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Abstract
Drawing on a nuanced perspective of prudence theory, we examine the interdependence among risk readiness capability factors in predicting the successful handover of major infrastructure projects to operations. Employing a three-stage sequential multi-method design, we first apply ISM–MICMAC analysis to identify key risk readiness sub-factors explaining handover failures. Next, Structural equation modelling is employed to explore the underlying structure of the interdependencies of these risk readiness sub-factors reframed within temporal dimensions of ‘foresight’ (anticipation of future disruptions) and ‘oversight’ (reflection on past events). The analysis shows marked differences in comparative factor importance, with ‘foresight’ showing strong dominance over ‘oversight’. Finally, using Artificial Neural Networks, we test the predictive validity of the identified readiness structure by assessing its ability to predict successful handover, measured in terms of ‘timeliness’ and ‘functionality’.  The results show that while both ‘foresight’ and ‘oversight’ predict handover success, ‘foresight’ emerged as the stronger predictor. The study’s originality lies in integrating prudence theory and risk readiness literature to theorize the frameworks guiding project-to-operations handover.
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1.0 Introduction 
Major infrastructure projects encompass both physical and virtual assets and extend across a wide range of sectors. These include transportation (e.g., highways, bridges, airports, rail) and intermodal facilities; maritime and logistics infrastructure including ports, harbours, and dry ports; water and wastewater systems; energy transmission networks; utilities; broadband and data centres; and large public or industrial buildings (Ochoa et al. 2002; Edum-Fotwe et al. 2003; Kahhat et al. 2009; Cruz and Marques 2012; Love et al. 2017; FEMA 2023b). Over the past decade, demand for such projects has intensified globally, reflecting the need to provide the foundational systems on which contemporary societies and economies depend (Keep 2025). By underpinning economic continuity, productivity, and competitiveness, some major infrastructure projects have acquired strategic importance that transcends sectoral and national boundaries (Coticchia and Di Giulio 2023; Hudon and Floricel 2023; Sergeeva and Ninan 2023). In this study, major infrastructure projects are defined as large-scale initiatives involving the construction, modification, maintenance, or rehabilitation of critical infrastructure, typically requiring capital investments ranging from several hundred million to several billion dollars (Flyvbjerg 2009; FEMA 2023a).
Notwithstanding their strategic value, major infrastructure projects possess inherent structural characteristics that systematically increase their susceptibility to failure. Flyvbjerg (2009) identifies these characteristics as including very low tolerance for error, complex technical and organisational interfaces, extended planning horizons, bespoke designs and technologies, early-stage conceptual lock-in, dynamically evolving project scopes, and decision-making processes involving multiple actors with competing interests. From a systems perspective, these features generate tightly coupled socio-technical arrangements that are especially prone to disruption, including during the transition from project delivery to operational use.
This fragility is reflected empirically in persistent cost overruns (Flyvbjerg et al. 2022), schedule delays (Narayanan et al. 2019), and operational underperformance following completion (Flyvbjerg 2021). Crucially, such failures frequently extend beyond the project itself, triggering cascading effects across interconnected systems (Lucciarini and Galdini 2023; Tinti 2023). Exposure to rapidly escalating, disruptive, and poorly understood risks further intensifies this vulnerability, particularly at the handover point between project execution and operations (de Almeida Rodrigues et al. 2024; Xue et al. 2025).
The handover phase, marking the transition from a temporary project organisation to a permanent operational entity, has therefore emerged as a critical locus of risk and failure. Failures during this phase are increasingly recognised as a source of systemic risk, capable of undermining asset performance from the first day of operation (Al-Mazrouie et al. 2021; de Almeida Rodrigues et al. 2024; Zhang et al. 2024; Xue et al. 2025). As documented in recent studies, such failures can result in what Brady and Davies (2010, p. 152) describe as ‘disastrous openings’, in which handover failures negate years of investment and institutional effort. Empirical examples span diverse sectors, including space programmes (Altabbakh et al. 2013), airports (Marshall et al. 2020; Al-Mazrouie et al. 2021), healthcare systems (Care Quality Commission 2023), and logistics infrastructure such as dry ports (de Almeida Rodrigues et al. 2024). Consequently, handover failure has become a central concern within both project management and operations management scholarship (Marshall et al. 2020; Zhang et al. 2024).
Although the significance of the full project life cycle has long been acknowledged (see Edkins 2024), the handover phase remains comparatively underexplored, particularly from a risk management perspective. Traditional risk management approaches, which emphasise risk identification, assessment, response, and monitoring, tend to be reactive and control-oriented (Marshall and Ojiako 2013; Marshall et al. 2019a). While these frameworks are effective in addressing foreseeable risks during project execution, they are less suited to the ambiguous, externally driven, and rapidly evolving risk conditions that characterise the handover of major infrastructure projects (Mishra et al. 2016; Siraj and Fayek 2019; Fridgeirsson et al. 2021; Wiewiora and O’Connor 2022).
In response to these limitations, recent research has increasingly adopted resilience-and readiness-oriented perspectives that foreground anticipatory and adaptive capabilities (Nachbagauer and Schirl-Boeck 2019; Barham and Daim 2020; Shenoy and Mahanty 2021; Xue et al. 2023). Within this stream, risk readiness has emerged as a proactive, capability-based complement to conventional risk management, enhancing a project’s ability to anticipate, absorb, and withstand disruption (Das and Lashkari 2015; Toliver 2019; Ali et al. 2024; Ojiako et al. 2024, 2025). When applied to the handover of major infrastructure projects, this perspective shifts attention away from late-stage risk control towards the early development and alignment of capabilities that enable effective transition and sustained operational performance. Accordingly, identifying and examining the key risk readiness capability factors relevant to infrastructure project handover is essential. Doing so facilitates a systematic understanding of how risks emerge and propagate across the project–operations interface, enables the early identification of capability gaps, and supports targeted interventions prior to handover. Ultimately, this proactive orientation enhances operational continuity, protects asset value, and strengthens the long-term performance and resilience of critical infrastructure systems. Accordingly, we advance our first research question: 
RQ1: What are the key risk readiness capability factors relevant to the handover of major infrastructure projects to operations? 

Inherent within our efforts to address this question resides the need to also explore the nature of the interrelationships among the risk capability factors. Doing so is essential because risks rarely materialise in isolation, particularly within the complex and tightly coupled context of major infrastructure projects. Examining the interdependencies will enable a systems-level understanding of how risks interact, amplify, or attenuate one another, thereby revealing systemic effects, identifying leverage points associated with high-impact risks, and supporting more effective prioritisation of mitigation efforts. Doing so will also enhance our ability to capture the predictive capability needed to make integrated, holistic decisions. Ultimately, mapping these interdependencies is central to supporting the successful handover of major infrastructure projects.
The interdependent nature of major infrastructure projects substantially amplifies their exposure to risk, as disturbances originating in one component can rapidly propagate across interconnected technical, organisational, and digital systems (Dong et al. 2020; Yuan and Yang 2022; Soderi et al. 2023; Ojiako et al. 2025). A salient illustration occurred on 19 September 2025, when a ransomware attack on Collins Aerospace’s Multi-User System Environment (MUSE) check-in and boarding software triggered widespread failures of automated check-in and baggage-handling systems across multiple European airports. Such incidents underscore the need for readiness-based approaches capable of engaging with the complexity and interdependence of contemporary infrastructure systems. However, the continually evolving nature of these risks constrains conventional ways of conceptualising interdependence among risk readiness capability factors, particularly in efforts to anticipate successful handover outcomes.
Against this backdrop, we present prudence as a more encompassing framework for engaging with risk interdependence. From this perspective, the effective handover of major infrastructure projects depends not only on technical preparedness but also on the willingness and ability of actors to engage reflexively with anticipatory judgement (‘foresight’) in managing project risks being mobilised by prior experience (‘oversight’). In contrast to traditional risk management approaches that treat risks as largely stable and bounded, a prudence-based perspective reframes risk engagement as relational, adaptive, and future-oriented, with explicit emphasis on enabling successful handover outcomes. Cultivating prudence therefore requires strengthening both analytical capability and the motivational foundations that sustain robust ‘foresight’ and ‘oversight’.
Our adoption of prudence theory is both deliberate and distinctive. It explicitly recognises the systemic interdependence inherent in major infrastructure handover, while challenging the linear and reductionist assumptions embedded in conventional risk management models. By offering an anticipatory and relational lens, prudence is particularly well suited to theorising the execution and delivery of handover. These considerations give rise to our second research question:
RQ2: What is the structure of interdependent risk capability readiness factors impacting the handover of major infrastructure projects to operations when viewed through the temporal frames of ‘foresight’ and ‘oversight’, and how do these factors interact?

In addition, this study seeks to assess the predictive validity of the resulting risk readiness structure. Specifically, we examine whether the configuration of risk readiness capability factors can serve as a meaningful predictor of infrastructure project handover success. Given that timeliness (Atkinson 1999; Goh and Hall 2013; Salvador et al. 2021) and functionality (Liu et al. 2007; Lech 2013), represent some of the most salient and measurable indicators of both project success and the successful phase handover from project to operations (Schultz et al. 2015; Shirkavand et al. 2016; Forcada et al. 2016; de Almeida Rodrigues et al. 2024; Hosny et al. 2025), we pose our third research question:
RQ3: To what extent does the structure of these risk readiness capability factors predict successful handover of major infrastructure projects to operations in terms of ‘timeliness’ and ‘functionality’? 

To address these questions, the paper is structured as follows: Section 2 articulates our theoretical stance, grounding it in prudence theory. In section 3, the literature on project handover, risk interdependence, and risk readiness is reviewed. Section 4 outlines our three-stage sequential mixed-method design (qual→quant→quant). In section 5 our findings are presented and discussed. Section 6 concludes the paper. To summate, the research subject of this study is the interdependence among risk readiness capability factors during the handover of major infrastructure projects to operations. Using Prudence theory as a conceptual lens, the study examines how these interdependencies influence the likelihood of successful handover outcomes, operationalised through ‘timeliness’ and ‘functionality’.

2.0 Theory
2.1 Risk, risk readiness and its conceptual clarification
Beck’s (1992) assertion that risk permeates modern life, shaping social structures and decision-making processes, remains highly pertinent. The management of major infrastructure projects has become increasingly framed, and in many cases governed, by risk considerations (Green et al. 2025). Given their strategic importance, risk in such projects is not a peripheral concern but a central strategic issue.
‘Risk’ may be defined as “…possible future states of the world that negatively affect exposed subjects” (Marshall and Ojiako 2013, p. 1227). It operates simultaneously as an objective condition and a subjective perception, reflecting both external realities and individual interpretation (Hansson 2005; Campbell 2006). Risk represents the calculable dimension of uncertainty, those elements to which probabilities can be assigned and that are therefore amenable to modelling, estimation, and prediction. As Knight (2009, p. 20) observes, risk concerns the “computable likelihood” that an action or condition will result in an adverse outcome. Uncertainty, by contrast, occupies the non-computable domain in which probabilities cannot be meaningfully derived, and prediction is inherently constrained (Knight 2009).
‘Risk readiness’ is defined as “the knowledge and capacities required to effectively anticipate, respond to, and recover from the impacts of likely, imminent, or current threats” (UNDRR 2020). As a multidimensional state of preparedness (Das and Lashkari 2015), risk readiness has become particularly salient in addressing vulnerabilities associated with infrastructure project handover. It is important to highlight that some scholars treat ‘readiness’ and ‘preparedness’ as interchangeable (e.g., Nindl et al. 2018). However, there are others who conceptualise ‘preparedness’ as the observable manifestation or outcome of an underlying state of ‘readiness’ (Jin et al. 2024), a distinction adopted in this study.
Risk readiness is shaped by a constellation of antecedents, including stakeholder interest and engagement (Al-Mazrouie et al. 2021; Ali et al. 2024; Ojiako et al. 2024), valence and commitment (Alqudah et al. 2022), shared efficacy in executing handover activities (Borg et al. 2023), and broader contextual enablers (Weiner 2020). As a situational construct, risk readiness introduces an explicitly temporal dimension into project risk management, requiring careful specification of time horizons for anticipation, imaginative sense-making, and planning. This temporal sensitivity is particularly critical during the handover phase, which is prone to risk blind spots and emergent vulnerabilities (Khan et al. 2023; de Almeida Rodrigues et al. 2024). When enacted proactively, risk readiness supports ex ante risk management by enabling early identification of latent weaknesses and the timely allocation of managerial attention. 
Before proceeding, a clarification is required regarding the term ‘risk readiness capability factor’. Although (i) risk readiness, (ii) risk readiness factors, and (iii) risk readiness capability factors are closely related, they operate at distinct conceptual levels within the overarching construct of readiness, defined here as an infrastructure project’s capacity to anticipate, absorb, respond to, and recover from risk (UNDRR 2017; Al-Mazrouie et al. 2021).
We adopt the term ‘risk readiness capability factor’ to emphasise the foundational competencies, resources, and functional mechanisms that underpin readiness and are amenable to systematic measurement. Whereas ‘risk readiness’ captures a project’s overall state of preparedness (Das and Lashkari 2015), and ‘risk readiness factors’ represent higher-level theoretical categories structuring that state (Marshall et al. 2019a), ‘capability factors’ offer finer ontological granularity (Lindbom et al. 2015). They enable micro-level insight into specific abilities, such as early threat detection or adaptive coordination, that collectively shape a project’s risk management proficiency. For these reasons, the term ‘risk readiness capability factor’ is used consistently throughout this study.

2.2 Prudence as the foundation for risk readiness
There is growing acknowledgement that the successful handover of major infrastructure projects to operations is subject not only to elevated levels of disruptive risk but also to critical and often consequential blind spots. Traditional responses have predominantly relied on formalised risk assessment techniques, which draw on historical evidence and prevailing conditions to establish analytical boundaries. However, these approaches have been widely criticised for their limited robustness in contexts characterised by deep uncertainty and for fostering an unwarranted perception of certainty (Flage et al. 2014; Scherz 2017). Given their reliance on retrospective and present-focused data, conventional risk management practices are inherently constrained in their ability to anticipate unprecedented or emergent events, thereby increasing the likelihood of handover failure.
The growing emphasis on preparedness (i.e., readiness), signals a wider philosophical reorientation in how infrastructure resilience is understood and operationalised (Collier and Lakoff 2020). Within this evolving perspective, ‘Prudence’ has emerged as a central feature of contemporary risk management thinking (Diprose et al. 2008). 
Drawing on Thomas Nagel’s (1970) work, Kraut (1972) defines prudence as “the habit of responding appropriately to the possibility of avertable future harm or accessible future benefits” (p. 351). In its most basic sense, prudence may be understood as a form of virtue (Bricker 1980; Kronman 1985). It represents a dispositional quality marked by the intellectual capacity to formulate effective strategies for advancement amid institutional complexity and inconsistency. Longstreth (1986) further argues that prudence is revealed through the processes by which risk is managed (p. 111). At its core, this view emphasizes the deliberate cultivation of a proactive and enduring state of readiness to address high-impact threats. On this basis, we position prudence as a more robust conceptual foundation for supporting effective infrastructure handover.
Prudence embodies reflective, experience-based judgement (Kumar 2023) and operates simultaneously as a benchmark of professional capability and ethical conduct (Collins 2007). Within risk settings, it stimulates proactive engagement and continuous adaptation of risk practices (Marshall 2016), while also evoking notions of practical wisdom and common sense (Marshall et al. 2024). Although behavioural economics and decision science offer valuable insights into how individuals perceive and respond to risk (Kahneman 2013; Scherz 2018), prudence contributes a distinct dimension by transforming experiential learning into actionable guidance. It places practitioners at the centre of risk sense-making, emphasising their role in identifying, interpreting, and responding to emerging threats within complex infrastructure systems. As Scherz (2018) observes, prudence entails the ability to “foresee the event of uncertainties” (p. 307), thereby reinforcing sound judgement and rendering explicit the reasoning processes that underpin effective decision-making. By fostering heightened vigilance, prudence tempers both reckless behaviour and excessive caution, while encouraging critical scrutiny of entrenched practices that might otherwise undermine handover outcomes (Marshall 2016).
Foundational work on the application of prudence theory to risk management can be traced to early contributions by Arps and Arps (1974), Collins (2007), and Diprose et al. (2008). More recent scholarship has extended prudence theory to the governance of technology-related risks (Scherz 2017, 2018, 2022). In this context, prudence has been shown to offer a more suitable managerial orientation for navigating uncertainty, given its flexible decision-making logic rooted in experience, well-formed intention, and tacit understanding (Scherz 2017). Importantly, prudence has also been conceptualised as adaptable to complex systems through the deliberate integration of risk imagination and precautionary reasoning (Scherz 2017). Beyond technology, prudence theory has informed analyses of safety-related risks, providing a theoretical lens for examining how institutional cultures and research norms can marginalise safety concerns and generate blind spots that distort the recognition of emerging hazards (Scherz 2018). A key objective of this body of work is to demonstrate how prudence can address contemporary risk challenges, while simultaneously illustrating how evolving interpretations of risk reshape the meaning and application of prudence itself. Prudence theory has also been employed to interrogate risk-based decision-making, particularly with respect to heightened risk awareness and the reorientation of perceived opportunities.
Subsequent research has further expanded the application of prudence theory within risk management scholarship. For instance, prudence has been positioned as the ethical cornerstone of organisational risk cultures (Marshall et al. 2024). By differentiating between authentic and superficial forms of prudence, this work shows that genuine prudence aligns with psychological theories of generativity, whereas false prudence is associated with adverse outcomes linked to dark personality traits. The most recent applications have examined the role of prudent risk cultures in enhancing sustainability performance, demonstrating their potential to deliver significant organisational benefits (Chipulu et al. 2025).

3.0 The literature 
3.1 Prudence: ‘foresight’ and ‘oversight’
A core constituent of prudence is ‘foresight’, which directs attention toward emerging threats and future vulnerabilities. In contemporary usage, prudence is frequently equated with ‘foresight’ (Pieper 1966), with Marshall et al. (2024) defining prudence as “foresight that motivates and enables practical rationalities” (p. 116). ‘Foresight’ constitutes a dynamic organisational capability that supports sense-making in changing environments, exploration of alternative futures, and the translation of such insights into strategic action (Fergnani 2022a). Its purpose is not precise prediction but preparedness, using scenario thinking to reduce exposure to unforeseen disruptions (Tsoukas and Shepherd 2004a, 2004b). Central to ‘foresight’ is early signal detection, grounded in the assumption that failures rarely occur without warning signs (Ansoff 1975).
Historically, ‘foresight’ has been associated with readiness for long-term challenges (Miles 2010), a view echoed in contemporary accounts emphasising its role in preparing organisations to navigate uncertain futures (Fergnani 2022b). More recent scholarship extends this perspective through the notion of future-making, which emphasises the active shaping of possible futures rather than passive anticipation (Wenzel et al. 2025; Wickert 2025). For project managers, operations leaders, and ORAT teams, ‘foresight’ provides the basis for designing adaptive and resilient handover strategies within increasingly volatile project environments.
Prudence, however, is incomplete without a reflective anchor grounded in evidence. Scherz (2017) observed that “…to function properly, prudence needs other ancillary virtues” (p. 520). Within this context, ‘oversight’ focuses on past performance by distilling lessons learned and identifying capability gaps that inform present readiness (McGrath 2001; Calvo et al. 2019). ‘Oversight’ systematically examines risks encountered in previous handovers and embeds these insights into evolving standards and practices relevant for the prudent anticipation of future disruptions (‘foresight’). The mutuality of ‘foresight’ and ‘oversight’ is further emphasized by by Sihag (2017) who observes that, “…oversight without foresight… would be sightless and… close to being useless” (p. 353). Thus, having determined the fundamental structure of interdependent readiness factors and reframed them into temporal frames of ‘foresight’ and ‘oversight’, the literature leads to:

Hypothesis 1: ‘Foresight’ readiness correlates with ‘Oversight’ (H1). 

Taken together, the dual lenses of ‘foresight’ and ‘oversight’ provide a more comprehensive understanding of risk readiness capability factors. Their integration enhances the predictive modelling of handover performance and supports strategies that address both historically observed vulnerabilities and emergent uncertainties. Prudence theory therefore offers a richer and more nuanced framework for managing the complexities of major infrastructure project handover than traditional risk management alone, broadening the analytical scope of risk scholarship and deepening insight into risk-related behaviour (Scherz 2018). 

3.2 Handover to operations
The handover process involves the progressive reconfiguration of systems, routines, structures, methods, and behaviours to align with operational realities (Sankaran et al. 2021). It marks a process-oriented process from the project phase to the operations phase, two fundamentally different modes of organising (Zhang et al. 2024). The ‘project’ phase is defined as “...the administrative route along which organizations tend to undertake a range of cross-functional activities without the need to engage permanent resources” (Chipulu et al. 2019, p. 1085), whereas the ‘operations’ phase refers to “...the stage within which organizations tend to focus on various forms of control, scheduling and monitoring of produced outputs” (Hayes 2002, p. 1085). There is no universally accepted definition of project handover to operations (de Almeida Rodrigues et al. 2024). Thus, this study adopts the Association for Project Management’s (APM 2013) definition, which describes handover as “...the point in the life cycle where deliverables are handed over to the sponsor and users”.
As discussed above, this change from the project execution phase and preparation for the operations phase, which requires different forms of organising, from a temporary and goal-oriented organisation to a more permanent organisation with ongoing routines, has not been well-researched (Bakker 2010). Lundin and Söderholm (2013) identify the need for “theory building on the notion of end state” (p. 587) (quoted in Whyte and Nussbaum 2020). A notable example of this research is Whyte and Nussbaum (2020), who study handover in the London megaproject ecology (including again an airport project, Heathrow Terminal 5) showing how ‘multiple temporalities meet, and disjuncture’s emerge’, identifying ‘artefacts, procedures, soft landings, and tests’ as elements of the toolkit used to manage the handover. Several studies have also examined failed handover to operations in the process, identifying various factors driving handover success. They include Sadeghi et al. (2019), Wang and Zhang (2021), Zhu et al. (2021), Bao et al. (2023), and de Almeida Rodrigues et al. (2024). However, in this study, we focus on two indicators: ‘timeliness’ (Atkinson 1999; Goh and Hall 2013; Salvador et al. 2021) and ‘functionality’ (Liu et al. 2007; Lech 2013). The reason being that both represents fundamental quantifiable metrics used to predict successful project handover to operations.

3.2 Handover to operations: ‘Timeliness’ and ‘Functionality’
‘Timeliness’ represents a decisive factor in the effective handover of major infrastructure projects to operations phase (Too et al. 2023; de Almeida Rodrigues et al. 2024; Hosny et al. 2025). Prolonged or deferred handover timescales often render the original design and planning assumptions obsolete as the handover progresses (Tiwana and Keil 2006), particularly before the commencement of operations. When combined with evolving stakeholder priorities, dynamic business requirements, and shifting performance expectations, such time delays can lead to a misalignment between the completed major infrastructure project and prevailing operational needs, thereby impeding overall functional performance (Salvador et al. 2021). ‘Functionality’ is equally a central determinant during the handover of major infrastructure to operations. Inadequate or failed handovers often manifest through the delivery of assets with incomplete, defective, or error-prone technical and functional capabilities, which ultimately, compromise intended performance (Schultz et al. 2015; Shirkavand et al. 2016; Forcada et al. 2016). Although there is no widely accepted definition of ‘functionality’ (Chiang et al. 2001; p. 432), it has been conceptualized as the range of tasks an asset can perform to fulfil stakeholder needs (Goodwin 1987; Tiwana and Keil 2006; Richards and Schmidt 2013).
Failures in handover execution can produce severe repercussions. Several global major infrastructure projects, including the Amal Dry Port (Sweden), Beijing Daxing International Airport (China), Chek Lap Kok Airport (Hong Kong), Codapar and Maringá Dry Ports (Brazil), Denver International Airport (United States), Heathrow Terminal 5 (United Kingdom), My Dinh Dry Port (Vietnam), and Suvarnabhumi Airport (Thailand), have encountered substantial challenges at the point of handover, resulting in considerable financial losses (Al-Mazrouie et al. 2021; de Almeida Rodrigues et al. 2024).
Our focus on ‘functionality’ is underpinned by two interrelated perspectives regarding contemporary major infrastructure and its transfer to operations. First, given that infrastructure assets evolve continuously over their lifecycles, there is a growing imperative to ensure that they can perform multiple functions (Cook et al. 2024; Ninan et al. 2024). Consequently, they must be designed and constructed to accommodate emerging technologies and shifting environmental conditions. Under such circumstances, technically proficient major infrastructure holds limited long-term value unless it demonstrates enduring and adaptable operational ‘functionality’. Second, project sponsors frequently delegate the management of handover to external ORAT consulting firms. These firms must possess an in-depth understanding of the project’s operational domain to ensure that ‘functionality’ is effectively embedded during handover. The ORAT team’s role, therefore, extends beyond procedural management to accurately determining the intended operational performance of the major infrastructure and developing a handover process that guarantees delivery of that functionality.
Given these complexities, significant resources are often allocated to achieving optimal ‘functionality’ within prescribed handover periods (Liu et al. 2007). Nonetheless, efforts to accelerate handover schedules (i.e., ‘Timeliness’) must not compromise functional integrity (i.e., ‘Functionality’). Handover of major infrastructure assets should only occur once all ‘functionality’ verification and validation tests have been satisfactorily completed as part of the ORAT framework. Thus, aiming to provide predictive validity of the readiness risk structure, it becomes necessary to investigate how ‘foresight’ and ‘oversight’ risk readiness capability factors influence successful project handover to operations of major infrastructure projects in terms of ‘timeliness’ and ‘functionality’. 
Examination of the literature suggests that oversight has a direct, but mixed, impact on ‘timeliness’ and ‘functionality’ as indicators of both project success and the successful handover from project to operations. For example, ‘oversight’ can increase the cost of non-compliance; however, when excessive, it may introduce rigidity and bureaucratic burden that suppress learning and innovation in projects. Calvo et al. (2019) observes that excessive ‘oversight’ can force project teams to redirect time away from handover activities towards compliance-specific tasks. Other studies that have examined the potential impact of ‘oversight’ on projects include Brainard and Szajnfarber (2017, 2019a, 2019b). This body of literature therefore leads to:

Hypothesis 2: ‘Oversight’ readiness is negatively correlated with project ‘Timeliness’ (H2)

In project and operations management scholarship, ‘oversight’ is widely recognized as an essential component of the procurement process (Werderitsch 1990; Van der Waldt 2015; Brainard and Szajnfarber 2019b; Calvo et al. 2019). Such ‘oversight’ encompasses activities like audits, technical assessments, validation procedures, and the implementation of specialized reporting systems, all aimed at improving project performance and operational effectiveness. It may also involve ensuring that contractors adhere to specific material or component requirements stipulated in their contracts, thereby supporting project objectives (Brainard and Szajnfarber, 2019b). By enforcing compliance with standards and regulatory frameworks, ‘oversight’ strengthens accountability, particularly during the handover phase, and contributes to the overall functionality enhancement of the project (Calvo et al. 2019). Furthermore, ‘oversight’ reduces information gaps, streamlines processes, mitigates risks, and fosters operational efficiency, collectively enhancing the project’s functional outcomes (Werderitsch 1990; Van der Waldt 2015). This body of literature therefore leads to:

Hypothesis 3: ‘Oversight’ readiness is positively correlated with project ‘Functionality’ (H3)

‘Foresight’ concerns the systematic study of the future, and, by extension, change, to inform present decision making. It is associated with long-term thinking, uncertainty, decision making, and the comparison of past, present, and future states (Hines and Bishop 2015; Panizzon and Barcellos 2019). Rather than predicting the future (Vecchiato 2015), ‘foresight’ emphasizes preparedness and organisational readiness to engage with emerging conditions (Tsoukas and Shepherd 2004; Schwarz 2008). The proactive orientation fostered by ‘foresight’ supports project managers, operations leaders, and ORAT teams in anticipating and mitigating handover risks. Consequently, projects characterised by high ‘foresight’ are more likely to adhere to planned schedules, ensuring timely project handover. This body of literature therefore leads to:

Hypothesis 4: ‘foresight’ readiness positively correlates with ‘Timeliness’ (H4)

Project ‘functionality’ cannot be reduced to the mere physical completion of assets; it also involves operational performance, system dependability, user effectiveness, and seamless alignment with operational routines, technologies, and stakeholder requirements. The cultivation of ‘foresight’ enables project managers, operations executives, and ORAT teams to strengthen these functional outcomes (Treyer 2009). By mobilising ‘foresight’, organisations recontextualise existing functional capabilities and reinterpret prior knowledge to better respond to emerging conditions. As a capability, ‘foresight’ equips project teams to recognise evolving patterns and pre-empt ‘functionality’-related shortcomings by collectively analysing and acting upon relevant information (Açıkgöz et al. 2016). Its proactive orientation helps avoid late-stage corrective interventions to critical project features, particularly those relating to technical specifications and end-user needs, thereby improving the efficiency of resource deployment. Accordingly, projects delivered on schedule may still fall short of success if functional adequacy is not achieved at handover and during subsequent use. This stream of research therefore gives rise to:

Hypothesis 5: ‘Foresight’ readiness positively correlates with ‘Functionality’ (H5),

Earlier, we highlighted that in the context of project handover, ‘timeliness’ and ‘functionality’ represented some of the most enduring indicators of success. ‘Timeliness’ and ‘Functionality’ are closely interrelated indicators. When a project is completed on schedule (timeliness), there is sufficient time for thorough testing, verification, and quality assurance, ensuring that the delivered output achieves its intended purpose (functionality). Conversely, when project outputs are fully functional and meet operational requirements, the handover process tends to proceed smoothly, reducing delays caused by rework. Thus, projects that are delivered on time are more likely to achieve high functionality, and outputs that are highly functional are more likely to experience timely handover. This creates a positive correlation between ‘timeliness’ and ‘functionality’. Therefore, leading to:

Hypothesis 6: ‘Timeliness’ and ‘Functionality’ positively correlate with each other (H6)

Figure 1 presents the overall theoretical model developed in this study, illustrating the hypothesized relationships among the key constructs. 

Figure 1. Theoretical impact of risk readiness on major infrastructure project handover to operations
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3.3 Prior studies
In the project-to-operations transition, understandings of risk readiness are shaped by a substantial body of readiness research (Kunz et al. 2014; Marshall et al. 2020; Barham and Daim 2020; Al-Mazrouie et al. 2021; Shenoy and Mahanty 2021; Radzi et al. 2022; Aladağ et al. 2023), complemented by more recent studies (Ali et al. 2024; Ojiako et al. 2024, 2025; Alghamdi et al. 2024; AlMalki and Durugbo 2024). Collectively, this literature positions readiness as a critical enabler of effective operationalisation following project delivery.
Early research differentiated tangible from intangible forms of readiness. Kunz et al. (2014) distinguished physical asset readiness from intangible dimensions such as human capability, knowledge management, process maturity, and stakeholder engagement (Van Wassenhove 2006). Barham and Daim (2020) extended this work through a hierarchical decision-support model for large-scale data projects. A major advance was introduced by Al-Mazrouie et al. (2021), who developed a risk-centred readiness framework linking project success to the mitigation of recurrent operational failures in airport infrastructure. Marshall et al. (2020) further advanced readiness theory by introducing ‘risk intelligence’ as a core dimension, integrating codified and experiential risk knowledge and moving beyond the reactive orientation of conventional risk management.
Subsequent studies broadened readiness conceptualisations across sectors and methods. Shenoy and Mahanty (2021) proposed a stakeholder-oriented readiness framework for megaprojects using fuzzy logic, while Radzi et al. (2022), drawing on practitioner surveys, identified key decision criteria shaping readiness in construction projects. Aladağ et al. (2023) applied the Pythagorean Fuzzy Analytic Hierarchy Process (PFAHP) to prioritise ORAT activities in airport developments, and Xue et al. (2023) examined schedule-related risks in airport projects, identifying determinants closely aligned with readiness concerns.
More recent scholarship has extended readiness thinking into emerging organisational and operational domains. Ali et al. (2024) developed a framework for assessing organisational readiness for smart warehousing using the Technology–Organization–Environment (TOE) model, highlighting workforce education, technological capability, top management support, and technical competence as key drivers. In the public sector, Ojiako et al. (2024) examined how readiness is enacted in practice, identifying four critical dimensions: knowledge core competence, organisational structure, responsiveness to change, and innovativeness. Building on this work, Ojiako et al. (2025) employed neural network analysis of the Al-Mazrouie et al. (2021) dataset, demonstrating that operational resilience is the most influential determinant of project success.
Among existing studies, Al-Mazrouie et al. (2021) remains one of the most comprehensive empirical examinations of readiness in major infrastructure projects and provides a cornerstone for the present research. The associated dataset is among the most methodologically robust available for examining readiness within the broader discourse on critical infrastructure resilience (Ojiako et al. 2025). The study proposed a generalisable, risk-based typology of operational readiness encompassing four domains: facilities; people; systems and technology; and organisational and process readiness.
Despite the depth of this literature, readiness is predominantly conceptualised through an operational lens, with limited explicit attention to risk readiness as a distinct capability. This limitation underscores the need to identify and examine the specific risk readiness capability factors that influence the successful handover of major infrastructure projects to operations.

3.4 Risk readiness capability factor interdependence
Risks in complex projects do not manifest as discrete or independent entities but rather emerge as interacting elements within broader socio-technical systems (Boholm and Corvellec 2011). As Jovanović and Pilić (2013) note, contemporary projects are embedded in a “world of multiple risks” (p. 393), where risk exposure is produced through patterns of interaction rather than isolated events. A fundamental theoretical challenge for project management, therefore, lies in reconciling analytical attention to individual, potentially decisive risks at the transition to operations with an explicit recognition that successful handover in major infrastructure projects is conditioned by systemic interdependence.
In this study, interdependence is conceptualised as a structural property of risk systems, reflecting inextricable and mutually constitutive relationships among elements (Schad et al., 2016). More specifically, and consistent with Schoenherr et al. (2017), interdependence denotes “…the extent to which the effectiveness of a given risk readiness capability factor is contingent upon the performance of other capability factors within the system” (p. 667). Crucially, such interdependencies are not bounded by spatial or temporal co-location (Heal and Kunreuther 2007); risks may remain geographically or temporally dispersed while being tightly coupled through causal, informational, or organisational linkages.
Drawing on prior studies of risk interaction and system coupling (Meier et al., 2015; Hwang et al., 2016), interdependence among risk readiness capability factors implies that handover outcomes cannot be attributed to single factors in isolation. Instead, the consequences of any one factor are endogenously shaped by its interactions with other interrelated capabilities. These interactions may take the form of direct causal chains or more diffuse influence mechanisms, unfolding sequentially, in parallel, or through hybrid configurations (Wirba et al. 1996). From a systems perspective, this creates conditions under which localised deficiencies can propagate across the project–operations interface, amplifying their effects and generating disproportionate consequences.
Accordingly, the failure or degradation of a single risk readiness capability factor may be sufficient to destabilise the handover process in major infrastructure projects, precipitating operational failure at the very commencement of service delivery (Brady and Davies 2010). Building on this logic, we theorise that risk readiness capability factors display heterogeneous levels of interdependence, such that those more centrally embedded within the broader risk system exert a disproportionate influence on handover performance (Boholm and Corvellec 2011). These interdependencies may manifest through direct or indirect linkages (Utne et al. 2011) and may operate in unidirectional or bidirectional forms, reflecting asymmetric or reciprocal influence among capability factors (Rinaldi et al. 2001; Bashir et al. 2022).
A common approach to explaining factor interdependence involves the use of metrics that measure the strength of relationships among the factors. According to Bashir et al. (2022), such metrics include those related to centrality (e.g., betweenness centrality, closeness centrality, degree centrality, in-degree centrality, and out-degree centrality), dependence (e.g., asymmetry dependence and joint dependence), and power (e.g., driving power and dependence power).
We are interested in examining the structure of interdependent readiness factors and seek to do so through the prism of the temporal capabilities of ‘foresight’ and ‘oversight’. Prudence theory, as drawn from Piper (1966), underscores the composite (i.e., interdependence) between forward-looking ‘foresight’ (anticipating future developments) with present-focused ‘oversight’ (ensuring accountability and governance). 
The simultaneous presence of these two dimensions of prudence, advocates for sustained and collective practitioner mindfulness and clear-sightedness during handover. In this sense, prudence can be understood as an engaged form of risk management which emphasises the need for managers to imagine and prepare for future outcomes. 
The key point to note is that risk readiness is when risk becomes the explicit object of managerial attention within a particular defined temporal horizon. However, crucially, this must be informed by prudential reasoning encompassing ‘foresight’ and ‘oversight’. 
Unfortunately, it will appear that there are insufficiencies in the existing treatments of risk readiness, which tend to isolate it from the broader cognitive demands of prudent decision-making. Thus, our viewing of risk readiness through the prism of prudence theory, identifying and exploring the interdependence of its constitutive dimensions. This necessitates a need to understand not only what the structure of interdependent readiness factors is when viewed through the temporal capabilities of ‘foresight’ and ‘oversight’, and how do these factors interact, but also to what extent the structure of these readiness factors predicts major infrastructure project outcomes.

4.0 The study
4.1 Overall approach
Influenced by the desire to cross-verify our findings through different research techniques (Jick 1979), we employed a three-stage sequential (qual→quant→quant) multi-methodological approach (Boyer and Swink 2008; Choi et al. 2016). Having planned the three-phase study, each study required the results of the previous study to develop the detailed plan, so in the next section, we will outline the methodology and results of each individual study steps in turn. Figure 2 (below) provides a diagrammatic representation of our study, partially derived and adapted from Al-Mazrouie et al. (2021) and Ojiako et al. (2024). 
The three, sequential studies logically flow from one to the next, each time applying findings from one study as the foundation for the next. Study 1 utilises ISM-MICMAC analysis with focus group data to identify and structure key risk readiness capability factors (and their interdependence). Findings from Study 1, will directly inform the development of the survey instrument for Study 2. The factor structure of the readiness elements, will then be empirically validated in Study 2, reframing them into temporal ‘foresight’ and ‘oversight’ constructs through Exploratory Factor Analysis (EFA) and Confirmatory Factor Analysis (CFA). Finally, Study 3 will apply the confirmed ‘foresight’ and ‘oversight’ structure from Study 2 as independent variables to test their predictive validity on successful project handover (i.e., ‘timeliness’ and ‘functionality’), using Structural equation modelling (SEM) and Artificial Neural Networks (ANN), thereby building upon and implementing the refined findings from the preceding studies. In the next section, we outline the individual study steps. 
A point to worth highlighting is that the use of SEM (Study 2) and ANN (Study 3) in this research is explicitly complementary and sequential, rather than duplicative. SEM will be employed to evaluate theoretical structure, causal logic, and statistically linear relationships among the readiness constructs, an essential step for testing the validity of the prudence-inspired framework. In contrast, ANN will be introduced not to re-test the same relationships, but to evaluate predictive capability, particularly where real-world project outcomes may be shaped by complex, non-linear interactions that SEM cannot capture. Thus, the two techniques will serve distinct epistemic purposes: SEM validates theory; ANN evaluates prediction. 
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Figure 2. Diagrammatical representation of the research approach.
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4.2 Study 1 (Computation of key risk readiness capability factors impacting handover)
In Study 1, which seeks to address RQ1, we draw on data obtained from a focus group study (8 participants), to conduct an integrative ISM-MICMAC computation of key readiness factors impacting on project to operations handover of major infrastructure. Study 1 consists of five distinct steps, (i) identify risk readiness capability factors (ii) select risk readiness sub-factors (iii) develop structural relationship hierarchy (iv) integrative ISM-MICMAC computation, and (v) determination of the relationship between the key risk readiness capability factors.

4.2.1 Identify risk readiness capability factors 
The first phase of Study 1 centred on identifying broad risk readiness capability factors. These were derived through a post-hoc re-analysis of risk readiness dimensions for major infrastructure projects reported by Al-Mazrouie et al. (2021). This framework was selected for several reasons. Most importantly, it constitutes one of the most comprehensive and empirically grounded risk readiness typologies to date, having been developed from survey data obtained from 724 project delivery, operations, and ORAT professionals. The factor structure and interrelationships were rigorously validated using confirmatory factor analysis (CFA) and structural equation modelling (SEM). Drawing on the Al-Mazrouie et al. (2021) dataset provides valuable historical context, supporting more informed judgements regarding readiness development in major infrastructure projects.
The Al-Mazrouie et al. (2021) typology identifies four core readiness domains: (i) system and technology readiness, (ii) organisational and process readiness, (iii) people readiness, and (iv) facilities readiness. Building on this foundation and recognising the central role of anticipatory capability in effective readiness, we extend the framework by introducing a fifth dimension; ‘risk intelligence’, drawing on the conceptualisation proposed by Marshall et al. (2019a, 2020).

4.2.2 Select readiness sub-factors 
In the original study by Al-Mazrouie et al.  (2021), a total of 52 sub-factors had been identified against the entirety of readiness factors. In our current study, for brevity, and mindful of Shah and Goldstein (2006), we selected only the sub-factors from Al-Mazrouie et al. (2021), i.e., System/technology readiness, Organization/processes readiness, People readiness and Facilities readiness, with goodness indication (i.e., highest loading). The factors for Risk intelligence were drawn from Marshall et al. (2019a, 2019b, 2020), who had identified the constituent elements of risk intelligence. This left us with 23 readiness sub-factors to be measured which are labelled RF1 to RF23 (Table 1).

Table 1: Selected sub-factors
	S. No.
	
	Readiness Factor
	Symbol

	1
	Facilities 
readiness
	Ensure availability of operational and maintenance procedures and processes
	RF1

	2
	
	Ensure availability of all the new operating dependencies and move sequences
	RF2

	3
	
	Ensure that new processes and forms are created and signed off by operations stakeholders
	RF3

	4
	People
readiness
	Arrange and ensure staff training on new building systems
	RF4

	5
	
	Arrange and ensure familiarization among the maintenance and operations team
	RF5

	6
	
	Arrange and ensure the safety and security of staff during the initial move and operations
	RF6

	7
	Technology readiness
	Arrange and ensure that all new maintenance and operational staff are provided with adequate training and familiarization of technology being used
	RF7

	8
	
	Ensure the availability of all the new operating dependencies and move sequences.
	RF8

	9
	
	Ensure that all maintenance and operations staff of the new facility have the appropriate skills and competencies
	RF9

	10
	Organization readiness
	Ensure that regulatory and compliance requirements for all the processes and procedures are met
	RF10

	11
	
	Arrange and ensure the availability of a formal activation and operational readiness program
	RF11

	12
	
	Ensure confirmation that all roles and responsibilities (operator, maintainer and user) are fully documented and communicated to all stakeholders
	RF12

	13
	Risk 
intelligence
	Ensure that the unique nature and contribution within the context of project and operations management are fully documented
	RF13

	14
	
	Arrange and ensure smart and targeted engagement with diverse information management activities to create and communicate risk intelligence information
	RF14

	15
	
	Arrange and ensure availability of smart and targeted proactive sourcing of risk intelligence
	RF15

	16
	
	Arrange and ensure availability of knowledge management in risk intelligence production
	RF16

	17
	
	Ensure documentation of potential information fatigue in risk intelligence production
	RF17

	18
	
	Account for managerial dexterity in risk intelligence production
	RF18

	19
	
	Ensure the use of credibility and source reliability ratings for information evaluation
	RF19

	20
	
	Ensure a sizeable amount of risk managed on projects which can be considered tacit in character
	RF20

	21
	
	Ensure availability of four important pathways for communicating, improving and applying risk knowledge through interaction between project participants.
	RF21

	22
	
	Arrange and ensure availability of professional competence in handling risk intelligence
	RF22

	23
	
	Arrange and ensure risk intelligence production in infrastructure project settings
	RF23



4.2.3 Develop structural relationship hierarchy
We began by developing the structural relationship hierarchy through a focus group exercise conducted in the United Arab Emirates (UAE). The eight-member expert panel (comprising Emirati nationals) was carefully selected due to the UAE's paradoxical context: despite being second only to Saudi Arabia in regional major infrastructure investment (AECOM 2018), the country continues to experience high project failure rates, with up to 50% of infrastructure projects reportedly failing (Faridi and El‐Sayegh 2006; Johnson and Babu 2020).
Focus group members were selected based on two criteria. First, they had to meet the Society of Engineers (UAE) standard for registration as an 'Expert Engineer Class B', requiring at least 10 years of verifiable engineering experience (including 5 years in the UAE and 3 years in contracts management), and participation in projects valued over AED 100 million (~USD 28 million). Second, they needed documented experience in at least one of the following: (i) project-to-operations handover, (ii) project commissioning, or (iii) ORAT. 
Drawing on prior studies (Ojiako et al. 2015; Chipulu et al. 2016; 2019), the panel assigned measures to the identified readiness factors based on face validity. They then evaluated the mutual influence of each factor through structured pairwise comparisons. The data were analysed using an integrated Interpretive Structural Modelling (ISM) and MICMAC methodology to establish the hierarchy and interdependencies among the risk readiness capability factors.

4.2.4 Integrative ISM-MICMAC computation
To compute the key risk readiness capability factors influencing project-to-operations handover of major infrastructure, we employed a combined Interpretive Structural Modelling (ISM) (Malone 1975; Watson 1978) and Matrice d’impacts croisés multipliée appliquée à un classement (MICMAC) (Duperrin and Godet 1973) analysis. Focus group members conducted pairwise comparisons among the risk readiness capability factors previously identified (see Table 1). The analysis was based on four possible relationships between any two risk readiness capability factors: V = Readiness factor i impacts on Readiness factor j; A = Readiness factor j impacts on Readiness factor I; X = Readiness factor i and j are interdependent; O = No relationship between Readiness factor i and j. 
Given the focus group consisted of eight members, the most frequently occurring response was retained for each factor pair (i on j). The next stage involved developing both the initial and final reachability matrices from the SSIM. This required converting the variables (V, A, X, O) into binary form (0 or 1), to explicitly define the direction and existence of relationships between factors. These variables served as an intuitive representation of interdependencies during the expert review process. Upon completion of this expert feedback, the variables were converted to binary digits to generate the initial reachability matrix. 
Having developed the initial reachability matrix, the final reachability matrix was developed by checking for transitivity with the removal of any found. The transitivity check was deemed important as this confirms that if variable 1 influences variable 2, and variable 2 influence variable 3, then variable 1 also influences variable 3. The process of examining this relationship is not usually considered as part of the process of generating the initial reachability matrix. It is, however, a consideration in the generation of the final reachability matrix.  The steps for this process were as follows. First, we searched the initial reachability matrix for entries of ‘0’. Second, we checked for transitivity, for example, if ‘X’ leads to ‘Y’ is 1 and ‘Y’ leads to ‘Z’ is 1, then ‘X’ leads to ‘Z’ is 1. Third, if where transitivity was found, a recoding was performed from ‘O’ to ‘1*’. To gain a more detailed understanding of the nature of the relationship among the operations readiness factors, we next performed a MICMAC analysis, as shown in Figure 3 below. 

Figure 3. MICMAC Analysis
[image: ]As part of this analysis of the nature of their direct and indirect relationships, we separated the risk readiness capability factors into four groups based on their ‘Driving power’ (i.e., quantification of the overall influence of a factor or sub-factor over others) and ‘Dependence power’ (i.e., quantification of the total dependence a specific factor or sub-factor has on other factors/sub-factors). Both allow us to consider the association between ‘power’ and ‘interdependence’. 
The first group of readiness factors (shown in quadrant I), consists of ‘Autonomous’ factors (weak ‘Driving power’; weak ‘Dependence power’). The factors here consisted of RF2, RF20 and RF21. It is our proposition that these three readiness factors should be prioritized as they represent the key influencing domains. The second group of readiness factors (shown in quadrant II) consists of ‘Dependent’ factors (low ‘Driving power’; high ‘Dependence power’). The readiness factors identified here are RF17 and RF22. The readiness factors (shown in quadrant III) consist of what we refer to as ‘Linkage’ factors (high ‘Driving power’; high ‘Dependence power’). The readiness factors identified here includes RF1, RF3, RF4, RF5, RF6, RF7, RF8, RF9, RF10, RF11, RF12, RF13, RF14, RF15, RF16, RF18, RF19, and RF23.
Risk factors in quadrant IV are referred to as ‘Driving’ factors (high ‘Driving power’; low ‘Dependence power’). We show the revised readiness factors following the MICMAC analysis in Table 2. We will use the emergent themes to develop two sequential quantitative surveys that will form part of Study 2 and Study 3.

Table 2: Selected sub-factors based (high ‘Driving power’; high ‘Dependence power’)
	Symbol
	RF1
	RF3
	RF4
	RF5
	RF6
	RF7
	RF8
	RF9
	RF10
	RF13
	RF14
	RF15
	RF16
	RF18
	RF19
	RF23

	Selected following MICMAC
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes



4.2.5 Relationship between risk readiness capability factors 
Next, we examined how the key risk readiness capability factors influence one another. To do this, we first identified, for each factor, the set of factors that it affects as well as those that affect it, forming the reachability and antecedent sets. The antecedent set includes the factor itself and all others that influence it, while the reachability set captures the factor and all factors it may impact. Using the intersections of these sets, we established a hierarchical structure. Factors whose intersections matched in the first iteration were assigned to Level I in the ISM hierarchy, indicating that no other factors exerted influence over them. Once these top-level factors were identified, they were removed from the analysis, and the process was repeated until every factor was assigned a level. This iterative approach produced the ISM model. With these levels defined, the model clearly maps the interrelationships and influence patterns among the 16 risk readiness capabilities sub-factors. Table 3 shows the level partitioning for all the sub-factors.

Table 3: Level partitioning 
	Risk Factors
(Ri)
	Reachability Set
R (Ri)
	Antecedent Set
A (Ri)
	Intersection Set
R(Ri) ∩ (Ri)
	Level

	RF1
	RF1 , RF3 , RF13 , RF15 , RF16 , RF22 
	RF1 , RF3 , RF13 , RF15 , RF16 , RF22 
	RF1 , RF3 , RF13 , RF15 , RF16 , RF22 
	XI

	RF3
	RF3 , RF13 , RF22 
	RF3 , RF13 
	RF3 , RF13
	XIV

	RF4
	RF1 , RF4 , RF5 , RF6 , RF8 , RF10 , RF11 , RF15 , RF16 , RF18 , RF22
	RF1 , RF3 , RF4 , RF5 , RF6 , RF8 , RF10 , RF11 , RF13 , RF15 , RF16 , RF18 , RF22
	RF1 , RF4 , RF5 , RF6 , RF8 , RF10 , RF11 , RF15 , RF16 , RF18 , RF22
	V

	RF5
	RF1 , RF4 , RF5 , RF6 , RF10 , RF11 , RF13 , RF16 , RF18 , RF22
	RF1 , RF3 , RF4 , RF5 , RF6 , RF8 , RF10 , RF11 , RF13 , RF15 , RF16 , RF18 , RF22
	RF1 , RF4 , RF5 , RF6 , RF10 , RF11 , RF13 , RF16 , RF18 , RF22
	VI

	RF6
	RF3 , RF4 , RF5 , RF6 , RF8 , RF10 , RF11 , RF15 , RF16 , RF18 , RF22
	RF1 , RF3 , RF4 , RF5 , RF6 , RF8 , RF10 , RF11 , RF13 , RF15 , RF16 , RF18 , RF22
	RF3 , RF4 , RF5 , RF6 , RF8 , RF10 , RF11 , RF15 , RF16 , RF18 , RF22
	VII

	RF7
	RF1 , RF3 , RF4 , RF5 , RF6 , RF7 , RF8 , RF9 , RF10 , RF11 , RF12 , RF14 , RF15 , RF16 , RF17 , RF18 , RF19 , RF22 , RF23
	RF1 , RF2 , RF3 , RF4 , RF5 , RF6 , RF7 , RF8 , RF9 , RF10 , RF11 , RF12 , RF13 , RF14 , RF15 , RF16 , RF18 , RF19 , RF20 , RF21 , RF23
	RF1 , RF3 , RF4 , RF5 , RF6 , RF7 , RF8 , RF9 , RF10 , RF11 , RF12 , RF14 , RF15 , RF16 , RF18 , RF19 , RF23
	I

	RF8
	RF1 , RF3 , RF4 , RF5 , RF6 , RF8 , RF10 , RF11 , RF13 , RF15 , RF16 , RF18 , RF22
	RF1 , RF3 , RF4 , RF5 , RF6 , RF8 , RF10 , RF11 , RF13 , RF15 , RF16 , RF18 
	RF1 , RF3 , RF4 , RF5 , RF6 , RF8 , RF10 , RF11 , RF13 , RF15 , RF16 , RF18
	IX

	RF9
	RF1 , RF3 , RF4 , RF5 , RF6 , RF7 , RF8 , RF9 , RF10 , RF11 , RF12 , , RF14 , RF15 , RF16 , RF17 , RF18 , RF19 , RF23
	RF1 , RF2 , RF3 , RF4 , RF5 , RF6 , RF7 , RF8 , RF9 , RF10 , RF11 , RF12 , RF13 , RF14 , RF15 , RF16 , RF18 , RF19 , RF20 , RF21 , RF22 , RF23
	RF1 , RF3 , RF4 , RF5 , RF6 , RF7 , RF8 , RF9 , RF10 , RF11 , RF12 , , RF14 , RF15 , RF16 , RF18 , RF19 , RF23
	I

	RF10
	RF1 , RF3 , RF4 , RF5 , RF6 , RF8 , RF10 , RF11 , RF13 , RF15 , RF16 , RF18 , RF22
	RF1 , RF3 , RF4 , RF5 , RF6 , RF8 , RF10 , RF11 , RF13 , RF15 , RF16 , RF18 , RF22
	RF1 , RF3 , RF4 , RF5 , RF6 , RF8 , RF10 , RF11 , RF13 , RF15 , RF16 , RF18 , RF22
	VIII

	RF13
	RF3 , RF13 , RF22
	RF3 , RF13
	RF3 , RF13
	XIV

	RF14
	RF1 , RF2 , RF3 , RF4 , RF5 , RF6 , RF7 , RF8 , RF9 , RF10 , RF11 , RF12 , RF13 , RF14 , RF15 , RF16 , RF17 , RF18 , RF19 , RF20 , RF21 , RF22 , RF23
	RF1 , RF2 , RF3 , RF4 , RF5 , RF6 , RF7 , RF8 , RF9 , RF10 , RF11 , RF12 , RF13 , RF14 , RF15 , RF16 , RF18 , RF19 , RF20 , RF21 , RF22 , RF23
	RF1 , RF2 , RF3 , RF4 , RF5 , RF6 , RF7 , RF8 , RF9 , RF10 , RF11 , RF12 , RF13 , RF14 , RF15 , RF16 , RF18 , RF19 , RF20 , RF21 , RF22 , RF23
	II

	RF15
	RF1 , RF3 , RF15 , RF16 
	RF1 , RF3 , RF13 , RF15 , RF16 , RF22 
	RF1 , RF3 , RF15 , RF16
	XII

	RF16
	RF1 , RF3 , RF15 , RF16 , RF22 
	RF1 , RF3 , RF13 , RF15 , RF16 , RF22 
	RF1 , RF3 , RF15 , RF16 , RF22
	XIII

	RF18
	RF1 , RF3 , RF4 , RF5 , RF6 , RF8 , RF10 , RF11 , RF13 , RF15 , RF16 , RF18 , RF22
	RF1 , RF3 , RF4 , RF5 , RF6 , RF8 , RF10 , RF11 , RF13 , RF15 , RF16 , RF18 , RF22
	RF1 , RF3 , RF4 , RF5 , RF6 , RF8 , RF10 , RF11 , RF13 , RF15 , RF16 , RF18 , RF22
	X

	RF19
	RF1 , RF3 , RF4 , RF5 , RF6 , RF7 , RF8 , RF9 , RF10 , RF11 , RF12 , RF14 , RF15 , RF16 , RF17 , RF18 , RF19 , RF22 , RF23
	RF1 , RF2 , RF3 , RF4 , RF5 , RF6 , RF7 , RF8 , RF9 , RF10 , RF11 , RF12 , RF13 , RF14 , RF15 , RF16 , RF18 , RF19 , RF20 , RF21 , RF23
	RF1 , RF3 , RF4 , RF5 , RF6 , RF7 , RF8 , RF9 , RF10 , RF11 , RF12 , RF14 , RF15 , RF16 , RF18 , RF19 , RF23
	I

	RF23
	RF1 , RF3 , RF4 , RF5 , RF6 , RF7 , RF8 , RF9 , RF10 , RF11 , RF12 , RF14 , RF15 , RF16 , RF17 , RF18 , RF19 , RF22 , RF23
	RF1 , RF2 , RF3 , RF4 , RF5 , RF6 , RF7 , RF8 , RF9 , RF10 , RF11 , RF12 , RF13 , RF14 , RF15 , RF16 , RF18 , RF19 , RF21 , RF23
	RF1 , RF3 , RF4 , RF5 , RF6 , RF7 , RF8 , RF9 , RF10 , RF11 , RF12 , RF14 , RF15 , RF16 , RF18 , RF19 , RF23
	I



Table 3 therefore essentially, presents the hierarchical level partitioning of readiness and risk-intelligence factors using the ISM approach. The reachability set R(Ri) identifies the factors that a given element can influence, while the antecedent set A(Ri) represents the factors that influence it. The intersection set R(Ri) ∩ A(Ri) is used to determine the hierarchical level of each factor. For instance, RF1 (availability of operational and maintenance procedures) and RF15 (proactive sourcing of risk intelligence) have large intersection sets, indicating strong reciprocal influence with other readiness elements and placement at mid-levels (XI–XIII). In contrast, RF3 (creation and approval of new processes) and RF13 (documentation of risk intelligence) have smaller intersections, reflecting greater dependence and placement at higher levels (XIV). Foundational factors at lower levels, such as RF10 (regulatory compliance), enable stable production planning and control, while higher-level, execution-oriented factors guide operational actions. This hierarchy allows project delivery, operations, and ORAT professionals to prioritize foundational readiness first, ensuring smooth and controlled production activation.

4.3 Study 2 (Determining structure of interdependent readiness factors)
The findings from Study 1 (which identifies the 16 key risk readiness capability factors impacting handover), served as the basis for Study 2, which focuses on determining the fundamental structure of interdependent readiness factors reframed into temporal frames of ‘foresight’ and ‘oversight’, and the interrelations among them. Noting expected close association between ‘foresight’ and ‘oversight’ (see Piper 1966; Sihag 2017), we will test the correlation between them. Study 2 consists of three distinct steps, (i) survey (ii) exploratory factor analysis, and (iii) confirmatory factor analysis.

4.3.1 Study 2 survey 
Qualitative insights from Study 1 informed the structure of the Study 2 survey. Data collection for Study 2 began with an online survey developed via SurveyMonkey. The initial version was piloted in the UAE, excluding original focus group members to minimise response bias. Feedback from the pilot informed revisions, and the updated instrument was returned to the same cohort for final validation before wider dissemination. To ensure consistency, the survey incorporated the 16-risk readiness sub-factors identified in Study 1 (see Table 2) and was distributed using non-random snowball sampling. Each co-author shared the link within their professional networks, encouraging recipients to respond and forward it to similarly qualified peers. 
Measures were implemented to reduce the risk of sample homogeneity. Initial respondents for the snowball sampling were deliberately selected from multiple organisations, with invitations extended to a range of practitioner groups (e.g., project managers, operations managers, and ORAT personnel) engaged in diverse types of infrastructure projects, ensuring broad representation from the outset. Additionally, respondent demographic and professional characteristics were carefully reviewed to avoid overconcentration within any single organisation or discipline. To further broaden reach, the survey was also shared on LinkedIn, targeting infrastructure project professionals globally.
The final survey, administered via Qualtrics, included several quality assurance measures. Eligibility was confirmed by asking respondents to verify recent involvement in major infrastructure projects, specifically in roles such as project user, client/sponsor, project manager, consultant, or director. Those who did not meet this criterion were screened out. To encourage thoughtful responses, participants were asked to commit to providing considered answers, a technique shown to enhance response quality (Geisen 2022). Respondents who selected ‘no’ were excluded, while those who were ‘not sure either way’ were allowed to proceed, with their responses reviewed individually. Additional quality controls included an attention-check question, AI-enabled bot detection (using the Q_RecaptchaScore), and monitoring of survey completion time and progress.
The survey consisted of three sections. The first covered project characteristics (of a recently completed major infrastructure project), including duration, budget, industry sector, and the primary country of project activities. The second section addressed the substantive readiness indicators derived from the ISM-MICMAC analysis conducted in Study 1 (see Table 2). To mitigate potential response bias, sub-factor items were not grouped but presented in a randomised order, interspersed with items from other readiness dimensions. Each sub-factor was rated using an unnumbered 100-point sliding scale rather than traditional Likert-style radio buttons. This choice was informed by evidence suggesting that sliding scales yield greater variance and reliability in online surveys, whereas radio buttons are better suited to paper-based formats (Cook et al. 2001). The final section collected respondent demographic information, including age, gender, and primary role in the project.
We received 378 responses. However, once the quality checks described above were completed, the number of valid responses reduced to 280. As such, while it is not possible to estimate the overall response rate from the snowballing approach, we may estimate the valid response rate as 280/378 = 74%. 65% of respondents were male, 32.5% female, and the rest chose not to declare their gender. The age ranged from 20 to 63, with a mean of 33.5 (SD = 9.6). Most respondents (54.3%) were project team members, followed by project managers (18.6%). Project consultants, directors and other roles each accounted for less than 10% of respondents. Notably, there were few individuals from the steering committee, or the community was the major infrastructure project was conducted.
Most projects (50.4%) lasted 1-2 years. A significant portion (26.1%) lasted 3-5 years. Fewer projects were completed in less than a year (16.4%) or longer than 5 years (6.4%). Most projects (37.9%) had a budget of at least $500,000 but less than $5 million. A significant proportion (30.7%) had budgets between $5 million and $100 million. Fewer projects had budgets exceeding $100 million (13.9%) or under $500,000 (17.1%). The majority project activities were conducted in Asia (65.4%). The Middle East was the second most common region, accounting for 19.6% of activities, while the other regions accounted for the rest of the project activities.

4.3.2 Exploratory factor analysis
[bookmark: _Hlk210739156]To establish if the readiness scale was reflecting the expected factor structure with two temporal subscales, we conducted an Exploratory Factor Analysis (EFA), submitting the measures of readiness to a Principal Components Analysis (PCA), with the number of factors set using the Scree criterion and Jolliffe’s rule (1986; see also Rea and Rea 2016). The EFA applied the Oblimin rotation method with Kaiser Normalization, thus allowing for correlation between the factors. The data fit the EFA model excellently. The KMO (Kaiser-Meyer-Olkin) measure of sampling adequacy was remarkably close to the ideal value of 1 at 0.96. Similarly, sphericity, measured by Bartlett’s test, was statistically significant with χ2 = 3603.8 (df = 120, p < .001). The Bartlett's test indicates the measures of operational readiness are significantly related such that they can be represented as components of the same factor structure.
Figure 4 shows the Scree plot confirming there is no substantial improvement in the factor structure after component 2. Cumulatively, component 1 and component 2 account for 67% of the variance among the measures. Successive components each explain less than 5% additional variance, which is not a substantial improvement to justify the increased complexity in interpreting the model. Similarly, consistent with Jolliffe's rule, both eigenvalues for component 1 and component 2 exceeded 0.7. 

Figure 4. Scree plot for risk readiness capability factor structure
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The loadings of the Oblimin-rotated factor structure are shown in Table 4. Loadings less than 0.4 are supressed. The results of the factor analysis are encouraging, with all measures loading strongly (above 0.5) on one of the two factors, except for ‘People_1: Staff training on new systems was completed prior to the start of the project phase’. This measure loaded on Factor 2 with a value of 0.48, which, while slightly lower than the 0.5 threshold, is still considered acceptable in exploratory factor analysis, particularly given the potential theoretical significance of this measure. 
Measures are assigned to the component where they load most strongly. We observed that this separated some measures originally grouped together, such as those related to systems and technology, indicating some conceptual overlap between these two factors. This is consistent with the Oblimin factor rotation method which allows correlation among the underlying factors. Kindly note that the ordering of Table 4 is based on loadings on the two components, in order to indicate the measures that represent both.

Table 4: Rotated factor structure with risk readiness capability factor labels
	Sub-Factor Name
	Description
	Component 1
	Component 2
	Factor Label

	Facilities_2
	New processes and forms were created and signed off by operations stakeholders prior to the start of the project phase
	0.5208
	 
	foresight

	People_2
	New understanding and familiarisation were provided to the maintenance and operations team before the start of the project phase.
	0.6294
	 
	foresight

	Risk Intelligence_1
	The unique nature and contribution of risk intelligence within the context of project and operations management was fully communicated to all stakeholders prior to the start of the project phase.
	0.8408
	 
	foresight

	Risk Intelligence_2
	Smart and targeted engagement with diverse information management activities was undertaken to create and communicate risk intelligence information prior to the start of the project phase.
	0.8583
	 
	foresight

	Risk Intelligence_3
	Arrangements for smart and targeted proactive sourcing of risk intelligence were in place prior to the start of the project phase.
	0.8028
	 
	foresight

	Risk Intelligence_4
	The nature of knowledge management in risk intelligence production was clarified to all stakeholders prior to the start of the project phase.
	0.7898
	 
	foresight

	Risk Intelligence_5
	The nature of managerial dexterity in risk intelligence production was wholly established and communicated to all stakeholders prior to the start of the project phase.
	0.9657
	 
	foresight

	Risk Intelligence_6
	The use of credible and reliable sources for information evaluation was fully in place prior to the start of the project phase.
	0.6996
	 
	foresight

	Risk Intelligence_7
	The nature of risk intelligence production in infrastructure project settings was fully established and communicated in full prior to the start of the project phase.
	0.9001
	 
	foresight

	Systems and Tech_1
	Adequate training and familiarization were provided for all the new maintenance and operational staff prior to the start of the project phase
	0.5777
	 
	foresight

	Systems and Tech_2
	All the new operating dependencies and move sequences were available prior to the start of the project phase.
	0.8258
	 
	foresight

	Facilities_1
	All operational and maintenance procedures and processes were available prior to the start of the project phase.
	0.4391
	0.5251
	oversight

	Regulation & Compliance
	Regulatory and compliance requirements for all the processes and procedures were available prior to the start of the project phase.
	 
	0.6924
	oversight

	People_1
	Staff training on new systems was completed prior to the start of the project phase.
	0.4026
	0.4806
	oversight

	People_3
	Staff’s safety and security, during the initial move and operations, were put in place prior to the start of the project phase
	 
	0.8748
	oversight

	Systems and Tech_3
	Adequate skills and competencies for all maintenance and operations staff of the new facility were developed prior to the start of the project phase.
	 
	0.5875
	oversight



We opine that the two factors represent the expected temporal frames well. Herein, on the basis of both our earlier framing of ‘oversight’ as a reflection on past events and ‘foresight’ as the anticipation of future disruptions and how the two components load on the items, we interpret that Component 1 represents the foresight readiness, which encompasses proactive planning and risk intelligence, emphasizing the use of credible information sources, adaptable management practices, and clear communication of risks to all involved parties. This factor prioritizes understanding operational dependencies and establishing effective knowledge management structures to facilitate informed decision-making in the face of potential risks. Conversely, Component 2 represents the ‘oversight’ readiness, which in this context, covers comprehensive preparation of personnel, processes, and systems to ensure a smooth and compliant handover to operations. This includes staff training on new systems, establishing clear procedures to minimize errors, prioritizing the necessary skills for the new facility, ensuring compliance with regulations, and prioritizing safety and security measures for all personnel. 
The factor analysis revealed a notable difference in the importance of the two factors: foresight’ with eleven strongly loading measures, clearly dominates over ‘oversight’, which has only five. This imbalance underscores the relative significance of proactive planning (‘foresight’) compared to reactive monitoring (‘oversight’) in this context. To estimate internal consistency of two factors as scales, we subjected them to reliability analysis using Cronbach’s alpha coefficient. The results indicate very good internal consistency with values for both factors exceeding the recommended threshold of 0.7: 0.945 for ‘foresight’ and 0.833 for ‘oversight’.

4.3.3 Confirmatory factor analysis
To confirm the factor structure extracted with Exploratory Factor Analysis (EFA), we subjected the measures of readiness to Confirmatory Factor Analysis (CFA). CFA results indicated a good fit for the data. While Chi-square χ2 = 326 (df = 103, p < 0.001) is significant indicating discrepancy, other fit statistics indicate a good fit (The Oblimin rotation we employed allows underlying correlation between two factors; so conceptually, we are saying we expect some overlap between the two of them). These include a small Root Mean Square Residual of 0.079, Root Mean Squared Error of Approximation (RMSEA) = 0.08, which is the acceptable, as well as above acceptable threshold values of the both the Comparative Fit Index (CFI = 0.937) and the Tucker-Lewis Index (TLI = .927). To assess the potential impact of common method bias (CMB), we compared the CFA model with a Latent Common Factor Model. The results showed no significant difference between the two models (ΔCFI = 0.00), suggesting that CMB is unlikely. 
Table 5 shows the factor loadings. All factor loadings exceeded 0.5 on their assigned factor and significant with p < 0.001. The average variance explained (AVE) for both factors exceeded 0.5 with 0.61 for ‘foresight’ and 0.64 for ‘oversight’. We used the Heterotrait-Monotrait Ratio (HTMT) to assess discriminant validity (Henseler et al. 2015). The value of 0.83 (HTMT < 0.85), which indicates good discriminant validity between the ‘foresight’ and ‘oversight’ readiness factors using the assigned measures. 

Table 5: CFA factor loadings
	Measure
	Factor
	Estimate

	Systems and Tech_2
	foresight
	0.796

	Systems and Tech_1
	foresight
	0.714

	Risk Intelligence_7
	foresight
	0.868

	Risk Intelligence_6
	foresight
	0.667

	Risk Intelligence_5
	foresight
	0.78

	Risk Intelligence_4
	foresight
	0.844

	Risk Intelligence_3
	foresight
	0.791

	Risk Intelligence_2
	foresight
	0.832

	Risk Intelligence_1
	foresight
	0.839

	People_2
	foresight
	0.755

	Facilities_2
	foresight
	0.716

	Facilities_1
	oversight
	0.887

	Regulation & Compliance
	oversight
	0.763

	People_1
	oversight
	0.792

	People_3
	oversight
	0.619

	Systems and Tech_3
	oversight
	0.903



4.4 Study 3 (Determining predictive validity of the readiness risk structure)
[bookmark: _Hlk1386398]In Study 2 (survey, N = 378), we had determined the fundamental structure of interdependent readiness factors by reframing them into temporal frames of ‘oversight’ and ‘foresight’, and the interrelations among them. In Study 3, we aim to provide predictive validity of the readiness risk structure by testing it ability to predict expected effects in a theoretical framework. Specifically, in Study 3, we will apply the core structure established in Study 2 to investigate how ‘foresight’ and ‘oversight’ risk readiness capability factors influencing successful project handover to operations of major infrastructure projects in terms of ‘timeliness’ and ‘functionality’. Study 3 consists of three distinct steps, (i) survey (ii) analysis of predictive validity, and (iii) analysis of predictive validity with ANN computation.

4.4.1 Study 3 survey
For Study 3, we implemented a survey instrument similar to that used in Study 2, utilising the Qualtrics platform and applying the same core measures and data structure. However, there were slight modifications in the Study 3 version. In addition to the project characteristics captured in the first section of the survey, respondents were also asked to indicate how well the infrastructure performed upon commencement of operations. Moreover, instead of relying on traditional measures of successful project handover to operations, respondents were asked to assess risk readiness using two unnumbered sliding scales.
[bookmark: _Hlk210739913]The first addressed major infrastructure ‘Timeliness’. Here, respondents were asked to use a slider to indicate whether the project handover to operations was ‘delivered, commissioned or in operation on time as per the agreed schedule’, picking a value between a minimum of 0 (‘The infrastructure was not ready on time’), and maximum of 100 (‘The infrastructure was ready on time’). The second addressed major infrastructure ‘Functionality’ with respondents being asked to evaluate readiness along a sliding scale for ‘infrastructure from the project function[ed] upon delivery’, picking a value between a minimum of 0 (‘The infrastructure did not function as expected for considerable period of time after being commissioned’), and a maximum of 100 (The infrastructure functioned as expected immediately after being commissioned’). 
The sampling strategy employed in Study 3 differed slightly from that used in Study 2. Instead of relying on non-random sampling as in Study 2, we recruited participants for Study 3 through Prolific (https://www.prolific.co/). Prolific is an online survey platform similar to Amazon Mechanical Turk, but it is based in the United Kingdom and primarily sources participants from outside the United States. It provides a convenient and efficient alternative to direct-contact methods, while maintaining data quality comparable to traditional approaches (see, e.g., Buhrmester et al. 2011; Chandler et al. 2019).
We received a total of 428 responses from Prolific, of which 398 passed our quality checks. Therefore, the valid response rate was 398/428 = 93%. Although extensive screening criteria were applied to ensure that participants had relevant project management, operations management, and ORAT backgrounds, thus reducing the difference between the population sampled in Study 2, the Prolific sample had a slightly different profile, with a larger number of respondents declaring their gender as female (56.3%) and the remainder as male (43.7%). The age of respondents ranged from 19 to 64, with a mean of 30.9 (SD = 8.6). Most projects (58.8%) had a budget of less than $500,000 USD. The next largest category (30.4%) consisted of projects with budgets between $500,000 and $5 million USD. Fewer projects had budgets between $5 million and $100 million USD (8.8%), and very few had budgets of $100 million USD or more (2%). Most projects (45.5%) lasted 1-2 years, followed closely by projects lasting less than a year (41.2%). Considerably fewer projects lasted 3 to 5 years (9.5%) or longer than 5 years (3.8%). Most of the project activities were based in Europe (over 90%), with the rest spread in other continents. 
As will be demonstrated later, several safeguards were introduced to address concerns relating to internal consistency noting differences in demographic/professional characteristics between the Study 2 and Study 3.  For example, there was extensive screening to ensure broadly comparable backgrounds between the two samples. Artificial Neural Networks (ANN) modelling was then employed in Study 3 to reassess predictive patterns using a distinct dataset without assuming the validity of SEM-derived constructs from Study 2. Regression and validity checks were repeated to verify that the factor structure remained stable and statistically defensible. 

4.4.2 Analysis of predictive validity 
We subjected the earlier presented theoretical model (i.e., Figure 1) of the expected effects of the readiness factors to Structural Equation Modelling (SEM) in Amoss SPSS 29. The SEM model included both project budget and duration, encoded as ordinal variables, as controls for both ‘foresight’ and ‘oversight’, as both provide information on the structural context of the project (Weshah et al. 2014).
The SEM model demonstrated a good fit to the data. Though the Chi-square χ2 = 599 (df = 163, p < 0.001) is significant indicating discrepancy, other fit indices indicate an overall good fit: The Root Mean Square Residual of (RMR = 0.049) is very small; both the Comparative Fit Index (CFI = .898) and Tucker-Lewis Index (TLI = .882) are at the commonly recommended threshold of .90; and the Root Mean Square Error of Approximation (RMSEA = .082) is just slightly above the desired level of .08. As with Study 2, both ‘foresight’ and ‘oversight’ factors demonstrate high internal consistency with Cronbach Alpha values of 0.917 for ‘foresight’ and 0.877 for ‘oversight’. Similarly, the Heterotrait-Monotrait Ratio (HTMT = 0.80 < 0.85) indicates good discriminant validity between the ‘foresight’ and ‘oversight’ factors using the assigned measures. Similarly, comparison of the final SEM model a Latent Common Factor Model indicated that Common Method Bias (CMB) is unlikely as the two models did not differ significantly from (ΔCFI = 0.003), suggesting that CMB is unlikely.
Table 6 shows the standardised regression coefficients for all the variables in the model. As with Study 2, all the measures of readiness had strong loadings on their assigned factors greater than 0.5. Similarly, the Average Variance Explained (AVE) by each factor exceeded 0.5, with values of 0.51 for ‘foresight’ and 0.59 for ‘oversight’.

Table 6: Estimated Standardised Regression Effects
	Measure
	Factor
	Estimate
	P

	Oversight
	Project duration value
	-0.123
	0.032

	foresight
	Project duration value
	-0.168
	0.003

	foresight
	Project budget value
	0.144
	0.01

	Oversight
	Project budget value
	0.125
	0.029

	[bookmark: RANGE!C6:E25]Systems and Tech_2
	foresight
	0.694
	

	Systems and Tech_1
	foresight
	0.692
	 < .001

	Risk Intelligence_7
	foresight
	0.81
	 < .001

	Risk Intelligence_6
	foresight
	0.707
	 < .001

	Risk Intelligence_5
	foresight
	0.692
	 < .001

	Risk Intelligence_4
	foresight
	0.796
	 < .001

	Risk Intelligence_3
	foresight
	0.684
	 < .001

	Risk Intelligence_2
	foresight
	0.731
	 < .001

	Risk Intelligence_1
	foresight
	0.688
	 < .001

	People_2
	foresight
	0.767
	 < .001

	Facilities_2
	foresight
	0.508
	 < .001

	Facilities_1
	oversight
	0.796
	

	Regulation & Compliance
	oversight
	0.774
	 < .001

	People_1
	oversight
	0.706
	 < .001

	People_3
	oversight
	0.733
	 < .001

	Systems and Tech_3
	oversight
	0.834
	 < .001

	Functionality
	foresight
	0.547
	 < .001

	Timeliness
	oversight
	-0.184
	0.214

	Timeliness
	foresight
	0.652
	 < .001

	Functionality
	oversight
	0.006
	0.968



As shown, the results of the posited relationships were mixed. The estimated regression coefficients of ‘foresight’ with ‘functionality’ were 0.547 (p < 0.001) and 0.652 (p < 0.001) with Timeliness, respectively, supporting hypotheses H4 and H5. However, results do not support the hypothesised relationships of ‘oversight’ with ‘Timeliness’ and ‘Functionality’ (H2) and with ‘Functionality’ (H3).
The estimated coefficient of the relationship between ‘oversight and ‘Timeliness’ of -0.18 (p = 0.214), which, while confirming the negative sign of the relationship, is not statistically significant at the 0.05 p-value level. Similarly, the estimated coefficient of the relationship between ‘oversight’ and ‘Functionality’ was very small at 0.006 and not statistically significant (p = 0.968). The relationship between ‘oversight’, ‘Timeliness, and ‘Functionality’ is complex due to their interplay. We note that when we re-run the SEM model with the ‘Functionality’ variable deleted, simulating the situation where Functionality was not important, the negative estimated effect of ‘oversight’ on ‘Timeliness’ becomes stronger and statistically significant (-0.517, p < 0.001). However, the effect of ‘oversight’ on ‘Functionality’ remains insignificant even when we disregard ‘Timeliness’. This suggests that the level of ‘oversight’ is more influential in ensuring project ‘Timeliness’ than in achieving ‘Functionality’.
The estimated correlation coefficients confirmed the expected relationship (H1) between infrastructure ‘foresight’ and ‘oversight’ (r = 0.898, p <.0001) and between ‘Functionality’ and ‘Timeliness’ (H6) (r = 0.350, p <.0001).

4.4.3 Analysis of predictive validity with Artificial Neural Networks (ANN)
The SEM model estimates effects assuming linear relationships among the variables. This may oversimplify the underlying relationships, which may be non-linear (e.g., Tan et al. 2014). To properly address this issue and triangulate the SEM findings, we ran Artificial Neural Networks (ANN) models to identify the non-linear relationships in the theoretical model (Almeida 2002; Krogh 2008).
To build the ANN models, we first extracted the latent scores for ‘foresight’ readiness and ‘oversight’ readiness factors from the SEM model using Regression Imputation. We then implemented the latent scores as input features to train the ANN, with the aim of predicting the achievement of major infrastructure ‘Timeliness’ and ‘Functionality’. Prior to setting them as target variables, we recoded the ‘Timeliness’ and ‘Functionality’ variables, from continuous to binary. If a score was below 50, we classified it as 0, meaning ‘not achieved’. If a score was 50 or above, we classified it as 1, meaning ‘achieved’.
We developed two separate ANN models using Python within the Jupyter notebook environment: one to predict ‘Timeliness’, and another to predict ‘Functionality’. The datasets for each model were divided into two subsets: 80% for training, and 20% for testing. We constructed the ANN models using Keras, configuring them with a sequential architecture. The models were compiled to minimize prediction error and utilized the Adam optimization algorithm for training. After training, the models were evaluated on the unseen testing set to assess their predictive accuracy. Additionally, we analysed the average weights of features (i.e. ‘foresight’ and ‘oversight’) in the first hidden layer to gauge their relative importance in predicting the respective outcomes. 
The ANN for predicting ‘Functionality’ performed well. The overall classification accuracy for the training set was 90.2% and 87.7% for the testing set, indicating that ‘foresight’ and ‘oversight’ are good predictors of the achievement of ‘Functionality’. While the average importance weight for ‘oversight’ was moderate and positive (0.343), ‘foresight’ had a much stronger, positive weight (0.657). The relative magnitudes of the weights indicates that ‘foresight’ is a more significant predictor of ‘Functionality’ than ‘oversight’.
Similarly, the Artificial Neural Network (ANN) model effectively predicted ‘Timeliness’, but not as accurately as it did for ‘Functionality’. The overall classification accuracy for the training set was 76.6% and 74.0% for the testing set. This suggests that ‘foresight’ and ‘oversight’, the input features, are relatively less accurate at predicting ‘Timeliness’ compared to ‘Functionality’. The average weight for ‘oversight’ was 0.392, while the average weight for ‘foresight’ was 0.608. The relative sizes of the weights suggest that, while not as important as ‘foresight’, we find ‘oversight’ is important in predicting ‘Timeliness’. This seems to support our earlier inference that the specified SEM model may be underestimating the significance of ‘oversight’ as a predictor of ‘Timeliness’. Unlike with ‘Functionality’, the polarities of the weights, which are different from those that would be expected based on the SEM model estimates, appear to signal more complex interactions than the linear estimates from the SEM model. 

5.0 Discussions
Drawing on prudence theory, we set out to explore the nature of risk readiness capability factor interdependence in handover of infrastructure projects to operations via a three-stage sequential multi-method study (qual→quant→quant), framed through readiness ‘foresight’ and ‘oversight’. In Study 1 (qual), we analysed data from a focus group (N=8) to perform integrative ISM-MICMAC computation of the critical readiness factors affecting project handover to operations of major infrastructure. We identified 16 key risk readiness capability factors impacting handover. Reviewing them, it will appear that the central focus of these risk readiness sub-factors is structured procedures (Whyte et al. 2013; Too et al. 2023), comprehensive training (Whyte et al. 2013), clear roles (Too et al. 2023), and effective risk intelligence management (Marshall et al. 2020), all geared towards enabling smooth, safe, and compliant handover to operations. Factors exhibiting high ‘Driving power’ and high ‘Dependence power’ exhibit criticality as linkages (see Bashir et al. 2022). This is so because these risk readiness sub-factors both have major direct impact on other sub-factors and are the most impacted by other sub-factors. This dual nature makes them both influential and vulnerable meaning that they are also likely to be dynamic and with significant cascading impact. For this reason, they should be deemed priority for risk readiness. Consequently, they serve as important focal points of abstract knowledge on risk readiness for practitioners seeking to navigate around the complexity of project handover to operations. The identified sub-factors (from Study 1), served to inform the development of two subsequent sequential studies. 
In Study 2 (quant), drawing on a questionnaire survey, and with data obtained via non-random sampling (N = 378), we explored the fundamental structure of interdependent readiness factors testing the hypothesis that ‘foresight’ is correlated with ‘oversight’ (H1). We found a significant variation in their comparative importance with ‘foresight’ showing strong dominance over ‘oversight’, thus underscoring that within a readiness context relied upon to prepare for uncertainties of the future well beyond conventional expectations, being proactive may hold more relative importance over reactive monitoring and compliance. Our finding aligns with the literature. For example, in their application of readiness to the assessment of projects, Barham and Daim (2020), had determined the efficacy of readiness assessment to be predominantly determined by the ability of the project to leverage not only prior lessons learned from previous projects (which is essentially, ‘oversight’), but also the anticipatory experience of project team members; thus aligning with  an emphasis on ‘foresight’.
In Study 3 (quant), we drew on a follow-up survey, and with data obtained via random sampling (N = 428), to establish the predictive validity of the readiness structure by assessing its capacity to forecast impacts on major infrastructure outcomes. Specifically, we tested five different hypotheses (H2, H3, H4, H5 and H6), seeking to correlate ‘oversight’, and ‘foresight’ with ‘Timeliness’ and ‘Functionality’. Our findings did not support H2 (‘oversight’ readiness is negatively correlated with project ‘Timeliness’). Essentially, our findings point to ‘oversight’ increasing project ‘timeliness’. This finding aligns with Calvo et al. (2019) who found that ‘oversight’ can increase project delays by between 6.1% and 13.8%. Other studies do support the notion of the negative burden of ‘oversight’ on projects (see Brainard and Szajnfarber 2017, 2019a, 2019b). Our findings also did not support or H3 (‘oversight’ readiness is positively correlated with project Functionality). We opine that ‘oversight’ can negatively impact project ‘functionality’ when rigid adherence to compliance standards (e.g., ORAT) constrains effective project handover. ‘Oversight’ may become obstructive (see Calvo et al. 2019), shifting attention from user needs to formal requirements. This may lead to project outputs which are technically compliant but inefficient in practical application. Burdensome ‘oversight’ can force suboptimal design choices, limiting usability and system performance. ‘Oversight’-driven decisions may also lock projects into inflexible designs, reducing adaptability as needs evolve (see Flyvbjerg 2009). 
Our study found support for H4 (‘foresight’ readiness positively correlates with ‘Timeliness’) and H5 (‘foresight’ readiness positively correlates with ‘Functionality’). Accordingly, strong ‘foresight’ enables the early identification of potential delays, resource constraints, and operational bottlenecks in the project lifecycle, allowing preventive actions to be implemented before project timescales are compromised. A central mechanism through which ‘foresight’ fosters readiness is the creation of ‘memories of the future’ (Vecchiato 2015, p. 30). By storing multiple future trajectories, organisations enhance their capacity to recognise, interpret, and respond to environmental change (Paoli and Prencipe 2003; Klein et al. 2007).
As relates to H6 (‘Timeliness’ and ‘Functionality’ positively correlate), our ANN results suggest that (i) ‘foresight’ and ‘oversight’ are good predictors for ‘Functionality’, although ‘foresight’ is a more significant predictor than ‘oversight’. This finding is consistent with the findings from the linear model (i.e., Study 2), where we had found ‘foresight’ showing strong dominance over ‘oversight’. Our ANN results also suggest that (ii) ‘oversight’ is important in predicting ‘Timeliness’, although not to the same extent as ‘foresight’.
It has long been recognised in the literature that ‘foresight’ (e.g., Rohrbeck and Kum 2018; Schwarz et al. 2025) and ‘oversight ‘(Vo et al. 2021) capabilities add significant positive value to decision-making. However, although based more on theoretical insight than lived experiences, ‘foresight’ is arguably more significant than ‘oversight’. 
The view that ‘foresight’ is a stronger predictor than ‘oversight’ features prominently in the strategic management literature (see Garud et al. 1997; Jelinek 1997; Porac 1997; Sihag 2017). While ‘oversight’ plays a vital role in monitoring performance and ensuring compliance by focusing on past and present conditions, ‘foresight’ exerts a more influential role in driving long-term success, organisational resilience, and the capacity to proactively shape a desirable future. Particularly, ‘oversight’, although essential for accountability and compliance, primarily concentrates on past actions and present issues, which may restrict adaptability to changing circumstances, resulting in missed opportunities. ‘Foresight’ on the other hand, is of great importance and value because it engages proactive anticipation of the future, seeking the detection, interpretation and response to signals (Williams et al. 2012), thus driving opportunities (see also Garud et al. 1997; Rohrbeck and Kum 2018; Schwarz et al. 2025). Value from ‘foresight’ is primarily from its ability to create strategic agility and first-mover advantages (Vecchiato 2015; Fergnani 2022a, 2022b).
As evident as our findings may be, ‘foresight’ and ‘oversight’ rely on two assumptions regarding how project practitioners engage with the risks linked to project handover (Porac 1997). Firstly, any claim concerning ‘foresight’ or ‘oversight’ presupposes that project handover exists independently of risk readiness, and that there are external imperatives serving as ex-ante indicators for risk readiness decisions. In the absence of an ex-ante standard for feasible risk readiness choices, it would be reasonable to conclude that a successful project handover would occur purely by chance, thereby reducing ‘foresight’ and ‘oversight’ to mere abstractions. Secondly, ‘foresight’ and ‘oversight’ imply that organizations vary in their access to and comprehension of risk knowledge; some organizations may be confined to a narrow viewpoint provided by ‘oversight’, which focuses on concrete details that are already known, while others are more inclined to engage in ‘foresight’ which focuses on scanning, temporarily setting aside their dependence on current certainties in favour of a future filled with uncertainty.
Effective ‘oversight’ plays a significant role in enhancing project success, with a direct and measurable impact on the success of project handover to operations (Müller and Martinsuo 2015; Vo et al. 2021). Our findings suggest ‘oversight’ to be more influential ensuring project ‘Timeliness’ than ‘Functionality’. As early as Werderitsch (1990), it was observed that rapid technological advancements had prompted project sponsors to retain ownership of ‘oversight’ responsibilities. However, due to various factors, including a shortage of trained practitioners, this role was often executed with only “…an arm’s-length involvement in the technical review and implementation process” (p. 19), indicating a diminished emphasis on functionality. 

6.0 Conclusion
6.1 Theoretical and practical contributions 
Our findings are significant for two principal reasons. First, they provide both scholars and practitioners with a practical basis for prioritising risk readiness capability factors. Second, they highlight the frequently inadvertent de-prioritisation of readiness-related risks, a tendency that can undermine the successful handover of major infrastructure projects to operations.
From a theoretical standpoint, while prior studies have underscored the importance of handover planning, this study is the first to argue for a systematic examination of the interdependencies among risk readiness capability factors associated with handover challenges in major infrastructure projects. We advance this argument through a prudence-based perspective, operationalised via two temporal lenses: ‘foresight’, defined as the anticipatory translation of judgement into action, and ‘oversight’, understood as reflective engagement with past experience. Taken together, ‘foresight’ and ‘oversight’ foster the theoretical discernment necessary to navigate the complex risk environments characterising infrastructure project handover. However, given that ‘foresight’ demonstrates comparatively greater factor importance than ‘oversight’, our findings suggest that successful handover depends more heavily on cultivating ‘foresight’, particularly the capacity to anticipate novel risks emerging during the handover phase. Such ‘foresight’ is developed through sustained attention to risk imagination, involving the identification of rare but valuable moments of clarity, previously overlooked risk readiness capability factors that become intelligible when situated within structured risk narratives.
In terms of practical contributions, the study enables practitioners to more effectively narrow the search for actionable readiness-related risks. Specifically, the findings support improved allocation of risk imagination, a scarce managerial resource, by clarifying how ‘foresight’ and ‘oversight’ shape risk readiness. Moreover, the study identifies the interface between ‘foresight’ and ‘oversight’ as a critical zone for generating actionable insights. This interface offers a practical shortcut for prioritising readiness factors, knowledge that would otherwise be acquired only through extensive project experience.

6.2 Practical recommendations for practitioners
Successful handover of major infrastructure projects hinges on balancing ‘foresight’, anticipating future disruptions, with ‘oversight’, learning from past experiences. Handover should be approached as a forward-looking capability, not merely a final milestone. Embedding ‘foresight’ early in the project lifecycle through scenario planning, operational stress-testing, and ‘day-one’ readiness simulations ensures teams are prepared for complex operational realities. ‘Oversight’ should convert lessons learned into actionable requirements, decision rules, and operational checklists.
Effective governance is essential. ‘Oversight’ is typically led by assurance or Project Management Office (PMO) functions, while ‘foresight’ requires joint ownership by project, operations, and asset-management/ORAT teams. ‘Foresight’ insights should guide ‘oversight’ priorities, focusing learning on high-impact, high-uncertainty interfaces. Aligning incentives with early operational performance and maintaining structured dialogues between project, operations, and asset-management teams integrates past learning with anticipatory judgement, enhancing readiness and improving handover outcomes.
Smaller organisations, often subcontractors, can also apply these principles despite limited resources. They should prioritise high-impact, high-uncertainty areas, using low-cost foresight methods such as structured brainstorming, simplified scenario planning, or lessons from comparable projects. ‘Oversight’ should capture critical learning from previous handovers and operational incidents, codified into checklists or standard procedures. Clear role allocation ensures accountability, while collaboration with external experts or peer organisations supplements internal capacity. By targeting effort strategically, small teams can achieve a practical balance between foresight and oversight without overstretching resources.

6.3 Limitations
This study has several limitations that point to directions for future research. First, the identification and structuring of risk readiness capability factors in Study 1 were based on a focus group of eight experts. Although there is generally no prescribed optimal group size for such panels, its small size in this instance, raises concerns about representativeness and potential bias. This is partly mitigated by the study’s emphasis on theoretical sufficiency, consistent with ISM–MICMAC’s reliance on informed expert judgement, and by subsequent validation in Study 2 and Study 3 using SEM and ANN, which confirmed the robustness and predictive strength of the factors. Nevertheless, future research could further reduce early-stage bias through larger or more diverse expert panels or triangulation across multiple groups.
Second, reliance on a small expert panel may have shaped later survey designs, introducing confirmation bias by constraining the initial conceptual space. This risk was mitigated by treating the qualitative phase as a framing exercise rather than a determinant of quantitative models, and by subjecting the emergent structure to independent testing in Study 2 and Study 3. The consistent emergence of the ‘foresight’ and ‘oversight’ domains suggests that the quantitative analyses did not simply reproduce qualitative assumptions. Even so, future studies could broaden construct identification through multiple or more heterogeneous panels.
Third, the snowball sampling approach used in Study 2 (N=280) may have produced homogeneity due to clustering within professional networks, potentially limiting generalisability. More heterogeneous sampling strategies, including professional registries or cross-national replications, would strengthen external validity.
The sequential multi-method design (qualitative→quantitative→quantitative) also poses challenges for internal consistency, given the use of different samples and analytical techniques across stages. While the repeated identification of ‘foresight’ and ‘oversight’ supports robustness, longitudinal or multi-respondent designs could further strengthen internal validity. The non-significant results for ‘oversight’ warrant careful consideration. One potential explanation is measurement limitations: the instruments used may not have fully captured the nuanced ways ‘oversight’ operates in practice, particularly its qualitative, experience-based dimensions. Contextual factors could also play a role; in highly dynamic or uncertain projects, excessive retrospective review may be less relevant, as teams prioritize adaptability and forward-looking actions over post-hoc scrutiny. This suggests that ‘oversight’ is not universally beneficial: when applied rigidly or excessively, it may become obstructive, slowing decision-making, stifling innovation, or discouraging proactive risk management. Practitioners should therefore calibrate ‘oversight’ according to project context, balancing it with ‘foresight’ to ensure that reflective learning informs, but does not hinder, project handover.
Another limitation is the treatment of major infrastructure as a single asset class. Although consistent with prior readiness research, future studies could examine variation in readiness capability factors across infrastructure categories. Similarly, while the international dataset avoids anchoring findings in a single institutional context, the absence of explicit cultural analysis may limit generalisability. Specifically, it is important to acknowledge that both the UAE focus group and the global survey samples may reflect culturally contingent perceptions of risk readiness and handover challenges. Cultural norms, institutional practices, and societal values influence how risk is interpreted, prioritised, and communicated. In the UAE context, for example, cultural orientations toward authority, uncertainty, and collective responsibility may shape perceptions of readiness and disclosure of risk. Similarly, the global survey aggregates diverse cultural heuristics that may affect the relative salience of ‘foresight’ and ‘oversight’. Future research should adopt explicit cross-cultural comparative designs to examine how cultural contexts shape risk readiness configurations and handover outcomes, thereby strengthening the generalisability and theoretical depth of this work.
Finally, although ‘insight’ (i.e., deep, contextual understanding), may enhance risk readiness by stimulating imaginative reasoning and, in turn, contribute to the re-theorisation of readiness, it was excluded from our temporal framing of risk. This exclusion reflects the highly context-dependent nature of ‘insight’ and the associated challenges of operationalising it consistently across empirical settings.
In the literature, ‘insight’ is closely associated with self-awareness and originality, often emerging when entrenched assumptions are challenged and novel perspectives arise (Shen et al. 2018). We contend that the absence of such ‘insight’ during the handover phase may give rise to serious and unanticipated challenges. For the purposes of this study, insight adds value to the examination of interdependent risk readiness capabilities in two important ways: first, by structuring imagination in ways that enhance readiness effectiveness; and second, by aligning with emerging typologies of readiness that extend beyond purely temporal dimensions.
We suggest that the systematic identification of causal mechanisms linking readiness capability factors; what we refer to as readiness ‘insight’, offers a promising pathway for advancing both theory and practice. Once articulated, such insights require continuous refinement through iterative assessment and adjustment. Extending the mapping of causal relationships beyond oversight and foresight to explicitly incorporate insight would therefore further enrich understanding of readiness within complex infrastructure systems.
Future research should empirically test this extended framework through in-depth case studies, examine how different stakeholder groups prioritise and interpret readiness failures, explore the behavioural foundations underpinning the interplay between insight and foresight, and develop causal, mechanism-based approaches to readiness-related ‘insight’, particularly at the intersections between readiness domains.
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