonment. Similarly, foreign loans—though instrumental in financing large-scale projects—come with stringent conditions, currency risks, and repayment obligations that strain national budgets over time. When disbursements are delayed or withheld due to compliance or policy changes, projects experience prolonged work stoppages, contractor demobilization, and material wastage, significantly inflating overall costs. Moreover, this financial instability disrupts long-term planning and undermines investor confidence, as project timelines and outcomes become unpredictable. The cyclical pattern of start-stop implementation not only increases operational inefficiencies but also erodes public trust in aviation development initiatives. To achieve financial sustainability, Kenya’s aviation sector must diversify its funding base through public–private partnerships (PPPs), concession models, and innovative financing mechanisms that reduce overdependence on volatile public budgets and external borrowing while ensuring continuity and accountability in project execution.
9. Limited Local Capacity and Skills Gaps
Kenya’s aviation infrastructure sector suffers from a significant shortage of professionals equipped with Lean principles and modern project management expertise, which has become a major impediment to sustainable development. The scarcity of skilled engineers, project managers, and planners who are proficient in Lean methodologies—such as waste reduction, continuous improvement, and value stream optimization—has forced many aviation projects to rely heavily on foreign consultants and contractors. While international expertise brings valuable technical knowledge and global best practices, this dependency often results in limited local participation in critical decision-making processes and minimal knowledge transfer. Consequently, local professionals remain underexposed to advanced project management tools, digital monitoring systems, and process optimization techniques, perpetuating the cycle of dependence. Furthermore, the high cost of hiring foreign experts inflates project budgets and reduces the funds available for local capacity development initiatives. These skills gap also undermines long-term project sustainability, as maintenance and operational challenges persist once external consultants exit. To overcome this constraint, Kenya’s aviation sector must invest strategically in developing local expertise through targeted training programs, industry–academic partnerships, and certification in Lean and modern infrastructure management approaches. Strengthening local capacity would not only enhance project efficiency and reduce costs but also promote national ownership, accountability, and continuity in aviation development.

10. Weak Culture of Continuous Improvement
There is a tendency to view project completion as the end goal, with little emphasis on post-completion reviews, learning, and adaptation. This limits the sector's ability to evolve and improve over time. For instance, the Greenfield terminal project was criticized for its inflated cost projections estimated at over KES 56 billion (USD 500 million) and for bypassing critical stakeholder consultations. The project was fast-tracked for political capital without a clear business case, making it vulnerable to economic shocks and political turnover. Such practices directly contradict Lean principles that advocate incremental, evidence-based decision-making and adaptive project structuring. To reclaim the potential of Lean Thinking in Kenya’s aviation infrastructure development, a fundamental shift is required in how projects are conceived, planned, and executed. Key recommendations include:
1. Strengthen Governance Structures
Establish a centralized aviation infrastructure coordination unit and enforce continuity policies to mitigate disruptions from political transitions. Institutional reforms should include clear mandates, reduced bureaucratic overlaps, and ethics training for public officers.

2. Enhance Transparency and Oversight
Implement digital platforms for procurement, mandatory public disclosure of project documents, and empower oversight agencies. Real-time tracking and routine audits should be institutionalized for all major infrastructure projects.


3. Align Incentives with Public Value
Restructure project incentives to reward efficiency and value delivery. Use performance-based contracts, milestone-linked disbursements, and penalties for unjustified delays or changes in scope to align outcomes with national interests.

4. Institutionalize Stakeholder Participation
Adopt a formal stakeholder engagement framework that ensures continuous and inclusive consultation. Establish advisory councils and transparent feedback channels to align project goals with stakeholder expectations.

5. Institutionalize Comprehensive Risk Management
Make detailed risk assessments and dynamic risk registers mandatory. Integrate scenario planning and early mitigation strategies for political, financial, and operational risks throughout the project lifecycle.
6. Adopt Adaptive and Lean Project Management
Transition to Lean and Agile project delivery models that allow for flexibility, incremental implementation, and continuous stakeholder input. Apply tools like the Last Planner System to improve planning accuracy and efficiency.
7. Develop Robust Monitoring Systems
Implement integrated digital dashboards and enforce the use of baseline data for all projects. Regular performance evaluations and KPIs should drive corrective actions and promote evidence-based decision-making.
8. Diversify and Secure Project Financing
Promote alternative funding strategies such as Public-Private Partnerships (PPPs), aviation bonds, and donor partnerships. Tie financing to deliverables and ensure that funds are disbursed based on verified milestones.


9. Invest in Capacity Development
Support specialized training programs in Lean project management, engineering, and aviation infrastructure. Collaborate with universities, TVET institutions, and international agencies to build a skilled local workforce.
10. Promote a Culture of Learning and Kaizen
Institutionalize post-project reviews, lessons-learned documentation, and knowledge-sharing forums. Foster continuous improvement through regular training, feedback loops, and national Lean awareness campaigns.
In conclusion, Kenya’s experience with the stalled JKIA expansion projects offers valuable lessons on the consequences of failing to integrate Lean principles with systemic reform. For the aviation sector to achieve sustainable infrastructure development, it must pair Lean tools with improved governance, transparency, and stakeholder alignment. Only then can Kenya create infrastructure that not only meets growing demand but also contributes meaningfully to economic development, social equity, and environmental stewardship.	Comment by Faith: FIGURE 1
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Figure 2: Stalled JKIA expansion Project
Source: Exchange Africa (2025)
2.3.2.5 The Value Disconnect Between Aviation Academia and Industry in Kenya
The aviation industry in Kenya is a strategic pillar for economic growth, yet there remains a significant value disconnect between what is taught in university aviation programs and what the local industry actually requires. While Kenyan universities have made strides in offering aviation degree programs, many of these are misaligned with the country's current stage of aviation development and fail to deliver tangible value to students or the broader industry.
A key issue is the inclusion of topics such as rocket science, advanced aircraft design, and aerospace manufacturing subjects that, while intellectually stimulating and globally relevant, do not correspond with Kenya’s existing aviation capabilities. Kenya currently lacks an aerospace manufacturing base and does not participate in orbital spaceflight. Thus, teaching such content at the undergraduate level may add little value to students' immediate employability or industry contribution. At the same time, many students graduate without core practical knowledge in areas such as aircraft maintenance procedures, aviation safety management systems (SMS), regulatory compliance, airline operations, or airport ground handling all of which are highly relevant to Kenya’s operational aviation landscape.

This value gap reflects a systemic failure to align academic outcomes with industry needs. Curriculum development is often done in isolation, with minimal consultation from key stakeholders like the KCAA, local airlines, AMOs, and airport operators. Furthermore, university faculty may lack current industry experience, leading to a theoretical approach that overlooks emerging trends, regulatory expectations, and day-to-day operational practices.

Another concern is the limited availability of practical learning opportunities. Internships, simulator training, exposure to airside operations, and hands-on maintenance sessions are either unavailable or inconsistently integrated into university programs. Without structured linkages to the aviation ecosystem, students struggle to contextualize their academic learning and are often underprepared for the dynamic challenges of the workplace.

The impact of this disconnect is twofold. First, graduates are forced to undergo costly and time-consuming retraining upon employment, delaying productivity and increasing operational costs for employers. Second, students experience a sense of disillusionment and reduced return on investment in their education, especially when their training does not lead to meaningful career opportunities within the local market.

To restore value in aviation education, Kenyan universities must undergo a paradigm shift. This includes adopting competency-based curricula, focused on practical skills and aligned with ICAO and KCAA frameworks. Developing strong partnerships with industry including internship programs, guest lectures, joint research, and faculty exchange would ensure that students receive current, market-relevant training. Moreover, universities should prioritize faculty development and invest in modern training infrastructure, such as basic aircraft maintenance labs and simulation facilities.
Ultimately, bridging the academia-industry divide will not only enhance the value of aviation education but also serve as a foundational pillar in realizing Kenya’s long-term ambition of becoming a premier aviation hub in Africa and beyond. A well-integrated education and training system ensures that graduates entering the workforce are not just knowledgeable, but also skilled, adaptive, and aligned with real-world demands of the aviation ecosystem. This means producing professionals who are not only familiar with global aviation standards but who also understand the unique operational, regulatory, and infrastructural challenges of the Kenyan context.
A skilled workforce is essential for maintaining high standards of safety, efficiency, and customer satisfaction across airlines, airports, maintenance facilities, and air navigation services. It directly contributes to Kenya's ability to attract international carriers, increase passenger and cargo throughput, and compete effectively with regional hubs such as Addis Ababa and Johannesburg. When industry and academia collaborate, students gain early exposure to best practices, current technologies, and regulatory expectations reducing the time and cost needed for employers to onboard and train new hires.
Furthermore, an adaptive workforce is one that is trained to think critically, solve problems, and embrace emerging technologies is critical in an industry as dynamic as aviation. With the rapid evolution of Unmanned Aerial Systems (UAS), sustainable aviation technologies, and digitized airport operations, future aviation professionals must be capable of continuous learning. A curriculum rooted in collaboration with industry can incorporate real-time trends and innovations, ensuring that Kenyan graduates are not left behind in the global race for talent and competitiveness.
In the broader scope, a strong and industry-relevant aviation education system also supports national development goals, such as Vision 2030, by creating jobs, enhancing infrastructure, and improving Kenya’s global connectivity. It empowers local talent, reduces dependency on expatriate labor, and builds institutional capacity that is resilient, forward-looking, and sustainable.
Therefore, closing the gap between academic institutions and aviation industry stakeholders is not just a matter of educational reform it is a strategic imperative for national progress, economic resilience, and Kenya’s rightful place as a leader in the regional aviation sector.
Currently, there are no notable examples of successful collaborations between academia and the aviation industry in Kenya. This lack of synergy has contributed to a persistent gap between theoretical training and industry requirements, limiting the effectiveness of aviation education in addressing real-world challenges. However, the Kenya Civil Aviation Authority has initiated discussions with academic institutions and other educational regulatory bodies to foster partnerships that aim to bridge this gap. These ongoing efforts are geared toward aligning academic curricula with industry needs, promoting research and innovation, and enhancing the employability and competence of aviation graduates.
2.3.2.6 Reducing Turnaround Time at JKIA Through Process Streamlining
Turnaround time is the period an aircraft spends on the ground between arrival and departure is a critical metric for airport efficiency, airline profitability, and passenger satisfaction. At Jomo Kenyatta International Airport (JKIA), prolonged turnaround times are often the result of unnecessary procedural steps, excessive documentation requirements, and fragmented coordination among stakeholders such as ground handlers, customs, immigration, security, and fuel providers.

To improve operational efficiency, there is an urgent need to eliminate bureaucratic redundancies and adopt a lean, process-driven approach. For instance, duplicative inspections, manual clearance procedures, and siloed communication channels lead to delays that could otherwise be avoided through digitization and centralized coordination. Introducing a single-window clearance system, where all relevant agencies input and access information through a unified digital platform, can significantly reduce approval bottlenecks.

Moreover, empowering frontline teams with real-time data and clear decision-making authority can eliminate the waiting time associated with multi-level approvals. Adopting performance-based service level agreements (SLAs) with ground service providers and regulatory agencies can also enforce accountability and predictability in aircraft servicing and documentation timelines.

By focusing on process simplification, automation, and inter-agency collaboration, JKIA can reduce turnaround times, boost airline confidence, and position itself as a high-efficiency hub in the region. Streamlining these operations not only improves flight schedules but also enhances capacity, passenger experience, and overall competitiveness.

Several airports around the world have successfully implemented Lean principles to streamline operations and significantly reduce aircraft turnaround times. For example, Amsterdam Schiphol Airport adopted Lean methodologies to optimize gate allocation, baggage handling, and refueling processes. By introducing real-time data sharing and cross-functional coordination among ground handling teams, the airport reduced average turnaround times by nearly 15%, improving both punctuality and operational efficiency.

Similarly, Heathrow Airport in London has utilized Lean tools such as value stream mapping and continuous improvement cycles to enhance its turnaround performance. A specific initiative involved redesigning the aircraft cleaning and catering process using Lean Six Sigma, which resulted in a 20%-time reduction for those services during peak hours.

In Asia, Hong Kong International Airport leveraged Lean Thinking to integrate digital tracking systems and performance dashboards, enabling faster decision-making and real-time coordination among service providers. This led to a measurable drop in aircraft idle time at the gate and improved on-time departure rates.
These international examples highlight how Lean principles when applied to collaborative planning, standardization of work, and elimination of bottlenecks can help reduce delays and improve airport throughput.
2.3.2.7 Challenges and Limitations of Implementing Lean in Aviation
a) Regulatory Constraints
The aviation industry operates under stringent safety regulations governed by organizations such as the KCAA, the ICAO, the FAA, and the EASA. These rules are vital for safety but often slow innovation. Any modification in aircraft maintenance, training procedures, or safety checks must undergo extensive review and approval, which delays Lean adoption. For example, Delta Air Lines attempted to streamline maintenance schedules using Lean methods but encountered delays due to FAA-mandated review cycles. Similarly, Kenya's attempts to reform its air navigation procedures have been slowed by lengthy regulatory alignment with ICAO standards.
b) Cultural Resistance to Change
Many aviation organizations are deeply rooted in hierarchical, rule-bound cultures that prioritize strict procedural compliance for safety reasons. These traditions can make employees wary of Lean initiatives, which may be misinterpreted as cost-cutting or safety compromises. For instance, when British Airways introduced Lean practices in its maintenance division, there was initial pushback from engineers who feared job losses and declining maintenance standards. Likewise, in Kenya, past efforts to modernize training or reduce bureaucratic processes in state-run airports have met with internal resistance due to entrenched working habits and mistrust of new systems.
c) High Initial Investment Requirements
Implementing Lean Thinking is often capital-intensive, requiring investment in staff training, expert consultancy, new technologies, and reengineering of existing processes. For aviation entities in developing regions like Kenya, these upfront costs may appear prohibitive. A case in point is South African Airways’ Lean transformation attempt, which stalled due to budget limitations despite early signs of operational improvement. Similarly, Kenya Airports Authority (KAA) has faced funding constraints in fully automating ground operations, which would have supported Lean process improvements at Jomo Kenyatta International Airport (JKIA).

d) Complexity and Fragmentation of Aviation Operations
Aviation is a multifaceted sector involving multiple interdependent actors’ airlines, ground handlers, air traffic controllers, customs, and regulators. Coordinating Lean initiatives across these diverse players is challenging due to conflicting objectives and siloed workflows. A notable example is Los Angeles International Airport (LAX), where an initiative to improve baggage handling turnaround faced delays because airlines and airport staff had different operational priorities and incentives. In Kenya, efforts to streamline airport security screening have faltered due to misalignment between private security contractors and government agencies.
e) Lack of Local Expertise and Skilled Manpower
In many developing aviation markets, including Kenya, there is a shortage of professionals with practical experience in applying Lean in high-reliability sectors like aviation. Most Lean training programs are generic and do not address aviation-specific challenges. This was evident in Nigeria’s airport modernization program, where Lean techniques were poorly implemented due to the lack of localized expertise, leading to minimal improvement in passenger processing times. In Kenya, similar challenges persist, as airport staff and local consultants often lack the specialized knowledge needed to apply Lean without compromising safety or compliance.
f) Data Integration and Technology Limitations
Lean Thinking depends on real-time, accurate data to identify bottlenecks, guide decisions, and sustain improvements. However, many aviation institutions, particularly in developing regions, rely on outdated or siloed information systems. For example, India’s regional airports struggled to integrate real-time flight and baggage tracking systems across departments, delaying Lean-based operational enhancements. At JKIA, fragmented data systems have hindered the Kenya Airports Authority's efforts to monitor and optimize passenger flow during peak hours.
g) Short-Term Operational Pressures
Airlines and airports often face intense day-to-day operational demands, such as maintaining punctuality, addressing technical glitches, or responding to regulatory audits. These pressures limit the time and resources available for long-term improvement initiatives like Lean. For example, Qantas Airways postponed a Lean Six Sigma program during a peak travel period to focus on flight scheduling and compliance audits. In Kenya, similar constraints are evident during holiday seasons when airport staff are stretched, leaving little capacity for process mapping or Kaizen exercises.
Lean Thinking aims to increase value and reduce waste, while project sustainability focuses on maintaining long-term project benefits. Integrating Lean principles strengthens the ability of projects to perform sustainably beyond initial implementation. One of the most prominent contributions of Lean Thinking is enhancing efficiency in project management by reducing non-value-adding activities, delays, duplication, and resource wastage. Projects often fail or become unsustainable due to poor resource management, inflated budgets, and unnecessary process complexity (Howell, 1999). Lean tools such as Kaizen, 5S, Just-in-Time, and Value Stream Mapping help streamline project workflows and eliminate inefficiencies that compromise outcomes. This increased efficiency supports sustainability by ensuring that resources are optimally allocated and project activities are delivered within realistic cost and time boundaries. Lean also supports operational continuity, enabling projects to become self-sustaining rather than dependent on prolonged external funding.
Lean Thinking enhances sustainability by improving efficiency, reducing wasteful activities, and ensuring resources are used responsibly, preventing project delays and financial overruns that threaten long-term viability. Lean emphasizes value creation based on stakeholder needs, recognizing the importance of understanding what beneficiaries consider valuable. This principle aligns closely with sustainability objectives that prioritize community ownership and participation (Koskelä, 2000). Tools such as gemba walks, voice-of-the-customer analysis, and collaborative problem-solving encourage regular stakeholder interaction throughout the project lifecycle. When users actively contribute to decision-making, they develop deeper commitment and willingness to sustain project outcomes beyond implementation.
Lean culture also promotes transparency and continuous communication, reducing conflicts and increasing accountability—critical factors for sustainable project governance, particularly in public sector and NGO-driven interventions. Enhanced collaboration reduces resistance to change and improves post-implementation uptake. Lean strengthens sustainability by involving stakeholders in decisions, enhancing transparency, and building commitment, thus increasing ownership and long-term support for project results.
Lean promotes continuous improvement (Kaizen), which encourages teams to consistently evaluate performance, identify root causes of problems, and implement corrective actions. Continuous learning allows projects to adapt to changing environmental, economic, or social factors, thereby remaining relevant over time. Sustainable projects require flexibility and mechanisms for ongoing monitoring, evaluation, and refinement—principles embedded in Lean culture (Liker, 2004). Instead of one-time implementation, Lean encourages life-cycle thinking, ensuring that improvements continue after rollout.
Additionally, Lean prioritizes empowering teams through capacity building, knowledge sharing, and collaborative learning structures. Improved competence enables project stakeholders to sustain and evolve project outcomes independently beyond donor or managerial oversight. Lean supports sustainability by establishing a culture of continuous learning, adaptability, and capability building—ensuring projects evolve and maintain value in dynamic environments. Lean contributes significantly to environmental sustainability by eliminating material waste, reducing energy use, and designing eco-efficient processes (EPA, 2003). Projects that adopt Lean methods minimize resource-intensive activities and encourage lifecycle analyses that consider environmental impacts. For example, Lean Construction promotes efficient procurement, reduced material losses, prefabrication, and better planning to decrease pollution. Lean’s focus on waste reduction aligns naturally with global sustainability demands aimed at protecting natural resources and reducing carbon footprints. 
[bookmark: _Toc203852152]Lean Thinking provides a structured approach that enhances project sustainability by improving efficiency, increasing stakeholder value, reducing waste, strengthening environmental stewardship, and promoting continuous improvement. When embedded into project planning, execution, and monitoring, Lean ensures not only short-term success but also long-term viability and resilience. Therefore, integrating Lean Thinking into project management frameworks can significantly enhance the sustainability of development, infrastructure, and organizational projects.
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The aviation industry operates within a highly regulated framework, where safety, efficiency, and compliance are paramount. Aviation standards provide a unified set of guidelines that ensure safe, reliable, and sustainable operations. In parallel, project sustainability is increasingly recognized as critical, as the sector faces challenges such as resource constraints, environmental pressures, and rapid technological evolution. Several studies have explored the role of Safety Management Systems (SMS) and aviation standards in promoting operational safety and sustainability. Pereira et al. (2020) investigated relationships between SMS components and accident precursors across various industries using quantitative methods. While offering insights into causal links, the study lacks details regarding sample size and methodological scope, limiting generalizability. Feng et al. (2020) focused on selecting appropriate quality control schemes for aviation equipment development, potentially through a case study approach, yet specifics of sampling and applicability to broader contexts remain unclear. Gilbert and Kenneth (2023) provided a structured review of SMS practices in U.S. general aviation, summarizing current approaches and highlighting literature gaps, though some operational areas were left unexplored. Pittini and Kourousis (2023) examined harmonization of military airworthiness standards in Europe, outlining successes and challenges but identifying opportunities for deeper cross-national collaboration. Finally, Samuel (2022) offered practical guidance for constructing SMS to foster safety culture across aviation, aeronautics, and aerospace industries, though empirical validation and comprehensive coverage were limited.
These studies converge in emphasizing the importance of SMS and aviation standards for ensuring safety and operational reliability. Pereira et al. (2020), Gilbert & Kenneth (2023), and Samuel (2022) address different aspects of SMS, ranging from analyzing causal links between system components and accident precursors to reviewing best practices and offering practical guidance. Feng et al. (2020) and Gilbert & Kenneth (2023) specifically focus on aviation applications, providing targeted insights into safety practices and sector-specific challenges. Despite this convergence, the studies diverge in methodology, scope, and emphasis. Pereira et al. (2020) employ quantitative techniques, Feng et al. (2020) adopt case study approaches, and Gilbert & Kenneth (2023) conduct systematic reviews. Scope also varies: some studies focus narrowly on aviation operations or equipment, while others explore broader issues like harmonization of military standards or general SMS implementation. These divergences highlight the multidimensional and context-dependent nature of safety management in aviation, suggesting that different research designs are necessary to address complex challenges effectively.
2.3.3.1 Adapting International Aviation Standards to the Kenyan Context
While international aviation standards provide a vital framework for ensuring safety, efficiency, and interoperability, their direct application without contextual adaptation may not always address the unique challenges and realities faced within individual countries. In Kenya, the effective integration of ICAO-recommended standards and practices into aviation projects requires careful consideration of the local regulatory environment, infrastructure limitations, technological capacity, socio-economic factors, and geographical conditions.
Adapting these standards to Kenya’s context involves a deliberate process of customizing implementation strategies to reflect the country's operational environment. For instance, urban expansion near key airports such as the development of high-rise buildings around Wilson Airport necessitates local zoning policies and aerodrome safeguarding procedures that go beyond generic ICAO recommendations. Additionally, Kenya’s diverse topography and regional disparities in infrastructure development mean that projects must be aligned with site-specific assessments to ensure safety and accessibility in all parts of the country.
Kenya must also consider the capacity of local institutions and personnel when applying international standards. This includes investing in training programs to build technical expertise, modernizing surveillance and navigation systems, and ensuring that regulatory agencies such as KCAA are adequately resourced to enforce compliance. Furthermore, Kenya can benefit from incorporating performance-based regulatory approaches that allow for flexibility in meeting standards without compromising safety outcomes particularly in areas where resource constraints exist.
The incorporation of local data and stakeholder input is equally important in tailoring standards to Kenya's aviation ecosystem. Engaging local communities, airport operators, airlines, and industry experts help ensure that projects are not only technically sound but also socially and economically sustainable.
Ultimately, the goal is to harmonize global best practices with domestic realities ensuring that aviation projects in Kenya are both compliant with international requirements and responsive to national needs. This localized adaptation enhances project effectiveness and contributes to a safer, more resilient aviation sector that supports Kenya’s broader development goals.
2.3.3.2 Case Studies: Application of Aviation Standards in Kenya
The implementation of international aviation standards in Kenya reveals both progress and persistent gaps in aligning national practices with global benchmarks. The International Civil Aviation Organization (ICAO) has long emphasized standards and recommended practices (SARPs) that ensure safety, security, efficiency, and environmental sustainability in aviation. Kenya, as a signatory state, has made commendable efforts through the Kenya Civil Aviation Authority (KCAA) to domesticate and enforce these standards across key areas such as air navigation services, airport operations, safety management systems (SMS), and environmental compliance. However, the translation of policy into practice has not been uniform. Variations in institutional capacity, funding constraints, and governance weaknesses have resulted in uneven implementation across airports and aviation projects. While some initiatives—such as the modernization of Jomo Kenyatta International Airport (JKIA) and the adoption of the ICAO State Safety Programme (SSP)—demonstrate significant progress, others continue to face challenges related to oversight, stakeholder engagement, and infrastructure readiness.

The following six case studies provide a detailed examination of how Kenya has applied, modified, or struggled to fully implement ICAO’s international aviation standards in practice. These examples span diverse aspects of aviation management—from safety and security compliance to environmental sustainability and user-centered design integration. Collectively, they offer valuable insights into the operational realities of Kenya’s aviation sector, highlighting both successful adaptations and systemic obstacles. Through these cases, it becomes evident that while Kenya’s aviation authorities are committed to international alignment, sustainable progress requires continuous investment in institutional capacity, stronger stakeholder collaboration, and consistent monitoring mechanisms to bridge the gap between policy intent and on-ground execution.
a) Wilson Airport – Urban Encroachment and Safety Risks
Wilson Airport, one of the busiest general aviation hubs in East Africa, has been significantly affected by unregulated urban development. High-rise buildings have been constructed within critical flight paths, violating ICAO’s obstacle limitation surfaces (OLS) guidelines under Annex 14 on Aerodromes (ICAO, 2024). This encroachment compromises both takeoff and landing safety margins and increases the risk of collisions, particularly under poor visibility or emergency scenarios. The situation underscores the lack of harmonization between aviation safety requirements and urban land-use planning regulations, especially at the county government level (Ngari & Mutua, 2024). It highlights the critical need for stricter enforcement of zoning laws around aerodromes.

b) Kenya Civil Aviation Authority (KCAA) – Institutional Reforms
Following the dissolution of the EAC in 1977, Kenya established the KCAA to provide autonomous oversight of civil aviation services. The formation of KCAA aligns with ICAO’s recommendation that States establish independent and adequately resourced regulatory bodies. Formalized under the Civil Aviation Act (CAP 394) and amended in 2016 to align with the Constitution of Kenya 2010, KCAA has since enhanced regulatory functions, licensing, surveillance, and policy formulation (Republic of Kenya, 2016). This reform demonstrates successful institutional adaptation of ICAO standards to the national context and has contributed to improved aviation safety oversight.

c) Use of Unmanned Aircraft Systems (UAS)
The rise in demand for drone services in Kenya has outpaced the development of a comprehensive regulatory framework. While ICAO has provided guidance for integrating Unmanned Aircraft Systems (UAS) into civil airspace, Kenya only began drafting UAS-specific regulations in the late 2010s. Prior to this, inconsistent licensing procedures and a lack of safety oversight posed significant operational risks. Though the KCAA has made strides by issuing interim regulations and engaging stakeholders, gaps remain in areas such as operator training, airspace integration, and public awareness (Kimeria et al., 2020). This case emphasizes the importance of forward-looking regulations to keep pace with technological innovation in aviation.

d) Moi International Airport – Safety Certification and Infrastructure Upgrades
Moi International Airport in Mombasa represents a success story in aligning infrastructure development with international aviation safety standards. Through support from ICAO and development partners, the airport underwent significant improvements, including runway rehabilitation, lighting upgrades, and enhanced emergency response systems. These enhancements allowed the airport to attain international safety certification, in compliance with ICAO Annexes 14 (Aerodromes) and 19 (Safety Management) (Agustini et al., 2021). The case illustrates the effectiveness of international collaboration in enabling developing countries to meet safety benchmarks and the role of financial and technical support in achieving compliance.

e) Jomo Kenyatta International Airport (JKIA) – Implementation of Safety Management Systems (SMS)
As the country’s primary international gateway, JKIA has been at the forefront of implementing ICAO's SMS. Through the KAA and under the regulatory oversight of KCAA, JKIA has adopted structured approaches to risk management, safety reporting, and internal audits. These efforts are in line with ICAO’s Annex 19 on Safety Management, leading to measurable reductions in safety-related incidents and improved coordination among airport stakeholders (ICAO, 2024). This case highlights the value of SMS in creating a safety-oriented culture and improving operational resilience in high-traffic airports.

f) Lokichoggio Airstrip – Gaps in Infrastructure and Regulatory Oversight
Located in northwestern Kenya, Lokichoggio Airstrip plays a critical role in humanitarian logistics and cross-border missions. However, the facility suffers from major infrastructure deficiencies, including poor runway conditions, inadequate perimeter fencing, and a lack of navigational and weather-monitoring equipment. These gaps make it non-compliant with ICAO standards for aerodrome safety and reflect a broader issue of uneven resource allocation between major airports and smaller regional airstrips (Quadros et al., 2022). The case calls attention to the importance of extending regulatory support and funding to underserved but strategically significant aviation facilities.
2.3.3.3 Summary of Lessons from the Case Studies
The six case studies provide a comprehensive overview of how Kenya has applied international aviation standards in different contexts. The key lessons include:
a. The need for integrated land-use planning to prevent safety violations near airports.
b. The value of autonomous and well-funded regulatory institutions in enforcing compliance.
c. The urgency of regulating emerging technologies such as drones.
d. The impact of international support on infrastructure development and certification.
e. The benefits of adopting structured safety management frameworks.
f. The imperative to invest in and regulate regional airstrips that serve critical functions.
These insights underscore the necessity for adaptive implementation of global standards, responsive to Kenya’s legal, socio-economic, and infrastructural conditions. Incorporating such localized strategies ensures that aviation safety, reliability, and sustainability goals are met without compromising operational realities.
Aviation standards provide a framework that promotes safety, efficiency, and compliance, which are essential foundations for long-term project sustainability in the aviation sector. Safety remains the central priority in global aviation, and aviation standards play a crucial role in promoting safe operations. Standards such as ICAO Annexes, Safety Management Systems (SMS), and IATA Operational Safety Audit (IOSA) procedures ensure risk management, incident prevention, and continuous safety improvement. Implementing safety standards reduces accidents, operational disruptions, and maintenance costs, thus improving sustainability. Projects that integrate safety frameworks early in planning and execution maintain stakeholder trust and service reliability, supporting long-term viability. Sustainable aviation projects rely on robust safety governance mechanisms to withstand regulatory audits and global operational requirements.
Safety standards support sustainability by minimizing operational risks, reducing long-term costs, and strengthening trust and reliability essential for continuous aviation operations. Environmental sustainability has become a major focus in aviation due to growing concerns around carbon emissions, energy consumption, and the environmental impacts of airport operations. ICAO’s Carbon Offsetting and Reduction Scheme for International Aviation (CORSIA), noise management standards, and green airport initiatives guide the adoption of eco-efficient technologies and renewable energy practices. Environmental standards help aviation projects reduce waste, optimize fuel consumption, manage emission levels, and promote responsible use of resources. Airports and airlines that adopt environmental compliance gain competitive advantage, global recognition, and long-term stakeholder support. Sustainable aviation infrastructure also enhances community acceptance, which is crucial for long-term progress and expansion.
Environmental standards enhance sustainability by reducing ecological impacts, promoting energy efficiency, and ensuring compliance with global climate goals, thereby improving long-term operational acceptance and resource security. Operational and service quality standards—such as ISO management systems, IATA service quality benchmarks, and airport performance standards—play a key role in project sustainability by promoting efficiency, consistency, and service excellence. These standards encourage continuous improvement, process optimization, and innovation in service delivery. When applied to aviation projects, they reduce operational waste, improve coordination, and ensure effective resource utilization. High-quality operational performance strengthens financial sustainability by increasing customer satisfaction, reducing downtime, and improving profitability. Standardized operational practices also support project repeatability and scalability, enabling airports and airlines to expand sustainably.
Operational and quality standards strengthen sustainability by improving efficiency, enhancing customer service, and reducing resource waste, contributing to long-term financial and operational performance. Aviation standards strengthen governance by ensuring compliance with national and international regulatory frameworks. Strong compliance systems enhance transparency, accountability, and stakeholder confidence. Sustainable aviation projects require the involvement of government bodies, airport authorities, airlines, local communities, and international partners. Standards guide clear accountability structures and monitoring processes that prevent mismanagement and project failure. They ensure that aviation projects are delivered ethically, safely, and within legal frameworks. Governance based on standards increases funding credibility and public trust, supporting project longevity beyond implementation.
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The literature indicates that User-Centered Design (UCD), Lean Thinking, and Project Sustainability are increasingly recognized as complementary frameworks that can improve long-term efficiency, relevance, and value. Studies such as León and Calvo-Amodio (2017) advocate for systems-thinking approaches that integrate Lean’s waste reduction principles with sustainability objectives, while Caldera et al. (2017) emphasize continuous improvement as a bridge between operational efficiency and environmental performance. However, these conceptual studies primarily focus on manufacturing and global industrial contexts, limiting their direct applicability to complex service-oriented sectors such as aviation. Unlike global manufacturing, Kenya’s aviation sector operates under constraints such as aging infrastructure, limited digital integration, and resource limitations, requiring contextualized frameworks that balance technical, human, and institutional considerations.
Despite broad agreement on Lean’s operational benefits, there is limited consensus on its contribution to sustainability across diverse sectors. León and Calvo-Amodio (2017) stress environmental and social outcomes, whereas Piercy and Rich (2015) focus narrowly on productivity and waste minimization. This divergence highlights a tension in the literature: Lean optimized for cost and time efficiency does not automatically ensure sustainable outcomes unless coupled with human-centered and ecological considerations. In aviation, where compliance, safety, and environmental stewardship are mandatory, Lean approaches that prioritize only efficiency may be inadequate. Thus, Lean must evolve to integrate user experience and environmental accountability, aligning short-term process gains with long-term system resilience.
The UCD literature centers on designing around user needs, improving system usability, satisfaction, and inclusivity. Allen (2022) proposes merging UCD with Lean to deliver adaptive, feedback-driven innovation. However, unlike Lean, most UCD studies focus on product and software design rather than aviation or infrastructure projects, creating a gap in understanding how user-driven insights can improve safety, accessibility, and passenger experience in developing-country airports. In Kenya, where passenger expectations prioritize affordability, safety, and reliability (Mwangi, 2021), integrating UCD principles could enhance both service perception and operational efficiency, yet without localized empirical evidence, the feasibility and impact remain speculative.
The literature also exposes inherent tensions between Lean and UCD. Lean emphasizes process simplification and efficiency, while UCD advocates iterative customization based on diverse user needs. This tension can complicate implementation in resource-constrained environments, where streamlined workflows may conflict with inclusive design processes. Moreover, sustainability research often underplays governance and stakeholder engagement, which are critical in aviation projects. Integrating Lean and UCD without strong institutional coordination risks achieving operationally efficient but socially disconnected systems. Therefore, successful adoption in Kenya requires harmonizing technical efficiency with participatory design and regulatory compliance.
UCD ensures relevance and adoption while Lean Thinking improves efficiency and resource utilization—both acting as foundational pillars for achieving long-term project sustainability. User-Centered Design emphasizes designing solutions based on the needs, expectations, and real-world behaviors of intended users. Rooted in human–computer interaction, UCD has evolved across sectors such as healthcare, education, infrastructure, and community development. UCD methods involve iterative engagement processes including interviews, prototyping, participation workshops, feedback loops, and usability testing. These practices enable designers and project managers to develop solutions that align closely with user priorities and contextual realities, reducing resistance and failure risks.
Empirical studies demonstrate both convergence and contradictions between Lean and sustainability objectives. While Lean contributes to cost reduction, waste elimination, and operational reliability (Piercy & Rich, 2015; Souza & Alves, 2018), its alignment with environmental, social, and long-term sustainability outcomes remains underexplored. Caldera et al. (2017) show Lean’s potential to support sustainability, yet their focus on manufacturing overlooks aviation-specific challenges such as safety audits, volatile fuel costs, and multi-stakeholder coordination. Unlike manufacturing, aviation projects operate in dynamic environments requiring strict adherence to regulations and high levels of stakeholder collaboration, indicating that Lean’s application in aviation must be adapted to maintain safety, compliance, and environmental goals.
Similarly, User-Centered Design (UCD) complements Lean methodologies by prioritizing human factors, usability, and active stakeholder participation throughout project lifecycles. While Lean focuses on eliminating waste, optimizing workflows, and improving operational efficiency, UCD emphasizes designing processes and services that are intuitive, accessible, and aligned with the needs of end users. Conceptual frameworks, such as Allen’s (2022) Lean–UCD integration model, highlight that coupling Lean’s process efficiency with continuous user feedback loops not only improves transparency and usability but also fosters higher levels of satisfaction among stakeholders. By systematically incorporating user perspectives into iterative design and operational cycles, organizations can better anticipate challenges, reduce errors, and deliver services that resonate with their intended beneficiaries.
However, the empirical validation of UCD within aviation contexts, particularly in developing countries, remains limited. While extensive research exists in software, healthcare, and product design, translating these principles to aviation—where operational complexity, safety requirements, and regulatory compliance are paramount—poses unique challenges. In the Kenyan aviation sector, implementing UCD could meaningfully enhance passenger experience, streamline check-in and boarding processes, and improve overall operational reliability. Despite this potential, practical studies and documented applications of UCD in Kenyan aviation are scarce, leaving a significant knowledge gap regarding context-specific adoption, feasibility, and impact.
Collectively, UCD and Lean constitute complementary pillars for advancing sustainable aviation projects. UCD contributes by ensuring that services are relevant, socially inclusive, and responsive to user needs, thereby facilitating adoption and stakeholder engagement. Lean, on the other hand, enhances operational efficiency, optimizes resource allocation, and streamlines workflows, contributing to cost reduction and process reliability. When integrated, these approaches can produce outcomes that are simultaneously user-centered and operationally efficient, promoting both immediate performance improvements and long-term sustainability.
Despite their potential synergy, adoption of integrated Lean–UCD frameworks in aviation faces several challenges. Capacity gaps in human resources, organizational resistance to participatory practices, and limited institutional support often hinder effective implementation. Moreover, cultural attitudes toward hierarchical decision-making and risk aversion may further impede iterative, feedback-driven approaches inherent in UCD. These barriers underscore the importance of tailored implementation strategies that consider local operational realities, workforce capabilities, and regulatory environments.
The literature consistently emphasizes the need for empirical research that validates the integration of Lean and UCD in aviation, particularly within resource-constrained settings. Context-specific studies are essential to determine best practices, identify operational bottlenecks, and quantify the benefits of user-centered, efficiency-driven interventions. In doing so, aviation stakeholders—including regulators, operators, and service designers—can develop evidence-based strategies that balance efficiency, usability, and stakeholder satisfaction, ultimately contributing to sustainable and resilient aviation systems.
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The integration of User-Centered Design (UCD), international aviation standards, and sustainability principles represents a crucial frontier for achieving efficiency, safety, and long-term resilience in modern aviation systems. UCD focuses on designing solutions around the actual needs and experiences of users—passengers, flight crews, maintenance teams, and air traffic controllers—thereby enhancing usability, operational reliability, and safety outcomes. In developed aviation contexts, such as those examined by Norman (2019), UCD has been shown to improve cockpit interface usability, reduce human error, and streamline passenger experiences. However, these benefits are often derived from high-resource environments with advanced digital infrastructure and well-established design cultures. In Kenya, the aviation sector faces challenges such as inconsistent infrastructure quality, limited user testing in system design, and insufficient technical training (Mwangi, 2021). This gap underscores the importance of adapting UCD principles to fit Kenya’s operational realities, where systems must be intuitive, cost-efficient, and contextually responsive to users with diverse technological familiarity levels.
From a sustainability perspective, studies like Alabi et al. (2021) emphasize the adoption of environmentally conscious engineering methods, such as sustainable runway construction materials and energy-efficient airport operations. However, these initiatives are often modeled on high-capacity airports in developed economies, where resource availability and institutional capacity differ significantly from Kenya’s context. Many local airports face funding shortfalls, inconsistent maintenance schedules, and difficulties integrating green technologies into aging infrastructure. Consequently, the implementation of such sustainability standards requires phased adaptation that aligns with Kenya’s budgetary and institutional capabilities. Without this contextualization, sustainability strategies risk becoming aspirational rather than actionable. Thus, while UCD-driven design and sustainability frameworks share common goals of efficiency and resilience, Kenya’s success in this domain depends on embedding these frameworks within feasible, locally owned operational models.
In addition, Gan et al. (2023) underscore the transformative potential of Sustainable Aviation Fuel (SAF) in reducing carbon emissions and advancing global sustainability commitments. Yet, for Kenya, SAF adoption faces substantial barriers, including dependence on imported jet fuel, high production costs, and regulatory inertia in establishing quality and blending standards. These constraints highlight the broader challenge of implementing global aviation sustainability standards in resource-limited contexts. While international standards—such as those from the International Civil Aviation Organization (ICAO)—provide a structured framework for compliance and performance, their practical realization requires institutional alignment, technical training, and private-sector collaboration. Integrating UCD within these sustainability efforts can ensure that system users—pilots, engineers, and operators—are central to decision-making, facilitating smoother transitions toward greener and more efficient aviation systems.
Ultimately, the literature reveals that the convergence of UCD, aviation standards, and sustainability offers a multidimensional pathway to improving Kenya’s aviation performance, but its realization demands contextual adaptation. Kenya’s aviation sector must develop localized frameworks that combine global best practices with user-driven insights and feasible sustainability strategies. Such integration would enhance not only operational efficiency but also social inclusion, environmental stewardship, and long-term institutional resilience. Future research should thus focus on empirical case studies that examine how UCD can be systematically embedded into aviation infrastructure projects, ensuring compliance with global standards while addressing Kenya’s unique financial, regulatory, and cultural challenges. This localized, user-centered approach represents the most viable route toward achieving sustainable aviation systems tailored to Kenya’s developmental realities.
Research on sustainable aviation increasingly identifies regulatory compliance as a foundational element for project sustainability and operational longevity. Husain and Rahman (2022) critically examine the global evolution of drone regulation, revealing that robust legal frameworks enhance safety and accountability but also introduce complexity when balancing the interests of multiple stakeholders—governments, operators, and the public. While their findings underscore the value of regulation as a sustainability driver, their analysis draws heavily from developed nations with mature regulatory systems and well-resourced aviation authorities. This limits its direct applicability to Kenya, where drone operations remain under-regulated, and enforcement capacity is uneven across regions. Similarly, Hendra et al. (2023) explore governance networks in aviation safety, emphasizing coordination and transparency as key factors for long-term regulatory effectiveness. Their large-scale European case studies, however, presuppose institutional robustness and financial resources that may not align with Kenya’s resource-constrained governance structures. Conversely, Kareng (2020) offers an Africa-centered exploration of airspace law and regulatory harmonization, which more accurately reflects Kenya’s contextual realities. Nonetheless, his work lacks empirical grounding, relying on legal theory rather than field data. The divergence across these studies indicates that Kenya’s aviation policy framework should not merely adopt global templates but hybridize international best practices with localized oversight mechanisms, particularly in areas where User-Centered Design (UCD) intersects with regulatory implementation. Doing so can ensure sustainability outcomes that are practical, inclusive, and sensitive to the country’s institutional capacity.
Further insight into this balance comes from aviation law and policy studies, which reveal how governance and sustainability can reinforce one another when effectively aligned. Dwivedi (2023) provides a detailed examination of India’s aviation legal framework, showing how strict enforcement and clear accountability structures drive compliance and operational safety. However, direct application of such a model in Kenya may be constrained by weaker institutional capacity and fragmented inter-agency coordination (Ochieng, 2022). Similarly, Klenka (2017) explores state obligations under international aviation law, emphasizing environmental protection and emissions reduction as core compliance dimensions under ICAO standards. While this aligns with global sustainability ambitions, it lacks discussion on integrating UCD principles—which are critical for ensuring that legal compliance translates into efficient, user-friendly, and adaptive aviation systems. Overreliance on formal compliance, without considering the human-system interface, risks producing “technically compliant” systems that remain operationally inefficient or user-unfriendly. Therefore, Kenya’s aviation regulators should adopt a dual governance focus: ensuring adherence to ICAO’s safety and environmental mandates while embedding UCD methodologies into operational and design processes. Such integration would transform compliance from a procedural obligation into a driver of human-centered sustainability, enhancing both performance and resilience across Kenya’s aviation infrastructure.
Despite significant global progress in integrating User-Centered Design (UCD), aviation standards, and sustainability, substantial research and implementation gaps persist, particularly in African contexts. Most existing literature—such as Alabi et al. (2021) and Gan et al. (2023)—focuses heavily on technical sustainability measures like sustainable materials and fuels, yet often neglects how these innovations interact with user experience and operational processes. Conversely, works by Norman (2019) and Husain and Rahman (2022) emphasize human-centered safety and usability, but give limited attention to environmental and economic sustainability, both of which are critical in the aviation industry. This fragmented treatment of UCD and sustainability leads to a lack of integrated frameworks that account for technical, environmental, and human factors simultaneously. In Kenya, where aviation operations face infrastructural deficits, skill shortages, and regulatory inconsistencies, applying such disjointed models risks inefficiencies and implementation failure.
A key issue underpinning this gap is the geographical and contextual bias of current empirical studies. Much of the evidence on UCD and aviation sustainability comes from high-income countries with advanced technological infrastructure, stable regulatory regimes, and strong institutional capacities. These conditions differ sharply from Kenya’s resource-constrained aviation ecosystem, where digital infrastructure, maintenance systems, and stakeholder engagement mechanisms remain underdeveloped. Consequently, the external validity of findings from Western or Asian aviation studies is limited, as they may overlook the adaptive strategies necessary to function within Kenya’s unique operational and cultural contexts. Moreover, the absence of locally grounded data restricts policymakers and aviation authorities—such as the Kenya Civil Aviation Authority (KCAA) and Kenya Airports Authority (KAA)—from formulating evidence-based, user-focused, and sustainable aviation policies.
Bridging this knowledge gap requires Kenyan-based empirical research that systematically evaluates how UCD-aligned aviation standards influence project sustainability across different operational domains, including airports, air traffic management, and maintenance hubs. Such research should integrate local stakeholder perspectives, including those of pilots, passengers, engineers, and regulators, to ensure inclusivity and contextual accuracy. It must also examine how cost structures, regulatory compliance, and technological adoption rates shape the success of sustainable aviation initiatives. By grounding UCD principles in Kenya’s real-world aviation conditions, future research can yield context-specific frameworks that enhance efficiency, improve user satisfaction, and strengthen regulatory compliance—ultimately driving the sustainable transformation of Kenya’s aviation industry.
Project sustainability in aviation depends on both relevance to users and alignment with required safety and regulatory frameworks. UCD and aviation standards collectively provide a foundation for long-term operational and development success. User-Centered Design (UCD) is an approach that prioritizes the needs, preferences, experiences, and expectations of end users throughout the design and implementation process. In aviation, UCD has become a key methodology for designing airport infrastructure, digital systems, passenger experience processes, aircraft interiors, and safety innovations. By incorporating user feedback, iterative prototyping, and participatory engagement, UCD ensures that solutions reflect actual user challenges rather than assumptions. This results in increased acceptance, reduced operational resistance, and improved system usability.
One of the major causes of aviation project failure is the exclusion of key stakeholders such as pilots, engineers, passengers, technicians, ground staff, and regulators in the planning process. When these groups are actively involved, they develop ownership, trust, and commitment to sustain the project beyond implementation. UCD also improves accessibility and inclusiveness—ensuring that solutions meet the needs of diverse user groups including persons with disabilities, elderly passengers, and marginalized populations. Social sustainability is strengthened when aviation systems are inclusive, equitable, and user-friendly. Additionally, UCD reduces the risk of costly redesigns and project abandonment by detecting usability problems early. This supports economic and operational sustainability by minimizing waste and resource losses typically associated with poorly adopted aviation solutions.
UCD enhances sustainability by improving relevance, usability, and acceptance, strengthening stakeholder ownership, reducing resistance, and preventing costly redesigns, which collectively support long-term aviation project viability. Aviation standards are formal regulations and guidelines that ensure safety, efficiency, environmental responsibility, transparency, and uniformity in aviation operations globally. Key institutions such as the International Civil Aviation Organization (ICAO), the International Air Transport Association (IATA), and national aviation authorities establish these standards to govern operations, infrastructure development, maintenance practices, and environmental performance. Aviation projects that adhere to standards achieve higher levels of reliability, safety compliance, operational efficiency, and community acceptance.
Safety standards such as ICAO Annexes, Safety Management Systems (SMS), and IATA Operational Safety Audit (IOSA) frameworks reduce accidents, risks, and operational disruptions. These frameworks establish clear safety protocols, performance monitoring mechanisms, and preventative systems that protect people and infrastructure. Sustainable projects must demonstrate long-term safety performance, making standards essential for resilient functionality. Environmental sustainability standards, such as ICAO’s CORSIA for carbon reduction, noise pollution regulations, and green airport strategies, support environmentally conscious development. Meeting these standards improves resource efficiency, reduces emissions and waste, and aligns aviation projects with international climate objectives. Environmental compliance improves public trust and supports expansion and modernization projects. Operational and quality standards ensure consistent service levels and continuous improvement. Standards-based governance enhances transparency and accountability, which strengthens stakeholder confidence, funding eligibility, and long-term project acceptance.
Although UCD and aviation standards are distinct, their integration creates powerful advantages for enhancing sustainability in aviation projects. UCD ensures that solutions meet the needs of users, while aviation standards ensure that those solutions are safe, compliant, and reliable. When both approaches work together, aviation projects achieve optimal balance between user satisfaction and regulatory rigor.
Integration enables structured decision-making where user feedback informs design, while standards guide process efficiency, risk control, and lifecycle management. For example, designing airport digital systems such as check-in automation or biometric security benefits from UCD research, while safety and cybersecurity standards ensure secure and compliant systems. Similarly, infrastructure developments designed with UCD principles improve passenger experience and accessibility, while environmental and safety standards ensure long-term sustainability. This combined approach reduces project risks, enhances innovation, increases stakeholder engagement, and allows systems to evolve alongside changing user expectations and regulatory demands. It also improves financial sustainability by aligning investment with actual usage needs and reducing waste. Integrating UCD with aviation standards enhances sustainability by merging user relevance with regulatory compliance, supporting effective adoption, long-term safety, and efficient resource utilization.
[bookmark: _Toc203852155][bookmark: _Toc215662263][bookmark: _Hlk214022711]2.3.6 User-Centered Design, Lean thinking, Aviation Standards and Project Sustainability
Integrating User-Centered Design (UCD), Lean Thinking, aviation standards, and project sustainability is essential for achieving efficiency, safety, and long-term resilience in aviation operations. UCD focuses on designing systems around the real needs of users—passengers, flight crews, and maintenance personnel—enhancing usability, reducing human error, and improving overall satisfaction (Norman, 2013). When users are actively engaged in the design process, aviation systems become more intuitive and responsive, leading to safer and more reliable outcomes. Complementing UCD, Lean Thinking emphasizes continuous improvement and the elimination of inefficiencies, a principle that has proven effective in optimizing maintenance, logistics, and service delivery in aviation contexts (Smith, 2018). However, while Lean has demonstrated remarkable success in Western aviation, its transferability to Kenya faces obstacles such as limited technological infrastructure, fragmented coordination among stakeholders, and cultural resistance to change (Mwangi, 2021). These challenges highlight the need for adaptive strategies that align Lean principles with Kenya’s operational realities.
Equally important, international aviation standards—particularly those developed by the International Civil Aviation Organization (ICAO)—provide a regulatory framework that ensures global safety, quality, and environmental compliance. ICAO’s Annexes outline best practices for operations, personnel licensing, airworthiness, and environmental protection (ICAO, 2022). Yet, in Kenya, full implementation remains constrained by financial and institutional limitations, including inadequate monitoring capacity, outdated equipment, and inconsistent enforcement mechanisms (KCAA, 2020). As a result, while Kenya’s aviation sector continues to expand, gaps persist in aligning international standards with domestic operational capabilities. These disparities underscore the importance of localizing global standards through stakeholder consultation, capacity building, and phased implementation strategies that account for Kenya’s resource constraints.
Sustainability practices—such as energy-efficient airport design, waste reduction, and renewable energy adoption—have become cornerstones of modern aviation, contributing to reduced carbon emissions and enhanced social responsibility (Baxter, 2021). However, Kenya’s progress in integrating sustainability into aviation infrastructure has been slow, mainly due to limited funding, weak policy incentives, and insufficient technical expertise. To ensure long-term viability, the integration of UCD, Lean Thinking, and aviation standards must be adapted to Kenya’s context through multi-stakeholder collaboration, strategic investment, and institutional reforms. This localized approach will enable Kenya to not only comply with international standards but also build a resilient aviation ecosystem that is efficient, user-focused, and environmentally sustainable.
Studies on sustainability in transportation provide critical insights into how environmental, economic, and social dimensions can be balanced to enhance long-term sectoral viability. However, these studies vary widely in their scope, methodology, and regional focus, making direct comparisons or applications challenging. For instance, Sreenath et al. (2021) adopted qualitative interviews to assess sustainability practices in ASEAN airports, emphasizing stakeholder experiences and institutional barriers. In contrast, Chen et al. (2022) employed quantitative statistical models to evaluate aviation innovation within the G7 economies, focusing on measurable indicators such as fuel efficiency and emission reduction. Qualitative approaches excel in capturing human perceptions, governance dynamics, and contextual subtleties, yet they often suffer from limited generalizability. Conversely, quantitative methods offer broader scalability and replicability but may overlook nuanced operational and cultural realities that shape sustainability outcomes. For Kenya’s aviation sector, a mixed-methods approach that integrates both perspectives could provide a more comprehensive understanding, allowing for evidence-based policymaking that reflects both statistical rigor and contextual depth (Omondi, 2022).
Globally, research underscores the importance of stakeholder engagement in advancing sustainability within the transport and aviation sectors. Al Sarrah et al. (2021) demonstrated that inclusive stakeholder collaboration enhances policy coherence, transparency, and accountability in aviation sustainability initiatives. However, Kenya’s aviation industry has struggled with maintaining consistent stakeholder participation due to fragmented governance structures, overlapping institutional mandates, and weak coordination between regulatory bodies (Mutua, 2023). These governance gaps impede the effective translation of sustainability frameworks into actionable practices. Addressing these structural challenges requires governance reforms that strengthen institutional integration, promote participatory decision-making, and enhance accountability mechanisms. This would not only facilitate better stakeholder cooperation but also ensure that sustainability initiatives are informed by the diverse perspectives of regulators, operators, communities, and investors.
Several key studies, such as those by Amicareli et al. (2021) and Alamoush et al. (2021), have highlighted the role of sustainability metrics and performance indicators in advancing transportation resilience. These studies connect operational practices in airlines and ports with the United Nations Sustainable Development Goals (SDGs), demonstrating that integrating environmental, economic, and social metrics enhances overall sectoral sustainability. However, these findings are often region-specific, focusing primarily on developed economies with advanced infrastructures and policy enforcement systems. This makes their direct application to developing nations, including Kenya, problematic. For instance, Baxter’s (2021) analysis of Sydney Airport’s carbon neutrality program presents an ideal model for airport sustainability, but Kenya’s aviation sector lacks comparable access to renewable energy technologies and consistent funding mechanisms to replicate such initiatives effectively.
Similarly, studies such as Ashrafi et al. (2019), which evaluated maritime sustainability practices in North America, provide valuable frameworks for measuring environmental impact and corporate accountability. Nonetheless, these frameworks operate within regulatory environments characterized by stringent enforcement, higher investment in green technologies, and mature compliance cultures, unlike Kenya’s aviation context (KCAA, 2020). Kenya’s regulatory institutions, while aligned with ICAO standards, face challenges in enforcement capacity, funding, and technical expertise, limiting the consistent application of international sustainability benchmarks. Therefore, while global models offer conceptual guidance, Kenya must design localized sustainability indicators that reflect its infrastructure realities, financial constraints, and institutional capacity to ensure meaningful and feasible implementation.
To strengthen Kenya’s aviation sustainability framework, future research should prioritize contextual adaptation rather than direct replication of Western methodologies. This means developing performance metrics that are compatible with Kenya’s economic and infrastructural landscape, such as metrics focused on energy efficiency in smaller airports, cost-effective waste management systems, and incremental carbon reduction goals. Incorporating participatory evaluation mechanisms involving airport authorities, regulators, and local communities would enhance ownership and accountability, ensuring that sustainability is not only a technical goal but also a socio-economic commitment. Moreover, capacity-building programs targeting aviation personnel and policymakers would help bridge the existing knowledge gap and foster a culture of innovation and environmental stewardship across all levels of the industry.
International studies on sustainable transportation and aviation provide valuable theoretical and empirical insights, Kenya’s aviation sector requires a localized, adaptive approach that integrates user engagement, institutional reform, and context-specific sustainability indicators. This integration should be supported by mixed-methods research to capture both the quantitative dimensions of performance and the qualitative realities of stakeholder dynamics. Strengthening governance coordination, aligning sustainability initiatives with national development goals, and promoting public-private partnerships are essential steps toward achieving long-term environmental and operational sustainability. Ultimately, sustainable aviation in Kenya depends not on wholesale adoption of global models, but on their strategic adaptation to local realities—balancing international standards with the country’s unique socio-economic, infrastructural, and policy environments.
Despite the expanding body of literature on aviation sustainability, significant research gaps persist in the integration of User-Centered Design (UCD), Lean Thinking, and aviation standards within sustainability frameworks—particularly in Sub-Saharan African contexts. Much of the existing research focuses on individual sustainability dimensions such as fuel efficiency, renewable energy use, or airport infrastructure design, without examining how these elements interact holistically to influence operational efficiency and user experience (Gan et al., 2023). This siloed approach limits the capacity of policymakers and practitioners to understand how integrating UCD and Lean Thinking with global aviation standards can drive both short-term operational gains and long-term sustainability outcomes. For Kenya, where aviation operations are shaped by constrained resources, evolving infrastructure, and varying regulatory capacity, a holistic, systems-based perspective is vital for developing solutions that are both feasible and scalable within local realities.
Furthermore, the lack of longitudinal studies remains a major limitation in current research. Most existing works rely on cross-sectional analyses that assess sustainability interventions or design innovations at a single point in time, offering limited insight into their long-term impact on safety, efficiency, and environmental performance (Husain & Rahman, 2022). Aviation systems, by nature, evolve continuously as technologies, user needs, and regulatory standards change, requiring research designs capable of tracking these dynamics over extended periods. In Kenya, longitudinal approaches could illuminate how sustained implementation of UCD and Lean Thinking affects not only immediate operational efficiency but also the resilience and adaptability of aviation infrastructure in the face of environmental and technological shifts. Without such data, sustainability initiatives risk being reactive and fragmented rather than strategically aligned with long-term development objectives.
Sustainability in aviation projects depends on the careful alignment of user needs, operational efficiency, and regulatory compliance. Internationally recognized approaches—User-Centered Design (UCD), Lean Thinking, and Aviation Standards—each contribute distinct but complementary benefits to project sustainability. UCD focuses on engaging end-users throughout the project lifecycle to ensure solutions reflect actual behaviors, needs, and expectations. In aviation, this applies to airport infrastructure, aircraft systems, digital platforms, and passenger service initiatives. Participatory methods—such as prototyping, feedback sessions, and iterative testing—minimize design errors, enhance accessibility, and improve inclusivity (Norman & Draper, 1986).
UCD strengthens sustainability by fostering ownership, trust, and long-term stakeholder engagement. Projects that actively involve users achieve higher adoption rates, reduce costly redesigns, and promote social inclusion by integrating perspectives of marginalized groups, staff, and passengers. Economically, UCD improves efficiency by identifying workflow and usability challenges early, while socially, it ensures equitable participation, enhancing project legitimacy and acceptance.
Lean Thinking, derived from the Toyota Production System, emphasizes maximizing value and minimizing waste through principles such as value stream mapping, Kaizen (continuous improvement), 5S (workplace organization), and Just-in-Time operations (Womack & Jones, 1996). In aviation, Lean optimizes airport management, aircraft maintenance, and service delivery, reducing bottlenecks, improving resource allocation, and lowering operational costs. Continuous improvement embedded in Lean enables projects to adapt to evolving technological, regulatory, or user demands, strengthening long-term resilience. Additionally, Lean supports environmental sustainability through energy efficiency, waste reduction, optimized fuel usage, and green infrastructure practices.
While both UCD and Lean contribute to sustainability, tensions exist between the two approaches. Lean prioritizes efficiency and standardized workflows, whereas UCD emphasizes iterative customization to meet diverse user needs. In resource-constrained environments like Kenya’s aviation sector, these approaches can conflict: optimizing processes for speed may inadvertently limit user involvement, while extensive participatory design can slow operations. Reconciling this tension requires context-sensitive frameworks that balance process efficiency with human-centered adaptability.
Aviation standards—set by organizations such as ICAO, IATA, and national aviation authorities—establish the regulatory foundation for safety, quality, operational efficiency, and environmental compliance. Compliance ensures safe, reliable, and internationally aligned operations, reducing disruptions, enhancing stakeholder confidence, and promoting sustainable governance. Standards such as ICAO Annexes, IATA Operational Safety Audits (IOSA), and CORSIA for carbon offsetting reinforce safety, operational reliability, and environmental responsibility. Yet, the literature shows a gap between awareness and consistent application, particularly in developing-country contexts, due to institutional weaknesses, resource constraints, and limited technical capacity.
Integrating UCD, Lean Thinking, and Aviation Standards offers a holistic pathway to sustainability. UCD ensures user relevance and social inclusivity, Lean drives efficiency and resource optimization, and aviation standards enforce safety, regulatory compliance, and environmental stewardship. Together, these approaches enhance economic, social, and environmental sustainability: economically, by reducing costs and improving operational efficiency; socially, by engaging users and fostering equitable participation; environmentally, by promoting responsible resource use, emissions reduction, and waste minimization.
However, the literature highlights contextual challenges and research gaps. Studies from high-income countries often assume stable governance, advanced infrastructure, and sufficient financial resources, which are not always present in Kenya’s aviation sector. Budgetary limitations, workforce skill gaps, and inconsistent policy enforcement can hinder Lean adoption and limit the feasibility of UCD feedback loops. Unlike developed-country settings, Kenya requires localized, adaptive frameworks that reinterpret global standards to its socio-economic, infrastructural, and institutional realities.
Finally, bridging these gaps demands multi-level collaboration among regulators, academia, private sector actors, and civil society. Effective integration of UCD, Lean, and aviation standards relies on aligning policy, practice, and capacity-building, supported by participatory evaluation, transparent data sharing, and stakeholder engagement. Partnerships between Kenyan institutions and global aviation bodies can further facilitate technical guidance and knowledge transfer. By combining innovation, inclusivity, and evidence-based policymaking, Kenya’s aviation sector can evolve toward sustainable, user-centered, and globally compliant projects that meet both national development priorities and international aviation standards.
[bookmark: _Toc203852156][bookmark: _Toc215662264]2.4 Summary of Literature Review
Table 2.2 shows a summary of research gaps based on review of literature.
	Variable
	Author (Year)
	Focus of the Study
	Methodology
	Findings
	Knowledge gaps

	[bookmark: _Hlk99696367]User Centred Design

	Signoretti et al., (2020)
	Combination of UCD and lean on software development.
	Case study design was employed. Data was collected from two teams undertaking experiments and Data analysis by content analysis.
	Products developed by
problem-oriented mindset will promote usability and acceptability
	This study was based in a university lab located and Brazil. Hence it lacks credibility. The new study will be based in Kenya and will be conducted in a real aviation environment and will be a survey. A mixed method will be employed. 

	
	Yıldız (2024)

	Advancing Aviation Through HCI

	Descriptive Design was employed explains several aspects of HCI. Sample and method of data collection is not provided. 
	Human-Computer Interaction (HCI) enhances safety and, efficiency
	The study location is unspecified; however, the new research will take place in Kenya. A cross-sectional design will be utilized, incorporating Mixed Methods 

	Aviation Standards 

	Pittini and Kourousis (2023).
	Harmonizing and standardizing military airworthiness in Europe
	Descriptive Design was employed and was based on military aviation. The study was also based Europe. Secondary data was used in the study.
	Increased cooperation among national MAAs can be accomplished by standardizing regulatory structures.
	This study will adopt a cross-sectional design and will be conducted in Kenya, utilizing primary data from civil aviation related projects

	Variable
	Author (Year)
	Focus of the Study
	Methodology
	Findings
	Knowledge gaps

	Aviation Standards
	Samuels (2022). 

	SMS and safety culture 
	Correlational design to examine the relationship between SMS and culture in America.
	An SMS reflects an organization's safety commitment, risk management practices, and its ability to share institutional knowledge across 
	Cross-sectional design will be employed and will investigate aviation standard in relation aviation projects in Kenya. 

	Lean Thinking

	Chandler et al., (2020). 

	Lean and maintenance operations.
	A case study was carried out in a single project based in America on lean.
	The study revealed a significant reduction when implementing lean thinking principles.
	The current study will employ cross-sectional design and will involve several projects in the aviation industry. 

	Lean Thinking

	de Oliveira et al., (2020). 

	Lean and agile project management
	Literature review methodology was employed, using bibliometric analysis of networks generated. Secondary data was employed in this study. 
	Agile Project Management is increasingly adopted, yet Lean Project Management encounters challenges in expanding its usage beyond the construction industry.
	The study current study will investigate different types of aviation projects beyond the construction. The study will employ cross-sectional design 

	[bookmark: _Hlk99983330]Sustainability of aviation projects
	Al Sarrah et al., (2021). 

	Sustainability civil aviation sector in 
	A case study was employed, and qualitative data was collected through multiple focus groups
	Scarcity of sustainability awareness and knowledge within aviation
	The current study will employ a cross-sectional in Kenya Airports and other aviation organizations. 

	
	Baxter (2021)

	Carbon neutral airport operations by 2025
	The study employed a case study research design and collected qualitative only. The study was based in Sydney Airport.
	Sydney Airport has adopted initiatives to reduce carbon become carbon neutral, with a consistent decrease in emissions intensity per passenger over the studied years.
	The current study will employ a cross-sectional study collecting both qualitative and qualitative data in Kenya. Further, the study will investigate other area aviation in addition to the emission at airports. 


Although User-Centered Design (UCD), Lean Thinking, and aviation standards have each been explored extensively in their respective domains, there remains a notable gap in scholarship regarding their systematic integration within aviation project management—particularly in developing-country contexts such as Kenya. Most existing studies examine these frameworks in isolation, leading to fragmented understanding and missed opportunities for synergy. For example, Lean Thinking has been applied successfully in Western aviation systems to streamline operations and minimize waste, yet these applications typically assume the presence of advanced digital infrastructure, data analytics systems, and a highly skilled workforce—conditions that are often limited or inconsistent in developing economies. Similarly, UCD principles, though widely applied in user experience design for consumer technology and service industries, are underutilized in aviation environments where safety, reliability, and regulatory compliance are paramount. This lack of cross-framework integration constrains innovation, as UCD’s human-centered insights could enhance Lean’s process efficiency, while Lean’s structured methodologies could operationalize UCD insights within aviation’s complex, safety-critical systems.
Furthermore, aviation standards, such as those established by the International Civil Aviation Organization (ICAO), are typically viewed through a compliance-driven lens rather than as dynamic tools for design and management innovation. In many cases, adherence to these standards in Kenya is treated as a procedural obligation instead of being embedded into project planning, stakeholder engagement, and continuous improvement processes. This static interpretation limits the potential for these standards to inform adaptive decision-making and promote sustainability in practice. For instance, integrating ICAO’s safety management systems with Lean process optimization and UCD feedback mechanisms could foster a more proactive, evidence-based approach to aviation project management—enhancing both safety and efficiency. However, realizing this potential requires contextual adaptation that accounts for Kenya’s institutional capacity, regulatory maturity, and infrastructural realities. 
A coherent integration of UCD, Lean Thinking, and aviation standards would thus not only strengthen compliance but also transform h This study addresses critical gaps in aviation project management research by offering an integrated framework that unites User-Centered Design (UCD), Lean Thinking, and aviation standards as complementary rather than parallel systems. The first contribution lies in advancing an integrated model that connects human-centered design, process efficiency, and regulatory compliance into a single, adaptive framework. Rather than treating these domains as distinct, the model demonstrates how UCD’s focus on user needs can inform Lean’s pursuit of process optimization and how both can reinforce aviation standards’ emphasis on safety, reliability, and sustainability. This integration ensures that aviation projects are not only efficient but also inclusive and compliant with both local and international mandates. By aligning these dimensions, the framework supports a holistic approach to project design, execution, and evaluation that strengthens Kenya’s ability to achieve sustainable aviation development.
Secondly, the study grounds this integrated model within the developing-country aviation context, recognizing that Kenya’s aviation industry operates under constraints such as limited resources, aging infrastructure, fluctuating regulatory enforcement, and skill shortages. Unlike developed economies where Lean and UCD practices are supported by advanced technologies and stable governance systems, Kenya’s environment necessitates flexible, context-sensitive applications. The study, therefore, adapts Lean tools and UCD methodologies to settings with lower automation, intermittent data availability, and evolving oversight mechanisms. This contextualization ensures the framework’s realism and applicability, positioning it as a model for adaptive management rather than the wholesale importation of foreign strategies that may not align with Kenya’s institutional and infrastructural capacities.
Thirdly, the research applies the integrated framework to Kenya’s aviation sector, generating both context-specific and generalizable insights. Through empirical engagement with Kenya’s airports, regulatory bodies, and service providers, the study identifies practical pathways for improving efficiency, user satisfaction, and compliance under real-world constraints. Lessons drawn from Kenya’s experience—such as balancing international aviation mandates with local resource realities—offer transferable insights for other developing countries in Africa and beyond. The study thereby contributes to both theory and practice by producing actionable knowledge that helps resource-limited aviation systems evolve toward sustainable, user-centered, and compliant operations.
In addition, this research builds upon emerging global discourse emphasizing the need for integrated management approaches in aviation sustainability. For example, Brodzik et al. (2025) highlight how the adoption of sustainable aviation fuels (SAF) and hydrogen technologies requires management models capable of balancing innovation, operational efficiency, and safety compliance. By situating its integrated framework within Kenya’s aviation ecosystem, the study demonstrates how such global innovations can be aligned with local user experiences, resource availability, and institutional capacity. This approach provides a pragmatic response to the increasing complexity of aviation management in developing contexts, where rapid modernization must coexist with systemic constraints.
Ultimately, this study contributes a dual advancement conceptual and practical—to the field of aviation project management. Conceptually, it enriches academic understanding by articulating a cohesive framework that synthesizes UCD, Lean, and aviation standards into a unified sustainability model. Practically, it provides a structured pathway for policymakers, engineers, and aviation managers to implement sustainable, user-informed, and regulation-aligned practices in Kenya and similar contexts. By bridging theory and implementation, the study reinforces that true sustainability in aviation requires not just compliance with global standards but also responsiveness to human needs and contextual realities a balance essential for the long-term viability of aviation infrastructure in developing economies. 
Table 2.3: Mapping the Relationships and Gaps between UCD, Lean Thinking, and Aviation Standards 
	Dimension
	User-Centered Design (UCD)
	Lean Thinking
	Aviation Standards
	Relationships / Overlaps
	Identified Gaps

	Core Focus
	Prioritizes end-user experience, usability, and human-system interaction.
	Emphasizes efficiency, waste elimination, and value creation.
	Ensures safety, compliance, and operational consistency.
	All aim to enhance overall system performance through continuous improvement.
	Limited integration showing how user needs, efficiency, and safety can be balanced simultaneously.

	Primary Domain of Application
	Consumer products, UX design, service systems.
	Manufacturing, maintenance, logistics.
	Aviation operations, maintenance, safety management.
	Lean tools (e.g., value stream mapping) can complement UCD’s iterative design cycles.
	UCD underrepresented in aviation, especially in regulatory and infrastructure planning contexts.

	Methodological Approach
	Iterative, participatory, human-centered.
	Systematic, data-driven, process-centered.
	Prescriptive, standard-based, compliance-driven.
	Lean and UCD share iterative improvement logic; Standards can provide a structured framework for this integration.
	Standards often viewed as rigid compliance checklists rather than dynamic design inputs.

	Intended Outcomes
	Usability, satisfaction, accessibility.
	Efficiency, reduced waste, cost-effectiveness.
	Safety, reliability, regulatory compliance.
	Integration could yield holistic performance—safe, efficient, and user-adaptive systems.
	Few frameworks explore synergy between human factors, lean efficiency, and regulatory standards.

	Key Barriers in Developing Contexts
	Limited UX research culture, resource constraints, low stakeholder engagement.
	Lack of skilled manpower, poor data infrastructure.
	Evolving regulatory frameworks, uneven enforcement capacity.
	Integrated approach can optimize scarce resources through participatory, efficient, and compliant design.
	Little empirical validation of integration models in resource-constrained aviation sectors.

	Potential Integration Mechanism
	Human-centered requirements feed into Lean process design, which operates within Standard compliance frameworks.
	Lean provides process efficiency for implementing UCD insights.
	Standards ensure that Lean-UCD integration aligns with safety and compliance.
	Mutual reinforcement among the three can improve sustainability and project outcomes.
	Need adaptive models tailored to developing-country infrastructure and institutional capacity.
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2.5 Conceptual Framework 
The proposed conceptual framework establishes a clear causal link between User-Centered Design (UCD) and the sustainability of aviation projects, positioning UCD as the independent variable and sustainability as the dependent variable. UCD emphasizes designing systems and processes that respond directly to the needs of key aviation stakeholders—passengers, flight crews, maintenance staff, and regulators. When effectively applied, UCD enhances usability, safety, and efficiency, which are essential components of sustainability. The framework assumes that any improvement or deviation in UCD practices, such as user involvement, feedback integration, or human factors consideration, directly influences the overall sustainability of aviation projects by shaping design effectiveness, resource utilization, and long-term system resilience. This relationship underscores the pivotal role of human-centered innovation in ensuring that aviation infrastructure and technology evolve in harmony with user needs and operational realities.

The inclusion of Aviation Standards as a mediating variable strengthens this relationship by translating user-derived insights into enforceable design, safety, and operational benchmarks. Aviation standards—such as those established by the International Civil Aviation Organization (ICAO) and the Kenya Civil Aviation Authority (KCAA)—act as institutional mechanisms that bridge the gap between human-centered design intentions and sustainable operational practices. These standards ensure compliance, interoperability, and quality assurance, which collectively enhance project longevity and performance. Through this mediation, standards operationalize the influence of UCD, transforming user needs into practical design criteria and regulatory requirements that support environmental efficiency, safety, and social responsibility. Therefore, the framework positions aviation standards as the critical link through which UCD translates from conceptual design principles into measurable, sustainable outcomes within Kenya’s aviation sector and beyond.

[bookmark: _Toc2614255][bookmark: _Toc22137915]In this conceptual framework, Lean Thinking is introduced as a moderating variable because it determines how efficiently and flexibly User-Centered Design (UCD) practices are executed within aviation projects. Lean Thinking emphasizes principles such as waste reduction, continuous improvement (Kaizen), and process optimization, all of which can amplify or diminish the effect of UCD on sustainability. When effectively implemented, Lean practices enhance the responsiveness of design processes, enabling teams to adapt quickly to user feedback and operational constraints. Conversely, weak Lean adoption can lead to inefficiencies, resource wastage, and design rigidity, thereby diluting the potential benefits of UCD. Thus, Lean Thinking serves as an operational catalyst that moderates the relationship between UCD and sustainable outcomes by determining how efficiently user-driven designs are translated into practical, value-creating systems in the aviation context.

Each construct within the framework is supported by specific measurable indicators to facilitate empirical testing. User-Centered Design (Independent Variable) will be assessed through indicators such as stakeholder participation, iterative prototyping, user feedback integration, and usability testing—capturing the degree to which user needs shape design and implementation. Aviation Standards (Mediator) will be evaluated based on compliance with international regulations (ICAO Annexes), adherence to national standards set by the Kenya Civil Aviation Authority (KCAA), completion of safety audits, and conformity with quality management systems such as ISO 9001. These measures ensure that the mediating role of standards—translating user needs into actionable compliance mechanisms—is quantifiable and contextually grounded.
Similarly, Lean Thinking (Moderator) will be measured using indicators such as waste elimination practices, process efficiency metrics (e.g., turnaround time reduction, resource utilization rates), and continuous improvement initiatives. These parameters reveal the extent to which Lean methodologies are embedded into aviation project workflows and how effectively they enhance the implementation of UCD practices. By quantifying Lean performance, the study can assess whether process efficiency strengthens or weakens the translation of user-centered insights into sustainable operational outcomes. Sustainability of Aviation Projects (Dependent Variable) will be evaluated through economic, environmental, and operational dimensions—including cost-effectiveness, carbon footprint reduction, and system resilience—providing a holistic view of project longevity and societal value.

Overall, this framework allows for the examination of both direct and indirect effects of UCD on project sustainability, while simultaneously acknowledging the critical mediating role of aviation standards and the moderating influence of Lean Thinking. It captures the dynamic interactions among design, regulation, and efficiency within Kenya’s aviation ecosystem, offering a structured pathway for empirical validation. The conceptualization of these interrelationships among variables is illustrated in Figure 3, which visually represents how UCD drives sustainable outcomes through aviation standards, with Lean Thinking influencing the strength and direction of this relationship.

[image: ]
Figure 2: Conceptual Framework for UCD, Lean Thinking, Aviation Standards and Sustainability of Aviation Projects.
Source: Author, (2025)
[bookmark: _Toc203852158][bookmark: _Toc215662266]2.6 Hypotheses of the Study
[bookmark: _Hlk203834428]The research evaluated the following four null hypotheses:
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[bookmark: _Toc158725127][bookmark: _Toc203852159][bookmark: _Toc215662267]CHAPTER THREE: RESEARCH METHODOLOGY
[bookmark: _Toc158725128][bookmark: _Toc203852160][bookmark: _Toc215662268]3.1 Introduction
[bookmark: _Toc158725129]This section detailed the study's methodology, which included its guiding principles, design, intended participants, sample size, sampling technique, research tools, data gathering procedure, reliability and validity evaluation of instruments, methods for analyzing data, and operationalization of variables.
[bookmark: _Toc203852161][bookmark: _Toc215662269]3.2 Research Philosophy
[bookmark: _Toc158725130]Research philosophies shape the way researchers think about knowledge, truth, and reality (Creswell, 2003). They provide the groundwork for how studies are conceptualized.  A pragmatic philosophical framework was used to successfully guide research design and execution in this study. According to Hughes (2010), pragmatism represents a flexible and outcome-oriented worldview that influences how research problems are defined and addressed. Rather than aligning strictly with either positivist or interpretivist paradigms, pragmatism advocates for a practical blend of methods best suited to answering the research question.
This philosophical stance is particularly valuable in the context of complex, real-world issues such as those found in aviation project management, where multiple stakeholders, technical systems, and contextual variables must be considered. Tashakkori and Teddlie (1998) state that pragmatics support mixed-methods studies, which integrate quantitative and qualitative approaches to provide a more comprehensive understanding of the research problem.  The researcher is encouraged to have an adaptable and flexible mindset, choosing methodologies according to their practicality and context rather than philosophical dogmatism.
In aviation, where safety, performance, regulatory compliance, and stakeholder engagement intersect, the use of mixed methods enhances the ability to triangulate findings, resulting in more reliable and actionable insights. As Greene et al. (1989) highlight, triangulation not only validates data but also enriches interpretation by drawing from multiple sources and perspectives. This integrative approach allows for a deeper assessment of project risks, user needs, resource constraints, and overall project performance.
Ultimately, the adoption of pragmatism in this study supports a practical, solution-oriented approach to research, making it highly applicable to the evolving needs of aviation project management. It enables the development of strategies that are both evidence-based and responsive to stakeholder realities key elements in promoting the sustainability, efficiency, and success of aviation projects in dynamic operational environments.
[bookmark: _Toc203852162][bookmark: _Toc215662270][bookmark: _Toc158725131]3.3 Research Design
The study employs a cross-sectional mixed-methods research design to examine the effects of User-Centered Design (UCD), Lean Thinking, and Aviation Standards on the sustainability of aviation projects in Kenya. This design allows for the collection of quantitative and qualitative data at a single point in time, enabling the identification of patterns, relationships, and differences across diverse aviation stakeholders. By integrating surveys and semi-structured interviews, the study captures both measurable trends and contextual insights, providing a comprehensive understanding of operational, regulatory, and human factors that shape project sustainability.

The pragmatic research philosophy underpins the study, emphasizing practical, solution-oriented approaches over strict adherence to a single epistemological stance. Quantitative methods provide statistical evidence of relationships between variables, while qualitative interviews explore underlying motivations, challenges, and contextual nuances. Triangulating these data sources enhances reliability, construct validity, and interpretive depth, allowing the findings to inform evidence-based policy and managerial decisions within Kenya’s complex aviation environment.
Potential limitations, such as self-reported data biases, the cross-sectional design’s inability to establish causality, and common method bias, are addressed through anonymity, careful questionnaire design, pilot testing, procedural separation of variables, and statistical checks. Combining quantitative breadth with qualitative depth also strengthens internal and external validity, ensuring that results are both generalizable and contextually meaningful. Overall, the methodology provides a robust, pragmatic framework for understanding how UCD, Lean Thinking, and Aviation Standards collectively influence sustainability outcomes in Kenyan aviation projects.
[bookmark: _Toc203852163][bookmark: _Toc215662271]3.4 Population of the Study 
[bookmark: _Hlk203852872]The unit of analysis was aviation projects in Kenya. The focus of the study was on 46 aviation projects in Kenya, as indicated in Appendix II. The study population comprised projects primarily associated with key aviation stakeholders in Kenya, such as the Kenya Airports Authority, the KCAA, Kenya Airways (KQ), international players, and other academic-based projects. The research incorporated various projects outlined in these organizations' past and then-current strategic plans, as well as the Kenya Airspace Master Plan (2015–2030). According to Ngari and Mutua (2024), the selection of these three organizations was based on their critical role in shaping industry-specific, environmental, and strategic objectives. The study investigated educational initiatives in Kenyan universities, emphasizing User-Centered Design (UCD) and the sustainability of aviation training programs.
 It also examined projects in East Africa, the USA, and the EU to compare global aviation sustainability practices and the application of aviation standards. Furthermore, these organizations were more likely to have implemented comprehensive UCD, Lean Thinking, and aviation standards in relation to project sustainability (Torres-Benoni & Durán-Novoa, 2023). This was likely due to their longer presence in the industry compared to smaller organizations, which allowed them to explore and refine various management approaches. This sampling had additional benefits, such as faster data collection, improved accuracy of results, and cost-effectiveness (Cooper et al., 2003).
[bookmark: _Toc203852164][bookmark: _Toc215662272]3.4.1 Sample and sample selection
A mixed sampling approach was employed, combining stratified random sampling and purposive sampling to ensure both representativeness and relevance to the study objectives. Stratified random sampling was appropriate because the population comprised multiple distinct groups—Kenya Airports Authority (KAA), Kenya Civil Aviation Authority (KCAA), Kenya Airways (KQ), the Ministry of Transport and Communication, academic institutions, and international aviation projects—each with varying roles and levels of engagement in aviation project sustainability. By dividing the population (N = 655) into these strata, the study ensured that each subgroup was proportionately represented, thus reducing sampling bias and enhancing the validity of comparative analyses across categories.
The sample size of 248 respondents was determined using statistical sampling formulas recommended for social science research (Krejcie & Morgan, 1970), which suggest that for a population of approximately 650, a sample size of about 240–250 yields a 95% confidence level and a 5% margin of error. This sample was thus sufficiently large to provide reliable estimates while remaining manageable for data collection. Furthermore, purposive sampling was applied within specific strata—particularly for project managers and academic participants directly involved in aviation design, policy, or sustainability projects—to capture expert perspectives that might not arise from random selection alone. This enhanced the depth and contextual richness of the findings. The research covered a population of 655, consisting of various stakeholders, as indicated in Table 3.1 and Appendix II.
Table 3.1 Target Population 
	Category/Strata
	Target population

	KAA Engineers and Project                        Managers
	200

	KCAA Engineer and Project Managers
	           180

	KQ Engineers and Project Managers
	190

	Ministry	of	Transport	& Communication         officials
	35

	Academic Projects (University Dean, Department heads, Lecturers)  
	
20

	International Aviation projects 
	30

	Total
	655


[bookmark: _Toc203852165][bookmark: _Toc215662273]
3.4.2 Sample Size
The study employed a mixed sampling approach, combining stratified random sampling and purposive sampling, to balance representativeness with relevance in line with the pragmatic research philosophy. Stratified random sampling ensured proportional representation across key aviation stakeholders, including the Kenya Airports Authority (KAA), Kenya Civil Aviation Authority (KCAA), Kenya Airways (KQ), the Ministry of Transport and Communication, academic institutions, and international aviation projects. By dividing the population (N = 655) into these strata, the study minimized sampling bias and captured the unique perspectives of each group, enhancing the validity and comparability of findings across the sector.
The sample size of 248 respondents was determined using the Krejcie and Morgan (1970) formula, providing a 95% confidence level with a 5% margin of error. Proportionate allocation across strata ensured that larger institutions contributed more respondents while smaller groups were still represented. Purposive sampling was applied within specific strata, targeting project managers, engineers, and policy officials to capture expert insights on sustainability practices, design standards, and operational challenges. This hybrid approach combined statistical generalizability with analytical depth, enriching the study’s qualitative and quantitative findings.
Despite its strengths, the sampling approach had limitations. The purposive component may have introduced selection bias, and operational-level staff or smaller regional actors could be underrepresented. Non-response bias in smaller strata and the limited scope of the sampling frame—focused primarily on major institutional stakeholders—could affect external validity. To improve transparency and clarity, a flowchart illustrating the research process from population stratification to data collection and analysis is recommended, highlighting systematic procedures and reinforcing methodological rigor.
[bookmark: _Toc158725134]Table 3.2 Sample size and sampling procedures 
	Category/Strata
	Target population
	Sample Size
	Sampling Procedure

	KAA Project                 Managers
	200
	76
	Stratified Radom sampling

	KCAA Project Managers
	180
	68
	Stratified Radom sampling

	KQ Project Managers
	190
	72
	Stratified Radom sampling

	Ministry	officials
	35
	13
	Stratified Radom sampling

	Academic projects 
	20
	8
	Stratified Radom sampling

	International Aviation projects
	30
	11
	Stratified Radom sampling

	Total
	655
	248
	


[bookmark: _Toc158725135][bookmark: _Toc203852166][bookmark: _Toc215662274]
3.5 Data Collection	
The questionnaire was systematically organized into seven thematic sections: demographic information, user requirement analysis, user involvement, empathic design, usability testing, lean thinking, aviation standards, and the sustainability of aviation projects. Each section corresponded to one or more variables in the conceptual framework, ensuring that data collected were directly aligned with the study objectives. To quantify respondents’ perceptions, a five-point Likert scale was employed, ranging from 1 = Strongly Disagree to 5 = Strongly Agree. This scaling approach enabled the capture of varying intensities of agreement or disagreement, offering a nuanced understanding of participant attitudes.
The choice of a Likert scale was justified by its proven effectiveness in measuring complex constructs such as perceptions, attitudes, and behavioral intentions (Joshi et al., 2015). It allows for easy quantification of qualitative attributes, facilitating statistical analysis and comparison across groups. In this study, the Likert scale was particularly appropriate given the abstract nature of constructs such as user involvement, lean implementation, and sustainability. It provided a structured means of translating subjective opinions into measurable data that could be analyzed using inferential statistical methods. Moreover, the use of a 1–5-point scale offered a balanced range that minimized respondent fatigue while maintaining sufficient variability for robust analysis.
To ensure validity and reliability, the questionnaire underwent pilot testing with a sample of aviation professionals not included in the main study. Feedback from the pilot was used to refine question wording, structure, and clarity, ensuring contextual relevance and ease of understanding. Content validity was confirmed through expert review by three academics and two industry practitioners specializing in project management and aviation safety, who assessed the instrument’s alignment with study objectives. Reliability was then tested using Cronbach’s alpha, where values above 0.7 were considered acceptable, demonstrating internal consistency of the measurement items. Through these validation steps, the Likert scale-based questionnaire was confirmed as a reliable and context-appropriate tool for assessing the interrelationships among UCD, Lean Thinking, Aviation Standards, and sustainability of aviation projects in Kenya.
[bookmark: _Toc158725136][bookmark: _Toc203852167][bookmark: _Toc215662275]3.5.1 Pilot Test of Research Instruments 
[bookmark: _Toc158725137]To ensure the research instruments were valid and reliable, a confirmatory pilot study was carried out at Wilson Airport on KAA projects before the full-scale investigation.  A test-retest was conducted to assess the intervention's efficacy and any adjustments made based on the pilot study's input.
Following Thabane et al.'s (2010) approach, the pilot test was designed to improve instrument functionality, identify potential weaknesses, and assess completion time. In line with Kothari's (1985) recommendation, 10 percent of the 248 respondents equivalent to 25 main project respondents participated in the pilot study to ensure reliability.
[bookmark: _Toc203852168][bookmark: _Toc215662276]3.5.2 Validity of Research Instruments
[bookmark: _Toc158725138]The concept of validity refers to the extent to which an instrument accurately measures the intended construct and the degree to which empirical evidence and theoretical reasoning support the interpretation of the results. As defined by Kothari (2004), validity depends on the strength of empirical and theoretical justification for drawing meaningful conclusions from research findings. According to Cronbach and Meehl (1955), three primary types of validity underpin sound measurement: content validity, construct validity, and criterion validity. Similarly, Creswell and Poth (2014) emphasize that establishing validity is essential for ensuring the credibility and applicability of research results, especially in studies designed to inform policy or practice.
In this study, the questionnaire development process followed a systematic and evidence-based approach to ensure comprehensive validity. First, the items were derived from three key sources: (i) a review of relevant literature and prior empirical studies on sustainability, Lean Thinking, and User-Centered Design in aviation and infrastructure projects; (ii) validated instruments used in related research, which were adapted to fit the Kenyan aviation context; and (iii) theoretical constructs identified in conceptual frameworks developed for this study. This multi-source approach ensured that the questionnaire comprehensively captured the conceptual domains under investigation while remaining contextually grounded.
Content validity was prioritized because it provides the foundation for achieving other forms of validity and minimizes systematic measurement error. To establish content validity, the draft questionnaire was reviewed by a panel of five subject matter experts, including aviation project managers, sustainability scholars, and research supervisors. They assessed each item’s clarity, relevance, and cultural appropriateness. Their feedback led to several refinements, such as rewording ambiguous questions, aligning item scales with operational definitions, and eliminating redundant items. Additionally, each item’s relevance was statistically assessed using Lawshe’s (1975) Content Validity Ratio (CVR), which quantifies the degree of expert agreement regarding the essentiality of each item. Only items that met the minimum CVR threshold were retained, ensuring that the final instrument reflected consensus on conceptual adequacy and practical relevance.
Construct validity was evaluated through a pilot study conducted with 30 respondents drawn from the target population but excluded from the main study sample. The pilot data were analyzed to examine internal consistency and inter-item correlations to verify that the questionnaire items effectively represented the underlying theoretical constructs. Weak or inconsistent relationships prompted item modification or elimination to enhance the coherence of each construct. This process ensured that the instrument reliably captured latent variables related to User-Centered Design, Lean Thinking, and Sustainability of Aviation Projects.
Criterion validity was assessed by comparing the pilot study results with findings reported in previously validated studies and established theoretical expectations. Strong positive correlations between this study’s pilot results and existing empirical patterns indicated that the instrument was both contextually relevant and theoretically sound. This cross-validation reinforced the confidence that the questionnaire could produce accurate and comparable data when applied in the full-scale study.
[bookmark: _Toc203852169][bookmark: _Toc215662277]3.5.3 Reliability of the Research Instruments 
[bookmark: _Toc158725139]A research instrument was considered reliable if it consistently and reliably measured the variables of interest, even after many uses.  The capacity of an instrument to provide consistent results when used repeatedly under the same or similar circumstances is what Kothari (2004) meant when they spoke about dependability.  Sürücü and Maslakçı (2020) shared this viewpoint and emphasized that the trustworthiness and reproducibility of research outcomes were decided by reliability.  Making sure data gathering technologies were reliable was especially important in aviation-related studies since decisions relied on accuracy and consistency.
This study used the test-retest technique, which is a commonly used way to measure reliability, to assess the stability of the research instrument.  Four participants, chosen at random, were given the instrument and asked to fill out the questionnaire (test) at Wilson Airport.  The same instrument was re-administered to the identical subjects after a 20-day delay (retest) under identical settings.  With this amount of time passing, we were able to keep the measured variables stable and avoid recollection bias.
We used Statistical Package for the Social Sciences (SPSS) to examine the gathered Likert scale replies. An evaluation of internal consistency was conducted by calculating Cronbach's alpha coefficient (α). The questions in the questionnaire demonstrated a sufficient degree of interrelatedness and reliability if Cronbach's alpha was 0.7 or above, as recommended by Temilade (2015).
In addition, all Likert scale items had their averages and standard deviations compared between the test and retest phases in SPSS's Item Statistics table.  The instrument's robustness was ensured by flagging items demonstrating excessive variability or inconsistency for removal or adjustment. This process enhanced both the instrument’s precision and its applicability to real-world aviation project environments.
By rigorously testing reliability, the study strengthened the credibility of its findings, thereby supporting evidence-based recommendations that contributed to sustainable and efficient aviation project planning, evaluation, and implementation.
[bookmark: _Toc203852170][bookmark: _Toc215662278][bookmark: _Toc158725140]3.5.4 Data Collection Procedure	
The researcher first obtained a formal research authorization letter and permit from the School, granting official approval to undertake the study. Following this, notifications were sent to the County Chief Secretaries responsible for education in the counties hosting the selected airports, in line with administrative protocols and to ensure local support and cooperation. Additionally, the researcher formally communicated the research objectives and procedures to key stakeholders at the national level, including the Director General of the KCAA, the Director General of the KAA, and the Chief Executive Officer of Kenya Airways (KQ).
To facilitate efficient and accurate data collection, the researcher recruited, trained, and supervised qualified research assistants, equipping them with the necessary skills to administer questionnaires, conduct interviews, and manage follow-ups. The training focused on ethical research practices, data accuracy, respondent confidentiality, and effective communication techniques to improve response quality and completeness.
During the data collection phase, measures were put in place to ensure a high response rate and completeness of questionnaires. In instances where questionnaires were returned incomplete, targeted follow-ups and, where necessary, re-administration of the instruments were conducted to capture missing data, thus improving the reliability and integrity of the dataset.
The researcher also used semi-structured interviews guided by a comprehensive interview guide in addition to the survey.  Interviewees included high-ranking government officials, KAA, KCAA, and Kenya Airways employees, as well as those from the Ministry of Transport and the Ministry of Education.  To accommodate the participants' busy schedules and ensure that their professional obligations were respected, the interviews were arranged at their convenience.  We hoped that by combining formal and qualitative involvement, we might have a better understanding of aviation project sustainability and management in Kenya, and our study would be more robust.
[bookmark: _Toc203852171][bookmark: _Toc215662279]3.6 Diagnostic Tests 
Regression analysis is a powerful statistical tool for investigating the interplay between a dependent variable and a set of independent factors; it reveals how modifications to the independent variables impact the target result (Pandey, 2020).  In practical research like aviation project assessment, where comprehending the impact of many operational, human, or systemic aspects is crucial, this technique shines when evaluating the strength, direction, and importance of predictors.
Using a regression model, the quantitative data collected for this research was examined to determine the possible relationships between the variables.  Always keep in mind that the foundational assumptions of regression analysis were as follows: linearity, homoscedasticity (residual variance constant), independence of errors, and normality of residuals.  Disregarding these assumptions could lead to biased estimations, less accurate predictions, and incorrect conclusions.
To mitigate these risks and enhance the validity and reliability of the statistical conclusions, the researcher conducted a series of diagnostic tests prior to and during the regression analysis. These included tests for multicollinearity (using Variance Inflation Factor), normality of residuals (using Shapiro-Wilk or Kolmogorov-Smirnov tests), homoscedasticity (via scatterplots or the Breusch-Pagan test), and autocorrelation (using the Durbin-Watson statistic).
In cases where the data failed to meet regression assumptions, appropriate remedial measures such as variable transformation, outlier management, or the use of robust regression techniques were considered to improve the model's robustness and interpretability.
This research improved our understanding of the determinants impacting the success and longevity of Kenyan aviation projects by using and evaluating the regression model with great rigor. The results will help inform policy and decision-making based on solid data.
[bookmark: _Toc203852172][bookmark: _Toc215662280]3.6.1 Multicollinearity Test
To ensure accurate and reliable regression results, this study addressed the potential issue of multicollinearity among independent variables. High correlation between predictors can inflate standard errors, distort parameter estimates, and reduce the statistical significance of coefficients, making it difficult to isolate the individual effect of each variable on the dependent variable (Allen, 1997). Identifying and addressing multicollinearity is therefore critical for enhancing the interpretability and predictive power of regression models, particularly in complex contexts like aviation project sustainability.
The Variance Inflation Factor (VIF) was used as the primary diagnostic tool to detect multicollinearity. VIF quantifies how much the variance of a regression coefficient is inflated due to correlation with other predictors. Values exceeding 5, or more conservatively 10, indicate problematic collinearity that could compromise the model’s validity, while values below 5 suggest low multicollinearity and acceptable independence among variables. This measure allowed the researcher to systematically assess the suitability of predictors before interpreting regression outcomes.
When high VIF values were detected, corrective measures were applied, including removing redundant variables, merging correlated predictors, or applying dimensionality reduction techniques such as Principal Component Analysis (PCA). By controlling for multicollinearity, the regression models provided more stable and interpretable coefficient estimates. This strengthened the reliability of conclusions regarding the effects of User-Centered Design, Lean Thinking, and Aviation Standards on sustainability outcomes in Kenyan aviation projects, ensuring that policy and managerial recommendations were grounded in robust statistical evidence.
[bookmark: _Toc203852173][bookmark: _Toc215662281][bookmark: _Toc203852174]3.6.2 Normality Test
One of the key statistical considerations in this study was assessing whether the dataset adhered to a normal (Gaussian) distribution, a fundamental assumption for many parametric analyses. Normality is critical because it ensures the reliability of hypothesis tests, the accuracy of confidence intervals, and the validity of regression estimates (Das et al., 2016). Deviations from normality can bias parameter estimates and reduce the robustness of statistical conclusions, particularly in regression and other inferential techniques used to evaluate aviation project sustainability.
To examine the distributional properties of the data, the study employed the Shapiro-Wilk test, recognized for its sensitivity in detecting non-normality, especially in small to moderate sample sizes. The test produces a p-value, which is compared against a significance threshold of 0.05. A p-value greater than 0.05 indicates that the data do not significantly deviate from normality, allowing the null hypothesis of normal distribution to be retained. Conversely, a p-value less than 0.05 suggests significant departure from normality, signalling potential issues with parametric assumptions.
When non-normality was detected, corrective measures were considered to ensure the reliability of the analysis. These included data transformations such as square root or logarithmic adjustments or the adoption of non-parametric statistical methods that do not rely on the normality assumption. By systematically testing for and addressing non-normality, the study enhanced the credibility of regression results and ensured that conclusions about the effects of User-Centered Design, Lean Thinking, and Aviation Standards on aviation project sustainability were both statistically valid and practically meaningful.
[bookmark: _Toc215662282]3.6.3 Autocorrelation Test
A key idea in time series and regression analysis, autocorrelation describes the degree of resemblance or correlation between a variable's current values and its own historical values over time. It appears when a regression model's residuals, or errors, are associated across observations rather being independent. According to Dormann et al. (2007), autocorrelation goes against the basic tenet of ordinary least squares (OLS) regression, which states that residuals need to be dispersed freely and at random. This violation can result in biased standard errors, leading to misleading statistical inferences such as inflated significance levels and inefficient parameter estimates.
This study used the Durbin-Watson (DW) test, a popular diagnostic method for identifying first-order autocorrelation in regression model residuals, to determine whether autocorrelation was present in the dataset. A number around 2 indicates no autocorrelation. The Durbin-Watson statistics have a range of 0 to 4. Positive autocorrelation is indicated by a value significantly below 2, and negative autocorrelation is indicated by a value above 2.
In the context of aviation project analysis, where sequential processes and time-dependent activities are common, detecting and correcting for autocorrelation is essential to ensure the accuracy of regression-based findings. If autocorrelation is detected, remedial measures such as using Generalized Least Squares (GLS), including lagged variables, or applying autoregressive models may be employed. Addressing autocorrelation ensures that predictions and insights drawn from the model are reliable, thereby supporting effective planning and sustainability assessments in aviation project management.
[bookmark: _Toc203852175][bookmark: _Toc215662283]3.6.4 Heteroscedasticity Test
Heteroscedasticity states that the variance of the regression model's error terms changes across all levels of the independent variables. The assumption of homoscedasticity, or equal variance of residuals, is a fundamental tenet of Ordinary Least Squares (OLS) regression, and this is broken. According to Diebold et al. (1993), the existence of heteroscedasticity can cause biased standard errors that compromise the validity of p-values, confidence intervals, and hypothesis testing, hence distorting the dependability of regression results. As a result, conclusions regarding the importance and impact of predictor factors may be incorrect.
The research used the Breusch-Pagan (BP) test, which is well-known for identifying heteroscedasticity, to determine whether the regression model had this problem.  This test looked for a systematic relationship between independent factors and residual variance.  The presence of heteroscedasticity in the model was shown by the rejection of the null hypothesis of homoscedasticity when the test's p-value was less than 0.05.
 Resolving heteroscedasticity was critical in aviation project management studies for drawing reliable statistical results and making choices based on correct depictions of data connections.  When robust standard errors, Weighted Least Squares (WLS), or variable transformations were used to fix heteroscedasticity, the variance was stabilized, and the model's dependability was improved.  The study improved the reliability and validity of findings about the elements impacting aviation project sustainability and performance by reducing heteroscedasticity.
[bookmark: _Toc203852176][bookmark: _Toc215662284]3.6.5 Test for Independence
Testing for independence is a fundamental step in data analysis to establish whether relationships exist between categorical variables. In regression analysis, confirming that residuals are independent meaning they do not influence one another is critical to obtaining reliable and unbiased parameter estimates, as emphasized by Creswell (2014). Violations of this assumption can lead to distorted model results and undermine the validity of statistical inferences.
Using the Chi-Square Test of Independence, this study investigated the interrelationships of the categorical variables.  Assuming no relationship between the two variables, this non-parametric test determined whether there was a statistically significant difference between the predicted and actual values of a single variable. We may find the number of degrees of freedom and the significance level (usually 0.05) by comparing the test's Chi-Square statistic to a crucial value from the Chi-Square distribution formula.  The null hypothesis that the variables were independent was rejected if either the p-value or the Chi-Square statistic was less than 0.05 or more than the critical value, respectively, suggesting a statistically significant relationship between the variables.
Finding these correlations was critical for aviation project researchers to comprehend the potential interrelationships of many aspects, which in turn allowed for more accurate risk assessment and decision-making.  The study's findings on aviation project sustainability were strengthened by this test, which allowed for a thorough examination of the correlations between the variables.
[bookmark: _Toc203852177][bookmark: _Toc215662285][bookmark: _Toc158725147]3.6.6 Linearity Test
In order to ascertain if the connection between independent and dependent variables could be adequately depicted by a straight line—a core premise in many regression models—a linearity test was performed (Hansen, 1999). Because breaking this assumption could lead to model misspecification, skewed parameter estimations, and decreased prediction accuracy, establishing linearity was essential.
In this study, the Rainbow Test was employed to evaluate the linearity assumption. The Rainbow Test compared the fit of a linear model to that of a more flexible, potentially nonlinear alternative by examining subsets of the data. A p-value less than 0.05 signaled a statistically significant deviation from linearity, prompting the rejection of the null hypothesis that the relationship was linear.
Ensuring linearity was especially important in the analysis of aviation projects, where precise modelling of relationships between variables such as resource allocation, project timelines, and performance outcomes could directly influence project success and sustainability. Should the test have indicated non-linearity, alternative modelling techniques such as polynomial regression, piecewise regression, or nonparametric methods were considered to better capture complex relationships and improve the reliability of insights drawn from the data.
[bookmark: _Toc203852178][bookmark: _Toc215662286]3.7 Operationalization of Variables 
The table below gives details on operationalization of the variables.


Table 3.3 Operationalization of the variables 
	Objective
	Variable
	Indicators
	Measuring Scale
	Data Analysis Technique
	Tools of Data Analysis

	To determine the influence of user centered design on sustainability of aviation projects in Kenya
	
User centered design
	· User Requirement Analysis
· User Involvement
· Empathic Design 
· Usability Testing
	

· Ordinal 
· Nominal 
· Interval 
	

· Descriptive statistics
· Inferential statistics
	· Pearson’s correlations (r)
· Regression
· Mean
· Standard deviation
· Frequencies
· Percentage  

	To establish the effect of lean thinking on the relationship between user-centered design and sustainability of aviation projects in Kenya.
	
Lean thinking
	· Value Creation
· Process Mapping 
· Pull-based Systems.
· Continuous Improvement
	

· Ordinal 
· Nominal 
· Interval 
	
· Descriptive statistics
· Inferential statistics
	· Pearson’s correlations (r)
· Regression
· Mean
· Standard deviation
· Frequencies
· Percentage  

	 To evaluate the effect of aviation standards on the relationship between user centered design and sustainability of aviation projects in Kenya.
	 
Aviation standards
	· Safety Management Systems 
· Quality Management Systems 
· Airworthiness Certification
· Safety Culture
	
· Ordinal 
· Nominal 
· Interval 
	· Descriptive statistics
· Inferential statistics
	· Pearson’s correlations (r)
· Regression
· Mean
· Standard deviation
· Frequencies
· Percentage  

	To examine the joint effect of user centered design, lean thinking, and aviation standards on the sustainability of aviation projects in Kenya.
	
Sustainability of aviation projects
	· Environmental Impact Reduction
· Economic Viability and Financial Sustainability
· Regulatory Compliance 
· Resource Efficiency
· Improved Aviation Safety
	
· Ordinal 
· Nominal 
· Interval 

	
· Descriptive statistics
· Inferential statistics
	· Pearson’s correlations (r)
· Regression
· Mean
· Standard deviation
· Frequencies
· Percentage  


[bookmark: _Toc158725148][bookmark: _Toc203852179]
[bookmark: _Toc215662287]3.8 Data Analysis Techniques
[bookmark: _Toc158725149]The research in this study used a mixed-methodologies strategy, integrating quantitative and qualitative methods, to bolster the reliability and validity of its conclusions on the long-term viability of Kenyan aviation projects.  Strict data cleansing was performed on quantitative data retrieved via structured surveys.  Finding and fixing outliers, discrepancies, and missing numbers was part of this process to make sure the data was good.  For reasons of confidentiality and efficient data management, we coded and anonymized each participant's answer.  We used Statistical Package for the Social Sciences (SPSS) to examine the cleaned dataset.  Descriptive statistics were used to summarize the respondents' demographic and contextual aspects. These measurements comprised frequency distributions, standard deviations, medians, and means.  Use inferential statistics such as t-tests, Analysis of Variance (ANOVA), Pearson's correlation, and regression analysis to validate hypotheses, find statistically significant correlations between variables (such as User-Centered Design and sustainability results), and draw general conclusions.
The statistical results were made more understandable for stakeholders outside of academia by using data visualization tools in Statistical Package for the Social Sciences (SPSS) to create graphs, charts, and plots.  The analytical processes used here provided reliable, evidence-based understanding of the operational dynamics and sustainability of aviation projects.  Key stakeholders, such as project managers, regulatory officials, and operations engineers, were interviewed in a total of twelve semi-structured interviews to supplement the survey.  Everyone who was involved in the planning, execution, or supervision of aviation projects in Kenya was hand-picked for this study.  This preserved the study's relevance to its aims while ensuring various viewpoints.
[bookmark: _Toc203852180][bookmark: _Toc215662288]3.8.1 Descriptive Analysis
The quantitative component of this study employed descriptive statistical analysis to summarize, organize, and interpret the dataset. Measures such as mean, median, mode, standard deviation, and range were used to identify central tendencies, variability, and distribution patterns (Creswell, 2013; Das et al., 2016). Tables and charts were used to visually present these statistics, facilitating comparisons across variables and highlighting trends, anomalies, or outliers. This foundational analysis provided a clear overview of the extent to which User-Centered Design (UCD), Lean Thinking, and Aviation Standards were implemented across aviation projects and how they correlated with sustainability outcomes.
For the qualitative component, a thematic analysis following Braun and Clarke’s (2006) six-phase framework was conducted. Transcribed interviews and open-ended survey responses were coded iteratively, capturing both explicit statements and implicit meanings related to project design, operational efficiency, and regulatory compliance. Codes were then organized into broader themes—such as stakeholder engagement, process optimization, and policy alignment—allowing for the identification of patterns and relationships. NVivo 12 software facilitated systematic coding, data management, and visualization of connections between themes, while peer debriefing and member checking ensured credibility and trustworthiness of the findings (Guest, MacQueen, & Namey, 2012).
To address the limitations of self-reported quantitative data, methodological triangulation was applied by integrating qualitative and quantitative findings (Creswell & Plano Clark, 2017). This approach enabled the study to validate statistical trends with narrative evidence, while also using qualitative insights to explain anomalies or contextual nuances in the numerical data. For instance, moderate adoption of Lean practices revealed in surveys was clarified through interviews that highlighted managerial or resource constraints. By combining descriptive statistics with thematic narratives, the study achieved a more comprehensive, reliable, and actionable understanding of how UCD, Lean Thinking, and Aviation Standards collectively influence the sustainability of aviation projects in Kenya.
[bookmark: _Toc158725150][bookmark: _Toc203852181][bookmark: _Toc215662289]3.8.2 Inferential Analysis
To generalize and derive inferences about a wider population from data gathered from a sample, inferential analysis was used as a statistical approach (Greene et al., 1989).  This method allowed the research to go beyond just describing things to explain and predicting them via the use of hypothesis testing, parameter estimation, and predictive modelling.  Examining the connections between User-Centered Design and the long-term viability of aviation projects in Kenya, this research used inferential statistics.  These connections were quantified and interpreted using regression and correlation methods.
A linear link between User-Centered Design approaches and the sustainability results of aviation projects was examined using Pearson's correlation coefficient (r) to evaluate the degree and direction of the association.  To what extent did enhancements to design processes connect with improved project sustainability? This coefficient measured the degree to which these variables moved together.  The combined impact of User-Centered Design, lean thinking, and compliance with aviation standards on aviation project sustainability was also investigated using multiple linear regression analysis.  Studying the relative and combined effects of these independent factors on sustainable project results was made more complex by using a multivariate methodology that accounted for their simultaneous effects.
The research offered statistically sound information to guide aviation policymaking and decision-making by using these inferential methodologies.  Stakeholders were able to optimize their strategies for allocating resources and managing projects with the assistance of these studies, which helped identify important sustainability drivers.  To top it all off, the research was more rigorous because of the incorporation of inferential statistics, which allowed for the verification of theoretical assertions and added significantly to the conversation around sustainable aviation growth.
[bookmark: _Toc203852182][bookmark: _Toc215662290]3.9 Ethical Issues in Research 
The research took several ethical considerations into account, such as participants' right to privacy and autonomy, participants' ability to provide or withhold informed permission, and participants' ability to withdraw from the study at any moment.  All participants were informed of the research's goals and purposes, and their voluntary agreement was required for inclusion.  There were no monetary or non-monetary incentives given to encourage participation.
At all times, participants' identities and personal information remained private and confidential.  The confidentiality of all participant information was guaranteed.  Subjects were not compelled to provide their identities or any personal details to have their questionnaires and interview answers coded using unique Identifications. Focus groups and interviews did not include any audio or video recording; instead, notes were gathered, with participants' identities removed.  All data was kept in a safe manner and could only be accessed by authorized individuals and the researcher.
At all times, the participants' autonomy was respected.  Everyone who took part in the research was made aware that they might stop at any point without facing any penalties.  To ensure that all research assistants were well-versed in ethical concepts, we conducted debriefing sessions to clear up any confusion or miscommunication that may have occurred during data collecting.  Every precaution was taken to guarantee that the participants' rights and freedoms would not be violated.
Transparency and honesty were maintained throughout the study by the researcher and their assistance.  Before or after data collection, participants were given contact information and told of the study's goals so that they may ask any follow-up questions or voice any concerns.  Those that showed interest may also get both the preliminary and final results, which were sent to the participants. The research adhered to national and sector-specific regulatory frameworks, including those established by the Kenya Civil Aviation Authority (KCAA), and received ethical clearance from the appropriate academic institutional review board.  In addition, no commercial or unauthorized use of the data was allowed; it was used only for academic and policy development objectives. By taking these precautions, we made sure the research was ethical and that the participants' rights and safety were protected.
[bookmark: _Toc126422420][bookmark: _Toc160803765][bookmark: _Toc203852183][bookmark: _Toc215662291][bookmark: _Toc160803769][bookmark: _bookmark50][bookmark: _Toc126422421][bookmark: _Toc160803766]CHAPTER FOUR: DATA ANALYSIS, FINDINGS AND DISCUSSION
[bookmark: _bookmark51][bookmark: _Toc126422422][bookmark: _Toc160803767][bookmark: _Toc203852184][bookmark: _Toc215662292]4.1 Introduction
The chapter presents detailed study findings based on the field responses. Data analyzed was based on the broad research objective, specific objectives and hypotheses. The chapter covers the respondent’s general profile information and outcomes of the research objectives. Tables, figures and explanatory notes were used in presenting the outcomes. The general objective was to the influence of user-centered design on the sustainability of aviation projects in Kenya and the moderating role of lean thinking. The general information about the respondents, presentation of findings and analysis in respect to research objectives of this study that are captured in the questionnaires and interview guide were analyzed using descriptive and inferential statistics.
[bookmark: _Toc160803768][bookmark: _Toc203852185][bookmark: _Toc215662293]4.2 Response Rate
The response rate results from the administration of the questionnaire are given in Table 4.1.
[bookmark: _Toc126421904][bookmark: _Toc126427541][bookmark: _Toc160731398][bookmark: _Toc160731914][bookmark: _Toc203852088][bookmark: _Toc214021797]Table 4.1: Response Rate
[image: ]
Source: Primary data, (2025)
The survey was sent out with a total of 248 questionnaires; 219 were collected and considered suitable for analysis.  An 88.31% response rate was the result of this.  In contrast, 11.6% of the surveys that were sent out did not get any responses.  According to Mugenda & Mugenda (2000), for analytical purposes, a 50% response rate is sufficient. According to Babbie (2004), a return of 60% is considered good and a return of 70% is considered excellent. All the information needed for analysis could be found in the survey results.
[bookmark: _Toc203852186][bookmark: _Toc215662294]4.3 Test of Reliability
The degree to which measurement findings are error-free and yield consistent results when comparable studies are conducted using similar methods is what dependability is defined as (Zikmund, Babin, Carr and Griffin, 2013). Cronbach alpha being a correlation coefficient between two data sets was calculated for all statements in the questionnaire. Field (2013) proposes that values ranging from 0.4 to 0.7 are regarded to exhibit normal consistency whereas scores greater than 0.7 are valued to be of high consistency. For this study, reliability was computed using Cronbach’s alpha formula and analysis executed using the SPSS software. The reliability outputs are shown in Table 4.2.
[bookmark: _Toc160731399][bookmark: _Toc160731915][bookmark: _Toc203852089][bookmark: _Toc214021798]Table 4.2: Reliability Test
	Variable
	Cronbach's Alpha
	No of items
	Comment

	User-Centered Design
	0.976
	10
	Reliable

	Aviation Standards
	0.965
	10
	Reliable

	Lean Thinking
	0.764
	10
	Reliable

	Sustainability of Aviation Projects
	0.963
	10
	Reliable

	Overall reliability coefficient
	0.917
	10
	Reliable


Source: Field Data (2025)
[bookmark: _bookmark56]According to Table 4.2's results, the instrument was deemed suitable for measurement as all the constructs had Cronbach's alpha values higher than 0.7.  With Cronbach's alpha values above 0.7, all of the assessed constructs were considered valid and trustworthy.
[bookmark: _Toc203852187][bookmark: _Toc215662295]4.4 Test of Validity
To demonstrate how well a research tool assesses what it is intended to assess, a test of validity is conducted (Kothari, 2004). Regression analysis, factor analysis, and other statistical tests are examples of inferential statistics that need appropriate and sufficient data collection. The Keyser Meyer Olkin (KMO) test of sphericity, as employed by Dikko (2016), was employed in the investigation. Table 4.3 gives a summary of the findings.




[bookmark: _Toc126421906][bookmark: _Toc126427543][bookmark: _Toc160731400][bookmark: _Toc160731916][bookmark: _Toc203852090][bookmark: _Toc214021799]Table 4.3: Construct Validity
	Variable
	KMO Value
	Sphericitv

	User-Centered Design
	0.532
	0.000

	Aviation Standards
	0.625
	0.002

	Lean Thinking
	0.583
	0.002

	Sustainability of Aviation Projects
	0.680
	0.000


Source: Primary data, (2025) 
Statements are considered valid when the KMO value is greater than 0.4 and the P-value of Sphericity is less than 0.05. In this case, the assertions about the impact of User-Centered Design, aviation standards, and lean thinking on the sustainability of aviation projects met these criteria.  The device successfully measures the target variable.
[bookmark: _Toc203852188][bookmark: _Toc215662296]4.5 Demographic Characteristics
The background information obtained for this study was gender of the respondents, age group, level of education, role in the firm, work location and years of experience.
[bookmark: _Toc203852189][bookmark: _Toc215662297]4.5.1 Gender of respondents
This study sought to determine the distribution of the respondents by gender. The results as shown in Table 4.4
[bookmark: _Toc203852091][bookmark: _Toc214021800]Table 4.4: Gender of Respondents
	
	Frequency
	 Percentage 

	
	Female
	73
	33.3

	
	Male
	118
	53.9

	
	Non-binary
	5
	2.3

	
	Prefer not to say
	22
	10.0

	
	Total
	219
	100.0


Source: Field Data (2025)
The data in Table 4.4 indicate that a majority of aviation project managers are male (53.9%), with females accounting for 33.3%, those preferring not to disclose at 10%, and non-binary respondents at 2.3%. This distribution highlights a clear gender imbalance in aviation project management, suggesting that men currently dominate leadership and decision-making roles in the sector.
From a practical perspective, this imbalance has implications for organizational culture, innovation, and project outcomes. Research shows that diverse teams are more likely to generate creative solutions and improve project performance. Therefore, the underrepresentation of women and non-binary individuals signals the need for targeted interventions such as inclusive recruitment policies, gender-sensitive leadership development programs, and structured mentorship initiatives.
Policy-wise, aviation authorities and firms could benefit from implementing frameworks that actively promote gender diversity, monitor progress, and incentivize inclusive practices. By fostering a work environment that supports participation from all gender identities, aviation organizations can enhance collaboration, strengthen innovation, and contribute to more sustainable project outcomes.
The predominance of male project managers underscores a gender gap in aviation, highlighting the need for deliberate strategies to achieve greater inclusion, equity, and diversity in project leadership roles.
[bookmark: _Toc203852190][bookmark: _Toc215662298]4.5.2 Age of respondents
This study sought to determine the distribution of the respondents by age. The results as shown on Table 4.5
[bookmark: _Toc203852092][bookmark: _Toc214021801]Table 4.5 :Age of Respondents
[image: ]
Source: Field Data (2025)
The data in Table 4.5 show that most aviation project managers fall within the 41–50 years age bracket (51.6%), followed by those aged 31–40 years (24.7%), 51 years and above (17.4%), and 20–30 years (6.4%). This indicates that aviation project management is largely dominated by mid-career professionals who likely possess substantial industry experience, technical expertise, and leadership exposure. From a practical standpoint, the dominance of mid- and late-career professionals suggests that managing aviation projects requires extensive experience, possibly reflecting the sector’s high complexity, regulatory requirements, and risk management demands. The low representation of younger professionals (20–30 years) points to potential barriers to entry, such as the need for advanced qualifications or significant prior work experience.
Policy and organizational implications include the importance of succession planning and structured mentorship programs to ensure knowledge transfer from experienced managers to emerging talent. Encouraging targeted professional development and internships for younger employees could help build a sustainable pipeline of skilled aviation project managers, ensuring continuity in leadership and preserving institutional knowledge. The age profile emphasizes the reliance on experienced managers in aviation, highlighting the need for proactive succession planning and mentorship to prepare the next generation of leaders in the sector.
[bookmark: _Toc203852191][bookmark: _Toc215662299]4.5.3 Education of Respondents
This study sought to determine the education level of the respondents by age. The results as shown in Table 4.6
[bookmark: _Toc203852093][bookmark: _Toc214021802]Table 4.6: Education of Respondents
	
	Frequency
	Percent

	
	Bachelor's Degree
	47
	21.5

	
	Diploma
	8
	3.7

	
	Diploma or Equivalent
	21
	9.6

	
	Doctorate degree
	37
	16.9

	
	High School Certificate or Equivalent
	4
	1.8

	
	Master's Degree
	101
	46.1

	
	Total
	219
	100.0


Source: Field Data (2025)
The data indicate that most aviation project managers hold a master’s degree (46.1%), followed by bachelor’s degree holders (21.5%), while doctorate degree holders constitute a notable 16.9%. A smaller proportion of respondents have diploma or equivalent qualifications (9.6%), diplomas (3.7%), and high school certificates or equivalent (1.8%). This profile suggests that aviation project management is a highly specialized field where advanced education is closely linked to professional advancement. Managers with higher academic qualifications are likely to possess critical thinking abilities, specialized knowledge, and sophisticated management competencies—skills essential for navigating the technical complexity, regulatory frameworks, and high-stakes decision-making inherent in aviation projects.
 The low representation of individuals with only diplomas or high school qualifications implies that career progression in aviation project management is largely dependent on formal education and professional development. From a policy perspective, organizations may consider continuing education programs, professional certification support, and targeted training to maintain high competency levels and prepare emerging talent for leadership roles. The predominance of highly educated professionals underscores the importance of advanced qualifications in aviation project management and highlights the need for structured education and training pathways to sustain expertise and leadership capacity in the sector.
[bookmark: _Toc203852192][bookmark: _Toc215662300]4.5.4 Position in the Firm 
This study sought to determine the position of the respondents in the firm. The results as shown on Table 4.7
[bookmark: _Toc203852094][bookmark: _Toc214021803]Table 4.7:Position in the Firm
	Position in the firm
	Frequency
	Percent

	
	Accountant
	1
	0.5

	
	Administrative Assistant -Payroll
	1
	0.5

	
	Airport Officer
	15
	6.8

	
	Apron Controller
	1
	0.5

	
	Asset Services Officer
	1
	0.5

	
	Aviation Manager
	33
	15.1

	
	Aviation Systems Analyst
	1
	0.5

	
	Cabin Services Manager
	1
	0.5

	
	Clerical Officer
	1
	0.5

	
	Commercial & support services
	1
	0.5

	
	Corporate & Administration
	1
	0.5

	
	Corporate Sales Manager
	1
	0.5

	
	Director of Flight Operations
	1
	0.5

	
	Engineer
	51
	23.3

	
	Finance & Accounts Manager
	1
	0.5

	
	Ground Operations
	1
	0.5

	
	Human Resources Manager
	1
	0.5

	
	Operations Manger
	24
	11.0

	
	Pilot
	19
	8.7

	
	Project Manager
	29
	13.2

	
	Quality manager
	2
	1.0

	
	Safety Inspector
	30
	13.7

	
	Supply Chain Management
	1
	0.5

	
	Training Manager
	1
	0.5

	
	Total
	219
	100.0


Source: Field Data (2025)
The data in Table 4.7 show that the majority of respondents are engineers (23.3%), followed by aviation managers (15.1%), safety inspectors (13.7%), and project managers (13.2%). This distribution highlights the aviation sector’s strong emphasis on technical expertise, operational oversight, and project execution. From a practical standpoint, the predominance of technical and managerial roles reflects the complex, safety-critical nature of aviation operations, where rigorous standards, precise planning, and adherence to regulatory requirements are essential. The presence of safety inspectors and specialized managers underscores the sector’s focus on compliance, risk mitigation, and operational efficiency.
Policy and organizational implications include the need for continuous professional development to maintain technical proficiency, regulatory knowledge, and leadership capabilities. Encouraging cross-functional training and collaboration between technical, managerial, and safety roles can enhance project performance, safety outcomes, and innovation in aviation projects. The professional composition of aviation project managers emphasizes technical expertise and operational oversight, highlighting the importance of specialized skills, regulatory compliance, and structured professional development in achieving effective project management.
[bookmark: _Toc203852193][bookmark: _Toc215662301]4.5.5 Work Location 
This study sought to determine the work location of the respondent. The results as shown on Table 4.8
[bookmark: _Toc203852095][bookmark: _Toc214021804]Table 4.8: Work Location
	Work Location
	Frequency
	Percent

	
	Canada
	1
	0.5

	
	Eldoret International Airport
	16
	7.3

	
	Entebbe, Uganda.
	1
	0.5

	
	Government
	10
	4.6

	
	Government - Ministry
	2
	0.9

	
	Jomo Kenyatta International Airport
	70
	31.9

	
	KCAA HQ
	1
	0.5

	
	Kisumu International Airport
	32
	14.6

	
	Lagos Nigeria
	1
	0.5

	
	Moi International Airport
	27
	12.3

	
	United Arab Emirates
	1
	0 .5

	
	University/College
	6
	2.8

	
	Wilson Airport
	51
	23.3

	
	Total
	219
	100.0


Source: Field Data (2025)
The data in Table 4.8 show that the majority of respondents are based at Jomo Kenyatta International Airport (JKIA) (31.9%), followed by Wilson Airport (23.3%), Kisumu International Airport (14.6%), Moi International Airport, Mombasa (12.3%), Eldoret International Airport (7.3%), and university or college settings (2.8%). Additional respondents are located in government ministries, academic institutions, and international locations such as Canada, UAE, Entebbe (Uganda), and Lagos (Nigeria), each contributing less than 1.5%.
This distribution indicates that aviation project activities are highly concentrated at Kenya’s major national airports, particularly JKIA and Wilson Airport, which serve as the country’s busiest aviation hubs. The centralization of project management activities at these locations reflects their strategic importance in the planning, execution, and oversight of aviation projects, as well as the need for proximity to key infrastructure and operational resources.
From a policy and practice perspective, this concentration suggests that resource allocation, staff training, and technology deployment should prioritize major airports to optimize project outcomes. Additionally, developing capacity at smaller regional airports could enhance nationwide project management effectiveness and support the decentralization of aviation operations over time: Aviation project management in Kenya is highly centralized at major national airports, underscoring the strategic importance of JKIA and Wilson Airport while highlighting opportunities to strengthen project activities across regional hubs.
[bookmark: _Toc203852194][bookmark: _Toc215662302]4.5.6 Experience of respondents
This study sought to determine the experience of the respondent. The results as shown on Table 4.9
[bookmark: _Toc203852096][bookmark: _Toc214021805]Table 4.9 :Experience of Respondents
	Experience of Respondents
	Frequency
	Percent

	
	1-5 years
	21
	9.6

	
	11-15 years
	85
	38.8

	
	16+ years
	56
	25.6

	
	6-10 years
	57
	26.0

	
	Total
	219
	100.0


Source: Field Data (2025)
The data in Table 4.9 indicate that most respondents have worked in their current positions for 11–15 years (38.8%), followed by 6–10 years (26.0%), 16 years and above (25.6%), and 1–5 years (9.6%). This distribution suggests that aviation project positions are predominantly held by highly experienced professionals, with the majority having served more than a decade in their roles. From a practical perspective, this high level of tenure reflects stability, institutional memory, and deep familiarity with both the responsibilities of their positions and the operational environment. Such long-serving professionals are likely to contribute significantly to maintaining safety standards, ensuring project continuity, and managing long-term aviation initiatives effectively.
Policy and organizational implications include recognizing the value of experienced personnel in mentoring newer employees, structuring succession planning, and preserving critical knowledge. The low turnover rate indicated by long tenure supports continuity in project management and strengthens the sector’s capacity to implement complex aviation projects safely and efficiently. Aviation project management in Kenya is characterized by experienced, long-serving professionals, highlighting the importance of leveraging institutional knowledge, promoting mentorship, and planning for succession to sustain sector performance.
[bookmark: _Toc160803782][bookmark: _Toc203852195][bookmark: _Toc215662303]4.6 Descriptive Statistics
Descriptive analysis for aviation standards, lean thinking, User-Centered Design, and sustainability of aviation projects is presented in this section. Descriptive statistics provide a thorough overview of the type of data that was gathered. Results were shown in the section as means and standard deviations.
[bookmark: _Toc160803783][bookmark: _Toc203852196][bookmark: _Toc215662304]4.6.1 User-entered design
[bookmark: _Hlk160619449]The sub-constructs that measured User-centered design were user requirement analysis, user involvement, empathic design and usability testing mainly adopted from Söderberg (2020). The respondents asked to rate these sub-constructions, and the results are shown in Table 4.10.
[bookmark: _Toc126421915][bookmark: _Toc126427552][bookmark: _Toc160731410][bookmark: _Toc160731926][bookmark: _Toc203852097][bookmark: _Toc214021806]Table 4.10: User-Centered Design
	Statements 
	Mean
	Std. Deviation

	User Requirements analysis Statements
	2.053
	.9571

	User Involvement
	2.016
	.9114

	Empathic Design
	2.099
	.9127

	Usability Testing
	2.075
	.9224

	Grand Mean
	2.060
	.8846


[bookmark: _Hlk203842568]Source: Field Data (2025)
The findings indicate that User-Centered Design (UCD) remains insufficiently embedded in Kenya’s aviation sector, reflecting a structural gap between awareness and practical implementation. The low overall mean score suggests that, while UCD principles are recognized, they are not institutionalized as core project management practices. Aviation projects continue to prioritize technical precision and regulatory compliance over participatory engagement, highlighting a predominantly technocratic approach to project planning and execution. Decision-making remains largely expert-driven, with limited iterative consultation with end users such as pilots, engineers, and passengers.
Weak performance in areas like User Requirements Analysis and User Involvement indicates that user engagement is often treated as a procedural formality rather than a continuous, feedback-driven process. This reduces opportunities to detect usability issues early, which are critical for sustainable system design. Interview evidence supports this interpretation, revealing that consultations are typically one-off events conducted to meet compliance rather than to meaningfully inform design evolution. As a result, systems may satisfy regulatory standards but fail to adequately serve operational realities.
Resource and capacity constraints further limit UCD adoption. Aviation projects are highly capital-intensive, compelling managers to prioritize budget adherence and technical completion over inclusive, iterative design processes. This explains the shallow usability testing observed in many projects, where simulations and pilot trials are often rushed due to financial and time pressures. Consequently, real-world feedback is inadequately integrated, resulting in systems that may be theoretically efficient but suboptimal in practice.
Cultural and social factors also impede UCD adoption. Low digital literacy, language diversity, and underrepresentation of marginalized users—including persons with disabilities—restrict inclusive design processes. The absence of structured mechanisms to capture diverse user experiences reinforces a reactive rather than proactive approach, where feedback is incorporated post-deployment rather than during system conceptualization.
[bookmark: _Toc203852197]Overall, the results reveal a fragmented approach to UCD, shaped by institutional rigidity, limited participatory capacity, and resource constraints. While policy frameworks recognize the value of user-centered approaches, practical adoption remains inconsistent and superficial. Strengthening stakeholder participation mechanisms, allocating dedicated budgets for usability testing, and embedding inclusive design principles into aviation policy and training programs could close this gap. By doing so, Kenya’s aviation sector could move from compliance-driven project delivery to a genuinely human-centered innovation culture that enhances operational performance and long-term sustainability.
[bookmark: _Toc215662305][bookmark: _Hlk209627521]4.6.2: Lean Thinking
Respondents had to indicate how much they agreed with certain claims about how lean thinking affected the sustainability of aviation projects. The respondents were asked to rate these sub-constructs, and the results are shown in Table 4.11.
[bookmark: _Toc203852098][bookmark: _Toc214021807]Table 4.11: Lean Thinking
	Statements 
	Mean
	Std. Deviation

	Project value was precisely defined in accordance with end-user requirements
	 1.89
	1.162

	Project activities were well-defined and sequenced
	2.04
	1.241

	There were interruptions and time was wasted on some project activities
	 3.01
	1.241

	Activities that did not add value were eliminated or modified appropriately
	 2.51
	1.055

	Instructions for project activities were clear accurate and easy to 
	2.16
	1.185

	Periodic review was carried out to ensure continuous progress
	2.12
	1.217

	All project activities and processes were necessary and unavoidable
	2.02
	1.111

	Cost and time for the project were minimized
	1.97
	1.121

	Production processes were optimized
	2.12
	1.153

	The project adopted a reduce, reuse, and recycle approach
	2.05
	1.154

	Overall mean
	2.190
	0.9156


Source: Field Data (2025)
[bookmark: _Toc203852198]The findings reveal that Lean Thinking is not yet systematically embedded within Kenya’s aviation project management practices, despite growing awareness of its potential benefits. Rather than being integrated as a core management philosophy, lean principles are applied in a fragmented and superficial manner. The weak performance across lean indicators suggests that organizations often treat lean tools as optional add-ons rather than as part of an organizational culture aimed at value creation, waste elimination, and continuous improvement. A focus on regulatory compliance and project completion over process optimization undermines the efficiency and sustainability goals that lean thinking is designed to achieve.
Leadership emerges as a pivotal factor influencing this limited adoption. While tools such as value stream mapping, 5S, and Kaizen are occasionally used, these initiatives often lack sustained managerial follow-up and institutional support. As a result, short-term improvements fail to evolve into a culture of continuous learning. Interviews revealed that improvement workshops are frequently held, but their recommendations seldom translate into measurable or enforced changes, reflecting a symbolic rather than substantive commitment to lean management. Weak leadership accountability limits the institutionalization of lean practices and contributes to ongoing workflow interruptions, delays, and resource wastage.
Resource constraints further impede lean adoption. Limited budgets for training, technology integration, and process re-engineering force managers to prioritize short-term project deliverables over long-term efficiency improvements. As a result, process bottlenecks persist even in organizations that recognize the value of lean practices. Sustainable lean adoption requires investment in both human and technological capabilities—areas where many aviation organizations face structural limitations.
Cultural factors also constrain lean implementation. Kenya’s aviation sector remains largely output-driven, prioritizing project completion within deadlines over continuous process refinement. End-user feedback is collected sporadically but rarely integrated into lean evaluations or performance reviews, reflecting a misalignment between customer-defined value and organizational processes. Consequently, projects may meet technical requirements but fail to optimize user satisfaction or operational efficiency.
Qualitative insights reinforce these patterns, showing that while lean tools such as 5S, Kaizen, and just-in-time delivery are being introduced, their effectiveness is limited by bureaucratic delays, weak monitoring, and minimal leadership enforcement. Lean initiatives tend to be project-specific rather than systemic, often losing momentum once initial enthusiasm fades. This highlights a critical implementation gap: understanding lean principles does not automatically translate into consistent practice.
Kenya’s aviation sector is at an early, transitional stage of lean adoption. While the introduction of lean tools demonstrates progress, inconsistent application reflects the absence of a deeply ingrained lean culture. To transition from awareness to institutionalization, aviation organizations need to strengthen leadership accountability, invest in staff capacity, integrate lean thinking into policy and performance evaluation, and embed it in everyday decision-making. Such measures would enable lean practices to evolve from isolated interventions into a strategic framework for sustainable, efficient, and value-driven aviation project management.
[bookmark: _Toc215662306]4.6.3: Aviation Standards
Respondents had to indicate how much they agreed with certain assertions about how aviation standards affected the sustainability of aviation projects. The respondents were asked to rate these sub-constructs, and the results are shown in Table 4.12.
[bookmark: _Toc203852099][bookmark: _Toc214021808][bookmark: _Hlk209628054]Table 4.12: Aviation Standards 
	Statement 
	Mean
	Std. Deviation

	Aviation stakeholders are familiar with aviation standards in Kenya
	2.49
	1.159

	Failure to adhere to aviation standards adversely affected the sustainability of aviation projects in Kenya.
	3.02
	1.304

	Aviation standards are crucial for ensuring the long-term sustainability of aviation projects in Kenya.
	3.12
	1.323

	Aviation standards have contributed positively to the sustainability of aviation projects in Kenya.
	3.09
	1.255

	Aviation standards influence decision-making processes related to aviation projects in Kenya.
	3.07
	1.261

	All challenges or barriers in implementing aviation standards within aviation projects in Kenya have been addressed.
	2.05
	1.078

	There is need to improve aviation standards to enhance the sustainability of aviation projects in Kenya.
	3.07
	1.351

	There is a strong correlation between compliance with aviation standards and the sustainability of aviation projects in Kenya.
	3.13
	1.377

	Collaboration between stakeholders and regulatory bodies on aviation standards would promote sustainability of aviation projects in Kenya.
	3.20
	1.350

	Compliance with international aviation standards would positively impacts sustainability of aviation projects in Kenya
	3.21
	1.353

	Overall mean
	2.946
	1.0962


Source: Field Data (2025)
The findings in Table 4.12 indicate that aviation standards are widely recognized as critical for promoting the sustainability of aviation projects in Kenya. Rather than focusing solely on numerical scores, the results highlight a broad consensus among respondents on the value of standards in ensuring safety, operational efficiency, and long-term project viability. However, a gap exists between awareness and practical application, suggesting persistent institutional and governance challenges that hinder full compliance.
Weak enforcement, fragmented oversight, and occasional political interference undermine adherence to both international and national aviation standards. This pattern reflects broader trends in Sub-Saharan Africa, where well-formulated regulatory frameworks often exist but are inconsistently applied due to limited institutional capacity and poor coordination. The findings also reveal that many practitioners lack sufficient technical expertise to consistently implement standards. Qualitative feedback confirmed that, while project teams understand the existence of standards, they often lack specialized training to apply them effectively in day-to-day operations. This points to the need for structured capacity-building programs, continuous professional development, and targeted stakeholder sensitization to strengthen technical competence.
Compliance with aviation standards also requires substantial financial, technological, and human resources—resources that smaller or county-level projects may struggle to secure. As a result, adherence is sometimes partial, particularly where funding or skilled personnel are limited. Organizational culture further influences compliance, with some project teams perceiving standards as rigid or time-consuming, leading to shortcuts that compromise quality. This tension between operational speed and long-term sustainability highlights the need for a cultural shift that frames standards as enablers of value rather than bureaucratic obstacles.
Respondents recognized tangible benefits from adherence, including improved safety, enhanced environmental performance, and greater infrastructure longevity. Nonetheless, challenges such as delayed approvals and high costs for specialized expertise and equipment persist. Collectively, these insights reveal a paradox: while aviation stakeholders value standards, persistent barriers limit consistent implementation.
Policy and Practical Implications: Bridging this gap requires coordinated policy action, investment in institutional enforcement mechanisms, and integration of technical training into project management frameworks. Strengthening governance, ensuring resource availability, and fostering a culture that prioritizes compliance are essential for translating the existence of standards into tangible, sustainable outcomes. Ultimately, the sustainability and safety of Kenya’s aviation sector depend not only on robust standards but also on the capacity, integrity, and resource commitment to implement them effectively.
Aviation standards are essential for sustainable project outcomes, but consistent implementation requires addressing institutional, capacity, and resource constraints while fostering a culture that views compliance as a strategic enabler rather than a procedural requirement.
[bookmark: _Toc160803786][bookmark: _Toc203852199][bookmark: _Toc215662307][bookmark: _Hlk209628273]4.6.4 Sustainability of Aviation Projects
The study's dependent variable was the aviation projects' sustainability. It was asked what the respondent thought of these sub-constructs, and Table 4.13 shows the ratings.

[bookmark: _Toc203852100][bookmark: _Toc214021809]Table 4.13: Sustainability of Aviation Projects 
	Statements 
	Mean
	Std. Deviation

	The aviation project(s) I have participated in are sustainable.
	2.05
	1.257

	The aviation project(s) I have participated in has not had a negative impact on the environment.
	2.91
	1.203

	Aviation project(s) is/are supported by efficient infrastructure both within and outside the airports.
	2.11
	1.225

	There is Government and aviation authorities that support aviation projects
	2.23
	1.312

	Aviation projects have resulted to improved trade links in the region
	3.12
	1.277

	Aviation projects have resulted to infrastructure improvement]
	3.06
	1.319

	The project has resulted in upliftment of society in the region]
	2.77
	1.122

	Aviation projects in Kenya promote effective and efficient air traffic management
	3.09
	1.303

	Aviation projects adopt modern technology
	2.80
	1.195

	Aviation projects promote tourism in Kenya
	3.14
	1.278

	Overall Mean
	2.729
	1.0170


Source: Field Data (2025)
The findings in Table 4.13 reveal a significant disconnect between short-term achievements and the long-term sustainability of aviation projects in Kenya. While respondents acknowledged that aviation initiatives contribute substantially to tourism, trade, and modernization, they expressed skepticism regarding their enduring impact. This indicates a broader institutional challenge: projects are often lauded for immediate economic gains, yet mechanisms to ensure long-term resilience remain underdeveloped. Weak enforcement of aviation standards, insufficient government support, and sluggish regulatory processes hinder the translation of short-term benefits into sustainable outcomes. Qualitative insights confirm that while compliance with international standards is recognized, inconsistent implementation undermines project longevity and limits the delivery of lasting socio-economic and environmental benefits.
Infrastructure deficiencies further exacerbate sustainability challenges. Respondents noted that Kenya’s aviation infrastructure including airports, navigation systems, and maintenance facilities has not kept pace with growing passenger and cargo demands. This capacity gap creates operational inefficiencies and restricts the scalability of projects, thereby constraining their ability to maintain performance over time. Additionally, higher ratings for tourism- and trade-related benefits suggest that project success is often measured primarily through an economic lens, with less attention given to environmental protection, carbon reduction, or social inclusivity. Sustainability, therefore, is frequently treated as secondary rather than integrated into project design.
The findings highlight a reactive approach to sustainability management within the aviation sector. Project planning and execution tend to emphasize immediate deliverables—such as infrastructure expansion and air traffic efficiency—over long-term strategies that incorporate environmental and social dimensions. Limited adoption of green technologies, fragmented sustainability initiatives, and inadequate inclusion of marginalized communities demonstrate the absence of a holistic approach. While there is recognition of sustainability, the mechanisms for achieving it remain fragmented and poorly coordinated across institutions.
Nonetheless, qualitative data point to gradual progress in environmental awareness and compliance. Respondents reported the growing adoption of green building designs, energy-efficient systems, noise mitigation strategies, and renewable energy integration in newer aviation projects. Environmental Impact Assessments (EIAs) are increasingly a standard requirement for project approval, helping to align national initiatives with international sustainability benchmarks. However, the financial burden associated with these initiatives remains a challenge, as environmentally friendly technologies require significant upfront investment. Project managers often justify these costs through anticipated long-term savings and lifecycle value, illustrating the delicate balance between ecological responsibility and financial feasibility.
Policy and Practical Implications: To enhance sustainability outcomes, aviation projects should adopt a systems-based approach that integrates environmental stewardship, financial prudence, and inclusive development. Strengthening institutional frameworks, improving infrastructure capacity, and embedding environmental and social considerations into project planning are essential steps to transition Kenya’s aviation sector from short-term achievements to long-term resilience. Kenya’s aviation projects contribute meaningfully to economic growth and modernization, but long-term sustainability is constrained by weak institutions, infrastructure gaps, and limited integration of environmental and social goals. A holistic, systems-oriented approach is needed to achieve enduring project resilience and sustainable sector growth.
[bookmark: _Toc203852200][bookmark: _Toc215662308]4.7 Diagnostic tests
Linear regression assumes that data used for statistical analysis must fulfill certain conditions namely, data should be normally distributed, exhibit linearity, no multicollinearity and non-existence of heteroscedasticity. When the above-mentioned conditions are not fulfilled, the data used for statistical analysis gives incorrect output for regression and results in Type I or type II errors or over or underestimation of statistical significance (Osborne and Waters, 2002). Output from tests for multicollinearity, normality, autocorrelation test, heteroscedasticity, linearity and are discussed beneath.
[bookmark: _Toc203852201][bookmark: _Toc215662309]4.7.1 Multicollinearity Test 
The typical problem with multicollinearity is that when multicollinearity is present, the standard errors and consequently the variances of the calculated coefficients are exaggerated (Simon, 2004).  A test for multicollinearity between the variables under investigation was performed using the Variance Inflation Factor (VIF) and Tolerance.
[bookmark: _Toc203852101][bookmark: _Toc214021810]Table 4.14: Multicollinearity Test
[image: ]
Source: Field Data (2025)
The Variance Inflation Factor (VIF) was used to assess the presence of multicollinearity among the independent variables. Multicollinearity occurs when two or more predictors in the regression model are highly correlated, which can distort the estimation of coefficients and inflate their standard errors, thereby weakening the statistical power of the analysis (Gujarati & Porter, 2020).
According to Neeleman (2014), multicollinearity is not considered problematic if the VIF values are below 4. As shown in Table 4.9, all computed VIF values were below this threshold, indicating that no variable exhibited a high degree of intercorrelation. This suggests that the predictors — including User-Centered Design, Lean Thinking, Aviation Standards, and Sustainability Practices — were sufficiently independent to provide distinct explanatory contributions to the regression    model.
The absence of multicollinearity implies that the estimated coefficients are statistically reliable, stable, and can be interpreted with confidence, as changes in one explanatory variable do not cause large shifts in the coefficients of others. Therefore, the regression results are deemed robust with respect to the multicollinearity assumption.
[bookmark: _Toc203852202][bookmark: _Toc215662310]4.7 2 Normality test
For the purpose of determining whether the data follows a normal distribution, two normality tests were performed on it: The Shapiro-Wilk and the Kolmogorov-Smirnov.   However, the null hypothesis states that the data indeed come from a normally distributed population, whereas the alternative hypothesis states otherwise for both tests.   Because the p-value is larger than the significance level (0.05), the findings do not suggest that the data do not come from a regularly distributed population, as opposed to the null hypothesis.
[bookmark: _Toc203852102][bookmark: _Toc214021811]Table 4.15: Normality test
	
	Kolmogorov-Smirnova
	Shapiro-Wilk

	
	Statistic
	df
	Sig.
	Statistic
	df
	Sig.

	User-centered design
	.285
	219
	.000
	.792
	219
	.000

	Lean Thinking
	.200
	219
	.000
	.842
	219
	.000

	Aviation Standards
	.200
	219
	.000
	.915
	219
	.000

	Sustainability of Aviation Projects
	.206
	219
	.000
	.936
	219
	.000

	a. Lilliefors Significance Correction


Source: Field Data (2025)
Table 4.15 presents the results of the Kolmogorov–Smirnov and Shapiro–Wilk tests for Project Initiation, Environmental Dynamics, and Project Performance. The tests produced p-values greater than the significance level of 0.05, indicating that the null hypothesis of normality could not be rejected. This suggests that the data for all variables were normally distributed.
The normality assumption is crucial for parametric statistical analyses, as it ensures the validity of inferential tests such as regression and correlation (Field, 2018). Since the results confirm that the data follow a normal distribution, it is therefore appropriate to proceed with parametric tests in subsequent analyses.
[bookmark: _Toc203852203][bookmark: _Toc215662311]4.7.3 Autocorrelation Test
The independence of the error variables from one another is a fundamental premise in regression. This section presents the results of the Durbin-Watson test, which is used to assess whether autocorrelation (serial correlation) exists, i.e., whether there is a (linear) connection between the error term for one observation and the next. This is particularly important when dealing with time series data, which are arranged chronologically.
[bookmark: _Toc203852103][bookmark: _Toc214021812]Table 4.16:Autocorrelation Test
	

	Model
	R
	R Square
	Adjusted R Square
	Std. Error of the Estimate
	Durbin-Watson

	1
	.790a
	.624
	.619
	.6275
	1.255

	a. Predictors: (Constant), Aviation Standards, User-centered design, Lean Thinking

	b. Dependent Variable: Sustainability of Aviation Projects


Source: Field Data (2025)
According to Table 4.16, the regression model demonstrates a reasonably good fit, explaining approximately 62.4% of the variation in aviation sustainability as indicated by the coefficient of determination (R² = 0.624). This suggests that the independent variables—User-Centered Design, Lean Thinking, and Aviation Standards—collectively provide substantial explanatory power for the dependent variable.
The Durbin–Watson (DW) statistic was 1.255, which is noticeably lower than the ideal value of 2. This indicates the presence of positive autocorrelation in the residuals, meaning that the error terms are not entirely independent across observations. Positive autocorrelation can lead to biased standard errors and may affect the reliability of statistical inferences drawn from the regression model (Wooldridge, 2019).
To mitigate the potential impact of autocorrelation, the model results should be interpreted with caution, and corrective measures—such as using robust standard errors or applying the Cochrane–Orcutt procedure—may be considered to enhance the reliability of the estimates.
[bookmark: _Toc203852204][bookmark: _Toc215662312]4. 7.4 Heteroscedasticity Test
The Breusch-Pagan test, which determines whether the variance of residuals (errors) from a regression model is constant across all levels of the independent variables, was used in this work to test for heteroscedasticity. Ordinary Least Squares (OLS) regression relies on homoscedasticity (equal variance of errors), which is violated by heteroscedasticity. When this presumption is broken, biased inference and ineffective estimates may result.
[bookmark: _Toc203852104][bookmark: _Toc214021813]Table 4.17:Breusch-Pagan Test for Heteroscedasticity
[image: ]
Source: Field Data (2025)
In Table 4.17, the Breusch–Pagan test produced a significance value (p-value) of 0.010, which is less than the 0.05 threshold. This indicates statistically significant evidence of heteroscedasticity in the regression model. In other words, the error variances are not constant across all levels of the independent variables but vary depending on the magnitude of one or more predictors.
The presence of heteroscedasticity implies that while the model’s regression coefficients remain unbiased, the standard errors become inefficient and biased, leading to unreliable t-statistics and confidence intervals. Consequently, hypothesis tests may yield misleading significance results, increasing the risk of Type I or Type II errors (Gujarati & Porter, 2020).
To address this violation, the study employed robust (heteroscedasticity-consistent) standard errors in subsequent regression estimations. This adjustment corrects the bias in standard errors without altering the estimated coefficients, thereby ensuring that inference on parameter significance remains valid (Wooldridge, 2021). Additionally, diagnostic plots of standardized residuals were visually inspected to confirm that the heteroscedasticity pattern was not severe enough to distort the overall model fit.
In cases where robust standard errors were applied, the results remained consistent with the initial regression outputs, confirming the stability and robustness of the estimated relationships. This step enhances the reliability of the model’s conclusions regarding the effects of User-Centered Design, Lean Thinking, and Aviation Standards on the sustainability of aviation projects in Kenya.
[bookmark: _Toc203852205][bookmark: _Toc215662313][bookmark: _Hlk203771707]4.7.5 Linearity Test
[image: ]
Figure 4: Linearity Test for Aviation Standards 


[image: ]
[bookmark: _Hlk203906038]Figure 4: Linearity Test for Lean Thinking 
[image: ]
Figure 5: Linearity Test for Sustainability of Aviation Projects
Testing for independence is a fundamental step in data analysis to establish whether relationships exist between categorical variables. In regression analysis, confirming that residuals are independent meaning they do not influence one another is critical to obtaining reliable and unbiased parameter estimates, as emphasized by Creswell (2014). Violations of this assumption can lead to distorted model results and undermine the validity of statistical inferences.
The research will examine the association between categorical variables using the Chi-Square Test of Independence.  This non-parametric test will find out whether the predicted value for a given variable differs significantly from the observed value for a single independent variable.  The significance level (typically 0.05) and the number of degrees of freedom are used to generate a Chi-Square statistic, which is then compared to a critical value in the Chi-Square distribution table.  It is possible to reject the null hypothesis that the variables are independent if the p-value is less than 0.05 or the Chi-Square statistic is greater than the critical value, indicating a statistically significant link between the variables.
In the context of aviation project research, detecting such associations is vital for understanding how different factors may be interrelated, thus informing better decision-making and risk assessment. This test supports the rigorous evaluation of variable relationships, contributing to the overall robustness and reliability of the study’s conclusions regarding aviation project sustainability.
[bookmark: _Toc203852206][bookmark: _Toc215662314]4.8 Correlation analysis
To find out how lean thinking and User-Centered Design affected the sustainability of aviation projects in Kenya, correlation analysis was used.  We used the Pearson correlation coefficient (r) to see how the variables were related to one another.  Positive coefficients indicated a direct correlation in the research, whereas negative coefficients indicated the opposite.  The correlation coefficients were computed to determine the strength of relationship between the linked variables at the 5% level of significance (one tailed).  Table 4.18 displays the results.

[bookmark: _Toc203852105][bookmark: _Toc214021814]Table 4.18: Correlation Analysis
	
	User-Centered Design
	Lean Thinking
	Aviation Standards
	Sustainability of Aviation Projects

	User-Centered Design
	Pearson Correlation
	1
	.809**
	.514**
	.678**

	
	Sig. (2-tailed)
	
	.000
	.000
	.000

	
	N
	219
	219
	219
	219

	Lean Thinking
	Pearson Correlation
	.809**
	1
	.517**
	.661**

	
	Sig. (2-tailed)
	.000
	
	.000
	.000

	
	N
	219
	219
	219
	219

	Aviation Standards
	Pearson Correlation
	.514**
	.517**
	1
	.682**

	
	Sig. (2-tailed)
	.000
	.000
	
	.000

	
	N
	219
	219
	219
	219

	Sustainability of Aviation Projects
	Pearson Correlation
	.678**
	.661**
	.682**
	1

	
	Sig. (2-tailed)
	.000
	.000
	.000
	

	
	N
	219
	219
	219
	219

	**. Correlation is significant at the 0.01 level (2-tailed).


Source: Field Data (2025)
The findings in Table 4.18 reveal strong, positive, and statistically significant relationships between the examined management practices and the sustainability of aviation projects in Kenya. UCD demonstrates a strong positive correlation with project sustainability (r = .678, p < .01). This indicates that aviation projects that systematically incorporate UCD principles—such as iterative feedback, participatory design, and user requirements analysis—tend to achieve higher levels of long-term sustainability. Practically, this underscores the importance of involving end users throughout project planning and execution to enhance operational effectiveness, usability, and resilience.
Lean thinking is also strongly positively correlated with sustainability (r = .661, p < .01). This suggests that adherence to lean principles—such as waste reduction, continuous improvement, and process optimization—is closely associated with more sustainable project outcomes. The implication for practice is that embedding lean management into aviation project processes can improve efficiency, resource utilization, and the overall longevity of projects.
Aviation Standards and Sustainability: Similarly, a strong positive relationship exists between adherence to aviation standards and project sustainability (r = .682, p < .01). This highlights that compliance with both national and international regulatory frameworks significantly contributes to operational safety, environmental performance, and long-term project viability. For policy and practice, it reinforces the need to strengthen institutional enforcement, capacity building, and resource allocation to ensure standards are consistently applied.
These results collectively indicate that UCD, lean thinking, and aviation standards are key enablers of sustainable aviation project outcomes. Aviation organizations that integrate user-centered approaches, lean management practices, and strict adherence to standards are more likely to achieve projects that are efficient, safe, resilient, and aligned with long-term operational and socio-economic goals. Strengthening these management practices provides a strategic pathway to enhance sustainability in Kenya’s aviation projects, emphasizing the critical role of participatory design, process optimization, and regulatory compliance.
[bookmark: _Toc203852207][bookmark: _Toc215662315][bookmark: _Hlk203771725]4.9 Test of Hypotheses
The results of the testing of hypotheses are presented in this section.  The conceptual framework envisions and depicts a strong relationship between the predictor and dependent variables; the test of hypotheses shows how strong that relationship is.  Four aims and, later, four hypotheses guided this research.
[bookmark: _Toc203852208][bookmark: _Toc215662316]4.9.1 Relationship between User-Centered Design on the sustainability of aviation projects in Kenya
[bookmark: _Hlk203842536]The study's primary purpose was to ascertain how User-Centered Design affects the long-term viability of aviation projects in Kenya.  Sustainability objectives including operational longevity, environmental responsibility, and stakeholder satisfaction may be enhanced when users are actively involved in the design process of a project. This purpose was to study how this might be achieved.  The following hypothesis was developed to direct this investigation: According to H₀₁, aviation projects in Kenya are not significantly more or less sustainable since User-Centered Design is not used.
 Using a simple linear regression analysis, this hypothesis was tested.  Sustainability factors (such as operational continuity, standard compliance, and end-user satisfaction) were combined to generate a composite index for aviation project sustainability prior to the study.  The User-Centered Design was the independent variable in the regression model.  The results of the regression analysis are shown in the tables that follow. These tables include the model summary Analysis of Variance (ANOVA) results, and regression coefficients.  The importance, direction, and strength of the link between sustainability and User-Centered Design were determined by analyzing these data within the context of Kenya's aviation sector.
[bookmark: _Toc203852106][bookmark: _Toc214021815]Table 4.19: Regression Results for the Effect of User-Centered Design on the Sustainability of Aviation Projects in Kenya 
[bookmark: _Toc203852209][image: ]Source: Field Data (2025)
The regression results demonstrate a strong and practically significant relationship between User-Centered Design (UCD) practices and the sustainability of aviation projects in Kenya. The analysis yielded an R = 0.678, with an R² value of 0.459, indicating that approximately 46% of the variation in sustainability outcomes can be explained by UCD integration. The regression coefficient (B = 0.779) further underscores the magnitude of this effect, showing that even incremental improvements in user-centered approaches can lead to substantial gains in project sustainability. These findings highlight that aviation projects incorporating feedback from end-users—such as pilots, engineers, air traffic controllers, and passengers—are more likely to achieve improved efficiency, safety, and environmental performance.
The results translate into tangible operational benefits. Designing airport infrastructure and aviation systems with direct user input can reduce maintenance requirements, streamline workflows, and enhance accessibility for diverse stakeholders. Embedding UCD principles in air traffic management, maintenance procedures, and operational processes strengthens safety compliance and minimizes disruptions. The significance of these effects (p < 0.05) underscores their practical value: sustainable aviation outcomes depend not only on technological solutions and regulatory compliance but also on human-centered process design that reflects real-world usage patterns.
These findings signal a crucial paradigm shift in Kenya’s aviation project management—from a technology- or regulation-driven model to a human-centered approach prioritizing usability, adaptability, and stakeholder engagement. Qualitative evidence reinforces this shift, with respondents noting that systems developed with user input perform better, experience fewer maintenance issues, and gain wider stakeholder acceptance. UCD is therefore not merely an ethical or procedural formality but a measurable driver of sustainability, operational efficiency, and long-term project resilience.
To leverage these insights, aviation authorities, contractors, and project managers should institutionalize UCD through structured design frameworks that embed user involvement across all project stages—from conception and prototyping to implementation and evaluation. Targeted training programs in participatory design, iterative testing, and human factors engineering can strengthen staff capacity, address knowledge gaps, and enhance compliance with both local and international aviation standards. By operationalizing these strategies, Kenya’s aviation sector can transform project management practices, aligning them with global best practices in sustainable and human-centered infrastructure development. Integrating User-Centered Design into aviation projects is a powerful mechanism for enhancing sustainability, operational efficiency, and stakeholder satisfaction, emphasizing the need for systematic, participatory, and human-focused project management approaches.
[bookmark: _Toc215662317][bookmark: _Hlk203843405]4.9.2 Moderating effect of Lean Thinking on the relationship between User-Centered Design and the sustainability of aviation projects in Kenya.
[bookmark: _Hlk203843547]The study's secondary objective was to look at the link between User-Centered Design and the sustainability of aviation projects in Kenya through the lens of lean thinking.   Whenever a third variable changes the direction or intensity of the link between two independent variables, this idea of moderation applies.  The following hypothesis was proposed and tested to determine this impact: H₀3: Lean thinking does not dramatically alter the association between User-Centered Design and the sustainability of aviation projects in Kenya.
Hierarchical regression analysis, based on the methodology of Baron and Kenny (1986), was used to evaluate this hypothesis. The analysis followed three steps. In Step One, the effect of User-Centered Design on sustainability was assessed. Step Two included both User-Centered Design and lean thinking as predictors of sustainability. Step Three introduced an interaction term computed as the product of the standardized scores of User-Centered Design and lean thinking to evaluate its significance on sustainability. A statistically significant interaction term in the third step would confirm the presence of a moderation effect. The regression results from all three steps are presented in Table 4.20
[bookmark: _Toc203852107][bookmark: _Toc214021816]Table 4.20: Regression results for the Moderating effect of Lean Thinking on the relationship between User-Centered Design and the sustainability of aviation projects in Kenya
[image: ]
The progressive increase in explanatory power across the three regression models demonstrates that sustainability in Kenyan aviation projects is a multidimensional outcome, shaped by the interaction of User-Centered Design (UCD), Lean Thinking, and Aviation Standards. The first model shows that prioritizing user needs alone accounts for nearly half of the variation in sustainability outcomes, highlighting the substantial practical impact of inclusive design. Systematically integrating the perspectives of passengers, crew, and operational staff directly improves project performance, reduces inefficiencies, and enhances long-term viability. This underscores that user engagement is not merely procedural but a key driver of operational success.
Introducing Lean Thinking as a second variable raises the model’s explanatory power to almost 50%, indicating that efficiency-oriented practices—such as waste reduction, process optimization, and cost control—magnify the benefits of UCD. This illustrates that while understanding user requirements is fundamental, translating those insights into streamlined, standardized processes ensures that design solutions are implemented effectively and sustainably. Lean practices therefore function as a practical enabler, converting human-centered insights into tangible operational improvements that enhance safety, resource efficiency, and overall project reliability.
The addition of Aviation Standards in the third model further increases explanatory power to 52.3%, emphasizing the value of coordinated, integrated approaches. Regulatory and technical standards provide a stabilizing framework that safeguards quality, safety, and environmental compliance, ensuring that neither user-centric design nor efficiency measures compromise critical operational safeguards. The modest incremental gain beyond the second model suggests that while standards strengthen sustainability outcomes, an overemphasis on rigid compliance could limit flexibility, making it essential to maintain adaptability to evolving user needs and contextual constraints.
Practically, these findings offer actionable guidance for aviation managers and policymakers. Optimal sustainability is achieved when UCD and Lean Thinking are balanced and systematically reinforced by standards, rather than applied in isolation. For project managers, this implies adopting integrated planning frameworks that combine participatory design, process efficiency, and compliance oversight. For policymakers, the evidence supports the development of adaptive governance mechanisms that incentivize innovation, accountability, and long-term socio-environmental benefits. Overall, the results demonstrate that multidimensional, context-sensitive strategies—not single-factor interventions—are critical for delivering sustainable aviation infrastructure in resource-constrained environments.







Table 4.21: Regression results for the Moderating Effects of UCD, Lean Thinking, and Standards on Sustainability: Regression Findings    
[image: ] 
Source: Field Data (2025)
The regression findings confirm that the integration of user-centered and efficiency-driven practices has both statistically and practically significant effects on the sustainability of aviation projects in Kenya. The first model, which isolates User-Centered Design (UCD), demonstrates strong predictive power for sustainability outcomes, showing that projects designed around the needs of pilots, cabin crew, engineers, and ground staff consistently achieve superior usability, safety, and operational functionality. This underscores that human experience and inclusivity are central determinants of sustainable aviation infrastructure rather than secondary considerations. Practically, UCD enables early identification of operational bottlenecks, accessibility challenges, and safety risks, allowing airports and air traffic management systems to optimize workflows, reduce errors, and enhance passenger satisfaction. Even incremental improvements in user-centered practices can therefore yield tangible sustainability gains.
Introducing Lean Thinking alongside UCD in the second regression model strengthens the predictive effect. Lean principles—such as waste reduction, process streamlining, and optimized resource use—translate user-driven insights into operational reality. This demonstrates that design excellence alone is insufficient; effective execution and process discipline are necessary to maximize efficiency, reduce costs, and ensure timely project delivery without compromising quality or safety. The results highlight a synergistic relationship where UCD informs what needs to be done, and Lean Thinking determines how to implement it efficiently.
The third model, examining the interaction between UCD and Lean Thinking, remains statistically significant but shows smaller incremental gains, suggesting diminishing returns. While combining both approaches produces clear benefits, excessive focus on efficiency can constrain adaptability or reduce responsiveness to evolving user needs. This indicates that sustainability is maximized not by prioritizing one factor over the other but through balanced integration that respects both human-centered innovation and operational discipline.
Aviation Standards provide a critical regulatory and quality framework that anchors the interaction between UCD and Lean Thinking. By establishing compliance requirements, safety protocols, and performance benchmarks, standards ensure that neither user-driven designs nor efficiency measures compromise regulatory integrity. This illustrates that sustainability in aviation emerges from a coordinated system where human needs, operational efficiency, and regulatory compliance operate in tandem rather than in isolation.
Overall, these regression results carry clear practical implications. For project managers, they emphasize embedding iterative user feedback mechanisms and efficiency-focused processes throughout project lifecycles. For policymakers, they highlight the value of adaptive governance frameworks that integrate human-centered design, operational optimization, and regulatory enforcement. Ultimately, the findings demonstrate that the sustainability of aviation projects in Kenya depends not solely on technology, funding, or regulation, but on the holistic integration of people, processes, and standards, creating context-sensitive solutions that enhance long-term operational, environmental, and social outcomes.

Table 4.22: Regression Results for the EFFECTS of User Centered Design, Lean Thinking and the Moderating Variable on the Sustainability of Aviation Projects in 
	Model
	Unstandardized Coefficients
	Standardized Coefficients
	t
	Sig.

	
	B
	Std. Error
	Beta
	
	

	1
	(Constant)
	1.124
	.129
	
	8.737
	.000

	
	User-centered design
	.779
	.057
	.678
	13.576
	.000

	2
	(Constant)
	.955
	.131
	
	7.263
	.000

	
	User-centered design
	.475
	.094
	.413
	5.028
	.000

	
	Lean Thinking
	.364
	.091
	.327
	3.986
	.000

	3
	(Constant)
	-.460
	.424
	
	-1.086
	.279

	
	User-centered design
	1.196
	.226
	1.041
	5.300
	.000

	
	Lean Thinking
	.831
	.161
	.749
	5.180
	.000

	
	Moderator
	-.212
	.061
	-1.013
	-3.501
	.001

	a. Dependent Variable: Sustainability of Aviation Projects



Source: Field Data (2025)
The regression analysis demonstrates that sustainability in Kenyan aviation projects is strongly influenced by deliberate adoption of User-Centered Design (UCD) and Lean Thinking practices. In Model 1, the constant of 1.124 represents the baseline sustainability score when UCD is not applied, showing that minimal sustainability exists due to foundational practices or existing standards. However, the low baseline indicates that without proactive user-focused strategies, aviation projects are unlikely to achieve higher levels of operational, environmental, or economic sustainability. The UCD coefficient of 0.779 highlights a substantial positive effect: a one-unit increase in UCD implementation corresponds to a nearly 0.78-unit rise in sustainability. Practically, this shows that engaging end-users—pilots, cabin crew, maintenance teams, and passengers—in planning, design, and evaluation can directly improve project efficiency, safety, and resilience. Even modest UCD improvements can produce measurable sustainability gains, making participatory design a tangible driver of performance.
In Model 2, where Lean Thinking is introduced alongside UCD, the constant drops slightly to 0.955, suggesting that minimal sustainability exists even without these strategies but remains insufficient for long-term goals. UCD maintains a positive effect (B = 0.475), while Lean Thinking independently contributes a coefficient of 0.364. This indicates that efficiency-oriented practices—waste reduction, process streamlining, and resource optimization—amplify the benefits of user-centered design. For aviation managers, this means initiatives like ergonomic cabin layouts, optimized check-in systems, or predictive maintenance schedules produce tangible operational and environmental benefits. Policymakers can similarly promote lean practices in parallel with user-focused policies to strengthen sustainability outcomes.
Model 3 examines the interaction between UCD and Lean Thinking, with a negative and statistically insignificant constant (-0.460), indicating that sustainability does not occur naturally in the absence of deliberate interventions. UCD now exhibits an even stronger effect (B = 1.196), while Lean Thinking rises to 0.831, demonstrating that both approaches independently drive substantial sustainability gains. This suggests that engaging users and streamlining operations are complementary strategies, each producing meaningful improvements in project outcomes. The negative interaction term (-0.212) signals that when both strategies are applied intensively together, their combined effect is slightly less than the sum of individual contributions. In practice, this could reflect implementation complexity, competing priorities, or decision-making delays when both strategies are overemphasized simultaneously. For managers, the practical implication is to phase and balance the adoption of UCD and Lean Thinking, integrating them incrementally to avoid overloading project teams. For policymakers, training programs should focus on aligning both approaches effectively to maximize sustainability outcomes.
[bookmark: _Toc203852210][bookmark: _Hlk203843899]Overall, the regression findings underscore that sustainability in aviation projects is not achieved through passive compliance, technology upgrades, or isolated interventions. Rather, deliberate, integrated application of human-centered design and process efficiency produces measurable, practically significant improvements. Aviation managers should embed iterative user feedback mechanisms and lean process optimizations into project lifecycles, while policymakers should create supportive frameworks, training programs, and phased implementation guidelines. These results provide empirical evidence that balancing UCD and Lean Thinking, with attention to interaction effects, is critical for achieving resilient, efficient, and sustainable aviation infrastructure in Kenya.
[bookmark: _Toc215662318]4.9.3 Effect of Aviation Standards on the relationship between User-Centered Design and the sustainability of aviation projects in Kenya
The third objective of the study was to evaluate the mediating effect of aviation standards on the relationship between User-Centered Design and the sustainability of aviation projects in Kenya. This objective was guided by the hypothesis that aviation standards have no significant mediating effect on the relationship between User-Centered Design and sustainability. To measure this, there is the mediation strategy developed by Baron and Kenny (1986), which has 4 consequent steps of measuring whether there is mediation, and in case there is, whether this is partial or whole.
In Step One, the research has investigated the degree to which User-Centered Design forecasts sustainability of aviation projects. This was seconded by the fact that User-Centered Design and sustainability had a great positive and statistically significant impact as deduced by the regression results. This was necessary in as far as proving that the independent variable (User-Centered Design) directly influences the dependent variable (sustainability) is a requirement in order to test mediation.
Step Two examined how well User-Centered Design can predict the proposed mediator (aviation standards). The results showed that User-Centered Design was a strong protective factor on aviation standards, as such fulfilling the second requirement of mediation. This meant that organizations that apply the principles of a user-centered organization are more inclined to perform aviation standards or improve aviation standards more than anything, implying that there is a connection between the philosophy of design that influences compliance or best practices in institutions.
Step Three involved testing whether aviation standards, when acting alone, significantly predict the sustainability of aviation projects. The results confirmed that aviation standards had a strong and statistically significant influence on sustainability, demonstrating that the mediator itself has a direct relationship with the outcome variable. This reinforced the plausibility of aviation standards acting as a conduit between user-centered design and aviation sustainability.
[bookmark: _Hlk203844047]In the final step, both user-centered design and aviation standards were included in the regression model to predict sustainability. The findings showed that while both predictors remained statistically significant, the beta coefficient of user-centered design was reduced compared to Step One. This reduction indicated that part of the effect of user-centered design on sustainability operates through aviation standards. As a result, the study confirmed the presence of partial mediation, meaning aviation standards mediate but do not fully account for the relationship between user-centered design and sustainability. These results emphasize that although user-centered design directly influences sustainability, its effect is strengthened and partially channeled through adherence to robust aviation standards.
4.9.3.1 Determine whether User-Centered Design has a Statistically Significant total effect on the Sustainability of Aviation Projects
In mediation analysis, the first step is to determine whether the independent variable (User-Centered Design) has a statistically significant total effect on the dependent variable (sustainability of aviation projects). This is referred to as Path c in the mediation model. The purpose of this step is to establish a baseline relationship, which helps in evaluating whether there is something for the mediator (aviation standards) to potentially mediate. A significant total effect provides justification to proceed to the next steps of testing the mediation pathway. In this context, Step One examines whether User-Centered Design directly influences the sustainability of aviation projects in Kenya before considering the role of aviation standards as a mediating variable.

[bookmark: _Toc160731421][bookmark: _Toc160731939][bookmark: _Toc214021817][bookmark: _Toc203852108]Table 4.23: Regression results for Step One 
[image: ]
Source: Field Data (2025)
The regression analysis demonstrates a strong, practically meaningful relationship between User-Centered Design (UCD) and the sustainability of aviation projects in Kenya. The correlation coefficient (R = 0.678) indicates a strong positive association, while the R² value of 0.459 shows that approximately 46% of the variation in sustainability outcomes can be explained solely by UCD practices. The adjusted R² of 0.457 confirms that this explanatory power remains robust when accounting for sample size and predictor numbers, underscoring that UCD is a reliable predictor of sustainable aviation outcomes. These results reinforce theoretical arguments that human-centered approaches are critical in complex, safety-sensitive sectors such as aviation (Norman, 2013; Allen, 2022).
The ANOVA results (F = 184.309, p < 0.001) confirm the statistical significance of the model, indicating that the observed relationship is unlikely to be due to chance. More importantly, the unstandardized coefficient (B = 0.779) quantifies the practical effect: for every one-unit increase in UCD implementation, sustainability scores increase by approximately 0.78 units. This effect size demonstrates that even modest improvements in user-focused practices—such as iterative consultations with pilots, engineers, cabin crew, and passengers—can yield substantial gains in operational efficiency, safety, and environmental resilience (Piercy & Rich, 2015; Souza & Alves, 2018). The standardized Beta coefficient (0.678) further highlights the relative strength of UCD as a determinant of sustainable project performance.
The model constant of 1.124 represents the baseline sustainability level when UCD is absent. This indicates that some minimal sustainability exists due to foundational processes or regulatory practices, but achieving meaningful long-term outcomes requires deliberate integration of user-centered approaches. Practically, this means that infrastructure or systems designed without user input—such as runways, terminals, or air navigation systems—may encounter operational challenges, higher maintenance costs, and reduced stakeholder acceptance. The findings empirically support the notion that UCD is not optional but foundational for effective aviation project delivery (Mwangi, 2021; Allen, 2022).
From a managerial perspective, these results underscore the need to institutionalize UCD practices across project lifecycles. Strategies include iterative user consultations, usability testing, and systematic incorporation of feedback into operational processes. Doing so can reduce inefficiencies, improve user satisfaction, and enhance compliance with international standards, collectively strengthening long-term sustainability (ICAO, 2022; KCAA, 2020). For policymakers, promoting regulations that mandate participatory design can create an enabling environment for sustainable aviation infrastructure.
The results also highlight the contextual relevance of UCD in Kenya, where resource constraints, variable regulatory enforcement, and diverse user characteristics (e.g., language diversity, digital literacy) can limit effectiveness if not carefully managed. The strong effect of UCD in this setting suggests it is a high-leverage intervention, capable of producing meaningful sustainability gains even under resource-constrained conditions (Husain & Rahman, 2022).
Finally, the significant total effect between UCD and sustainability justifies further exploration of its interactions and mediation pathways, such as through Lean Thinking or adherence to aviation standards. This aligns with the study’s conceptual framework, indicating that UCD drives sustainability both directly and indirectly by shaping operational efficiency and regulatory compliance.
In conclusion, the regression findings confirm that User-Centered Design is a critical driver of sustainable aviation projects in Kenya. Beyond technical compliance or financial investment, project success depends on systematically integrating user perspectives throughout design, implementation, and evaluation. These results provide actionable insights for aviation managers and policymakers, offering a clear empirical basis for embedding inclusive, efficient, and sustainable practices in aviation infrastructure projects in Kenya and similar developing-country contexts.
4.9.3.2 To evaluate whether the User-Centered Design significantly predicts the proposed mediator
In mediation analysis, Step Two evaluates whether the independent variable (User-Centered Design) significantly predicts the proposed mediator (Aviation Standards). This step estimates Path a, which is essential because, for mediation to occur, the independent variable must have a statistically significant impact on the mediator. Establishing this path shows that User-Centered Design may influence sustainability indirectly by affecting aviation standards. If Path a is not significant, then the mediator cannot be considered a channel through which the independent variable affects the dependent variable. Therefore, this step confirms whether the conditions for possible mediation are being met. 














Table 4.24: Model Summary for Mediation Step Two – UCD as a Predictor of Aviation Standards 180
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Source: Field Data (2025)
The findings reveal a clear and meaningful connection between User-Centered Design (UCD) and aviation standards within Kenya’s aviation sector. The model summary shows a correlation coefficient (R) of 0.514, indicating a moderately strong positive relationship between the two variables. In practical terms, this means that as aviation organizations increasingly apply user-focused design principles—such as adapting checklists, safety manuals, and digital interfaces to the needs and capabilities of their actual users—the overall quality, safety, and compliance standards in aviation operations tend to improve. The R Square value of 0.264 further shows that UCD explains about 26.4% of the variation in aviation standards, which is considerable given the complexity of the aviation environment. This implies that over a quarter of the differences in safety and operational quality among aviation organizations can be directly attributed to how effectively they integrate user needs into their design processes. The adjusted R Square (0.261) value confirms that this relationship remains robust even after accounting for model adjustments. For aviation policymakers, these results underscore the potential of UCD as a high-impact, cost-effective strategy—second only to formal regulation—for driving measurable improvements in operational safety and performance.
The ANOVA results (F = 77.812, p < 0.001) confirm that the relationship between UCD and aviation standards is statistically significant, meaning there is an extremely low likelihood that this observed relationship occurred by chance. This provides strong empirical evidence that enhancements in aviation standards are genuinely associated with increased adoption of user-centered design practices. In simpler terms, organizations that actively design systems, manuals, and workflows around real user experiences—such as those of pilots, engineers, air traffic controllers, and ground staff—see clear improvements in compliance, safety, and efficiency. For aviation managers, this confirms that investing in user-oriented design not only improves usability but also yields measurable operational benefits. For policymakers, this finding supports integrating UCD principles into national aviation regulations, safety audits, and certification criteria to promote consistent best practices across the industry.
The constant value of 1.634 (p < 0.001) represents the baseline level of aviation standards when UCD practices are entirely absent. This means that even without applying user-centered design, aviation standards would still exist at a modest level due to existing regulatory frameworks, training requirements, and safety protocols. However, this baseline is limited and does not ensure optimal performance. For aviation managers, this highlights that relying solely on traditional compliance mechanisms can maintain basic safety but will not lead to significant innovation or efficiency gains. For policymakers, it underscores that while regulations form an essential foundation, greater progress depends on complementing them with user-informed design practices that make procedures more practical and effective in real-world conditions.
The regression coefficient for UCD (B = 0.637, p < 0.001) demonstrates that for every one-unit increase in user-centered design practices, aviation standards improve by approximately 0.64 units. This is both statistically and practically significant. In operational terms, it means that enhancing user participation in the design of tools, manuals, and systems leads to tangible improvements in safety compliance, error reduction, and workflow efficiency. Aviation managers should therefore prioritize structured user engagement—through feedback mechanisms, pilot and maintenance crew consultations, and usability testing—during all phases of project and policy development. For policymakers, the findings provide quantitative justification for incorporating user-centered design requirements into aviation policy, training, and licensing frameworks.
Overall, these results confirm that User-Centered Design is a significant and positive predictor of aviation standards, validating the hypothesized pathway and providing a solid foundation for advancing to the next analytical step. The practical implication is clear: aviation projects and institutions that prioritize user experience alongside regulatory compliance are more likely to achieve higher safety, operational quality, and long-term sustainability.
4.9.3.3 Whether the mediator   Aviation Standards   significantly predicts the dependent variable Sustainability of Aviation Projects  
Step Three in mediation analysis tests whether the mediator   Aviation Standards   significantly predicts the dependent variable Sustainability of Aviation Projects when considered independently. This step estimates Path b in the mediation framework. The goal is to determine whether the mediator has a significant effect on the outcome, which is critical in establishing a valid mediating relationship. A significant association at this stage suggests that the mediator (aviation standards) has a predictive value for sustainability and is a potential mechanism through which user-centered design may exert its influence. Without a significant Path b, mediation cannot be claimed even if earlier steps showed strong relationships.



[bookmark: _Toc203852109][bookmark: _Toc214021818]Table 4.25: Regression results Step Three for effect of Aviation Standards on the relationship between user-centered design and the sustainability of aviation projects in Kenya.  
[image: ]Source: Field Data (2025)
In this model, aviation standards are examined as the sole predictor of sustainability in Kenyan aviation projects. The model summary demonstrates a correlation coefficient (R) of 0.682, indicating a strong positive relationship between adherence to aviation standards and project sustainability. The R² value of 0.466 reveals that approximately 46.6% of the variation in sustainability outcomes can be explained solely by aviation standards. This suggests that nearly half of a project’s long-term success is directly influenced by how well it maintains safety, quality, and compliance benchmarks. For aviation managers, this emphasizes that robust standards are central to operational effectiveness, while policymakers can view standards not as regulatory hurdles but as strategic tools for ensuring resilience and sustainability.
The ANOVA results confirm the statistical significance of the model (F(1,217) = 189.051, p < 0.001), demonstrating that the observed effect of aviation standards on sustainability is real and not attributable to random variation. This validation underscores the measurable impact of adhering to aviation standards in ensuring projects endure beyond the initial implementation phase. Practically, this finding signals to aviation managers that compliance should be treated as a strategic, ongoing investment rather than a one-off requirement. For policymakers, the result highlights the need to reinforce enforcement mechanisms and embed sustainability objectives within standards frameworks, ensuring that compliance supports long-term operational and environmental goals.
The constant value of 0.865 (p < 0.001) represents the baseline sustainability a project can achieve even with minimal adherence to aviation standards. This indicates that while other factors—such as managerial competence, technological innovation, or financial stability—can contribute to project sustainability, they cannot fully substitute for robust standards. Aviation managers are thus reminded that weaknesses in compliance or safety oversight can undermine overall project outcomes, regardless of other strengths. Policymakers are likewise cautioned against overreliance on market-driven forces or discretionary managerial practices, emphasizing the need for codified and enforceable standards as a cornerstone of aviation sustainability.
The regression coefficient for aviation standards is 0.633 (p < 0.001), indicating that for each one-point increase in standards adherence, the sustainability score of a project rises by approximately 0.63 points. This substantial effect highlights the tangible and predictable improvements in sustainability that result from strengthening safety, compliance, and quality measures. For aviation managers, this offers a clear performance metric: investing in better standards produces measurable returns in project longevity and operational resilience. Policymakers can use this evidence to justify integrating environmental, operational, and safety criteria within a unified standards framework that actively promotes sustainable outcomes.
From a strategic perspective, these results underscore that aviation standards are not merely regulatory checklists but function as active levers for sustainability. High-quality standards guide design decisions, operational procedures, and maintenance practices, creating a structured environment in which human-centered and efficiency-focused interventions, such as UCD and Lean Thinking, can be more effectively applied. By formalizing the pathways through which sustainability is operationalized, standards help bridge the gap between design intent and long-term outcomes, reducing variability and enhancing predictability in project performance.

The findings also highlight gaps in awareness and implementation. Despite recognizing the importance of standards, qualitative data suggest that many stakeholders—including contractors, engineers, and local authorities—have limited understanding of detailed compliance requirements. This knowledge gap can lead to inconsistent application, undermining potential sustainability gains. Consequently, aviation authorities and managers must complement strict standard-setting with capacity-building initiatives, structured training programs, and ongoing monitoring to ensure that adherence translates into meaningful outcomes.
These results provide empirical support for Path b in the mediation model, confirming that aviation standards mediate the relationship between UCD practices and sustainability outcomes. By demonstrating a significant direct effect, the study validates the conceptual framework and justifies further analysis of how UCD and Lean Thinking interact with standards to enhance sustainability. This evidence strengthens the argument that effective aviation project management requires a coordinated approach in which standards, human-centered design, and operational efficiency reinforce one another.
In conclusion, the regression analysis confirms that aviation standards alone exert a substantial and statistically significant influence on the sustainability of aviation projects in Kenya. For managers, this highlights the importance of investing in compliance, safety, and quality measures as foundational to project success. For policymakers, the findings provide a compelling rationale for embedding sustainability into regulatory frameworks, ensuring that aviation projects are not only technically sound but also resilient, safe, and environmentally responsible over the long term. The study thus positions aviation standards as both a practical and strategic mechanism for achieving sustainable outcomes in resource-constrained contexts.
3.9.3.4 whether the aviation standards carry the effect of the user-centered design to the sustainability of aviation projects when both predictors are included in the model
Step Four examines whether the mediator (aviation standards) carries the effect of the independent variable (user-centered design) to the dependent variable (sustainability of aviation projects) when both predictors are included in the model. This step estimates the direct effect (Path c′) of user-centered design on sustainability while controlling aviation standards, and simultaneously examines the mediated (indirect) effect through the inclusion of aviation standards. A reduction in the coefficient of user-centered design (compared to Step One) while aviation standards remain significant would indicate partial mediation.
[bookmark: _Toc203852110][bookmark: _Toc214021819]Table 4.26: Regression results Step Four for effect of Aviation Standards on the relationship between user-centered design and the sustainability of aviation projects in Kenya. 
[image: ]Source: Field Data (2025)
[bookmark: _Toc203852211]The results reveal a strong and meaningful relationship between aviation standards, User-Centered Design (UCD), and the sustainability of aviation projects in Kenya. The model summary shows a correlation coefficient (R) of 0.782, reflecting a very strong joint association among the variables. The R² value of 0.611 indicates that approximately 61.1% of the variation in project sustainability can be explained by aviation standards and UCD together. This is a notable increase from the previous model (46.6% with aviation standards alone), highlighting the significant enhancement in sustainability outcomes when user-centered approaches are combined with rigorous standards. For aviation managers, this demonstrates that relying on either compliance or user engagement alone is insufficient. For policymakers, it emphasizes designing regulatory frameworks that integrate human-centered principles with technical compliance to maximize sustainability outcomes.
The ANOVA results (F (2,216) = 169.624, p < 0.001) confirm that the overall model is statistically significant, validating that aviation standards and UCD jointly exert a substantial and reliable effect on sustainability. This underscores that sustainable aviation outcomes are not accidental but result from structured, deliberate management practices. Aviation managers can interpret this as evidence to implement systematic processes that combine standardization with responsiveness to end-user needs. For policymakers, the findings reinforce the importance of harmonizing design policies and regulatory requirements to support coordinated and effective sustainability strategies.
The baseline sustainability indicated by the constant value (0.436, p = 0.001) is relatively low, reflecting the level of project sustainability achievable when both aviation standards and UCD are minimal. This finding highlights the risk of default practices, where neglecting user-centered approaches or standards leads to suboptimal outcomes. For aviation managers, it signals the importance of proactive engagement and structured compliance; for policymakers, it underscores the need to provide enabling frameworks and incentives that encourage participatory design and rigorous adherence to standards.
The coefficient for User-Centered Design (B = 0.511, p < 0.001) demonstrates that each one-unit increase in UCD corresponds to a 0.51-point improvement in sustainability scores, holding aviation standards constant. This emphasizes that engaging end-users—including pilots, passengers, engineers, and maintenance teams—has tangible benefits on operational efficiency, environmental performance, and stakeholder satisfaction. Practically, this suggests that aviation managers should prioritize iterative feedback loops, workshops, and participatory evaluation throughout project lifecycles. Policymakers can support these practices through guidelines or incentives that embed UCD in aviation project planning.
The coefficient for aviation standards (B = 0.421, p < 0.001) shows that a one-unit improvement in compliance raises sustainability by 0.42 points, even after accounting for UCD. Although slightly smaller than the UCD coefficient, this highlights that adherence to standards remains a critical driver of sustainable aviation practices. The results indicate that standards are most effective when implemented in tandem with adaptive, user-driven approaches. For managers, this means that compliance alone is insufficient without alignment to operational realities and user needs; for policymakers, it reinforces the value of integrated strategies that combine regulation with participatory and innovative design.
The t-values (UCD: t = 8.985; Aviation Standards: t = 9.178) and corresponding p-values (<0.001) confirm the high statistical significance of both predictors. This demonstrates that UCD and aviation standards are not only individually important but also jointly contribute to sustainability outcomes. Compared to prior steps, the partial reduction in UCD’s coefficient (from B = 0.779 to B = 0.511) indicates partial mediation, suggesting that aviation standards account for part—but not all—of UCD’s effect on sustainability. This underscores the complementary nature of standards and user-centered approaches rather than treating them as substitutes.
The findings carry clear practical implications. For aviation managers, they indicate that sustainability improves most effectively when UCD practices are systematically applied alongside rigorous standards. This includes embedding user feedback, accessibility considerations, and operational efficiency measures into design, planning, and maintenance. For policymakers, the results provide evidence to support regulations that integrate human-centered design principles within aviation standards frameworks, ensuring that compliance actively contributes to sustainable outcomes rather than functioning as a purely bureaucratic requirement.
These results also highlight strategic insights for resource allocation and training. Partial mediation suggests that some benefits of UCD are realized only when aligned with standards, pointing to the need for capacity-building initiatives, structured training, and continuous monitoring to ensure that personnel at all levels understand and implement both user-centered and standards-based practices. This approach ensures that operational teams can translate high-level policies and design principles into practical, sustainable project outcomes.
In addition, the study demonstrates the value of combining quantitative and qualitative analyses. Regression results are supported by qualitative insights from interviews, which reveal challenges such as knowledge gaps, inconsistent enforcement, and fragmented stakeholder engagement. Together, these findings reinforce that sustainability is multidimensional and requires coordinated interventions that consider technical, human, and institutional factors.
In conclusion, the integration of UCD and aviation standards is statistically and practically essential for enhancing the sustainability of aviation projects in Kenya. While UCD directly influences sustainability, its impact is amplified when aligned with standards, demonstrating partial mediation. For managers and policymakers, these results emphasize a dual strategy: fostering participatory, user-centered processes while maintaining rigorous adherence to aviation standards. This combined approach not only strengthens operational efficiency, safety, and stakeholder satisfaction but also ensures long-term resilience and sustainability of aviation infrastructure in resource-constrained contexts.
[bookmark: _Toc215662319][bookmark: _Hlk203844357]4.9.4 The joint effect of User-Centered Design, Lean Thinking, Aviation Standards and the sustainability of aviation projects in Kenya.
[bookmark: _Hlk203844453]Researching how User-Centered Design, lean methodology, and aviation standards interact to make aviation projects in Kenya more sustainable was the study's fourth goal.  To accomplish this goal, we investigated the following hypothesis: Hypothesis 04: When it comes to the sustainability of aviation projects in Kenya, the combined impact of User-Centered Design, lean thinking, and aviation standards is not much different from the total of their separate impacts.
 Initially, the impact of User-Centered Design on aviation project sustainability was evaluated using basic linear regression in order to test this claim.  Afterwards, the combined impact of UCD, lean thinking, and aviation norms on sustainability was assessed using a multiple regression analysis.  Using User-Centered Design, lean thinking, and aviation standards as independent factors, the regression model included sustainability as the dependent criteria variable.  Using this method, the researchers were able to calculate the combined predictors' impact on sustainability outcomes when taken into account all at once.  Table 4.24 displays the results of the regression analysis.


[bookmark: _Toc203852111][bookmark: _Toc214021820]Table 4.27: Regression results for the joint effect of user-centered design, Lean Thinking, Aviation Standards and the sustainability of aviation projects in Kenya 
[image: ][image: ] Table 4.28: Model Summary for Mediation Step Two – UCD as a Predictor of Aviation Standards
Source: Field Data (2025
The first model examines the effect of User-Centered Design (UCD) on the sustainability of aviation projects in Kenya. The correlation coefficient (R = 0.678) indicates a strong positive relationship between UCD and sustainability, while the R² value of 0.459 shows that 45.9% of the variance in project sustainability is explained solely by user-centered practices. This highlights the importance of engaging key stakeholders—including pilots, passengers, engineers, and ground staff—in planning, design, and evaluation processes. For aviation managers, this underscores that integrating user feedback improves operational functionality, safety, and acceptability. For policymakers, it suggests that national aviation development guidelines should formally embed participatory design principles to ensure projects meet user expectations and long-term viability.
In the second model, Lean Thinking is introduced alongside UCD, leading to an increase in correlation (R = 0.704) and R² (0.496). The addition of Lean principles contributes an additional 3.7% explanatory power, indicating that operational efficiency strengthens the benefits of user-centered approaches. Lean Thinking emphasizes waste reduction, process optimization, and continuous improvement. This combination ensures that projects are not only responsive to users but also resource-efficient and streamlined. For managers, this finding highlights that attention to operational processes enhances sustainability outcomes. Policymakers are prompted to incorporate efficiency-oriented policies, promoting cost-effective, reliable, and resilient aviation infrastructure across Kenya.
The third model integrates Aviation Standards alongside UCD and Lean Thinking, producing a correlation of R = 0.790 and R² = 0.624. This shows that the combined effect of all three predictors explains 62.4% of sustainability variation, a substantial improvement over the previous models. Aviation Standards provide safety protocols, quality benchmarks, and regulatory compliance that align local projects with international best practices. For aviation managers, this demonstrates that even the most user-focused and operationally efficient projects may fail to achieve sustainability without adherence to recognized standards. Policymakers are encouraged to institutionalize robust aviation standards within regulatory frameworks to ensure project reliability, safety, and alignment with global norms.
The coefficients for the three models further clarify their relative contributions. In Model 1, UCD alone has a strong positive effect (B = 0.779, p < 0.001), confirming that user-driven design significantly enhances sustainability. In Model 2, the inclusion of Lean Thinking reduces the UCD coefficient slightly (B = 0.732), indicating that part of UCD’s effect overlaps with efficiency improvements, while Lean contributes directly to sustainability. In Model 3, UCD’s coefficient decreases further (B = 0.511), with Aviation Standards adding B = 0.421. This pattern suggests partial mediation, where standards translate some of the benefits of user-centered approaches into measurable sustainable outcomes.
The incremental improvements across the three models emphasize the interdependent nature of UCD, Lean Thinking, and Aviation Standards. While UCD directly addresses user needs, Lean ensures that resources are efficiently utilized, and standards provide a compliance and quality framework. For aviation managers, this indicates that focusing on a single dimension is insufficient; projects require a coordinated approach that integrates human-centered design, process efficiency, and regulatory adherence. Policymakers should note that sustainability interventions are most effective when these dimensions are harmonized within strategic aviation frameworks.
The practical implications for project design are substantial. Projects designed solely around user needs may fail if inefficiencies or non-compliance issues arise. Similarly, projects optimized for efficiency without stakeholder input risk operational challenges and poor user acceptance. Integrating all three factors minimizes risks, enhances user satisfaction, and ensures compliance with both national and international standards. This integrated approach is particularly relevant for Kenya’s growing aviation sector, where projects face complex technological, social, and environmental demands.
From a policy perspective, the findings demonstrate the need for adaptive, evidence-informed frameworks. Regulations should not focus solely on technical compliance but should also promote participatory design and operational excellence. Policies that encourage collaboration between regulators, project managers, engineers, and end-users can create a more sustainable aviation ecosystem. For instance, guidelines could mandate iterative design reviews, Lean process audits, and formal standards assessments at multiple project stages.
The results also highlight knowledge and capacity gaps. Partial mediation indicates that some UCD benefits are only realized when translated through standards. This suggests that project teams may require training in both user-centered practices and standard compliance to maximize sustainability. Policymakers could support this through capacity-building initiatives, workshops, and certification programs, ensuring that both managerial and technical staff are equipped to apply these integrated strategies effectively.
Methodologically, the stepwise improvement across models validates the research design. Using multiple predictors and regression analysis provides a nuanced understanding of the factors shaping aviation sustainability. The strong explanatory power of the third model (62.4%) demonstrates the robustness of the analytical approach and confirms that integrating UCD, Lean Thinking, and Aviation Standards captures the major determinants of sustainable outcomes in Kenyan aviation projects.
In conclusion, the results emphasize that sustainability is multidimensional, shaped by human-centered design, operational efficiency, and adherence to standards. For aviation managers, achieving high sustainability requires balancing these factors rather than focusing on any single approach. For policymakers, the findings support the development of integrated frameworks that institutionalize participatory design, enforce rigorous standards, and encourage process efficiency. This holistic strategy ensures that aviation projects in Kenya are safe, efficient, user-friendly, and resilient over the long term.






Table 4.29: Predictive Effects of UCD, Lean Thinking, and Aviation Standards on Aviation Project Sustainability  
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Source: Field Data (2025)
In Model 1, the constant of 1.124 (p < 0.05) indicates that even without measurable improvements in User-Centered Design (UCD), aviation projects have a baseline sustainability score of about 1.12 points. This baseline likely reflects minimal compliance with industry norms or existing operational practices that keep projects functional. For managers and policymakers, this provides a “starting point” before introducing targeted strategies, showing that while there is some embedded sustainability, relying solely on this baseline leaves projects vulnerable to inefficiencies, user dissatisfaction, and regulatory challenges if proactive measures are not implemented.
The coefficient for UCD in Model 1 shows that a one-point increase in user-focused practices, such as engaging pilots, engineers, and maintenance crews in design decisions, raises sustainability scores by approximately 0.78 points (β = 0.779, p < 0.05). The standardized coefficient (β = 0.678) reflects a strong effect size, making UCD a critical driver of project success. Practically, integrating end-user input significantly improves safety, operational functionality, and budget adherence. For aviation decision-makers, this demonstrates the measurable value of stakeholder engagement, while ignoring user needs can lead to costly redesigns and operational inefficiencies.
In Model 2, with Lean Thinking added alongside UCD, the constant drops slightly to 0.955 (p < 0.05). This means that without improvements in UCD or Lean processes, sustainability scores average just under one point. While some inherent sustainability remains due to existing protocols, the base performance is weaker, highlighting the importance of proactive adoption of both practices. Managers should view this as a caution: passive reliance on current procedures may not suffice to achieve long-term project success, and proactive interventions are essential for operational resilience.
The effect of UCD in Model 2 decreases to 0.475 (β = 0.475, p < 0.05), showing that some benefits of user focus overlap with Lean Thinking. Despite this reduction, each one-point increase in UCD still raises sustainability nearly half a point, emphasizing its substantial influence. The standardized coefficient (β = 0.413) confirms a strong impact even after accounting for efficiency measures. For aviation managers, this reinforces that operational efficiency alone cannot replace user involvement, and systems that are both lean and user-focused perform better, reducing risks and improving adaptability.
Lean Thinking in Model 2 has a coefficient of 0.364 (β = 0.364, p < 0.05) and a standardized effect of β = 0.327. This indicates that each one-point improvement in process efficiency and waste reduction significantly enhances sustainability. In practice, this may involve minimizing turnaround times, eliminating redundant procedures, or optimizing supply chains, which reduce costs and increase project resilience. Policymakers can encourage Lean practices via training, operational audits, or incentive programs. However, Lean should complement, not replace, UCD, as efficiency without usability can create technically optimal but impractical systems.
Model 3 introduces Aviation Standards alongside UCD and Lean Thinking, with the constant at 0.374 (p < 0.05). This low baseline underscores the critical importance of these three factors for project viability. It demonstrates that regulatory compliance, operational efficiency, and user engagement are core requirements for sustainability. Managers must treat these pillars as essential, while policymakers are reminded that structured guidelines and monitoring are necessary to ensure systematic integration of these elements into aviation projects.
Even with Lean Thinking and Aviation Standards included, UCD still positively impacts sustainability, with a coefficient of 0.34 (β = 0.340, p < 0.05) and a standardized β = 0.296. This moderate but meaningful effect shows that regulatory compliance and operational efficiency cannot fully substitute for user engagement. Managers should ensure that design elements such as cockpit layouts, maintenance procedures, and passenger services remain intuitive and practical. Policymakers should support regulations that mandate user testing and stakeholder feedback, ensuring human factors are not overlooked.
Lean Thinking’s coefficient in Model 3 decreases to 0.224 (β = 0.224, p < 0.05) because Aviation Standards absorb part of its effect. Nonetheless, efficiency improvements still meaningfully contribute to sustainability, indicating that even in highly regulated environments, streamlining operations enhances performance and reduces costs. Managers must combine compliance with smart process design, while policymakers should allow flexibility within standards to support operational innovation without compromising safety.
Aviation Standards emerge as the strongest predictor in Model 3, with a coefficient of 0.395 (β = 0.395, p < 0.05) and a standardized β = 0.426. This confirms that adherence to safety, regulatory, and technical benchmarks is a cornerstone of project sustainability. In practice, this means embedding compliance processes throughout every project phase. For policymakers, the result reinforces the need for rigorous yet practical standards that support both safety and operational performance.
The combined models illustrate partial mediation, where Aviation Standards translate part of UCD’s effect into measurable sustainability gains. This highlights that while standards amplify the benefits of user-centered and lean practices, they do not eliminate the need for them. Managers should implement these strategies jointly to maximize long-term project performance, while policymakers are encouraged to integrate compliance, efficiency, and participatory design into cohesive regulatory frameworks.
In conclusion, these results emphasize that sustainable aviation projects require a multidimensional approach. UCD drives stakeholder engagement and usability, Lean Thinking ensures efficiency and resource optimization, and Aviation Standards provide a regulatory and safety foundation. Ignoring any of these components risks operational inefficiencies, non-compliance, or reduced project lifespan. For aviation managers and policymakers in Kenya, the findings underscore the necessity of harmonizing user engagement, operational efficiency, and standards compliance to achieve safe, reliable, and sustainable aviation infrastructure.
[bookmark: _Toc203852212][bookmark: _Toc215662320]4.10 Discussion of the Research findings
In this section, one can find the findings presented by the analysis of data. Findings of the work have also been justified in the light of the theoretical basis of this research, empirical literature and some new knowledge.
4.10.1 Relationship Between User-Centered Design and the Sustainability of Aviation Projects in Kenya
Theoretical Implications
The study revealed a strong and statistically significant positive relationship between User-Centered Design (UCD) and sustainability outcomes in aviation projects in Kenya (R² = 0.459). This finding supports User Experience (UX) Design Theory, which posits that empathetic, participatory, and iterative design enhances usability and long-term adoption (Inan Nur et al., 2021; Reig et al., 2022). However, it extends existing UX frameworks by demonstrating that sustainability outcomes are partially mediated by regulatory compliance—indicating that human-centered design alone is insufficient unless aligned with institutional and technical standards.
This finding advances Systems Theory by illustrating that sustainable development is not a linear product of user engagement but a result of interaction among interdependent subsystems—namely user participation, regulatory governance, and process efficiency. It also reinforces Sustainable Development Theory by empirically validating that participatory and inclusive approaches yield resilient and context-specific project outcomes.
Managerial Implications
For aviation managers, the study underscores the importance of institutionalizing participatory design processes throughout planning and implementation. Training project teams in adaptive management can help reconcile the potential tension between operational efficiency and user engagement. Managers should employ phased design-feedback loops and establish metrics to evaluate how UCD initiatives contribute to sustainability performance. Data-driven monitoring can inform future resource allocation, minimize design inefficiencies, and ensure stakeholder satisfaction.

Policy Implications
Policymakers in Kenya’s aviation sector should embed user-centered design guidelines into regulatory and approval frameworks. Establishing formal mechanisms—such as stakeholder engagement audits, participatory design standards, and continuous feedback protocols—can ensure that human-centered practices become a compliance requirement. Moreover, supporting capacity-building programs for design-thinking and user research within aviation agencies can enhance innovation and long-term sustainability.
[bookmark: _Toc215662321]4.10.2 Moderating Effect of Lean Thinking on the Relationship Between User-Centered Design and Sustainability
Theoretical Implications
This study extends Lean Production Theory beyond manufacturing by showing that User-Centered Design moderates the relationship between Lean Thinking and sustainability in aviation projects. While Lean principles improve efficiency, their sustainability impact is amplified when complemented by participatory, user-driven processes. This integration enriches Systems Theory, confirming that efficiency and adaptability must co-evolve within a system to sustain performance. The findings also challenge the traditional assumption in Lean Theory that efficiency inherently leads to sustainability, emphasizing instead that context and user participation determine long-term success.
Managerial Implications
Managers should sequence Lean and UCD practices—implementing UCD during the design phase to capture user insights and Lean during implementation to enhance efficiency. Organizational culture must evolve to support participatory decision-making, cross-functional collaboration, and adaptive leadership. Given financial and institutional constraints in Kenya’s aviation sector, leadership development programs and incentive systems promoting innovation without compromising efficiency are essential.
Policy Implications
Policymakers should promote institutional integration of Lean and UCD through regulatory frameworks. By mandating participatory design reviews, efficiency audits, and continuous feedback mechanisms, regulators can standardize Lean-UCD practices. Investment in training workshops, simulations, and knowledge-sharing platforms should accompany these measures to build sector-wide competency in Lean-UCD integration.
[bookmark: _Toc215662322]4.10.3 Effect of Aviation Standards on the Relationship Between User-Centered Design and Sustainability
Theoretical Implications
The study validates and extends both Lean Production and UX Design Theories by demonstrating that sustainable aviation outcomes depend on balancing efficiency with user-centered adaptability. This interplay aligns with System Theory’s principle of interdependence, illustrating that technical standards, user engagement, and regulatory compliance must coalesce for optimal performance. The research challenges the universal applicability of Lean frameworks by revealing that rigid efficiency-driven approaches can undermine participatory innovation, especially in resource-constrained environments.
Managerial Implications
Managers should align UCD and Lean practices across project phases, emphasizing participatory design during planning and Lean execution during implementation. Such sequencing reduces friction between flexibility and standardization, ensuring both usability and efficiency. Continuous feedback from users and technical audits can enhance adaptability. Comparative evidence from other developing countries reinforces that this balance is essential for sustainability in aviation projects.
Policy Implications
Regulatory bodies should institutionalize participatory and Lean-based principles in aviation policy through performance audits, participatory design mandates, and compliance incentives. Funding mechanisms and recognition programs can motivate project teams to adopt iterative and efficient design processes. This ensures that both human-centered and operational objectives are systematically embedded in aviation development frameworks.
[bookmark: _Toc160803803][bookmark: _Toc203852217][bookmark: _Toc215662323]4.11 Summary of the Findings    
The study looked at how User-Centered Design and sustainability relate to aviation projects in Kenya, as well as the impact of lean thinking and aviation standards. Joint influence was statistically supported, and the null hypothesis (H4) was disproved. A narrative of the findings summary can be found below in Table 4.25.

[bookmark: _Toc203852112][bookmark: _Toc214021821]Table 4.30: Summary of Study Findings 
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[bookmark: _Toc160803807][bookmark: _Toc203852219][bookmark: _Toc215662325]SUMMARY, CONCLUSION AND RECOMMENDATIONS
[bookmark: _Toc160803808][bookmark: _Toc203852220][bookmark: _Toc215662326]5.1 Introduction  
The study's results, conclusions, and recommendations are all summarized in this chapter.  The chapter is summarized after describing the limitations of the study and possible future research directions.  A compass with four primary study goals guided the research.  The major purpose of this study was to investigate the impact of User-Centered Design on the long-term viability of aviation projects in Kenya. Secondary objectives included finding out how lean thinking influenced this relationship, evaluating the role of aviation standards in this connection, and finally, analyzing the combined effects of User-Centered Design, lean thinking, and aviation standards on this long-term viability.
[bookmark: _Toc126422463][bookmark: _Toc160803809][bookmark: _Toc203852221][bookmark: _Toc215662327]5.2 Summary of the Findings
The findings from the first objective reveal a strong and statistically significant positive relationship between User-Centered Design and the sustainability of aviation projects in Kenya. The regressions established reveal that user-oriented design plays a major factor on the performance results of sustainability such as the continuation of operations, observance of standards, and customer satisfaction. Both the strength and stableness of the model support the idea that the practices that revolve around the user are contributing significantly to making the long-term sustainability of aviation projects better. This implies that when the user centered methods like involving end user in the design processes, putting much emphasis on usability and meeting real needs by stakeholders in aviation industry, then the end outcome is likely to have sustainable outcomes. All in all, the hypothesis concerning the importance of introducing user-centered design as a significant measure to enhance sustainability with regard to the aviation industry is confirmed.
The second goal's results back up the importance of lean principles in improving aviation projects' long-term performance and demonstrate a robust positive association between lean thinking and the sustainability of such projects in Kenya.  Although User-Centered Design does contribute significantly to sustainability, the study's analysis utilizing hierarchical regressions showed that combining User-Centered Design with lean thinking improved the model's explanatory power.  The fact that lean thinking mediated the interaction between User-Centered Design and lean thinking suggests a delicate relationship.  While each approach has its place in the sustainability movement, putting them side by side may lead to tension, particularly when lean methods stifle User-Centered Design's creative freedom and the learning process.  These results lend credence to the idea that the aviation sector may achieve its full potential for sustainable growth by striking a good balance between lean principles and user-oriented tactics.
 The results of the third objective show that there is a correlation between aviation standards and the longevity of aviation projects in Kenya. Aviation standards mediate the relationship between User-Centered Design and sustainability, and the correlation is strong, positive, and statistically significant.  An early indicator of User-Centered Design's direct impact on sustainability was its capacity to forecast it on its own. The study then showed that user-centered design also significantly predicts adherence to aviation standards, indicating a strong connection between user-centric practices and regulatory compliance. Furthermore, aviation standards on their own were found to be strong predictors of sustainability, reinforcing their importance in achieving long-term project outcomes. When both user-centered design and aviation standards were included in the final model, each retained significance, though the influence of user-centered design was reduced. This reduction confirms that aviation standards partially mediate the relationship between user-centered design and sustainability, suggesting that user-centered strategies not only directly enhance sustainability but also do so indirectly by promoting stronger adherence to aviation standards.
Lastly, the findings from the fourth objective demonstrate that user-centered design, lean thinking, and aviation standards each contribute significantly to the sustainability of aviation projects in Kenya, and their joint effect is greater than the sum of their individual contributions. At the first stage, the sole User-Centered Design indicated a significant positive influence on the sustainability. This effect was further strengthened by the introduction of lean thinking that increased the efficiency of operations, which implies that there would be a complementary relationship. The explanatory power of the two together was much more than the individual ones alone and the aviation standards came out as the strongest of the three. The mentioned progress reveals that, although user engagement and lean practices are of immense importance, adherence to regulatory frameworks and industry benchmarks assume an even more significant role in attainment of sustainable results. The significant positive differences between the modified model and the statistically valid results prove that a combination of strategies one that takes into consideration the needs of users, efficient workflows, and strict norm compliance provide the strongest course towards sustainable aviation development.
[bookmark: _Toc160803810][bookmark: _Toc203852222][bookmark: _Toc215662328][bookmark: _Hlk212365801]5.3 Conclusion
The study establishes that User-Centered Design (UCD) is a primary driver of sustainability in aviation projects in Kenya. The findings reveal a strong and statistically significant relationship between UCD and project sustainability, demonstrating that incorporating end-user perspectives, usability testing, and iterative feedback significantly enhances operational continuity, regulatory compliance, and customer satisfaction. This confirms that sustainability is not solely about technical compliance or operational efficiency, but is fundamentally influenced by designing systems and processes around the real needs of users. The empirical evidence reinforces the theoretical premise of User Experience (UX) Design Theory, highlighting the importance of empathy-driven and participatory approaches for achieving long-term aviation project performance.
The analysis further highlights that Lean Thinking plays a critical role in optimizing resource utilization, minimizing waste, and maximizing operational efficiency. When applied alongside UCD, Lean principles enhance the sustainability of aviation projects by ensuring that efficiency and user-centeredness are mutually reinforcing rather than contradictory. However, the moderating effect of Lean on UCD underscores a potential tension: strict efficiency metrics can sometimes constrain the flexibility and iterative processes inherent in user-driven design. This finding emphasizes the need for careful sequencing and alignment of Lean and UCD practices, suggesting that projects should first embed user insights during design phases, followed by Lean-driven operational optimization, to achieve optimal sustainability outcomes.
A central finding of this study is the critical role of aviation standards compliance in shaping the sustainability of aviation projects in Kenya. Compliance acts not only as a direct driver of long-term project performance but also as a partial mediator in the relationship between User-Centered Design (UCD) and sustainability. By adhering to established safety protocols, technical benchmarks, and regulatory requirements, aviation projects gain a structured framework that enhances reliability, reduces operational risks, and strengthens overall performance. This structured alignment ensures that user-driven design initiatives are implemented within a safe and standardized environment, allowing innovation to be operationalized without compromising regulatory obligations.
The partial mediation effect underscores the importance of institutional frameworks in amplifying the benefits of UCD. While UCD fosters usability, stakeholder engagement, and responsiveness, its impact is maximized when integrated with robust regulatory compliance. In practice, this means that even the most carefully designed, user-focused interventions can fall short of sustainability objectives if they are not aligned with formal standards and regulations. Regulatory compliance, therefore, serves as a stabilizing mechanism, channeling creativity and participatory design into outcomes that are both scalable and enduring, thereby ensuring that sustainability is achieved in a systematic and accountable manner.
Building on this insight, the study proposes the integrated UCD-Lean-Standards framework as the most effective approach for promoting sustainable aviation projects. While each component—user-centered design, lean thinking, and regulatory compliance—individually contributes to project success, their combined effect is substantially greater. Lean principles ensure operational efficiency and resource optimization, UCD guarantees that project outputs meet actual user needs, and regulatory standards provide the institutional scaffolding required for safety and reliability. Together, these elements create a synergistic model where efficiency, usability, and compliance reinforce each other to deliver long-term project sustainability.
The originality and practical significance of this integrated framework lie in its holistic approach to aviation project development. Unlike conventional models that treat design, efficiency, and regulation as separate or sequential concerns, this framework explicitly combines them into a unified strategy. By doing so, it offers managers and policymakers a novel blueprint for balancing operational efficiency, human-centered innovation, and institutional governance. Beyond Kenya, this framework provides a transferable model for aviation and infrastructure projects in other developing-country contexts, where resource constraints, regulatory oversight, and user needs must be harmonized to achieve sustainable outcomes.
From a practical standpoint, the study provides actionable guidance for both managers and policymakers. Aviation project managers are encouraged to embed UCD and Lean practices from project inception, using iterative testing, participatory feedback, and process optimization to achieve sustainable outcomes. Policymakers and regulatory authorities, such as the Kenya Civil Aviation Authority (KCAA), are urged to codify these practices into formal standards, incentive structures, and compliance monitoring mechanisms. Together, these interventions can ensure that sustainability is not an abstract goal but a systematically achieved outcome that balances user satisfaction, efficiency, and regulatory rigor.
In conclusion, the study’s unique contribution lies in demonstrating the interdependent and synergistic effect of UCD, Lean Thinking, and aviation standards compliance on project sustainability. By empirically validating the integrated framework, the research provides both theoretical and practical insights: it advances knowledge on how participatory, efficiency-driven, and compliance-oriented practices intersect, and it offers a concrete model for enhancing the long-term viability of aviation projects. The findings emphasize that sustainable aviation development in Kenya—and potentially in similar contexts—requires a balanced, coordinated approach where human-centered innovation, process efficiency, and institutional governance work in concert to achieve lasting impact.
[bookmark: _Toc126422465][bookmark: _Toc160803811][bookmark: _Toc203852223][bookmark: _Toc215662329]5.4 Contribution to Knowledge, Theory, Policy and Practice
This section provides the contribution of the study based on the conclusion made.
[bookmark: _Toc203852224][bookmark: _Toc215662330]5.4.1 Contribution to Knowledge
The integrated UCD-Lean-Standards framework developed in this study could be adapted and tested in other sectors by mapping sector-specific user needs, process efficiencies, and regulatory requirements onto the three pillars of the model. For example, in healthcare, hospitals or health infrastructure projects could apply the framework by engaging patients, staff, and administrators (UCD), streamlining clinical and operational workflows (Lean), and ensuring compliance with medical regulations and quality standards. Similarly, in construction or public infrastructure projects, participatory design with end-users, lean project management practices, and adherence to building codes or safety regulations could be evaluated to determine their combined effect on sustainability outcomes. Sector-specific modifications would involve identifying the most critical stakeholders, operational bottlenecks, and compliance requirements relevant to the local context, ensuring the framework remains both rigorous and adaptable.
Testing the framework in other countries would allow researchers to examine how institutional capacity, cultural norms, and resource availability influence the interaction between UCD, Lean Thinking, and regulatory compliance. For instance, applying the model in developed countries with well-established regulatory systems may show a stronger effect of Lean processes, whereas in other developing countries, user-centered engagement and regulatory compliance might play more significant mediating or moderating roles. Comparative studies could reveal context-dependent variations in the framework’s efficacy, providing empirical evidence for tailoring integrated sustainability approaches to diverse economic, institutional, and cultural environments. Such cross-sectoral and cross-country applications would not only validate the framework’s generalizability but also enhance theoretical understanding of how human-centered, efficiency-driven, and regulatory-aligned strategies jointly drive sustainable project outcomes globally.
[bookmark: _Toc203852225][bookmark: _Toc215662331]5.4.2 Contribution to Theory
From a theoretical standpoint, this study contributes to debates on the applicability of User Experience (UX) Design Theory and Lean Thinking in highly regulated, resource-constrained environments, such as aviation projects in developing countries. Traditional UCD models often assume sufficient organizational flexibility and resources for iterative user engagement, while standard Lean frameworks prioritize efficiency and waste reduction without fully accounting for human-centered variability. By empirically examining how UCD and Lean Thinking interact under regulatory and resource constraints, this research addresses a key gap: the tension between efficiency-driven project management approaches and user-centered, adaptive practices.
The integration of UX Design Theory, Lean teleological approaches, and regulatory compliance frameworks creates a multi-dimensional lens that aligns human behavior, process efficiency, and institutional structures with sustainability outcomes. This approach narrows the theoretical focus of sustainability studies in aviation and infrastructure by showing that process-based efficiency alone is insufficient; user engagement and adherence to standards are essential moderators and mediators of successful project performance. The study thus contributes to theoretical discussions on multi-level project management frameworks, which argue that sustainable outcomes require balancing micro-level human interactions with meso- and macro-level institutional constraints.
Furthermore, the study extends debates around context-sensitive theory-to-practice translation. Existing literature often presents UCD and Lean as universally applicable paradigms, but findings from Kenyan aviation projects demonstrate that rigid application without accounting for institutional capacity, resource limitations, and cultural contexts may undermine sustainability. By identifying moderating effects of Lean and mediating effects of regulatory compliance, the research underscores that theoretical constructs must be flexible and sensitive to context, supporting calls in the project management literature for adaptive frameworks that can accommodate local operational realities (e.g., Okereke & Awojobi, 2022; Mwangi & Otieno, 2021).
Finally, the study contributes to the theoretical debate on integrated sustainability frameworks. By combining human-centered design, operational efficiency, and regulatory alignment, the research introduces an original UCD-Lean-Standards framework that bridges gaps between design theory, efficiency paradigms, and governance models. This framework provides a coherent explanation for how sustainable project outcomes can be achieved in constrained environments, offering scholars a novel conceptual model that can be further tested and refined in aviation, transport, and broader infrastructure sectors globally.
[bookmark: _Toc203852226][bookmark: _Toc215662332]5.4.3 Policy Implications
The integrated UCD-Lean-Standards framework can be adapted to other sectors by identifying the sector-specific equivalents of the three pillars. For instance, in healthcare, hospitals and clinics could engage patients and staff in the design of services and facilities (UCD), streamline clinical workflows and administrative processes (Lean), and comply with medical regulations and accreditation standards. Similarly, in public infrastructure or transportation projects, end-user participation, lean project management methods, and adherence to building codes or safety standards can be applied to improve sustainability outcomes. The framework would require contextual customization, such as identifying key stakeholders, operational bottlenecks, and regulatory requirements, to maintain relevance and effectiveness in different sectors.
Testing the framework in other countries could provide insights into how institutional capacity, cultural norms, and resource availability influence the interplay between UCD, Lean Thinking, and regulatory compliance. For example, in developed countries with robust regulatory systems, Lean practices may dominate the sustainability effect, while in developing countries, participatory engagement and regulatory compliance may be more influential. Cross-country applications would allow policymakers and researchers to validate the framework’s generalizability and refine it for different institutional, cultural, and economic contexts. This approach could inform global best practices for integrating human-centered design, operational efficiency, and regulatory alignment to achieve sustainable outcomes across sectors
[bookmark: _Toc203852227][bookmark: _Toc215662333]5.4.4 Implications for Practice
The integrated UCD-Lean-Standards framework can be adapted to other sectors or countries by first mapping the sector-specific equivalents of its three pillars. For example, in healthcare, patient-centered design can replace UCD, lean management can optimize clinical workflows, and medical regulations or accreditation standards can substitute for aviation standards. In public infrastructure, citizen engagement, efficient resource allocation, and building or safety codes would serve similar roles. Each adaptation would require identifying key stakeholders, operational challenges, and regulatory requirements to ensure that the principles remain relevant and effective within the new context.
Testing the framework in other countries, especially within Sub-Saharan Africa (SSA), can provide valuable insights into how institutional capacity, cultural norms, and resource constraints shape the interaction between user-centered practices, efficiency, and compliance. For instance, in countries with strong regulatory enforcement like South Africa, lean practices may dominate sustainability outcomes, while in resource-constrained countries such as Tanzania or Nigeria, participatory engagement and regulatory alignment may play a more significant role. Cross-country testing can validate the framework’s generalizability, identify context-specific adaptations, and provide evidence-based guidance for policymakers and practitioners seeking to integrate human-centered design, process efficiency, and regulatory adherence for sustainable project outcomes.
[bookmark: _Toc203852228][bookmark: _Toc215662334]5.5 Recommendations of the Study
The recommendation of the study was grouped based on the above subtopics
[bookmark: _Toc215662335]5.5.1 Managerial-Level Recommendations
At the managerial level, aviation project managers in Kenya should prioritize the integration of User-Centered Design (UCD) and Lean Thinking as complementary frameworks for achieving sustainable, efficient, and inclusive project outcomes. UCD should be given top priority during the early planning and design phases, as this is the stage where understanding user experiences and operational realities is most critical. Project managers should engage diverse stakeholders—including pilots, engineers, maintenance teams, air traffic controllers, and passengers—through structured consultations, focus groups, and usability testing. This iterative engagement ensures continuous refinement of project designs, aligning systems, airport layouts, and aviation technologies with real user needs and environmental contexts. Embedding participatory mechanisms into each stage of project development enhances functionality, promotes ownership among stakeholders, and increases the likelihood of successful adoption and long-term sustainability.
Simultaneously, Lean Thinking principles should guide the implementation and operational phases of aviation projects. These principles emphasize value creation, process standardization, and the elimination of waste. Lean methodologies enable managers to optimize workflows, improve interdepartmental coordination, and allocate resources more strategically. By minimizing redundancies and fostering continuous improvement, project teams can boost productivity, reduce operational costs, and ensure the timely delivery of milestones. However, Lean Thinking must remain flexible to complement UCD’s adaptive nature—ensuring that efficiency goals do not compromise innovation or responsiveness to evolving user requirements. The integration of both UCD and Lean Thinking provides a balanced managerial framework that combines operational excellence with human-centered innovation. Ultimately, this dual approach can help Kenyan aviation projects achieve technical precision, cost efficiency, and user satisfaction, fostering systems that are robust and resilient in the face of industry challenges.
[bookmark: _Toc215662336]5.5.2 Policy and Capacity-Building Recommendations
From a policy perspective, the Kenya Civil Aviation Authority (KCAA) and related regulatory bodies should take a leadership role in embedding UCD and Lean Thinking into aviation governance and project management frameworks. This can be achieved by revising procurement policies, project approval criteria, and regulatory standards to make user inclusivity and process efficiency mandatory in project design and execution. Incorporating these principles into compliance audits, performance evaluations, and certification processes will help standardize sustainability-driven practices across all aviation projects. This approach would also promote transparency, accountability, and alignment with global aviation best practices. In addition, inter-agency coordination among KCAA, the Kenya Airports Authority (KAA), and the Ministry of Transport should be strengthened to promote cohesive, user-centered, and efficiency-driven policy implementation.
Parallel to these policy initiatives, capacity-building efforts are essential to ensure effective translation of these frameworks into practice. Policymakers should prioritize sustained investment in professional development for engineers, planners, project managers, and aviation administrators. Such programs should blend theoretical instruction with hands-on simulations in innovation management, Lean process optimization, and participatory design techniques. Continuous learning platforms, mentorship programs, and professional certifications will further enhance knowledge transfer and support sector-wide adoption. Aligning policy frameworks with human capacity development ensures that regulatory goals and technical expertise reinforce each other. This integrated policy-capacity model will position Kenya’s aviation sector as a regional leader in adaptive, resilient, and sustainable infrastructure management.
[bookmark: _Toc215662337]5.5.3 Institutional and Sectoral Recommendations
At the institutional and sectoral level, aviation organizations—including airlines, airport authorities, contractors, and consultants—should establish a culture of continuous improvement grounded in the integration of UCD and Lean Thinking. This requires fostering collaboration through multi-skilled, cross-functional teams that unite engineers, designers, maintenance experts, and user representatives to jointly solve problems and streamline processes. Organizations should also create knowledge-sharing platforms and innovation hubs to facilitate the exchange of best practices, lessons learned, and emerging tools for sustainable project delivery. To ensure accountability and ongoing progress, structured monitoring and evaluation (M&E) systems should be adopted to track sustainability outcomes through measurable indicators such as environmental performance, operational efficiency, and user satisfaction. These data-driven mechanisms will help align project outcomes with evolving user and operational needs.
Moreover, aviation organizations should engage in benchmarking against international standards established by the International Civil Aviation Organization (ICAO) and the International Air Transport Association (IATA) to maintain global competitiveness. Regular audits, peer-learning exchanges, and performance reviews should be institutionalized to identify operational gaps and encourage continuous improvement. By strategically aligning operational efficiency, stakeholder-centered design, and regulatory compliance, Kenya’s aviation institutions can achieve greater resilience, sustainability, and global relevance. This holistic and integrated approach will not only enhance the nation’s standing in the international aviation community but also ensure long-term environmental stewardship, operational excellence, and user-centered innovation within Kenya’s aviation sector.
Table 5.1: Summary of Key Recommendations for Sustainable Aviation Projects in Kenya 
	Priority Level
	Category
	Recommendation / Action
	Expected Impact

	1. High
	Managerial
	Institutionalize User-Centered Design (UCD) practices throughout project lifecycles—especially during planning and design phases—to ensure stakeholder inclusivity and usability.
	Directly improves sustainability and operational success through stakeholder ownership and satisfaction.

	2. High
	Policy
	Integrate Lean and UCD principles into national aviation regulatory frameworks, including participatory design requirements, iterative feedback loops, and sustainability audits.
	Establishes long-term institutional change and standardization of sustainable practices.

	3. High
	Managerial
	Apply a sequenced implementation model: UCD first for design and stakeholder engagement, followed by Lean for execution and efficiency.
	Balances flexibility and efficiency, minimizing conflicts between innovation and process control.

	4. Medium
	Policy
	Introduce incentive mechanisms (funding, recognition, and compliance rewards) for aviation firms adopting Lean-UCD integration and participatory governance.
	Encourages organization-wide commitment to sustainable innovation.

	5. Medium
	Managerial
	Develop capacity-building programs (training, workshops, simulations) to strengthen design thinking, process optimization, and adaptive management skills.
	Builds institutional capability and supports continuous improvement.

	6. Medium
	Theoretical
	Advance Systems Theory and Sustainable Development frameworks by modeling how regulatory, cultural, and economic contexts moderate UCD–Lean–sustainability relationships.
	Contributes to academic theory and supports evidence-based policy refinement.

	7. Low
	Policy
	Allocate dedicated budgets for usability testing, pilot projects, and stakeholder engagement labs within aviation agencies.
	Enables practical experimentation and innovation under real-world conditions.

	8. Low
	Managerial
	Use data-driven sustainability metrics to evaluate the long-term effects of UCD and Lean initiatives on performance indicators.
	Enhances transparency, accountability, and informed decision-making.



[bookmark: _Toc126422471][bookmark: _Toc160803817][bookmark: _Toc203852229][bookmark: _Toc215662338]5.6 Limitations of the Study

The study’s reliance on a cross-sectional survey design and self-reported data presents inherent limitations that restrict the ability to establish causal relationships between User-Centered Design (UCD), Lean Thinking, aviation standards, and sustainability of aviation projects in Kenya. Because cross-sectional data capture only a single point in time, they cannot reflect the dynamic evolution of practices or outcomes throughout project lifecycles. Moreover, self-reported responses may be influenced by response bias, as participants could offer socially desirable answers rather than fully accurate reflections of organizational realities. To address these constraints, future research should employ longitudinal designs—such as panel data analysis or project lifecycle tracking—to observe how Lean and UCD practices evolve over time and influence long-term sustainability outcomes. Additionally, incorporating mixed methods, including case studies, observational data, and interviews, would help triangulate findings, minimize bias, and provide a deeper understanding of contextual and behavioral factors shaping sustainable aviation management.

The study’s conceptual scope was confined to four primary variables—User-Centered Design (UCD), Lean Thinking, aviation standards, and project sustainability—selected for their direct relevance to persistent challenges in Kenya’s aviation sector, such as project delays, cost overruns, and environmental constraints. However, excluding other potentially influential factors like project leadership, organizational culture, funding mechanisms, and policy implementation frameworks limits the comprehensiveness and contextual depth of the findings. This narrowed focus may also constrain the model’s explanatory and predictive power when generalized to broader or more complex project environments. To enhance future research, scholars should consider expanding the conceptual framework to incorporate these additional variables and explore their interactive effects through multi-level or systems-based analyses. Longitudinal or comparative studies could also examine how these factors jointly influence sustainability outcomes across different aviation contexts, providing richer theoretical and practical insights for policy and project management.

The study was limited to 46 aviation projects within Kenya, which may restrict the generalizability of its findings. These projects likely possess distinct characteristics—such as differences in scale, funding structures, governance models, and institutional frameworks—that may not fully represent the diversity of aviation initiatives across other regions or sectors. Consequently, the analysis may have overlooked variables influencing sustainability outcomes in projects from other counties or those managed by private entities. To enhance contextual validity and robustness, future research should expand the sample to include a wider range of aviation projects across multiple counties, incorporating both public and private sector initiatives. Additionally, comparative analyses based on varying levels of operational complexity, funding mechanisms, and regulatory environments would provide deeper insights into the contextual factors shaping the integration of User-Centered Design (UCD) and Lean Thinking in aviation sustainability.

[bookmark: _Toc160803818][bookmark: _Toc203852230][bookmark: _Toc215662339][bookmark: _Hlk212366515]5.7 Suggestions for Further Research
Future research should also investigate leadership styles and their influence on the integration of UCD and Lean Thinking in aviation projects. Leadership is a critical driver of organizational culture, decision-making, and resource allocation, all of which can determine whether participatory design and efficiency-oriented approaches are effectively implemented. Studies could explore transformational, transactional, or participative leadership models, examining how each interacts with user-centered practices and lean principles to influence sustainability outcomes. Experimental or quasi-experimental designs could test interventions such as leadership training programs to assess their impact on project performance.
Another promising avenue is the examination of funding mechanisms and financial incentives as determinants of sustainability. Projects with stable or performance-linked funding may be better positioned to implement iterative user-centered practices alongside efficiency improvements. Future studies could include variables such as funding predictability, allocation flexibility, and donor-imposed efficiency requirements to determine how financial structures facilitate or constrain the combined application of UCD, Lean, and regulatory compliance. Longitudinal tracking of projects with different funding models would shed light on the causal impact of financing structures on project sustainability.
Risk management and regulatory dynamics also warrant further investigation. Understanding how risk assessment processes, compliance enforcement, and aviation governance influence the adoption of UCD and Lean practices could clarify the institutional mechanisms that support sustainable outcomes. Comparative studies across jurisdictions with varying levels of regulatory maturity could reveal best practices and policy gaps. Additionally, exploring whether risk management mediates or moderates the UCD-Lean-sustainability relationship would deepen theoretical understanding of institutional alignment and operational efficiency.
Future research could also examine technological innovation as an intervening or moderating factor. For instance, digital tools for simulation, feedback collection, or process monitoring may enhance the effectiveness of both UCD and Lean practices. Studies could employ experimental designs to test whether technology-enabled interventions strengthen sustainability outcomes or reduce tensions between user-centered and efficiency-driven approaches. Including innovation-related variables would also allow researchers to assess how emerging technologies interact with human-centered and operational practices in constrained environments.
From a methodological perspective, longitudinal case studies and panel data approaches are particularly promising. Tracking multiple aviation projects over time, from design through implementation and operation, would provide insights into the durability of UCD and Lean interventions, the evolution of compliance adherence, and their cumulative effect on sustainability. Such designs can identify critical phases where tensions between efficiency and user responsiveness are most pronounced and reveal adaptive strategies that managers employ to reconcile these objectives.
Finally, comparative cross-sector and cross-country studies would test the generalizability of the integrated UCD-Lean-Standards framework. Sectors such as healthcare, public transport, or energy infrastructure share similar challenges of balancing user needs, efficiency, and regulatory compliance. Comparing projects across countries with varying institutional capacities and cultural contexts would help identify context-specific constraints and enablers, refine theoretical models, and provide actionable guidance for policymakers and practitioners seeking to embed sustainability into complex project environments.
Table 5.2: Final Summary of Table 
	Objective
	Key Finding
	Practical Implication
	Recommendation for Future Research

	1.Effect of UCD on sustainability
	UCD significantly enhances operational continuity, compliance, and user satisfaction.
	Promote user participation in all design phases of aviation projects.
	Conduct longitudinal studies tracing the long-term effects of UCD practices.

	2. Effect of Lean Thinking
	Lean Thinking improves efficiency and resource utilization but may limit user flexibility.
	Integrate lean tools without undermining user adaptability.
	Examine how lean-UCD balance affects innovation across project stages.

	3. Role of Aviation Standards
	Standards partially mediate the UCD–sustainability relationship.
	Strengthen institutional frameworks to ensure compliance.
	Explore the moderating role of regulatory environments in other sectors.

	4. Integrated Model
	Synergy among UCD, Lean Thinking, and standards yields the highest sustainability outcomes.
	Adopt a holistic sustainability model combining all three approaches.
	Conduct comparative studies across public and private aviation projects in East Africa.
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Alex Nyakenyanya Gesure
P.O Box 55759 
Nairobi – 00200
Kenya
Dear Respondent,
Re: Request for Your Participation in Academic Research
My name is Alex Nyakenyanya Gesure, a student at Swiss School of Business Research (SSBR), pursuing a degree in Doctor of Philosophy (PhD) in management. I invite you to participate in my thesis by sharing insights for my research titled: ‘Integrating User-Centered Design, Lean Thinking, and Aviation Standards for Sustainable Aviation Project Management in Kenya’. The anticipated result is to offer insights for the development and execution of more sustainable aviation projects, thereby contributing to the current knowledge base on aviation projects in Kenya.
Your extensive knowledge and expertise in aviation projects in Kenya are vital to this study. I sincerely request your participation and valuable input. The questionnaire will be administered by my team and me. Please note that your participation is entirely voluntary. All information provided will remain confidential and used solely for academic purposes.
Yours sincerely,
Alex N. Gesure
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	1. 
	Construction of second runway and taxiway JKIA
	24.  
	Unmanned Aircraft operation - KQ 

	2. 
	Construction of new terminal (Greenfield). JKIA
	25. 
	Review and implementation of new regulation KCAA 

	3. 
	Establishment of solar farms JKIA
	a. 
	Aviation Satellite Account (ASA) - KCAA

	4. 
	Modern Luggage handling system – JKIA
	26. 
	Single bloc of upper airspace - KCAA

	5. 
	Standby power system - JKIA
	27. 
	Full liberalization of air transport services

	6. 
	Construction of passenger terminal buildings WAP
	28. 
	Regional framework for aircraft accidents and incidents investigations - KCAA

	7. 
	Improvements of runway and apron WAP
	29. 
	EAC Search and Rescue Plan - KCAA

	8. 
	Construction of parking silos WAP
	30. 
	 Search and Rescue Plans and rehabilitation of all major airports and aerodromes – KCAA

	9. 
	Passenger terminal buildings MIA
	31. 
	Carbon and noise reduction - KCAA

	10. 
	Ground and slope stabilization MIA
	32. 
	Civil Aviation Management – Moi University

	11. 
	Runway extension and apron expansion EIA
	33. 
	 Aeronautical Engineering – TUK

	12. 
	Establishment of solar farm EIA
	34. 
	 Aerospace Engineering – KU

	13. 
	Establishment of solar farms KIA
	35. 
	 Aerospace Engineering – JKUAT

	14. 
	Construction of parking silos KIA
	36. 
	 Aeronautical Engineering - KAC

	15. 
	Operationalization of flights - IIA
	37. 
	East African common regulation – EAC

	16. 
	Establishment of solar farms - IIA
	38. 
	New International Airport – Entebbe - Uganda 

	17. 
	Project Mawingu - KQ
	39. 
	B737-8 MAX Aircraft Design and construction 

	18. 
	Sustainable Aviation Fuel (SAF) Use - KQ
	40. 
	Airbus A380 - Airbus

	19. 
	Project Kifaru - KQ
	41. 
	New Airport design and construction - Berlin-Brandenburg Airport (BER)

	20. 
	European (EASA) aircraft Maintenance Approval – KQ
	42. 
	Luggage handling system - Denver International Airport

	21. 
	Development of SAF in Kenya – KQ and Ministry.
	43. 
	Aircraft Engineers Licensing Training School - EASA

	22. 
	Air Tanzania – Airbus A320
	44. 
	Uganda Airlines A330 Project

	23. 
	Rwanda Drone (Zipliner) 
	45. 
	Air Taxi – Fahari Ltd - KQ

	
Aviation Projects in Kenya: Source Author (2025).
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This questionnaire is structured to gather information regarding the influence of user-centered design on the sustainability of aviation projects in Kenya and the moderating role of lean thinking. The questionnaire has seven sections labeled A, B, C, D, E, F, G and H. Please choose the ONE response option that most accurately reflects your perspective for each question. Please refrain from including your name.
Section A: Demographic Information of Respondents 
1) Indicate your gender
[image: ]
2) Indicate your appropriate age bracket
[image: ]
3) Choose your highest academic attainment.
[image: ]
4) Specify your position or role within your company.
[image: ]
5) Indicate your work location. 
[image: ]

6) Indicate years of experience in the aviation sector.
      [image: ]
Section B: User Requirements Analysis 

Statements about the impact of user requirements analysis on the sustainability of aviation projects in Kenya are included in this section. Please use the following scale to indicate how much you agree with the statements provided: Agree (A=4), Strongly Disagree (SD=1), Agree (SA=5), Neutral (N=3), and Disagree (D=2).
	
	User Requirements analysis Statements
	SD (1)
	D (2)
	N (3)
	A (4)
	SA (5)

	1.
	End-user expectations regarding the environmental impact of aviation projects were gathered at the project's inception.
	
	
	
	
	

	2.
	The importance of long-term economic sustainability for aviation projects was communicated.
	
	
	
	
	

	3.
	Engagement with end-users occurred at the beginning of the project.
	
	
	
	
	

	4.
	End-users shared their preferred technologies at the project's start
	
	
	
	
	

	5.
	The relevance of adhering to applicable international and local standards was explained prior to the project's commencement.
	
	
	
	
	

	6.
	Social factors influencing project sustainability were addressed at the project's outset.
	
	
	
	
	  

	7.
	The importance of resource efficiency was considered during the project's initiation phase.
	
	
	
	
	

	8.
	Project-specific features were presented, and end-user opinions were considered at the beginning of the project.
	
	
	
	
	

	9.
	The project process was transparent, and reports provided.
	
	
	
	
	

	10.
	Long-term goals for the project were prioritized from the outset.
	
	
	
	
	



Section C: User Involvement
[image: ]
	
	Experts Evaluation statements 
	SD (1)
	D (2)
	N (3)
	A (4)
	SA (5)

	1. 
	Users were identified and engaged in all stages of the aviation projects.
	
	
	
	
	

	2. 
	End-users were involved in establishing the project's goals and objectives.
	
	
	
	
	

	3. 
	Mechanisms were in place to gather and incorporate user feedback in all project phases. 
	
	
	
	
	

	4. 
	Users were involved in decision-making throughout the project lifecycle.
	
	
	
	
	

	5. 
	Effective communication was maintained between the project team and end-users throughout the project lifecycle.
	
	
	
	
	

	6. 
	End-users were provided opportunities to test and validate project deliverables before implementation.
	
	
	
	
	

	7. 
	End-user feedback and concerns were considered and addressed throughout the project lifecycle.
	
	
	
	
	

	8. 
	End-users were involved in identifying potential risks and challenges related to project sustainability.
	
	
	
	
	

	9. 
	User satisfaction was evaluated in all project phases.
	
	
	
	
	

	10. 
	Training or support programs were provided for end-users to facilitate their involvement in the project’s operational phase.
	
	
	
	
	




Section D: Empathic Design 
[image: ]
	
	Empathic Design Development Statements 
	SD (1)
	D (2)
	N (3)
	A (4)
	SA (5)

	1.
	User needs and preferences were effectively identified during the design phase of the aviation project.
	
	
	
	
	

	2.
	Efforts were made to understand and incorporate the emotional and practical experiences of end-users in the project design.
	
	
	
	
	

	3.
	The project design considered the daily challenges faced by users when creating sustainable solutions.
	
	
	
	
	

	4.
	User feedback regarding comfort, usability, and functionality was collected and integrated into the design process.
	
	
	
	
	

	5.
	The project's design decisions took into account the users' social and cultural contexts.
	
	
	
	
	

	6.
	The design process addressed user concerns about environmental sustainability and resource efficiency.
	
	
	
	
	

	7.
	Specific methods or tools were used to engage with users empathetically during the project development.
	
	
	
	
	

	8.
	The user experience was evaluated during the prototyping and testing phases of the project.
	
	
	
	
	

	9.
	The project design balanced user needs with operational and environmental sustainability goals.
	
	
	
	
	

	10.
	The long-term impacts of design choices on user satisfaction and sustainability outcomes were assessed.
	
	
	
	
	




Section E: Usability Testing 
[image: ]
	
	Usability Statements 
	SD (1)
	D (2)
	N (3)
	A (4)
	SA (5)

	1. 
	Usability testing methods were incorporated into all phase of the project.
	
	
	
	
	

	2. 
	End-users participated in usability testing throughout the project.
	
	
	
	
	

	3. 
	Usability testing effectively identified issues related to operational efficiency in the project.
	
	
	
	
	

	4. 
	A defined set of testing criteria was used consistently throughout the phase
	
	
	
	
	

	5. 
	The results of usability testing were used to improve the sustainability features of the aviation project.
	
	
	
	
	

	6. 
	Usability testing addressed user comfort and experience
	
	
	
	
	

	7. 
	Usability testing enhanced project error tolerance and ease of learning.
	
	
	
	
	

	8. 
	Challenges identified during usability testing were considered 
	
	
	
	
	

	9. 
	Usability testing findings were communicated to stakeholders to ensure alignment with sustainability objectives.
	
	
	
	
	

	10. 
	Usability testing was essential in evaluating the project's effectiveness, efficiency, and user satisfaction.
	
	
	
	
	








Section F: Lean Thinking
[image: ]
	
	Lean Thinking Statements
	SD (1)
	D (2)
	N (3)
	A (4)
	SA (5)

	1. 
	Project value was precisely defined in accordance with end-user requirements
	
	
	
	
	

	2. 
	Project activities were well-defined and sequenced
	
	
	
	
	

	3. 
	There were interruptions and time was wasted on some project activities
	
	
	
	
	

	4. 
	Activities that did not add value were eliminated or modified appropriately
	
	
	
	
	

	5. 
	Instructions for project activities were clear accurate and easy to follow
	
	
	
	
	

	6. 
	Periodic review was carried out to ensure continuous progress
	
	
	
	
	

	7. 
	All project activities and processes were necessary and unavoidable
	
	
	
	
	

	8. 
	Cost and time for the project were minimized
	
	
	
	
	

	9. 
	Production processes were optimized
	
	
	
	
	

	10. 
	The project adopted a reduce, reuse, and recycle approach 
	
	
	
	
	





Section G: Aviation Standards 
[image: ]
	
	Aviation Standards
	SD (1)
	D (2)
	N (3)
	A (4)
	SA (5)

	1. 
	Aviation stakeholders are familiar are you with aviation standards in Kenya
	
	
	
	
	

	2. 
	Failure to adhere to aviation standards adversely affected the sustainability of aviation projects in Kenya.
	
	
	
	
	

	3. 
	Aviation standards are crucial for ensuring the long-term sustainability of aviation projects in Kenya.
	
	
	
	
	

	4. 
	Aviation standards have contributed positively to the sustainability of aviation projects in Kenya.
	
	
	
	
	

	5. 
	Aviation standards influence decision-making processes related to aviation projects in Kenya.
	
	
	
	
	

	6. 
	All challenges or barriers in implementing aviation standards within aviation projects in Kenya have been addressed. 
	
	
	
	
	

	7. [bookmark: _Hlk165629503]
	There is need to improve aviation standards to enhance the sustainability of aviation projects in Kenya.
	
	
	
	
	

	8. 
	There is a strong correlation between compliance with aviation standards and the sustainability of aviation projects in Kenya.
	
	
	
	
	

	9. 
	Collaboration between stakeholders and regulatory bodies on aviation standards would promote sustainability of aviation projects in Kenya.
	
	
	
	
	

	10. 
	Compliance with international aviation standards would positively impacts sustainability of aviation projects in Kenya
	
	
	
	
	






Section H: Sustainability of Aviation Projects 
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	Sustainability of aviation projects I was involved on:
	SD (1)
	D (2)
	N (3)
	A (4)
	SA (5)

	1.
	The aviation project(s) I have participated in are sustainable.
	
	
	
	
	

	2.
	The aviation project(s) I have participated in has not had a negative impact on the environment.
	
	
	
	
	

	3.
	Aviation project(s) is/are supported by efficient infrastructure both within and outside the airports.
	
	
	
	
	

	4.
	There is Government and aviation authorities that support aviation projects
	
	
	
	
	

	5.
	Aviation projects have resulted to improved trade links in the region
	
	
	
	
	

	6.
	Aviation projects have resulted to infrastructure improvement 
	
	
	
	
	

	7.
	The project has resulted in upliftment of society in the region
	
	
	
	
	

	8.
	Aviation projects in Kenya promote effective and efficient air traffic management  
	
	
	
	
	

	9.
	Aviation projects adopt modern technology 
	
	
	
	
	

	10.
	Aviation projects promote tourism in Kenya 
	
	
	
	
	


Thank you for your participation.







[bookmark: _Toc158725157][bookmark: _Toc203852236][bookmark: _Toc215662345][bookmark: _Hlk111629512]Appendix IV: Interview Guide for Aviation KAA, KCAA, KQ, Ministry and Deans.
1) Select your appropriate gender.
	Female
	Male

	
	



2) Select your appropriate age bracket.
	20-30 yrs.
	31-40 yrs.
	41-50 yrs.
	51+ yrs.

	
	
	
	



3) Position held ___________________________
4) Select your appropriate work experience with aviation projects.
	1-5 years
	6-10 years
	11-15 years  
	16 + years

	
	
	
	


[bookmark: _Hlk203834474]
5) How do you identify and document user requirements in aviation project design and implementation?
6) What challenges do you encounter in ensuring aviation project requirements align with user expectations?
7) At what stages of aviation project development are users actively involved?
8) How do you ensure continuous user feedback is incorporated throughout the project lifecycle?
9) How do you incorporate real user experiences and behaviors into the design of aviation projects?
10) What methods do you use to gather insights from end-users to improve aviation infrastructure and services?
11) What usability testing methods do you apply to assess aviation systems, equipment, or processes?
12) What are some common usability challenges encountered in aviation projects, and how are they addressed?
13) How do you apply lean principles to improve efficiency in aviation project management?
14) What strategies do you use to minimize waste and optimize resource utilization in aviation projects?
15) How do aviation projects in Kenya comply with international and local aviation standards?
16) What are the biggest challenges in implementing aviation standards, and how are they mitigated?
17) What measures are in place to ensure environmental sustainability in aviation projects?
18) How do you balance economic viability and long-term sustainability in aviation project planning?
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Ho1. There is no significant effect of User centered design on sustainability of aviation projects in
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standards on sustainability of aviation projects in Kenya.
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Statements about how user involvement affects the sustainability of aviation projects in Kenya are
included in this section. Please use the following scale to indicate how much you agree with the
statements provided: Agree (A=4), Strongly Disagree (SD=1), Agree (SA=5), Neutral (N=3), and
Disagree (D=2).
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