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[bookmark: _Toc36039507]Abstract
Construction megaprojects are notorious for high rates of failure and not delivering promised benefits. There is also the misimpression that megaprojects are bigger versions of smaller projects. Reality is very different; megaprojects are orders of magnitude more complex and are hypersensitive with extreme reactions to small perturbations in cost, schedule, or scope. Research demonstrates that megaprojects experience similar causal factors and failure modes as smaller projects; however, extreme reactions expressed to these stimuli are due to a combination of megaproject complexity compounded by failure modes in four major categories: planning and coordination, execution, governance, and documentation. Communication breakdowns are one root cause shared in common by all four major failure categories; effective communications is a trainable skillset that can have a positive return on investment for construction megaprojects failure rates that is greatly out of proportion to the investment.
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[bookmark: _Toc36039510]CHAPTER 1:  Introduction
While project management is becoming a core competency for most public- and private-sector organizations, the lineage of project management can in large part be traced back to civil engineering and construction-related endeavors (Kozak-Holland, 2011). Beginning in the post-World War II era, project management has evolved from a skilled-labor tool to a management philosophy and professional practice (Clegg, et. al., 2017). However, with more organizations utilizing project management tools there is a growing recognition that many projects fail to meet their goals, objectives, or expectations of the project owner. 
An internet search for “project failures” returns millions of results, with some authors stating the average project failure rate is 70 percent or higher (Discenza and Forman, 2007; Bridges, 2013; Greene, 2018). One professional organization, the Project Management Institute, regularly publishes their Pulse of the Profession, which in 2017 noted that the average failure rate of project across all business sectors has been reduced to approximately 50 percent. While there is a plethora of literature on the subject of project failures, there is a dearth of published root cause analyses and actionable corrective and preventative actions (CAPAs) to drive the development of new best practices.
 The high rate of project failure spans all industry sectors and affects both private- and public-sector organizations. In the realm of megaprojects, performance data is even more dismal; 70 to 90 percent of megaprojects have cost overruns and delivered-benefits shortfalls. Project failure is of particular concern for megaprojects for four significant reasons: (1) There are more megaprojects initiated now than any time in the past and this appears to be an increasing trend; (2) Megaprojects are important to the global economy and require substantial funding, which can put entire private- and public-sector organizations at risk for failure; (3) Megaprojects are composed of complex interconnected systems that are hypersensitive to the effects of failure, and they are failing all too frequently; and (4) Megaprojects are critical to the global economy, but there is a paucity of published literature concerning lessons learned, key success factors, failure modes, or CAPAs for megaprojects (Merrow, 2011; Flyvbjerg, 2017). 
Projects fail for many reasons; the published literature documents project failure modes in generalized categories that are further quantified into subgroups of causal factors, which can be reduced to root causes for the failure, and ultimately CAPA can be developed to prevent recurrence (PMBOK® Guide, 2017). The last two steps, root cause analysis and developing specific CAPA, are frequently not present in the reviewed literature due to many reasons, including organizational reticence to expose proprietary information, concerns over providing additional opportunities for litigation, or to prevent public and/or political blow-back for actual or perceived lapses in exercising fiduciary responsibilities.
The high rates of megaproject failures presents a meaningful opportunity for research to assist in bridging the gap between recognizing project management problems and symptoms and translating that into actionable methodologies to reduce or prevent future, similar project failures.
[bookmark: _Toc36039511]Background
The Project Management Institute defines a project as temporary endeavor undertaken to create a unique product, service, or result (PMBOK® Guide, 2017). Projects were once parlance of large-scale construction projects, complex engineering projects, or large infrastructure and military projects (Kozak-Holland, 2011). The formalization of project management methodologies is commonly dated at the start of the aforementioned infrastructure and military projects by the United States in the 1950s; which are also some of the first modern megaprojects, although not so-named at the time. Over the past 50 years, the disciplined methodologies utilized in formal project management processes have been adopted by most business sectors as ‘best practices’ to drive change, innovation, and process improvements that support organizational performance and profit goals (Pulse of the Profession, 2018). 
With project management tools and techniques being used by a wider array of organizations, more literature is being dedicated to discussing why projects fail across all industry sectors. For smaller projects, the common causal factors for project failure include a lack of or failure to (a) plan sufficiently; (b) execute effectively; (c) control costs; (d) manage change and risks; or (e) maintain the project schedule and scope (Merrow, 2011; Kerzner, 2014). The literature related to failure modes for smaller projects typically includes identifying causal factors and resulting outcomes (i.e., cause and effect analysis) but often stop short performing a root cause analysis to develop CAPAs (Bridges, 2013; Espy, 2016).
With the acceleration and expansion of technological changes over the past 20 years, escalating infrastructure requirements to support increasing populations, and the ever-increasing demands of a global economy, both public- and private-sector organizations appear to be following the mantra of ‘grow and evolve, or perish.’ The trend of organizations evolving into mega-companies started in the 20th Century in reaction to the need develop greater capacity, create more leverage to compete globally, and to demonstrate sufficient resources to secure increasing quantities of financing (Cole, 2013; Dicken, 2015). 
The etymology of “Mega” derives from the Greek root megas and means great, large, and important; all these adjectives aptly describe megaprojects. Since the beginning of the 21st Century, megaprojects are getting larger in scale, built in greater numbers, and increasing in dollar value. For example, global infrastructure spending is estimated at US$ 3.4 trillion per year through 2030; this approaches 4 percent of total global gross domestic product delivered as megaprojects. Including private-sector organizations that utilize megaprojects as a delivery model (e.g., oil and gas, mining, aerospace, supply chains, etc.), the global megaproject market is estimated at US$ 6 to 9 trillion per year, or approximately 8 percent of total global domestic product (Dicken, 2015; Flyvbjerg, 2014, 2017).
Megaprojects are attractive to private- and public-sector organizations because they deliver significant jobs, revenue, and taxes. However, megaprojects, like any large, complex system, are hypersensitive to change and quickly reveal unexpected and unintended consequences to even small perturbations in budget, scope, or schedule. Aspects of megaprojects that are often poorly considered with this delivery model include, but are not limited to:
· Megaprojects are characteristically risky due to the complexity of the planning required compounded by long planning horizons (Flyvbjerg, 2007).
· Frequently, megaprojects are led by managers without sufficient experience and it is common for managers to change during the long project life-cycles (Dempsey, 1997).
· The project workscope typically experiences significant changes over the project life-cycle (Flyvbjerg, 2017).
· Planning, management, and decision making is a complex process of securing a consensus involving multiple stakeholders, often with conflicting agendas (Lenfile & Loch, 2017).
· Stakeholder confusion is common due to communication issues, management struggles, insufficient planning, and misaligned priorities resulting in schedule delays, cost overruns, and benefit shortfalls (Caldas & Gupta, 2016).
Project management tools and techniques continue to adapt to meet the evolving needs of a profession that is endeavoring to satisfy the disparate objectives of complex megaprojects. While the literature demonstrates there is a growing awareness that conventional project management approaches routinely fall short of delivery excellence for megaprojects, there is also a shortage of theoretical knowledge to support robust, actionable solutions (Flyvbjerg, 2007). Additionally, Clegg, et. al., (2017) suggests such knowledge exists but is embedded in social science’s research into organizational politics, an area of research seldom visited by the engineering disciplines that tend to lead megaprojects. This research is intended to illuminate the more common failure modes impacting megaprojects and to provide actionable solutions that project managers can readily use to preclude the recurrence of these megaproject failure modes.
[bookmark: _Toc36039512]Problem Statement
Civil engineering and construction projects of all sizes and levels of complexity are considered to fail due to a high number of failure modes, as measured by a composite of cost overruns, lack of on-time completion, not providing the expected benefits or value, and subsequent litigation to address these failures (Barkley, 2004; Merrow, 2011). There is a wealth of literature documenting high rates of project failure and causal factors linked to these failures. However, for all the discussions about project failures, there is a limited amount of literature dedicated to identifying root causes for the failures, and even less focusing on PACAs to prevent recurrence of the failures.  
Failures are more pronounced and highly visible in the realm of megaprojects (e.g., projects funded in excess of one billion dollars and may involve both private- and public-sector participants). The literature documents failure modes in smaller projects are similar to those found in megaprojects (Flyvbjerg, 2017); however, the magnitude and impact of failure modes in megaprojects are much greater due to their greater complexity. In short order, complexity creates uncertainties, which in turn generates a hypersensitivity to perturbations in cost, scope, or schedule that are disruptive to the organizations involved and can jeopardize an organization’s fiscal viability. 
Initial research will be the foundation for a dataset of failure modes for smaller civil engineering and construction projects that will be used to support cause and effect analysis and root cause analysis. The methodology and results from the initial research will be used to validate that similar failure modes are present megaprojects. Secondary research will be performed on megaproject-specific literature to corroborate the dataset and conclusions drawn from the primary research as well as to refine a similar root cause analysis and CAPA approach for common failure modes in megaprojects. Additionally, the results and evaluation of megaproject failure modes will be applied to a specific megaproject, the Eastern Span Replacement of the San Francisco – Oakland Bay Bridge, to further verify and validate the approach, methodology, and efficacy of proposed CAPAs. Finally, primary research will be performed to validate the results and findings from secondary research through administering a questionnaire and/or face-to-face interviews with executive of local construction companies 
[bookmark: _Toc36039513]Research Outcomes/Answer
	The expected outcome of this research is a demonstration that the high rate of megaproject failures across public- and private-sector organizations originate from a finite list of causal factors. Because megaprojects are highly complex endeavors, multiple, concurrent, and compounding failure modes will be the norm, such as a breakdown in communications. The greater complexity of failure modes will result in multifarious root causes that will require a combination of CAPA to successfully mitigate failure modes.
[bookmark: _Toc36039514]Objectives
The objective of this research is to identify root causes of frequent failure modes in megaprojects and provide actionable solutions to allow project managers to identify, mitigate and/or eliminate them. This will be accomplished by reviewing literature and performing cause and effect (C&E) analysis, Pareto analyses, and trend analysis to speciate causal factors into more granular sub-categories that can be further evaluated. (i.e., nested C&E and Pareto analysis) to develop root causes, which will be used to develop CAPA shall be developed. Specific objectives and expected outcomes include:
· Developing a dataset of the common project failure modes for smaller traditional civil engineering and construction projects that will be used for root cause analysis to prepare CAPA for the most common failure modes.
· Using the methodology and results from traditional project to serve as the foundation for a similar evaluation of megaprojects to develop actionable CAPA for these expensive and highly visible projects.
· Provide project teams with tools to recognize triggers that can lead to failure modes so they may be engineered out of the project during design, and/or more readily identified during project execution so they can be more expeditiously addressed earlier in the project lifecycle resulting in capital savings, better quality, and lower risk profiles.
[bookmark: _Toc36039515]
Limitations of the Study
Due to the wide range of reported project failure modes, a number of constraints and limitations were incorporated into this research to narrow the focus to anthropogenically-caused failure modes that tend to occur with greater frequency and for which root cause analysis leads to actionable CAPAs that project teams can readily utilize. Constraints and limitations for this research include:
· Failure modes versus failed projects: A universal definition for project failure is difficult, as each project is unique and definitions of project failure can be subjective. Further compounding this subject is the fact that aspects of projects can be considered failures (e.g., over budget and/or behind schedule, and/or benefits not delivered) yet the completed project is fully functioning and serves the purpose for which it was intended. For example, construction of the Denver International Airport (DIA) took years longer to construct than initially planned with a cost over-run of 200 percent. Yet, DIA is considered a successful world-class airport (Dempsey, et. al., 1997). Because of these complexities, this research looks at failure modes; specifically, aspects of megaprojects that fail as defined by exceeding baseline budget or schedule by at least 25 percent.

· Project changes resulting from approved change orders to budget, scope, or schedule that evolve to accommodate changing conditions will not be considered project failure modes. However, large-scale changes resulting from a lack of or poor project planning and research are considered failure modes.
· Projects that are terminated before completion by organizations for strategic business decisions, such as the project, product, or service is no longer needed, will not be considered failure modes because these types of strategic decisions originate with the organization’s leadership and are beyond the purview of the project team.
· Projects that are terminated due to changes in law, regulations, or Force Majeure will not be considered because these types of strategic decisions originate with the organization’s leadership and are beyond the purview of the project team.
· Projects that are terminated due to external factors such as unavailability of raw materials, fluctuations in monetary exchange rates, government instability, etc., will not be considered because these types of strategic decisions originate with the organization’s leadership and are beyond the purview of the project team.

· Projects that are terminated due to environmental and/or workforce safety-related concerns that were unknown or unknowable prior to project initiation will not be considered because these types of strategic decisions originate with the organization’s leadership and are beyond the purview of the project team.
· Many organizations do not publish candid discussions of their root-cause analyses for failed projects for risk management considerations, proprietary content, concerns over potential litigation, and/or to prevent a “loss of face” with shareholders, customers, or constituents. This constraint is significant because it limits the availability, contents, and number of documented megaproject failures.
· The intent of this research is to identify a finite list of failure modes common to megaprojects and develop a range of actionable solutions for the most frequently encounters root causes. This research will not create an exhaustive dataset of megaproject failure modes, causal factors, root causes, and CAPAs.

· Primary research, specifically the access to and level of participation by construction company executives to questionnaires or interviews is outside the sphere of control of the research team. 

[bookmark: _Toc36039516]Definitions of Terms
CAPA – Corrective and Preventative Actions
DIA – Denver International Airport
FED – Front End Design
FEED – Front End Engineering Design
FEP – Front End Planning
Major Projects – Projects costing in the hundreds of million’s.
Megaprojects – large-scale complex ventures that cost $1 billion or more, take years to develop and build, and involve multiple public and private stake holders. Also known as “major programs.”

Projects – costing into the tens of millions
RCA – Root Cause Analysis

[bookmark: _Toc36039517]Summary
	There is an abundance of published literature on the high rate of project failures in general that touch on what constitutes a failed project and potential causal factors for the failures. However, the majority of the reviewed literature stops short of performing root cause analyses for these failed projects, nor are CAPA typically presented. There is a growing body of knowledge and literature on megaprojects that suggest the failure rate of these highly visible and extremely expensive projects are routinely close to 90 percent. The literature concerning megaprojects typically examines causal factors and has a greater tendency to pursue root causes than was observed for projects in general, but is typically silent on proposing CAPAs. 
There is a clear and present need for actionable solutions (CAPA) to address the rising tide of megaproject failures that will be pursued in this research. The next chapter, Chapter 2: Literature Review, expands on and provides corroborating details from the body of knowledge that is the foundation that supports this research. 


[bookmark: _Toc36039518]CHAPTER 2:  Literature Review
Literature related to project management, specifically project failures, has existed as long as there have been projects to manage (Kozak-Holland, 2011). Since the post-World War 2 era, considerable resources have been dedicated to the development and refinement of formal project management methods, philosophies, processes, and procedures. The advent of the digital revolution and the explosion in the number of megaprojects being initiated over the last 25 years has also triggered an increase in the literature dedicated to the high rate of project failures, especially for highly visible and very costly megaprojects. 
While there is profusion of articles dedicated to project failures, there appears to be a wide range in the caliber and efficacy of the content represented in the published literature. This is a poignant consideration because the majority of project management professionals cast a wide net when searching for best practices, case studies, and/or scholarly research on the current state of the practice. Therefore, the sheer volume of content on this topic can be daunting for practicing project management professionals; most of whom are already over-scheduled and under-resourced when seeking alternatives during project planning or to solve their current flash-fire issue.
This chapter starts with an overview that puts project management literature into context and provides a synopsis of the types literature used to support this research. The overview will be followed by a focused history of the topic of project and megaproject failures and a discussion on the scope of the problem of megaproject failures. The penultimate section of this chapter will provide a summary and the chapter will be closed with a discussion concerning gaps in the literature.

[bookmark: _Toc36039519]
Literature Overview
The field of project management is a data-rich environment with an overabundance of information. In general, project management literature can be divided into five general categories: 
1. Project management processes and procedures manuals and textbooks. This includes respected practice guides (e.g., PMBOK® Guide, 2017) and the works of scholarly practitioners (e.g., Kerzner, 2013 and Flyvbjerg, 2017). These documents are widely distributed and have a large readership, but while they provide a wealth of project management information they fall short of providing practical CAPA.

2. Trade publications and periodicals, which have a broad distribution and readership and present casual information on the topic that may or may not also provide actionable information that project management professional can use.

3. Peer-reviewed journals focused on project management (e.g., Project Management Journal), which have smaller distributions and readership than trade publication/periodicals and generally provide well-researched information focused on identifying underlying causes of project failures and successes. These publications will typically present cause-and-effect analysis, occasionally root-cause analysis, but rarely specific CAPA. 

4. Case studies, which can be the result of peer-reviewed research as well as in-depth tomes that focus on the varied aspects of specific project’s failures or successes (e.g., Dempsey, et. al., 1997; Kerzner, 2014). These case studies generally have even less distribution and readership than peer-reviewed journals and typically provide details and insights concerning how, when, where, and occasionally why a project failed, but leave it up to the reader to synthesize their own CAPA concepts.

5. Academic, or scholarly research into project management topics as either the primary focus of research, or as a secondary component of another discipline’s use of project management methodologies. These formally organized, carefully researched, and rigorously peer reviewed articles present detailed analysis, frequently document cause-and-effect relationships, and often provide root-cause analyses. However, there is an under abundance of actionable CAPA in this category of project management literature. Additionally, this category of literature is under-represented as source of information for most project management professionals unless they have access to the resources and databases of academic institutions.

The literature evaluated for this research is drawn from all five categories, but the greatest focus was on peer-reviewed journals, case studies, and scholarly research. Initial research was performed to corroborate and validate the nature of literature available concerning the general topic project failures. This initial research exposed a plethora of literature documenting a high frequency of project failures across all industry sectors as well as a common set of frequent casual factors for the failures. Upon developing a foundation for project failures in the initial research, secondary research was focused on megaprojects, their high rates of failure, and the modes of failure. 
Secondary research expanded the dataset from project failures in general to the focus of this research, the high rate of failures for construction-related megaprojects. The secondary research was also directed at a specific megaproject, the San Francisco-Oakland Bay Bridge replacement project, as a platform to evaluate, validate, and corroborate the failure modes attributed to megaprojects. Primary research was performed to corroborate and validate the failure modes analysis developed through secondary research through questionnaires and where possible, direct interviews with executives from local construction firms.
[bookmark: _Toc36039520]History of Topic
[bookmark: _Toc36039521]	Literature related to project management failures range from trade publications to peer-reviewed technical journals to scholarly research, but the literature reviewed for this research was predominately published the past 15 years. This wide range of publication dates is necessary to more completely evaluate the evolution of megaproject literature from recognition of failure issues to current research concerning causes and effects of these failures. The following sections discuss the literature reviewed.
Initial Research
Initial research started with a review of fundamental project management processes and procedures (PMBOK® Guide, 2017; Practice Standards for Project Risk Management, 2009) as well as current text books on project management (Barkley, 2004; Kerzner, 2013, 2017) to develop context for further literature research on project management failures. These fundamental project management standards provide a solid foundation for the current state of knowledge on what constitutes a successful project, how to identify risks, and the fact that projects can fail. However, these standards and text books devote little content to how projects fail and even less to performing cause and effect analysis, root cause analysis, and developing CAPAs. 
Subsequent initial research was performed through trade journals and periodicals, peer-reviewed articles, and online sources of project-management topics. Documents located on various websites dedicated to project management topics provided informative, short articles focused on key characteristics of project failures (Bridges, 2013; Rongala, 2015; Taylor, 2015; Espy, 2016; Neeru, 2018; Stewart, 2018). These authors provide discussions on common, generalized project failure modes, such as lack of or poor communication, failure to manage stakeholders, errors in project execution, poor risk management but are silent on developing the skillset necessary to proactively identify and prevent the identified project failure modes. On the other hand, a paper by Patrick (2001) provides insights on identifying and buffering projects against risks and failure modes, which provided logical next steps from the project management practices and standards, but stopped short of root cause analysis and developing CAPAs.
The Project Management Institute (PMI) publishes an annual report Pulse of the Profession (2017, 2018) that provides an informed discussion on the current state of the practice for project management. These reports devote content to the rate of project failures, common failure modes, and to a lesser extent, how to identify and mitigate project failure modes. What is surprising is that PMI, the world’s foremost professional association devoted to project management did not start devoting general interest content (e.g., outside of their Project Management Journal) to the topic project failures until 2017. While the Pulse of the Profession series provides meaningful, useful information on project failures, they too stop short of developing root cause analysis and CAPAs. 
There were two notable journal articles encountered during initial research that provided greater insight into project failures. The first is an article by Discenza and Forman (2007) that discusses the details of seven causes of project failure as well as how to recognize the failure modes and initiate recovery. The second, an article by Gamil and Rahman (2017) that delved into the causes and effects of poor communication in construction projects. While both articles dive deeper into the cause and effect relationships in projects, they stop short of providing focused root cause analysis and pragmatic CAPA that project managers can readily utilize
Several common themes were observed during initial research into project failures. First, project failure is not industry specific, it impacts all public and private sectors. Second, project failure modes, in general, occur when there is insufficient planning, budgeting, scheduling, execution, or resources; none of which is surprising. Third, which failure modes impact a given project is project-specific, as each is unique. Fourth, the general literature encountered during initial research was almost universally devoid of cause and effect analysis, root cause analyses, or CAPAs.
Based on initial research, there are four major categories of megaproject failure modes: (1) Project planning and coordination; (2) Project execution; (3) Project governance, and (4) Project documentation. Because megaprojects are composed as a series of large interconnected systems, identifying communication breakdowns as a key commonality in failure modes was unsurprising but its pervasiveness was.
[bookmark: _Toc36039522]Secondary Research
Secondary literature research followed the pattern developed for initial research but focusing on megaprojects, or projects that have a completion value of at least $1 Billion and whose duration is measured in years (Merrow, 2011; Kerzner, 2014; Bissonette, 2016; Flyvbjerg, 2017). While this demarcation between megaprojects and other projects is empirically derived, it is consistently used by the majority of the authors reviewed for this research. It is also notable that a majority of authors reviewed for the secondary research documented how megaprojects share the many of the causal factors and root causes that are associated with smaller projects, the distinguishing difference is that megaprojects greatly magnify the impact of project failure modes well beyond what smaller projects experience (Keeling, 2000; Kozak-Holland, 2011; Kerzner, 2013).
Dempsey, Goetz, and Szyliowicz (1997) present a well-researched tome on the history of a megaproject redolent with failure modes: the construction of the Denver International Airport. The authors go into great detail into the many, varied, and interconnected failures that resulted in a project that was delivered 200 percent over budget and years behind schedule. It appears that if a failure mode could happen, it did, often more than once. All told, this megaproject registered failures in all of the four major failure mode categories identified in initial research.
Board (2003) and Greiman (2013) present detailed research into the one of the most famous failed megaprojects: Boston’s infamous Big Dig subway construction project, which was completed 220 percent over budget and years behind schedule. These authors recount the many ways this megaproject experienced a cascade of failure modes that included all four major failure mode categories developed in initial research. 
Keeling (2000) provides perspective on the complexities and variabilities in developing and executing projects on an international scale and touches directly or indirectly on the four major megaproject failure modes identified in initial research.  Similarly, Dicken (2015) provides insight on the complexities of working at the intersection of globalization and project management. A central theme of these two authors in the criticality of effective communication. 
Assaf and Al-Hiji (2006) present useful research concerning causes of delays in large construction projects in Saudi Arabia. The authors provide a unique approach by developing a list of the types of delays that occurred on the projects and then tabulate how the delays impact the owner, contractors, and consultants, respectively. The varying perspectives reveal how the complexity of large project delays affect all stakeholders. Unfortunately, no insight on how to prevent construction project delays was provided.
Flyvbjerg’s 2014 article What you Should Know about Megaprojects and Why, provides a well-written introduction to megaprojects and puts the challenges of megaprojects into perspective. In this article, Flyvbjerg makes a tongue-in-cheek comment about megaprojects that sums up how many public- and private-sector organizations perceive megaproject performance in general: “The ‘iron law’ of megaprojects: Over budget, over time, over and over.” This perception of megaprojects as seriously flawed failures presents a paradox in that there is more demand for megaprojects now than ever before, are trending to be larger, and occur with greater frequency. Flyvbjerg (2004) notes this paradox is driving a dysfunctional project management model he calls the break-fix model (something breaks, it is ‘fixed’ quickly, and the project resumes). This dysfunctionality is interpreted to be a hold-over from how many organizations manage operations and smaller projects; specifically, poor planning leads to more frequent errors for which no rigorous root-cause analysis is performed, which leads to symptoms being addressed rather than root causes. This practice of misidentifying symptom as root causes results not in lessons learned with the attendant solutions; rather, organizations are left with lessons observed in which they are surprised to witness the same errors repeated again and again. When this happens on a megaproject, it is typically very visible, very public, and very expensive (Flyvbjerg, et. al., 2003; Achenback, 2011; Abbasi, 2013; Herszon and Keraminiyage, 2014). While these authors present primarily causes and effects analyses, their work is supportive of the four major categories of megaproject failure modes identified in initial research.
Merrow (2011) and Davies (2010) makes compelling arguments that megaprojects are generally developed with at-times competing interests; the need to shape the megaproject for profit for stakeholder-investors while at the same time providing a stable project environment that is conducive to best practices in project governance. This duality of project purpose can and often does create dysfunctionality and high tensions within the project team and contributes to megaproject failures. NASA (2019), in their response to the independent review of the James Webb Orbital Telescope (Webb), discuss the various competing criteria and agendas faced by megaprojects. Goldenburg (2010) and Broder (2011) provide additional support to this argument by documenting the drive for profit overwhelmed other considerations, such as project governance and following established processes and procedures, was in part responsible for the Deep Water Horizon oil spill. These author’s arguments support the four major failure mode categories developed in initial research as well highlighting the importance of communication skills in megaproject management.
Sanchez-Cazorla, et. al. (2016) notes that megaproject are so large, complex, and politically charged that risk management becomes of paramount concern. Mr. Sanchez-Cazorla as well as Espy (2016) posits the need for large capital investments routinely requires multiple sources of financing, which in turn draws in more stakeholders that often have agendas beyond that of the project owner. The relationship between large financing needs, multiple stakeholders, and multiple agendas leading to communication breakdowns, increased risk, and greater chances for megaproject failure are echoed by Caldas and Gupta (2016), Al Zwainy and Varouqua (2018), and Damoah and Desmond (2018). While there is considerable agreement amongst these authors for the need for increased and more effective risk management, they provide a paucity of actionable guidance that will be useful for project management professionals to solve complex risk management issues.
Researchers investigating construction megaprojects tend to focus on two key aspects of construction: (1) design errors; and (2) execution errors. There is a general agreement by researchers that delays are disruptive and expensive due to the nature of megaprojects: long project durations, sensitivity to environmental factors, complex processes, competing stakeholder agendas, and often contentious dynamics leading to communication breakdowns within project teams (Lopez and Love, 2012; Gupta, 2015; Jingmond and Agren, 2015). Wang, et. al. (2018) adds contractual complexity to the list of failure-inducing factors in construction megaproject, noting the sheer magnitude and complexity of the contracting documents present a secondary failure mode. Specifically, adding difficult contractual requirements that impede project efficiency and execution. These researchers effectively use cause and effect analysis on these construction-related failure articles, but they are approaching the topic from theoretical perspective rather than a pragmatic, solutions-oriented approach.
Hsu, et. al. (2017) applies root cause analysis to schedule deviations in construction projects and developed cause and effect relationships for failure modes. The primary root causes identified by these authors are insufficiently trained personnel, inadequate project controls technology, and poor requirements traceability, which parallel the failure modes developed in initial research. However, Hsu’s team did not beyond cause and effect to propose actionable solutions.  
Sjekavica-Kelpo and Radujkovic (2019) evaluated failure modes in water infrastructure projects and developed what they termed an ‘early warning system’ to facilitate project team members recognizing potential failures before they happen. The tool conceptualized by these researchers is a variation of a project management staple, the risk register, upon which potential risks are identified, evaluated, prioritized. However, most risk register/early warning systems are mostly reactive, not proactive. While a useful tool, the authors have not presented a CAPA-like approach to prevent the failure mode.
Of the researchers publishing on the topic of megaproject failures, Flyvbjerg is one of the leading voices in the field. A portion of his body of work is used for this research (Flyvbjerg, 2003, 2007), (Flyvbjerg, Holm, and Buhl, 2003), and (Flyvbjerg, et. al. 2018); the primary focus of his research are the causes of cost overruns as well as what are and how do megaprojects function. One of Flyvbjerg’s more recent works from 2017 is as editor of The Oxford Handbook of Megaproject Management, which is being touted as ‘the classic’ reference on the subject and the tome covers a wide range of megaproject failure modes, which frequently provide useful cause and effect analysis. For all the information provided by Flyvbjerg and the contributing authors in the Handbook, the work is primarily looking at the theoretical constructs of the multifaceted issues that create megaproject failure modes and is not solutions-oriented. Which is unfortunate for project owners, financiers, and other key stakeholders, as these key stakeholders tend to view megaprojects as vehicles to deliver a return on investment and would benefit from an expanded understanding of mechanics of megaproject management.
The Oxford Handbook of Megaproject Management provides insight into the workings and failings of megaproject management through the research results of a diversity of scholars. Flyvbjerg (2017), as the editor, summarized the findings authors represented in this classic tome, of which the following are notable: (1) Megaproject are inherently risky due to long project duration and complexity; (2) Megaprojects are often lead by managers without sufficient skill and there is high turn-over for these managers; (3) Megaproject workscopes typically evolve significantly over time; and (5) Complexity and unplanned events are often unaccounted for and can have extremely negative outcomes. However, with all the acumen and knowledge represented in this classic tome, it is disproportionately silent on practical, applied actions that working project managers can use to develop CAPAs. There are proposed solutions in the section of the book that Flyvbjerg labels as ‘cures,’ but they are lengthy discussions on how to perform fundamental project planning, scheduling, costing, and risk management without providing new insights.
	Khallaf, et. al. (2018) presents a case for developing a better informed risk registry to support the identification and prevention of risks that can lead to megaproject failure. The authors are not presenting a novel idea, as risk registers are in common use. However, the authors do contribute an excellent, concise example of typical risks encountered by megaprojects, which coincide with the four major categories of failure modes developed in the initial research. In a similar manner, Ling and Bui (2010) provide case studies on factors affecting construction projects. This research also contributes to an understanding of the complexity of large construction projects, but does not provide specific, actionable steps for a project manager to employ.
Rostami and Oduoza (2017) was utilized for this research because they approached construction-related issues from the contractor’s perspective. This research developed a series of key risks from a contractor’s perspective; the most important of which were timely payment from the project owner followed by change requests that result in contentious negotiations for increased compensation for increased scope. While the topic and results are not surprising, this paper did provide a further example of the role communication plays in a projects success or failure. 
Bates, et. al., (2018) provide an interesting perspective on the causes and cures for megaproject failures. Interesting because it comes from attorneys specializing in contract law. The authors do a systematic and logical review of the issues facing megaprojects, they provide a concise listing of the types of issues faced by megaprojects, and not surprisingly, dedicate significant content to the various types of contracting mechanisms available. Most striking of the author’s recommendations was for the inclusion of a project team member that is a cross between an attorney, a risk manager, and project manager to make sure contracting was appropriately performed. The information in this article provides corroboration of the many causes of megaproject failure modes, most notably the importance of communications related to contracting. 
In a departure from the commonly accepted basis for failure modes in megaprojects being derived from complexity alone, Paddock (2015) posits and different theory. Specifically, megaprojects frequently fail because beyond a certain threshold cost, project management decision-making is transferred from experienced project management professionals to the senior business executives of the sponsoring organization(s). Paddock suggests this is significant because senior business executives are focused on business decisions beyond the scope of the megaproject, such as their organization’s viability and potentially do not spend sufficient time understanding the relationship between the megaproject and the organization’s long-term health and short change the megaproject in pursuit of personal agendas. Paddock’s theory ties in well as a key causal factor driving all four major megaproject failure modes identified in initial research.   In support of Paddock’s theory is the observation that senior business executives and project managers have a built in communications barrier/breakdown that takes conscious effort on both sides to overcome. Specifically, project managers are tasked with correctly executing the approved megaprojects, executives are tasked with identifying and initiating the appropriate megaprojects to support their organization’s strategic goals. Therein lies is the problem, both sides speak different ‘languages’ and perceive their respective obligations in distinctly different ways; which left unrecognized and unaddressed leads to communication breakdowns that are causal factors to megaproject failures.
Alfalla-Luque, et. al. (2015) present summary research on megaprojects under the umbrella of the European Cooperation in Science and Technology (COST) that is focused on the identifying risk management considerations that can positively or negatively impact megaprojects. These authors drew from a large body of project management literature and identified risks that lead to failures in all four of the major failure mode categories identified in initial research, but focused their efforts on evaluating those front-end factors that can used as indicators of potential failure modes. Research conducted by IBEW (2019) developed concurring results from the perspective of contractors that believe greater attention on three factors: (1) utilizing risk-based planning; (2) applying more front end engineering and design FEED; and (3)   implementing better project governance that clarify roles, responsibilities, and consequences for megaproject stakeholders are required to reverse the trend of megaproject failures.
[bookmark: _Toc36039523]Primary Research
Primary research consisted of surveying executives and senior project managers in public- and private-sector construction-related industries that have direct experience in leading multimillion and billion dollar projects and megaprojects, respectively. The purpose of the survey was to verify and validate the means, methodology, and findings of this research. 
The results of the primary research are in alignment with findings in the initial and secondary research and provide corroboration for the four main causal categories for megaproject failures identified through this research. The methodology used for research and analysis is presented in Chapter 3: Methodology; results and analysis are presented in Chapter 4.
[bookmark: _Toc36039524]Scope of the Problem
Current research into the high rates of failure in megaprojects clearly documents there is a cacophony of competing interests that make megaprojects susceptible to failure at a greater rate than smaller projects. The literature is well well-known concerning potential causal factors for these failures. The focus of this research is to move beyond cause and effect analysis and evaluate potential root causes for the purpose of proposing actionable solutions that project managers can use to reduce or eliminate failure modes in megaprojects. 
[bookmark: _Toc36039525]Summary
There is an abundance of research in the area of project and megaproject failures, with literature pertaining to megaprojects having a greater focus on the causes and effects of various failure modes. Initial research on project failures lead to four major categories of megaproject failure modes: (1) Project planning and coordination; (2) Project execution; (3) Project governance, and (4) Project documentation. Secondary research into megaprojects corroborates and supports the categorization as well as demonstrating these four categories affect all megaprojects. 
The construction-related megaprojects reviewed during this research suggests that this subgroup of megaprojects skews toward a higher percentage failure rate due to technical complexity combined with abundant opportunities for communication breakdowns. Construction megaprojects failure modes are further exacerbated by global logistical and supply chain burdens, the frequent need for international financing, and the political considerations associated with dealing with sovereign nations.
[bookmark: _Toc36039526]Gaps in the Literature
The literature on megaprojects provides an abundance of information on who’s, what’s, where’s, why’s, and how’s of the failures of very large and expensive projects. Unfortunately, the literature is underrepresented on presenting root cause analyses and practical, actionable solutions. The most significant gap in the literature on failed projects is the chasm between theory and practice. 
There is an overabundance of literature stating the obvious, projects fail and megaprojects fail spectacularly. At the same time, there is clear and pressing need to develop actionable solutions to reduce and/or eliminate failure modes in all projects. The incongruence between an abundance of literature and a paucity of solutions creates a paradox of choice (too many choices is worse than too few) for project management professionals and stakeholders. The gap is composed to two parts. First, much of the literature discusses cause and effect relationships but does not take a more robust approach and evaluate root causes. Second, after developing root causes for project failure modes, to propose actionable solutions that can used by project professionals. 


[bookmark: _Toc36039527]CHAPTER 3: Methodology
	This chapter provides a review of the research methods employed for this Capstone along with discussions pertaining to data collection and anlaysis, and concludes summary of the key point developed from assessing megaproject failure modes.
[bookmark: _Toc36039528]Research Methods
The central focus of this Capstone is to identify the most frequent failure modes associated with construction megaprojects, evaluate a portion of the identified failure modes for root causes, and to ultimately to propose actionable solutions for those root causes that project managers can utilize to reduce or eliminate these frequent failure modes (Figure 1). [image: ]


Identifying failure modes was accomplished through a two-part literature review; an initial review of literature pertaining to project failure is general and a secondary review focusing on failure modes for megaprojects. Included in the secondary research was a focused review of a failed construction megaproject, the San Francisco – Oakland Bay Bridge replacement in partial validation and verification of initial and secondary research. The data set developed on project and megaproject failures were processed through well-known and recognized problem-solving techniques, including cause and effect (C&E) analysis, Pareto analyses, 5-whys, fault analysis, and trend analysis to speciate causal factors into more granular sub-categories that can be further evaluated
Primary research involved developing a survey questionaire based on the findings of preliminary and secondary research, which was submitted to executives and senior managers of construction and construction-related organizations, as presented in Appendix A, Figure 2; as it is not conducive to presentation in complete form in text. The purpose of the primary research was to provide a reality check between the frequent causal factors encountered in this research and what construction industry managers encounter on a routine basis. Subsequent to completing primary research, actionable solutions for select root causes will be developed. 
[bookmark: _Toc36039529]Data Collection
Data collection occurred in parallel with the research over three stages: initial, secondary, and primary. But it was also performed iteratively as new data was developed or to verify and validate previously developed information.
[bookmark: _Toc36039530]Initial Data Collection
Data collection was initially performed for projects in general to evaluate whether the hypothesis that communication breakdowns played a significant role in project failures in general and specifically in construction projects. A dataset of project failure modes is presented as Table 1 (Appendix B). Because communication breakdowns are one of the most frequently cited failure modes, this category was further evaluated by delving deeper into the causal factors for communication breakdowns (Table 2). Similarly, communication breakdowns in construction projects were also evaluated (Table 3), which are presented below in reduced format.[image: ]
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Secondary Data Collection
	The secondary phase of research and data collection narrowed the focus from projects in general to megaprojects, which was then narrowed again to construction-related megaprojects. Similar causal factors and failure modes were encountered for megaprojects as were found in smaller projects, the differentiator being the impact and severity of failure modes being much greater for megaprojects. Construction-related megaprojects were found to be the most sensitive to causal factors that contribute to project failure. Table 4 (Appendix B) presents a summary tabulation of primary categories and causal factors for megaproject failures.
[bookmark: _Toc36039534]Primary Data Collection
	Primary data collection was performed surveying a range of executives and senior project managers from a cross-section of public- and private sector construction, construction management, engineering, and consulting firms. A survey questionnaire (Figure 2) was developed based on the findings from initial and secondary research and requests that respondents answer based on their large and megaproject experience. The respondents to the survey were anonymized to preclude misinterpretations between personal/professional opinions and to prevent future litigation considerations for those respondents holding professional licenses.  The survey form is divided into three parts: Part 1 (Figure 3) presents three binary (yes/no) questions concerning the percentage of projects completed over budget, late, or without sufficient quality (benefits).	[image: ]
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Part 2 (Figure 4) of the survey presents respondents with questions concerning the applicability of 11 frequent megaproject failure modes. This portion of the survey is based on a Likert 5-scale to allow respondents to more finely parse their replies.
	Part 3 (Figure 5) of the survey asks respondents to address two questions, one focused on the import of communications as a factor in project failures; the second on front-end design and best project management practices. Part 3 of the survey also utilizes a Likert 5-scale to all respondents more granularity in their responses.[image: ]


[bookmark: _Toc36039535]Data Analysis
	The analysis of data developed during research started with the initial, general project data, which was evaluated to establish if the underlying hypothesis that communication breakdowns are a key factor of project failures. Subsequently, analysis of the secondary research was performed to validate and verify whether megaprojects experienced the same or similar failure modes. Finally, the data from primary research was analyzed to establish if professionals working in the field of large and megaproject management would validate the causal factors identified in this research.
[bookmark: _Toc36039536]Initial Data Analysis
Data analysis for the initial research was a process of basic data tabulation of the frequency distributions of the most commonly encounter casual factors leading to project failure based on a review of current literature (Table 1). This data was evaluated by constructing a Pareto Chart based the distribution frequency the failure modes to more clearly illustrate the failure modes with the greatest impact (Figure 6).
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While the distribution in Figure 6 is not an idealized “80/20” Pareto distribution, it demonstrates the relative distributions of failure modes with communications, planning, budget as the leading causal factors. 
Analysis the communication failure mode followed in a similar manner, with dataset development of communication-based failure modes derived from the reviewed literature. The dataset, Table 2, was also configured as a Pareto chart to better visualize the frequency distribution of communication breakdown causal factors (Figure 7).
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The frequency distributions of causal factors for communication breakdowns in Figure 7 do not present in a classic 80/20 distribution but do illustrate that three causal factors are the most frequent: avoiding difficult conversations, not actively listening, and reacting not responding.
The final portion of the initial research and data analysis involved the evaluating if communication breakdowns impacted construction projects and if so, what were the causal factors involved. A Pareto chart illustrating the frequency distribution of the communications-related causal factors shown on Table 3 is presented below in Figure 8.
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The frequency distribution on Figure 8 illustrates the three most frequent communications-related causal factors leading to construction project failures include: lack of effective communication between construction parties, lack of effective communications system or platform, and poor communications skills.
	The results of the initial research and data analysis demonstrate there is a relationship between communication breakdowns and project failures and extending the methodology to assessing failure modes in megaprojects is viable.
[bookmark: _Toc36039537]Secondary Data Analysis
	Table 4 (Appendix B) shows the major categories and causal factors that contribute to megaproject failures developed during this research. Because of the greater complexity of megaprojects, the relative number of causal factors and failure modes is also greater than that encountered in smaller projects. Therefore, to make the data analysis more manageable, the causal factors were divided into four major categories by type to illustrate the relative distribution frequency of megaproject failure modes.   Table 5, below, presents a summary of the four major categories for megaproject failures, and Figure 9 is the accompanying Pareto chart illustrating the frequency distribution of for the major categories.
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	It is not surprising that planning/coordination and execution are the two most frequent categories driving failure modes for megaprojects, a lack of or poor planning and execution are typical failure modes for most projects, change initiatives, and quality programs (Kerzner, 2013).
	In addition to categorizing the causal factors for an understanding of the underlying causes for megaproject failure, the data analysis for this research assessed the effects of individual causal factors on megaproject performance. Table 6 presents a consolidated list of causal factors drawn from Abbasi (2013); Achenbach (2011); Board (2003); Broder (2011); Greiman (2010, 2013); Goldenburg (2010); Gupta (2015); Keeling (2000); Kerzner (2014); and NASA Summary (2018) that indicates the number times these causal factors contributed to megaproject failures that were researched and the typical impacts to projects in terms of percent cost or schedule overrun. That same data is presented below on Figure 10, which allows relative impacts of the most frequent causal factors to be viewed side-by-side.
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The red horizontal line on Figure 10 demarks the working definition in this research of megaproject failure at 25 percent or greater overrun of cost and/or schedule. Figure 10 also illustrates there is often an apparent correlation with cost and schedule overruns; however it is not a demonstration of causality. Additionally, the frequency or how often a causal factor was established to be a source of megaproject failure is also not an indicator of impact to the megaproject. For example, causal factor number 1, ineffective planning and research, has by far the greatest frequency of occurrence at 115 times, its relative impact is at or just above the 25 percent threshold. Whereas causal factor number 3, poor document management has an occurrence of 9 times, but its relative impact is 43 percent for both cost and schedule overruns. Because project failures are rarely the results of only one causal factor, it is apparent how rapidly cost and schedule impacts of the magnitudes presented on Table 6 can combine to achieve the massive overruns that megaprojects are infamous for delivering.
The purpose of establishing causal factors for megaproject failures was to provide a platform from which to evaluate the underlying root cause and ultimately develop actionable solutions to mitigate similar failure modes in future projects. A useful tool in identifying root causes is a cause and effect (C&E) diagram (aka Ishikawa or fishbone diagrams) that illustrates the categories and causal factors of a given problem.  Figure 11, below, is a C&E diagram showing the four main categories of megaproject failures with their corresponding causal factors (Figure 11 is derived from Table 4).[image: ]


It is evident why C&E diagrams are referred to as fishbone: the problem statement is on the right side of the diagram representing the head of the fish; the horizontal line leading out of the head is the backbone of the fish; and the diagonal lines represent the ribs of the fish, and this case present the four main categories and attendant causal factors of megaproject failures.
Addressing all the causal factors shown on Figure 11 (or Table 4) through a root cause analysis is beyond the scope of this research. However, the most frequent causal factor, ineffective planning and research, will be further evaluated through C&E and root cause analysis. To initiate the additional analysis, an additional or nested C&E analysis will be performed on this causal factor, which is presented below in Figure 12.[image: ]


Based on initial and secondary research, the ineffective planning and research causal factor (Figure 11) was decomposed into component major categories of technology, logistics, jurisdictional complexities, and inadequate FEP, which are represented by the four ribs and appurtenant causal factors on the diagram on Figure 12. Each of these four categories will be further evaluated with a hybrid technique that retains some of the C&E diagram format with a fault tree-like format when analyzed one category at a time and uses a “5-Whys” type technique in to develop an underlying root cause for each causal factor. Figure 13 below is represents the  development of an underlying root cause for each of the causal factors on the Technology “rib” of the diagram. In this hybrid format, the standard C&E format is evident on the right side of the figure where the problem statement and causal factors are presented. While the diagram retains the C&E format of reading from left-to-right, it was developed from right-to-left with a 5-whys methodology. For example, using the risk analysis causal factor: 
1. Why was there a risk analysis failure mode related to technology?
· Because the technology failed to meet project requirements.

2. Why did the technology not meet project requirements?
· Due a lack of qualitative and quantitative risk analysis on the technology.

3. Why was there a lack of qualitative and quantitative risk analysis?
· Due to a lack of understanding of technology-related project goals and objectives.

4. Why was there a lack of understanding of technology-related project goals and objectives?
· Due to inadequate project communications and communication plan.
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In the case of the root case analysis of the technology category, a single root cause was identified for all four causal factors. To be clear, this is not ‘the’ root cause but a root cause for the failure mode. Additionally, it is not uncommon for a given causal factor to have numerous root causes, nor is it uncommon for several causal factors to have a common root cause, in this case it is also for convenience of presentation. A proposed CAPA to address the root cause of inadequate project communications or communication plan is for the project team to develop formal communications plans coincident with the design stage of the project and to directly link communications project goals and objectives so that a share understand of how success is defined will develop for project stakeholders. The other three categories for the ineffective planning and research, logistics, and FEP failure modes were developed in a similar manner and are presented below as Figures 14, 15, and 16.
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Figure 14 presents a C&E / fault tree / 5-why’s evaluation for the category jurisdictional complexities and, similar to the root cause analysis for the technology category, a single root cause was arrived at for all four causal factors for this failure mode. In this case, a root cause for jurisdictional complexities being a failure mode related to ineffective planning and research is a lack of understanding of project goals and objectives, which is related to a lack of or poor project communications and the same CAPA is proposed for this root cause.
	Figure 15 is used to illustrate the root cause analysis for the logistics category being a failure mode for a megaproject, which is due to insufficient assessment of the complexity presented by an unfamiliar location. The proposed CAPA for this root cause is to utilize focused FED/FEED processes utilizing risk-based planning tied to project goals and objectives. This CAPA is proposed because any project is only as good as the design basis development and understanding of the risk profiles presented by interrelated complex project systems[image: ]


Figure 16 shows the root cause analysis for the FEP category for the ineffective planning and research failure mode for megaprojects. In this case, inexperienced resources are the root cause for the front-end planning components for this failure mode. This is a common root cause for project failure and the proposed CAPA is to provide hiring managers with project-specific skills and objectives criteria for each required resource
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Table 7, below, contains a summary of the root causes developed for the ineffective planning and research failure mode.
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The research, methodology, and analyses performed to this point is the basis for evaluating the Capstone research and findings in relationship to a failed megaproject, the San Francisco – Oakland Bay Bridge replacement project was selected because of its unique non-megaproject beginning to further validated the means, methods, and findings developed to this point.
[bookmark: _Toc36039538]Bay Bridge Project Analysis
The Eastern Span Replacement of the San Francisco-Oakland Bay Bridge was a civil engineering construction project that replaced a portion of the Bay Bridge in northern California that was measured as a failed project. It was considered seismically unstable after the Loma Prieta earthquake that damaged the bridge on October 17, 1989. The construction of the replacement bridge took place between 2002 and 2013 and is currently the most expensive public works project in the history of California with a total of $6.5 billion but was initially estimated at $250 million, a 260% cost overrun. (U.S. DOT Federal Highway Administration, 2012)  
	The Bay Bridge consists of two main sections: the eastern approach originating in Oakland and the western suspension structures between Yerba Buena Island and San Francisco. The main focus of the project was concentrated on the eastern selection after portions of it collapsed on October 17, 1989, in the Loma Prieta earthquake measured at 6.9 on the moment magnitude scale (Parker & Trask, 1991). The question the California Department of Transportation (CalTrans) faced was to retrofit the existing eastern span of the bridge or build a replacement bridge? In 1996, an economic analysis stated that a replacement bridge would cost a few hundred million more than a retrofit and require less maintenance. However, if stakeholders would have been informed it would cost $6.5 billion, the decision to retrofit would have been a better alternative (U.S. DOT Federal Highway Administration, 2012).
The initial plan called for a retrofit of the eastern span concrete columns along with modifications to the lattice beams. The cost estimate for this retrofit came in at around $200 million.  However, the Army Corps of Engineers released a report that questioned the integrity of this refit due to a failed retrofitting of an overpass in Los Angeles that collapsed in the 1994 Northridge earthquake (Parker & Trask, 1991). Additionally, the ongoing maintenance cost would be substantially higher for a retrofit bridge.  These concerns led to the planning a replacement bridge (Parker & Trask, 1991).
The engineers designed the replacement span to last 150 years and withstand the most intense seismic activity expected within the next 1,500-year timeframe, this design allows for up to an 8.5 magnitude earthquake from the surrounding faults in the area (The San Francisco- Oakland Bay Bridge Seismic Safety Projects, 2018)   This new replacement plan was only supposed to cost a few hundred million more than the retrofit, last longer, and require less maintenance. A replacement bridge seemed to be the better option, and CalTrans decided to replace the eastern span. (Cabanatuan, 2012) The replacement was going to consist of an elevated viaduct consisting of reinforced concrete columns and precast concrete segment spans. However, this design faced a lot of criticism and was called a freeway on stilts. At this point is where the issues in the replacement bridge originated, and the cost began to rise. The next few paragraphs will discuss the failure modes that led to these extensive delays and enormous cost overruns. A root cause analysis can then be performed, and CAPA can be established to prevent these issues in future projects (Knowles, 2013).  
The delays started with a political debate as to where the bridge should be built, south or north of the existing bridge was being contended by the Mayors of San Francisco and Oakland.  Each Mayor was arguing for a different side since the Yerba Buena Island is within the city limits of San Francisco and the northern alignment build (current location of the new bridge) would cast a shadow over a prime development area of the Yerba Buena island (Frick, 2005).
 Additionally, the U.S. Navy assisted San Francisco's Mayor in interfering with restricting CalTrans soil engineers' access to the proposed construction site. The issue of location added approximately a two-year delay and a few hundred million dollars in addition to the bridge replacement project.  The alternative that was chosen provided a superior visual effect and improved the driving experience. However, in December of 2004, the office of the California Governor released a statement that the signature span concept had been discarded due to a higher cost, and the original simple viaduct design should be reinstated. With the design planning coming back full circle created additional issues. In essence, permits expired, material prices increased, and the U.S. Coast Guard did not approve the width due to shipping channels being cut by almost half. Lastly, the local backlash to this news was immense (Frick, 2005).  
In January 2005, a legislative analyst's report stated that the governor's viaduct proposal would most likely require additional funding and extend the project timeframe greater than the proposed signature span. This argument was strengthened by another report released in March 2005 specifying that the governor’s imposed delay had already added around $100 million to project cost. These design arguments took place for six months. On June 24, 2005, a compromise was announced by Governor Schwarzenegger, declaring plans and construction for the signature span may resume. The settlement included the state contributing $630 million to help cover the $3.6 billion in cost overruns (Knowles, 2013).
Project Controversies
Before construction could even start there was a decade long debate and throughout the entire lifecycle of the Bay Bridge project there has been a vast array of controversies that have been a concern to stakeholders and have gained the public’s attention. The following paragraphs briefly summarize the four main controversies that plagued the Bay Bridge project.  
1. Potentially Faulty Welds: The Federal Bureau of Investigation (FBI) opened an investigation on April 6, 2005, regarding former welders and inspectors for welds that were allegedly rushed to an extreme that up to one-third of the welds may have been defective. These allegations were then tested by a third-party inspector using radiological, ultrasonic, and microscopic inspections on the accessible alleged faulty welds. Additionally, the Federal Highway Administration had three 500-pound pieces of the bridge removed and inspected by three different independent contractors. The results showed that the welds met or exceeded the required specifications. Even with this being a positive result, it did incur an additional cost and extended the completion date (Frick, 2005).  
 
2. Foundation Concerns: The Sacramento Bee newspaper published a report in November 2011, containing whistle-blower statements and expert witnesses about potential interests with problems associated with foundation work. This article provides details about CalTrans’s concrete testing and the construction methods used by the bridge builder. This issue is still under investigation with no new update as of 1 March 2020 (The San Francisco. Oakland Bay Bridge Seismic Safety Projects, 2018).

3. Bolt Failure: The bridge deck is mounted to various concrete columns with 288 three-inch (7.5 cm) bolts with a variety of lengths. Testing of the bolts is conducted by over-tightening their retaining nuts, 30 percent of the first 100 bolts failed the load test. The initial failure was credited to hydrogen embrittlement during manufacturing or electroplating. The fix was to add a tendon secured saddle at each deck boss location and was estimated to cost around $5 million. The final retrofit to repair the bolt failure was finished on December 19, 2013, and cost $25 million (Knowles, 2013). 

4. Superstructure Water Leaks: The Bridge’s steel support framework is attached to concrete foundations by threaded steel rods in conduits that were supposed to be filled with concrete grout after installation. However, some of the voids were temporarily closed at the top with a concrete seal. Workers later incorrectly labeled these areas to have been grouted, but they were only sealed. On September 25, 2014, Caltrans released a statement that this problem has been found in almost all the dozen high-strength steel rods. Caltrans workers drained the water but did not know whether the rods had been damaged. To check the conditions would require cutting them into pieces, and there is no room in the tower structure to fit in replacement rods. Caltrans has yet to provide a permanent solution (The San Francisco. Oakland Bay Bridge Seismic Safety Projects, 2018).



Conclusions: Bay Bridge Replacement Project
The replacement Bay Bridge project had a wide variety of reasons that led to cost overruns and construction delays. The initial estimate was $1.3 billion for a simple skyway, similar to the San Mateo Bridge. However, the highway on stilts design did not go over well with East Bay residents and forced local politicians to protest for something more iconic to go with the Golden Gate Bridge.  Additionally, the mayors of Oakland and San Francisco (at the time) argued over the location of the replacement bridge. Furthermore, the U.S. Navy and Coast Guard impeded the process in one attempt to preserve a historic structure: the house of Admiral Nimitz. These issues caused a delay in the bridge construction of about two years. It is simple, the longer it takes to build something, the more expensive the project becomes (Cabanatuan, 2012).
 In 2001 before construction even began, the cost doubled to $2.6 billion, and the bridge was not going to be finished until 2007 (CBS News, 2010).  This is in part because this was more of a one-of-a-kind structure, and the optimism bias had project managers thinking this bridge could be done cheaper and faster than actuality. If you add in the optimism bias, politicians bickering, government interference, rising construction costs, and project management issues all led to the extremely high price to finish the Bay Bridge. Furthermore, Caltrans also faced immense blowback for their lack of accountability during all phases of the construction process.
Additionally, The San Francisco Chronicle published a report stating that "Caltrans managers marginalized dissenters, fired critics, reassigned outspoken engineers and urged those involved to avoid putting details of problems or issues in writing that would have to be disclosed under the state's Public Records Act, the report concluded.” (Cabanatuan, 2012). The Bay Bridge is technically not finished due to the bolts that still do not have a permanent fix; however, the bridge is still a remarkable engineering feat. If the price of $6.5 billion had been closer to the starting estimate, Caltrans would not have faced the harsh criticism over the project (Cabanatuan, 2012).
Four Main Categories of Failure that Seriously Affect Megaprojects
The issues faced by the Bay bridge replacement are consistent with causal factors and failure modes encountered with the other megaprojects evaluated during this research. The Bay Bridge replacement project reinforces the importance of identifying and developing actionable solutions to reduce the high rate of megaproject failures. A failed project can still be finished and serve as intended. However, it may not fulfill the public’s best interest or expected benefits for investors by taking longer than expected to complete and costing much more than initially promised. The solutions this report is proposing are meant to provide constructive insights at the political level, at the public level, at the private corporate level, and at the civil service level. These insights will improve the effectiveness for executing a wide variety of complex projects. The four areas that will be further addressed below are planning, execution, governance, and documentation.
Planning / Coordination
The planning of megaprojects will continue to face enormous challenges and complexities that will be extremely difficult to estimate precise costs early in the planning phase of the project. It is crucial in widening early project cost ranges. It is not recommended to provide cost estimates that can be misconstrued as “exact” early in  project planning, considering these estimates will almost certainly change. The state legislature made this mistake in 1997, announcing that the Bay Bridge is estimated to cost $1.285 billion. There was still a high amount of uncertainty in the execution of the project. That precise number provides stakeholders with an impression of more precision around proposed costs than is actually present. This creates increased frustration among stakeholders when the price continues to rise. That is what happened after this amount was first declared, and the project cost continued to increase, along with public frustration. (Jaffe, 2015)
 This is a straightforward measure that can be applied to many projects during the planning phase that may reduce some stakeholder's frustrations if the estimates are not correct. However, an even more important implementation can prevent the cost from rising in the first place. One main reason the cost kept rising during the Bay Bridge project was because of political intrigue and inadequate planning. One actionable step that can be taken is to include Project Evaluation and Reporting Technique (PERT) cost and schedule bracketing for a range of costs and timeframes, or modeling (e.g., Monte Carlo) that better defines the range of cost and time. Additionally, a gated review process, which is used by most large private-sector organizations for Capital. Expenditure projects can be used to keep project costs and expected benefits stay in alignment with strategic goals or the project is terminated. Although this works in the private sector, it may difficult to replicate in the public sector and should be further examined by public agencies. 
Execution
The main factor that increased cost and created delays was a lack of project controls. Multiple agencies managed the bay bridge project, and each agency had some power in critical decision making for the project. It became clear early on that the project's vision and funding would be executed differently among the agencies involved. When there was not even one agency in charge that could independently make critical decisions, issues and changes began to pile up. The design and implementation of the project started with Caltrans, Metro Transportation Commission, and the state legislature; they depended on each other to create the foundation for the project (Frick, 2005). This process worked well until Caltrans was required by federal environmental law to go through a process of reselecting the regional design and alignment. After this, many local jurisdictions and other participants created opposition and took control over elements of the process. Additionally, during 2004, the Schwarzenegger Administration criticized the design and tried to regain the design rights for the state, issued years prior, this added years to the design process. Lastly, the control of transferring land from on Yerba Buena Island from one federal agency to another, the U.S. Navy to the Federal Highway Administration, and then later to Caltrans took federal litigations to solve ownership disputes. These characteristics the Bay Bridge project faced regarding multiple fragmented governmental agencies and interest groups directly led to control issues of financing and design, resulting in a time-consuming process that delayed conflict resolution and impeded the project's progress. Mitigating these control issues can be accomplished by one oversight agency that plans upfront for the project's design, cost estimates, and safety concerns before final figures are released, and will allow stakeholders the ability to voice their concerns upfront. This will prevent the public distrust and skepticism from arising early on in the project (Frick, 2005). 
In regard to private-sector projects, this area can be better addressed with more in-depth front-end planning and a project plan that clearly defines how project will be implemented will minimize issues during execution.  A great compare/contrast of public versus private megaproject issues is having one organization with general control over the project. One public agency that has addressed these control issues is the Office of the State Architect, which was placed in control over public school construction in California after years of cost overruns and seismic safety issues related to school construction. This approach to controlling megaprojects can aid the public sector in more than just constructing schools.               
Governance
The project governance is the management framework that acts as an over-arching monitor and controlling function that processes logical decisions and is tied to risk management program. This framework also includes making sure the FEP is done and change and risk management is rigorously adhered to. Project governance needs to handle the political intrigue and act as a buffer to the project team. This is accomplished through a cradle-to-grave project management approach.  
There was a large amount of stakeholder involvement that created the price and timeline to increase on the Bay Bridge project. It started with the disagreement of the initial project design and execution, causing a lot of rework, and the project's integration began to grow in complexity. Additionally, Caltrans senior management allowed political influence in the project decisions. This lack of process for effective decision-making led to significant additional upfront costs and lengthened the project completion time. Lastly, there was a lack of risk management by those providing project governance. 
Addressing project governance in the public sector is a complex issue due to the numerous competing agendas, spheres of influence, and the checks and balances to each entity that are codified by federal, state, and local laws and regulations to limit and contain what each can do. A Joint Powers Authority (JPA) is a functioning example of how the public sector has addressed project governance for regional construction megaprojects. Specifically, the JPA acts the megaproject owner, sponsor, and provider of governance oversight. The JPA is heavily involved in the megaproject lifecycle from front-end planning and design, securing financing, executing construction, and commissioning the project at completion. The JPA’s span of authority is established from the beginning and it has the capability, capacity, and expertise to appropriately govern the megaprojects they pursue (Frick, 2005). While it is speculation, it is expected the Bay Bridge project would have been a very different project under the control of a JPA.    
Documentation 
A main focus of public projects should be to have a document management system in place for the entire lifecycle of the project. This system should include constraints, assumptions, and limitations that allow the recording of changes as needed along with the “why,” Included in the documentation system will be a solid design basis, project plan and the change management plan. For private projects the focus can be on FEP and having gated process reviews along the way. However, in case of the Bay Bridge the entire project contained an excessive amount of political intrigue and it lacked consistent project controls. A defining agency or department, such as the Office of the State Architect has over the construction of public schools, is a functioning model already in use in California that CalTrans typically performs for bridges and highways, but was circumvented by politics in the case of the Bay Bridge. 
By using the root cause characteristics and framework, the Bay Bridge project’s failure modes support this research to identify problem areas in megaprojects. The key difference between the Bay Bridge project and other megaprojects literature is that the Bay Bridge project grew to the size and scale of a megaproject, when the original intent was a basic bridge-segment replacement project. The Bay Bridge project was the opposite of a continuous improvement process; it became a continuous change process evolving to attempt to address competing and conflicting requirements from different stakeholders. This poorly managed process resulted in a document management crisis and infrequent, often contradictory information being released to the public; this led to heavy public scrutiny when time horizons and cost estimates became extended. Furthermore, the bay project is physically smaller than most documented megaprojects, as Bay Bridge replacement project was only two miles long and is half of an existing bridge that does not significantly add new travel capacity. These recurring issues over the project scope, perceptions of a crisis, and accountability regarding cost overruns and project delays were rooted in inadequate documentation. (Frick, 2005) 
Summary of Bay Bridge Replacement
The Bay Bridge project started with Caltrans initiating a retrofit or building an essential replacement bridge segment to the earthquake-damaged bridge. This open-ended project scope created an ongoing debate among a large amount of public and private interest groups. The problem Caltrans designed for the retrofit was consistent with their approach to the state's 2,000 seismic retrofit projects being initiated statewide. However, citizen groups, local jurisdictions, and interested stakeholders acted to pursue their own agendas within the Bay Bridge project and resulted in a completed project that was 250 percent more expensive than originally planned.
The Bay Bridge replacement project is an excellent example of why additional resources are needed to improve front-end cost and schedule estimating on megaprojects. These early cost estimates are critical during the decision-making processes. Public-sector policymakers and the public need better quality cost and schedule estimates to evaluate project options. 
One example of how a public-sector organization addressed this cost and schedule issues is the British Department of Transport, which recommends using “optimism bias up-lift” this is a system added to a project’s budget during approval. This is a standardized percentage budget increase is based on: an analysis of costs over a range of similar projects and setting the level of risk an organization is willing to accept if the project exceeds the budget. This system may not always work for every project and has the potential to be abused as the up-lift will be the normal project budget (Frick, 2005).  
[bookmark: _Toc36039539]Primary Data Analysis
	Primary research was performed through a survey questionnaire distributed to 200 public- and private-sector executives, senior managers, and senior project managers to validate or refute the means, methods, and results developed during initial and secondary research on the high failure rates of megaprojects. A total of 34 responses were received, for a 17 percent response rate; which may appear modest but needs to be considered in context with world events when this unsolicited survey was released in the first quarter 2020.
	In summary, the majority of the questions on the survey were answered affirmably and consistent with this research into causal factors leading to megaproject failures. Table 8 (Appendix B) presents a summary of the survey results. The information below labeled “Table 8 Summary Part 1” was excerpted from the table to facilitate discussion of Part 1 of the survey.
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Table 8 – Summary Part 1 excerpt


	As noted in the excerpt of Summary Part 1, Question 1a was strongly agreed with by survey recipients with 97 percent in agreement that 25 percent of project cost more than projected; Question 1b returned a strong majority of 79 percent in agreement that 25 percent of project are delivered late. Whereas survey respondents disagreed by a two to one margin to the statement that 20 percent of projects completed do not meet quality specifications.
Table 8: Summary Part 2 excerpt
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	In the excerpt of Part 2 of the summary table (above) it appears that the majority of respondents were in agreement with the impact of the listed project failure modes. Nine of eleven of the questions returned affirmative responses. The other two, 2h, Unavailability of qualified craftsmen, and 2k, Schedule acceleration had a majority of negative responses.
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Table 8: Summary Part 3 excerpt


	A review of Part 3 of the survey indicates respondents agreed with these causal factors by a majority of 87 and 85 percent, respectively. Specifically, that breakdowns in communication is a leading causal factor in project failure and the more efficacious front-end design and project management practices will increase opportunities for project success.
	Data Validation / Hypothesis Testing
	 Rather than accept at face value that a majority of respondents either agreed or disagreed with the megaproject failure modes categorized by this research, the survey results were validated through hypothesis testing. Recognizing that all survey questions allowed for binary (agree/disagree) responses and either response was as probable as the other, as well as the response data being normally distributed (the data is considered independent responses from a common normal distribution) the statistical method of z-tests were used for hypothesis testing of the survey question responses. A summary of the z-test is presented as Table 9 (Appendix B), which is too large to excerpt here; additionally, the worksheets developed to perform the z-test for each of the 16 question are presented in Appendix D.
	To summarize the results of the hypothesis testing, 2 of the 16 survey questions returned results that had enough evidence to reject the null hypothesis: 2e, over optimistic estimates; and 2h, unavailability of qualified craftsmen. The results of the other 14 survey questions had insufficient evidence to reject the null hypothesis and are considered valid. The gap between responses received and the hypothesized responses is approximately 12 percent (two questions differ. But based on the relative small sample size of respondents, the complexity of megaprojects, and variations in megaproject experience between respondents suggest too little information is available at this time to do more than speculate about the differential gap, so it will have to wait for the results of additional investigations demonstrate repeatability of this gap. There means, methods, and results developed through initial, secondary, and primary research and analysis concerning megaproject failure modes are considered a valid working hypothesis for evaluating megaproject failures.
[bookmark: _Toc36039540]Summary
	The methodology utilized for this Capstone was demonstrated to be effective in evaluating project failure modes. The initial data collection and analysis established the methodology and was used to identify causal factors and failure modes affecting project in general. 
Secondary data collection and analysis validated the methodology was useful in narrowing the focus of project failure to construction megaprojects, of which four main categories of failure modes were identified. The evaluation of the Bay Bridge project during secondary analysis demonstrated the identified causal factors and failure modes were present during that megaprojects lifecycle; however, this project experienced an unprecedented level of political intrigue and regulatory mismanagement to further compound the “normal” causal factors for megaproject failure.  
Finally, primary data collection and analysis of responses from construction-related industry executives and senior project managers confirmed the fundamental results of primary and secondary research and analysis to be valid for identifying project failure modes that are routinely encountered by senior management and project professionals. The following and final chapter will conclude this research and summarize finding and results.


[bookmark: _Toc36039541]CHAPTER 4: Results and Analysis
	Research into the high failure rate of mega projects reinforced the concept that even the most simple of megaprojects can be mind-numbingly complex. At the same time, megaprojects share the same or similar failure causal factors and root causes as most other projects. 
[bookmark: _Toc36039542]Discussion of the Project
	The intent of this Capstone project was to investigate high rate of failure in megaprojects with intent of developing actionable solutions for a finite number of the root causes.. Such solutions are poignant at this time when more megaprojects are being initiated at a faster pace and for higher stakes than have previously existed. That this dysfunctionality of megaproject performance is increasing is vexing at a time when project management is quickly establishing itself as a core competency in many/most public- and private-sector organizations. 
	Research for this project started at a fundamental level by looking at projects in general to establish if there were obvious differences between smaller project and megaprojects. Subsequently, megaproject were researched as a unique category by definition of having a monetary value in excess of $1 Billion and have a duration lasting several years. Megaprojects were established to be similar to smaller projects in many ways, but at the same time distinctly different due to their complexity and hypersensitivity to even small perturbations in budget, schedule, scope, and/or risk considerations.
	Megaprojects are as complex and the global infrastructure systems they support; but, as with many complex systems, simple problems can compound quickly and in unanticipated ways creates a situation where failure may seem inevitable. However, megaprojects share many of the root causes and failure modes with of smaller projects; the can also share many of the same solutions. Research and analysis for this project has encountered many of the same anthropogenic root causes for failure on megaprojects that exist on smaller projects. 
[bookmark: _Toc36039543]Findings
	In succinct terms, megaprojects fail for the same reasons as smaller projects. It is the magnitude of megaprojects scope, budget, and long-term schedules combined with extremely complex interrelationships between public- and private-sectors stakeholders, financial institutions, investors, and a host of favorable and unfavorable stakeholders that make megaproject so complex, dynamic, and susceptible to failure. 
Based on this research, four main categories of megaproject failures were developed: (1) Planning and coordination; (2) Execution; (3) Governance; and (4) Documentation. It was necessary to use these broader categories because of the seemingly infinite variety of causal factors leading to failure modes in any of the four categories. However, all four major categories share two common characteristics. First, they are all anthropogenic in origin, which means they can also be solved by the parties responsible for the failure modes. Second, all four categories of megaproject failure are fundamentally dependent on effective communication. In each of the megaproject failures researched, there are a coincident series of communication breakdowns that facilitate causal factors cascading into one or more megaproject failure modes.
[bookmark: _Toc36039544]Interpretation of Results
	Based on the work of many researchers in the field of project management, and especially the realm of megaprojects, there is considerable content and discussion surround how complex there project are and how difficult it is to solve complex problems. However, the research and analysis for this Capstone project suggests two commonalities of megaproject failure, anthropogenically driven and communications based, provide the basis for an actionable solutions based on fundamental project management skills. The root causes developed through this research demonstrate the importance of project management fundamentals. Having a solid understanding of project management skills and experience in their application are prerequisites for success in smaller projects; based on the higher failure rates for megaprojects, project management skills are experience are even more important in megaprojects. Table 10 presents a summary of the relationships between failure modes and the CAPA proposed as a result of this research; the proposed CAPA are all grounded in fundamental project management competencies and skills.[image: ]


[bookmark: _Toc36039545]Limitations
	There are substantially more causal factors associated with megaproject failures than were addressed through this research; additionally, research all documented megaprojects was outside the scope of this Capstone. Moreover, the root causes developed for the identified causal factors should not and are not considered ‘The’ root cause for each. Rather, project failure modes typically have more than one root cause, all of which are project- and circumstances-specific. Also, there can be subtle and profound differences between failure modes in megaprojects depending on the range and makeup of the stakeholders, such variables as whether the megaproject stakeholders are public- or private-sector, or a mix; whether the megaproject is local or international; and whether the megaproject was financed publically or privately, or both, to mention a subset of differences that were not addressed through this research.
[bookmark: _Toc36039546]Conclusions
	The high rate of megaproject failure is, in part, the result of their inherent complexity combined with inadequately trained and/or experienced personnel with the skill-sets necessary to successfully execute the work. Specifically, the trainable skills related to effective communication were lacking the megaprojects researched and were a contributing causal factor to the four main categories of megaproject failures.
[bookmark: _Toc36039547]Recommendations
	First, there is ample opportunity for additional research into the causes of megaproject failures and how to reduce or prevent them, and until there a more universal or common understanding of the causal factors and root causes of megaproject failures, they will likely continue unabated. 
	Second, this research has demonstrated there is also ample need for more and better educated project managers. Where in the past project management was considered a technical undertaking by scientists and engineers, it is now becoming a business process that values cost, schedule, and risk management but also demands definable benefits and a return on investment.	
	Third, communication breakdowns are a leading contributor and/or causal factor in megaproject failures. Effective communications is a trainable skill set that needs greater emphasis in formal education settings, professional associations, and via mentoring through the work in all organizations. Additionally, the use of one key communication tool that has proven successful and was championed by Stephen Covey and can be used by everyone every day: “Seek first to understand, then to be understood.”
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[bookmark: _Toc36229590]Figure 1: Generalized cause-and-effect diagram illustrating common causal factors resulting in project failures







[image: ]
[bookmark: _Toc36229591]Figure 2: Survey form used in primary research
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[bookmark: _Toc36229592]Figure 3: Survey form - Part 1
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[bookmark: _Toc36229593]Figure 4: Survey form - Part 2
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[bookmark: _Toc36229594]Figure 5: Survey form - Part 3
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[bookmark: _Toc36229595]Figure 6: Causal factors for project failures Pareto Chart
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[bookmark: _Toc36229596]Figure 7: Causal factors in communication breakdowns Pareto Chart
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[bookmark: _Toc36229597]Figure 8: Construction communications causal factors Pareto Chart
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[bookmark: _Toc36229598]Figure 9: Pareto Chart of four main megaproject failure categories
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[bookmark: _Toc36229599]Figure 10: Cause-and-effect diagram - main categories of megaproject failures
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[bookmark: _Toc36229600]Figure 11: Relative impact on megaproject cost and schedule for the 23 causal factors
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[bookmark: _Toc36229601]Figure 12: Cause-and-effect diagram for ineffective planning and research
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[bookmark: _Toc36229602]Figure 13: Cause-and-effect diagram / root cause analysis on Technology rig
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[bookmark: _Toc36229603]Figure 14: Cause-and-effect diagram / root cause analysis on Jurisdiction rib
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[bookmark: _Toc36229604]Figure 15: Cause-and-effect diagram / root cause analysis on Logistics rib
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[bookmark: _Toc36229605]Figure 16: Cause-and-effect diagram / root cause analysis on Front End Planning
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[bookmark: _Toc36212781]Table 1: Causal factors for project failures
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[bookmark: _Toc36212782]Table 2: Project communication failure modes
[image: ]











[bookmark: _Toc36212783]Table 3: Causal factors for poor communication in construction projects
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[bookmark: _Toc36212784]Table 4: Causal factors impacting megaprojects
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[bookmark: _Toc36212785]Table 5: Four main megaproject failure categories
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[bookmark: _Toc36212786]Table 6: Causal factors and reported cost and schedule impacts to megaprojects
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[bookmark: _Toc36212787]Table 7: Summary of root cause analysis for ineffective planning and research failure mode
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[bookmark: _Toc36212788]Table 8: Summary of primary research survey results
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[bookmark: _Toc36212789]Table 9: Summary of survey data validation - hypothesis testing
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Table 9 (continued)
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[bookmark: _Toc36212790]Table 10: Summary of failure mode to proposed CAPA relationships
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[bookmark: _Toc36039551]Appendix D: Primary Research Survey Data and Analysis






Hypothesis Testing Worksheets
Primary Research Survey Results
Construction Project Failure Analysis

1a   Based on your experience, do you agree or disagree with the following statements regarding construction projects over $10 million? 			
            a)  25 % of projects cost more than expected 						                                          
            Disagree		Agree					
	      1		                32					
Number of respondents who will vote A in the sample = n			                       The test is appropriate when both n*π ≥ 5 and n(1 -0.8) ≥ 5		                                  Since, 33*0.8 = 26 and 33*(1-0.8) = 7 this test is appropriate	                                                       1. State the Ho and Ha:                                                                                                                                                Ho: The population of A votes π is ≥ 0.8	                                                                                        H1: π < 0.8	                                                                                                                                              2. Select the level of significance. The level of significance is 0.05. 	                                        The critical value = -1.6444 (lower tail test)                                                                                         3. Select the test statistic, z is the appropriate test statistic.                                                              Π = 0.8   proportion of As required to validate Ho                                                                                n = 33  sample size                                                                                                                                p= 0.8  proportion of As in the sample                                                                                                            p-π = (32/33) = 0.96969                                                                                                                                  π(1-π)/n  =  0.00485                                                                                                                         = 0.06963                                                                                                                Z test = (0.96969/0.06963) = 13.926		                                                                                                              Critical Value = -1.644						                                                   Z test = 13.926						                                                                 Critical Value  <  Z test                                                                                                                                                                          -1.6444 < 13.926                                                                                                                       There is not enough evidence to reject Ho.							

1b   Based on your experience, do you agree or disagree with the following statements    regarding construction projects over $10 million?        
               b) 25% of projects are delivered late           
	   Disagree		    Agree					
	             6		                   28	           
Number of respondents who will vote A in the sample = n			                       The test is appropriate when both n*π ≥ 5 and n(1 -0.8) ≥ 5		                                  Since, 34*0.8 = 27 and 34*(1-0.8) = 7 this test is appropriate	                                                       1. State the Ho and Ha: 	                                                                                                                                                            Ho: The population of A votes π is ≥ 0.8	                                                                                        H1: π < 0.8	                                                                                                                                              2. Select the level of significance. The level of significance is 0.05. 	                                        The critical value = -1.644 (lower tail test)  	                                                                                       3. Select the test statistic, z is the appropriate test statistic.   	                                                         Π = 0.8   proportion of As required to validate Ho  	                                                                                        n = 34  sample size     	                                                                                                                                p= 0.8  proportion of As in the sample  	                                                                                                                       p-π = (28/34) = 0.8235   	                                                                                                                            π(1-π)/n  =  0.00471     	                                                                                                                   = 0.0686      	                                                                                                     Z test = (0.8235/0.0686) =  12.005		                                                                                                              Critical Value = -1.644						                                                   Z test = 12.005						                                                                 Critical Value  <  Z test     	                                                                                                                                                                     -1.6444 < 12.005                                                                                                                     
[bookmark: _Hlk36054805]There is not enough evidence to reject Ho.	




1c Based on your experience, do you agree or disagree with the following statements regarding construction projects over $10 million?        
		    c) 20% of the projects completed do not meet quality specifications
	    Disagree		   Agree					
	             20		      11	           
[bookmark: _Hlk36055666]Number of respondents who will vote A in the sample = n			                       The test is appropriate when both n*π ≥ 5 and n(1 -0.8) ≥ 5		                                  Since, 31*0.8 = 25 and 31*(1-0.8) = 6 this test is appropriate	                                                       1. State the Ho and Ha: 	                                                                                                                                                            Ho: The population of A votes π is ≥ 0.8	                                                                                        H1: π < 0.8	                                                                                                                                              2. Select the level of significance. The level of significance is 0.05. 	                                        The critical value = -1.644 (lower tail test)  	                                                                                       3. Select the test statistic, z is the appropriate test statistic.   	                                                         Π = 0.8   proportion of As required to validate Ho  	                                                                                        n = 31  sample size     	                                                                                                                                p= 0.8  proportion of As in the sample  	                                                                                                                       p-π = (11/31) = 0.3548   	                                                                                                                              π(1-π)/n  =  0.00516    	                                                                                                                   = 0.07184    	                                                                                                      Z test = (0.3548/0.07184) = 4.939		                                                                                                              Critical Value = -1.644						                                                   Z test = 4.939						                                                                 Critical Value  <  Z test     	                                                                                                                                                                     -1.644 < 4.939                                                                                                                     
There is not enough evidence to reject Ho.	     




2a   Based on your experience, do you agree or disagree that the following modes contribute to project failure?       
		    a) Ineffective planning and research?
	    Disagree		   Agree					
	             3		                  20	           
Number of respondents who will vote A in the sample = n			                       The test is appropriate when both n*π ≥ 5 and n(1 -0.8) ≥ 5		                                  Since, 23*0.8 = 18 and 23*(1-0.8) = 5 this test is appropriate	                                                       1. State the Ho and Ha: 	                                                                                                                                                            Ho: The population of A votes π is ≥ 0.8	                                                                                        H1: π < 0.8	                                                                                                                                              2. Select the level of significance. The level of significance is 0.05. 	                                        The critical value = -1.644 (lower tail test)  	                                                                                       3. Select the test statistic, z is the appropriate test statistic.   	                                                         Π = 0.8   proportion of As required to validate Ho  	                                                                                        n = 23  sample size     	                                                                                                                                p= 0.8  proportion of As in the sample  	                                                                                                                       p-π = (20/23) = 0.8695 	                                                                                                                            π(1-π)/n  =  0.00696   	                                                                                                                   = 0.08341  	                                                                                                      Z test = (0.8695/0.08341) = 10.425 		                                                                                                              Critical Value = -1.644						                                                   Z test = 10.425					                                                                 Critical Value  <  Z test     	                                                                                                                                                                     -1.644 < 10.425                                                                                                                    
There is not enough evidence to reject Ho.	


 

2b   Based on your experience, do you agree or disagree that the following modes contribute to project failure?       
		   b) Mismanagement of resources?
	   Disagree		    Agree					
	            9		                   25	           
Number of respondents who will vote A in the sample = n			                       The test is appropriate when both n*π ≥ 5 and n(1 -0.8) ≥ 5		                                  Since, 34*0.8 = 27 and 34*(1-0.8) = 7 this test is appropriate	                                                       1. State the Ho and Ha: 	                                                                                                                                                            Ho: The population of A votes π is ≥ 0.8	                                                                                        H1: π < 0.8	                                                                                                                                              2. Select the level of significance. The level of significance is 0.05. 	                                        The critical value = -1.644 (lower tail test)  	                                                                                       3. Select the test statistic, z is the appropriate test statistic.   	                                                         Π = 0.8   proportion of As required to validate Ho  	                                                                                        n = 34  sample size     	                                                                                                                                p= 0.8  proportion of As in the sample  	                                                                                                                       p-π = (25/34) = 0.73529 	                                                                                                                            π(1-π)/n  =  0.00471  	                                                                                                                   = 0.0686  	                                                                                                     Z test = (0.73529/0.0686) = 10.719		                                                                                                              Critical Value = -1.644						                                                   Z test = 10.719					                                                                 Critical Value  <  Z test     	                                                                                                                                                                     -1.644 < 10.719                                                                                                                    
There is not enough evidence to reject Ho.

[bookmark: _Hlk36057521]


2c   Based on your experience, do you agree or disagree that the following modes contribute to project failure?       
		    c) Management's competency of the project?
	    Disagree		   Agree					
	             7		                  27	           
Number of respondents who will vote A in the sample = n			                       The test is appropriate when both n*π ≥ 5 and n(1 -0.8) ≥ 5		                                  Since, 34*0.8 = 27 and 34*(1-0.8) = 7 this test is appropriate	                                                       1. State the Ho and Ha: 	                                                                                                                                                            Ho: The population of A votes π is ≥ 0.8	                                                                                        H1: π < 0.8	                                                                                                                                              2. Select the level of significance. The level of significance is 0.05. 	                                        The critical value = -1.644 (lower tail test)  	                                                                                       3. Select the test statistic, z is the appropriate test statistic.   	                                                         Π = 0.8   proportion of As required to validate Ho  	                                                                                        n = 34  sample size     	                                                                                                                                p= 0.8  proportion of As in the sample  	                                                                                                                       p-π = (27/34) = 0.79412	                                                                                                                              π(1-π)/n  =  0.00471  	                                                                                                                   = 0.0686  	                                                                                                     Z test = (0.79412/0.0686) = 11.576	                                                                                                              Critical Value = -1.644						                                                   Z test = 11.576					                                                                 Critical Value  <  Z test     	                                                                                                                                                                     -1.644 < 11.576                                                                                                                    
There is not enough evidence to reject Ho.

[bookmark: _Hlk36057738]


2d   Based on your experience, do you agree or disagree that the following modes contribute to project failure?       
		   d) Lack of information flow between stakeholders (communication)
	    Disagree		   Agree					
	              4		      30	           
Number of respondents who will vote A in the sample = n			                       The test is appropriate when both n*π ≥ 5 and n(1 -0.8) ≥ 5		                                  Since, 34*0.8 = 27 and 34*(1-0.8) = 7 this test is appropriate	                                                       1. State the Ho and Ha: 	                                                                                                                                                            Ho: The population of A votes π is ≥ 0.8	                                                                                        H1: π < 0.8	                                                                                                                                              2. Select the level of significance. The level of significance is 0.05. 	                                        The critical value = -1.644 (lower tail test)  	                                                                                       3. Select the test statistic, z is the appropriate test statistic.   	                                                         Π = 0.8   proportion of As required to validate Ho  	                                                                                        n = 34  sample size     	                                                                                                                                p= 0.8  proportion of As in the sample  	                                                                                                                       p-π = (30/34) = 0.8823	                                                                                                                            π(1-π)/n  =  0.00471  	                                                                                                                   = 0.0686  	                                                                                                     Z test = (0.8823/0.0686) = 12.862	                                                                                                              Critical Value = -1.644						                                                   Z test = 12.862					                                                                 Critical Value  <  Z test     	                                                                                                                                                                     -1.644 < 12.862                                                                                                                    
There is not enough evidence to reject Ho.




2e   Based on your experience, do you agree or disagree that the following modes contribute to project failure?       
		    e) Over optimistic estimates
	    Disagree		    Agree					
	             5		                   16	           
Number of respondents who will vote A in the sample = n			                       The test is appropriate when both n*π ≥ 5 and n(1 -0.8) ≥ 5		                                  Since, 21*0.8 = 17 and 21*(1-0.8) = 4 this test is not appropriate	    

    




















2f   Based on your experience, do you agree or disagree that the following modes contribute to project failure?       
		    f) Poor top down communication?
	    Disagree		   Agree					
	             5		                  29	           
Number of respondents who will vote A in the sample = n			                       The test is appropriate when both n*π ≥ 5 and n(1 -0.8) ≥ 5		                                  Since, 34*0.8 = 27 and 34*(1-0.8) = 7 this test is appropriate	                                                       1. State the Ho and Ha: 	                                                                                                                                                            Ho: The population of A votes π is ≥ 0.8	                                                                                        H1: π < 0.8	                                                                                                                                              2. Select the level of significance. The level of significance is 0.05. 	                                        The critical value = -1.644 (lower tail test)  	                                                                                       3. Select the test statistic, z is the appropriate test statistic.   	                                                         Π = 0.8   proportion of As required to validate Ho  	                                                                                        n = 34  sample size     	                                                                                                                                p= 0.8  proportion of As in the sample  	                                                                                                                       p-π = (29/34) = 0.85294	                                                                                                                              π(1-π)/n  =  0.00471  	                                                                                                                   = 0.0686  	                                                                                                      Z test = (0.85294/0.0686) = 12.434	                                                                                                              Critical Value = -1.644						                                                   Z test = 12.434					                                                                 Critical Value  <  Z test     	                                                                                                                                                                     -1.644 < 12.434                                                                                                                    
               There is not enough evidence to reject Ho.




2g   Based on your experience, do you agree or disagree that the following modes contribute to project failure?       
		    g) Unclear roles and responsibilities?
	    Disagree		   Agree					
	             6		                  17	           
Number of respondents who will vote A in the sample = n			                       The test is appropriate when both n*π ≥ 5 and n(1 -0.8) ≥ 5		                                  Since, 23*0.8 = 18 and 23*(1-0.8) = 5 this test is appropriate	                                                       1. State the Ho and Ha: 	                                                                                                                                                            Ho: The population of A votes π is ≥ 0.8	                                                                                        H1: π < 0.8	                                                                                                                                              2. Select the level of significance. The level of significance is 0.05. 	                                        The critical value = -1.644 (lower tail test)  	                                                                                       3. Select the test statistic, z is the appropriate test statistic.   	                                                         Π = 0.8   proportion of As required to validate Ho  	                                                                                        n = 23  sample size     	                                                                                                                                p= 0.8  proportion of As in the sample  	                                                                                                                       p-π = (17/23) = 0.73913	                                                                                                                            π(1-π)/n  =  0.00696  	                                                                                                                   = 0.08341 	                                                                                                     Z test = (0.73913/0.08341) = 8.862	                                                                                                              Critical Value = -1.644						                                                   Z test = 8.862					                                                                 Critical Value  <  Z test     	                                                                                                                                                                     -1.644 < 8.862                                                                                                                    
There is not enough evidence to reject Ho.




[bookmark: _Hlk36059521]2h  Based on your experience, do you agree or disagree that the following modes contribute to project failure?       
    h) Unavailability of qualified craftsmen
	    Disagree		   Agree					
	             16		       3	           
Number of respondents who will vote A in the sample = n			                       The test is appropriate when both n*π ≥ 5 and n(1 -0.8) ≥ 5		                                  Since, 19*0.8 = 15 and 19*(1-0.8) = 4 this test is not appropriate	























2i   Based on your experience, do you agree or disagree that the following modes contribute to project failure?       
		    i) Poor project plan execution?
	    Disagree		   Agree					
	             2		                  32	           
Number of respondents who will vote A in the sample = n			                       The test is appropriate when both n*π ≥ 5 and n(1 -0.8) ≥ 5		                                  Since, 34*0.8 = 27 and 34*(1-0.8) = 7 this test is appropriate	                                                       1. State the Ho and Ha: 	                                                                                                                                                            Ho: The population of A votes π is ≥ 0.8	                                                                                        H1: π < 0.8	                                                                                                                                              2. Select the level of significance. The level of significance is 0.05. 	                                        The critical value = -1.644 (lower tail test)  	                                                                                       3. Select the test statistic, z is the appropriate test statistic.   	                                                         Π = 0.8   proportion of As required to validate Ho  	                                                                                        n = 34  sample size     	                                                                                                                                p= 0.8  proportion of As in the sample  	                                                                                                                       p-π = (32/34) = 0.9418	                                                                                                                            π(1-π)/n  =  0.00471  	                                                                                                                   = 0.0686 	                                                                                                     Z test = (0.9418/0.0686) = 13.718	                                                                                                              Critical Value = -1.644						                                                   Z test = 13.718					                                                                 Critical Value  <  Z test     	                                                                                                                                                                     -1.644 < 13.718                                                                                                                   
There is not enough evidence to reject Ho.




[bookmark: _Hlk36060496]2j   Based on your experience, do you agree or disagree that the following modes contribute to project failure?       
		    j) Regulatory or environmental delays?
	    Disagree		   Agree					
	              8		      26	           
Number of respondents who will vote A in the sample = n			                       The test is appropriate when both n*π ≥ 5 and n(1 -0.8) ≥ 5		                                  Since, 34*0.8 = 27 and 34*(1-0.8) = 7 this test is appropriate	                                                       1. State the Ho and Ha: 	                                                                                                                                                            Ho: The population of A votes π is ≥ 0.8	                                                                                        H1: π < 0.8	                                                                                                                                              2. Select the level of significance. The level of significance is 0.05. 	                                        The critical value = -1.644 (lower tail test)  	                                                                                       3. Select the test statistic, z is the appropriate test statistic.   	                                                         Π = 0.8   proportion of As required to validate Ho  	                                                                                        n = 34  sample size     	                                                                                                                                p= 0.8  proportion of As in the sample  	                                                                                                                       p-π = (26/34) = 0.7647	                                                                                                                             π(1-π)/n  =  0.00471  	                                                                                                                   = 0.0686 	                                                                                                       Z test = (0.7647/0.0686) = 11.147	                                                                                                              Critical Value = -1.644						                                                   Z test = 11.147					                                                                 Critical Value  <  Z test     	                                                                                                                                                                     -1.644 < 11.147                                                                                                                    
There is not enough evidence to reject Ho.




2k Based on your experience, do you agree or disagree that the following modes contribute to project failure?       
		    k) Schedule acceleration?
	    Disagree		    Agree					
	            14		       11	           
Number of respondents who will vote A in the sample = n			                       The test is appropriate when both n*π ≥ 5 and n(1 -0.8) ≥ 5		                                  Since, 25*0.8 = 20 and 25*(1-0.8) = 5 this test is appropriate	                                                       1. State the Ho and Ha: 	                                                                                                                                                            Ho: The population of A votes π is ≥ 0.8	                                                                                        H1: π < 0.8	                                                                                                                                              2. Select the level of significance. The level of significance is 0.05. 	                                        The critical value = -1.644 (lower tail test)  	                                                                                       3. Select the test statistic, z is the appropriate test statistic.   	                                                         Π = 0.8   proportion of As required to validate Ho  	                                                                                        n = 25  sample size     	                                                                                                                                p= 0.8  proportion of As in the sample  	                                                                                                                       p-π = (11/25) = 0.44	                                                                                                                           π(1-π)/n  =  0.0064 	                                                                                                                   = 0.08 	                                                                                                      Z test = (0.44/0.08) = 5.5	                                                                                                              Critical Value = -1.644						                                                   Z test = 5.5					                                                                 Critical Value  <  Z test     	                                                                                                                                                                     -1.644 < 5.5                                                                                                                   
There is not enough evidence to reject Ho.




3a   Do you agree that a breakdown in communication is a leading factor causing projects to fail?
	    Disagree		    Agree					
	             4		                   30	           
Number of respondents who will vote A in the sample = n			                       The test is appropriate when both n*π ≥ 5 and n(1 -0.8) ≥ 5		                                  Since, 34*0.8 = 27 and 34*(1-0.8) = 7 this test is appropriate	                                                       1. State the Ho and Ha: 	                                                                                                                                                            Ho: The population of A votes π is ≥ 0.8	                                                                                        H1: π < 0.8	                                                                                                                                              2. Select the level of significance. The level of significance is 0.05. 	                                        The critical value = -1.644 (lower tail test)  	                                                                                       3. Select the test statistic, z is the appropriate test statistic.   	                                                         Π = 0.8   proportion of As required to validate Ho  	                                                                                        n = 34  sample size     	                                                                                                                                p= 0.8  proportion of As in the sample  	                                                                                                                       p-π = (30/34) = 0.88235	                                                                                                                             π(1-π)/n  =  0.00471  	                                                                                                                   = 0.0686 	                                                                                                       Z test = (0.88235/0.0686) = 12.8624	                                                                                                              Critical Value = -1.644						                                                   Z test = 12.862					                                                                 Critical Value  <  Z test     	                                                                                                                                                                     -1.644 < 12.862                                                                                                                    
There is not enough evidence to reject Ho.




3b   Do you believe that increasing the accuracy of front-end design and implementation of best-in-class project management practices during project execution will increase project successfulness?
	    Disagree		    Agree					
	             3		                   21	           
Number of respondents who will vote A in the sample = n			                       The test is appropriate when both n*π ≥ 5 and n(1 -0.8) ≥ 5		                                  Since, 24*0.8 = 19 and 24*(1-0.8) = 5 this test is appropriate	                                                       1. State the Ho and Ha: 	                                                                                                                                                            Ho: The population of A votes π is ≥ 0.8	                                                                                        H1: π < 0.8	                                                                                                                                              2. Select the level of significance. The level of significance is 0.05. 	                                        The critical value = -1.644 (lower tail test)  	                                                                                       3. Select the test statistic, z is the appropriate test statistic.   	                                                         Π = 0.8   proportion of As required to validate Ho  	                                                                                        n = 24  sample size     	                                                                                                                                p= 0.8  proportion of As in the sample  	                                                                                                                       p-π = (21/24) = 0.875	                                                                                                                            π(1-π)/n  =  0.00667	                                                                                                                   = 0.08165	                                                                                                      Z test = (0.875/0.08165) = 10.717	                                                                                                              Critical Value = -1.644						                                                   Z test = 10.717					                                                                 Critical Value  <  Z test     	                                                                                                                                                                     -1.644 < 10.717                                                                                                                    
There is not enough evidence to reject Ho.
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1

Based on your experience, do you agree or disagree with the following statements regarding

construction projects over $10 million? 

Disagree Agree

1a Typically:   25% of projects cost more than projected 1 32

1b

25% of projects are delivered late 

6 28

1c

20% of the projects completed do not meet quality specifications

20 11

2 Based on your experience, do you agree or disagree that the following  modes contribute 

to project failure?

Disagree Agree

a) Ineffective planning and research? 

3 20

b) Mismanagement of resources? 

9 25

c) Management's competency of the project?

7 27

d) Lack of information flow between stakeholders (communication)?

4 30

e) Over optimistic estimates?

5 16

f) Poor top down communication?

5 29

g) Unclear roles and responsibilities? 

6 17

h) Unavailability of qualified craftsmen

16 3

i) Poor project plan execution?

2 32

j) Regulatory or environmental delays? 

8 26

k) Schedule acceleration? 

14 11

3a Do you agree that a breakdown in communication is a leading factor causing  projects to fail?

Disagree Agree

4 30

3b Do you believe that increasing the accuracy of front-end design and implementation 

of best-in-class project management practices during project execution will increase

project successfulness?

Disagree Agree

3 21
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Project research factors Gupta (2015) Factors Count Five Megaprojects research Count Totals
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SOH Keeling, R., (2000)  1

Jurisdictional Complexities 14 TBD Greiman, V., (2010)  1

Unavailability of Qualified Craftsmen 19

Multi-Location Challenges 20

Inadequate FEP Resources 12

Unexpected materials and / or equipment delays 17

112 3 115

Inadequate Organization Planning and Staff  15 TBD Greiman, V., (2010)  1

Inadequate Size, Skills, and Experience of PMT 20

35 1 36

Inadequate Document Management Plan Inadequate Document Management Plan 7 SOH Keeling, R., (2000)  1

TBD Greiman, V., (2010)  1

7 2 9

Inadequate Management Risk  Inadequate Owner Participation in risk Management 9 BP Achenbach, J., (2011) 1

DIA Kerzner, H., (2014)  1

JWST Greiman, V., (2010)  1

TBD Greiman, V., (2010)  1

9 4 13

Ineffective Stakeholder Management Ineffective Change Management 12 BP Achenbach, J., (2011) 1

DIA Kerzner, H., (2014)  1

JWST Greiman, V., (2010)  1

TBD Greiman, V., (2010)  1

SOH Keeling, R., (2000)  1

12 5 17

Regulatory & Environmental Delays  Regulatory & Environmental Delays  10 TBD Greiman, V., (2010)  1

10 1 11

Unclear Roles, Responsibilities, Requirements, 

Authority and Accountability

Unclear Definition of Roles, Responsibilities and 

Authority

8

BP Achenbach, J., (2011) 1

DIA Kerzner, H., (2014)  1

JWST Greiman, V., (2010)  1

TBD Greiman, V., (2010)  1

SOH Keeling, R., (2000)  1

SUB-TOTAL SUB-TOTAL 8 5 13

Total 213

Unplanned Changes in Key Personnel Unplanned Changes in Key Personnel 24 DIA Kerzner, H., (2014)  1

TBD Greiman, V., (2010)  1

24 2 26

Ineffective Stakeholder Communications Ineffective Stakeholder Communication 12 BP Achenbach, J., (2011) 1

DIA Kerzner, H., (2014)  1

JWST Greiman, V., (2010)  1

TBD Greiman, V., (2010)  1

SOH Keeling, R., (2000)  1

12 5 17

Inadequate FEP Resources Inadequate FEP Resources 12 DIA Kerzner, H., (2014)  1

TBD Greiman, V., (2010)  1

12 2 14

Ineffective Interface Management 9 BP Achenbach, J., (2011) 1

Inadequate Risk Assessment & Mitigation 11 DIA Kerzner, H., (2014)  1

Inadequate Project Controls System  2 JWST Greiman, V., (2010)  1

Lack of Execution Plan Alignment 10 TBD Greiman, V., (2010)  1

Inadequate integrated Schedule 10 SOH Keeling, R., (2000)  1

42 5 47

Schedule Acceleration  Baseline Schedule Acceleration 10 DIA Kerzner, H., (2014)  1

TBD Greiman, V., (2010)  1

10 2 12

Lack of Quality Process Quality Compromised for Schedule  4 BP Achenbach, J., (2011) 1

SOH Keeling, R., (2000)  1

4 2 6

Misalignment Within Partner Organizations Misalignment Within Partner Organization 15 TBD Greiman, V., (2010)  1

15 1 16

Limited Capable Contractors 20 TBD Greiman, V., (2010)  1

Underperforming Contractors or Key Subcontractors 19

SUB-TOTAL 39 1 40

SUB-TOTAL 158

Total 178

Appendix C - Merging Data for Failure Mode Categories

Inadequate Organization Resource 

Management



Poor Project Plan and Budget Execution 



Ineffective planning and research

Contractor Limitations


image54.emf
Changes in Key Personnel Unplanned Changes in Key Personnel 24 TBD Greiman, V., (2010)  1

24 1 25

Ineffective Stakeholder Communication 12 BP Achenbach, J., (2011) 1

Misalignment Within Partner Organization 15 DIA Kerzner, H., (2014)  1

Business Approach Differences Across Stakeholders 12 JWST Greiman, V., (2010)  1

TBD Greiman, V., (2010)  1

SOH Keeling, R., (2000)  1

39 5 44

Inadequate Organization Planning and Staff  15 TBD Greiman, V., (2010)  1

Inadequate Size, Skills, and Experience of PMT 20

35 1 36

Cultural Differences  Cultural Differences Across Stakeholders 17 0

17 0 17

Inadequate Owner Participation in Risk 

management

Inadequate Owner Participation in Risk management 9

BP Achenbach, J., (2011) 1

DIA Kerzner, H., (2014)  1

JWST Greiman, V., (2010)  1

TBD Greiman, V., (2010)  1

SUB-TOTAL 9 4 13

SUB-TOTAL 124

Total 135

Inadequate Document Management Plan Inadequate Document Management Plan 7 TBD Greiman, V., (2010)  1

7 1 8

Inadequate Change management Plan Unplanned Changes in Key Personnel 24 TBD Greiman, V., (2010)  1

DIA Kerzner, H., (2014)  1

24 2 26

Inadequate Risk management Plan Incomprehensive Risk Management  8 BP Achenbach, J., (2011) 1

DIA Kerzner, H., (2014)  1

JWST Greiman, V., (2010)  1

TBD Greiman, V., (2010)  1

SOH Keeling, R., (2000)  1

8 5 13

Inadequate integrated Schedule 10 DIA Kerzner, H., (2014)  1

Unclear Scope Definition in Contracts 7 JWST Greiman, V., (2010)  1

TBD Greiman, V., (2010)  1

SOH Keeling, R., (2000)  1

17 4 21

Inadequate requirements management Plan Jurisdictional Complexities 14 TBD Greiman, V., (2010)  1

SOH Keeling, R., (2000)  1

SUB-TOTAL 14 2 16

SUB-TOTAL 70 Total 84

Appendix C - Merging Data for Failure Mode Categories

Inadequate Organization Resources



Inadequate Schedule management Plan

Ineffective Stakeholder Management 
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Table 5: Four Main Megaproject Failure Categories

Failure Categories _ Total Causal Factors Cumulative %

Planning /Coordination 213 35%
Execution 178 64%
Governance 135 86%
Documentation 84 100%

Reference for Table 5: Table 3 is the source of
information on this summary table.
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Based on your experience, do you agree or disagree that the following modes contribute
to project failure?
Disagree  Agree

a) Incffective planning and rescarch? 3 20
b) Mismanagement of resources? 9 2
) Management's competency of the project? 7 27
d) Lack of information flow between stakeholders (communication)? 4 30
<) Over optimistic estimates? s 16
£) Poor top down communication? s 29
2) Unclear roles and responsibiliies? 6 17
h) Unavailability of qualified craftsmen 16 3

i) Poor project plan exceution? 2 32
i) Regulatory or environmental delays? s 2

k) Schedule acceleration? 14 11
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3a

Do you agree that a breakdown in communication is a leading factor causing projects to fail?

Disagree _ Agree
4 30

Do you believe that increasing the accuracy of front-end design and implementation
of best-in-class project management practices during project execution will increase
project successfulness?
Disagree  Agree
3 21
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Table 10: Summary of failure mode to proposed CAPA relationships

Failure Mode _Failure Category

Root Cause Proposed CAPA

Technology
Turisdictional
Ineffective Logistics
planning and
research
FEP

Inadequate project communication3]
and communication plan

Formal communications
plans initiated coincidently
with FED/FEED processes
and tied directly to project
goals and objectives

Lack of understanding of project
goals and objectives

Insufficient assessment of the Focused FED/FEED
complexity presented by unfamilar  processes utilizing risk-
location based planning tied to

project goals and objectives

Inadequately experienced resources  Provide hiring managers with
project-specific skills and
objectives criteria for each

reauired resource
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Data Collection Instrument

Your Name: 

Your Company Name: 

Your Position:

Based on your experience, do you agree or disagree with the following statements regarding

construction projects over $10 million? 

Disagree

Agree

Typically:      25% of projects cost more than projected

25% of projects are delivered late 

20% of the projects completed do not meet quality specifications

Based on your experience, do you agree or disagree that the following  modes contribute 

to project failure?

Disagree Agree

a) Ineffective planning and research? 

b) Mismanagement of resources? 

c) Management's competency of the project?

d) Lack of information flow between stakeholders (communication)

e) Over optimistic estimates 

f) Poor top down communication?

g) Unclear roles and responsibilities? 

h) Unavailability of qualified craftsmen

i) Poor project plan execution?

j) Regulatory or environmental delays? 

k) Schedule acceleration? 

Do you agree that a breakdown in communication is a leading factor causing  projects to fail?

Disagree Agree

Do you believe that increasing the accuracy of front-end design and implementation of best-in-class

 project management practices during project execution will increase project successfulness? 

Disagree Agree

3

5 4 2 1

5 4 2 1

5 4 2 1

5 4 2 1

5 4 2 1

5 4 2 1

5 4 2 1

5 4 2 1

5 4 2 1

5 4 2 1

3

3

3

3

3

3

3

3

3

5 4 2 1 3
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Based on your experience, do you agree or disagree that the following modes contribute

to project failure?
) Ineffective planning and rescarch?

b) Mismanagement of resource:
©) Management's competency of the project?

d) Lack of information flow between stakeholders (communication)
©) Over optimistic estimates

£ Poor top down communication?

2) Unclear roles and responsibilities?

h) Unavailability of qualificd craftsmen

) Poor project plan execution?
J) Regulatory or environmental delays?
1) Schedule acceleration?

Disagree Agree
1 5] [a] [s
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Do you agree that a breakdown in communication is a leading factor causing projects to fail?

Disagree Agree
1 5
Do you believe that increasing the accuracy of front-end design and implementation of best-in-class
project management practices during project execution will increase project successfulness?
Disagree Agree
1 5
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