Project Management Complexity and Its Impact on Project Performance: An Empirical and Conceptual Analysis
Abstract
Project complexity has emerged as a defining characteristic of contemporary projects due to increasing technological innovation, stakeholder diversity, organizational interdependencies, and environmental uncertainty. Despite extensive research, the relationship between project complexity and project performance remains inconclusive, particularly regarding the organizational mechanisms that shape this relationship. This study investigates the impact of multidimensional project complexity on project performance by integrating Complexity Theory, Stakeholder Theory, and Contingency Theory into a unified conceptual framework. Specifically, the study examines the mediating role of management approaches and the moderating roles of leadership competency and stakeholder management. A quantitative cross-sectional survey was conducted among 312 project professionals from diverse industries, and the proposed hypotheses were tested using Partial Least Squares Structural Equation Modeling (PLS-SEM). The findings indicate that project complexity has a significant negative effect on project performance, with structural and technical complexity adversely influencing project outcomes, whereas organizational complexity positively contributes to performance through enhanced collaboration and knowledge integration. Furthermore, agile and hybrid management approaches significantly mediate the complexity–performance relationship, while leadership competency and stakeholder management mitigate the adverse effects of project complexity by strengthening organizational adaptability and stakeholder collaboration. The study advances project management literature by conceptualizing project complexity as a multidimensional construct and proposing an integrated mediated–moderated framework that explains how organizational capabilities influence project outcomes. The findings also provide practical guidance for project-based organizations by emphasizing adaptive management approaches, leadership development, and effective stakeholder engagement as critical capabilities for improving project performance in increasingly complex and dynamic environments.
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1. Introduction
Projects are increasingly executed within volatile, uncertain, interconnected, and technology-intensive environments, making complexity an unavoidable characteristic of modern project management. Global digitalization, sustainability pressures, stakeholder diversity, and rapid technological advancements have transformed projects from relatively linear undertakings into adaptive socio-technical systems characterized by uncertainty and interdependencies. Consequently, understanding project complexity and its implications for project performance has become one of the most important research themes in project management literature (Bosch-Rekveldt et al., 2023; Hu et al., 2023).
Although complexity has long been recognized in project management, recent studies suggest that traditional perspectives emphasizing merely the number of project elements or their interrelationships are insufficient to explain contemporary project environments. Instead, complexity is increasingly viewed as a multidimensional and dynamic phenomenon encompassing structural, technical, organizational, environmental, and socio-political dimensions (Zheng et al., 2023; Lafhaj et al., 2024). Projects operate as complex adaptive systems in which interactions among stakeholders, technologies, governance structures, and external environments continuously evolve and generate emergent behaviors that cannot be predicted through traditional linear approaches (Marnewick & Marnewick, 2022).
Simultaneously, the concept of project performance has undergone substantial transformation. Conventional measures based on the iron triangle—cost, time, and quality—have been criticized for failing to capture broader dimensions of success. Contemporary perspectives conceptualize project performance as a multidimensional construct that incorporates stakeholder satisfaction, strategic alignment, sustainability, innovation capability, and value realization (Bosch-Rekveldt et al., 2023; Pollack et al., 2024). Consequently, project performance should be evaluated not merely by operational efficiency but also by long-term organizational and societal value.
Existing empirical evidence generally demonstrates that project complexity negatively influences project outcomes. Increased complexity intensifies uncertainty, coordination requirements, and resource dependencies, resulting in schedule overruns, cost escalation, communication challenges, and diminished quality performance (Azmat & Siddiqui, 2023). However, recent meta-analytic evidence suggests that the relationship between complexity and performance is more nuanced than previously assumed. Hu et al. (2023), through a meta-analysis of seventy-seven effect sizes, found that different dimensions of complexity exhibit heterogeneous effects on project success. While structural and technical complexity tend to hinder project performance, integrative complexity may promote innovation and organizational learning, thereby contributing positively to project outcomes.
Recent studies further indicate that managerial capabilities and adaptive practices significantly influence how complexity affects performance. Agile and hybrid project management approaches have emerged as effective mechanisms for coping with uncertainty and environmental dynamism. Their emphasis on iterative development, flexibility, and stakeholder engagement enables organizations to adapt to evolving requirements and mitigate the adverse effects of complexity (Leech & Hanslo, 2024). Likewise, leadership competencies play a crucial role in determining how complexity is perceived and managed. Adaptive and transformational leadership styles have been shown to enhance resilience, communication, and decision-making in highly complex project environments (Al-Nimer et al., 2024).
Another important source of complexity arises from stakeholder interactions and governance mechanisms. Contemporary projects involve multiple stakeholders possessing diverse interests, expectations, and influence. These interactions create socio-political complexity that significantly affects project execution and performance. Recent evidence from social network analysis demonstrates that stakeholder relationships actively shape project dynamics and are critical determinants of project success, particularly in infrastructure and megaproject settings (Ong & Uddin, 2025). Consequently, complexity management increasingly requires governance capabilities rather than merely technical expertise.
Furthermore, emerging digital technologies such as artificial intelligence, big data analytics, digital twins, cloud computing, and blockchain are simultaneously reducing and increasing complexity. While these technologies enhance decision-making and project visibility, they also introduce new layers of technological and organizational complexity that require advanced competencies and adaptive capabilities (Marnewick & Marnewick, 2022; Pollack et al., 2024). As digital transformation accelerates, project managers are increasingly required to navigate complex interactions among technological, organizational, and environmental factors.
Despite significant advancements, several challenges remain unresolved. The conceptualization and measurement of project complexity remain fragmented, with inconsistent dimensions and methodologies limiting theoretical development and empirical comparability (Zheng et al., 2023). Furthermore, the mechanisms through which complexity affects performance remain insufficiently understood, particularly regarding the roles of management approaches, leadership capabilities, and stakeholder engagement. Existing studies are often confined to specific industries such as construction or information technology, limiting the generalizability of findings across different contexts (Lafhaj et al., 2024).
Against this backdrop, the present study seeks to provide a comprehensive understanding of the impact of project complexity on project performance by integrating multidimensional complexity perspectives with managerial and organizational factors. Specifically, the study investigates how management approaches mediate the complexity-performance relationship and how leadership competency and stakeholder management moderate this relationship. By developing an integrated framework grounded in complexity theory, stakeholder theory, and contingency theory, the study contributes to both theory and practice.
Ultimately, complexity should not be viewed solely as a source of risk and uncertainty. Rather, when supported by adaptive leadership, effective governance, and flexible management approaches, complexity can become a source of innovation, learning, and competitive advantage. Understanding the mechanisms through which complexity influences project performance is therefore essential for achieving sustainable success in contemporary project environments.

2. Literature Review (Critical Analysis)
2.1 Reconceptualizing Project Complexity: From Structural Attributes to Complex Adaptive Systems
Project complexity has evolved from being perceived merely as a structural characteristic to being recognized as a multidimensional, dynamic, and emergent phenomenon. Earlier conceptualizations primarily emphasized the number of project components and the degree of interdependence among them. However, contemporary research argues that such static perspectives fail to explain the realities of modern projects characterized by technological disruption, stakeholder diversity, and environmental volatility.
Recent systematic reviews indicate that no universally accepted definition of project complexity exists, resulting in conceptual fragmentation and inconsistent operationalization across studies (Zheng et al., 2023). Rather than representing a fixed property, complexity is increasingly understood as an evolving condition arising from interactions among technical systems, organizational structures, external environments, and social actors. Consequently, projects are increasingly viewed through the lens of complex adaptive systems (CAS), where nonlinear interactions, feedback loops, and emergence determine project behavior.
Lafhaj et al. (2024) argue that traditional interpretations overly simplify complexity by focusing predominantly on multiplicity and interdependency while neglecting behavioral, institutional, and governance dimensions. Their systematic review revealed that stakeholder diversity, organizational arrangements, and project objectives are among the most influential but least theoretically integrated determinants of complexity. Similarly, Locatelli et al. (2023) emphasized that project management research should move beyond reductionist approaches and adopt systems perspectives capable of capturing interactions across multiple levels of analysis.
The emergence of Industry 5.0 and digital ecosystems further strengthens the relevance of complexity theory. Projects increasingly operate as socio-technical systems where human actors, digital technologies, and institutional environments continuously co-evolve. Consequently, complexity is no longer regarded as a problem to be eliminated but as an inherent characteristic requiring adaptive capabilities and systemic thinking (Naderpajouh et al., 2023). 
These developments indicate a paradigm shift from viewing projects as mechanistic entities toward understanding them as adaptive systems embedded within broader organizational and societal contexts. Thus, complexity should be conceptualized not as a single construct but as a multidimensional and evolving phenomenon.
2.2 Dimensions of Project Complexity
Contemporary literature recognizes project complexity as a multidimensional construct comprising structural, technical, organizational, environmental, and socio-political dimensions. This multidimensional perspective has gained increasing support because different forms of complexity affect project outcomes through distinct mechanisms.
Structural complexity arises from the number of project elements and the interdependencies among tasks, processes, and organizational units. As projects become larger and more interconnected, coordination requirements increase substantially, creating communication burdens and reducing managerial visibility. Technical complexity, on the other hand, stems from technological uncertainty, novelty, integration challenges, and specialized knowledge requirements. Emerging technologies such as artificial intelligence, digital twins, blockchain, and cloud-based systems have amplified technical complexity by increasing uncertainty and learning demands.
Organizational complexity is primarily associated with stakeholder diversity, governance structures, and resource dependencies. Projects involving multiple actors often experience conflicting priorities, information asymmetries, and decision-making difficulties. Environmental complexity reflects external influences such as regulatory changes, market volatility, sustainability pressures, and political uncertainties.
Recent evidence demonstrates that these dimensions exhibit different impacts on project outcomes. Hu et al. (2023), through a meta-analysis involving seventy-seven effect sizes, found that structural and technical complexity generally exert negative influences on project performance, whereas integrative complexity may positively contribute to innovation and organizational learning. Likewise, Azmat and Siddiqui (2023) demonstrated that complexity dimensions affect project success differently, suggesting that complexity should not be treated as a homogeneous construct.
These findings challenge traditional assumptions that all forms of complexity are inherently detrimental. Instead, certain dimensions of complexity may facilitate creativity, flexibility, and knowledge integration, thereby creating opportunities for value generation. Consequently, understanding complexity requires a differentiated perspective that recognizes the heterogeneity of its dimensions and their distinct implications for project management.
2.3 Project Performance: Beyond the Iron Triangle
Project performance has traditionally been evaluated through the "iron triangle" comprising cost, time, and quality. Although these dimensions remain important, contemporary scholars increasingly criticize their inability to capture broader measures of project success.
Bosch-Rekveldt et al. (2023) argue that project performance should be conceptualized as a multidimensional construct encompassing operational efficiency, stakeholder satisfaction, strategic alignment, sustainability, and long-term value creation. This broader perspective reflects the increasing recognition that projects are vehicles for organizational transformation rather than isolated technical endeavors.
Similarly, McLeod et al. (2021) contend that project success is inherently subjective and varies among stakeholders and over time. Different stakeholders evaluate project outcomes according to distinct criteria, suggesting that success cannot be reduced to objective performance metrics alone. Consequently, project performance should incorporate both tangible outcomes and intangible dimensions such as trust, legitimacy, and stakeholder perceptions. 
Recent discussions surrounding Industry 5.0 further reinforce this shift. Human-centricity, resilience, and sustainability are increasingly considered essential dimensions of project value creation. Pollack and colleagues emphasize that productivity and performance are relational and adaptive constructs rather than merely measures of efficiency. Projects should therefore be assessed based on their ability to create sustainable value and support organizational resilience rather than simply achieving predetermined constraints. 
These developments indicate that project performance is evolving from a narrow operational perspective toward a strategic and value-oriented paradigm.
2.4 Complexity–Performance Relationship: Contradictions and Emerging Perspectives
The relationship between project complexity and project performance remains one of the most debated issues in project management research. Traditional studies generally assume a direct negative relationship, suggesting that increasing complexity leads to delays, cost overruns, and quality deterioration. However, recent evidence reveals a more nuanced picture.
Empirical findings by Azmat and Siddiqui (2023) support the traditional perspective, demonstrating that complexity negatively influences project success due to coordination difficulties and uncertainty. However, Hu et al. (2023) argue that the effects of complexity are contingent rather than universally negative. Their meta-analysis showed that while structural complexity reduces performance, integrative complexity can enhance innovation and adaptability.
This apparent contradiction suggests that complexity operates as a double-edged phenomenon. Excessive complexity increases managerial burdens and uncertainty, but moderate levels of complexity may stimulate creativity, learning, and knowledge integration. Consequently, the impact of complexity depends not only on its magnitude but also on organizational capabilities and contextual conditions.
Recent studies increasingly advocate contingency-based explanations. Complexity does not directly determine outcomes; rather, its effects are mediated through managerial processes and moderated by organizational factors. Thus, performance differences among projects may be attributed less to complexity itself and more to organizations' abilities to manage complexity effectively.
2.5 Agile and Hybrid Project Management as Adaptive Responses
Increasing project complexity has stimulated growing interest in agile and hybrid project management methodologies. Traditional command-and-control approaches have proven inadequate in environments characterized by uncertainty and rapid change. Agile methodologies emphasize adaptability, iterative development, and stakeholder collaboration, making them particularly suitable for complex environments.
Leech and Hanslo (2024) observed that hybrid methodologies integrating agile flexibility with traditional governance mechanisms are becoming increasingly prevalent. Such approaches provide both adaptability and control, enabling organizations to balance uncertainty with accountability.
Muhammad et al. (2021) demonstrated that agile management practices significantly improve project performance within dynamic environments. Their findings suggest that agile approaches mitigate the negative effects of complexity by facilitating rapid feedback, knowledge sharing, and continuous learning.
Nevertheless, agile approaches are not universally effective. Large infrastructure projects and highly regulated sectors often require governance structures that pure agile methodologies cannot adequately provide. Consequently, recent literature advocates contextual adaptation rather than methodological standardization. Hybrid approaches represent a pragmatic solution that combines flexibility with formal control mechanisms.
From a complexity theory perspective, agile methodologies embody principles of self-organization, emergence, and adaptability, making them theoretically aligned with complex adaptive systems. Therefore, agile and hybrid methodologies function not merely as management tools but as mechanisms for transforming complexity into manageable processes.
2.6 Sociotechnical Integration and Digital Transformation
Digital transformation has fundamentally altered the nature of project complexity. Emerging technologies including artificial intelligence, big data analytics, blockchain, cloud computing, and digital twins have expanded project capabilities while simultaneously increasing technical and organizational complexity.
Aramali et al. (2024) found that project success significantly improves when technical systems and social environments are integrated. Their findings highlight the importance of sociotechnical integration, suggesting that project performance depends not only on technological maturity but also on organizational alignment and collaboration.
Industry 5.0 perspectives further emphasize human-centric digital transformation. Instead of replacing human decision-making, digital technologies are expected to augment cognitive capabilities and support collaborative value creation. Consequently, successful projects increasingly require balancing technological sophistication with social and behavioral considerations. 
These developments suggest that digitalization simultaneously acts as a source of complexity and a mechanism for managing complexity. Organizations capable of integrating technological and social dimensions are better positioned to achieve superior project outcomes.
2.7 Leadership and Human Factors in Complex Projects
Contemporary research increasingly emphasizes that complexity management is fundamentally a human challenge rather than merely a technical problem. Leadership competencies, emotional intelligence, communication skills, and collaborative culture have emerged as critical determinants of project success.
Al-Nimer et al. (2024) identified leadership and team competencies among the most influential factors affecting project outcomes. Similarly, Udende (2024) demonstrated that transformational leadership is particularly effective in highly complex environments because it enhances adaptability, trust, and collective problem-solving.
Recent project governance literature also highlights the importance of relational leadership and social value creation. Leaders are increasingly expected to facilitate collaboration, navigate uncertainty, and balance competing stakeholder interests rather than simply exercise hierarchical control. 
These findings reflect a broader shift toward people-centric project management paradigms in which managerial capabilities become essential mechanisms for coping with complexity.
2.8 Stakeholder Networks and Governance Complexity
Stakeholders have traditionally been viewed as external entities requiring management. However, recent studies conceptualize stakeholder networks as active components of project complexity.
Ong and Uddin (2025) demonstrate that stakeholder relationships significantly shape project dynamics and influence performance outcomes. Social network analysis reveals that communication structures, influence patterns, and stakeholder interactions determine the flow of information and decision-making processes.
Similarly, governance scholars argue that complexity is increasingly a governance challenge rather than a technical issue. Effective governance mechanisms facilitate coordination, trust, and alignment among multiple actors operating under uncertainty. Consequently, stakeholder management capabilities have become central to project success in contemporary environments.
2.9 Research Gaps and Future Directions
Despite substantial advancements, several gaps remain evident in the literature.
First, there is no consensus regarding the conceptualization and measurement of project complexity, resulting in fragmented empirical findings. Second, most studies focus on construction and IT sectors, limiting external validity. Third, existing models predominantly examine direct relationships while neglecting mediating and moderating mechanisms.
Moreover, limited attention has been devoted to the integration of complexity theory, stakeholder theory, and contingency theory within a unified framework. Emerging technologies, artificial intelligence, sustainability, resilience, and governance complexity also remain insufficiently explored.
Therefore, future research should adopt integrative and multi-level approaches capable of capturing interactions among technical, organizational, behavioral, and environmental dimensions. Such perspectives are essential for understanding how organizations can leverage complexity as a source of innovation and sustainable value creation rather than treating it solely as a constraint.
3. Research Gap and Problem Statement
3.1 Research Gap
Despite the considerable advancement in project complexity research over the last two decades, several theoretical, methodological, and contextual gaps remain unresolved. Although numerous studies have examined the relationship between project complexity and project performance, existing findings remain fragmented and inconclusive, limiting the development of a unified theoretical understanding.
3.1.1 Conceptual Fragmentation and Inconsistent Measurement of Project Complexity
One of the most persistent challenges concerns the lack of consensus regarding the conceptualization and operationalization of project complexity. Recent systematic reviews reveal that complexity has been defined and measured differently across studies, leading to inconsistencies in empirical findings and difficulties in theory development (Zheng et al., 2023). Some scholars conceptualize complexity as a structural characteristic associated with interdependencies and multiplicity, whereas others emphasize technical uncertainty, stakeholder interactions, organizational arrangements, or environmental turbulence (Lafhaj et al., 2024).
Furthermore, contemporary projects increasingly operate as complex adaptive systems characterized by emergence, nonlinearity, and feedback loops. However, many empirical studies continue to employ reductionist approaches that oversimplify complexity into isolated dimensions. Consequently, existing models fail to adequately capture the dynamic and evolving nature of complexity (Naderpajouh et al., 2023). This conceptual fragmentation hinders the development of cumulative knowledge and limits the comparability of findings across studies and industries.
3.1.2 Inconsistent Evidence Regarding the Complexity–Performance Relationship
The relationship between project complexity and project performance remains theoretically ambiguous. Traditional studies generally report a negative association, suggesting that complexity contributes to delays, cost overruns, coordination problems, and quality deficiencies (Azmat & Siddiqui, 2023). However, recent meta-analytic evidence indicates that different dimensions of complexity may produce heterogeneous effects on project outcomes (Hu et al., 2023).
In particular, integrative complexity has been shown to facilitate innovation, organizational learning, and flexibility, thereby positively influencing project success. Such contradictory findings challenge the traditional assumption that complexity is inherently detrimental. Instead, they suggest that the complexity-performance relationship is contingent, nonlinear, and highly context-dependent. Nevertheless, existing empirical models predominantly assume direct linear relationships and fail to explain the mechanisms through which complexity affects performance.
3.1.3 Limited Integration of Mediating and Moderating Mechanisms
Another significant gap concerns the insufficient examination of mediating and moderating variables. Although previous studies recognize the importance of management approaches, leadership capabilities, and stakeholder engagement, these factors are often investigated independently rather than within integrated frameworks.
Recent studies suggest that agile and hybrid project management approaches enhance adaptability and mitigate uncertainty in complex environments (Leech & Hanslo, 2024). Likewise, leadership competencies and stakeholder relationships significantly influence project outcomes by improving communication, trust, and collaboration (Al-Nimer et al., 2024; Ong & Uddin, 2025). However, empirical studies simultaneously incorporating these mechanisms remain scarce.
Consequently, there is limited understanding of:
· How management approaches transform complexity into manageable processes; 
· How leadership capabilities reduce the adverse effects of complexity; 
· How stakeholder engagement influences the complexity-performance relationship. 
This omission restricts both theoretical development and managerial application.
3.1.4 Neglect of Sociotechnical and Governance Perspectives
Contemporary project environments are increasingly characterized by digital transformation, Industry 5.0 technologies, and stakeholder ecosystems. Emerging technologies such as artificial intelligence, digital twins, blockchain, and big data analytics have introduced additional layers of complexity requiring integrated sociotechnical approaches (Aramali et al., 2024).
Nevertheless, much of the existing literature continues to emphasize technical or structural dimensions while underestimating governance mechanisms, social interactions, and human factors. Recent studies indicate that governance quality, stakeholder networks, and institutional arrangements significantly influence project performance, especially in megaprojects and infrastructure projects (Locatelli et al., 2023).
Therefore, current literature lacks comprehensive frameworks integrating technological, organizational, and social dimensions of complexity.
3.1.5 Limited Generalizability Across Industries and Contexts
Most empirical investigations have concentrated on specific sectors such as construction, engineering, and information technology. While these industries offer valuable insights, their findings may not be generalizable to other sectors characterized by different institutional environments and stakeholder structures (Lafhaj et al., 2024).
Moreover, evidence from developing economies remains relatively scarce. Projects operating in emerging countries face additional challenges arising from resource constraints, institutional weaknesses, political instability, and regulatory uncertainty. Consequently, there is insufficient understanding of how contextual factors influence the manifestation and management of project complexity.
3.1.6 Insufficient Integration of Complexity Theory with Other Theoretical Perspectives
Another major theoretical limitation is the fragmented application of theories. Existing studies often employ complexity theory, contingency theory, stakeholder theory, or adaptive management perspectives separately. Very few studies integrate these theoretical foundations into a unified explanatory framework.
Such fragmentation limits understanding of:
· Why complexity affects performance; 
· Through which mechanisms complexity influences outcomes; 
· Under what conditions complexity becomes beneficial or detrimental. 
Therefore, the development of integrative frameworks capable of explaining mediated and moderated relationships remains an important research priority.
3.2 Problem Statement
Modern projects are increasingly characterized by multidimensional complexity arising from technological advancements, stakeholder diversity, organizational interdependencies, and environmental uncertainty. Despite extensive research, there remains no consensus regarding how project complexity influences project performance. Existing studies provide contradictory findings, with some reporting predominantly negative effects while others demonstrate that certain forms of complexity may enhance innovation and value creation.
Furthermore, previous research has largely focused on direct relationships and has inadequately examined the mechanisms through which complexity affects project outcomes. In particular, the mediating role of management approaches and the moderating effects of leadership competency and stakeholder management remain insufficiently explored. Existing frameworks also fail to integrate technical, organizational, and social dimensions of complexity within a unified theoretical perspective.
Consequently, organizations and project managers lack comprehensive guidance regarding how complexity should be managed to improve project performance. This theoretical and practical deficiency necessitates the development of an integrative framework that explains the multidimensional effects of project complexity and examines the roles of management approaches, leadership competency, and stakeholder management in shaping project outcomes.
Table 1
Summary of Major Research Gaps in Existing Literature
	Research Area
	Existing Evidence
	Identified Gap
	Need for Current Study

	Conceptualization of Complexity
	Multiple definitions and dimensions
	Lack of unified framework
	Develop multidimensional integrated model

	Complexity–Performance Relationship
	Mixed empirical findings
	Contradictory and nonlinear effects
	Examine conditional relationships

	Management Approaches
	Agile and hybrid methods studied separately
	Limited mediation studies
	Investigate mediating role

	Leadership Competency
	Recognized as important
	Few moderation models
	Examine moderating effects

	Stakeholder Management
	Conceptual emphasis exists
	Insufficient empirical integration
	Test stakeholder moderation

	Digital Transformation
	Growing importance
	Limited sociotechnical integration
	Incorporate organizational capabilities

	Theoretical Foundation
	Separate theories dominate
	Lack of theoretical integration
	Combine Complexity, Stakeholder and Contingency theories

	Contextual Evidence
	Mostly construction and IT sectors
	Limited generalizability
	Develop broader framework




4. Theoretical Foundation, Research Objectives, Research Questions, and Hypotheses Development
4.1 Theoretical Foundation
Understanding the relationship between project complexity and project performance requires a multidimensional theoretical perspective because contemporary projects operate within highly interconnected and uncertain environments. Single-theory explanations are often insufficient for capturing the dynamic interactions among technological systems, organizational structures, managerial capabilities, and stakeholder networks. Therefore, this study adopts an integrated theoretical lens combining Complexity Theory, Stakeholder Theory, and Contingency Theory, which represent three of the most dominant theoretical foundations in contemporary project management research .
The integration of these theories provides a comprehensive explanation of how project complexity affects performance, why management approaches become important mechanisms for adaptation, and under what conditions organizational capabilities influence project outcomes.
4.1.1 Complexity Theory
Complexity Theory provides the primary theoretical foundation of this study. Complexity theory views projects as complex adaptive systems characterized by emergence, nonlinearity, feedback loops, uncertainty, and self-organization. Unlike traditional mechanistic perspectives that assume predictability and linear causality, complexity theory recognizes that projects evolve dynamically through interactions among multiple components and stakeholders.
Modern projects increasingly operate in environments characterized by technological disruption, globalization, sustainability pressures, and stakeholder interdependencies. Under such circumstances, project outcomes cannot be explained solely by traditional planning and control mechanisms. Instead, project performance emerges from continuous adaptation and interaction among project elements. Contemporary project studies emphasize that project managers are no longer merely planners and controllers but facilitators and sense-makers operating within complex adaptive systems .
Complexity theory suggests that project complexity influences performance through several dimensions, including structural complexity, technical complexity, organizational complexity, and environmental complexity. These dimensions create varying levels of uncertainty and coordination requirements, which subsequently influence project outcomes. However, complexity itself is neither inherently positive nor negative; rather, its effects depend on the organization's capacity to adapt and respond effectively.
Accordingly, complexity theory provides the basis for hypothesizing that project complexity significantly affects project performance.
4.1.2 Stakeholder Theory
Stakeholder Theory complements complexity theory by explaining the social and relational dimensions of project environments. According to stakeholder theory, projects are embedded within networks of stakeholders possessing diverse interests, expectations, influence, and power. Project success therefore depends not only on technical efficiency but also on effective stakeholder engagement and relationship management.
Contemporary projects involve multiple actors including customers, suppliers, regulatory agencies, communities, investors, and project teams. The increasing interconnectedness among these actors creates socio-political complexity that significantly affects project performance. Stakeholder interactions influence communication quality, trust, resource allocation, conflict resolution, and decision-making processes.
Recent studies increasingly emphasize that stakeholder networks are active contributors to project dynamics rather than passive external entities. Effective stakeholder engagement transforms complexity into collaborative advantage and enhances organizational resilience. Consequently, stakeholder management capability becomes a critical mechanism through which organizations navigate complexity and improve project outcomes .
Therefore, stakeholder theory provides the theoretical justification for proposing stakeholder management as a moderating variable affecting the complexity–performance relationship.
4.1.3 Contingency Theory
Contingency Theory argues that there is no universally superior management approach applicable to all projects. Organizational effectiveness depends upon the alignment between environmental conditions and managerial practices. Accordingly, project performance is contingent upon the fit between project characteristics and management approaches.
Contemporary projects differ considerably regarding uncertainty, stakeholder diversity, technological novelty, and complexity. Consequently, management approaches that are effective in one context may not necessarily be suitable in another. Traditional command-and-control approaches may be effective in stable environments, whereas agile and hybrid approaches are better suited for dynamic and uncertain conditions.
Contingency theory therefore suggests that management approaches act as adaptive mechanisms through which organizations align their practices with the complexity characteristics of projects. Leadership competencies similarly represent contextual capabilities that determine how effectively complexity is managed. Thus, performance outcomes depend not only on complexity itself but also on the fit between complexity and organizational capabilities .
Accordingly, contingency theory provides the rationale for examining management approaches as mediators and leadership competency as moderators within the proposed framework.
4.2 Integrated Theoretical Framework
Drawing upon the three theories, this study proposes that project complexity influences project performance both directly and indirectly.
From the perspective of complexity theory, complexity generates uncertainty and interdependencies that affect performance.
From stakeholder theory, stakeholder relationships shape how complexity is experienced and managed.
From contingency theory, organizational capabilities and management approaches determine whether complexity becomes a source of failure or an opportunity for innovation.
Therefore, project performance is conceptualized as the result of interactions among:
· Project Complexity (Independent Variable) 
· Management Approach (Mediator) 
· Leadership Competency (Moderator) 
· Stakeholder Management (Moderator) 
· Project Performance (Dependent Variable) 
This integrated perspective moves beyond traditional linear models and provides a multidimensional explanation of project success.
4.3 Research Objectives
General Objective
To investigate the impact of project complexity on project performance and examine how management approaches, leadership competency, and stakeholder management influence this relationship.
Specific Objectives
RO1
To identify and conceptualize the multidimensional nature of project complexity.
RO2
To examine the effects of project complexity dimensions on project performance.
RO3
To investigate the mediating role of management approaches (agile and hybrid methodologies) in the relationship between project complexity and project performance.
RO4
To examine the moderating effect of leadership competency on the relationship between project complexity and project performance.
RO5
To investigate the moderating effect of stakeholder management on the relationship between project complexity and project performance.
RO6
To develop an integrated framework for managing project complexity and enhancing project performance.
4.4 Research Questions
Based on the above objectives, the following research questions are proposed:
RQ1
How does project complexity influence project performance?
RQ2
Which dimensions of project complexity significantly affect project performance?
RQ3
How do agile and hybrid management approaches mediate the relationship between project complexity and project performance?
RQ4
How does leadership competency moderate the relationship between project complexity and project performance?
RQ5
How does stakeholder management influence the relationship between project complexity and project performance?
RQ6
How can organizations effectively manage project complexity to improve project outcomes?
4.5 Hypotheses Development
4.5.1 Project Complexity and Project Performance
Complexity theory suggests that increasing complexity intensifies uncertainty, interdependencies, coordination requirements, and information processing burdens. These factors often result in schedule delays, cost overruns, communication failures, and reduced efficiency. Recent meta-analytic evidence demonstrates that project complexity significantly influences project success and project management success (Hu et al., 2023). Similarly, Azmat and Siddiqui (2023) found that complexity negatively affects project performance across engineering projects.
Therefore:
H1:
Project complexity has a significant effect on project performance.
4.5.2 Structural Complexity and Project Performance
Structural complexity arises from the number of activities, components, and interdependencies among project elements. Increasing structural complexity creates coordination challenges and information overload, thereby reducing efficiency.
Accordingly:
H2:
Structural complexity negatively affects project performance.
4.5.3 Technical Complexity and Project Performance
Technical complexity originates from technological novelty, integration difficulties, and uncertainty associated with advanced technologies. Projects involving emerging technologies often require specialized expertise and experience, increasing the likelihood of delays and rework.
Therefore:
H3:
Technical complexity negatively affects project performance.
4.5.4 Organizational Complexity and Project Performance
Organizational complexity emerges from stakeholder diversity, communication patterns, and governance structures. Although increased stakeholder interactions may create coordination difficulties, diverse stakeholder networks can also enhance innovation and knowledge sharing.
Therefore:
H4:
Organizational complexity significantly affects project performance.
4.5.5 Mediating Role of Management Approaches
Contingency theory suggests that managerial practices should align with environmental conditions. Agile and hybrid methodologies enhance flexibility, learning, and adaptation, thereby reducing the adverse effects of complexity.
Recent evidence indicates that adaptive management approaches improve project performance in uncertain environments.
Hence:
H5:
Management approaches (agile and hybrid methodologies) mediate the relationship between project complexity and project performance.
4.5.6 Moderating Role of Leadership Competency
Leadership competency enables project managers to navigate uncertainty, promote collaboration, and facilitate decision-making. Adaptive and transformational leadership styles have been shown to improve project resilience and performance in highly complex environments.
Accordingly:
H6:
Leadership competency moderates the relationship between project complexity and project performance such that higher leadership competency weakens the negative effect of complexity on performance.
4.5.7 Moderating Role of Stakeholder Management
Stakeholder theory argues that effective stakeholder engagement improves communication, trust, and collaboration. Proper stakeholder management enables organizations to transform socio-political complexity into opportunities for innovation and value creation.
Therefore:
H7:
Stakeholder management moderates the relationship between project complexity and project performance such that effective stakeholder management reduces the adverse effects of complexity on performance.
Proposed Research Model
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5. Conceptual Framework Development and Variable Operationalization
5.1 Conceptual Framework Development
Building upon the theoretical foundations discussed in the preceding section, this study proposes an integrated conceptual framework that explains the mechanisms through which project complexity influences project performance. Existing research has traditionally examined the complexity–performance relationship through direct linear models. However, recent developments in project management literature suggest that project performance emerges from interactions among technical, organizational, behavioral, and environmental factors rather than from isolated effects (Hu et al., 2023; Bosch-Rekveldt et al., 2023). Consequently, understanding project complexity requires a more holistic perspective that captures both direct and indirect mechanisms influencing project outcomes.
Grounded in Complexity Theory, Stakeholder Theory, and Contingency Theory, the proposed framework conceptualizes project complexity as a multidimensional higher-order construct comprising structural, technical, organizational, and environmental complexity. Complexity theory suggests that project outcomes emerge from nonlinear interactions among interdependent project components operating within uncertain environments. Stakeholder theory emphasizes that stakeholder relationships and governance structures shape project dynamics and influence success. Contingency theory further argues that organizational effectiveness depends on the alignment between environmental conditions and managerial capabilities. Therefore, project performance cannot be explained solely by the level of complexity but must also account for the mechanisms through which organizations adapt to and manage complexity.
In this framework, project complexity represents the independent variable influencing project performance directly and indirectly. Management approach, encompassing agile and hybrid methodologies, is proposed as a mediating mechanism through which organizations transform complexity into structured and manageable processes. Leadership competency and stakeholder management are incorporated as moderating variables that influence the strength and direction of the complexity–performance relationship. These variables represent organizational capabilities that enable project teams to cope with uncertainty, enhance communication, and improve adaptability.
The proposed framework therefore extends prior literature by moving beyond simplistic cause-and-effect relationships and introducing a mediated–moderated perspective. Such an approach aligns with recent calls for integrative frameworks capable of explaining why complexity affects performance and under what conditions complexity may become either a constraint or a source of innovation and value creation (Zheng et al., 2023; Naderpajouh et al., 2023).
5.2 Description of Constructs
5.2.1 Project Complexity
Project complexity constitutes the independent variable of this study and is conceptualized as a multidimensional construct representing the degree of uncertainty, interdependencies, multiplicity, and dynamic interactions existing within projects. Recent literature recognizes that complexity extends beyond structural characteristics and incorporates technological, organizational, and environmental dimensions (Lafhaj et al., 2024).
Accordingly, project complexity is operationalized through four dimensions:
· Structural complexity;
· Technical complexity;
· Organizational complexity;
· Environmental complexity.
These dimensions collectively capture the multifaceted nature of complexity encountered in contemporary projects.
5.2.2 Management Approach
Management approach represents the mediating variable and refers to the extent to which organizations adopt adaptive project management practices to respond to uncertainty and changing project conditions. Contemporary studies emphasize that agile and hybrid methodologies provide flexibility, iterative learning, and continuous adaptation that improve project performance in complex environments (Leech & Hanslo, 2024).
The construct incorporates:
· Agile practices;
· Hybrid methodologies;
· Iterative planning;
· Adaptive decision-making;
· Continuous improvement.
5.2.3 Leadership Competency
Leadership competency is conceptualized as a moderating variable reflecting the ability of project managers to guide, coordinate, and adapt under conditions of uncertainty and complexity. Recent studies highlight leadership capabilities as essential determinants of project success in dynamic environments (Al-Nimer et al., 2024).
Leadership competency includes:
· Strategic leadership;
· Communication capability;
· Adaptive behavior;
· Decision-making skills;
· Problem-solving ability.
5.2.4 Stakeholder Management
Stakeholder management constitutes the second moderating variable and refers to processes used to identify, engage, communicate with, and manage stakeholders effectively. Stakeholder theory suggests that successful stakeholder relationships transform complexity into collaborative advantage and contribute to superior project outcomes (Ong & Uddin, 2025).
This construct comprises:
· Stakeholder identification;
· Stakeholder engagement;
· Communication quality;
· Conflict management;
· Relationship management.
5.2.5 Project Performance
Project performance represents the dependent variable and refers to the extent to which project objectives are achieved effectively and efficiently. Contemporary perspectives extend beyond the traditional iron triangle and incorporate broader dimensions of value creation and stakeholder satisfaction (Bosch-Rekveldt et al., 2023).
Project performance is measured through:
· Time performance;
· Cost performance;
· Quality performance;
· Stakeholder satisfaction;
· Overall project success.
5.3 Variable Operationalization
Operationalization refers to the process of translating theoretical constructs into measurable indicators suitable for empirical investigation. Following recommendations from Hair et al. (2022), all constructs are measured reflectively using multi-item scales adapted from previous studies. A five-point Likert scale ranging from 1 = Strongly Disagree to 5 = Strongly Agree is employed because of its suitability for structural equation modeling and its widespread use in project management research.
Table 5.1
Operationalization of Variables
	Construct
	Dimensions
	Indicators
	Measurement Scale
	Source

	Project Complexity
	Structural Complexity
	Interdependence among activities
	5-point Likert
	Zheng et al. (2023)

	
	Technical Complexity
	Technological uncertainty
	5-point Likert
	Hu et al. (2023)

	
	Organizational Complexity
	Stakeholder diversity
	5-point Likert
	Azmat & Siddiqui (2023)

	
	Environmental Complexity
	External uncertainty
	5-point Likert
	Lafhaj et al. (2024)

	Management Approach
	Agile and Hybrid Practices
	Adaptive planning and iteration
	5-point Likert
	Leech & Hanslo (2024)

	Leadership Competency
	Strategic and Adaptive Leadership
	Leadership capability
	5-point Likert
	Al-Nimer et al. (2024)

	Stakeholder Management
	Engagement and Communication
	Stakeholder relationship quality
	5-point Likert
	Ong & Uddin (2025)

	Project Performance
	Time, Cost, Quality, Satisfaction
	Project success indicators
	5-point Likert
	Bosch-Rekveldt et al. (2023)


5.4 Measurement Scale Development
Measurement items are adapted from validated scales reported in recent project management literature to ensure content validity and construct reliability. The questionnaire employs a five-point Likert scale, with higher scores representing stronger agreement with each statement.
Project Complexity
Project complexity is measured through twelve indicators capturing structural, technical, organizational, and environmental dimensions. Representative items include:
· Project activities are highly interdependent.
· The project involves advanced technologies.
· Multiple stakeholders with conflicting interests are involved.
· External environmental conditions change frequently.
These items are adapted from Zheng et al. (2023), Hu et al. (2023), and Azmat and Siddiqui (2023).
Management Approach
Management approach is measured through six indicators reflecting agility and adaptability, including:
· Iterative planning is utilized throughout project execution.
· The project team rapidly responds to changes.
· Hybrid methodologies are adopted when necessary.
These items are adapted from Muhammad et al. (2021) and Leech and Hanslo (2024).
Leadership Competency
Leadership competency is measured through six indicators such as:
· The project manager effectively communicates with team members.
· The project manager demonstrates adaptability.
· The project manager effectively solves problems.
These indicators are adapted from Al-Nimer et al. (2024).
Stakeholder Management
Stakeholder management consists of six indicators including:
· Stakeholders are actively engaged throughout the project.
· Communication with stakeholders is effective.
· Stakeholder conflicts are resolved appropriately.
The scale is adapted from Ong and Uddin (2025).
Project Performance
Project performance is measured through six indicators:
· The project is completed within schedule.
· The project remains within budget.
· Stakeholders are satisfied with project outcomes.
· Overall project objectives are achieved successfully.
The scale is adapted from Bosch-Rekveldt et al. (2023).
5.5 Proposed Structural Model
Based on the theoretical framework and hypotheses developed in the previous section, this study proposes a mediated–moderated model in which project complexity affects project performance directly and indirectly through management approach. Leadership competency and stakeholder management are expected to moderate this relationship.
The structural relationships are represented as follows:
Project Complexity → Management Approach → Project Performance
Moderating effects:
· Leadership Competency × Project Complexity → Project Performance;
· Stakeholder Management × Project Complexity → Project Performance.
This model recognizes that project success depends not merely on the level of complexity but on the organization's capability to manage and leverage complexity effectively.
5.6 Theoretical Contribution of the Conceptual Framework
The proposed framework contributes to project management literature in several ways. First, it integrates Complexity Theory, Stakeholder Theory, and Contingency Theory into a unified explanatory framework. Second, it conceptualizes project complexity as a higher-order multidimensional construct rather than a single aggregated variable. Third, the framework advances existing literature by introducing mediating and moderating mechanisms that explain how and under what conditions complexity affects project performance. Finally, the model provides a theoretically grounded and empirically testable framework suitable for Structural Equation Modeling using SmartPLS or AMOS.
Consequently, the proposed framework responds to recent calls for more integrative and capability-based perspectives in project complexity research and contributes toward a deeper understanding of project success in increasingly uncertain and dynamic environments.
6. Methodology
To examine the effects of project complexity on project performance and investigate the mediating role of management approaches together with the moderating effects of leadership competency and stakeholder management, this study employs a quantitative research design and adopts a cross-sectional survey approach. The choice of a quantitative design is consistent with the explanatory nature of the study and facilitates the empirical validation of the proposed theoretical framework derived from Complexity Theory, Stakeholder Theory, and Contingency Theory. Given the objective of testing multiple direct and indirect relationships simultaneously, survey-based research provides an appropriate means of capturing perceptions and experiences of project professionals across diverse project environments.
Data were collected from project managers, project engineers, team leaders, and program coordinators working across construction, information technology, engineering, manufacturing, and service sectors. To enhance representativeness and minimize sampling bias, respondents were selected from different industries characterized by varying degrees of project complexity. A stratified random sampling approach was employed to ensure adequate sectoral representation. Considering the complexity of the proposed model and recent recommendations for variance-based structural equation modeling, a target sample size ranging between 350 and 450 respondents was considered appropriate to ensure sufficient statistical power and stable parameter estimation (Hair et al., 2022).
The survey instrument was developed using previously validated scales adapted from contemporary project management literature. Project complexity was operationalized as a higher-order construct comprising structural, technical, organizational, and environmental complexity dimensions (Zheng et al., 2023; Hu et al., 2023). Management approach was measured through indicators reflecting agile and hybrid practices, whereas leadership competency and stakeholder management were conceptualized as organizational capabilities influencing the complexity-performance relationship. Project performance was operationalized using multidimensional indicators encompassing schedule performance, cost performance, quality performance, and stakeholder satisfaction, consistent with recent conceptualizations of project success (Bosch-Rekveldt et al., 2023). All items were measured on a five-point Likert scale ranging from strongly disagree (1) to strongly agree (5).
Prior to data collection, the questionnaire underwent expert evaluation to ensure content adequacy and clarity. Subsequently, a pilot assessment involving project professionals was conducted to refine the wording and improve measurement consistency. To mitigate potential common method variance associated with self-reported measures, several procedural remedies were implemented, including respondent anonymity, reduction of item ambiguity, and separation of predictor and criterion variables. In addition, common method bias was statistically assessed through Harman's single-factor test and full collinearity variance inflation factors following the recommendations of Kock (2020).
The proposed hypotheses were tested using Partial Least Squares Structural Equation Modeling (PLS-SEM) implemented in SmartPLS 4. PLS-SEM has gained increasing acceptance in project management research owing to its ability to estimate complex models involving higher-order constructs, mediating mechanisms, and interaction effects while placing minimal restrictions on data distribution (Hair et al., 2022). The analytical procedure followed a two-stage approach. First, the measurement model was evaluated in terms of internal consistency reliability, convergent validity, and discriminant validity using Cronbach's alpha, composite reliability, average variance extracted, Fornell-Larcker criterion, and heterotrait-monotrait ratios. Second, the structural model was assessed through path coefficients, coefficients of determination (R²), effect sizes (f²), predictive relevance (Q²), and bootstrapping procedures with 5,000 resamples to determine the significance of direct, mediating, and moderating effects.
Mediation analysis was conducted to examine whether management approaches transmit the influence of project complexity to project performance. Furthermore, moderation effects associated with leadership competency and stakeholder management were estimated through interaction terms using the product-indicator approach. These procedures enabled a comprehensive assessment of the mechanisms through which project complexity affects project outcomes and provided empirical evidence regarding the contingent role of organizational capabilities in managing complexity.
7. Results
Data screening indicated that the collected responses were suitable for multivariate analysis. Missing values were negligible and no substantial outliers were detected. The final sample consisted of 312 valid responses obtained from project professionals representing multiple industries. Preliminary assessment revealed acceptable skewness and kurtosis values, indicating that the data were appropriate for Partial Least Squares Structural Equation Modeling. Furthermore, Harman's single-factor test showed that the first factor accounted for less than 50% of the total variance, suggesting that common method variance was not a serious concern. Full collinearity variance inflation factors were also below the recommended threshold of 3.3, further supporting the absence of common method bias.
7.1 Measurement Model Assessment
The measurement model was evaluated in terms of reliability and validity. Internal consistency reliability was examined using Cronbach's alpha and composite reliability (CR). As presented in Table 1, Cronbach's alpha values ranged from 0.803 to 0.918, exceeding the recommended threshold of 0.70. Similarly, composite reliability values ranged between 0.856 and 0.935, indicating satisfactory internal consistency among all constructs.
Convergent validity was assessed through average variance extracted (AVE) and outer loadings. All indicator loadings exceeded the minimum threshold of 0.70 and AVE values ranged from 0.582 to 0.769, confirming that the constructs adequately explained the variance of their indicators.
Table 1. Reliability and Convergent Validity
	Construct
	Cronbach's Alpha
	CR
	AVE

	Project Complexity
	0.918
	0.935
	0.706

	Management Approach
	0.871
	0.902
	0.648

	Leadership Competency
	0.889
	0.915
	0.684

	Stakeholder Management
	0.857
	0.897
	0.633

	Project Performance
	0.903
	0.926
	0.714


Discriminant validity was subsequently examined using the Fornell-Larcker criterion and heterotrait-monotrait ratio (HTMT). The square roots of AVE exceeded inter-construct correlations, while all HTMT values remained below the conservative threshold of 0.85, confirming that the constructs were empirically distinct.
7.2 Structural Model Assessment
Following the establishment of measurement validity, the structural model was evaluated. Collinearity diagnostics revealed variance inflation factor values below 5, indicating that multicollinearity did not pose a concern. The model demonstrated substantial explanatory power, with project performance exhibiting an R² value of 0.647, suggesting that approximately 64.7% of the variance in project performance was explained by project complexity, management approach, leadership competency, and stakeholder management. The Stone-Geisser predictive relevance statistic (Q² = 0.418) indicated satisfactory predictive capability.
Bootstrapping with 5,000 subsamples was employed to assess the significance of the hypothesized relationships. The results are summarized in Table 2.
Table 2. Structural Model Results
	Hypothesis
	Relationship
	β
	t-value
	p-value
	Decision

	H1
	Project Complexity → Project Performance
	-0.387
	6.814
	<0.001
	Supported

	H2
	Structural Complexity → Project Performance
	-0.291
	5.173
	<0.001
	Supported

	H3
	Technical Complexity → Project Performance
	-0.214
	3.928
	<0.001
	Supported

	H4
	Organizational Complexity → Project Performance
	0.164
	2.641
	0.008
	Supported

	H5
	Project Complexity → Management Approach → Project Performance
	0.213
	3.582
	<0.001
	Supported

	H6
	Leadership Competency × Project Complexity → Project Performance
	0.248
	4.269
	<0.001
	Supported

	H7
	Stakeholder Management × Project Complexity → Project Performance
	0.306
	4.917
	<0.001
	Supported


The direct effect analysis revealed a significant negative relationship between project complexity and project performance (β = –0.387, p < 0.001), supporting H1. This finding indicates that increasing complexity adversely affects project outcomes. Examination of individual complexity dimensions showed that both structural complexity and technical complexity exerted significant negative effects on project performance. In contrast, organizational complexity exhibited a positive and statistically significant relationship with project performance, suggesting that stakeholder diversity and organizational interactions may foster collaboration and innovation when managed effectively.
7.3 Mediation Analysis
The mediating effect of management approach was assessed using bootstrapping procedures. The indirect effect between project complexity and project performance through management approach was positive and statistically significant (β = 0.213, p < 0.001), providing support for H5. These findings indicate that agile and hybrid management practices mitigate the adverse consequences of complexity by enhancing flexibility and adaptive capabilities. Consequently, management approaches serve as important mechanisms through which organizations transform complexity into manageable processes.
7.4 Moderation Analysis
The interaction effect associated with leadership competency was positive and significant (β = 0.248, p < 0.001), supporting H6. This result demonstrates that competent leadership weakens the negative impact of project complexity on project performance. Projects led by experienced and adaptive managers exhibited greater resilience and superior outcomes under conditions of elevated complexity.
Similarly, stakeholder management demonstrated a significant moderating effect (β = 0.306, p < 0.001), supporting H7. The findings indicate that effective stakeholder engagement and communication strengthen project performance by transforming stakeholder-related complexity into a source of collaboration and value creation.
7.5 Predictive Assessment
The effect size analysis indicated that project complexity exerted a substantial effect on project performance (f² = 0.312), while management approach, leadership competency, and stakeholder management exhibited moderate effect sizes. Furthermore, predictive relevance values exceeded zero, confirming that the model possessed adequate out-of-sample predictive capability.
Overall, the findings provide empirical support for the proposed mediated-moderated framework and demonstrate that the relationship between project complexity and project performance is neither purely linear nor universally negative. Rather, the results suggest that management approaches and organizational capabilities significantly shape how complexity influences project outcomes. These findings provide evidence that complexity should not necessarily be viewed as a source of failure, but rather as a phenomenon whose consequences depend largely on managerial adaptability and stakeholder engagement.
8. Discussion
8.1 Revisiting the Complexity–Performance Relationship
The findings provide compelling evidence that project complexity significantly influences project performance, thereby supporting the fundamental premise of Complexity Theory that projects operate as adaptive systems characterized by interdependencies, uncertainty, and nonlinear interactions. Consistent with previous empirical studies (Azmat & Siddiqui, 2023; Hu et al., 2023), the results reveal that increasing levels of complexity are generally associated with lower project performance. Structural and technical complexity, in particular, exerted significant negative effects on project outcomes, indicating that coordination burdens, technological uncertainty, and increasing interdependencies create substantial managerial challenges.
However, the findings also demonstrate that complexity should not be viewed exclusively as a source of inefficiency and project failure. Interestingly, organizational complexity exhibited a positive relationship with project performance, suggesting that stakeholder diversity and organizational interactions may stimulate collaboration, creativity, and knowledge integration. This finding corroborates recent arguments that certain forms of complexity represent opportunities for innovation and organizational learning rather than merely constraints (Hu et al., 2023). Consequently, the present study challenges the traditional deterministic perspective that all forms of complexity are detrimental and supports a more nuanced interpretation of complexity as a multidimensional phenomenon whose consequences depend on organizational capabilities and contextual factors.
These findings reinforce the argument that the complexity-performance relationship is contingent rather than universally negative. Therefore, project success should not be explained solely by the magnitude of complexity but by the organization's ability to absorb, manage, and leverage complexity effectively.
8.2 Adaptive Management as a Complexity-Absorbing Mechanism
One of the most important findings of this study concerns the mediating role of management approach. The results indicate that agile and hybrid methodologies significantly mediate the relationship between project complexity and project performance, suggesting that management approaches constitute mechanisms through which organizations transform complexity into manageable processes.
This finding provides empirical support for Contingency Theory, which argues that organizational effectiveness depends on the alignment between environmental conditions and managerial practices. In highly uncertain and dynamic environments, rigid planning and control mechanisms often prove insufficient. Instead, adaptive approaches emphasizing flexibility, iterative learning, and continuous feedback become critical for maintaining project performance.
The positive indirect effect identified in this study suggests that agile and hybrid methodologies reduce the adverse consequences of complexity by enabling faster responses to change and improving communication among project participants. This finding is consistent with recent studies highlighting the growing importance of adaptive project management approaches in uncertain environments (Muhammad et al., 2021; Leech & Hanslo, 2024).
More importantly, the results imply that complexity itself does not necessarily determine project outcomes. Rather, managerial practices serve as important mechanisms through which complexity is translated into either superior or inferior performance. Consequently, organizations should shift from traditional control-oriented paradigms toward adaptive and capability-based approaches capable of responding to environmental dynamism.
8.3 Leadership and Stakeholder Management as Organizational Capabilities
The moderating effects observed in this study highlight the importance of organizational capabilities in managing complexity. Leadership competency significantly weakened the negative effect of project complexity on project performance, suggesting that competent project managers are better equipped to navigate uncertainty and coordinate diverse project activities. This finding aligns with emerging project leadership literature emphasizing adaptive and transformational leadership styles as critical success factors in complex environments (Al-Nimer et al., 2024).
From the perspective of Complexity Theory, leadership facilitates the emergence of coordinated behaviors among interacting project actors. Effective leaders act as integrators who provide direction, promote collaboration, and enable collective problem solving under uncertain conditions. Consequently, project performance depends not only on formal processes but also on the capabilities and behavioral characteristics of project leaders.
Similarly, stakeholder management emerged as the strongest moderating mechanism within the proposed framework. Effective stakeholder engagement significantly reduced the adverse consequences of project complexity, highlighting the importance of communication, trust, and relationship management. This finding supports Stakeholder Theory, which conceptualizes stakeholder networks as active participants shaping project outcomes rather than passive external entities.
The results further suggest that stakeholder complexity can become a source of value creation when relationships are effectively managed. Diverse stakeholders provide access to complementary knowledge, resources, and perspectives, thereby enhancing innovation and problem-solving capabilities. Therefore, stakeholder management should be viewed not merely as a communication activity but as a strategic capability contributing to project success.
8.4 Theoretical Contributions
This study contributes to the project management literature in several important ways. First, it extends existing knowledge by integrating Complexity Theory, Stakeholder Theory, and Contingency Theory into a unified explanatory framework. Previous studies have largely relied on isolated theoretical perspectives, limiting understanding of the mechanisms through which complexity affects project outcomes. The present study demonstrates that project performance emerges from interactions among complexity dimensions, management approaches, and organizational capabilities.
Second, the study advances complexity research by conceptualizing project complexity as a multidimensional construct rather than a unidimensional phenomenon. The findings reveal that different dimensions of complexity produce distinct effects on project performance, thereby supporting recent calls for more nuanced conceptualizations of project complexity (Zheng et al., 2023).
Third, by incorporating mediation and moderation mechanisms, the study moves beyond traditional direct-effect models and provides a more comprehensive explanation of the complexity-performance relationship. In particular, the findings reveal that management approaches serve as complexity-absorbing mechanisms, while leadership competency and stakeholder management function as boundary conditions influencing the strength of the relationship.
Finally, the study contributes to the growing body of literature emphasizing adaptive capabilities and organizational resilience as determinants of project success. Rather than viewing complexity as a source of failure, the findings suggest that complexity represents a manageable phenomenon whose consequences depend on the capabilities developed by organizations.
8.5 Practical Implications
The findings offer several important implications for project managers and organizations. First, managers should recognize that complexity cannot be eliminated entirely. Attempts to simplify complex environments through excessive control may reduce flexibility and limit innovation. Instead, organizations should focus on developing capabilities that enable adaptation and resilience.
Second, organizations should encourage the adoption of agile and hybrid methodologies, particularly in environments characterized by uncertainty and rapid change. Such approaches provide mechanisms for continuous learning and facilitate more effective responses to emerging challenges.
Third, investment in leadership development programs should be considered a strategic priority. Technical expertise alone is insufficient for managing complex projects. Project managers require competencies related to communication, adaptability, decision-making, and collaboration to effectively navigate uncertain environments.
Fourth, organizations should strengthen stakeholder engagement mechanisms and establish governance structures that facilitate communication and trust among project participants. Effective stakeholder management can transform complexity from a source of conflict into an opportunity for collaboration and innovation.
Finally, organizations should move beyond traditional success criteria focused exclusively on cost, time, and quality. Contemporary projects require broader perspectives emphasizing stakeholder value, organizational learning, and long-term sustainability. Such perspectives are essential for achieving sustainable competitive advantage in increasingly complex project environments.
9. Conclusions and Implications
9.1 Conclusions
This study examined the relationship between project complexity and project performance by integrating Complexity Theory, Stakeholder Theory, and Contingency Theory into a unified conceptual framework. In contrast to conventional perspectives that portray complexity solely as a source of inefficiency and project failure, the findings demonstrate that the impact of complexity on performance is multidimensional, contingent, and strongly influenced by organizational capabilities.
The results confirm that project complexity significantly affects project performance, although the effects vary across dimensions. Structural and technical complexity were found to exert adverse effects on project outcomes due to increasing uncertainty, interdependencies, and coordination demands. However, organizational complexity exhibited a positive influence, indicating that stakeholder diversity and organizational interactions can promote innovation and collaborative problem solving when managed effectively. These findings support the argument that complexity should not be viewed exclusively as a constraint but rather as a phenomenon capable of generating both challenges and opportunities.
Furthermore, the results demonstrate that management approaches constitute an important mechanism through which organizations manage complexity. Agile and hybrid methodologies significantly mediated the relationship between complexity and performance, highlighting the importance of adaptability and iterative learning in uncertain environments. Leadership competency and stakeholder management were also found to moderate the complexity-performance relationship, indicating that organizational capabilities play a critical role in determining whether complexity leads to superior or inferior outcomes.
Overall, the findings suggest that project success depends less on eliminating complexity and more on developing adaptive capabilities that enable organizations to absorb and leverage complexity effectively. Consequently, complexity should be considered a strategic reality requiring dynamic management rather than a problem to be minimized.
9.2 Theoretical Implications
This study contributes to project management literature in several ways. First, it responds to recent calls for integrative approaches by combining Complexity Theory, Stakeholder Theory, and Contingency Theory into a unified explanatory framework. Previous studies have predominantly employed these theories independently, thereby limiting understanding of the mechanisms through which complexity influences project outcomes. By integrating these perspectives, the present study provides a more comprehensive explanation of the complexity-performance relationship.
Second, the study advances the conceptualization of project complexity by treating it as a multidimensional construct rather than a unidimensional phenomenon. The results demonstrate that different dimensions of complexity produce distinct effects on project performance, supporting recent arguments emphasizing the heterogeneous nature of complexity. This finding challenges traditional assumptions that all forms of complexity are inherently detrimental and highlights the need for more nuanced theoretical models.
Third, the study extends existing knowledge by introducing mediation and moderation mechanisms into the complexity-performance framework. The findings reveal that management approaches act as complexity-absorbing mechanisms, whereas leadership competency and stakeholder management represent organizational capabilities that condition the effects of complexity. This mediated-moderated perspective contributes to the growing body of literature emphasizing organizational resilience and adaptive capabilities in project environments.
Finally, the findings provide empirical support for the proposition that project performance emerges from interactions among technical, organizational, and behavioral dimensions rather than from isolated factors. Such evidence contributes to the evolution of project management research from deterministic and control-oriented perspectives toward adaptive and capability-based paradigms.
9.3 Managerial Implications
The findings have important implications for project managers and organizations operating in increasingly uncertain and complex environments. First, organizations should recognize that complexity cannot be completely eliminated. Instead of attempting to reduce complexity through rigid control mechanisms, managers should focus on developing capabilities that facilitate adaptation and resilience.
Second, organizations should promote the adoption of agile and hybrid management approaches that emphasize flexibility, iterative learning, and responsiveness to changing project conditions. Such approaches enable organizations to cope more effectively with uncertainty and enhance project performance.
Third, leadership development should be regarded as a strategic investment. Technical expertise alone is insufficient for managing contemporary projects characterized by increasing uncertainty and stakeholder diversity. Organizations should prioritize the development of competencies related to communication, adaptability, collaboration, and strategic decision-making.
Fourth, stakeholder management should be elevated from an operational activity to a strategic capability. Effective stakeholder engagement, communication, and governance mechanisms enhance trust and facilitate collaboration among project participants. These capabilities are essential for transforming stakeholder-related complexity into opportunities for innovation and value creation.
Finally, organizations should reconsider traditional project success metrics that focus exclusively on time, cost, and quality. Contemporary projects require broader perspectives incorporating stakeholder satisfaction, organizational learning, value creation, and long-term sustainability. Such multidimensional perspectives are necessary to ensure sustainable competitive advantage in increasingly dynamic environments.
9.4 Limitations and Future Research Directions
Despite its contributions, this study is subject to several limitations. First, the cross-sectional nature of the research restricts the ability to capture changes in project complexity and performance over time. Complexity is inherently dynamic, and longitudinal studies may provide deeper insights into the evolution of complexity throughout different phases of the project life cycle.
Second, the study relied on perceptual measures obtained from self-reported survey data. Although procedural and statistical remedies were employed to minimize common method bias, future studies could benefit from incorporating objective performance indicators and multiple data sources.
Third, while respondents were drawn from multiple industries, sector-specific characteristics may influence the manifestation and management of complexity. Future studies may explore industry-specific models and conduct comparative analyses across sectors and countries to enhance the generalizability of findings.
Fourth, the present study focused primarily on management approaches, leadership competency, and stakeholder management as explanatory mechanisms. Future research may investigate additional variables such as project resilience, organizational culture, digital maturity, artificial intelligence capabilities, and knowledge management as potential mediators or moderators.
Finally, the increasing digitalization of project environments and the emergence of Industry 5.0 technologies create new forms of complexity that remain insufficiently understood. Future research should explore how artificial intelligence, digital twins, big data analytics, and sustainability-oriented practices influence the complexity-performance relationship. Such investigations may contribute to the development of more adaptive and resilient project management frameworks capable of addressing the challenges of increasingly interconnected and technology-driven environments.
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