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ABSTRACT 
 
 Limited analysis has been conducted to quantify the effects of Owner project 

oversight† on construction projects, particularly in the public sector.  The intent of this 

research project is to correlate project oversight provided on construction projects with 

the performance of the project, thus quantifying claims from construction and project 

management† experts that project Owner involvement has an effect on project outcome. 

In order to test this hypothesis, data from a sample of construction projects from 

Naval Facilities Engineering Command (NAVFAC), the U.S. Navy’s public works and 

construction management lead, was collected via NAVFAC’s project database and 

through a survey of NAVFAC Construction Managers† (CMs) and Engineering 

Technicians† (ETs) who provided the oversight on the projects.  A 5-point Likert scale 

was utilized to measure the degree of effort CMs and ETs provided on a project.  

NAVFAC’s six Focus Areas were selected as performance metrics, and were measured 

and compiled into single scores using a methodology similar to El Asmar, et al.’s ‘Project 

Quarterback Rating.’ Statistical analysis was then utilized to determine if a correlation 

exists between the degree of oversight provided on various owner tasks and project 

performance metrics such as cost growth, schedule growth, safety, quality, and 

stakeholder satisfaction.   

Increased effort provided on change management tasks resulted in a negative 

correlation with performance metrics. Coordination of power outages and phasing, 

Quality Assurance tasks, etc. resulted in a positive correlation with performance metrics.  

Years of respondent construction experience, turnover of the CM or ET during the 
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construction project, and an unbalanced workload for the CM or the ET also positively 

correlated with project performance metrics. 

Last, project characteristics were tested to determine if there was a correlation 

between certain characteristics and project performance.  Characteristics that were 

positively correlated were controlled for and like projects binned into categories, and 

each of these bins was then re-tested to determine under which conditions project 

oversight correlates with project performance.  For project with smaller durations and 

costs, project oversight had a positive correlation with quality and stakeholder 

satisfaction.  For intermediate- or large-sized projects overall performance score was 

correlated.  When controlling for number of project complications outside the control of 

the Owner’s CM or ET, cost growth and schedule growth showed a positive correlation 

with oversight provided, likely indicating that despite additional effort, the negative 

effects on cost and schedule growth of project complications overruled the positive 

effects of CM or ET engagement.  However, overall project performance score showed a 

positive correlation with additional project oversight for projects with many 

complications. 
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CHAPTER 1 – INTRODUCTION 
 
1.1 Research Motivation 
 

Experts in the construction industry have determined that productivity in their 

business sector has remained constant when compared to other non-agriculture business 

sectors (Teicholz P. , 2004), as detailed in Figure 1.   

Figure 1:  Construction & Non-Farm Labor Productivity Index, 1964-2003.   
Note the relatively constant (slightly declining) state of construction sector productivity when compared to 
other sectors.  

 
 (Teicholz P. , 2004) 

 
Construction companies and building owners have increasingly turned to 

utilization of project management (PM) practices to assist in improving productivity 

(Project Management Institute, 2015).  
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Additionally, as a construction project progresses through the processes of scope 

development, contracting, and execution, the extent of owner influence on project 

outcome† decreases, and the costs to make design improvements or influence the project 

outcomes increase, as shown in Figure 2. (MacLeamy, 2004) 

Figure 2: The MacLeamy Curve. 
This graph depicts the Owner’s ability to influence project outcome compared to the cost of implementing 
changes over the duration of a construction project.  

 
(MacLeamy, 2004) 

 
A multitude of research sources have also concluded that owner involvement 

throughout the construction process is essential to the success of a project, particularly for 

mitigating the effects of changes, providing communication and direction, and controlling 

cost and schedule growth.  (Bryson & Yetmen, 2010; Griffis, 2006; Lewis, 1999) 

The goal of this research study is to determine if more engagement by owner’s 

representatives during the construction phase of a project has an impact on project 

performance.  Research objectives were achieved by conducting an exploratory study of a 
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random sampling of similar projects completed by the United States Navy’s construction 

project management agency, the Naval Facilities Engineering Command† (NAVFAC).  

The following sections provide background and definition to the research 

question, along with context as to the importance of this research in relation to both 

owner involvement and construction productivity overall. 

1.2 Background 
 

1.2.1 Introduction to NAVFAC 
 

NAVFAC is the United States Navy and Marine Corps’ primary provider of 

facilities, contracting, and construction management services worldwide.  To accomplish 

their assigned responsibilities – which are similar to portions of the U.S. Army Corps of 

Engineers or a public works department† of a college campus – NAVFAC operates in a 

matrix organization of business lines and support lines. (Sturgill, 2015; Bryson & 

Yetmen, 2010; Naval Facilities Engineering Command, 2008) 

NAVFAC’s Public Works Departments (PWDs) manage approximately 100 

installations around the world, worth over $150 billion.  (Robertson, 2017; Naval 

Facilities Engineering Command, 2017)  One of NAVFAC’s primary responsibilities is 

support of capital improvements projects, comprised of project design, acquisition, and 

construction oversight departments for new work, upgrades, and repairs on a variety of 

projects ranging in scope and complexity from door replacements to new hospitals.  

Falling within the PWD organizational structure, the department responsible for the 

design, contracting, and construction execution of nearly every project conducted on a 

Navy or Marine Corps base is the Facilities Engineering and Acquisition Division 
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(FEAD). (Naval Facilities Engineering Command, 2008)  FEADs have the capability to 

not only conduct in-house designs, manage AE firms, and create and sign contracts on 

behalf of the U.S. Navy, but also to manage construction cost and schedule control, 

conduct quality and safety assurance, and coordinate with the end user as an owner’s 

representative.  (Naval Facilities Engineering Command, 2008)  A simple overview of 

the NAVFAC’s organizational structure when compared to industry organizations that fill 

equivalent roles is shown in Figure 3.   

Figure 3: A comparison of U.S. Navy and industry organizational constructs.   
Note that the FEAD office conducts contract oversight, which is a role similar to that of an architect or 
owner’s representative in the private sector. 

U.S. Navy    Industry 

 

 
After a construction project is awarded to the construction contractor, the contract  

responsibility is transferred to the FEAD Construction Manager (CM) and Engineering 

Technician (ET), who work as a team to ensure proper contract execution.  An example  

of a typical project team, along with a summary of the project execution process, is  

included in Figure 4.  Note that all references to ‘CM’ in this text indicate the 

Navy Supported 
Command / Base

(Installation Public Works)

FEAD 

(Facilities Engineering 
& Acquisition Division)

Contractor

Owner

AE Firm

(Architect or Owner’s 
Representative)

Contractor
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government CM unless otherwise specified. 

Figure 4 NAVFAC Public Works Organizational Construct and Project Execution Process.   
Between each phase of project execution, the project is handed off to a different entity to take the lead, with 
overall oversight provided by the PM (if a PM is assigned). 
 

 
(Naval Facilities Engineering Command, 2008) 

Once the project is awarded to the contractor for execution, the CM acts as the 

Navy’s owner’s representative.  Accountable for final project results, the CM is the lead 

point of contact, providing coordination and communication between stakeholders and 

the construction contractor.  Throughout the course of the project, the “post-award” (read: 

post-construction contract award) team† is typically provided support from other 

NAVFAC team members assigned functional roles on the project, including the Design 

Manager (DM), contract specialists (CS), contracting officer (KO), and Project Manager 

(PM).   
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1.2.2 Defining project performance 
 
 The term ‘performance†’ is used in this research to describe “the execution of an 

action.”  The ‘outcome’ of a project can be described as “something that follows as a 

result or consequence.” (Merriam-Webster, 2003)  For the purposes of this research, 

project ‘outcome’ is measured as a series of ‘performance’ factors which are tracked 

through the course of the project. 

No formal method to measure project performance has been agreed upon by 

scholars. Many have concluded that project performance is subjective and dependent on 

multiple factors and their relative priorities to one another in a specific project.  Project 

‘success,’ ‘performance,’ and ‘outcome’ were heavily researched topics in the 1980s and 

1990s, and factors selected for measurement vary depending on industry sector, 

perspective of the one conducting the measuring (for example, owner versus PM), etc.   

(Dobbins & Donnelly, 1998; Chan & Scott, 2004; Chan & Chan, 2014; Hughes, 

Tippett, & Thomas, 2004; Lim & Mohamed, 1999; Baker, Murphy, & Fisher, 1988; 

Freeman & Beale, 1992; Sanvido, Grobler, Parfitt, Guvenis, & Coyle, 1992; Hanna A. , 

2015) 

A substantial number of models for aggregating or summarizing project outcome 

have been developed and employed with varying degrees of success.  Details of the 

various methods tested and employed are explored in detail in Chapter 2. 

Since the goal of this research is to correlate project oversight with project 

performance, a method for measuring project performance of NAVFAC projects was 
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developed and applied.  Details regarding methodology developed for measuring 

different areas of project performance can be found in Chapter 3.   

1.2.3 Defining project oversight 
 

1.2.3.1 NAVFAC project oversight 
 

NAVFAC CMs and ETs are primarily responsible for the majority of post-award 

project oversight.  According to NAVFAC’s Public Works Department Management 

Guide, the project team’s role is “to ensure proper contract performance.”  (Naval 

Facilities Engineering Command, 2008)  Tasks to accomplish this mission include 

contract administration, quality assurance, change order negotiations, schedule and cost 

control, inspections, safety assurance, submittal coordination, liaison with stakeholders, 

invoice processing, etc.  (Naval Facilities Engineering Command, 2008)  Further detail 

regarding the specific tasks selected for use in analysis are provided in Chapter 3.  The 

degree of effort expended to satisfactorily accomplish the myriad of tasks required for 

each project assigned to a post-award team member can vary dramatically, and is 

dependent on both specific project requirements and the specific construction phase of 

the project.  Varying delineations between team member roles, business processes and 

procedures, and guidance provided by leadership can also affect project oversight output, 

although in recent years, NAVFAC has emphasized the standardization of organizational 

roles and processes (Naval Facilities Engineering Command, 2008). 

Two common methods for measuring project oversight are “full-time-equivalent†” 

(FTE) employees assigned to a project, or as a percentage “level of effort†” charged to 
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each project.  More details regarding how to measure project oversight are provided in 

Chapter 2. 

At NAVFAC, the practice of tracking hours expended on a project is limited to 

only new construction projects over $1 million (otherwise known as Military 

Construction, or “MILCON†” projects) and reimbursable projects for client billing 

purposes.  Instead of tracking FTEs expended on each project and forecasting needs 

based on historical data, an algorithm equates total forecasted Work-in-Place† (or “WIP,” 

measured in dollars to be expended) to future field office manning needs (Naval Facilities 

Engineering Command, 2008).   

Two possible explanations for the limiting of the practice of tracking FTEs 

include a reduction of administrative burden on CMs and ETs who can manage upwards 

of 30 projects at a time, and less organizational desire to track at the project level due to 

the inherent non-profit nature of a public organization.  Determining the reasons for not 

tracking to this level of detail are outside of the scope of this research project.  However, 

such extreme variations in effort expended on projects, along with limited to no tracking 

of historical FTE resources expended, renders workload management and resource 

leveling of project team members (as well as determination of appropriate manning at the 

office level) a monumental task for supervisors and organizational leaders. (Penrod, 

2017)  For the purposes of this research, a survey was developed to attempt to measure 

degree of effort expended on projects recently completed by NAVFAC.  
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1.2.3.2   Project oversight roles & responsibilities 
 

The PMBOK† provides a graphical interpretation of the level of effort expended 

by different “process groups” throughout the course of a project, shown in Figure 5.  The 

“Executing Process Group” can be equated to the contractor completing the construction 

work, with the post-award team taking on the roles of “Monitoring and Controlling 

Process Group” and “Closing Process Group” on behalf of the PM.  This work occurs 

primarily during the execution phase of the project.  The PM would have oversight of all 

process groups, thus managing a much larger area of responsibility than the CM. 

Figure 5  An example of Process Group Interactions within a project. 
NAVFAC CMs or ETs would manage the “monitoring and controlling” and the “closing” process groups. 

 

(Project Management Institute, Inc., 2017) 

Another common misunderstanding between the use of the title “Construction 

Manager” occurs in conversation between government and industry, as the title in the 

latter commonly refers to a constructor or a General Contractor’s role, and not to a 

position held by an owner or their representative.  For the purposes of this text, and to 
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align with NAVFAC terminology, the term “Construction Manager” will be utilized in 

reference to the owner’s representative during the construction phase of the project.  Any 

reference to Contractor personnel will be clearly identified. 

1.3 Research Motivation in Context 
 

In 2017, the Navy’s Chief of Civil Engineers implemented new operating 

procedures to standardize project oversight provided based on the magnitude and funding 

source used by supported commands.  This initiative introduced standard, pre-determined 

oversight “levels,” and was implemented in response to both a reduction in funding 

provided to NAVFAC for project oversight activities, and a renewed emphasis on 

fiduciary responsibility and government transparency.  The intent of controlling degree of 

oversight provided was to align NAVFAC’s service expenditures with the funding 

provided for those services, at this risk of potential adverse effects to project outcome, 

including “cost overruns, schedule delays, and mission impacts.”  (Muilenburg & Smith, 

2017)  Because project oversight FTEs provided were previously tracked on only a per-

office basis (not at the per-project level), the effects of these oversight adjustments on 

individual project budget, schedule, and quality were unclear.  The expected risk, 

however, was that minimum oversight on an individual project would result in maximum 

risk to project outcome. 

NAVFAC headquarters conducted a research study in 2017 to determine if there 

was a correlation between project oversight provided and cost/schedule growth – see 

Chapter 2 for more details regarding this study.  NAVFAC’s existing databases, which 

were used exclusively for data collection in NAVFAC’s study, contained limited 
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information on actual project oversight provided at the project level.  Measurement of 

project performance was limited to only cost and contract schedule growth.  Control 

variables were not applied: the study provided contradicting conclusions between the 

results of an analysis conducted on a single office and the results of an analysis of 

enterprise-wide data.  The single field office study showed a correlation between 

decreased FTE and increased cost and schedule growth, and the enterprise-wide study 

resulted in no correlation.  Follow-on research was recommended to refine parameters 

and analyze reasons for cost/schedule growth, particularly for larger projects. (Naval 

Facilities Engineering Command, 2017) 

On a larger scale, a substantial amount of time and effort has been expended by 

owners and academia to determine how much time and effort an owner should put into a 

project.  Chapter 2 provides a detailed description of previous research efforts to 

determine how involved an owner should be in the construction process.   

This author’s research acts both as a case study to apply lessons learned from 

previous studies to NAVFAC data, and to further explore the relationship between 

project oversight and project performance, particularly in the public sector. 

1.4 Problem Statement 
 

Limited analysis has been conducted to determine the impact that project 

oversight provides the owner, and the degree to which project performance (cost, 

schedule, safety, etc.) is affected by limited project oversight. 
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1.5 Research Objectives 
 

The objective of this research is to quantify the impact that varying degrees of 

construction project oversight has on the performance of Navy construction projects.  

This research will be conducted through a detailed analysis of a set of similar Navy 

projects.   

The proposed research: 

(1) offers a quantitative analysis of the performance of recently-completed Navy 

projects with similar project characteristics,  

(2) explores, develops, and applies methods to account for multiple factors into 

singular project performance scores and project oversight “levels” (measured 

as subjective degrees of effort), and 

(3) conducts a statistical analysis to correlate the measured project performance 

with actual project oversight provided on a project, as defined in this research. 

Results of this research will likely be utilized by NAVFAC, owners, and other 

construction project management entities to assist in the development of their own project 

performance and project oversight metrics, with the ultimate goal of benchmarking and 

maximizing efficiency of project construction management resources while making risk 

management and manning decisions. 

1.5.1 Research questions 
 

The primary research question to be answered is:  

1) Is there a correlation between degree of construction project oversight provided 

by the owner (NAVFAC) and the performance of the project? 
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Secondary research questions to be explored include: 

2) Does a CM or ET’s years of construction experience correlate with project 

performance? 

3) Does the CM or ET’s years of experience in their respective position correlate 

with project performance? 

4) Does CM or ET turnover during the project correlate with project performance? 

5) Does the CM or ET managing an unbalanced workload correlate with project 

performance? 

6) Under which conditions (if any) does project oversight correlate with project 

performance? 

In order to answer the six research questions, the following must first be determined: 

How should NAVFAC define and measure project oversight provided, and 

How should NAVFAC define and measure project performance? 

The crux of this research project is to determine if controlling the degree of effort 

expended on a project by the post-award team affects the performance of the project.  If 

degree of effort can in fact be adjusted to minimal levels without the project being 

affected, efficiencies can be gained by a reduction in oversight activities.  However, if a 

reduction in degree of effort expended results in increased cost and schedule growth, 

more mishaps, and/or lower customer satisfaction and quality, a balance must then be 

identified to adjust degree of effort in order to meet expected outcomes.  The PMBOK 

notes, “Only if risk owners give the required level of effort to implementing the agreed-
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upon responses will the overall risk exposure of the project and individual threats and 

opportunities be managed proactively.” (Project Management Institute, Inc., 2017)  

1.6 Methodology 
 

Research was conducted by literature review, data collection, and survey.  Research 

steps included: 

(1) An extensive literature review to leverage existing research on the topic, including 

determination of factors that may affect project oversight and project 

performance, as well as any pertinent research of similar scope and/or objectives. 

(2) In collaboration with NAVFAC, an initial review of NAVFAC datasets to 

determine parameters for selecting comparable projects and survey participants. 

(3) Development of a list of project oversight tasks in conjunction with NAVFAC 

leadership, along with distribution of a questionnaire to senior leaders to 

determine the tasks that were most likely to affect project performance. 

(4) Development and distribution of a questionnaire to CMs and ETs in order to 

collect a sampling of project performance and project oversight data not provided 

in NAVFAC’s electronic project database. 

(5) Collection of project characteristics and performance data from NAVFAC’s 

database to supplement data collected by the questionnaire. 

(6) Statistical analysis, and presentation of results.   

Results are presented as a correlation between project performance and degree of 

project oversight provided for the selected dataset. 
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1.7 Research Scope 

1.7.1 Contributions 

The exercise of identifying project oversight tasks and their impact on project 

performance is applicable to both public and private-sector owners conducting risk 

analyses and attempting to resource-level the PMs or owner’s representatives on their 

own projects, or to determine the necessity of contracting for an owner’s representative. 

The tasks selected for study should be included in the contract with the AE / owner’s 

representative firm.   

Additionally, this research explores a new method for review and tracking of 

project oversight provided by “degree of effort”, where oversight hours expended at the 

per project level are not typically tracked.  By tracking degree of effort expended on each 

task for a project, NAVFAC and other public-sector project entities will improve control 

of their most important resource – their labor hours – while meeting their fiduciary 

obligations of improved tracking of taxpayer expenses and resource-leveling.   

A thorough review and recommendations for improved metrics for measuring 

project performance in the public sector was also conducted.  The reason for tackling this 

research question was two-fold: not only was this the first known attempt to apply El 

Asmar, et. al.’s single project rating methodology to an organization (see Chapter 2 for 

details), but the application of the methodology to NAVFAC’s mission statement 

provides an opportunity for NAVFAC to better integrate organizational and project goals 

during the construction phase.   
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Finally, this research is intended to unearth a quantifiable link between owner 

construction oversight provided and the performance of a project.  While an abundance of 

literature touts the importance of owner involvement during the construction phase of the 

project, quantifiable evidence of the positive results of such involvement has so far 

remained elusive to researchers.  

1.7.2 Limitations 
 

This research is limited to construction projects with an original contract cost of 

greater than $150,000, either lump-sum or unit price payment structure, and either Design 

Bid Build (DBB), Design Build (DB), or Indefinite-Delivery, Indefinite Quantity† (IDIQ) 

delivery approach.  All projects were completed between 2012 and 2018 and delivered by 

NAVFAC’s Capital Improvements Business Line. 

Results of this research are intended to be a case study for review and 

implementation of project performance and project oversight metrics for owners or 

owner’s representatives.  A thorough review of project and organizational goals, 

objectives, and methods of measurement should be conducted before any application of 

the methodologies defined herein are applied to other organizations.   

Additionally, the assumption that project oversight “degree” or “level” of effort is 

controlled at the organizational level must be made in order to utilize degree of effort as 

the independent variable.  In other words, Construction Managers and Engineering 

Technicians must be aligning the effort applied to oversight tasks with NAVFAC 

business practices in order to accurately compare “levels” or “degree” of effort between 

projects.  
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1.8 Report Organization 
 

This report consists of five chapters.  Chapter One describes the underlying 

concepts, background, and motivation for this research.  Chapter Two provides an in-

depth literature review of factors and methods of measurement for both project 

performance and project oversight, as well as an overview of private compared to public 

sector project construction management, and a summary of previous comparisons 

between project oversight and project performance.  Chapter Three lays out the proposed 

methodology for determining a correlation between project performance and project 

oversight using statistical techniques, and includes a discussion on potential control 

variables considered.  Chapter Four details sample project characteristics and summarizes 

the comparative analysis conducted between project performance and project oversight 

for the sample projects.  Research conclusions and recommendations are reported in 

Chapter Five. 
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CHAPTER 2 – LITERATURE REVIEW 
 

A literature review was conducted in four primary areas:  

1) project performance/success/outcome metrics,  

2) project oversight methods and metrics,  

3) models for comparison of project performance to project oversight, and  

4) a comparison of public and private sector construction.   

In order to sufficiently compare variables, a review of applicable statistical tests 

and techniques was also conducted.  A summary of the most applicable existing literature 

is provided in Table 1 at the end of this chapter. 

In the January 2018 article A Cure for Our Fixation on Metrics by Jerry Muller of 

The Wall Street Journal, the author notes, “…not everything that is important is 

measurable, and much that is measurable is unimportant.  Most organizations have 

multiple purposes, and that which is measured and rewarded tends to become the focus of 

attention, at the expense of other essential goals.” (Muller, 2018)   

In alignment with current trends in both public and private sector construction, 

this research places an emphasis on developing and utilizing alternative methods to 

measure NAVFAC’s project performance in areas not previously measured, such as 

safety and quality.   

Additionally, a comprehensive review of literature was conducted on methods of 

measuring project oversight provided.  Results of the literature review were applied to the 

research questions. 
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2.1  A Comparison of Private and Public Sector Construction 
 
 The ‘public sector,’ as described by Pollock, Rothkopf, and Barnett in their 

handbook Operations Research and the Public Sector, is 

 “that arena wherein: 

a. the public (or its representatives) make decisions; 

b. a public servant directs the organization…; 

c. the general public pays, [and]... 

d. the ultimate measure of the outcome of a decision or policy is non-

monetary.” 

(Pollock, Rothkopf, & Barnett, 1994) 

Public sector projects are characterized by complex, but well-defined processes 

for the execution of projects from inception to completion.  Two of the drivers for 

providing such detailed operational processes are the sheer magnitude of construction 

procurement that the government (and the Department of Defense in particular) provide, 

and the myriad of bureaucratic policies and procedures that must be implemented in order 

to ensure responsible use of taxpayer dollars and maintain proper checks and balances on 

public servants within the organization. (Schooner, 2001)   

These two factors result in amplifying challenges while conducting public sector 

construction projects, such as a more conservative focus on constraints rather than results, 

overlapping oversight agencies, management of multiple stakeholders with different 

goals, the inability to use ROI as a measure of performance or effectively determine 

measurements of project performance, political concerns and public scrutiny, a shorter 
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planning horizon due to expiring taxpayer funds coupled with the requirement to consider 

the needs of future stakeholders, and a sluggish staffing structure due to government 

hiring regulations.  (Wirick, 2009; Pollock, Rothkopf, & Barnett, 1994) 

Despite the unique challenges imposed on public sector projects, it is important to 

note that large private sector projects can and often do encounter many of the same issues 

identified.  In addition to sharing challenges, the public and private sectors differ very 

little in the overall design and construction processes.  

In the 1990’s, the Clinton administration instituted a reform of public sector 

procurement processes in an attempt to make government purchasing more business-like.  

As a result, some government entities now trend toward incorporating more business-like 

values than in the past, such as customer satisfaction and efficiency. (Schooner, 2001)  A 

prime and most applicable example of this trend is the requirement for NAVFAC to 

charge customers an overhead price for the oversight provided on construction projects in 

order to resource their own activities (Muilenburg & Smith, 2017).  Wirick notes that 

emerging challenges for the public sector such as globalization, re-direction of scarce 

public revenues, and investments in other areas of government will result in government 

entities focusing on “lean” government and adoption of many of the strategies already 

implemented in the private sector. (Wirick, 2009)   

NAVFAC’s 2016-2019 Strategic Design mirrors Wirick’s sentiment, noting that 

the uncertainty of the political landscape, “along with fiscal realities, will drive 

significant change in how we do business,” and focusing on creativity and innovation to 
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improve the organization and its products. (Naval Facilities Engineering Command, 

2016)   

2.2 Project Performance 
 

2.2.1 What is project performance? 
 

Project performance, along with the key terms ‘project success’ and ‘project 

outcome,’ has been a prolific research topic since the 1980s.  Modeling predicted 

outcome of the largest of construction projects and their corresponding project 

management requirements is extremely complex, and has even been likened to chaos 

theory (Cooke-Davis, Svetlana, Crawford, & Richardson, 2007; Cambel, 1993; Bassioni, 

Price, & Hansen, 2004) due to the multitude of both quantitative and qualitative factors 

and their complex interactions in the ever-evolving construction environment.  The 

majority of scholarly articles on the topic focus on identifying project and organizational-

specific metrics (otherwise known as Key Performance Indicators†, or KPIs) to measure 

project performance in the construction industry. 

NAVFAC identifies successful project performance in its mission focus as “to 

safely deliver quality, timely, and cost effective products and services through 

collaborative partnerships.” (Naval Facilities Engineering Command, 2016) Since all 

data utilized in this research project are collected from NAVFAC construction projects, 

project performance will be measured by the five criteria identified in NAVFAC’s 

mission statement. 
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2.2.2 Methods for measuring project performance 
 

Key Performance Indicators are defined as general indicators of performance that 

focus on critical aspects of outputs or outcomes, (Chan & Chan, 2014) and have been 

extensively researched in the construction sector.  However, current metrics regularly 

utilized by industry for project performance are at best largely unstandardized and at 

worst antiquated, specific to the objectives of individual projects, limited in scope, and 

subject to interpretation based on differing priorities of stakeholders or the different 

stages of project production.  

 NAVFAC’s current metrics for measuring project performance are the two most 

widely used methods in industry: the tracking of project percent cost and contract 

schedule growth.  Both of these metrics have been widely criticized in existing literature 

as insufficient due to cost and schedule being less imperative to project success than other 

more difficult to measure factors such as quality and stakeholder satisfaction.  (Dobbins 

& Donnelly, 1998; Chan & Scott, 2004; Chan & Chan, 2014; Hughes, Tippett, & 

Thomas, 2004; Lim & Mohamed, 1999; Baker, Murphy, & Fisher, 1988; Freeman & 

Beale, 1992; Sanvido, Grobler, Parfitt, Guvenis, & Coyle, 1992; Hanna A. , 2015)  

Similarly, another generally accepted criterion for measuring project performance 

includes quality, which - along with cost and schedule performance - form what has been 

deemed the “Iron Triangle” of project success, but which has proven in itself to be 

difficult to measure. (Atkinson, 1999)   
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Figure 6: The Iron Triangle of project performance, proposed by Martin Barnes circa 1969 (Langston, 
2013). 

 

(Caccamese & Bragantini, Beyond the iron triangle: year zero, 2012) 

Other literature has defined strategies to improve one aspect of project 

performance, such as safety (Jaselskis, Anderson, & Russell, 1996).  Anton de Wit’s 

article Measurement of project success (1988) posits that “one must consider the 

objectives of all stakeholders throughout the project life cycle and at all levels in the 

management hierarchy.  Therefore, to believe that, with such a multitude of objectives, 

one can objectively measure the success of a project is somewhat an illusion.”  (de Wit, 

1988)  More recently, and due to advances in data management and computer modeling 

technology, a more objective manner of the measurement of success can be obtained by 

utilizing multi-dimensional modeling as the preferred approach to measuring project 

performance.   

Sanvido, Grobler, Parfitt, Guvenis, and Coyle developed a forecasting tool to 

enable parties to rapidly assess the probability of a successful outcome from each 

stakeholders’ viewpoint.  (Sanvido, Grobler, Parfitt, Guvenis, & Coyle, 1992)  The 
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research identified critical success factors†, but the model was limited to development 

using only a sample size of 16 projects.  

Chan and Chan compounded upon their previous work and the studies of Shenhar, 

Dvir, Levy, and Maltz by applying developed KPIs shown in Figure 7 to three cases of 

building construction.  They note,  

“If one wants to have outstanding performance, one must know 

what is the definition of success in order to make correct measures to 

achieve this goal.  Without a general agreement on how to measure 

success, project managers will manage their resources by nothing more 

than their perceiving intuition.”   

(Chan & Chan, 2014) 

Figure 7: Chan and Chan’s proposed framework for measuring project success.  KPIs enable 
measurement of project and organizational performance.  

 
(Chan & Chan, 2014) 
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Highes, Tippett, and Thomas argue that the challenge with determining if a 

project is successful is the lack of standardized approach.  Their research focused on 

developing this standardized approach by creating the Construction Project Success 

Survey and measuring the factors of cost, schedule, performance, and safety.  Results 

identified that in public sector projects, safety performance is often the primary 

determinant of success regardless of other metrics, and subjective measures of success 

such as quality result in different measurements from different stakeholders; therefore, 

stakeholder perspective becomes a primary factor.  (Hughes, Tippett, & Thomas, 2004) 

El Asmar, et. al. continued this approach by aggregating 25 project factors into a 

single success metric called the “Project Quarterback Rating (PQR).”  The model consists 

of selected variables grouped into the seven performance areas of customer relations, 

safety, schedule, cost, quality, profit, and communication, which were measured using 

both qualitative and quantitative metrics after project completion and collected via survey 

responses.  The responses were then aggregated into a series of factors, normalized, and 

compiled into a weighted model based on the relative importance of the factor to project 

“success.”  El Asmar’s research contribution provided a mathematical model to quantify 

project success by standardizing key performance metrics into one rating for 

benchmarking purposes.  He recommends industry users replicate the PQR methodology 

by creating their own mathematical function based on specific organizational priorities 

and using their own datasets.  (El Asmar, Hanna, & Loh, 2015) The methodology 

provided by this model was the basis for how project performance was aggregated into a 
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single score in this research project.  More details regarding El Asmar’s methodology and 

its application to this research can be found in Chapter 3. 

Bassioni, Price, and Hassan concur with Shenhar, et. al regarding the 

multidimensional nature and lack of strategic focus within current performance 

measurement methods.  They conducted a comprehensive review of various models such 

as the ‘Balanced Scorecard’ method, the Deming Prize in Japan and the European 

Foundation for Quality Management (EFQM) Model in Europe, then applied these 

different models to projects in the United Kingdom, and concluded with 

recommendations regarding challenges and areas of improvement when selecting KPIs.  

Bassioni, Price, and Hansen recommended including the desire for minimal alteration of 

existing measurement systems, improved target-setting techniques, the challenge of 

combining measures of different units, the emphasis of change management as an 

essential part of the implementation, the inability to detect important versus unimportant 

measures, and the ineffective use of metrics as a guide to making decisions.  (Bassioni, 

Price, & Hansen, 2004) 

In summary, researchers of project performance have identified and tested a 

multitude of indicators and methods to measure project performance and the variables 

affecting project performance.  No one method or practice has been generally accepted by 

industry as the superior method for measuring project performance.  Some experts have 

surmised that to measure performance with a single metric is something that cannot be 

achieved; others like El Asmar and his research team have attempted to do just that.  

With recent advances in modeling technology and deliberate performance area 
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prioritization, combining these metrics into a single score may prove an accurate 

measurement for benchmarking purposes. 

2.2.3 What affects project performance? 
 

The preponderance of research in this area of study focuses on identifying critical 

success factors (CSFs), defined as criteria having the ability to predict success on projects 

by using various methods (Sanvido, Grobler, Parfitt, Guvenis, & Coyle, 1992). 

Chan, Scott, and Chan conducted a literature review of seven journals to develop 

a conceptual framework for CSFs, and identified five major groups of independent 

variables including project-related characteristics, project procedures, project 

management actions, human-related factors, and external environment.  Causal 

relationships between KPIs and CSFs were left to future research.  (Chan & Scott, 2014) 

Dobbins and Donnelly identified critical success factors for Department of 

Defense (DoD) programs using a survey questionnaire, the top 10 results of which are as 

follows by order of most frequently cited: continuous meaningful visibility using 

measures, stable and adequate funding, leadership, clearly defined and stable 

requirements, technically competent program office staff, user involvement, schedule 

management, effective communications, structured quality control, and management of 

political influencing agents.  (Dobbins & Donnelly, 1998) 

In addition to articles focusing on identifying critical success factors for project 

success and performance, a myriad of research has been conducted to determine which 

single project characteristic affects project performance, such as contract type and 

delivery method (Songer & Molenaar, 1997; Chan, Ho, & Tam, 2001; Garner, 
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Richardson, & Castro-Lacouture, 2008; El Asmar, Hanna, & Loh, 2015), cooperation 

(Phua & Rowlinson, 2004), stakeholder perceptions (Toor & Ogunlana, 2009; Davis, 

2013; Yang, Shen, Ho, Drew, & Xue, 2011; Wang & Huang, 2006), allocation of risk and 

risk management (Hanna, Thomas, & Swanson, 2013; Akintoye & MacLeod, 1996), 

complexity (Dao, Kermanshachi, Shane, & Anderson, 2016; Ireland, 2007), and 

contractor characteristics (Alzahrani & Emsley, 2012).  The challenge in operations 

research arises when attempting to determine relative importance of CSFs, or when 

applying CSF frameworks by incorporating all project characteristics into a single 

measurement of project success. 

2.3 Project Oversight 
 

2.3.1 What is project oversight? 
 

Roles, responsibilities, and tasks conducted by those who administer project 

oversight at NAVFAC are covered in detail in the Background section of Chapter 1.   

Due to their roles as point of contact between contractor and government 

stakeholders, NAVFAC CMs and ETs oftentimes find themselves in the position of 

managing multiple stakeholder expectations and making decisions on behalf of the Navy, 

in addition to conducting the traditional tasks of a construction manager, inspector, or 

Architect.  (Wirick, 2009)  Since these individuals are also U.S. Navy personnel, tasks 

also include more traditional owner administrative roles such as coordinating access to 

site surveys, estimating and requesting funding for change orders, coordinating 

government-furnished materials, disclosing superior knowledge, interpreting the contract 

(Stimmel, Stimmel, & Smith P.C., 2017), and safety involvement (Hansmann). 
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2.3.2 Methods for measuring project oversight provided 
 

One common method for measuring the oversight provided by an owner’s 

representative and other inspection personnel is by measuring full-time-equivalent (FTE) 

employees assigned to a project, and tracking purely based on the time they were 

assigned to the project. (Project Management Knowledge, Inc, 2004)  The California 

Department of Transportation is one example of a public organization which conducts 

their workload analysis in this manner: first by estimating resources required based on a 

Work Breakdown Structure (WBS) and historical data for hours expended on similar past 

projects, then managing workload by converting personnel costs to “personnel years” 

(similar to FTE) for in-house staff, and assigning workload accordingly. (CTC and 

Associates, LTC, 2013)  However, NAVFAC CMs and ETs are rarely assigned to one 

project full-time, instead managing a portfolio of projects of varying complexity and 

magnitude, and with different start and end dates, making the use of FTE to track work 

expended on one project difficult.   

Another method for measuring project oversight is by tracking “level of effort” 

(LOE).  As defined in the Project Management Body of Knowledge (PMBOK) Guide – 

Sixth Edition, LOE is “an activity that does not produce definitive end products and is 

measured by the passage of time (Project Management Institute, Inc., 2017).”  Examples 

include project management activities, customer liaison duties, and cost accounting 

actions (Project Management Knowledge, Inc, 2004).   

LOE can be divided further into “discrete†” efforts – that is, efforts that can be 

quantified by a definable count or measure of labor units – or its converse, “apportioned” 
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efforts†, defined as “energies put forth for application into project-related work that is 

incapable of being easily and readily divisible into discrete efforts.”  Discrete efforts 

require a quantifiable method for measurement, whereas apportioned efforts are 

dependent on the performance of other efforts.  These three methods are utilized in 

Earned Value Management† to measure work performance, and are measured either by 

the completion of the discrete task performed, or as a percentage based on the passage of 

time. (Project Management Knowledge, Inc, 2004) 

Apportioned efforts abound in the work of the post-award construction 

management team.  Consider, for example, quality assurance, safety oversight, and 

change management tasks – the effort expended in these three areas is affected not only 

by the technical complexity and risk of the work, but also by the performance of the 

contractor or the Design Manager in their duties to provide quality designs or products.  

More effort may be required in order to achieve the same results, depending on the 

progression of the project.  Since FTEs were not consistently measured, and CMs and 

ETs were directed to provide specific “levels” of effort on each task they completed, the 

method of measurement utilized to capture “effort” was a survey with 5-point Likert 

scale questions about degree of effort provided on tasks conducted by CMs and ETs after 

project completion.  

2.3.3 What affects project oversight? 
 

The difference in organizational and contractual structures of any two organizations 

can make comparison of project oversight provided on projects completed by different 

organizations difficult.  (Yang, Shen, Ho, Drew, & Xue, 2011)  A standardized, mature 
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structure with relatively consistent roles and responsibilities within a single organization 

such as NAVFAC allows for a more consistent comparison between project oversight 

provided on different projects. 

In addition to organizational make-up and processes, one factor found to affect 

project oversight is workload imbalance; that is, too many projects being assigned to one 

individual or failure to recognize additional collateral duties, resulting in at a minimum, 

distraction and reduced effectiveness, to the extreme of job stress and burnout. Reduction 

in employee efficiency ultimately affects project performance (Hanson, 2018, January 13; 

Leung, Chan, & Dongyu, 2011; Kuprenas, Jung, Fakhouri, & Jreij, Project manager 

workload--assessment of values and influences, 2000; Research Team 303, 2014; 

Research Team 303, 2014; Cabanis-Brewin, 2016; Trost, 2002).   

Other factors affecting project oversight can include training, education, experience, 

and overall competency of the individual team member (Holton, O'Keefe, Novak, & 

Walker, 2015; Hanna, Ibrahim, Lotfallah, Iskandar, & Russell, 2016), as well as 

behavioral and leadership skills (Dainty, Cheng, & Moore, 2005; Geoghegan & 

Dulewicz, 2008; Bradley, 2008), or the “soft pyramid” (building on the Atkinson’s Iron 

Triangle) of motivational space, social space, and analytical/holistic space (Caccamese & 

Bragantini, 2012) 

2.4 Correlating Project Performance with Project Oversight 
 

Most attempts at capturing the ideal degree of owner involvement to provide on a 

project are limited to qualitative data and references, anecdotes, case studies, and 

conclusions gleaned from personal experience. (Center for Business Practices, 2010; 
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Bryson & Yetmen, 2010)  While extensive documentation and guidance has been 

provided in the Project Management area of responsibility, limited analysis has been 

conducted to determine its effect on construction project performance.  Additionally, 

there is a dearth of literature on project oversight in the public construction sector.  To 

date, the author of this text has found limited existing research comparing actual 

construction project oversight provided to project performance on public sector 

construction projects.  This section reviews research conducted which is similar in 

methodology and topic. 

Anton de Wit’s widely-referenced article Measurement of project success 

primarily tackles the criteria for success (identified as project objectives), but also posits 

that “good project management can contribute towards project success but is unlikely to 

be able to prevent failure.”  (de Wit, 1988)  

Jaselskis & Ashley identified variables affecting optimal allocation of project 

management resources, focusing on comparison of the impact of the project team, 

planning, and project control tasks against schedule and cost performance.  Pertinent 

results concluded that an increase in the number of budget updates improves budget 

performance, implementation of a constructability program has a significant impact on 

achieving overall success, and reducing team turnover rates has an impact on budget 

performance.  Models were subsequently developed to optimize allocation of project 

management resources and minimize risk for either contractor or owner construction 

managers.  The resulting models provided an 80% accuracy rate for successful projection 

of ‘outstanding’ versus ‘average’ project performance rating.  (Jaselskis & Ashley, 1991)  
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In a 2005 study conducted by Wang and Huang, the researchers measured the 

correlation between key project stakeholders’ performance and project success, 

determining that project owners’ performance plays the most important role in 

determining success when compared with other stakeholder performance, and showing 

that providing project management organizations as the single point of project 

responsibility has a significant correlation with project success. (Wang & Huang, 2006)  

Performance of key stakeholders was based on a single subjective measurement of each 

key stakeholder’s performance, and does not detail or measure what performance is or the 

different areas of performance for each key stakeholder. 

Ming-Chuan Yu developed a theoretical model to show how and why customer 

participation promotes project performance by using data collected from 245 software 

development projects, finding that project complexity amplifies the effects of customer 

participation on project performance. (Yu, 2017)  Kathy Schwalbe also championed the 

effectiveness of project management to Information Technology (IT) projects, providing 

concrete statistics of improved project performance metrics over time in customer 

satisfaction, quality, cost, and schedule when project management was utilized, for 

example.  (Schwalbe, 2004) 

Project Management Institute, Inc. has also contributed scholarly research 

evaluating the value of project management (Project Management Institute, 2010; Project 

Management Institute, 2015), determining that 77% of projects are successful if coupled 

with actively engaged sponsors, compared to a 46% success rate without.  However, the 

scope of these projects were not limited solely to construction, and specific project 
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management processes were not defined or controlled, resulting in a scope too large to 

apply to NAVFAC’s research questions.   

Several articles in the Project Management Journal contained a similar, general 

project management scope:   

Thomas & Mulally provide a conceptual model of a research project “designed to 

yield a broad perspective on the value of project management.”  (Thomas & Mulally, 

2007) The researchers intend on conducting an in-depth study of multiple organizations 

that have implemented project management practices.  Potential indicators of 

implementation success to be utilized in their research include stakeholder satisfaction, 

aligned use of practices, process outcomes, business outcomes, and ROI. 

Brown & Adams focused on building project management and its effect on 

project success in England.  Their study was inconclusive in determining that project 

management positively effects project cost, quality, and schedule.  Evaluation models 

utilized measured whether project management tasks were done well, and not necessarily 

if the tasks being completed were worthwhile.  Additionally, results suggest that the 

organizations queried were limited in either project management maturity or capability.   

(Brown & Adams, 2000) 

Mir & Pinnington conducted a survey to determine the project management 

performance and project success of 154 projects, and concluded 45% of variance in 

project success can be explained by PM performance, “project success perceptions are 

influenced by various other factors relating to the project environment,” and PM 

performance resulted in low impact on project efficiency, with greater impact on 
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attributes such as customer satisfaction, business success, and achievement of long-term 

benefits. (Mir & Pinnington, 2014)  Recommendations for future researchers included 

narrowing scope by limiting data to a particular sector or organization.   

Demirkesen and Ozorhon analyzed data collected from survey responses of 121 

construction projects (primarily contractors), comparing indicators of project 

management performance based on the 14 knowledge areas of the project management 

body of knowledge (PMBOK) to project performance, finding that project integration, 

communications, safety, risk, human resources, financial, and cost management have a 

direct effect on project performance, and scope and time management have an indirect 

effect on project performance.  The study also utilized the most-frequently cited 

indicators of project performance to measure construction project success, including 

timely completion, under budget completion, meeting quality criteria, safely completed 

work, and client satisfaction.  (Demirkesen & Ozorhon, 2017)  Incidentally, all five of 

these performance criteria align with NAVFAC’s performance focus areas for product 

and service delivery. 

One of the research projects most applicable to this research is Construction 

Industry Institute’s Research project 204-1 titled The Owner’s Role in Project Success 

and Andrew Bates’ subsequent dissertation of the same name.  Bates’ objective was to 

“quantify the impacts of the owner’s decisions and actions that occur during a 

construction project,” with the hypothesis that owner involvement has a direct effect on 

construction project outcome, and that “the correct balance of owner involvement will 

create the conditions necessary for projects to achieve a predetermined level of success.”  
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(Bates, 2009)  Methodology to answer this research question consisted of a survey of 73 

projects from 45 different companies.  Project success was defined from the perspective 

of each of the project participants, and Bates identified which management methods 

succeeded and failed, as well as leadership techniques that led to project success.  

Success factors included performance ratings for schedule, cost, ‘business,’ and quality.  

Factors that were most effective in achieving overall project success were: emphasis on 

schedule adherence, monitoring of market conditions affecting material prices, limiting 

scope changes, emphasis on achieving quality standards originally described in the 

specifications, limit of design omissions or errors, recognition for quality improvement, 

communication through technology, and making safety the highest priority.  (Bates, 

2009)  

Tia Endres compared projects with and without Owner’s Representatives with a 

series of project performance metrics, including cost, schedule, changes, and project 

satisfaction for both the owner and the user.  While all other research previously 

discussed emphasizes overall project management, Endres’ research narrowed the focus 

to the Owner’s Representative role alone, which is more aligned with the scope and 

responsibility of a NAVFAC Construction Manager and Engineering Technician than is 

the project manager role.  The results of Endres’ research, however, showed no 

significant statistical difference between projects with Owner’s Representatives, and 

projects without Owner’s Representatives, except when controlling for delivery method, 

in which case Design-Build (DB) projects had a statistically significant improvement on 

budget performance when Owner’s Representatives were hired.  The factors determined 
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to have a statistically significant effect on project performance included project 

characteristic factors such as square footage, cost, and Owner’s experience with 

construction.  Final conclusions indicate that the determination for hiring an Owner’s 

Representative may be influenced more by business strategy and overall cost versus 

effort of having to engage with the project rather than by any significant improvement in 

project outcome.  (Endres, 2017) 

Another applicable research project was conducted by California Department of 

Transportation (CALTRANS) and other selected state Departments of Transportation, 

with the intent to balance workload and resources in capital programs. (CTC and 

Associates, LTC, 2013)  To measure project oversight provided, CALTRANS utilizes 

“PYE” (personnel year equivalents) at the project level (similar to FTE in common 

practice).  Additionally, projects are limited to a horizontal scope, and results (collected 

from a survey of 13 personnel) focus on best practices to balance workload and the pros 

and cons of workforce retainment, rather than effect on project outcome.  (CTC and 

Associates, LTC, 2013)  

Most applicable to this research project is NAVFAC’s own analysis, conducted as 

an enterprise-level tasking in 2017 to determine the relationship between cost and 

schedule growth and resourcing of post-award team members on construction projects.  

Phase I of the research was a “micro-analysis” conducted by 13 field offices, resulting in 

a potential correlation between field office staffing (FTE) and cost and schedule growth.  

An unconstrained analysis (utilizing no control variables) was then conducted of all 

enterprise projects, but no correlation could be determined between staff resourcing 
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(FTE) and cost and schedule growth.  However, the research team was challenged by data 

availability limitations, including significant missing data for Beneficial Occupancy 

Date† (BOD; used to determine actual schedule growth), and particularly due to the fact 

that FTE was only tracked at the office level, and not on a per-project basis.  This limited 

the analysis to comparing only to the average cost and schedule growth at each field 

office, and not to the per-project level.  Additionally, linear regression was utilized - no 

non-parametric tests were conducted despite the non-normal distribution of cost and 

schedule growth data.  All of these lessons learned provide ample opportunity for further 

analysis of project oversight on NAVFAC projects: if a method could be developed to 

successfully measure degree of oversight provided on individual projects, the conceived 

data could then be tested against project performance and analyzed with the most 

applicable statistical techniques. 

2.5 Summary of Literature Review 
 

Attempts to objectively measure overall project performance have continued to 

elude researchers.  This research takes the recommendations of El Asmar, et al to 

customize measurements based on organizational and project goals and priorities, and 

utilizes his methodology as a guide to condense “project performance” into one metric. 

The industry-standard measurement of FTE to track project oversight provided is 

not sufficiently recorded at the project level in the NAVFAC organization in order to be 

able to conduct a full-scale analysis using this metric.  Instead, a subjective “degree of 

effort” 5-point Likert scale will be utilized.  Use of a single data source in using 

NAVFAC-only projects can tighten project scope and minimize the effects that 
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differences in means and methods, processes, roles and responsibilities, etc. have on 

effective data collection for both project oversight and project performance. 

A summary of the most pertinent scholarly research reviewed, and organized by 

order of relevance, is provided below: 

Table 1: A summary of the most pertinent scholarly literature primarily pertaining to project performance, 
construction project oversight, and public sector construction. 

 Reference Title Author(s) 

Research Scope 
Construction 

Project 
Performance 

Construction 
Project 

Oversight 

Public 
Sector 

Construction 
The Owner’s Role in Project Success Bates, A.   X  
Measuring the effect of project management on 
construction outputs: a new approach. 

Brown, A. 
X X  

Government and governanace: The value of 
project management in the public sector. 

Crawford, L. 
H. 

 X X 

Summary research report on critical success 
factors in federal government program 
management 

Dobbins, J. 
J. & 
Donnelly, R. 
G. 

X  
X 
 

Evaluating integrated project delivery using the 
project quarterback rating 

El Asmar, 
M.; Hanna, 
A.S., Loh, 
W.Y. 

X   

Modeling and Benchmarking Performance for 
the IPD System 

El Asmar, 
M. 

X   

Assessment of the Role of Owner’s 
Representative on Construction Project 
Performance 

Endres, T. J. 
X X  

Do Project Manager’s Leadership 
Competencies Contribute to Project Success? 

Geoghegan, 
L. & 
Dulewicz, V. 

X X  

The owner’s role in project success Griffis, F. X X  
Modeling Project Manager Competency: An 
Integrated Mathematical Approach 

Hanna, A. S., 
et al 

 X  

Measuring project success in the construction 
industry 

Hughes, S. 
W.; Tippett, 
D. D. ; & 
Thomas,  W. 
K. 

X   
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Table 1: continued 

Reference Title Author(s) 

Research Scope 
Construction 

Project 
Performance 

Construction 
Project 

Oversight 

Public 
Sector 

Construction 
The Project Manager’s Desk Reference: A 
Comprehensive Guide to Project Planning, 
Scheduling, Evaluation, and Systems 

Lewis, J. P.  X  

Exploring the value of project management: 
linking project management performance and 
project success 

Mir, F. A. & 
Pinnington, 
A.H. 

X X  

NAVFAC P-1205 Public Works Department 
Management Guide 

NAVFAC  X X 

CTC 342 NAVFAC Contracting Officer 
Representative COR/COAR Student Guide 

NAVFAC  X X 

Total Construction Management: Lean quality 
in construction project delivery 

Oakland, J. 
S. 

X X  

Measures of Project Management Performance 
and Value 

Pennypacker, 
J. S. 

X X  

The Value of Project Management PMI 
Research 
Team 303 

X X  

Managing a Portfolio of Projects: A Playbook 
for Success 

PMI 
Research 
Team 303 

X X  

Fear of Oversight: Fundamental Failure of 
Businesslike Government 

Schooner, S. 
L. 

 X X 

Construction Project Management: A Practical 
Guide to Field Construction Management 

Sears, S. K.  X  

A dynamic model of work quality in a 
government oversight organization 

Trost, C. S.   X 

Public-Sector Management: Meeting the 
Challenges and Achieving Results 

Wirick, D. 
W. 

 X X 

Construction total project management 
planning issues 

Yates, J. K, 
& Eskander, 
A. K. 

 X  
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CHAPTER 3 – METHODOLOGY 

3.1 Introduction & Overview 
 
 A comprehensive methodology was developed to address both the gaps identified 

during the literature review, and to attempt to resolve the data challenges identified by 

NAVFAC’s Commander’s Analysis Group. 

 Research steps conducted include: 

1) Interviews of senior leaders in NAVFAC to assist in developing project scope 

and magnitude of study, 

2) A comprehensive review of NAVFAC’s online database (ieFACMAN) in 

order to identify data available and data required to be collected in order to 

fully analyze research questions, 

3) Initial survey of senior leadership in NAVFAC to identify primary project 

oversight tasks to be included in the study, 

4) Development and distribution of a survey to NAVFAC Construction 

Managers and Engineering Technicians in order to select projects to be 

studied, and to collect missing project characteristics, performance, and 

oversight data on the selected projects, 

5) Database search of selected projects to collect applicable data from 

ieFACMAN, including cost and schedule growth, workload of CMs/ETs, and 

other project characteristics, and 

6) Compilation and analysis of data utilizing the most applicable statistical 

techniques. 
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3.2 Scope Development & Hypotheses 
 
 Interviews were conducted with various NAVFAC employees including Public 

Works Officers†, supervisors of CMs and ETs, headquarters Capital Improvements 

personnel†, and experienced CMs and ETs in order to determine the best methods for 

answering the research questions.  In addition to these in-depth interviews, access to the 

Navy’s project database was granted, and an extensive review of the database itself was 

conducted to determine what project metrics were currently being tracked. 

 Interview results concluded the following: 

1) Project performance metrics currently measured by NAVFAC are limited to 

cost and schedule growth. 

2) Tracking project oversight provided on individual projects by manhours is 

limited only to projects with specific types of funding, and has therefore not 

been comprehensively tracked. 

3) FTEs and other metrics are not provided in the same database as project data, 

resulting in inability for some researchers to gain access to the information, as 

well as increased complexity when attempting to compile all information. 

Based on the results of interviews and the review of the NAVFAC project 

database, two surveys were developed; the first, to determine which tasks CMs and ETs 

complete that are most integral to project outcome, and the second, to collect project data 

that could be analyzed to answer the following research questions:   
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Research Questions: 

1)   Is there a correlation between degree of project oversight provided by the Owner and 

the project performance? 

Ho:  There is not a correlation between degree of project oversight and project 

performance. 

HA:  There is a correlation between degree of project oversight and project 

performance. 

2)  Is there a correlation between years of CM/ET construction experience and project 

performance? 

Ho:  There is not a correlation between CM/ET construction experience and 

project performance. 

HA:  There is a correlation between CM/ET construction experience and project 

performance. 

3)  Is there a correlation between years of CM/ET experience in their current job position 

and project performance? 

Ho:  There is not a correlation between CM/ET job position experience and 

project performance. 

HA:  There is a correlation between CM/ET job position experience and project 

performance. 

4)  Is there a correlation between CM/ET turnover during construction and project 

performance? 

Ho:  There is not a correlation between CM/ET turnover and project performance. 
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HA:  There is a correlation between CM/ET turnover and project performance. 

5)  Is there a correlation between CM/ET unbalanced/excessive workload and project 

performance? 

Ho:  There is not a correlation between CM/ET workload and project 

performance. 

HA:  There is a correlation between CM/ET workload and project performance. 

6) Under which project conditions does project oversight have a significant correlation 

with project performance? 

Ho:  When controlling for project condition ‘zc,’ project oversight does not have a 

significant correlation with project performance. 

HA:  When controlling for project condition ‘zc,’ project oversight has a 

significant correlation with project performance. 

In order to sufficiently answer these research questions, the following questions 

became of fundamental importance: 

How do we define and measure project oversight provided? 

and, 

How do we define and measure project performance? 

3.3 Defining and Measuring Project Performance  

According to the previous research, one acceptable method of measuring project 

performance requires metrics that align within the priorities of the organization and the 

project team. 
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Objective measurements such as cost growth and schedule growth are regularly 

tracked in NAVFAC’s central database, but NAVFAC does not centrally or 

systematically record quality, stakeholder satisfaction, or safety metrics on a per-project 

basis.  Therefore, questions using a 5-point Likert scale were developed and included in a 

survey distributed to collect this missing data.  The survey in its entirety can be found in 

Appendix C.   

Once the performance data was collected and combined with NAVFAC project 

priority information (also collected via survey), El Asmar’s methodology of developing a 

‘Project Quarterback Rating’ for each project was emulated to combine project 

performance into a single performance metric, allowing for comparison between projects.  

El Asmar’s performance areas are broken down into individual, concrete metrics as 

shown in Figure 8.  The majority of the performance areas utilized in this study are the 

same as those he used, but indicators for each of the performance areas could not be 

matched due in part to NAVFAC’s limited collection of data, and in part due to limited 

interest or inapplicability to government work (i.e. ‘profit’ and ‘return business’).  

Therefore, metrics were developed in conjunction with NAVFAC Headquarters Capital 

Improvements Business Line in order to best capture aspects of the five NAVFAC 

performance focus areas of schedule, cost, safety, quality, and stakeholder satisfaction.  

Each set of survey questions in a performance area were normalized into single ‘z-

scores,’ or the number of standard deviations that y lies away from the mean (for details, 

see Appendix E).  CM and ET survey respondents were also asked to prioritize each of 

these performance focus areas.  Results were averaged to provide weightings to each 
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performance area.  These weightings were then applied to each of the project z-scores to 

create an overall ‘Project Performance Score,’ or ‘PPS,’ similar in methodology to El 

Asmar’s PQR, yet distinctive due to the different variables included in the scoring. 

Figure 8: El Asmar’s Project Quarterback Rating is shown as a hierarchy. 
Overall ‘PQR’ score is broken into performance areas such as customer relations, safety, and schedule, 
and each performance area broken into a list of concrete, objective indicative measurements. 

 

(El Asmar, Hanna, & Loh, 2015) 

More details regarding El Asmar’s methodology can be found in the statistical 

notes appendix of this publication (Appendix E), as well as El Asmar’s own article 

entitled Evaluating Integrated Project Delivery Using the Project Quarterback Rating (El 

Asmar, Hanna, & Loh, 2015). 
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El Asmar’s equation is: 

PQR =
𝑤 × 𝑆 + 𝑤 × 𝑆 + 𝑤 × 𝑆 + 𝑤 × 𝑆 + 𝑤 × 𝑆

𝑆𝐷
 

where: 

   w# = weightings based on prioritization for each performance area 

   Z#j = normalized z-score for each performance area 

   SD = overall standard deviation of z-scores 

Using El Asmar’s methodology, the following equation was derived: 

PPS =
(0.131 × 𝐶𝐶 ) + (0.276 × 𝑆 ) + (0.176 × 𝑆𝐶 ) + (0.165 × 𝑆𝑆 ) + (0.251 × 𝑄 )

0.6958
 

where: 

PPSj = overall project performance score, normalized 

CCj = project cost control z-score = cost growth, normalized  

   Sj = project safety z-score, normalized 

   SCj = project schedule control z-score = actual schedule growth, normalized 

   SSj = project stakeholder satisfaction z-score, normalized 

   Qj = project quality z-score, normalized 

 Each project performance factor received a standardized score based on multiple 

questions asked in the survey –the Figure 9 graphic provides a visual breakdown.  Project 

Performance Scores above zero have above-average performance, and scores below zero 

received a below-average performance. 
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Figure 9: A breakdown of the Project Performance Score (PPS), whose methodology is derived from El 
Asmar’s “Project Quarterback Rating” (PQR). 

 

3.3.1 Percent Cost Growth 
 

Percent cost growth was collected by the ieFACMAN database, which calculates 

the metric with the industry standard calculation: 

%CG =
𝐹𝑖𝑛𝑎𝑙 𝑃𝑟𝑖𝑐𝑒 ($) − 𝐶𝑜𝑛𝑡𝑟𝑎𝑐𝑡 𝑃𝑟𝑖𝑐𝑒 ($)

𝐶𝑜𝑛𝑡𝑟𝑎𝑐𝑡 𝑃𝑟𝑖𝑐𝑒 ($)
× 100 

 Note that this score, along with each performance area rating, was converted to z-

score for project j (‘CCj’ - see Appendix E for details) before combining into an 

overall performance metric in order to be able to compare scores from different 

normal distributions. 

3.3.2 Percent Actual Schedule Growth 
 

Percent actual schedule growth, not to be confused with percent contract schedule 

growth, was calculated using the following: 

%SG =
𝐹𝑖𝑛𝑎𝑙 𝐷𝑢𝑟𝑎𝑡𝑖𝑜𝑛 (𝑑𝑎𝑦𝑠) − 𝐶𝑜𝑛𝑡𝑟𝑎𝑐𝑡 𝐷𝑢𝑟𝑎𝑡𝑖𝑜𝑛(𝑑𝑎𝑦𝑠)

𝐶𝑜𝑛𝑡𝑟𝑎𝑐𝑡 𝐷𝑢𝑟𝑎𝑡𝑖𝑜𝑛 (𝑑𝑎𝑦𝑠)
× 100 

 



 49

where final duration is counted from award date to Beneficial Occupancy Date 

(BOD), and contract duration is the number of days cited in the original contract. 

 Actual schedule growth was utilized instead of contract percent schedule growth 

because it is a more accurate measurement of project completion and can take into 

account projects that are completed early, whereas contract duration is not modified if 

the project is completed early. 

3.3.3 Safety Score 
 

Safety score data was collected from the Phase II survey, and was measured by 

both a subjective overall score provided via response by 5-point Likert scale and a 

simple yes/no question regarding whether or not mishaps occurred on the project.  

The subjective scoring and yes/no response were then converted into z-scores and 

combined by using the following calculation: 

S =
𝑆 + 𝑆

2
 

where: 

Sj = overall project safety z-score 

Sz1 = project overall subjective score, normalized 

   Sz2 = project mishaps score (where 1 = yes and 0 = no), normalized 

 Note that neither method for measuring safety was determined more important 

than the other, so both were equally weighted when building the safety score.  One area 

for future research may be to conduct a deep dive of each performance metric and 

complete factor analysis in order to validate scoring methodologies. 

  



 50

3.3.4 Quality Score 

Quality score data was also collected from the Phase II survey, and was measured by 

responses to two 5-point Likert scale questions.  After conversion into z-scores, the 

individual question responses were combined by using the following calculation: 

𝑄 =
𝑄 + 𝑄

2
 

where: 

Qj = overall project quality z-score 

Qz1 = project score for quality of the end product, normalized 

   Qz2 = project score for conformance with designs and specifications, normalized 

3.3.5 Stakeholder Satisfaction Score 
 

Stakeholder satisfaction score data was collected from the Phase II survey, and was 

measured by responses to two 5-point Likert scale questions and a yes/no question 

regarding whether or not there were pending REAs/claims on the project at 

completion (to account for Contractor satisfaction).  Questions were combined into a 

single metric by using the following calculation: 

𝑆𝑆 =
𝑆𝑆 + 𝑆𝑆 + 𝑆𝑆

3
 

where: 

SSj = overall project stakeholder satisfaction z-score 

SSz1 = project score for stakeholder satisfaction with the end product,    

           normalized 

   SSz2 = project score for stakeholder satisfaction with the construction process, 

           normalized 

SSz3 = project REAs or claims pending score (where 1 = yes and 0 = no),          

           normalized 
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3.4 Defining and Measuring Project Oversight Provided – Phase I Survey 
 

3.4.1 Phase I survey development – selecting project oversight tasks 
 

A review of project management literature and NAVFAC publications revealed a 

total of 86 potential tasks that are typically completed by CMs and ETs on NAVFAC 

construction projects.  After an initial scrub of NAVFAC-specific tasks and tasks not 

pertaining to construction oversight, 55 tasks were selected for further study.  The Phase I 

survey – found in Appendix B – consisted of a list of all 55 potential project oversight 

tasks, posing the question, “For the average project, assess the construction project 

oversight tasks by importance to project outcome?”  Responses were via a standard, 5-

point Likert scale of selections: “not important,” “slightly important,” “moderately 

important,” “important,” and “very important.”  This question, and the list of tasks were 

provided electronically via the Qualtrics survey system to NAVFAC construction experts 

known to the researcher.  When responses were totaled, the tasks which received an 

average rating of 4 or higher (equating to “important” or “very important” to project 

outcome) were selected to be included in the Phase II survey of CMs and ETs.  This step 

was conducted to determine the tasks that have the highest potential to affect project 

performance, thus further focusing the survey questions to align with research objectives.  

The tasks were then divided into six broad categories, defined as ‘responsibility areas’: 

cost and schedule control, quality assurance, safety assurance, communication, change 

management, and administration tasks.  If, after removing tasks with scores lower than a 

four (i.e., lower than “important”), a responsibility area had less than four tasks, the next-

highest rated task was included in order to ensure all responsibility areas had multiple  
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questions covering various aspects of a responsibility area in order to fully encompass the 

responsibility area.   

Cronbach’s alpha measures how closely related a set of items are as a group, 

providing a measure of reliability.  (Vogt, 2007)  This statistical test was administered on 

each of the task responsibility areas for a project in order to confirm that the scores could 

in fact be combined into a single metric – see Appendix E for details.  Cronbach’s alpha 

scores were all above 0.70, which is considered to be a sufficient score for internal 

consistency.  A summary of the test results is found in Table 2.   

Table 2: A summary of Cronbach’s alpha results of project oversight task responsibility areas.   
Results are over 0.7, meaning that the scale is reliable enough to keep the tasks grouped into their 
respective responsibility areas. 
 

Responsibility areas Cronbach’s Alpha 
Administrative 0.73 
Change Management 1.01 
Communication 0.93 
Cost and Schedule Control 0.87 
Quality Assurance 0.88 
Safety Assurance 0.85 
Project Oversight Level (POL) 0.93 

 
Results of the Cronbach’s alpha test conducted on all responses were also 

sufficient to group the average project oversight degrees of effort into an overall average 

score for each project.   

As a result of this parsing of tasks, a total of 29 tasks were selected for inclusion 

in the Phase II survey to CMs and ETs, and analysis of projects.  These tasks were 

combined to create average scores for the six responsibility areas, and all results were 

averaged to create the overall project oversight degree of effort.  Results and analysis of 

the Phase I survey are covered in more detail in Chapter 4.   
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3.4.2 Measuring degree of project oversight provided 
 
 NAVFAC’s inconsistent tracking of FTE assigned per project necessitated the 

development of an alternate method of measurement for project oversight provided.  

Respondents were not polled to collect hours worked on a project retroactively - survey 

research has concluded responses would be highly inaccurate, as it would be nearly 

impossible for a worker to remember this statistic. (Vogt, 2007)  Use of FTE as a metric 

also does not take into account the quality of those hours, which is another downside of 

the use of FTE as a valid measurement tool.  

As a solution, respondents were asked to rate the degree of effort provided by the 

project post-award team (CM and ET) for each project oversight task completed on the 

project.  A standard 5-point Likert scale was used with responses of “maximum,” “high,” 

“moderate,” “low,” and “minimal to none.”  This methodology had the additional benefit 

of parsing the research question into individual tasks to be compared with project 

performance metrics.  The complete Phase II survey can be found in Appendix C. 

3.5 Project Data Collection – Phase II Survey 
 

3.5.1 Survey development and distribution 
 

In collaboration with NAVFAC Headquarters’ Capital Improvements office, a 

survey was developed to query CMs and ETs on recently completed projects (executed 

between 2012 and 2018) worth more than $150k, and that the CM/ET was assigned to for 

more than 50% of the project duration.  These limitations on project selection were made 

to focus on projects of higher cost and more complexity, as recommended by NAVFAC’s 

Commander’s Analysis Group (CAG), and to ensure that the CM/ET was familiar 
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enough with the project to respond accurately without having to reach into distant 

memory.  Survey questions were limited to respondent and project characteristics not 

recorded in the Navy’s database, along with the degree of effort provided on the 29 tasks 

identified in the Phase I survey. 

The survey was divided into four parts: 

1) Respondent Characteristics 

2) Project Characteristics 

3) Project Performance  

4) Project Oversight Provided 

In accordance with Department of Defense regulations and UW – Madison survey 

requirements, the survey was vetted, reviewed, approved, and cleared for public release 

by both the UW – Madison Institutional Review Board and the Department of Defense’s 

Office of Personnel Management Survey Center prior to solicitation (Department of the 

Navy, 2008; Department of Defense, 2017; Department of Defense, 2011; Department of 

Defense, 1996).  The survey was conducted online through the Qualtrics website, and 

distributed via the ‘trickle-down†’ method from NAVFAC leadership to a potential 

respondent pool of approximately 1600 CMs and ETs spread across 100 military 

installations worldwide.  As the primary points of contact for the government and as the 

individuals who provided the oversight on the construction phase of the project, these 

personnel had the most direct insight into both project performance and project oversight 

provided. 
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3.5.2 Survey scope 
 

3.5.2.1 Respondent characteristics 

Respondents were asked questions to determine their position in the project, their 

years of experience as a NAVFAC CM/ET, and their years of experience in the 

construction industry.  Years of experience at NAVFAC provides a CM or ET the 

opportunity to become familiar with local and institutional practices and processes, 

whereas years of experience in the construction industry is known to be a statistically 

significant factor in providing improved project oversight (Jaselskis & Ashley, 1991). 

3.5.2.2 Project selection & characteristics 
 

Respondents were then asked to identify a project they had been assigned that fit 

within the scope criteria of the research project.  Project details such as project number, 

Beneficial Occupancy Date, delivery method, construction type, project risk, project 

priorities, and extraneous events occurring outside the control of the CM/ET that 

impacted project performance were collected in order to provide a comprehensive picture 

of each project and analyze the impacts of these characteristics as control factors.  

Characteristics such as contract type, project cost, and project duration were collected via 

a search of the selected projects in NAVFAC’s ieFACMAN database after the survey 

was complete.  A summary list of each factor, along with its method of measurement and 

source location can be found in Table 2.  Details regarding measurement of select 

characteristics are described in the following sections. 
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Table 3: A summary of sample project characteristics, collected via NAVFAC’s ieFACMAN database and 
the Phase II survey of CMs and ETs. 

Project Characteristic Method of Measurement 
Method of 
Collection 

Planned Duration Days ieFACMAN  
Actual Duration Days ieFACMAN 
Award Price $ ieFACMAN 
Final Price $ ieFACMAN 
Number of contract modifications # ieFACMAN 
Location Type ieFACMAN 
Contract Type (stand-alone or pre-
selected Contractor) 

Type ieFACMAN 

Delivery Method (DB, DBB, IDIQ) Type Survey 
Risk Category / Complexity* Defined by NAVFAC Survey 
Project “Complications” # Survey 
Labor/material unavailability** Y/N, and by impact to project outcome Survey 
Abnormal weather/acts of God, or 
unforeseen site conditions** 

Y/N, and by impact to project outcome Survey 

‘Marginal’ or ‘Very Bad’ Contractor 
Performance** 

Y/N, and by impact to project outcome Survey 

Turnover of CM and/or ET position 
during construction** 

Y/N, and by impact to project outcome Survey 

Unbalanced workload of post-award 
team** 

Y/N, and by impact to project outcome Survey 

Bad team morale, personality 
conflicts, etc** 

Y/N, and by impact to project outcome Survey 

Onerous contract clauses** Y/N, and by impact to project outcome Survey 
RFP, design, specification, and/or 
project planning errors** 

Y/N, and by impact to project outcome Survey 

Excessive stakeholder requests** Y/N, and by impact to project outcome Survey 
Funding issues/delays** Y/N, and by impact to project outcome Survey 
Lack of stakeholder involvement** Y/N, and by impact to project outcome Survey 
Lack of support from project team 
members** 

Y/N, and by impact to project outcome Survey 

Lack of experience of project team 
members** 

Y/N, and by impact to project outcome Survey 

Project priorities formally 
established** 

Y/N, and by impact to project outcome Survey 

* Risk category / complexity are determined by NAVFAC analysis conducted before project start.  Details can be 
found in Section 3.5.2.2.4. 
** All project characteristics considered to be project complications†; that is, occurrences throughout the construction 
project outside the control of the CM or ET that had the potential to affect project performance. 
 

3.5.2.2.1 Price 
 

Project magnitude, for the purposes of this research, is defined as final contract 

price.  Project magnitude was divided into bins of equal size in order to determine if 
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magnitude was a statistically significant factor in affecting project performance.  If 

results were statistically significant, magnitude was used as a control variable. 

Project costs were adjusted by location factors defined in the Army Corps of 

Engineers’ DoD Area Cost Factors Newsletter, dated 28 March 2017 (Army Corps of 

Engineers, 2017).  Inflation was not taken into account, as project completion dates were 

all within five years of each other.   

3.5.2.2.2 Number of contract modifications 
 

Hanna and Iskandar proposed that the cumulative impact of change orders greatly 

affects the productivity of Contractors during their execution of construction projects.  

(Hanna & Iskandar, 2017)  The CM is primarily responsible for the execution of change 

orders (Naval Facilities Engineering Command, 2008).  Since the anticipation of changes 

and their resulting effect on CM workload can be challenging to predict, the additional 

effort required to conduct changes may not be included in the determination of a CM’s 

planned workload.  Therefore, multiple change orders in quick succession on one or more 

projects can be fatal to the planned workload of the CM, and thus to the project schedule.   

3.5.2.2.3 Contract type & delivery method 
 

NAVFAC conducts the majority of their construction projects greater than $150k 

with either a lump-sum† contract or a unit-price† contract.  Additionally, with renewed 

emphasis on more business-like government in the 1990’s, the Department of Defense 

allowed for a streamlining of contract awards with a pre-selection of one acceptable 

contractor, selected to then bid on “task orders†” within the base contract once the 

delivery date and quantity are known, otherwise known as an indefinite-delivery, 
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indefinite-quantity (IDIQ) contract.  (Schooner, 2001)  IDIQs are typically unit-priced 

contracts and consist of relatively low complexity, repetitive work requiring little 

additional estimating resulting in an easier award process (consisting of primarily 

comparing quantities of line items).  A contract type closely related to the IDIQ is the 

Multiple Award Construction Contract† (MACC), which pre-selects multiple contractors 

(typically five or six) which have proven past performance and demonstrated technical 

competency, and allows these pre-selected contractors to bid on lump-sum task orders.  

These task orders can consist of varying complexity and magnitude. (Naval Facilities 

Engineering Command, 2008) 

Both contract types mentioned above are in direct contrast to the previously 

standard method of procurement, now colloquially called “stand-alone†” contracts.  

While contract type should not affect project performance, some project scopes fit better 

within some contract types than others.  Also, different contracts can require varying 

degrees of administrative requirements of both the contractor and the government, 

resulting in an effect on project performance.  For this reason, contract types are an 

important characteristic. 

Contract types for each construction project are delineated by the contract 

number.  The primary contract types utilized by NAVFAC are either stand-alone projects 

(“C” type contract numbers), multiple-award-construction-contracts (otherwise known as 

“MACC”s), and IDIQ contracts.  Both MACCs and IDIQ contracts (“D” type contract 

numbers) are structured with pre-selected contractors winning the multi-year award, and 

receiving subsequent task orders (either for bidding within a set of pre-selected 
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contractors, or with pre-priced line items for a single contractor) for individual projects. 

(Naval Facilities Engineering Command, 2008) 

3.5.2.2.4 Risk categories 
 

NAVFAC conducts an analysis prior to project commencement in order to 

determine project complexity, or risk.  Defined by ‘category codes,’ the analysis takes 

into account Contractor past performance and contract risk factors such as 

technical/financial complexity, visibility, environmental and safety concerns, etc.  

Projects are divided into five risk categories, labeled Category (Cat) I, Cat II, Cat III, Cat 

IV, and below Cat IV, with Cat I representing the highest-risk project.  (Naval Facilities 

Engineering Command, 2006)  Cat IV projects are only under $150k, so were not a part 

of the sample dataset.  The remaining top four risk categories were compared to 

determine if risk category was a statistically significant factor in affecting project 

performance.  (Naval Facilities Engineering Command, 2006)  For more details, see 

NAVFAC’s Engineering Construction Bulletin 2006-04: Capital Improvements 

Categories of Work Classification Policy. 

3.5.2.2.5 Project complications 
 

Change orders can be initiated by a wide variety of circumstances ranging from 

additional stakeholder requests, to design errors, to unforeseen conditions.  These project 

“complications” were collected via survey and used as control variables in addition to 

number of change orders.  In addition to change orders or project complications from 

outside the project team, a prohibitive operating environment such as low team morale, 

excessive workload, or even inexperience of project team members can have an adverse 
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effect on the productivity of team members, and thus the productivity of their output, 

resulting in shoddy work and project delays.  (Alzahrani & Emsley, 2012; Baker, 

Murphy, & Fisher, 1988; Cabanis-Brewin, 2016; Chan, Ho, & Tam, 2001; El Asmar, 

Hanna, & Loh, 2015; Endres, 2017; Geoghegan & Dulewicz, 2008; Hanna, Ibrahim, 

Lotfallah, Iskandar, & Russell, 2016; Kuprenas, Jung, Fakhouri, & Jreij, Project manager 

workload--assessment of values and influences, 2000)  

For these reasons, prohibitive operating environment factors were also identified 

and measured in the project survey for the purposes of: 

1) determining the impact of these factors on project performance, and  

2) separating projects into bins which include prohibitive operating 

environment factors for the purposes of controlling these factors. 

In order to account for situations outside the control of the CM or ET, the following 

project “complications” were identified by literature review and collected via a ‘yes/no’ 

question for each complication on the project survey, with the intent to control for such 

complications while conducting the comparison between project oversight and project 

performance.  (Alzahrani & Emsley, 2012; Baker, Murphy, & Fisher, 1988; Cabanis-

Brewin, 2016; Chan, Ho, & Tam, 2001; El Asmar, Hanna, & Loh, 2015; Endres, 2017; 

Geoghegan & Dulewicz, 2008; Hanna, Ibrahim, Lotfallah, Iskandar, & Russell, 2016; 

Kuprenas, Jung, Fakhouri, & Jreij, Project manager workload--assessment of values and 

influences, 2000)  The project complications selected have been previously determined to 

threaten project performance, and are delineated by ** in Table 3, found in Section 
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3.5.2.2 of this text.  Measurement of these prohibitive environmental factors can be done 

measured by impact to project performance, or by frequency per project. 

3.5.2.3 Project performance 
 

Respondents were asked to rate the performance of their selected project based on 

safety, quality, stakeholder satisfaction, schedule adherence, and cost adherence, again 

utilizing a 5-point Likert scale.  Details of how project performance was measured can be 

found in Section 3.3.  Table 4 details how performance metric data was collected.  

Table 4: A complete listing of project performance focus areas, as defined by NAVFAC, along with the 
selected methods of measurement and data collection for this research project. 

Project Performance 
Focus Area 

Method of Measurement Method of Collection 

Safety - OSHA recordable mishaps 
- 5-point Likert scale score 

Survey 

Quality - Of the end product 
- Conformance with designs and 

specifications 

Survey 

Stakeholder Satisfaction - REAs or claims pending (Y/N) 
- 5-point Likert scale score 

Survey 

Schedule % actual schedule growth ieFACMAN 
Cost % cost growth ieFACMAN 
   

3.5.2.4 Project oversight provided 

The next section of the survey quantified the project oversight provided on the 

selected project.  Using the tasks selected from the Phase I study, the CM/ET selected the 

overall degree of effort provided for each task.  Tasks were grouped into six general areas 

– details can be found in Table 5. 
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Table 5: A complete listing of the project oversight tasks studied, measured on a 5-point Likert scale by 
“degree of effort” determined by the post-award construction project team (CM & ET). 

Task Areas Subtasks / Questions 

Administrative 

- Contractor selection 
- Utilizing organizational close-out process [“Red-zone”] 
- Environmental spot checks 
- Distributing close-out documentation 

Change Management 

- Quick processing of modifications (change orders) 
- Drafting of modification estimates & technical analyses 
- Utilizing the correct modifications processes 
- Use of COR/COAR (Contracting Officer’s Representative) authority 

Communication 

- Timely response to RFIs and submittals 
- Coordination of power outages 
- Timely Response to submittals 
- Coordination of phasing and scheduling 
- Validating RFI responses from other government personnel 

Cost & Schedule Control 

- Maintaining and tracking the schedule 
- Processing invoices 
- Review of requests for time extensions 
- Review of the initial construction schedule 

Quality Assurance 

- Final inspection 
- Pre-final inspection 
- Punchlist review 
- QA site visits 
- Spot checks of material quality 
- Turnover/commissioning 
- Constructability reviews 
- Attendance at QC meetings 

Safety Assurance 

- Review of high-risk safety plans 
- Site inspections of high-risk activities 
- Review of Contractor’s Accident Prevention Plan & Activity Hazard 

Analyses 
- Spot checks of Contractor Safety Toolbox meetings 

  

3.6 Data Compilation & Analysis 
 
 Survey responses and information from the Navy’s ieFACMAN database were 

collected and compiled into a single master document.  R Studio was utilized to conduct 

statistical analysis of the combined data.   
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3.6.1 Independent variable x - degree of project oversight provided  
 

The degree of project oversight provided was measured directly by utilizing the 

following methods: 

 - As a degree of project oversight provided on each task, measured with a 5-point 

Likert scale. 

 - As an average degree of project oversight provided in each of the six project 

oversight categories identified. 

- As a single, condensed score providing average overall Project Oversight 

Degree of Effort provided on each project.  The Cronbach’s alpha test was conducted on 

all tasks to determine if combining into one score was feasible. 

 Other indicators of the independent variable project oversight provided were also 

measured in order to test different methods of measurement and tracking.  The selected 

indicators, previously determined in other research to potentially affect project 

performance include: 

- Respondent experience (in years), (Chan & Scott, 2004) 

- CM/ET project turnover (Jaselskis & Ashley, 1991), and 

- Respondent workload (Kuprenas, Jung, Fakhouri, & Jreij, 2000). 

 Each of these indicators of project oversight provided were correlated with project 

performance to see if a relationship between the two variables existed. 

 Last, project characteristics were tested to determine their correlation with project 

performance.  If highly correlated, select characteristics were used as control variables 
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with like projects binned together, and the tests between project performance and project 

oversight were re-run to determine correlation. 

3.6.2 Dependent variable y – project performance 
 

Project performance was defined by the five metrics identified in NAVFAC’s 

Capital Improvements focus area: safety, cost control, schedule control, stakeholder 

satisfaction, and quality.  An overall score was developed by applying the project 

priorities results collected by the Phase II survey and mirroring the Project Quarterback 

Rating equation methodology (described in detail in Section 3.3 of this text) to create an 

overall “Project Performance Score” (PPS). 

3.6.3 Statistical testing & analysis 
 
 Project data was characterized, then analyzed to determine the most applicable 

statistical tests to conduct on the dataset.  Nonparametric tests were utilized throughout 

this research project due to the non-linear and ordinal characteristics of the data.  Since 

the intent of this research is to determine if there is a correlation between project 

oversight and project performance, a broader significance level of p = 0.1 (90% 

confidence interval) was identified to maximize the probability of rejecting the null 

hypothesis and finding a correlation between project performance and project oversight 

provided.  Based on data distribution and variable types (categorical, ordinal, and 

continuous variables were all collected), the following statistical tests were applied to 

determine if any statistical correlation between variables occurs: 
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3.6.3.1 Kruskal Wallis 
 
 Kruskal Wallis is a non-parametric test conducted on independent variables that 

consist of more than two categorical groups (ex: project delivery method, contract type, 

etc), and continuous or ordinal dependent variables (ex: percent cost growth).  The only 

assumption made in order to utilize this test is that observations are independent.  

Observations are not assumed to be normally distributed, as determined by a visual 

inspection of their respective normal quantile-quantile (QQ) plots.  Hypotheses for 

Kruskal Wallis test are defined as: 

Ho: The k distributions are identical. 

HA: Not all distributions are the same. (Ott & & Longnecker, 2010) 

3.6.3.2 Wilcoxon Rank-Sum (Mann-Whitney U-Test) 
 
 Wilcoxon Rank-Sum test is a non-parametric test equivalent to the Kruskal Wallis 

test, but for independent variables that consist of only two categorical groups (ex: 

‘Yes/No’ questions).  The only assumption required is that there is independence between 

observations; data are not required to have a normal distribution.  Hypotheses for 

Wilcoxon Rank-Sum test are defined as: 

Ho: The distribution of the two populations x & y are the same. 

HA: x & y are shifted from each other.  

Note that the strength of the Wilcoxon Rank-Sum test is its robustness against 

non-normal datasets; however, the power of the Wilcoxon Rank-Sum test is low – that is, 

it is unlikely to find significance in tests. (Ott & & Longnecker, 2010) 
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3.6.3.3 Kendall’s tau-b 
 

Kendall’s tau-b test is a non-parametric test that measures the strength and 

direction between two ordinal or continuous variables, such as two Likert-scale measured 

questions.  Hypotheses for the Kendall Tau-b test are defined as: 

Ho: There is no relationship between x & y. 

HA: There is a relationship between x & y. (Lund Research Ltd., 2018) 

3.7 Summary of Methodology 
 
 The six research questions identified as both important to NAVFAC and filling in 

gaps in existing literature are: 

1) Is there a correlation between degree of project oversight provided by the  

      Owner and the project performance? 

2) Is there a correlation between years of CM/ET construction experience and 

project performance? 

3) Is there a correlation between years of CM/ET experience in their current job 

position and project performance? 

4) Is there a correlation between CM/ET turnover during construction and 

project performance? 

5)  Is there a correlation between CM/ET workload and project performance? 

6) Under which project conditions does project oversight have a correlation with 

     project performance? 

 Prior to answering these questions, the methods of measurement for both the y-

variable (project performance) and the x-variable (project oversight provided) was  
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determined by utilizing a combination of literature review, project database review, and 

statistical analysis.  A survey was distributed to NAVFAC CMs and ETs to collect 

necessary data to supplement the Navy’s ieFACMAN project database, and the collected 

data was analyzed to compare project performance with project oversight provided.  

Results are detailed in Chapter 4. 
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CHAPTER 4 DATA COLLECTION AND ANALYSIS 
 
4.1 Introduction 
 
 Results of initial interviews with NAVFAC senior leadership and a 

comprehensive review of the Navy’s project database ieFACMAN revealed a collection 

of data that provided an incomplete picture of both project performance and project 

oversight provided on each project.  Tables 2 and 3 in Chapter 3 list all key variables 

collected via both the surveys and the ieFACMAN database.  The following sections 

provide respondent and project characteristics.  Significant findings are highlighted –a 

full listing of results can be found in Appendix D. 

4.2 Phase I Survey 
 
 Extensive research has resulted in a myriad of potential project performance 

indicators to apply to this research project.  However, existing research into methods for 

determining project oversight is limited primarily to measurement by FTE.  Surprisingly 

little research has been conducted in tracking the effort expended on individual tasks.  

For this reason, data collection from NAVFAC systems and personnel was conducted in 

two phases.  Phase I consisted of a survey of experienced NAVFAC personnel and was 

used to identify the most important Construction Manager and Engineering Technician 

tasks that impact project outcome.  Phase II was developed with Phase I results.  

Methodology for both surveys can be found in Chapter 3. 

4.2.1 Respondent characteristics  
 

The Phase I survey results consisted of 24 complete responses from a mix of 

military and civilian leadership, construction managers, and engineering technicians.  
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Thirteen respondents were in middle management and senior leadership positions such as 

FEAD Director†, Public Works Officer (PWO), regional Chief Engineer, regional 

Operations Officer, and headquarters directors of construction programs.  Eight 

Construction Managers and three Engineering Technicians also responded.  Fourteen of 

the respondents were military personnel, and ten respondents were civilian personnel.  

Respondents had an average of fifteen years of experience in construction and eleven 

years of experience working for NAVFAC.  Responses were received from all regions of 

the United States, and overseas. 

4.2.2 Data characteristics 
 

The average scores for every project oversight task, along with their means are 

shown in Appendix D. 

4.2.3 Phase I survey results  
 
 The results of the data provide a breakdown of the relative importance of each 

CM or ET task in relation to its potential impact on project performance, ranked based on 

their average score with ‘5’ as ‘very important’ to project outcome.  A total of 29 tasks 

were selected for inclusion in the Phase II survey, based on the methodology described in 

Section 3.4.1 of this text.  A listing of all selected tasks is found in Table 6. 
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Table 6: Phase I Survey results: 29 tasks were selected for inclusion in the Phase II survey. 

Rank Task 
Mean 
Score* 

Responsibility 
Area 

1 processing modifications quickly 4.65 Change Management 

2 timely response to RFIs 4.55 Communication 

3 involvement in final inspection 4.52 QA 

4 timely response to submittals 4.52 Communication 

5 QA site visits 4.42 QA 

6 maintaining and tracking the schedule 4.42 Cost/Schedule 

7 Contractor selection (ex: Technical Evaluation Board) 4.39 Administration 

8 review of initial construction schedule 4.39 Cost/Schedule 

9 involvement in pre-final inspection 4.29 QA 

10 coordinating power outages 4.29 Communication 

11 punchlist review 4.26 QA 

12 involvement in turnover/commissioning 4.26 QA 

13 processing invoices 4.19 Cost/Schedule 

14 spot-checks of material quality 4.16 QA 

15 attendance at QC meetings 4.16 QA 

16 review of high-risk safety plans 4.16 Safety 

17 constructability reviews 4.16 QA 

18 coordinating phasing and scheduling 4.16 Communication 

19 review of requests for time extensions 4.1 Cost/Schedule 

20 site inspections of high-risk safety activities 4.03 Safety 

21 validating RFI responses from other government personnel 4.03 Communication 

22 drafting modification estimates & technical analyses 3.97 Change Management 

23 correct use of COR/COAR authority 3.94 Change Management 

25 utilizing the RedZone process 3.9 Administration 

30 distributing close-out documentation 3.77 Administration 

34 
utilizing correct modification process (Lean, Ultra-lean, 
etc) 3.68 Change Management 

41 spot checks of environmental laws/regulations compliance 3.45 Administration 

44 review of APP and AHA 3.39 Safety 

47 spot checks of Safety Toolbox Meetings 3.06 Safety 
*Scoring was determined by asking the question “For the average project, assess the construction project 
oversight tasks by importance to project outcome” with responses from 1 to 5, with 1 being “not important” 
to 5 being “very important.” 
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 A total of four tasks each were selected for the Administration & Regulatory 

Management, Change Management, Cost & Schedule Control, and Safety Assurance 

responsibility areas.  Five tasks had an average score of four or higher in the 

Communication responsibility area, and eight tasks had an average score of four or higher 

in the Quality Assurance area of responsibility.   

 Of note in Table 6 is that the highest average scores were in communication, cost 

& schedule control, and quality assurance tasks.  The average scores for each task area 

were compared by using the Kendall tau-b statistical test comparing “project 

performance” to “project oversight provided” for each task area (see Section 4.4) to 

determine if NAVFAC leaderships’ assumptions are accurate that these three 

responsibility areas are the most impactful oversight tasks. 

4.3 Phase II Survey – Development, Data Collection, & Data Characteristics 
 
 Details of the development of the Phase II survey are included in Chapter 3.  The 

survey’s intent was to gain insight into both the project oversight provided and project 

characteristics, to include overall performance characteristics of recently completed 

construction projects at NAVFAC.  The results of the survey were combined with 

quantitative data gathered from the Navy’s database system. 

 The Phase II survey was developed and administered using the “trickle-down” 

method of distribution starting from NAVFAC HQ and flowing through the 

organizational chain to satellite sites via an email with a link to the Qualtrics online 

survey service.  Results were collected after 30 days, and 222 responses were received, 

73 of which were complete responses, resulting in a ~5% complete response rate.     
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After review of the data, 69 projects were selected from the complete responses 

that conformed to the scope requirements (recently completed projects over $150k that 

the respondent was assigned to greater than 50% of the project time). 

4.3.1 Respondent characteristics 
 
 There were 38 CM respondents and 31 ET respondents.  The average years of 

respondent experience in construction was 21 years with a median of 22 years, and the 

average years of experience in the job position was 8.5 years with a median of 8 years.  

Experience has been known to affect project manager competency, and thus the quality of 

project oversight provided (Hanna, Ibrahim, Lotfallah, Iskandar, & Russell, 2016; Dainty, 

Cheng, & Moore, 2005), so was utilized as a project oversight x variable and correlated 

with project performance in Sections 4.5 and 4.6 of this text.   

4.3.2 General project characteristics 
 

 The data characteristics were analyzed in order to determine the most 

appropriate statistical tests to use.  Because each test statistic comes from projects related 

in no way to each other, data are independent and identically distributed (iid).  Normality 

for each dataset was tested utilizing visual analysis of QQ plots and histograms, and 

equal variance were validated by plotting residuals (Ott & & Longnecker, 2010).  

Examples of these plots, along with ensuing determinations of applicable statistical tests 

can be found in Appendix E. A summary of results can be found in Table 7.  Generally, 

y-variable data were non-parametric; therefore, non-parametric statistical tests such as 

Kruskal-Wallis, Kendall tau-b, and Wilcoxon Rank Sum tests were used in lieu of the 

more common linear regression tests. 
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Table 7: A summary of data characteristics, along with applicable statistical tests utilized. 
y-variable data were generally non-parametric, so statistical tests for nonparametric data were used. 

   Dependent Variable (y) 
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Project Oversight Degree of Effort Measured Values 
Project 
Oversight 
Degree of Effort 

continuous, 
parametric 

Kendall's tau 

Project Oversight Tasks 

Admin Tasks 
ordinal, 
parametric 

Kendall's tau 

Change Mgt 
Tasks 

ordinal, 
parametric 

Comm Tasks 
ordinal, 
parametric 

C/S Control 
Tasks 

ordinal, 
parametric 

QA Tasks 
ordinal, 
nonparametric 

Safety 
Assurance Tasks 

ordinal, 
nonparametric 

Other Project Oversight Factors 
Resp. Constr. 
Exp. 

integral, 
parametric 

Kendall's tau 
Resp. 
Position Exp. 

integral, 
nonparametric 

CM/ET 
Turnover  categorical 

Wilcoxon Rank Sum CM/ET 
Unbalanced 
Workload  categorical 

 
Project characteristics were also collected via database and survey; the complete 

listing of characteristics collected can be found in Tables 2 and 3.  Total NAVFAC 

construction project population data was collected where possible from NAVFAC’s 

ieFACMAN database by pulling all projects greater than $150k and completed within the 

timeframe of the sample projects (between 2012 and 2018) from each field office that 
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responded.  The sample project data was compared with the population data to determine 

if conclusions can be gleaned about the entire NAVFAC population dataset. 

4.3.2.1 Project locations 
 

Survey responses were received from Europe, Asia, and the Americas, and from 

all NAVFAC FECs (Facilities Engineering Commands, which span all areas of the 

globe).   

Figure 10: A map of states where responses were received for the Phase II survey.  
Survey responses were collected from 26 states, 2 territories, and 4 countries. When compared to 
NAVFAC’s “100 points of delivery” (Fig 10a), sample project locations align relatively well with the 
population dataset. 
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Figure 10a: NAVFAC’s “100 points of delivery”. 

 

     (Naval Facilities Engineering Command, 2016) 

A comparison of number of responses from each location to the number of 

projects completed by a FEC in the population dataset (collected via ieFACMAN) yields 

a locations percent breakdown relatively well-aligned with the population percent 

breakdown, as shown in Table 8:   

Table 8: Comparison of project locations between survey data and entire NAVFAC population date set. 
Note that the project location breakdown is relatively well-aligned with that of the project population. 
 

Facilities Engineering Command 
(FEC) 

Sample Projects 
(N=69) 

NAVFAC Total Projects 
(n=4122) 

Europe, Africa, & Southwest Asia 1 (1%) 119 (3%) 

Far East (East Asia) 14 (20%) 289 (7%) 

Hawaii 3 (4%) 127 (3%) 

Marianas 3 (4%) 214 (5%) 

Mid-Atlantic USA 7 (10%) 561 (14%) 

Northwest USA 3 (4%) 170 (4%) 

Southeast USA 17 (25%) 803 (19%) 

Southwest USA 13 (19%) 1555 (38%) 

Washington, DC USA 8 (12%) 284 (7%) 

Total 69 (100%) 4122 (100%) 
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4.3.2.2 Project cost 
 

Adjusted project cost breakdown, along with a comparison to the project 

population is provided in the histogram below: 

Figure 11: A comparison of project costs between sample project dataset and NAVFAC population dataset. 
Results show a skew to CM and ET selection of larger-magnitude projects in the dataset. 

 

Overall, the average final project costs of the sample projects are approximately 

$10M higher than the average population magnitude ($12.4M versus $2.6M).  While the 

sample projects selected by the CMs and ETs align well with NAVFAC’s requested 

study focus of higher magnitude projects, results from this study should only be applied 

to projects with larger magnitudes, and not to all NAVFAC projects. 

4.3.2.3 Project delivery method 
 

The Design-Build and Design-Bid-Build delivery methods are well-known and 

regularly utilized in private sector construction.  A lesser known method is the Indefinite-
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Delivery, Indefinite-Quantity (IDIQ) delivery method.  Applied primarily to repetitive 

minor construction and repair work, the government contract includes a list of pre-priced 

line items from which to select, and a pre-selected contractor ready to carry out “task 

orders” at pre-determined prices in short notice upon government request.  A breakdown 

of delivery methods utilized on the sample projects is provided in Figure 12, below:   

Figure 12: Project delivery method survey characteristics, broken out by quantity and dollar amount. 
CMs and ETs selected relatively equal numbers of DB versus DBB projects, but DBB projects had a much 
higher average cost than the DB projects selected. 
 

 

In NAVFAC’s ieFACMAN database, the default data entry for delivery method is 

pre-set to Design-Bid-Build, creating inaccuracies in the dataset, and resulting in inability 

to utilize the population data for comparison.  To counter these inaccuracies, the 

researcher collected the delivery method for each project via survey. 

4.3.2.4 Contract type 
 
 A breakdown of sample project contract types, along with a comparison to 

NAVFAC’s project population are shown below: 
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Figure 13: A comparison of sample project contract types with the NAVFAC project dataset, by frequency. 
The sample set distribution is skewed to stand-alone projects when compared to the population dataset. 
 

 
 
Figure 14: A comparison of sample project contract types with the NAVFAC population dataset, by final 
adjusted price.*   
When compared by magnitude, a large skew towards stand-alone projects becomes apparent.   
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4.3.2.5 Construction type 
 

A breakdown of primarily “horizontal” versus primarily “vertical” construction 

projects yields a relatively equal division of 31 horizontal construction projects versus 38 

vertical projects.  A thorough review of selected sample projects ensured removal of 

primarily environmental clean-up or public-works managed (internally completed) 

projects from the sample dataset in order to retain the focus of study on construction 

projects completed by Contractors. 

4.3.2.6 NAVFAC risk category 
 

A breakdown of NAVFAC risk categories is shown in Figure 16.  Again, inputs 

of this data characteristic into NAVFAC’s database has proven sparsely populated, 

resulting in incomplete datasets and inability to compare sample projects to the entire 

population dataset. 

Figure 15: A summary of sample project dataset NAVFAC Risk Category codes.   
Details regarding how NAVFAC Risk Categories / complexity is described in Appendix A. 
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4.3.2.7 Project complications 
 

The number of project change orders (measured as modifications to the contract) 

was obtained from the Navy’s database and utilized as a control variable.   

Figure 16: A histogram detailing the number of contract modifications (change orders) per $1M for 
sample projects. 

 

Additionally, project complications previously determined through literature 

review to threaten project performance were collected via survey and used as control 

variables.  A breakdown of the project complications cited in the sample projects, along 

with the severity of impact to project outcome, are shown in Figure 20.   The top three 

complications cited during the survey were 1) RFP (request for proposal), design, and 

specification errors (cited 36 times), 2) CM/ET turnover (cited 33 times), and 3) funding 

issues/delays (cited 26 times).  These results are consistent with other analysis 

determining the top causes for change orders. (Hanna & Iskandar, 2017)  Controlling for 

each of these complications will result in a more accurate comparison of project oversight 

provided versus project performance. 
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Figure 17: The frequency of project complications along with cited impact to project outcome. 

 
This data was also utilized to control for the number of complications cited per 

project.  A histogram of the sample data is provided in Figure 18.   

39 of 69 (56% of sample) projects studied experienced 0-3 project complications.  

Controlling for number of project complications occurring on a project will again allow 

the researcher to determine projects whose outcomes are affected primarily by issues 

other than project oversight or by the cumulative effect of change orders, as compared to 

projects with minimal issues.   
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Figure 18: A histogram summarizing the survey results of the number of complications cited during the 
course of a project.  

 
 Statistical application of each of these project complication characteristics to 

answer research questions can be found in Section 4.9.3. 

4.3.2.8 Project priorities 
 
 Respondents were asked to rate the project priorities (as determined by NAVFAC 

Capital Improvement’s Focus Areas) by order of importance to project success, with a 

response of ‘1’ being highest priority and ‘5’ being lowest priority.  Respondents were 

allowed to rank priorities equally.   

Results of survey responses are provided in Figure 19: 
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Figure 19:  A histogram of the five NAVFAC performance focus areas, ranked by priority for each sample 
project. 
Note that ‘safety’ was the highest-ranked priority, with 47 respondents ranking the focus area as a ‘1’ 
(highest priority).  Quality was the second-highest ranked priority, with 30 respondents ranking it as a ‘1’.   

 
 For sample projects, the highest-rated priority was ‘safety,’ which is consistent 

with results of literature review of government projects. (Hughes, Tippett, & Thomas, 

2004; Bates, 2009)  Priority rankings were summed and averaged in order to determine 

weightings to apply to each of the priorities across the entire dataset.   

Quality ranked #2 in frequency cited, followed by budget, schedule, and 

stakeholder satisfaction.  Bates conducted a similar analysis of project priorities in his 

thesis The Owner’s Role in Project Success, and also found safety as the #1 priority.  

However, Owners in his dataset ranked schedule as priority #2, followed closely by 

budget, then quality, with business expectations coming in last.  Since Bates’ sample set 

included Owners that require profit to continue operating, the diversion in importance of 

quality as a priority between government Owners and Owners of private firms is logical. 
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The priority rankings were utilized to determine weighting factors for the 

equation derived from El Asmar’s ‘Project Quarterback Rating’ to weight NAVFAC 

projects’ priorities and create an overall “Project Performance Score” so that an ‘apples 

to apples’ comparison of project performance could be conducted. 

 In addition to prioritizing the project performance areas, respondents were asked 

if priorities were established prior to the start of the construction project.  44 respondents 

(65%) stated that priorities were established, whereas 34% of respondents stated that 

priorities were not established prior to construction start.  Dividing projects into 

‘prioritized’ and ‘not prioritized,’ then comparing to determine if statistically significant 

provides another control variable to divide like projects.   

4.3.3 Project performance characteristics 
 
 Respondents were asked to rate the outcome of their selected project on the five 

project priority areas.  These ratings were normalized and multiplied by the priority 

weightings determined by the results shown in the previous section to create the overall 

“Project Performance Score.”  Individual performance characteristics are reviewed in 

detail in the following sections. 

4.3.3.1 Cost and schedule  
 
Data was collected for all sample projects to determine actual cost and schedule growth.  

Results of schedule growth are shown in the graph in Figure 20.   

The vast majority of sample projects had poor schedule performance: 69% of 

sample projects were completed behind schedule.  Sample projects fared slightly better 

than NAVFAC’s overall population with 72% of the project population dataset behind 
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schedule.  The average actual schedule growth for the sample dataset was 50%, with a 

median schedule growth of 28%, as compared to a schedule growth of 71% for the 

population dataset.   

This extreme schedule and cost growth is not unprecedented in the construction 

industry – Project Management Institute (PMI) recently reported that 54% of projects 

surveyed were completed late, and 49% of projects were completed over-budget when 

risk management practices are not always used (which common on smaller, less complex 

projects completed by NAVFAC).  (Project Management Institute, 2015) 

Schedule performance results were the lowest-rated subjective performance rating 

out of all performance metrics.  For the purposes of calculating an overall “Project 

Performance Score,” the objective measurement of schedule percent growth was utilized. 

Figure 20: A breakdown of the actual project schedule growth of the sample projects.   
69% of all projects were completed behind schedule, with 38% completed over 40% behind schedule. 

 
*Actual percent schedule growth was measured from project award date to Beneficial Occupancy Date (BOD).  For 
more details, see Section 3.3.2. 
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 Similarly, actual project cost growth was measured and collected from the Navy’s 

database, and shown in Figure 28.  59% of sample projects were over budget, as 

compared to 50% of the project population dataset.  The average cost growth of the 

NAVFAC sample projects was 8% with a median cost growth of 2%, as compared to 

median growth of 21% in the population dataset.  A graphic of the sample project cost 

growth can be found in Figure 21: 

Figure 21: A breakdown of the cost growth incurred on the NAVFAC sample projects.  
59% of sample projects were completed over budget. 
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4.3.3.2 Safety  
 
 Respondents were asked to rate the safety performance of the project on a 

standard 5-point Likert scale from ‘1’ being ‘excellent’ to ‘5’ being ‘poor.’  The 

histogram of overall safety performance is provided in the graph, below: 

Figure 22: A histogram of respondent’s ratings of their project’s safety performance. 

 
 
 Results of the overall safety performance were generally noted as ‘very good’ or 

‘excellent,’ (72%), resulting in a left-skew of the dataset, often aligning overall project 

performance scores of sample projects with the top priority cited by respondents. 

Additionally, respondents were asked whether or not any OSHA-recordable 

injuries occurred on the project, with eight respondents reporting an OSHA-recordable 

injury occurring on their project (11.5%).   

Industry standards utilize EMR (Experience Modification Rate†) as a method for 

measuring a construction company’s safety record.  Ideally, this standard metric would 

also be utilized in the public sector to track and compare NAVFAC’s project safety 
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records.  However, while NAVFAC tracks contractors’ EMRs for purposes of contractor 

selection, no compilation of EMR ratings for NAVFAC projects to date.  Therefore, the 

overall ‘safety’ rating judged by respondents was utilized to measure safety performance 

for this research project. 

4.3.3.3 Quality  
 

 Respondents were asked about three aspects of the project’s quality in 

relation to project performance: quality of the end product, conformance with designs and 

specifications, and quality of the construction process.  Additionally, respondents were 

asked to provide an overall quality rating for the project.   

As the second-highest rated priority, the majority of respondents marked their 

projects as ‘very good’ or ‘good’ (~70%), resulting in a slight left-skewed distribution of 

responses.  Additionally, the ‘quality’ performance ratings were also the second-highest 

rating, aligning the priority rating CM’s and ETs assigned to the metric as well.  

Figure 23: Histogram of the respondent’s ratings of their project’s performance with respect to quality of 
the end product, and conformance to designs and specifications.  
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One limitation of this method of quality measurement is the subjective nature of 

responses – more research should be conducted into how best to objectively measure 

project quality (for example, by number of redline changes or change orders), so that 

results can be replicated without the concern for respondent bias. 

4.3.3.4 Stakeholder satisfaction  
    
 Respondents were asked to rate project stakeholder’s satisfaction of both the end 

product and of the construction process from 1-5 on a 5-point Likert scale.  Results are 

shown in Figure 25.  Stakeholder satisfaction of the end product was determined to have 

a slight left-skew, with 49 respondents (71%) providing a ‘very good’ or ‘good’ rating.  

Stakeholder satisfaction with the construction process was found to have a normal 

distribution.   

Figure 24: Histogram of respondent ratings of their project performance with regards to stakeholder 
satisfaction with the end product and the construction process. 
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 Interestingly, histogram results representing stakeholder satisfaction performance 

measurements fare much better by average rating than the NAVFAC-tracked and 

measured existing metrics of cost and schedule growth, despite the fact that stakeholder 

satisfaction was considered the lowest priority in survey results.  This could be due to the 

fact that stakeholder satisfaction is determined not only by cost and schedule growth, but 

also by quality of the end product, which received generally more favorable ratings.  

Additionally, and similar to the quality score, the stakeholder satisfaction score is a 

subjective measurement of all stakeholders’ perceived satisfaction, which is a difficult 

determination for one individual to make.  More research should be conducted to 

determine improved methods for measuring and tracking stakeholder satisfaction, 

including project surveys, after-action reports, project team ‘hot-washes,’ etc. 

Finally, a ‘yes/no’ question was asked to determine if there were any pending 

Requests for Equitable Adjustment or claims on the completed project.  This question is 

included as an indicator of Contractor satisfaction - another stakeholder not typically 

actively considered on the Owner’s project team.  15 projects had pending REAs or 

claims- 22% of the sample population. 

4.3.3.5 Overall project performance 
 

All focus area project performance scores were combined and weighted into a 

single project performance score (PPS) per the methodology described in Section 3.3 of 

this text.  The characteristics of the resulting “Project Performance Scores” (PPS) are 

detailed in the graphic in Figure 25. 
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Figure 25: A histogram of the overall project performance scores.   
Performance scores were binned into quantiles, with the lowest quantile rated as “below average” 
performing projects, and the highest quantile named the “above average” performing projects.  

 

4.3.4 Project oversight characteristics 
 

Project oversight provided was measured using the 5-point Likert scale, from 

‘maximum’ degree of effort to ‘minimal to none.’  Despite a thorough vetting of tasks 

selected for inclusion in this study, some of the tasks may not be applicable to all 

projects.  Therefore, a final response of ‘task not applicable to project’ was provided.   

4.3.4.1 Overall Project Oversight Degree of Effort 
 

Results of the Cronbach’s alpha test conducted on all responses were also sufficient 

to group the average project oversight degrees of effort into an overall average score for 

each project.  The overall project oversight degree of effort for all projects are found in 

the graphical representation below. 
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Figure 26: A comparison of PPS quartiles to POD quartiles.   
As more oversight is provided, the percentage of low-performing projects is reduced by 10%. 

 
 

4.3.4.2 Project “unbalanced workload” 
   

Post-award team unbalanced workload was derived by a yes/no question to the 

respondents.  22 respondents (29%) stated that there was an unbalanced workload for 

either the CM or the ET.  An unbalanced workload has the potential to affect CM or ET 

performance (Cabanis-Brewin, 2016), and was utilized as an indicator as such in 

statistical analysis later on in this research.   

4.3.5 Determining normality and variance 
 

In order to determine the most applicable statistical tests to utilize on the data 

collected, normality and variance were tested via a visual analysis of QQ plots (to 

determine if datasets come from populations with a common distribution) and plots of 

“residuals” versus “fitted values.” 

41% Low 
Performing 

Projects

31%

24%
Average 

Performing 
Projects

44%

35%

High Performing 
Projects 25%

0%

20%

40%

60%

80%

100%

Minimal to None Moderate Maximum

%
 o

f 
P

ro
je

ct
s 

Degree of Project Oversight Provided
*binned into quartiles

Degree of Project Oversight Provided* 
versus Project Performance Score*



 93

QQ plots and plots of residuals for all data can be found in Appendix E.  Results of 

analysis of QQ and residuals plots are found in Table 7 in Section 4.3.2.  Figure 27 

provides examples of two different QQ plots and residual plots.  A normal QQ plot is 

represented by a relatively straight line (shown on the left), and can be interpreted to 

mean that data are parametric.  Conversely, an S-shape or quadratic-shaped QQ plot 

similar to the plot on the right represents a non-parametric dataset.  Plots of residuals 

versus fitted values should display a relatively equal distribution of points, then linear 

regression is appropriate.  Analyzing QQ plots and residuals versus fitted values plots 

allows the researcher to determine the most applicable statistical tests.  (Ott & 

Longnecker, 2010) 

Figure 27: QQ plots are shown as visual representations of whether or not data are parametric.   

  

 With the information in Table 7, data are sufficiently characterized to make 

statistical test selections for each of the tests to be performed.  A summary table of 

the tests conducted on the control variables can be found in Table 9. 
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Table 9: A summary of control factor data characteristics, along with applicable statistical tests utilized. 
Most characteristic data were categorical, so nonparametric tests were utilized. 
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Details regarding each statistical test selected can be found in Section 3.6.3.  The 

following sections detail the results of each of the statistical tests performed in Table 7 

and a selection of a few tests using control variables in table 9. 

4.4 Research Question #1 Results: Is there a correlation between degree of project 

oversight provided and project performance? 

The method of measurement for degree of project oversight was determined in 

three ways: first, by measurement of effort provided on each individual task conducted by 

a Construction Manager or Engineering Technician; second, by the combining and 

averaging of like task scores into “responsibility areas”; and third, by an aggregated 

Project Oversight Degree of Effort consisting of an average of all individual task scores.  

Each of these methods of measuring degree of project oversight provided was compared 

to the project performance factors of project percent cost growth, project percent 

schedule growth, quality (a subjective score including quality of the end product, and 

adherence to the specifications and drawings), a safety score (a score combining whether 

or not an OSHA recordable mishap occurred with an overall a subjective score), a 

stakeholder satisfaction score, and an overall “Project Performance Score.”  Details of the 

validity of combining and averaging scores for both x and y variables, as well as the 

choice of statistical tests, are described in Chapter 3.   

4.4.1 Individual project oversight tasks v. project performance factors 
   
 The first method of measuring degree of project oversight provided to be tested 

was the correlation between individual tasks scores and project performance metrics.  

The Kendall tau statistical test was utilized to determine a correlation between degree of 
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project oversight provided on each task and the project performance metrics.   Individual 

tasks found to be statistically significant at the 90% confidence level (p = 0.10) or higher 

were identified and are described in detail in this section.  Additionally, any findings that 

were not statistically significant, yet unusual in nature or contrary to literature were also 

identified and explained.   

Note that for all boxplots shown in this research, the x-axis is inverted due to the 

Likert scale used for Degree of Effort in the survey, resulting in a positive correlation 

depicted as a trend down to the right, and a negative correlation depicted as a trend up 

and to the right (opposite of what is typically shown).  Kendall Tau-b values were 

inverted in tables in order to correctly display the correlation. 

4.4.1.1 Administrative tasks 
 

Utilizing the Kendall tau-b statistical test to determine the correlation of each project 

performance metric with the CM or ET’s self-reported degree of effort provided in: 

4.4.1.1.1 Contractor selection 
 

The correlation between CM or ET’s degree of effort in Contractor selection and 

project performance factors yielded no statistically significant results at the 90% 

confidence interval. The results of the test are that the null hypothesis H0 (that there is no 

correlation between project oversight provided in Contractor selection and project 

performance) could not be rejected.   
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Table 10: Correlating project performance metrics with the degree of effort provided on Contractor 
selection. 
Using the Kendall tau-b statistical test yielded no significant results. 

Project Performance Metric p-value Kendall tau-b Significance 
% Cost Growth 0.1686 -0.1491 Not Significant 
% Schedule Growth 0.1448 -0.1494 Not Significant 
Quality 0.3502 0.1032 Not Significant 
Safety 0.8423 0.0224 Not Significant 
Stakeholder Satisfaction 0.1578 0.1519 Not Significant 
Project Performance Score 0.2199 0.1256 Not Significant 

 
A graphical representation of the results is found in Figure 28.  Note that for the 

following sections, results with no statistical significance will not be shown graphically. 

Figure 28:  A boxplot showing no correlation at the 90% significance level between the post-award team’s 
degree of effort provided during Contractor selection and project percent cost growth. 

 
 
 

This result runs contrary to the Phase I conclusion that Contractor selection is one of 

the tasks that has the most impact on project outcome.  However, the selection of 
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Contractors is primarily a Contracting Officer’s responsibility, with the Construction 

Manager or Engineering Technician holding only an advisory or supporting role during 

the selection process.  Additionally, Contractor selection is a tightly controlled process 

managed by the Federal Acquisition Regulations (FAR).  As a result, the CM or ET’s 

degree of effort in Contractor selection is typically minimal (a majority of CMs and ETs 

stated they had minimal to no involvement in contractor selection as evidenced in Figure 

28, when compared to other administrative tasks), and may ultimately hold little weight 

in the actual outcome of Contractor selection or project performance.  When supervisors 

and middle managers rated the project oversight tasks in Phase I, the respondents may 

have been considering overall impact, and not the impact of the CM or ET’s involvement 

in the process. 

4.4.1.1.2 Use of the NAVFAC “REDZONE†” close-out process 
 

The CM or ET’s use of NAVFAC’s formal close-out process yielded no statistically 

significant results when tested for correlation with any of the performance metrics.  The 

results of the test are that the null hypothesis (that there is no correlation between project 

oversight provided in the use of NAVFAC’s close-out process and project performance) 

could not be rejected.   

Conducting this correlation, however, does not take into account the following 

possibilities: 1) that there are other methods of ensuring all close-out items are completed 

(i.e. the formal process may not be the most effective method), or 2) if the project was not 

complex enough to require a formal close-out process.  As discussed in Section 4.3.2.6, 

project “risk,” of which complexity is a component, has significant correlation with 
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project performance.  The effects of this correlation may overshadow any effects of a 

correlation between the use of the formal close-out process and performance metrics, for 

example.  More research should be conducted by applying control factors to a larger 

dataset in order to further isolate and study individual variables. 

Table 11: Correlating project performance metrics with the effort provided in the project oversight task of 
the use of the NAVFAC “Red-zone” close-out process. 
Using the Kendall tau-b statistical test yielded no significant results. 

Project Performance Metric p-value Kendall tau-b Significance (% confidence interval) 
% Cost Growth 0.3626 -0.1491 Not Significant 

% Schedule Growth 0.1392 0.1385 Not Significant 
Quality 0.2635 0.1114 Not Significant 
Safety 0.7302 0.0352 Not Significant 

Stakeholder Satisfaction 0.4151 0.0788 Not Significant 
Project Performance Score 0.5483 0.0557 Not Significant 

 
4.4.1.1.3 Distributing close-out documents 

 
Effort provided on this task, similar to use of the formal “Redzone” close-out process, 

shows no significant correlation with any of the performance characteristics: the results 

of the test are that the null hypothesis (that there is no correlation between project 

oversight provided in the distribution of close-out documents and project performance) 

could not be rejected.   

The researcher had anticipated that a correlation may be found between 

distribution of close-out documentation and stakeholder satisfaction due to the fact that 

crucial close-out documents such as red-line drawings, punchlist and warranty 

documentation, and transfer of property paperwork are necessary for the successful 

follow-on operational phases of the building life (Nelson & Van Rens, 2018).  Results of 

the data collection lead the researcher to believe that an accurate measurement of 

stakeholder satisfaction may be difficult for only two individuals to objectively measure 
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during the construction phase of the project alone, as supported by a myriad of 

researchers (Davis, 2013; Toor & Ogunlana, 2009; Yang, Shen, Ho, Drew, & Xue, 2011).  

One recommendation for future NAVFAC researchers is to include a 360º assessment on 

projects in order to better gauge all stakeholder satisfaction in different performance 

areas. 

Table 12: Correlating project performance metrics with the distribution of close-out materials. 
Using the Kendall tau-b statistical test yielded no significant results. 

Project Performance Metric p-value Kendall tau-b Significance (% confidence interval) 
% Cost Growth 0.1078 0.1646 Not Significant 

% Schedule Growth 0.7448 -0.0319 Not Significant 
Quality 0.6439 0.0484 Not Significant 
Safety 0.1938 -0.1386 Not Significant 

Stakeholder Satisfaction 0.6457 -0.0468 Not Significant 
Project Performance Score 0.4904 0.0670 Not Significant 

 
4.4.1.1.4 Spot checks of Environmental Laws/Regulations Compliance 

 
The Kendall tau-b statistical test again yielded no statistically significant results 

between the effort provided on the task to conduct spot checks of environmental and 

regulatory regulations compliance and project performance metrics.  The results of the 

test are that the null hypothesis (that there is no correlation between project oversight 

provided of spot checks of environmental regulations and project performance) could not 

be rejected.   

  These results may be due to the fact that projects with a primarily environmental 

scope were excluded from the project sample set.  For this reason, environmental and 

regulatory compliance may be less of a priority, and therefore less oversight provided 

may impact project performance less than that of a primarily environmental undertaking. 
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Table 13: Correlating project performance metrics with spot checks of environmental compliance. 
Using the Kendall tau-b statistical test yielded no significant results. 

Project Performance Metric p-value Kendall tau-b Significance (% confidence interval) 
% Cost Growth 0.7485 -0.0317 Not Significant 

% Schedule Growth 0.3517 0.0879 Not Significant 
Quality 0.1603 0.1411 Not Significant 
Safety 0.7885 -0.0275 Not Significant 

Stakeholder Satisfaction 0.3394 0.0932 Not Significant 
Project Performance Score 0.6340 0.0445 Not Significant 

 
4.4.1.1.5 Administrative tasks overall 

 
Each task within a responsibility area was weighted equally and the four scores were 

averaged to provide an overall ‘Administrative Tasks’ score for each project.  This 

average score was tested for correlation with each performance metric measured.  Testing 

of the correlation between ‘Administrative Tasks’ and performance metrics yielded no 

statistically significant results.  Therefore, the null hypothesis was not rejected; that is, no 

statistically significant correlation between administrative tasks and project performance 

metrics (including percent cost growth, percent schedule growth, quality score, 

stakeholder satisfaction score, safety score, and overall project performance score) was 

determined. 

Table 14: Correlating project performance metrics with the average degree of effort provided on  
oversight administrative tasks. 
Using the Kendall tau-b statistical test yielded no significant results overall. 

Project Performance Metric p-value Kendall tau-b Significance (% confidence interval) 
% Cost Growth 0.6245 -0.0440 Not Significant 

% Schedule Growth 0.7861 -0.0233 Not Significant 
Quality 0.1969 0.1179 Not Significant 
Safety 0.9957 0.0005 Not Significant 

Stakeholder Satisfaction 0.2519 0.1016 Not Significant 
Project Performance Score 0.3511 0.0793 Not Significant 

 
 Interestingly, CMs and ETs rated their own effort on administrative tasks lower 

on average than other responsibility areas (see Section 4.3.4). In the Phase I survey, 

supervisors and NAVFAC leaders also rated administrative tasks as having less impact 
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on project outcome than other responsibility areas.  With an average score of 3.88 out of 

5 (5 being most impactful), administrative tasks were the 2nd lowest rated responsibility 

area with respect to impact on project outcome.  Indeed, the tasks themselves are 

primarily a result of regulatory and process requirements, and in some cases are the 

primary responsibility of individuals that are not on the post-award team.  For this reason, 

the results of the data analysis are logical.  In a practical sense, results of this analysis 

indicate that a CM or ET’s efforts can be focused primarily on other areas in order to 

maximize their impact on construction project performance.  Tasks such as contractor 

selection, distribution of close-out documents, adherence to formal “Red-zone” close-out 

processes, and spot checks of environmental regulations, while important, may be tasks 

better suited for others in the project to manage. 

4.4.1.2 Change management tasks 
 

Utilizing the Kendall tau-b statistical test to attempt to correlate each individual 

project performance metric with the self-reported level of effort provided in: 

4.4.1.2.1 Processing modifications quickly 
 

Processing modifications quickly yielded a slightly negative correlation with 

percent cost growth and a slightly negative correlation with quality at the 90% confidence 

interval (i.e. more effort correlated with more cost growth and a lower quality score).  

The null hypothesis could therefore be rejected: there is a correlation between effort 

provided on the project oversight task of processing modifications quickly and both cost 

growth and quality metrics.  Note, however, the low Kendall tau-b scores for each of the 
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correlations, indicating only a slight relationship between the variables - a value of “zero” 

indicates no relationship, a value of “one” indicates a perfect relationship.   

Table 15: Correlating project performance metrics with processing modifications quickly. 
Using the Kendall tau-b statistical test yielded a positive correlation at the 90% significance level between 
percent cost growth and quality metrics. 

Project Performance Metric p-value Kendall tau-b Significance (% confidence interval) 
% Cost Growth 0.0656 0.1883 90%  

% Schedule Growth 0.2204 0.1207 Not Significant 
Quality 0.05497 0.2012 90%  
Safety 0.6837 0.0436 Not Significant 

Stakeholder Satisfaction 0.1157 0.1603 Not Significant 
Project Performance Score 0.2092 -0.1228 Not Significant 

 
Tests of other performance metrics yielded no statistically significant correlation.  

Interestingly, no correlation was found between percent schedule growth and the 

effort provided on  quick processing of modifications.  Dividing the sample set into 

projects with and without modifications or project complications may provide more 

insight as to whether or not quick processing of modifications has a mitigating effect 

once a modification is initiated.   

The correlation between quick processing of modifications and percent cost 

growth is visualized in the boxplot as Figure 29, below. 
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Figure 29: Degree of effort applied by the post-award team to processing modifications quickly, as 
compared to project percent cost growth.   
Note that more effort applied on this task correlated with more cost variance and more cost growth. 
 

 
This result does not align with literature and common knowledge that if 

modifications are processed quickly, then the cumulative effect of change orders are less 

because additional overhead is not accrued while waiting for the change order to process 

(Hanna & Iskandar, 2017).  This could be due to a variety of factors, including: 1) 

collinearity between increased cost growth and increased number/complexity of 

modifications required outweighs the effects of speedy modification delivery, or 2) the 

fact that the speed of modification processing has less impact than a good negotiation and 

defined change order scope.   
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These results may be due to an incorrect assumption regarding the dependency of 

x and y variables.  The effort provided by the CM or ET may in fact be dependent upon 

how the project is progressing, and not necessarily based on the effort the CM or ET had 

been directed to provide, so independent and dependent variables may not be accurately 

identified in this analysis.  The common statistical saying “correlation does not equal 

causation” comes to mind.   

A thorough, deep-dive analysis should be conducted comparing actual 

modification processing times to project performance metrics in order to validate this 

finding and determine the cause.   

With regards to quality, literature has determined that change orders have a 

negative impact on quality.  However, speedy processing of modifications may in fact 

mitigate these negative effects by minimizing the impacts of changes over time (Hanna & 

Iskandar, 2017).  The correlation between quick processing of modifications and quality 

is visualized in the boxplot as Figure 30, below. 
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Figure 30: Degree of effort applied by the post-award team to processing modifications quickly, as 
compared to project quality.   
Note that more effort applied on this task correlated with a higher quality score. 
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relationship between the degree of effort provided on specific change management tasks, 

and their effect on project performance is recommended as a course of future study. 

Another interesting aspect of these statistical results is the fact that processing 

modifications quickly did not have a statistically significant correlation with percent 

schedule growth.  Again, these results may be due to the fact that having to process a 

change order alone may counter any positive effects of a Construction Manager’s speedy 

processing of that change order. (de Wit, 1988) 

Last, timely processing of change orders did not correlate with an increase in 

stakeholder satisfaction.  This result is not surprising, given the fact that providing a 

project on time was considered the fourth out of five priorities in this analysis. 

4.4.1.2.2 Drafting modification estimates & technical analyses 
 

This x variable showed statistical significance at the 90% confidence interval 

when tested against percent cost growth, again with a positive correlation (i.e. more effort 

drafting estimates and analysis correlated with more cost growth).  

Table 16: Correlating project performance metrics with the degree of effort provided on project oversight 
task drafting modification estimates and technical analyses. 
Using the Kendall tau-b statistical test yielded a positive correlation at the 90% significance level with the 
percent cost growth performance metric. 

Project Performance Metric p-value Kendall tau-b Significance (% confidence interval) 
% Cost Growth 0.0503 0.2037 90%  

% Schedule Growth 0.3698 0.0900 Not Significant 
Quality 0.9209 -0.0106 Not Significant 
Safety 0.7974 -0.0281 Not Significant 

Stakeholder Satisfaction 0.8347 0.0217 Not Significant 
Project Performance Score 0.8254 -0.0220 Not Significant 

 
The null hypothesis could therefore be rejected: there is a correlation between the 

effort provided on the project oversight task of drafting modification estimates and 
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technical analyses and cost growth.  All other tests against project performance metrics 

showed no statistical significance.   

The conclusion following these results is similar to results of the previous x 

variable of ‘processing modifications quickly’ – that the prospect of higher cost growth 

may in fact result in an increase in effort by the CM or ET to provide a better technical 

analysis and estimate.  This could mean that NAVFAC’s ‘Business Operating 

Procedures’† are not fully implemented: that a CM or ET will make a risk-based decision 

to adjust their own workload internally to manage a trouble project and the ensuing 

change orders, whether or not organizational guidance tells them to do otherwise.  

Figure 31: Degree of effort applied by the post-award team on drafting modifications estimates and 
technical analyses, as compared to project cost growth.   
Note that more effort applied on this task correlated with a higher cost growth. 
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4.4.1.2.3 Use of COR/COAR authority 
 

A ‘COAR’ (Contracting Officer’s Authorized Representative) is designated by 

the Contracting Officer to negotiate in-scope, bi-lateral construction changes of up to the 

limit of their appointment (a maximum of $150,000).  (Naval Facilities Engineering 

Command, 2014)  When tested for correlation with the project performance metrics, this 

x variable was statistically significant at the 95% confidence interval and again positively 

correlated with percent cost growth.  Tests against all other project performance metrics 

showed no statistical significance.  The null hypothesis could therefore be rejected: there 

is a positive correlation between the project oversight task of use of COR/COAR 

authority and project cost growth.   

Table 17: Correlating project performance metrics with the degree of effort provided on project oversight 
task use of COR/COAR authority. 
Using the Kendall tau-b statistical test yielded a positive correlation at the 95% significance level with the 
project percent cost growth performance metric. 

Project Performance Metric p-value Kendall tau-b Significance (% confidence interval) 
% Cost Growth 0.0120 0.2546 95%  

% Schedule Growth 0.2276 0.1177 Not Significant 
Quality 0.3627 -0.0944 Not Significant 
Safety 0.6387 -0.0499 Not Significant 

Stakeholder Satisfaction 0.1943 -0.1306 Not Significant 
Project Performance Score 0.6057 -0.0500 Not Significant 

 
Full and complete use of the COR/COAR authority implies that the CM or ET 

must actually use the authority delegated to them, meaning that change orders are in fact 

occurring that are requiring negotiations and changes to be made to the project.  Once 

again, the mere fact that change orders are occurring could be negating the positive 

effects of the full use of the COR/COAR’s negotiating authority, which streamlines the 

negotiating process and brings the decision-making authority to the individuals with the 

best project knowledge of the change order to be conducted. (Naval Facilities 



 110

Engineering Command, 2014)  This statistical test is ripe for the application of a control 

variable for number of modifications. 

The results of the data are represented graphically in Figure 32. 

Figure 32: Degree of effort applied by the post-award team on use of COR/COAR authority, as compared 
to project cost growth.   
Note that more effort applied on this task correlated with a higher cost growth. 
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page to document the change.  The formal modification process for a project increase of 

$110,000 for example, may require multiple documents with addenda to describe the 

situation, assistance from a technical expert to draft an estimate, layers of approval to 

secure funding, and review from and negotiations by a Contracting Officer to determine 

validity of the change and its associated costs prior to approval. (Cheriathundam, 2018)  

Despite this significant alteration in processes, no statistically significant results were 

identified when the Kendall tau-b test was utilized to attempt to correlate project 

performance metrics with selecting the correct modification process.  Therefore, the null 

hypothesis that there is no correlation between effort provided on selecting the correct 

modification process and project performance could not be rejected. 

Table 18: Correlating project performance metrics with the degree of effort provided in selecting the 
correct modification process. 
Using the Kendall tau-b statistical test yielded no significant results. 

Project Performance Metric p-value Kendall tau-b Significance (% confidence interval) 
% Cost Growth 0.2361 0.1244 Not Significant 

% Schedule Growth 0.3843 -0.0881 Not Significant 
Quality 0.3414 -0.1030 Not Significant 
Safety 0.3996 -0.0930 Not Significant 

Stakeholder Satisfaction 0.6851 -0.0425 Not Significant 
Project Performance Score 0.1067 0.1621 Not Significant 

 
 These results could be due to the following: 1) that the actual process utilized 

(lean, ultra-lean, etc.) affects the performance of the project less than the content of the 

modification; 2) CMs/ETs may not be properly trained or familiar with specific 

modification processes and which is the best method to use, or 3) since CMs primarily 

process modifications, some ET respondents may not have the knowledge necessary to 

answer this question.  More research must be conducted on different modification 

processes to determine their effects on project performance. 
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4.4.1.2.5 Change management tasks overall 
 

Based on results of the Phase I survey, the four individual ‘change management’ task 

scores were averaged to provide an overall ‘Change Management Tasks’ score for each 

project.  This average score was tested for correlation with each performance metric 

measured.  Testing of the correlation between ‘Change Management Tasks’ and 

performance metrics yielded statistical significance at the 95% confidence interval for the 

y variable of percent cost growth and a positive correlation.  No other tests resulted in 

statistical significance. 

Table 19: Correlating project performance metrics with the degree of effort provided on change 
management tasks. 
Using the Kendall tau-b statistical test yielded a positive correlation at the 95% significance level with the 
project percent cost growth performance metric. 

Project Performance Metric p-value Kendall tau-b Significance (% confidence interval) 
% Cost Growth 0.0135 0.2296 95% 

% Schedule Growth 0.2381 0.1055 Not Significant 
Quality 0.5927 -0.0508 Not Significant 
Safety 0.7220 -0.0345 Not Significant 

Stakeholder Satisfaction 0.8446 -0.0181 Not Significant 
Project Performance Score 0.2904 -0.0937 Not Significant 

 
Therefore, the null hypothesis was rejected: a correlation was determined to exist 

between percent cost growth and change management tasks.   

 However, as discussed in three of the four individual tasks results, the positive 

correlation between project percent cost growth and degree of effort provided by the CM 

or ET on change management tasks does not necessarily prove that additional oversight 

provided by the CM or ET results in more cost growth.  In fact, a savvy CM or ET would 

place more effort into change management tasks when the project is already off-course.  

Oftentimes these issues occurring are the project conditions identified in Section 4.3.2.7, 

of which many (such as project risk, design errors, etc.) have been identified as having a 
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significant correlation with project performance metrics.  The additional change 

management oversight provided may in fact be a result of these project conditions and a 

mitigating factor to further negative project performance, rather than an independent 

variable.  The author of this text highly recommends that future research be conducted in 

this area, particularly due to the fact that effort provided on change management tasks 

overall was shown to have a significant correlation with performance at the 95% 

confidence interval, is one of the few responsibility areas that showed a clear trend in 

results amongst the individual tasks, and was tied with cost- and schedule-control tasks as 

the second most important responsibility area in the Phase I survey (rated an average of 

4.28 out of 5 for impact to project performance). 

4.4.1.3 Communication tasks 
 

Utilizing the Kendall tau-b statistical test to attempt to correlate each individual 

project performance metric with the self-reported degree of effort provided in the 

following communications tasks: 

4.4.1.3.1 Timely response to RFIs 
 

Results of tests attempting to correlate project performance metrics with the effort 

to provide a timely response to RFIs was shown to be not statistically significant.  

Table 20: Correlating project performance metrics with the degree of effort provided on timely responses 
to RFIs. 
Using the Kendall tau-b statistical test yielded no significant results. 

Project Performance Metric p-value Kendall tau-b Significance (% confidence interval) 
% Cost Growth 0.1096 0.1564 Not Significant 

% Schedule Growth 0.1379 0.1388 Not Significant 
Quality 0.8355 0.0207 Not Significant 
Safety 0.4957 0.0693 Not Significant 

Stakeholder Satisfaction 0.5909 -0.0519 Not Significant 
Project Performance Score 0.2867 0.0987 Not Significant 
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This result was surprising to the researcher and contrary to literature (Jaselskis & 

Ashley, 1991).  The result could be due to the fact that some RFIs do not necessarily need 

a timely response, or that the definition of “timely” was not provided to respondents. 

Additionally, CMs or ETs may be unconsciously biased in their subjective responses to 

this question.  More research must be conducted in this area to validate the results shown 

herein. 

4.4.1.3.2 Timely response to submittals 
 
 Results of the Kendall tau statistical test to correlate each project performance 

metric with timely response to submittals provided no statistically significant results.   

Table 21: Correlating project performance metrics with the effort provided on timely response to 
submittals. 
Using the Kendall tau-b statistical test yielded no significant results. 

Project Performance Metric p-value Kendall tau-b Significance (% confidence interval) 
% Cost Growth 0.2417 0.1141 Not Significant 

% Schedule Growth 0.2248 0.1130 Not Significant 
Quality 0.6755 0.0415 Not Significant 
Safety 0.9909 0.0012 Not Significant 

Stakeholder Satisfaction 0.916 -0.0101 Not Significant 
Project Performance Score 0.2684 0.1021 Not Significant 

 
Again, these results are contrary to both literature and logic – less effort in 

providing timely response to submittals should directly result in delays to material 

procurement, etc.  More research needs to be conducted in this area to fully understand 

and quantify the relationship between effort provided on submittal reviews and project 

performance. 

4.4.1.3.3 Coordinating power outages 
 
 The Kendall tau-b test for correlation between overall project performance and 

degree of effort provided to coordinate power outages resulted in a positive correlation 
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and a significantly statistically significant result (p = 0.00262) at the 95% confidence 

interval.  Statistical Tests using each project performance factor alone resulted in no 

statistically significant results. 

Table 22: Correlating project performance metrics with the degree of effort provided coordinating power 
outages. 
Using the Kendall tau-b statistical test yielded a positive correlation at the 95% significance level with the 
project performance score performance metric. 

Project Performance Metric p-value Kendall tau-b Significance (% confidence interval) 
% Cost Growth 0.5424 0.0609 Not Significant 

% Schedule Growth 0.5375 0.0591 Not Significant 
Quality 0.9658 0.0044 Not Significant 
Safety 0.1249 0.1598 Not Significant 

Stakeholder Satisfaction 0.7269 0.0344 Not Significant 
Project Performance Score 0.00262 0.2852 95% 

 
 Results of the significant correlation are shown graphically in Figure 33. 

Figure 33: Degree of effort applied by the post-award team on coordinating power outages, as compared 
to project performance overall.   
More effort applied to coordinating power outages positively correlated with better overall performance. 
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This result could be due to the fact that coordination of power outages is a high-

risk activity from both a safety and a customer satisfaction perspective, and failure to 

meet objectives during power outages can easily result in cost and schedule growth.  

While individual performance metrics did not show a significant correlation, the impact 

of a well- or poorly-coordinated power outage was identified across the spectrum of 

performance metrics in the aggregated Project Performance Score.  A larger sample size 

may result in more statistical significance amongst individual project performance factors 

(Ott & & Longnecker, 2010). Further studies should be conducted to determine if this is 

in fact the case. 

4.4.1.3.4 Coordinating phasing and scheduling 
 
 Results of the Kendall tau test to determine correlation between effort provided to 

coordinate phasing and scheduling and overall Project Performance Score were 

statistically significant at the 95% confidence interval.  Tests against other project 

performance factors yielded no statistically significant results. 

Table 23: Correlating project performance metrics with the degree of effort provided coordinating phasing 
and scheduling. 
Using the Kendall tau-b statistical test yielded a positive correlation at the 95% significance level with the 
project performance score performance metric. 

Project Performance Metric p-value Kendall tau-b Significance (% confidence interval) 
% Cost Growth 0.2675 0.1077 Not Significant 

% Schedule Growth 0.5392 0.0571 Not Significant 
Quality 0.7549 -0.0309 Not Significant 
Safety 0.9360 0.0081 Not Significant 

Stakeholder Satisfaction 0.8194 -0.0219 Not Significant 
Project Performance Score .0250 0.2063 95% 

 
Again, although not indicated by any of the individual performance metrics, the 

importance of a phasing and scheduling plan that is well-coordinated with the end user, 
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customer, Contractor, and other stakeholders is a task which can impact many of the 

performance factors at once, and its positive correlation with overall Project Performance 

Score mirrors this common understanding.  Statistically significant results are shown 

graphically in Figure 34. 

Figure 34: Degree of effort applied by the post-award team on coordinating phasing and scheduling, as 
compared to project performance overall.   
Note that more effort applied to coordinating phasing and scheduling correlated with better overall 
performance. 
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Table 24: Correlating project performance metrics with the degree of effort provided on validating RFI 
responses from other government personnel. 
 Using the Kendall tau-b statistical test yielded no significant results. 

Project Performance Metric p-value Kendall tau-b Significance (% confidence interval) 
% Cost Growth 0.1641 0.1375 Not Significant 

% Schedule Growth 0.2743 0.1036 Not Significant 
Quality 0.6886 0.0406 Not Significant 
Safety 0.6601 0.0452 Not Significant 

Stakeholder Satisfaction 0.2917 0.1033 Not Significant 
Project Performance Score 0.1674 0.1294 Not Significant 

 
These results may be indicative of the fact that this specific task is not identified 

anywhere in NAVFAC literature as being a primary duty of the CM or ET.  As CMs and 

ETs are not considered to be supervisors, but peers to their fellow government personnel 

who are reliant on these other government personnel as experts, the reviewing of other 

government personnel’s RFI responses may not be conducted as regularly as other tasks 

selected (indicated by the lower average degree of effort scores in survey results when 

compared to other tasks).  Additionally, like Contractor selection, the CM or ET acts in 

more of an advisory role rather than a primary role for this task, which means that a CM 

or ET’s actual effect on project performance due to this taskis reduced.  More research 

must be conducted in this area to determine the costs and benefits of an additional review 

of RFI responses from other government personnel. 

4.4.1.3.6 Communication tasks overall 
 

Based on results of the Phase I survey, the five ‘communication’ task’s scores were 

averaged to provide an overall ‘Communication Tasks’ score for each project.  This 

average score was tested for correlation with each performance metric measured.  Testing 

of the correlation between ‘Communication Tasks’ and performance metrics yielded no 

statistical significance at the 90% confidence interval. 
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Table 25: Correlating project performance metrics with the degree of effort provided on overall 
communications tasks. 
Using the Kendall tau-b statistical test yielded no significant results. 

Project Performance Metric p-value Kendall tau-b Significance (% confidence interval) 
% Cost Growth 0.8249 0.0200 Not Significant 

% Schedule Growth 0.5753 0.0485 Not Significant 
Quality 0.7149 0.0336 Not Significant 
Safety 0.8448 0.0189 Not Significant 

Stakeholder Satisfaction 0.3426 0.0848 Not Significant 
Project Performance Score 0.6798 0.0354 Not Significant 

 
Therefore, the null hypothesis was not rejected; a correlation was not able to be 

determined between overall project performance and communication tasks.   

However, in two of the five individual tasks results, overall project performance score 

and degree of effort provided by the CM or ET on coordinating power outages and 

phasing and scheduling was shown to have a correlation at the 95% confidence interval.  

This aligns with previous research that emphasizes communication tasks as greatly 

affecting overall project performance (Demirkesen & Ozorhon, 2017; Dobbins & 

Donnelly, 1998; Geoghegan & Dulewicz, 2008).  The fact that no correlation was found 

between individual performance areas does not prove that no correlation exists – just that 

the effect of better communications may manifest themselves in ways other than those 

measured in the survey.  More research should be conducted to determine improved 

methods for measuring both performance metrics such as stakeholder satisfaction and 

quality, as well as more objective communications KPIs such as RFI response time 

(days), submittal response time, etc., in order to test this hypothesis. 
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4.4.1.4 Cost and schedule control tasks 

Utilizing the Kendall tau-b statistical test to attempt to correlate each individual 

project performance metric with the self-reported degree of effort provided in the cost 

and schedule control task of: 

4.4.1.4.1 Maintaining and tracking the schedule 
 
 Results of the Kendall tau statistical test to correlate each project performance 

metric with degree of effort to maintain and track the schedule provided statistically 

significant results when compared with the overall project performance score (90% 

confidence interval). 

Table 26: Correlating project performance metrics with the degree of effort provided in maintaining and 
tracking the schedule. 
Using the Kendall tau-b statistical test yielded a positive correlation at the 90% significance level with the 
project performance score performance metric. 

Project Performance Metric p-value Kendall tau-b Significance (% confidence interval) 
% Cost Growth 0.5023 0.0654 Not Significant 

% Schedule Growth 0.2504 0.1070 Not Significant 
Quality 0.7748 0.0284 Not Significant 
Safety 0.9773 0.0029 Not Significant 

Stakeholder Satisfaction 0.8664 0.0164 Not Significant 
Project Performance Score 0.0759 0.1637 90% 

 
These results are logical, in that reviewing the schedule ensures material are on 

time, personnel are correctly assigned to work, and preparations can be made to ensure a 

quality and safely constructed product.  While the task of maintaining and tracking the 

schedule does not show correlation with any individual performance metric, there is an 

overall correlation with the aggregated performance score, showing the interrelationship 

between schedule, cost, quality and stakeholder satisfaction. 
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Figure 35: Degree of effort applied by the post-award team on maintaining and tracking the schedule, as 
compared to project performance overall.   
Note that more effort applied to schedule management correlated with better overall performance. 

 
4.4.1.4.2 Review of initial construction schedule 

 
Results of the Kendall-tau correlation test again showed a statistical significance 

at the 90% confidence interval between degree of effort applied to review of original 

construction schedule and overall project performance. 

Table 27: Correlating project performance metrics with the degree of effort provided reviewing the initial 
construction schedule. 
Using the Kendall tau-b statistical test yielded a positive correlation at the 90% significance level with the 
project performance score performance metric. 

Project Performance Metric p-value Kendall tau-b Significance (% confidence interval) 
% Cost Growth 0.6304 -0.0471 Not Significant 

% Schedule Growth 0.7895 -0.0249 Not Significant 
Quality 0.8065 -0.0243 Not Significant 
Safety 0.9293 -0.0091 Not Significant 

Stakeholder Satisfaction 0.3482 0.0905 Not Significant 
Project Performance Score 0.0663 0.1699 90% 
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Similar to reviewing and tracking the construction schedule, an initial review of 

the schedule allows the Construction Manager or Engineering Technician to identify 

problem areas early, and resolve issues prior to major problems occurring. 

Figure 36: Degree of effort applied by the post-award team to review the initial construction schedule, as 
compared to project performance overall.   
Note that more effort applied to reviewing the initial schedule correlated with better overall performance.  
Also note the smaller variance in PPS when maximum effort is applied to this task. 
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Table 28: Correlating project performance metrics with the degree of effort provided on processing 
invoices. 
Using the Kendall tau-b statistical test yielded a positive correlation at the 90% significance level with the 
overall Project Performance Score. 

Project Performance Metric p-value Kendall tau-b Significance (% confidence interval) 
% Cost Growth 0.8697 -0.0160 Not Significant 

% Schedule Growth 0.9038 -0.0112 Not Significant 
Quality 0.6976 0.0384 Not Significant 
Safety 0.3499 0.0945 Not Significant 

Stakeholder Satisfaction 0.3089 0.0976 Not Significant 
Project Performance Score 0.0929 0.1559 90% 

 
 While not directly correlated with any individual performance metrics, on-time 

processing of invoices allows a positive cash flow for the Contractor, which affects not 

only Contractor-Owner relationship, but also the Contractor’s ability to keep on schedule 

and within budget.   

 Another potential reason no other metrics correlated in these tests may be due to 

the fact that the Government has a robust system and strict contractual language requiring 

invoices be processed in a timely manner (30 days for construction per the Federal 

Acquisition Regulations) along with payment of interest if payments are late, so on-time 

and correct payments are standard (Department of Defense, GSA, NASA, 2017) 
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Figure 37: Degree of effort applied by the post-award team to process invoices, as compared to project 
performance overall.   
Note that more effort applied to processing invoices correlated with better overall performance, and less 
variance in Project Performance Score when “maximum” effort is applied. 
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Correlating scores for degree of effort applied to review of requests for time 

extensions with project performance metrics yielded no statistically significant results.   

Table 29: Correlating project performance metrics with the degree of effort provided reviewing requests 
for time extensions. 
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Project Performance Score 0.8375 0.0204 Not Significant 
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 Results of this test are surprising to the researcher, as the determination to deny or 

grant requests for time extensions directly affects project schedule.  One reason could be 

that reviewing time extensions often results in simply granting the request anyway, rather 

than negotiating for time.  Additionally, reviewing time extensions takes time in and of 

itself, potentially resulting in even MORE time being added to the schedule as a result of 

processing delays. More research needs to be done to examine why results of this test did 

not result in statistical significance.   

4.4.1.4.5 Cost and schedule control tasks overall 
 

Testing of the correlation between the average degree of effort applied to ‘Cost and 

Schedule Control Tasks’ and performance metrics yielded a positive correlation and 

statistical significance at the 90% confidence interval with overall project performance 

score. 

Table 30: Correlating project performance metrics with the degree of effort provided on cost and schedule 
control tasks overall. 
Using the Kendall tau-b statistical test yielded positive correlation with overall project performance.. 

Project Performance Metric p-value Kendall tau-b Significance (% confidence interval) 
% Cost Growth 0.1442 0.1303 Not Significant 

% Schedule Growth 0.3786 0.0751 Not Significant 
Quality 0.7647 0.0271 Not Significant 
Safety 0.7909 0.0245 Not Significant 

Stakeholder Satisfaction 0.9123 0.0097 Not Significant 
Project Performance Score 0.07371 0.1511 Significant (90%) 

 
Therefore, the null hypothesis was rejected; overall project performance was 

correlated with cost and schedule control tasks. 
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4.4.1.5 Quality assurance tasks 

Utilizing the Kendall tau-b statistical test to attempt to correlate each individual 

project performance metric with the self-reported degree of effort provided on the quality 

assurance task of: 

4.4.1.5.1 Final inspection 
 
 Comparing scores for degree of effort provided on final inspections with project 

performance factors yielded statistically significant results at the 90% confidence interval 

when compared with percent cost growth, measured safety score, and stakeholder 

satisfaction score, and at the 95% confidence interval with overall project performance 

score.  Comparisons with quality and schedule growth were not found to be statistically 

significant. 

Table 31: Correlating project performance metrics with the degree of effort provided on final inspections. 
Using the Kendall tau-b statistical test yielded a negative correlation at the 90% significance level with 
percent cost growth and positive correlation with safety, stakeholder satisfaction and project performance 
score metrics. 

Project Performance Metric p-value Kendall tau-b Significance (% confidence interval) 
% Cost Growth 0.0858 -0.1750 90% 

% Schedule Growth 0.5419 -0.0593 Not Significant 
Quality 0.4344 0.0809 Not Significant 
Safety 0.0593 0.2005 90% 

Stakeholder Satisfaction 0.0955 0.1676 90% 
Project Performance Score 0.0105 0.2470 95% 

 
The researcher finds these results to be notable: because final inspection is at the 

very end of the construction process, the CM or ET can do very little to affect the 

performance of the project at this point other than to not accept the work and delay the 

project in order to improve the quality of the end product.  Interestingly, neither quality 

nor schedule growth are significantly correlated with a higher degree of effort at the final 

inspection.   
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Figure 38: Degree of effort applied by the post-award team on final inspections, as compared to project 
percent cost growth.   
A maximum degree of effort applied to final inspections correlated with reduced percent cost growth.   
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final inspection could in fact result in reduced cost growth, as potential issues have been 

identified, resolutions socialized, and corrections executed in a timely manner. 

Figure 39: Degree of effort applied by the post-award team on final inspections, as compared to project 
stakeholder satisfaction.   
A maximum degree of effort applied to final inspections correlated with increased stakeholder satisfaction.   

 
A maximum degree of effort applied to final inspections correlated with increased 

stakeholder satisfaction, but also note the high degree of variance, indicated by the length 
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posits that this is due again to multicollinearity… projects with maximum effort provided 
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project oversight provided and project characteristics could be conducted in future 

research to determine if this is the case. 

Additionally, stakeholders not only inspect the final product but also get to see the 

CM and ET “in action” during the final inspection, so the post-award team often gets 

direct feedback from stakeholders at this time, and a correlation between more CM or ET 

effort at final inspection and improved stakeholder satisfaction is logical. 

Figure 40: Degree of effort applied by the post-award team on final inspections, as compared to project 
safety score.   
A maximum degree of effort applied to final inspections correlated with increased safety performance.   
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catch problems prior to the final inspection, limiting cost growth and safety mishaps.  It is 

likely that a CM or ET that provides thorough safety and quality assurance spot checks 

will also provide a thorough final inspection.  One hypothesis for the lack of correlations 

between final inspection degree of effort and both quality score and schedule growth is 

that the CM or ET, feeling the pressure to meet deadlines, may accept non-compliant 

work that still provides a “usable and complete end product” as long as he or she receives 

the approval from end users.  More research should be conducted in this area to 

determine the effects of a thorough final inspection on the results of a project, with a 

special emphasis on performance of the facility after BOD. 

4.4.1.5.2 QA site visits  
 
 Degree of effort provided on QA site visits was found to have a positive 

correlation with overall project performance at the statistically significant 95% 

confidence interval. 

Table 32: Correlating project performance metrics with the degree of effort provided on QA site visits. 
Using the Kendall tau-b statistical test yielded a positive correlation at the 95% significance level with the 
project performance score performance metric. 

Project Performance Metric p-value Kendall tau-b Significance (% confidence interval) 
% Cost Growth 0.6297 -0.0479 Not Significant 

% Schedule Growth 0.4722 -0.0682 Not Significant 
Quality 0.8549 0.0185 Not Significant 
Safety 0.7681 0.0305 Not Significant 

Stakeholder Satisfaction 0.5786 0.0544 Not Significant 
Project Performance Score 0.0195 0.2196 95% 

 
 When studying the boxplots, note the clear trend showing improved project 

performance score with increased degree of effort applied to QA site visits.  This result 

aligns with logic – the primary intent of QC and QA inspections and site visits are to 

identify and rectify potential quality problems before work starts, so that minimal time, 
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effort, and funds must be expended to fix the issue. (Naval Facilities Engineering 

Command, 2000) 

Figure 41: Degree of effort applied by the post-award team on QA site visits, as compared to project 
performance overall.   
A maximum degree of effort applied to QA site visits correlated with increased performance overall.   

 
Despite the clear correlation and low p-value, there is a lot of variance in the 

results, leading to a low Kendall tau-b score.  It is interesting to note that many of the 

quality assurance tasks did not have a significant impact on the ‘quality’ performance 

metric… this could be due to the fact that quality of the end product and adherence to 

designs and specifications (Contractor and CM responsibility) are only two of the three 

metrics utilized to measure quality performance.  The third metric - the survey question 

relating quality of the designs and specifications and their ability to meet the needs of the 
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customer - may in fact be much more important to project quality than the other two 

quality areas.  Another aspect that may be affecting this result is the subjective nature of 

the word ‘quality.’  More research should be conducted by both NAVFAC and industry 

to identify different aspects of quality and its relative importance, along with its 

relationship to performance. 

4.4.1.5.3 Pre-final inspection  
 

Degree of effort provided on pre-final inspections was found to have a postive 

correlation with overall project performance at the statistically significant 95% 

confidence interval. 

Table 33: Correlating project performance metrics with the degree of effort provided on pre-final 
inspections. 
Using the Kendall tau-b statistical test yielded a positive correlation at the 95% significance level with the 
project performance score performance metric. 

Project Performance Metric p-value Kendall tau-b Significance (% confidence interval) 
% Cost Growth 0.5437 -0.0614 Not Significant 

% Schedule Growth 0.9031 -0.0085 Not Significant 
Quality 0.3121 0.1038 Not Significant 
Safety 0.3630 0.0959 Not Significant 

Stakeholder Satisfaction 0.1841 0.1325 Not Significant 
Project Performance Score 0.0036 0.2787 95% 

 
 Again, a clear trend in project performance score displays results that align with 

both logic and literature review.  Additionally, maximum effort during pre-final 

inspection is shown to decrease variance in performance results.   
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Figure 42: Degree of effort applied by the post-award team on the pre-final inspection, as compared to 
project performance overall.   
A maximum degree of effort applied to the pre-final inspection correlated with increased project 
performance overall.   

 
Despite the weak strength of correlation shown by the Kendall tau-b score, these 

results are a clear indicator that effort provided in completing a thorough pre-final 

inspection may improve project performance.  More research should be conducted to 

minimize the possibility of multicollinearity with other variables and to confirm that there 

is in fact causation. 

4.4.1.5.4 Punch-list review 
 

Degree of effort provided on punch-list reviews was found to have a positive 

correlation with overall project performance at the statistically significant 95% 

confidence interval. 
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Table 34: Correlating project performance metrics with the degree of effort provided on punch-list review. 
Using the Kendall tau-b statistical test yielded a positive correlation at the 95% significance level with the 
project performance score performance metric. 

Project Performance Metric p-value Kendall tau-b Significance (% confidence interval) 
% Cost Growth 0.8827 0.0148 Not Significant 

% Schedule Growth 0.6585 0.0423 Not Significant 
Quality 0.8508 -0.0193 Not Significant 
Safety 0.8397 0.0210 Not Significant 

Stakeholder Satisfaction 0.7290 0.0342 Not Significant 
Project Performance Score 0.0040 0.2727 95% 

 
 Similar to the results of the test between effort provided on pre-final inspections 

and final project performance, maximum effort resulted in a slightly smaller variance. 

More research must be conducted to reduce the potential for multicollinearity and 

decrease variance, if possible.  However, such a low p-value and a slightly higher 

Kendall tau-b are again good indicators that CM and ET effort reviewing punchlist items 

is a valuable task which may result in improved overall project performance. 

A graphical representation is shown in Figure 43 on the following page of this 

text. 
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Figure 43: Degree of effort applied by the post-award team on review of punch-list items, as compared to 
project performance overall.   
A maximum degree of effort applied to the task correlated with increased project performance overall.   

 

4.4.1.5.5 Turnover/commissioning  
 

Degree of effort provided on turnover/commissioning displayed a positive 

correlation with overall project performance at the significant 95% confidence interval. 

Table 35: Correlating project performance metrics with the degree of effort provided on 
turnover/commissioning. 
Using the Kendall tau-b statistical test yielded a positive correlation at the 95% significance level with the 
project performance score performance metric. 

Project Performance Metric p-value Kendall tau-b Significance (% confidence interval) 
% Cost Growth 0.4140 -0.0823 Not Significant 

% Schedule Growth 0.7931 -0.0253 Not Significant 
Quality 0.3797 0.0899 Not Significant 
Safety 0.1220 0.1626 Not Significant 

Stakeholder Satisfaction 0.3847 0.0865 Not Significant 
Project Performance Score 0.0457 0.1910 95% 
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 Similar to the previous tests, less variance is displayed, and performance score is 

higher when a higher degree of effort is provided on turnover and commissioning tasks.  

These results make logical sense – problems with turnover and commissioning, often 

occurring at the end of the project, can easily result in increased cost and schedule 

growth, along with project stakeholder frustration.  More research must be conducted to 

reduce the potential for multicollinearity.  

Figure 44: Degree of effort applied by the post-award team on turnover and commissioning, as compared 
to project performance overall.   
A maximum degree of effort applied to this task correlated with increased project performance and reduced 
variance overall. 
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4.4.1.5.6 Constructability reviews  
 

Degree of effort provided on constructability reviews was found to have a positive 

correlation with overall project performance at the statistically significant 95% 

confidence interval. 

Table 36: Correlating project performance metrics with the degree of effort provided on constructability 
reviews. 
 Using the Kendall tau-b statistical test yielded a positive correlation at the 95% significance level with the 
project performance score performance metric. 

Project Performance Metric p-value Kendall tau-b Significance (% confidence interval) 
% Cost Growth 0.2370 -0.1196 Not Significant 

% Schedule Growth 0.3066 -0.0987 Not Significant 
Quality 0.9743 -0.0033 Not Significant 
Safety 0.7941 0.0274 Not Significant 

Stakeholder Satisfaction 0.5012 0.0669 Not Significant 
Project Performance Score 0.0245 0.2156 95% 

 
 Conducting constructability reviews prior to construction start has been regarded 

as one method for improving project performance. (Jaselskis & Ashley, 1991)  Results of 

the test support this claim – variance is smaller and overall performance score trends 

upward as more effort is provided in conducting constructability reviews, as shown in 

Figure 47.  Additionally, since this task is conducted prior to project start, and effort 

expended in completing these reviews has a higher potential to provide positive second- 

and third-order effects as the project progresses, following the trend described in 

MacLeamy’s curve shown in Figure 2. 
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Figure 45: Degree of effort applied by the post-award team on constructability reviews, as compared to 
project performance overall.   
A maximum degree of effort applied to constructability reviews correlated with increased project 
performance score and reduced variance overall. 

 

4.4.1.5.7 Spot checks of material quality 
 

Degree of effort provided on spot checks of material quality was found to have a 

negative correlation with percent schedule growth at the statistically significant 90% 

confidence interval, and a positive correlation at the 95% confidence interval with overall 

project performance. 
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Table 37: Correlating project performance metrics with the degree of effort provided on spot checks of 
material quality. 
Using the Kendall tau-b statistical test yielded a negative correlation at the 90% significant level with the 
percent schedule growth performance metric, and a positive correlation at the 95% significance level with 
the project performance score. 

Project Performance Metric p-value Kendall tau-b Significance (% confidence interval) 
% Cost Growth 0.8378 0.0201 Not Significant 

% Schedule Growth 0.05847 -0.0514 90% 
Quality 0.5561 0.0589 Not Significant 
Safety 0.4991 0.0691 Not Significant 

Stakeholder Satisfaction 0.1378 0.1441 Not Significant 
Project Performance Score 0.0136 0.2298 95% 

 
Results of the correlation with percent schedule growth could be due to the fact 

that more effort in ensuring material quality by conducting spot checks can in some cases 

result in rejection of materials, and thus delay project schedule if materials are long-lead 

or high-dollar value items.  However, it is also important to note that the tau-b value 

which measures degree of correlation is near zero (on a scale of -1 to 1, with zero being 

no correlation), meaning that despite being statistically significant, the correlation is 

actually very low strength, meaning there are likely other variables at play.  Maximum 

oversight provided on the task did result in a decrease in variance of schedule growth.  

Follow-on statistical tests should be conducted with a larger sample size and control 

variables to rule out the possibility of multicollinearity, and to further study the reasons 

for this relationship. 
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Figure 46: Degree of effort applied by the post-award team on spot checks of material quality, as 
compared to percent schedule growth.   
More effort applied to spot checks of material quality correlated with increased schedule growth ,and 
reduced variance when maximum effort was applied. 

 

 Regarding the correlation between effort applied to spot checks of material 

quality and overall project performance score, maximum effort applied resulted in a 

smaller variance and a much higher median performance score than projects with less 

effort. Surprisingly additional effort to conduct spot checks of material quality did not 

result in correlation with the quality metric, again leading the researcher to believe that a 

consistent objective measurement of quality remains elusive. 
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Figure 47: Degree of effort applied by the post-award team on spot checks of material quality, as 
compared to overall project performance score.   
A maximum degree of effort applied to material quality spot checks correlated with increased project 
performance score and reduced variance overall. 
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When the CM or ET is on site and engaged with the Contractor while conducting 

QC meetings, problems are identified and corrected in not only the quality performance 

areas, but also the areas of cost, schedule, stakeholder satisfaction, and safety.  While 

none of these areas show statistical significance or correlation on their own, when taken 

into aggregate the correlation between attendance at QC meetings and improved project 

performance is statistically significant.   

Figure 48: Degree of effort applied by the post-award team on attendance at QC meetings, as compared to 
overall project performance score.   
A higher degree of effort applied to attending QC meetings correlated with increased project performance 
score and reduced variance overall. 
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These results align with Ashley and Jaselskis’ analysis that an Owner’s increased 

attendance at QC meetings provides improved project performance. (Jaselskis & Ashley, 

1991) 

4.4.1.5.9 Quality assurance tasks overall 
 

Testing of the correlation between the average score for ‘Quality Assurance Tasks’ 

and performance metrics yielded positive correlation and statistical significance at the 

95% confidence interval with overall project performance score. 

Table 39: Correlating project performance metrics with the degree of effort provided on QA tasks overall. 
Using the Kendall tau-b statistical test yielded significant results with PPS at the 95% confidence interval. 

Project Performance Metric p-value Kendall tau-b Significance (% confidence interval) 
% Cost Growth 0.6136 -0.0450 Not Significant 

% Schedule Growth 0.7624 -0.0258 Not Significant 
Quality 0.7121 0.0335 Not Significant 
Safety 0.4883 0.0642 Not Significant 

Stakeholder Satisfaction 0.3211 0.0873 Not Significant 
Project Performance Score 0.0024 0.2562 Significant (95%) 

 
Therefore, the null hypothesis was rejected; a correlation was identified between 

overall project performance and QA tasks overall.     

4.4.1.6 Safety assurance tasks 
 

Utilizing the Kendall tau-b statistical test to attempt to correlate each individual 

project performance metric with the self-reported degree of effort provided in the safety 

assurance tasks of: 

4.4.1.6.1 Review of high-risk safety plans  
 

Comparing scores for degree of effort in review of high-risk safety plans with 

project performance factors yielded no statistically significant results.  This may be due 

to the high standards in the U.S. construction industry for Contractor safety practices and 
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procedures, the chances of a high-risk activity failing are slim, so the effects of a high-

risk activity plan review by the government representative would be minimal. 

Table 40: Correlating project performance metrics with the degree of effort provided on review of high-
risk safety plans. 
Using the Kendall tau-b statistical test yielded no significant results. 
Project Performance Metric p-value Kendall tau-b Significance (% confidence interval) 

% Cost Growth 0.6571 0.0441 Not Significant 
% Schedule Growth 0.8471 -0.0184 Not Significant 

Quality 0.2034 0.1283 Not Significant 
Safety 0.5288 0.0653 Not Significant 

Stakeholder Satisfaction 1.0000 -0.0000 Not Significant 
Project Performance Score 0.1516 0.1352 Not Significant 

 
4.4.1.6.2 Site inspections of high-risk activities 

 
Comparing scores for degree of effort in site inspections of high-risk activities 

with project performance factors also yielded no statistically significant results.   

Table 41:  Correlating project performance metrics with the degree of effort provided conducting site 
inspections of high-risk safety plans. 
Using the Kendall tau-b statistical test yielded no significant results. 

Project Performance Metric p-value Kendall tau-b Significance (% confidence interval) 
% Cost Growth 0.1978 0.1316 Not Significant 

% Schedule Growth 0.2234 0.1191 Not Significant 
Quality 0.4897 0.0718 Not Significant 
Safety 0.5425 0.0649 Not Significant 

Stakeholder Satisfaction 0.5463 -0.0610 Not Significant 
Project Performance Score 0.3249 0.0955 Not Significant 

  
The construction industry as a whole has prioritized safety in recent decades.  

Therefore, additional reviews and supervision on site in most cases is not likely to 

significantly affect project performance.  

4.4.1.6.3 Review of contractor’s APP (Accident Prevention Plan) & AHA 

(Activity Hazard Analysis) worksheets 

 A positive correlation between CM/ET review of APP and AHAs and 

performance factors was found to be statistically significant at the 90% confidence 
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interval with quality score, and at the 95% confidence interval with overall Project 

Performance Score. 

Table 42: Correlating project performance metrics with the degree of effort provided on review of 
Contractor’s Accident Prevention Plan and Activity Hazard Analysis worksheets. 
Using the Kendall tau-b statistical test yielded a positive correlation at the 90% significant level with the 
quality score performance metric, and a positive correlation at the 95% significance level with the project 
performance score performance metric. 

Project Performance Metric p-value Kendall tau-b Significance (% confidence interval) 
% Cost Growth 0.7059 -0.0369 Not Significant 

% Schedule Growth 0.7059 -0.0352 Not Significant 
Quality 0.0774 0.1753 90% 
Safety 0.2637 0.1134 Not Significant 

Stakeholder Satisfaction 0.1540 0.1374 Not Significant 
Project Performance Score 0.0275 0.2037 95% 

 
 The role of the CM and ET to conduct safety ‘assurance’ versus ‘control’ is 

delineated by oversight of the Contractor’s control processes, with responsibility of 

ensuring safety limited to this role for government personnel in order to ensure liability is 

retained with the Contractor except in cases of immediate threat to life or limb.  

(Hansmann; Hartford Loss Control Department, 2002)  Therefore, a thorough review of 

the Contractor’s controls and processes, along with spot checks to ensure they are 

following those processes (see next section), assures the government that the proper 

controls and procedures are in place, and OSHA regulatory guidelines are met.   

The positive correlation between quality score and degree of effort applied to 

review of the Contractor’s safety plans is again likely due to multicollinearity – a CM or 

ET that thoroughly reviews a safety plan is also likely to thoroughly review a QC plan.  

However, more research must be conducted in this area to parse out the reasons behind 

this result. 
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Figure 49: Degree of effort applied by the post-award team on review of the Contractor’s safety plans, as 
compared to project quality score.   
A higher degree of effort applied to review of safety plans correlated with increased quality score. 

 

The correlation between review of the Contractor’s safety plans and overall 

performance score is logical – a thorough review of safety plans at the beginning of the 

project sets the standard for safety as a project priority, and ensures the Contractor is 

prepared to take on the safety responsibilities of the project.  Conversely, if a Contractor 

is not prepared (and government personnel do not check safety plans to confirm), 

mishaps may occur, resulting in increased cost and schedule growth and reduced 

stakeholder satisfaction, not to mention potential loss of life or limb.  This high risk is 

indicated by the extremely low performance scores and high degree of variance in the 

‘low’ degree of effort category when compared for other bins in the boxplot in Figure 50. 
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Figure 50: Degree of effort applied by the post-award team on review of safety plans, as compared to 
overall project performance score.   
A higher degree of effort applied to review of safety plans correlated with increased performance score. 

 

 One unexpected result is that the project safety score is not affected.  This could 

be a result of the combining of qualitative and quantitative data (an overall safety score, 

plus mishaps on the jobsite).  A mishap on the jobsite resulted in safety scores drastically 

skewed to the negative (see methodology in Section 4.3.3.2 for more details).  On the 

contrast, if a Contractor did not have a mishap, safety scores improve only marginally.  

Much research has been conducted on the “iceberg” effect of utilizing the correct metrics 

to measure safety performance, which is not discussed or applied in detail in this 

research. (Langlais, 2018) A recommendation to build upon this research is to further 

develop and apply a single, improved metric for safety performance that incorporates 
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measurements that emphasize not only the result of the safety actions or inactions (ex: 

mishaps), but the proactive measures taken to prevent mishaps.  This area is left to future 

research. 

4.4.1.6.4 Spot checks of contractor safety toolbox meetings 
 

Interestingly, a positive correlation was found to be statistically significant at the 

90% confidence interval between spot checks of Contractor safety toolbox meetings and 

the quality performance metric. 

Table 43: Correlating project performance metrics with the effort provided on spot checks of contractor 
safety toolbox meetings. 
Using the Kendall tau-b statistical test yielded a positive correlation at the 90% significance level with the 
quality performance metric. 

Project Performance Metric p-value Kendall tau-b Significance (% confidence interval) 
% Cost Growth 0.5005 0.0643 Not Significant 

% Schedule Growth 0.9359 -0.0073 Not Significant 
Quality 0.0558 0.1855 90% 
Safety 0.4040 0.0828 Not Significant 

Stakeholder Satisfaction 0.1990 0.1209 Not Significant 
Project Performance Score 0.6455 0.415 Not Significant 

 
This test yielded yet another unanticipated result, but may again reflect the fact 

that more CM or ET presence on the jobsite for safety checks results in more awareness 

of other issues such as project progress, material quality, early identification of problems, 

etc.  The low strength of the Kendall tau-b results indicate that other factors may be at 

play.  More research must be conducted in order to determine the reasons behind this 

correlation. 
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Figure 51: Degree of effort applied by the post-award team on spot checks of Contractor Tool Box 
meetings, as compared to project quality score.   
A higher degree of effort applied to review of spot checks of Contractor Toolbox meetings correlated with 
an increased quality score. 

 

Once again, the traditionally safety-related task does not reflect correlation with 

the safety metric identified.  This could be due to the emphasis on mishaps rather than 

proactive measures in the safety metric, or again simply due to the fact that OSHA 

heavily regulates safety requirements, and therefore the standard across industry and 

amongst government jobs in particular is already very high when it comes to safety 

requirements. 
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4.4.1.6.5 Safety assurance tasks overall 
 

Testing of the correlation between the average score for ‘Safety Assurance Tasks’ and 

performance metrics yielded no statistical significance at the 90% confidence interval. 

Table 44: Correlating project performance metrics with the degree of effort provided on safety assurance 
tasks overall. 
Using the Kendall tau-b statistical test yielded no significant results. 

Project Performance Metric p-value Kendall tau-b Significance (% confidence interval) 
% Cost Growth 0.4515 0.0677 Not Significant 

% Schedule Growth 0.8103 -0.0206 Not Significant 
Quality 0.1083 0.1468 Not Significant 
Safety 0.2931 0.0982 Not Significant 

Stakeholder Satisfaction 0.318 0.0886 Not Significant 
Project Performance Score 0.1724 0.1162 Not Significant 

 
Therefore, the null hypothesis was not rejected; a correlation was not able to be 

determined to exist between overall project performance and safety assurance tasks 

overall.  However, review of Contractor safety plans was correlated with overall project 

performance score.  Combining all safety assurance tasks into one safety degree of effort 

score may have resulted in a loss of fidelity of the scoring.  More research should be 

conducted on individual tasks, and more thorough validation and modeling of the overall 

performance scores should be conducted. 

4.4.2 Project Oversight Degree of Effort (POD) versus Project Performance 

Score (PPS) 

The overall Project Performance Score (PPS) was found positively correlate with 

the overall Project Oversight Degree of Effort (POD) at the 95% confidence interval.   

 

  



 151

Table 45: Correlating project performance metrics with the degree of effort provided on overall project 
oversight degree of effort (POD). 
Using the Kendall tau-b statistical test yielded a positive correlation at the 95% significance level with the 
Project Performance Score. 

Project Performance Metric p-value Kendall tau-b Significance (% confidence interval) 
% Cost Growth 0.2894 0.0920 Not Significant 

% Schedule Growth 0.6073 0.0427 Not Significant 
Quality 0.5544 0.0522 Not Significant 
Safety 0.8928 0.0122 Not Significant 

Stakeholder Satisfaction 0.5617 0.0498 Not Significant 
Project Performance Score 0.0221 0.1885 95% 

 

For more details about how PPS and POD were calculated, see methodology 

Sections 3.3 and 3.4 of this text.  Ultimately, the aggregation of a CM or ET’s complete 

effort on a project, when compared with the overall performance of a project, resulted in 

a statistically significant correlation between project performance and project oversight.   

Figure 52: Degree of effort applied by the post-award team overall project oversight degree of effort, as 
compared to project performance overall (PPS).   
A higher degree of effort applied loosely correlated with an increased project performance. 
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Thus, the author rejects the null hypothesis that project oversight does not 

correlate with project performance. 

A more thorough testing and analysis in the development of single project 

performance and project oversight scores (for example, applying five-fold cross 

validation† and application of relative importance of each project performance task 

through weighted metrics) could improve the Kendall tau strength of correlation between 

project oversight and project performance.   

4.5 Research Question #2: Is there a correlation between years of respondent 

construction experience and project performance? 

The survey collected data responses regarding the years of experience the 

respondent had in the construction industry.  When tested utilizing the Kendall tau-b 

statistical test, a positive correlation was found between respondent years of construction 

experience and the project quality score, with a confidence interval of 90%. 

Table 46: Correlating project performance metrics with years of respondent construction experience. 
The Kendall tau-b statistical test yielded a positive correlation with the project quality score. 

Project Performance Metric p-value Kendall tau-b Significance (% confidence interval) 
% Cost Growth 0.9303 0.0077 Not Significant 

% Schedule Growth 0.2977 -0.0883 Not Significant 
Quality 0.09609 0.1501 Significant (90%) 
Safety 0.6156 0.0463 Not Significant 

Stakeholder Satisfaction 0.457 0.0651 Not Significant 
Project Performance Score 0.7224 -0.0298 Not Significant 

 
 This result aligns with literature, post-award team members with more 

construction experience are expected to produce a better product than their less-

experienced counterparts (Dainty, Cheng, & Moore, 2005; Hanna, Ibrahim, Lotfallah, 

Iskandar, & Russell, 2016; Geoghegan & Dulewicz, 2008).  On projects where quality is 

a priority, assigning more experience member may be prudent. 
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 In summary, the null hypothesis that years of respondent construction experience 

does not correlate with quality of the project can be rejected at the 90% confidence 

interval.  For all other performance metrics, the null hypothesis cannot be rejected. 

Figure 53: Respondent years of construction experience, as compared to project quality. 
A higher degree of effort applied loosely correlated with an increased quality score. 

 

4.6 Research Question #3: Is there a correlation between years of respondent 

position experience and project performance? 

The survey collected data responses regarding years of experience the respondent 

had in in their current position (CM or ET).  When tested utilizing the Kendall tau-b 

statistical test, no correlation was found between respondent years of position experience 

and the project performance metrics. 
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Table 47: Correlating project performance metrics with years of respondent position experience. 
Using the Kendall tau-b statistical test yielded no significant results. 

Project Performance Metric p-value Kendall tau-b Significance (% confidence interval) 
% Cost Growth 0.8733 0.0144 Not Significant 

% Schedule Growth 0.4620 0.0634 Not Significant 
Quality 0.6461 -0.0420 Not Significant 
Safety 0.7269 0.0328 Not Significant 

Stakeholder Satisfaction 0.7111 -0.0329 Not Significant 
Project Performance Score 1.000 0.000 Not Significant 

  
In summary, the null hypothesis that years of respondent position experience does 

not correlate with project performance cannot be rejected.   

4.7 Research Question #4: Is there a correlation between CM or ET turnover 

during construction and project performance? 

Respondents were asked if a CM or ET turnover occurred during the course of the 

project.  Using the Kruskal Wallis statistical test yielded significant results when 

compared with project percent schedule growth (95% confidence interval), stakeholder 

satisfaction (90% confidence interval), and overall project performance score (90% 

confidence interval). 

Table 48: Correlating project performance metrics with CM or ET turnover during construction. 
Uusing the Kruskal Wallis statistical test yielded a correlation with percent schedule growth, stakeholder 
satisfaction, and overall project performance metrics. 

Project Performance Metric p-value Significance (% confidence interval) 
% Cost Growth 0.1902 Not Significant 

% Schedule Growth 0.0414 95% 
Quality 0.4392 Not Significant 
Safety 0.1254 Not Significant 

Stakeholder Satisfaction 0.0555 90% 
Project Performance Score 0.0756 90% 

  
These results align with both literature and logic – a turnover of a project slows 

the processing speed of change orders, RFIs, and other administrative items while the 
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project is being turned over and the new employee has to overcome a learning curve. 

(Jaselskis & Ashley, 1991)  Additionally, integrity of the project team is compromised, 

and project stakeholders must establish a working relationship with a new Owner point of 

contact.  Results are shown graphically in Figures 54-56. 

Figure 54: CM or ET turnover during construction, as compared to project percent schedule growth. 
Turnover of either of these positions during construction correlated with nearly four times higher median 
percent schedule growth. 

 

 When the CM or ET turned their project over mid-construction, median actual 

percent schedule growth increased by 3.5 times from 12% to 40%.  This result is logical, 

as a learning curve is involved for any new project team member. 

 Similarly, when the CM or ET turned over their project mid-construction, median 

stakeholder satisfaction decreased by 8%, and displayed a high variance - see Figure 55. 
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Figure 55: CM or ET turnover during construction, as compared to stakeholder satisfaction. 
Turnover of either of these positions during construction correlated with reduced stakeholder satisfaction 
and a higher variance in results. 

 

 Last, overall median project performance score was 3.1% less when the CM or 

ET turned over the project in the middle of construction compared to no turnover. 

In summary, the null hypothesis that a turnover of the CM or ET position during 

the course of the project does not correlate with project performance can be rejected at 

the 90% confidence interval.  A turnover of the project between CMs or ETs during the 

course of the project correlated with increased schedule growth (95% confidence 

interval), reduced customer satisfaction (90% confidence interval), and reduced overall 

performance (90% confidence interval).   
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Figure 56: CM or ET turnover during construction, as compared to overall project performance. 
Turnover of either of these positions during construction correlated with reduced project performance and 
a high variance in results. 

 

The author recommends that more research be conducted to determine if different 

project types, etc. are affected more or less when a CM or ET turns the project over mid-

project, and when during the course of a project risk can be reduced by not turning over 

certain projects. Results indicate that NAVFAC may want to consider minimizing project 

team member turnover to the maximum extent possible. 

4.8 Research Question #5: Is there a correlation between CM or ET unbalanced 

workload and project performance? 

Respondents were asked if an “unbalanced workload” occurred for either the CM 

or ET during the course of the project.  When tested utilizing the Kruskal Wallis 
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statistical test, significant results were discovered when compared with project percent 

schedule growth (95% confidence interval), stakeholder satisfaction (90% confidence 

interval), and overall project performance score (90% confidence interval). 

Table 49: Correlating project performance metrics with post-award team unbalanced workload. 
Using the Kruskal Wallis statistical test yielded correlations with percent cost growth, stakeholder 
satisfaction, and overall project performance score metrics. 

Project Performance Metric p-value Significance (% confidence interval) 
% Cost Growth 0.0156 95% 

% Schedule Growth 0.3947 Not Significant 
Quality 0.1381 Not Significant 
Safety 0.2071 Not Significant 

Stakeholder Satisfaction 0.0415 95% 
Project Performance Score 0.0431 95% 

 
 These results also align with both literature and logic – too many projects 

assigned allows the project oversight team little ability to be proactive or prepared for 

meetings, negotiations, or inspections, nor time to be detail-oriented in reviews of 

paperwork or during site visits.  (Jaselskis & Ashley, 1991; Cabanis-Brewin, 2016; 

Kuprenas, Jung, Fakhouri, & Jreij, Project manager workload--assessment of values and 

influences, 2000; Leung, Chan, & Dongyu, 2011) 

 Projects manned by CMs or ETs experiencing unbalanced workload had a median 

cost growth of 6%, compared to 0% when CMs and ETs did not experience unbalanced 

workload.  When CMs and ETs felt their workload was balanced, their projects remained 

on-budget 51% of the time (24 of 47 projects had 0% cost growth) compared to just 17% 

of projects on-budget (4 out of 23 projects) when the CM or ET had an unbalanced 

workload. 
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Figure 57: CM or ET unbalanced workload, as compared to project percent cost growth. 
Post-award team members experiencing an unbalanced workload correlated with increased cost growth. 

 

 Projects managed by CMs or ETs experiencing unbalanced workload also 

displayed a decreased median stakeholder satisfaction score, Z% less than when CMs and 

ETs did not note an unbalanced workload on their project.  Note, however, the high 

variance in results for stakeholder satisfaction and project performance score shown in 

Figures 58 & 59.  Tests of a larger set of sample projects are necessary to confirm how 

relevant this statistic is to the population dataset. 
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Figure 58: CM or ET unbalanced workload, as compared to project percent cost growth. 
Post-award team members experiencing an unbalanced workload correlated with increased cost growth. 
However, a large variance in both subsets of data indicate that a larger sample dataset should be studied. 

 
When testing correlation between CM and ET unbalanced workload and overall 

PPS, projects manned by CMs or ETs with unbalanced workload actually showed a 

slightly better PPS overall.  This trend, shown in Figure 59, is contrary to other 

performance area results, and to logic.  This could be due to the weightings provided on 

the performance areas not identified as significant, and the specific sample set of projects 

collected. Again, tests of a larger set of sample projects are necessary to confirm how 

relevant this statistic is to the population dataset. 
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Figure 59: CM or ET unbalanced workload, as compared to overall project performance score. 
Post-award team members experiencing an unbalanced workload correlated with improved overall project 
performance score, which is contrary to both results of literature review and logic.  More research should 
be conducted to determine why this is the case. 
 

 

4.9 Research Question #6: Under which conditions does project oversight have a 

significant effect on project performance? 

Control factors were tested to determine if there was a correlation between the control 

factor and project performance factors.  Table 50 summarizes results.   
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Table 50 Correlating project characteristics with project performance. 
Using the Kendall tau-b, Kruskal Wallis, and Wilcoxon Rank sum statistical tests yielded many significant 
correlations. The top three characteristics were used as control factors. 

  Measured Values Project Performance Factors (collected by survey) 

  % CG % SG Quality Safety SS PPS 

  
Kendall 

tau 
p-

value 
Kendall 

tau 
p-

value 
Kendall 

tau 
p-

value 
Kendall 

tau 
p-

value 
Kendall 

tau 
p-

value 
Kendall 

tau 
p-

value 
Adjusted 
Project Cost 
(Final, $) 

0.3842 0.0000 0.0945 0.2556 -0.2696 0.0023 -0.2937 0.0011 -0.3602 0.0000 -0.0810 0.3940 

Duration (A, 
days) 

0.3696 0.0000 0.4148 0.0000 -0.2171 0.0141 -0.2793 0.0020 -0.3218 0.0002 -0.0849 0.3026 

# Project 
Complications 

0.3859 0.0000 0.3371 0.0001 -0.3249 0.0004 -0.2793 0.0031 -0.4303 0.0000 -0.0040 0.9625 

CM vs ET N/A 0.5218 N/A 0.0756 N/A 0.3687 N/A 0.4734 N/A 0.3178 N/A 0.1984 

Marginal/bad 
Contractor 
Perf 

N/A 0.7180 N/A 0.0105 N/A 0.0009 N/A 0.0008 N/A 0.0001 N/A 0.0001 

RFP, Design, 
Specs Errors  

N/A 0.0025 N/A 0.0250 N/A 0.0019 N/A 0.0042 N/A 0.0002 N/A 0.0000 

Funding delays N/A 0.0002 N/A 0.0031 N/A 0.0525 N/A 0.2026 N/A 0.0195 N/A 0.0019 
labor/material 
unavailability 

N/A 0.1707 N/A 0.0093 N/A 0.0226 N/A 0.2014 N/A 0.0002 N/A 0.3940 

abnormal 
weather, acts 
of God, unfo  

N/A 0.1051 N/A 0.1362 N/A 0.1754 N/A 0.0176 N/A 0.0316 N/A 0.6756 

bad team 
morale, etc 

N/A 0.0049 N/A 0.1231 N/A 0.0018 N/A 0.5196 N/A 0.0064 N/A 0.1047 

onerous 
contract 
clauses 

N/A 0.2064 N/A 0.8227 N/A 0.0051 N/A 0.0489 N/A 0.1273 N/A 0.2822 

excessive 
stakeholder 
requests 

N/A 0.0028 N/A 0.2056 N/A 0.6688 N/A 0.3326 N/A 0.2920 N/A 0.9842 

lack of 
stakeholder 
involvement 

N/A 0.2180 N/A 0.5801 N/A 0.0915 N/A 0.9468 N/A 0.4764 N/A 0.3620 

lack of support 
from team 
members 

N/A 0.1195 N/A 0.1306 N/A 0.3708 N/A 0.2546 N/A 0.4844 N/A 0.7858 

lack of 
experience of 
team members 

N/A 0.0248 N/A 0.0469 N/A 0.0075 N/A 0.0010 N/A 0.0021 N/A 0.6697 

Delivery 
Method 

N/A 0.5763 N/A 0.4607 N/A 0.5292 N/A 0.9751 N/A 0.7537 N/A 0.5726 

Contract Type N/A 0.0466 N/A 0.3723 N/A 0.5404 N/A 0.3065 N/A 0.1201 N/A 0.2501 

Location by 
FEC (overseas 
combined) 

N/A 0.0469 N/A 0.6678 N/A 0.3663 N/A 0.0936 N/A 0.3656 N/A 0.3450 

NAVFAC 
Risk Category 

N/A 0.0408 N/A 0.4029 N/A 0.1679 N/A 0.0122 N/A 0.0028 N/A 0.0214 

Priorities 
Formally 
Established? 

N/A 0.8221 N/A 0.9057 N/A 0.2867 N/A 0.6193 N/A 0.2108 N/A 0.6319 
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The factors that had the highest correlation with project performance were selected as 

control factors to apply to the overall project oversight degree of effort versus project 

performance correlation tests.  Sample projects were binned into quartiles (quartile 1 

being the lowest numbers, inter-quartile range (IQR) being the middle two quartiles, and 

quartile 4 being the highest numbers) then each bin was re-tested with the same method 

as Research Question #1.  Results of these statistical tests are found in the following 

sections. 

4.9.1 Controlling for adjusted project cost 
 

Adjusted project cost was binned into quartiles, and each quartile was tested for 

correlation between project oversight degree of effort and each of the project 

performance metrics using the Kendall tau statistical test.  For adjusted project cost, the 

median was $2,199,705.73, with the first quartile ending at $484,818.73 and the fourth 

quartile beginning at $5,320,621.70.   

Results of the statistical tests are shown in the table below.  
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Table 51: Correlating project performance metrics with overall project oversight degree of effort when 
controlling for adjusted project cost. 
The tests yielded a positive correlation with both quality and stakeholder satisfaction metrics at the 90% 
confidence interval, and a positive correlation with overall project performance at the 95% confidence 
interval. 

Project Performance Metric Quartile p-value Kendall tau-b Significance (90% CI) 

% Cost Growth 
Q1* 0.4398 -0.1473 Not Significant 

IQR* 0.9508 -0.0078 Not Significant 
Q4* 0.8364 0.0372 Not Significant 

% Schedule Growth 
Q1 0.7839 00494 Not Significant 

IQR 0.4572 0.0903 Not Significant 
Q4 0.5914 -0.0967 Not Significant 

Quality 
Q1 0.0508 0.3573 Significant (90%) 
IQR 0.8428 0.0253 Not Significant 
Q4 0.9653 0.0084 Not Significant 

Safety 
Q1 0.5955 0.1016 Not Significant 

IQR 0.5864 -0.0403 Not Significant 
Q4 0.8312 -0.0403 Not Significant 

Stakeholder Satisfaction 
Q1 0.0543 0.3543 Significant (90%) 
IQR 0.5114 0.0813 Not Significant 
Q4 0.3534 -0.1737 Not Significant 

Project Performance Score 
Q1 0.3686 0.1634 Not Significant 

IQR 0.0320 0.2585 Significant (95%) 
Q4 0.1513 0.2647 Not Significant 

*Q1 < $484,818, IQR = from $484,818 to $5,320,621, Q4 > $5,320,621. 

 
According to the results of this test, when CMs and ETs manage projects less than 

$485k, more effort provided overall correlates with higher project quality.  This result is 

logical, as larger magnitude projects are likely more complex, and thus CMs and ETs 

would have less ability to control and mitigate all negative circumstances. 
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Figure 60: Statistical testing of projects under $484k resulted in a correlation between overall project 
oversight provided and project quality score. 

 

A similar result occurred when testing project oversight with stakeholder 

satisfaction for the same project cost range of less than $484k, as shown in Figure 61.  

Again, this result is logical – there are less project stakeholders involved, so they would 

be working more closely with each individual stakeholder, and should therefore be better 

able to manage stakeholder needs, resulting in increased satisfaction. 
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Figure 61: Statistical testing of projects under $484k resulted in a positive correlation between overall 
project oversight provided and project stakeholder satisfaction. 

 
 When comparing overall project oversight provided with the overall project 

performance metric, utilizing the inter-quartile range of project costs resulted in a 

positive correlation at the 95% confidence interval.  Note, however, that the Kendall tau 

is still rather low at -0.2585, resulting in a trend that is difficult to see on the scatterplot in 

Figure 64.   

 Results such as those provided in Figure 62 are an indicator that for projects in 

NAVFAC’s ‘typical’ price ranges, more project oversight effort provided by the Owner 

may result in better project performance overall.  More testing should be conducted on 

other projects to increase the sample size, and validation of the overall performance 
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metric should be conducted in order to apply this conclusion to the broader NAVFAC 

population dataset. 

Figure 62: Statistical testing of projects between $484k and $5.32M resulted in a positive correlation 
between overall project oversight provided and overall project performance. 

 
 

4.9.2 Controlling for project duration 
  

Contract duration was also binned into quartiles.  Each quartile was tested for 

correlation between project oversight degree of effort and each of the project 

performance metrics using the Kendall tau statistical test.  Median contract duration was 

529 days.  The first quartile consisted of projects less than 288 days in duration, and the 

fourth quartile consisted of projects greater than 866 days. 

Results of the statistical tests are shown in the table below.  
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Table 52: Correlating project performance metrics with overall project oversight degree of effort when 
controlling for adjusted project cost. 
The tests yielded a positive correlation with stakeholder satisfaction at the 90% confidence interval, and a 
positive correlation with overall project performance at the 90% confidence interval. 

Project Performance Metric Quartile p-value Kendall tau-b Significance (90% CI) 

% Cost Growth 
Q1* 0.8707 0.0300 Not Significant 

IQR* 0.6860 0.0517 Not Significant 
Q4* 0.8040 -0.0448 Not Significant 

% Schedule Growth 
Q1 0.1128 0.2915 Not Significant 

IQR 0.5829 -0.0664 Not Significant 
Q4 0.7101 -0.0669 Not Significant 

Quality 
Q1 0.1337 0.2759 Not Significant 

IQR 0.6575 0.0569 Not Significant 
Q4 0.4629 -0.1396 Not Significant 

Safety 
Q1 0.4826 0.1354 Not Significant 

IQR 0.4106 0.1085 Not Significant 
Q4 0.4482 -0.1421 Not Significant 

Stakeholder Satisfaction 
Q1 0.0805 0.3179 Significant (90%) 
IQR 0.2940 0.1311 Not Significant 
Q4 0.5258 -0.1179 Not Significant 

Project Performance Score 
Q1 0.4101 0.1503 Not Significant 

IQR 0.1382 0.1784 Not Significant 
Q4 0.0762 0.3235 Significant (90%) 

*Q1 < 288 days, IQR = 289 to 866 days, Q4 > 866 days 

 
According to the results of this test, when CMs and ETs manage shorter duration 

projects (less than 288 days), more effort provided overall correlates with higher 

stakeholder satisfaction.  This result is logical, as projects with shorter durations may be 

less disruptive to stakeholders in general, and the CM or ET may have more ability to 

negotiate a positive outcome for a smaller, less complex project.  See Figure 63 for a 

graphical representation of this result: 
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Figure 63: Statistical testing of projects under 288 days resulted in positive correlation between overall 
project oversight provided and project stakeholder satisfaction score. 

 

In addition to a correlation with stakeholder satisfaction score, when studying 

only long-duration projects there is a correlation between more effort and overall project 

performance score, as evidenced in Figure 64: 
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Figure 64: Statistical testing of projects with duration greater than 866 days resulted in a positve 
correlation between overall project oversight provided and overall project performance. 

 
 
 When comparing overall project oversight provided with the overall project 

performance metric, testing only projects with duration of more than 866 days resulted in 

a positive correlation at the 90% confidence interval.  Therefore, the null hypothesis can 

be rejected: for projects longer in duration than 866 days, project oversight provided 

correlates with project performance score. 

 This result is interesting because it is contrary to control test results so far – a test 

should be conducted to determine if longer duration projects are collinear† with larger 

magnitude projects.  One factor not taken into account in this research is project 

intensity† – this factor could be a potential future research opportunity. 
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4.9.3 Controlling for number of project complications 
 

Number of project complications occurring on a project were also binned into 

quartiles.  Each quartile was tested for correlation between project oversight degree of 

effort and each of the project performance metrics using the Kendall tau statistical test.  

Quartile 1 consisted of projects with one or less project complication, and Quartile 4 

consisted of projects with more than nine complications.  The median number of 

complications on a project was three.  For details on the definition of project 

complications, see Section 4.3.2.7. 

Results of the statistical tests are shown in the table below.  

Table 53: Correlating project performance metrics with overall project oversight degree of effort when 
controlling for number of complications occurring on the project. 
The tests yielded a positive correlation with cost growth, schedule growth, and quality score at the 90% 
confidence interval, and a positive correlation with overall project performance at the 95% confidence 
interval. 

Project Performance Metric Quartile p-value Kendall tau-b Significance (90% CI) 

% Cost Growth 
Q1* 0.8847 -0.0280 Not significant 

IQR* 0.0758 0.2210 Significant (90%) 
Q4* 1.000 -0.0000 Not significant 

% Schedule Growth 
Q1 0.0850 0.3096 Significant (90%) 
IQR 0.8937 0.0162 Not significant 
Q4 0.5635 -0.1037 Not significant 

Quality 
Q1 0.0981 0.3118 Significant (90%) 
IQR 0.6924 -0.0506 Not significant 
Q4 0.7969 -0.0491 Not significant 

Safety 
Q1 0.6677 0.0843 Not significant 

IQR 0.8902 -0.0180 Not significant 
Q4 0.6741 -0.0783 Not significant 

Stakeholder Satisfaction 
Q1 0.1841 0.2430 Not significant 

IQR 0.9642 -0.0056 Not significant 
Q4 0.7055 -0.0702 Not significant 

Project Performance Score 
Q1 0.3297 -0.1765 Not significant 

IQR 0.5532 0.0714 Not significant 
Q4 0.0079 0.4706 Significant (95%) 

*Q1 = 1 complication or less, IQR = 2 - 9 complications, Q4 = more than 9 complications 
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Figure 65: Statistical testing of projects with between 2 and 9 project complications resulted in a positive 
correlation between overall project oversight provided and project percent cost growth. 

 
 
Contrary to results seen when conducting tests with control factors thus far, this 

statistical test correlates more project oversight effort with a higher percent cost growth 

for projects with two to nine complications – i.e., more oversight correlated with worse 

performance.  Once again, this result could be due to multicollinearity – CMs and ETs 

may tailor their effort to the number of complications, rather than actually following 

NAVFAC guidelines and retaining the same degree of project oversight on a project.  

Another reason for this correlation may be due to the fact that once project complications 

occur, the CM and ET have limited ability to completely correct issues.  For example, a 

CM or ET must give a time extension and/or additional funding if there are unforeseen 
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conditions, acts of God, or stakeholder excessive requests.  A CM or ET has limited to no 

ability to negotiate on behalf of the government, so the Contracting Officer must get 

involved, resulting in additional time to execute change orders.  Funding requests, once 

submitted, are outside the purview of the CM or ET to process.  When compared to other 

performance metrics, cost and schedule growth are more likely difficult for the CM or ET 

to control. 

Follow-on research could compare the degree of oversight provided to the number 

of project complications to confirm this multicollinearity.  Still, the null hypothesis can 

be rejected: on projects with two to nine complications, more project oversight correlates 

with higher percent cost growth. 

When testing project oversight for correlation with actual schedule growth, 

projects with one project complication or less displayed a positive correlation with 

percent schedule growth, as displayed in Figure 68. 

Again, these results could be due to multi-collinearity, and an incorrect 

assumption that the x-variable of ‘degree of project oversight provided’ remains fixed 

even when additional project complications are occurring.   

Notable in Figure 68, however, is the distinct increase in variability for projects 

with more than one project complication once less effort is provided by the post-award 

team, as evidenced by the increasing variation between ‘high’ and ‘moderate’ effort 

provided on the IQR and Q4 projects, shown as black dots.   
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Figure 66: Statistical testing of projects one or fewer complications resulted in a correlation between 
overall project oversight provided and actual project schedule growth. 
Projects with one or fewer complications occurring retained a smaller schedule growth than those projects 
with more than one complication. These increased in variance when less than a “moderate” degree of 
oversight effort was provided overall. 

 
 

 When testing project oversight with project quality score for the same quartile 

range, results aligned more with the rest of the research question results, as shown in 

Figure 67.  When comparing overall project oversight provided with the project quality 

scores, testing projects with fewer than one project complication resulted in a positive 

correlation at the 90% confidence interval.  This is logical, as projects with more issues 

occurring end up focusing more on ‘damage control’ and fixing the problems rather than 

improving the quality of the product.  A CM or ET’s QA effort when there are issues 

revolve around ensuring corrections are made to code and are an acceptable end product, 
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rather than a stellar quality product that goes above and beyond contract specifications or 

standard practice. 

Figure 67: Statistical testing of projects with one or fewer project complications resulted in a positive 
correlation between overall project oversight provided and project quality score. 

 
 
 When testing project oversight provided with overall project performance, 

projects with nine or more complications and a high degree of effort displayed a 

correlation with higher performance score, as shown in Figure 68, below: 
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Figure 68: Statistical testing of projects with more than nine project complications resulted in a positive 
correlation between overall project oversight provided and project performance score. 

 
 
Again, overall project performance is shown to positively correlate with a higher 

degree of project oversight provided – this time on projects with more than nine 

complications – at the 95% confidence interval.  This could be due to the increased 

satisfaction of the respondent to effectively bringing a challenging project to a successful 

end.  Note also that the Kendall tau for this statistical test is -0.4706, the strongest 

correlation yet, indicating that the degree of oversight provided has a larger impact on 

project performance when taking project complications into account, and could be a very 

useful control factor for future research projects.  The downside of the use of number of 

complications as a control factor is that it can only be measured after-the-fact.   
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The null hypothesis can therefore be rejected: on projects with more than nine 

project complications, project oversight positively correlates with project performance at 

the 95% confidence interval. 

4.10 Summary of Results 
 

4.10.1 Analysis of methodology 

While the scale utilized to measure project oversight provided appears to be valid 

(as evidenced by a Cronbach’s alpha greater than 0.70), actual measurements are still 

subjective, and impact of each individual task relative to each other was not taken into 

account and weighted for this research study.  Subjective measurements can result in bias 

and skewed data. (Ott & & Longnecker, 2010)  The researcher recommends that 

NAVFAC and other public sector Owners convert to a well-used and objective 

measurement method to determine effort provided by their employees, such as FTE or 

hours expended per project to determine how much oversight was provided on each 

project.  NAVFAC does this with some projects such as MILCONS, but in order to 

conduct a comprehensive review of project oversight provided, upgrade manning 

algorithms, and effectively track the effects of project oversight on project performance, 

the project oversight provided on each project should be meticulously and objectively 

tracked. 

While the methodology for developing the PPS method of aggregating performance 

metrics was based on a validated method (Project Quarterback Rating or PQR – see 

Section 3.3 for details), the method of aggregation for measuring each individual project 

performance metric also still needs validation.  The author recommends that NAVFAC 
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and other Owner entities conduct a thorough review of metrics utilized to measure 

performance, and of datasets to ensure that: 1) objective performance indicators are being 

accurately tracked, 2) performance indicators accurately reflect actual performance, 3) a 

comprehensive list of metrics holistically measures performance, and 4) all metrics are 

currently tracked and compiled on a comprehensive database for ease of analysis.  Five-

fold cross validation or another method can be utilized to test the aggregated PPS.  

Objective Key Performance Indicators, such as number of RFIs/$1M to indicate quality 

of designs, or number of punchlist items/$1M to indicate quality of construction, can also 

be measured and validated to more objectively track performance.  Metrics for customer 

satisfaction could be collected via an end-of-project customer satisfaction survey or “hot-

wash,” so feedback can be provided and turned into lessons learned that can be compiled 

for process and product improvements. 

Overall, a more objective set of measurements should be vigorously tested and 

selected.  The methodology used in this text can then be re-tested, validated, and refined. 

4.10.2 Research Question #1 results summary: correlation of individual project 

oversight tasks 

The Kendall tau statistical test was applied to determine correlation between project 

oversight provided on tasks conducted by NAVFAC Construction Managers and 

Engineering Technicians and project performance metrics.  A summary of significant 

individual tasks results is provided in Table 54: 
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Table 54: A summary of significant statistical test results for Research Question #1- comparison of 
individual project oversight tasks with project performance metrics. 
 

 Performance Areas 
(X = not a significant correlation, 

# = significance confidence interval, by %) 

Tasks %CG %SG Qual Safety SS PPS 
Administrative Tasks 

Contractor Selection X X X X X X 
Use of the NAVFAC ‘RedZone’ 
closeout process 

X X X X X X 

Distribution of closeout 
documentation 

X X X X X X 

Spot checks of environmental laws & 
regulations compliance 

X X X X X X 

Administrative tasks overall X X X X X X 

Change Management Tasks 
Processing modifications quickly 90 X 90 X X X 
Drafting modification estimates and 
technical analyses 

90 X X X X X 

Use of COR/COAR authority 95 X X X X X 
Selecting the correct modification 
process 

X X X X X X 

Change management tasks overall 95 X X X X X 

Communication Tasks 
Timely response to RFIs X X X X X X 
Timely response to submittals X X X X X X 
Coordinating power outages X X X X X 95 
Coordinating phasing & scheduling X X X X X 95 
Validating RFI responses X X X X X X 
Communication tasks overall X X X X X X 

Cost & Schedule Control Tasks 
Maintaining & tracking the 
construction schedule 

X X X X X 90 

Review of the initial construction 
schedule 

X X X X X 90 

Processing invoices X X X X X 90 
Review of requests for time 
extensions 

X X X X X X 

Cost and schedule control tasks 
overall 

X X X X X 90 

    Continued next page 
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Tasks %CG %SG Qual Safety SS PPS 

QA Tasks 
Final inspection 90 X X 90 90 95 
QA site visits X X X X X 95 
Pre-final inspection X X X X X 95 
Punchlist review X X X X X 95 
Turnover/commissioning X X X X X 95 
Constructability reviews X X X X X 95 
Spot checks of material quality X 90 X X X 95 
Attendance at QC meetings X X X X X 90 
QA tasks overall X X X X X 95 

Safety Assurance Tasks 
Review of high-risk safety plans X X X X X X 
Site inspection of high-risk activities X X X X X X 
Review of Contractor’s APP/AHA X X 90 X X 95 
Spot checks of Contractor’s Safety 
Toolbox meetings 

X X 90 X X X 

Safety tasks overall X X X X X X 

Project Oversight Tasks Overall 
POL X X X X X 95 

 
Of note: 

1) Additional effort conducting administrative tasks did not correlate with any of 

the project performance metrics. 

2) More effort on nearly every change management task correlated with  

increased percent cost growth, including change management tasks overall.  This result is 

logical, but contrary to the intent of additional effort provided on change management 

tasks (to reduce cost growth), leading eh researcher to believe and CMs and ETs adjust 

their degree of effort to mitigate risks.  More research should be conducted on projects 

with change orders to determine if additional effort does in fact mitigate the negative 

effects of change orders.  Interestingly, cost and schedule control tasks did not correlate 

with percent cost or schedule growth. 

3) More effort provided conducting communication tasks such as coordinating 
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power outages and coordinating phasing and scheduling, as well as cost and schedule 

control tasks such as maintaining and tracking the schedule, reviewing the initial 

schedule, and processing invoices positively correlated with overall Project Performance 

Score (PPS).  While none of the individual performance areas correlated with additional 

effort on these tasks, the aggregation of performance factors resulted in a positive 

correlation.   

This result is logical and aligned with results of the literature review.  Failure to 

coordinate phasing or a power outages could result in delays, additional project cost, and 

reduced stakeholder satisfaction.  Failure to process invoices would reduce Contractor 

satisfaction, and potentially create a negative cash flow where work is delayed, resulting 

in schedule and cost growth or cutting corners and reduced quality.  Review of the 

construction schedule assists with coordination of phasing and scheduling, reduced 

impact to any stakeholders still on-site, and increased speed of production.  

4) Project oversight provided on every quality assurance task positively  

correlated with overall PPS, but not with quality scores.  The phenomenon of no 

correlation with the quality score could be an indicator that the quality metric utilized in 

this research does not fully measure the quality performance.  However, results of 

correlation with overall PPS are of note, and could indicate one or both of the following: 

that effort provided to complete QA tasks do in fact affect more performance areas than 

quality alone, and that combining metrics into a single score may in fact provide a more 

accurate view of performane results. 

5) Interestingly, more effort provided on two safety tasks positively correlated 
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with the quality metric at the 90% confidence interval.  The researcher posits that there 

may be multicollinearity between safety and quality performance metrics, or between 

project oversight tasks and respondents who provided high effort on safety tasks were 

also likely to provide high effort on quality tasks.  More research must be conducted in 

order to determine the relationships between oversight factors, and their respective 

oversight tasks. 

6) Overall project oversight provided on a project (POD) positively correlated 

with overall PPS.  The researcher can therefore reject the null hypothesis that project 

oversight provided does not correlate with project performance at the 95% confidence 

interval (p= 0.022).  However, the degree of correlation is not strong (k = 0.189), 

meaning that there is not a high degree of correlation, and there are other factors affecting 

project performance. 

4.10.3 Research Question #2 results summary: correlation with CM or ET years 

of respondent construction experience 

Construction Manager experience has been known to affect the quality of oversight 

provided on a construction project.  (Dainty, Cheng, & Moore, 2005; Hanna, Ibrahim, 

Lotfallah, Iskandar, & Russell, 2016; Geoghegan & Dulewicz, 2008)   

When tested, a positive statistical correlation was found between respondent years of 

construction experience and the project quality score, with a confidence interval of 90%.  

The practice of placing more experienced CMs and ETs on projects that require a higher 

quality standard appears justified. 
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4.10.4 Research Question #3 results summary: correlation with CM or ET years 

of positional experience 

Similarly, Construction Manager or Engineering Technician positional experience 

was tested to determine if there was a correlation with project performance.  Tests 

provided no significant correlations, indicating that CM or ET years of experience in 

construction is more important to project performance results than years in the post-

award position. 

4.10.5 Research Question #4 results summary: correlation with CM or ET 

turnover during construction and project performance 

Turnover of project managers has been known to affect the oversight provided on a 

construction project.  (Jaselskis & Ashley, 1991)   

Turnover of the CM or ET during construction was correlated with higher cost 

growth, higher schedule growth, less stakeholder satisfaction, and worse project 

performance overall.  This result directly aligns with the results discovered by Jaselskis 

and Ashley, and makes sense: a turnover in the middle of a project requires the new CM 

or ET to get caught up on all of the processes, procedures, and status of the project, 

slowing the completion of their required activities such as modification processing or 

responding to RFIs.  Additionally, both the customer and the contractor have to norm to a 

new Construction Manager or Engineering Technician.  
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4.10.6 Research Question #5 results summary: correlation with CM or ET 

unbalanced workload  

Unbalanced workload has been known to affect employee productivity on a 

construction project.  (Jaselskis & Ashley, 1991; Cabanis-Brewin, 2016; Kuprenas, Jung, 

Fakhouri, & Jreij, Project manager workload--assessment of values and influences, 2000; 

Leung, Chan, & Dongyu, 2011)   

The null hypothesis that an unbalanced workload for the CM or ET position 

during the course of the project does not correlate with project performance can be 

rejected at the 95% confidence interval.  Unbalanced workload for the CM or ET during 

the course of the project resulted in increased cost growth (95% confidence interval) and 

reduced customer satisfaction (95% confidence interval) when tested against the 

subjective ‘yes/no’ response to whether or not CMs and ETs experienced unbalanced 

workload.   

The author recommends that more research be conducted to determine the optimal 

project workload for Owner employees that conduct project oversight.  Measuring FTE 

utilized for different types of projects and comparing to project performance, then 

compiling historical data and utilizing this information to build an algorithm would be 

one method for accurately measuring and determining optimal project workload.   

4.10.7 Research Question #6 results summary: correlation when controlling for 

project characteristics  

Project characteristics were collected from ieFACMAN and the Phase II survey, 

and tested for correlation with project performance.  Project cost, duration and number of 



 185

complications per project, were selected as control factors.  Tests were then re-run on 

project oversight provided (POD) versus all project performance factors.  Table 55 

provides results. 

Table 55: A summary of significant statistical test results for Research Question #6 – a comparison of 
overall project oversight provided with performance metrics, when controlling for project cost, duration, 
and number of complications. 

Control 
Factor 

Performance 
Metric 

Quartile Correlation %CI Strength 
(Kendall tau-b) 

Cost 
Quality Q1 + 90 -0.3573 
SS Q1 + 90 -0.3543 
PPS IQR + 95 -0.2595 

Duration 
SS Q1 + 90 -0.3179 
PPS Q4 + 90 -0.3235 

# Complications 

%CG IQR - 90 0.2210 
%SG Q1 - 90 0.3096 
Quality Q1 + 90 -0.3118 
PPS Q4 + 95 -0.4706 

 
 Of note: 
 

1) The safety performance metric was not correlated with project oversight when 

controlling for these factors.  Since safety was correlated with so few project oversight 

metrics, one of two conclusions can be made: 1) that the method of measuring the 

performance metric needs improvement, or 2) that project oversight provided does not 

correlate with project safety.  Either conclusion is reasonable; Contractor safety methods 

have improved along with an industry emphasis on safety, and the Contractor is primarily 

responsible for their own employees’ safety, so owner involvement may have little effect.  

Additionally, the scoring methodology for safety consisted of only two methods of 

measurement, so a more robust set of KPIs may provide a better result. 

2) CM or ET project oversight provided on projects with cost less than $484k, 
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duration less than 288 days, and with one or fewer project complications may have a 

larger effect than oversight provided on larger projects with more problems, particularly 

in the realms of quality and stakeholder satisfaction.  For projects with higher costs, 

longer durations, and more complications, CM or ET oversight provided may have less 

effect on individual project performance metrics, but more effect on overall project 

performance.  Additional studies with larger sample sizes and more control factors 

applied should be conducted to determine if correlation does in fact equate to causation, 

and if these results can be replicated. 

3) For percent cost and schedule growth performance areas, controlling for the 

number of complications resulted in the inverse of what was anticipated: for projects with 

two to nine project complications, providing more project oversight resulted in more cost 

growth.  For projects with less than one complication, more project oversight resulted in 

more schedule growth.  However, in projects with more than one complication, more 

project oversight correlated with reduced schedule growth.  Again, this could be due to 

multicollinearity, that is, other variables affecting the results more than the mitigating 

effects of CM or ET project oversight in these areas.  More tests should be conducted in 

order to determine if this is the case, but the trend appears to indicate that CM or ET 

effort has little effect on cost and schedule growth. 

Overall, the null hypothesis can be rejected: when controlling for factors 

such as project cost, duration, and number of complications, a correlation of project 

oversight provided to project performance overall is evident, and particularly in the areas 

of stakeholder satisfaction and quality.  To strengthen and validate these conclusions, 
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more objective measurements should be selected for both project oversight provided and 

project performance metrics, and tests re-run. 

CHAPTER 5 –CONCLUSION 
 
5.1 Summary of Research Methods 
 

The intent of this research project was to determine if adjusting Owner oversight on 

construction projects has an effect on project performance.   

A comprehensive literature review and a survey of NAVFAC experts was 

conducted in order to determine factors and methods of measurement for construction 

project oversight provided as well as project performance metrics.  All project 

performance metrics were combined into a single metric using El Asmar et al’s 

methodology, and a 5-point Likert scale, was utilized to measure project oversight 

provided on NAVFAC construction projects over $150k completed between 2012-2018.  

A review of NAVFAC’s  ieFACMAN project database revealed gaps in data collected, so 

a survey was developed to collect missing project information.  The results of the survey 

were tested using the Kendall tau, Wilcoxon Rank Sum, and Kruskall Wallis tests in 

order to determine if there is a correlation between project oversight provided and project 

performance.  Project characteristics were also collected and used as control factors to 

determine under which conditions project oversight provided correlates with project 

performance. 

5.2 Research Limitations 
 

The three primary limitations of this research project are as follows: 
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1) Data collected were limited to construction projects over $150k completed by 

NAVFAC from 2012-2018.  The decision to limit the dataset to projects completed by 

NAVFAC was rooted in the benefits of limiting variation of both project characteristics 

and project oversight provided, and the ease of collecting data from one source.  

However, it also limits the applicability of conclusions.  Additionally, a larger sample 

dataset would provide an ability to control for more project characteristic factors, and 

provide more certainty in conclusions. 

2) Some project measurement methods were subjective; conducted on a 5-point 

Likert scale.  This method has the potential to skew data due to differences in respondent 

preferences, experiences, or ability to recollect data and information.  (Thomas R. M., 

2003; Weisberg, 2009; Vogt, 2007)  More objective measurements should be selected by 

NAVFAC and other Owners in order to avoid the potential for skewed data. 

3) While the Project Quarterback Rating was successfully validated by El Asmar 

et. al., the exact questions used by El Asmar were not mirrored in the project survey 

provided to NAVFAC, and the compilation of metrics was not validated due to time 

constraints.  The model should be verified by using the five-fold cross-validation method, 

for example, and re-tested with additional data points. 

5.3 Future Research Opportunities and Recommendations 
 

In light of the research limitations detailed in the previous section, the following 

future research opportunities have been identified: 

5.3.1 Model validation 
 



 189

Replicate this research to further refine and validate the developed model.  Potential 

adjustments to a replication of this research could be ensuring a representative sampling 

of NAVFAC projects is tested, adding project oversight tasks to the survey for a more 

comprehensive study, or conducting a more detailed analysis similar to the Phase I survey 

of the effects of each individual task on different factors of project outcome. 

5.3.2 Project characteristics study and analysis of risk categories 
 

Continue a study of Research Question #6 by conducting a detailed study of the 

effects of control variables such as contract type, project type, project delivery method, 

etc.  Identify additional variables not included in this research to include and test.  If 

project characteristics can be identified that are clearly related to project performance, 

projects can be binned into risk categories at the start of the project, and additional 

manpower can be allotted to the project accordingly to reduce risk.   

5.3.3 Analysis of change orders and oversight on contract modifications 

Conduct an analysis of project modifications in order to determine most common 

causes and highest impacts on performance.  Allow for multiple “reason codes” in the 

ieFACMAN system in order to identify primary and secondary reasons for modifications 

in future data collection, for more accurate reporting and analysis of modifications.  Use 

the methodology herein to determine if more oversight provided has a mitigating effect 

on contract modifications. 

The change management and project complication statistical tests conducted in this 

research support a closer look at how to better manage contract modifications so that 
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NAVFAC improves speed of executing change orders and agility in “swarming the 

problem,” while still maximizing organizational efficiency. (Spear, 2009) 

5.3.4 Emphasize data completeness and benchmark CM or ET performance by 

building a user dashboard 

Build a dashboard interface, customized to each project team member billet, 

providing a summary of current projects including to-dos, graphical analysis of project 

metrics including C/S growth, customer feedback survey results, warranty calls, etc, 

current workload, forecasted workload, an active, self-regulated search engine for lessons 

learned on projects, summary of metrics for FITREP/evaluation reporting, tracking of 

employee competencies and training, etc.  The dashboard would bring together metrics 

from multiple systems used by a PWD such as ieFACMAN, Maximo, and the new 

“eCMS” in one convenient location for individuals to manage their projects, using and 

aggregating Key Performance Indicators (KPIs) for analysis, benchmarking, sharing of 

information, etc.  Providing a tool immediately and primarily useful to the employees 

with “boots on ground,” along with their direct supervisors will allow for employees to 

track their own metrics, incentivizing and prioritizing data input, aligning metrics at the 

local level with organizational goals, and ensuring employees are working towards 

strategic competencies to meet primary organizational objectives. (Thomas & Mulally, 

2007) 

5.3.5 Develop organization-specific Key Performance Indicators 
 

NAVFAC, like many governmental organizations, should further identify methods 

for objectively measuring and tracking project “performance.”  The metrics identified in 
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this research are relatively comprehensive when compared to the industry standard of 

cost and schedule growth, and align with organizational goals identified in NAVFAC’s 

mission statement.  However, due to the methods of measurement in this research, some 

results are subject to the opinion of the CM or ET.  Additionally, priorities are project-

specific by nature, but in this analysis have been condensed into organizational priorities.  

For this reason, overarching project priorities should be established at the inception of the 

project, and a few specific metrics for each priority (KPIs) should be prioritized and 

tracked throughout for every project.  A non-exhaustive list of potential KPIs that have 

been used in previous research are as follows: 

Table 56: A summary of potential KPIs, which can be used as objective measurements of NAVFAC’s 
performance areas.   

Performance Area Objective Metrics 

Cost 
Unit cost 
Cost growth 
Budget factor 

Total cost, initial & final 
Design cost, initial & final 
Construction cost, initial & final 

Schedule 

Construction speed 
Delivery speed 
Construction schedule growth 
Delivery schedule growth 
Design schedule growth 
Project intensity ($/day) 
Solicitation target / actual date 

Design start target / actual date 
Construction NTP target / actual date 
BOD target / actual date 
End of commissioning target / actual date 
Mission Need target / actual date 

Quality 

   Construction: 
Deficiencies / $M 
Punchlist items 
Punchlist items / $M 
Punchlist % cost 
Warranty calls 
Warranty calls / $M 
Warranty costs 
Latent defects 

  Design: 
RFIs / $M  
Change orders due to customer request, 
errors in design, etc. ($/$M or #/$M) 

Stakeholder Satisfaction 

Return business  
Survey responses 
Resubmittals / $M 
% early RFIs 
% field RFIs 
% re-work 
Innovation (LEED, etc.) 

Contractor claims / $M 
Cost of claims / $M 
Change order processing time 
RFI processing time 
Resubmittals processing time 
Waste ton / $M 
% recycled 
% to landfills 
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Safety 
Recordable incident rate 
Lost time rate 
EMR 

Recordables / $M 
Lost time rate / $M 
DART 

 
Selected metrics should be simple to track (Hanson, 2018, January 13) and 

specific to project phases (ex: tracking number and impact of comments on a buildability 

review in order to measure quality of project drawings and specifications) so that each 

employee responsible for a phase can track and measure their own progress.  If customer 

feedback is utilized as a metric, the opinions of each project stakeholder should be 

considered and collected via an end-of-project survey or “hot-wash,” rather than provided 

via an estimate of overall satisfaction from the CM or ET.  Once these metrics are set at 

the organizational level, they can be tracked at the project level, aggregated into an 

organizational metric, and used as a benchmark to compare individual project 

expectations with goals and other projects similar in magnitude, duration, and scope. 

Once organizational benchmarks are identified and tracked, collaboration with other 

Department of Defense (DoD) organizations which provide similar services such as the 

Army Corps of Engineers or the Air Force’s engineering organization could allow for a 

method of analyzing organizational effectiveness and improving product output 

throughout the DoD.  

5.3.6 Align planned oversight expenditures with project risk 
 

In line with the challenge of developing metrics for tracking project performance, 

once NAVFAC conducts risk analysis at inception of project and develops plans to 

mitigate, the organization can then build a priority tracker and model for comparison to 

completed project, as a benchmark for project performance.  Additionally, this risk 
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analysis could feed into NAVFAC’s efforts to control project oversight provided by 

directing “performance levels” prior to the start of the project, as a more comprehensive 

and risk-based method for assigning project workload rather than utilizing funding 

source.  Assuming NAVFAC Business Operating Plan is fully implemented, NAVFAC 

can present the differing oversight levels as a tiered approach to providing services to 

their customers, charging more or less funding for different “performance levels” and 

aligning expenditures of their services with the income provided by customers for certain 

projects, meeting the intent of the Chief of Civil Engineers in his previously-referenced 

2017 letter. 

5.3.7 Utilize FTE to measure project oversight provided 
 

As previously mentioned, private sector companies typically track hours assigned to 

each specific project, creating a historical database for determining workload, and 

adjusting their assignments based on individual project and personnel factors.  Due to the 

federal government’s inherent nature as a non-profit venture, the additional 

administrative requirement of tracking hours completed per project has not typically been 

conducted.  However, a method of determining how much work is completed for certain 

projects must be determined and a benchmark identified if maximum effectiveness and 

efficiency in manning are to be obtained in public sector organizations such as NAVFAC.  

In response to this necessity, a useful study for researchers could be to compare the 

methods identified in this research for measuring actual project oversight with the 

traditional hours worked approach (FTE) using the construct validity approach (Vogt, 
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2007), thus determining the best method for effective measurement of project oversight 

provided.   

5.3.8 Provide supervisors tools for workload assignment and analysis 
 

Methods for tracking and efficiently assigning workload, including a model and 

accompanying software accounting for anticipated re-work, changes in organizational 

manning, and experience should be researched, similar to the research conducted by 

LCDR Christopher S. Trost for SUPSHIP Groton. (Trost, 2002)  Despite NAVFAC HQ 

guidance in the Business Operating Procedures to limit efforts on less-resourced projects, 

the tests in this research project display a correlation between effort provided on change 

management tasks and overall performance.  CMs and ETs are likely to adjust their 

oversight efforts when complications arise no matter if HQ guidance instructs otherwise.  

The author of this research recommends NAVFAC HQ lift this guidance, and allow CMs 

and ETs and their supervisors to make risk decisions at the lowest level.  These decisions 

will be easier for the unit of action to make if workload assignment tools are provided. 

In addition to accounting for these more intrinsic factors not previously included in 

manning and workload models, providing a software program and model to supervisors 

will align expectations between local offices, allow to supervisors to take all intrinsic 

factors into account, and simplify the assignment process.  Existing programs on the 

market such as Microsoft Project are available for private sector Construction Managers 

and supervisors to conduct management and resource leveling of construction workers.  

The obstacles limiting use of these tools include limited funding for widespread use and 



 195

training, and the commercial-off-the-shelf program’s inability to “talk” to other 

government-specific systems.   

 

5.3.9 Study the effects of employee project workload on project performance 
 

Researchers have also previously identified other factors such as worker fatigue, 

morale, and experience as affecting employee productivity and effectiveness.  (Alzahrani 

& Emsley, 2012; Baker, Murphy, & Fisher, 1988; Cabanis-Brewin, 2016; Chan, Ho, & 

Tam, 2001; El Asmar, Hanna, & Loh, 2015; Endres, 2017; Geoghegan & Dulewicz, 

2008; Hanna, Ibrahim, Lotfallah, Iskandar, & Russell, 2016; Kuprenas, Jung, Fakhouri, 

& Jreij, Project manager workload--assessment of values and influences, 2000)  Further 

review of these variables and their effect on project oversight provided should be 

conducted. 

5.4 Results and Contributions 
 

Utilizing multiple methods of measurement of both project oversight provided and 

project performance, the null hypothesis could be rejected: adjusting the degree of effort 

on project oversight correlated with project performance on many of the tests conducted. 

This research not only answers the primary research question, but also tests El 

Asmar’s Project Quarterback Rating methodology, develops a survey to collect project 

performance and degree of project oversight provided on a project, and provides 

recommendations for improved methods of data collection and analysis for NAVFAC 

and other government and owner entities. 
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APPENDIX A – GLOSSARY OF TERMS 
 
Apportioned Efforts:  Energies put forth for application into project related work that is 
incapable of being easily and readily divisible into discreet efforts; dependent on the 
performance of other efforts (PMBOK, 2004). 
 
Beneficial Occupancy Date (BOD): a significant milestone; the date the project is 
turned over to the supported command for their use and move-in; the date that liquidated 
damages are no longer assessed (Naval Engineering and Training Command, 2018) 
Business Management System (BMS): a web-based system designed to standardize 
practices for NAVFAC’s business and support lines (Naval Facilities Engineering 
Command, 2014) 
Business Operating Procedures (BoP): NAVFAC’s foundational guidance for each 
Fiscal Year execution against the Resource Allocation Plan, balancing priorities with risk 
to carry out acquisition, technical, and real estate authorities effectively (Naval Facilities 
Engineering Command, 2019) 
 
Capital Improvements Business Line: a community within NAVFAC primarily 
focused on the mission capability, technical expertise, and business acumen of design 
engineers, construction managers, and engineering technicians. (Naval Engineering and 
Training Command, 2018) 
Categories of Work, NAVFAC: a breakdown of projects into four areas in order to 
improve productivity and reduce production costs associated with delivery of products, 
delivering the right amount of engineering and construction oversight through either in-
house or contract execution at the optimum life-cycle.  The four categories range from 
multi-discipline design (CAT I) to no engineering / oversight by exception (CAT IV). 
(Naval Facilities Engineering Command, 2008) 
Change Order: a modification to any formally controlled deliverable (Project 
Management Institute, Inc., 2017) 
Collinearity: Severely correlated independent variables; when used in a multiple 
regression model, it is virtually impossible to decide which predictors are in fact related 
to the dependent variable. (Ott & & Longnecker, 2010) 
Construction Management: the primary responsibility of project engineers; includes the 
overall administration of the construction efforts by government personnel; tasks include 
safety compliance, quality assurance, cost and schedule control, engineering 
consultations, support, design, and technical expertise, service as the Contracting 
Officer’s Authorized Representative (COAR) (Center for Seabees and Facilities 
Engineering, 2010) (Naval Engineering and Training Command, 2018) 
Contracting Officer’s Authorized Representative (COAR): An individual appointed 
in writing to act within a specific authority on behalf of the contracting officer; generally 
given the authority to negotiate modifications and in-scope changes up to a specified 
dollar threshold (Naval Facilities Engineering Command, 2000) 
Contracting Officer’s Representative (COR): appointed by the Contracting Officer to 
assist in the technical monitoring or administration of a contract, including confirming 
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overall percentage of work received and completed in accordance with the terms and 
conditions of the contract (Naval Facilities Engineering Command, 2014) 
Critical Success Factors: Criteria having the ability to predict success on project 
(Sanvido et al, 1992) 
 
Days Away Restricted/DART: a mathematical calculation that describes the number of 
recordable incidents per 100 full time employees that resulted in lost or restricted days or 
job transfer due to work related injuries or illnesses. (NMMCC, 2019) 
Design Manager: the engineer responsible for management of the design and project 
technical team (Center for Seabees and Facilities Engineering, 2010) 
Discrete LOE: an activity that can be planned and measured that yields a specific output. 
(Project Management Institute, Inc., 2017) 
 
Earned Value Management: a methodology that combines scope, schedule, and 
resource measurements to assess project performance and progress (Project Management 
Institute, Inc., 2017) 
eContracts: a system within ieFACMAN used primarily by acquisitions and post-award 
contract team personnel 
Engineering Technician: an individual responsible for quality assurance and safety 
oversight of assigned construction projects; works closely with the contractor 
superintendent  on the day-to-day project execution, and is the PWD’s primary point of 
contact for coordinating base support (utilities, dig permits, etc.) (Naval Engineering and 
Training Command, 2018) 
Experience Modification Rate (EMR): a number used by insurance companies to gauge 
both past cost of injuries and future chances of risk; the lower a businesses’ EMR, the 
lower worker compensation insurance premiums will be (Safety Management Group, 
2018) 
 
Facilities Engineering and Acquisition Division (FEAD) Director: warranted Civil 
Engineer Corps Officer who, under the direction of the Public Works Officer, directs all 
design and contracted construction and services activities for the installation, ensuring 
attainment of all required regulatory and safety compliance (Naval Engineering and 
Training Command, 2018) 
Five-fold cross-validation: a resampling procedure used to evaluate machine learning 
models on a limited data sample. (Brownlee, 2018) 
 
Full Time Equivalent (FTE): an employee's scheduled hours divided by the employer's 
hours for a full-time workweek. (SHRM, 2019) 
 
Indefinite Delivery, Indefinite Quantity (IDIQ) Contract: may be used to acquire 
supplies and/or services when the exact time and/or quantity of future deliveries are not 
known at the time of contract award (Center for Seabees and Facilities Engineering, 
2010) 
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Independent Government Estimate (IGE): establishes the anticipated cost of acquiring 
the services in the acquisition (Naval Engineering and Training Command, 2018) 
Intensity:  
Interoperable Enterprise Facilities Management (ieFACMAN): the central login for 
NAVFAC enterprise software applications, capturing data related to contracts, projects, 
people, and clients (Naval Engineering and Training Command, 2018) (Center for 
Seabees and Facilities Engineering, 2010) 
 
Key Performance Indicators: General indicators of performance that focus on critical 
aspects of outputs or outcomes (Chen & Chen, 2014) 
 
Lean / Ultra-lean modification processes: application of the Lean Six Sigma methods 
to modification processes in order to utilize the most effective and efficient means to 
streamline modification efforts under $150,000 (Naval Facilities Engineering Command, 
2014) 
Level of Effort: An activity that does not produce definitive end products and is 
measured by the passage of time.  Examples are Project Management Activities and 
liaison duties. (Project Management Institute, Inc., 2017) 
 
Multiple-Award Construction Contract (MACC): an indefinite delivery construction 
contract when award is made to more than one contractor, each of whom will compete for 
future construction task orders awarded under the contract (Naval Facilities Engineering 
Command, 2000) 
MILCON: military construction, as defined in 10 U.S.C. Section 2801, includes any 
construction, development, conversion, or extension of any kind carried out with respect 
to a military installation with a cost of more than $2M. (Center for Seabees and Facilities 
Engineering, 2010) 
 
Naval Facilities Engineering Command (NAVFAC): The United States Navy and 
Marine Corps primary provider of facilities, contracting and construction management 
services.  
 
Outcome: Something that follows as a result or consequence (Marriam-Webster, 2003) 
 
Performance: The execution of an action. (Merriam-Webster, 2003) 
PMBOK: The Project Management Body of Knowledge, a set of standard terminology 
and guidelines for project management published by the Project Management Institute. 
Post Award Team: the team assigned to government oversight of a project, primarily 
consisting of a Construction Manager and Engineering Technician with support from the 
Contracting Officer, Design Manager, and Project Manager (Center for Seabees and 
Facilities Engineering, 2010) 
Project Manager: the individual responsible for management of the project (scope, cost, 
and schedule) from design authorization to project closeout (Center for Seabees and 
Facilities Engineering, 2010) 
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Project Oversight: Completion of tasks such as contract administration, quality 
assurance, submittal coordination, change order negotiations, schedule and cost control, 
inspections, safety assurance, liaison with stakeholders, invoice processing, etc. in order 
to ensure proper contract performance (Naval Facilities Engineering Command, 2008) 
Public Works Department: a forward deployed organizational element of one of 
NAVFAC’s Facilities Engineering Commands; serving as the delivery point of products 
and services by providing comprehensive shore facilities management, operations 
maintenance, construction, base operating support services, and environmental 
management for Navy installations (Naval Facilities Engineering Command, 2008) 
Public Works Officer: A Civil Engineer Corps officer in the Navy who has 
responsibility for the leadership of the field contracts office and public works forces, 
including engineering, shops, and in-house forces (Naval Facilities Engineering 
Command, 2000) 
 
Quality Control (QC): the construction contractor’s system in place during execution to 
manage, control, and document construction activities in order to comply with contract 
requirements (Naval Facilities Engineering Command, 2000) 
Quality Assurance (QA):  the Government’s system in place to monitor the quality 
control efforts of the construction contractor (Naval Facilities Engineering Command, 
2000) 
 
“Redzone” Process: NAVFAC’s formal process of project close-out 
 
Stand Alone Contract: a contract solicited for a single job; not a part of a Multiple-
Award or IDIQ contract; no task orders will be issued.  
 
Task Order: an award of specific work under an IDIQ or MACC-type contract (Naval 
Facilities Engineering Command, 2000) 
Trickle-down method: a method of survey distribution whereby the survey is provided 
to a senior individual, who then distributes it to his or her subordinates 
 
Work-in-place (WIP):  Method of forecasting manning needs by using work completed, 
measured in dollars expended to forecast FTEs required; the accrued cost of construction, 
repair, installation, or maintenance work in a construction contract, delivery order, task 
order, etc., including cost of onsite materials and land acquisition (Naval Engineering and 
Training Command, 2018). 
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APPENDIX B – PHASE I DATA COLLECTION QUESTIONNAIRE 
 
Name: 
 
Rank: 
 
Job Title: 
 
Years of Experience in Construction: 
 
Years of Experience at NAVFAC: 
 
Years of post-award construction project oversight (as a CM or ET): 
 
For the average project, assess the construction project oversight tasks by importance to 
project outcome: 

   
Not 

Important 
Slightly 

Important 
Moderately 
Important Important 

Very 
Important 

spot checks of labor 
laws compliance 

       

spot-checks of 
material quality 

       

spot checks of 
material procurement 
(Buy America Act) 

       

compliance with BMS 
processes 

       

maintaining a COR 
file 

       

distributing close-out 
documentation 

       

updating eContracts        

utilizing correct 
modification process 
(Lean, Ultra-lean, etc) 

       

drafting modification 
estimates & technical 

analyses 
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For the average project, assess the construction project oversight tasks by importance to 
project outcome: 

   
Not 

Important 
Slightly 

Important 
Moderately 
Important Important 

Very 
Important 

correct use of 
COR/COAR authority 

       

meeting negotiation 
objectives 

       

use and review of the 
RFI log 

       

Contractor selection 
(ex: Technical 
Evaluation Board) 

       

processing base access 
requests 

       

coordinating pre-
construction, post-
award kick-off, 
partnering, and other 
meetings 

       

coordinating a 
laydown area 

       

conducting VIP tours        

coordinating ground-
breaking / ribbon-
cuttings 
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For the average project, assess the construction project oversight tasks by importance to 
project outcome: 

   
Not 

Important 
Slightly 

Important 
Moderately 
Important Important 

Very 
Important 

QA site visits        

attendance at QC 
meetings 

       

attendance at Three 
Phases of Control 
meetings 

       

documenting QA        

attendance at QC tests        

punchlist review        

involvement in pre-final 
inspection 

       

involvement in final 
inspection 

       

involvement in 
turnover/commissioning 

       

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 203

For the average project, assess the construction project oversight tasks by importance to 
project outcome: 

   
Not 

Important 
Slightly 

Important 
Moderately 
Important Important 

Very 
Important 

review of APP and 
AHA 

       

review of high-risk 
safety plans 

       

site inspections of 
high-risk safety 
activities 

       

spot checks of Safety 
Toolbox Meetings 

       

constructability 
reviews 

       

pre-award site visits        

review of QC Plan        

review & use of the 
Submittal Log 

       

validating submittal 
responses from other 
government personnel 
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For the average project, assess the construction project oversight tasks by importance to 
project outcome: 

   
Not 

Important 
Slightly 

Important 
Moderately 
Important Important 

Very 
Important 

utilizing the RedZone 
process 

       

review of requests for 
time extensions 

       

processing 
modifications quickly 

       

review of Schedule of 
Prices 

       

processing invoices        

coordinating power 
outages 

       

application of the 
CREQ policy 

       

spot checks of 
environmental 
laws/regulations 
compliance 

       

timely response to 
submittals 
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For the average project, assess the construction project oversight tasks by importance to 
project outcome: 

   
Not 

Important 
Slightly 

Important 
Moderately 
Important Important 

Very 
Important 

review of initial 
construction schedule 

       

maintaining and 
tracking the schedule 

       

timely response to 
RFIs 

       

validating RFI 
responses from other 
government personnel 

       

coordinating 
Government-furnished 
equipment 

       

coordinating phasing 
and scheduling 

       

coordinating O&M 
training 

       

coordinating warranty 
actions 

       

updating stakeholders        

coordinating with 
stakeholders 
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APPENDIX C – PHASE II DATA COLLECTION QUESTIONNAIRE 
 
 NAVFAC Construction Manager / Engineering Technician,      
 
My name is Heidi Lawrenz, and I am a CEC officer currently studying Construction 
Engineering and Management at the University of Wisconsin - Madison.  My research 
emphasis is Navy construction project oversight and its impact on project outcome.      
 
Thank you in advance for your support in answering this 15-minute survey about your 
experience with oversight of construction projects.      
 
Your participation is crucial to improving our understanding of the various factors 
affecting project performance.  The results of this survey are intended to improve 
processes within NAVFAC.        
 
Please complete this voluntary survey no later than [date].        
 
Note that your answers will be utilized for data analysis purposes only, and will be kept 
confidential.  Information you provide will be summarized with the responses of others 
and will not be attributable to any individual.  By clicking ‘next,’ you will begin the 
survey.  You can end the survey at any time, and results will not be recorded.      
 
If you have any questions, please do not hesitate to contact me at lawrenz2@wisc.edu or 
(414) 841-9233, Dr. Awad Hanna at (608) 513-9690, or Dr. David Noyce at (608) 265-
1882. 
.               
 

Very Respectfully,      
Heidi D. Lawrenz 
LT, CEC, USN   
Graduate Student   
College of Civil and Environmental Engineering   
University of Wisconsin – Madison 
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PRIVACY ACT STATEMENT 

 
 Authority to request this information is granted under 5 U.S.C. 301, Departmental 
Regulations; 10 U.S.C. 5031 and 5032.  License to administer this survey is granted per 
OPNAVINST 5300.8C under OPNAV Report Control Symbol: XXXX which expires 
XX XXX XXXX.  Personal identifiers will be collected only for the purpose of providing 
study results to respondents.      
 
PURPOSE:  The purpose of this survey is to improve our understanding of the various 
factors affecting project performance.      
 
ROUTINE USES:  The information provided in this survey will be analyzed by 
NAVFAC via UW - Madison.  The data files will be maintained by NAVFAC and UW - 
Madison.  UW - Madison will archive the files, and NAVFAC will use the files to 
develop further courses of study or improve metrics collected on NAVFAC databases.      
 
CONFIDENTIALITY:  All responses will be held in confidence by UW - Madison and 
NAVFAC.  Information you provide will be statistically summarized with the responses 
of others and will not be attributable to any single individual.      
 
PARTICIPATION:  Completion of this questionnaire is entirely voluntary.  Failure to 
respond to any of the questions will NOT result in any penalties except possible lack of 
representation of your views in the final results and outcomes. 
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Part I: Introduction 
  
The first survey section asks generic questions about you. 
  
Note that throughout this survey technical terms have been defined, and are written in 
blue and underlined.  Hover your mouse over the term if you would like to see the 
definition. 
 
Q1 What is your job position? 

o Construction Manager (CM)  

o Engineering Technician (ET)  

o Other   
 
Q2 How many years of experience do you have in construction? 

________________________________________________________________ 
 
Q3 How many years of experience do you have as a NAVFAC CM or ET? 

________________________________________________________________ 
 
 
Part II: Project Characteristics 
 
Please think of your most recently completed construction project worth more 
than $150k that you were assigned to for more than 50% of the project duration.       
 
Q4  
What was the project name? 

________________________________________________________________ 
 
Q5 What was the contract number? (NXXXX-XX-X-XXXX) 

________________________________________________________________ 
 
 What was the task order number?  

________________________________________________________________ 
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Q6 What was the Beneficial Occupancy Date (BOD)? (mm/dd/yyyy)   
 
If the project you selected does not have a BOD yet, please select another project. 
 

 
Q7 What was the project delivery method? 

o Design-Build (DB)   

o Design-Bid-Build (DBB)   

o Indefinite-Delivery, Indefinite-Quantity (IDIQ)   

o Other (please specify)  
________________________________________________ 

 
Q8 Was this project primarily horizontal or vertical construction? 

o Horizontal   

o Vertical   
 
Q9 What was the planned Performance Level (PL) of the project? 

o PL 1   

o PL 2   

o PL 3   

o PL 4   

o Below PL 4   

o I don't know / PL is not applicable   
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Q10 What was the project risk (consider technical complexity, contractor reputation, 
visibility, environment, etc)? 

o High Risk (Cat I)   

o Substantial Risk (Cat II)   

o Moderate Risk (Cat III)   

o Low Risk (Cat IV)   
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Q11 Did any of the following circumstances occur on this project? 
 

 Yes  No  

Labor or material 
unavailability  o  o  

Abnormal weather/acts of 
God, or unforeseen site 

conditions  o  o  
'Marginal' or 'Very Bad'  
Contractor Performance  o  o  

Turnover of CM and/or ET 
position during construction  o  o  

Unbalanced workload of post-
award team (CM and/or ET)  o  o  
Bad team morale, personality 

conflicts, etc  o  o  
Onerous contract clauses  o  o  

 RFP, design, specification, 
and/or project planning errors  o  o  
Excessive stakeholder requests  o  o  

Funding issues/delays  o  o  
Lack of stakeholder 

involvement  o  o  
Lack of support from project 

team members  o  o  
Lack of experience of project 

team members  o  o  
Other (please specify) _____ o  o  
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(The following un-numbered questions have display logic, and only display if selected ‘Yes’ in Q11.) 
 
 Rate the impact of labor or material unavailability on  project outcome. 

o No Impact   

o Minimal Impact   

o Moderate Impact   

o Large Impact   
 
 Rate the impact of abnormal weather/acts of God, or unforeseen site conditions on  
project outcome. 

o No Impact   

o Minimal Impact   

o Moderate Impact   

o Large Impact   
 
 Rate the impact of 'Marginal' or 'Very Bad' Contractor Performance on  project outcome. 

o No Impact   

o Minimal Impact   

o Moderate Impact   

o Large Impact   
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 Rate the impact of CM and/or ET turnover during construction on  project outcome. 

o No Impact   

o Minimal Impact   

o Moderate Impact   

o Large Impact   
 
Rate the impact of unbalanced workload of post-award team (CM and/or ET) on  project 
outcome. 

o No Impact   

o Minimal Impact   

o Moderate Impact   

o Large Impact   
 
Rate the impact of bad team morale, personality conflicts, etc on  project outcome. 

o No Impact   

o Minimal Impact   

o Moderate Impact   

o Large Impact   
 
 Rate the impact of funding issues/delays on  project outcome. 

o No Impact   

o Minimal Impact   

o Moderate Impact   

o Large Impact   
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Rate the impact of onerous contract clauses on  project outcome. 

o No Impact   

o Minimal Impact   

o Moderate Impact   

o Large Impact   
 

 
 
 Rate the impact of RFP, design, specification, and/or project planning errors on  project 
outcome. 

o No Impact  

o Minimal Impact   

o Moderate Impact   

o Large Impact   
 
 Rate the impact of excessive stakeholder requests on  project outcome. 

o No Impact   

o Minimal Impact   

o Moderate Impact   

o Large Impact   
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 Rate the impact of lack of stakeholder involvement on  project outcome. 

o No Impact   

o Minimal Impact   

o Moderate Impact   

o Large Impact 
 
 Rate the impact of lack of support from project team members on project outcome. 

o No Impact  

o Minimal Impact  

o Moderate Impact  

o Large Impact  
 
 Rate the impact of lack of experience of project team members on project outcome. 

o No Impact  

o Minimal Impact  

o Moderate Impact   

o Large Impact  
 
Q12 For this project, please prioritize the following factors, rating by importance from 1-
5, with '1' being the most important factor.  If two factors have the same importance, use 
the same number. 
 
______ meeting budget 
______ meeting safety goals 
______ meeting schedule 
______ stakeholder satisfaction 
______ quality of end product 
______ other (specify) 
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Q13 Were project priorities formally established prior to construction start? 

o Yes   

o No   
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Part III: Project Outcome 
 
Q14 How would you rate the outcome of the project in the following areas? 

 Excellent  Very Good  Good  Fair  Poor  

Safety  o  o  o  o  o  
Quality of the 
end product  o  o  o  o  o  

Conformance 
with designs 

and 
specifications  

o  o  o  o  o  
Stakeholder 
satisfaction 
with the end 

product  
o  o  o  o  o  

Stakeholder 
satisfaction 

with the 
construction 

process  

o  o  o  o  o  

Schedule  o  o  o  o  o  
Cost  o  o  o  o  o  

 
Q15 Were there any OSHA recordable mishaps on the project? 

o No   

o Yes   
 
Q16 Are there any REAs or claims still pending for this project? 

o No   

o Yes   
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Q17 If you would like to add any further information about the project outcome that you 
believe is important, please do so here: 
________________________________________________________________________ 
 
 
Part IV: Project Oversight 
 
This survey section attempts to quantify the overall level of project oversight provided by the 
NAVFAC CM and ET. 
 
(Q18 is not displayed if Q9 selection is “I don’t know / PL not applicable.”) 
 
Q18 Please state your degree of agreement with the following statement:  
    
"The post-award team (CM and ET) implemented the specified Performance Level (PL) 
for this project as indicated in the BOP." 

o Strongly Agree   

o Agree   

o Neither agree nor disagree   

o Disagree   

o Strongly Disagree   
 
(The following question is only displayed if Q18 selection is “neither agree nor disagree,” 
“disagree,” or “strongly disagree.”) 
 
Which Performance Level (PL) do you think the post-award team provided for this 
project? 

o below PL4   

o PL4   

o PL3   

o PL2   

o PL1   
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For the following questions, think of the level of effort the post-award team provided 
while completing each project oversight task. 
 
Consider time spent on each task, effectiveness of the team while completing the task, 
if guidelines and tools were utilized and to what extent, etc.   
 
Note that these questions will not measure team performance specifically, but rather 
the amount of resources NAVFAC utilized on a project. 
 
Q19 Overall, what was the level of effort the CM & ET provided for the following 
administrative tasks? 

 Maximum  High  Moderate  Low  
Minimal 
to None  

Task Not 
Applicable 
to Project  

Contractor 
Selection 

(ex: Technical 
Evaluation 
Board, pre-
award RFI 

responses, etc)  

o  o  o  o  o  o  

utilizing the 
NAVFAC 
RedZone 
process  

o  o  o  o  o  o  
distributing 
close-out 

documentation   o  o  o  o  o  o  
spot checks of 
environmental 

laws/regulations 
compliance  

o  o  o  o  o  o  
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Q20 Overall, what was the level of effort the CM & ET provided for the following 
change management tasks? 

 Maximum  High  Moderate  Low  
Minimal to 

None  

Task Not 
Applicable 
to Project  

processing 
modifications 

quickly  o  o  o  o  o  o  
drafting 

modification 
estimates & 

technical 
analyses  

o  o  o  o  o  o  

use of 
COR/COAR 

authority  o  o  o  o  o  o  
selecting the 

correct 
modification 

processes 
(Lean, Ultra-

lean, etc)  

o  o  o  o  o  o  
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Q21 Overall, what was the level of effort the CM & ET provided for the 
following communication tasks? 

 Maximum  High  Moderate  Low  
Minimal to 

None  

Task Not 
Applicable 
to Project  

timely 
response to 

RFIs  o  o  o  o  o  o  
timely 

response to 
submittals  o  o  o  o  o  o  

coordinating 
power 

outages  o  o  o  o  o  o  
coordinating 
phasing and 
scheduling  o  o  o  o  o  o  
validating 

RFI 
responses 
from other 

government 
personnel  

o  o  o  o  o  o  
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Q22 Overall, what was the level of effort the CM & ET provided for the following cost 
and schedule control tasks? 

 Maximum  High  Moderate  Low  
Minimal to 

None  

Task Not 
Applicable 
to Project  

maintaining 
and tracking 
the schedule  o  o  o  o  o  o  

review of 
initial 

construction 
schedule  

o  o  o  o  o  o  
processing 
invoices  o  o  o  o  o  o  
review of 

requests for 
time 

extensions  
o  o  o  o  o  o  
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Q23 Overall, what was the level of effort the CM & ET provided for the 
following quality assurance tasks? 

 Maximum  High  Moderate  Low  
Minimal 
to None  

Task Not 
Applicable 
to Project  

final inspection  o  o o  o o  o  
QA site visits  o  o o  o o  o  

pre-final inspection  o  o o  o o  o  
punchlist review  o  o o  o o  o  

turnover/commissioning  o  o o  o o  o  
spot checks of material 

quality  o  o o  o o  o  
attendance at QC 

meetings  o  o o  o o  o  
constructability reviews  o  o o  o o  o  
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Q24 Overall, what was the level of effort the CM & ET provided for the following safety 
assurance tasks? 

 Maximum  High  Moderate  Low  
Minimal to 

None  

Task Not 
Applicable 
to Project  

review of 
high-risk 

safety plans  o  o  o  o  o  o  
site 

inspections 
of high-risk 

activities  
o  o  o  o  o  o  

review of 
APP and 

AHA  o  o  o  o  o  o  
spot checks 

of 
Contractor 

Safety 
Toolbox 
Meetings  

o  o  o  o  o  o  

 
 
Q25 If you would like to add any additional information about the level of project 
oversight provided by the CM and ET that you believe is important, please do so here: 

________________________________________________________________ 
 

 
Thank you for completing this survey! 

 
If you would like to receive an estimate of your project's measured outcome and the 

oversight level provided, please contact LT Heidi Lawrenz at (414) 841-9233 or 
lawrenz2@wisc.edu. 
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APPENDIX D – SURVEY RESULTS SUMMARY 
 

Phase I Survey Results 

Rank Task 
Mean 
Score  

Project 
Oversight 
Category 

1 processing modifications quickly 4.65 Change Mgt 

2  timely response to RFIs 4.55 Communication 

3 involvement in final inspection 4.52 QA 

4 timely response to submittals 4.52 Communication 

5  QA site visits 4.42 QA 

6 maintaining and tracking the schedule 4.42 Cost/Schedule 

7 Contractor selection (ex: Technical Evaluation Board) 4.39 Administration 

8 review of initial construction schedule 4.39 Cost/Schedule 

9  involvement in pre-final inspection 4.29 QA 

10 coordinating power outages 4.29 Communication 

11  punchlist review 4.26 QA 

12  involvement in turnover/commissioning 4.26 QA 

13 processing invoices 4.19 Cost/Schedule 

14 spot-checks of material quality 4.16 QA 

15 attendance at QC meetings 4.16 QA 

16 review of high-risk safety plans 4.16 Safety 

17  constructability reviews 4.16 QA 

18  coordinating phasing and scheduling 4.16 Communication 

19  review of requests for time extensions 4.1 Cost/Schedule 

20  site inspections of high-risk safety activities 4.03 Safety 

21  validating RFI responses from other government personnel 4.03 Communication 

22 drafting modification estimates & technical analyses 3.97 Change Mgt 

23 correct use of COR/COAR authority 3.94 Change Mgt 

24  documenting QA 3.9 QA 

25 utilizing the RedZone process 3.9 Administration 

26 coordinating pre-construction meetings 3.87 Communication 

27 
validating submittal responses from other government 
personnel 3.84 Communication 

28  review of Schedule of Prices 3.81 Cost/Schedule 

29 coordinating with stakeholders 3.81 Communication 

30 distributing close-out documentation 3.77 Administration 

31 use and review of the RFI log 3.74 Communication 
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Phase I Survey Results, continued 

Rank Task 
Mean 
Score 

Project 
Oversight 
Category 

    

32 review of QC Plan 3.74 QA 

33 updating stakeholders 3.71 Communication 

34 utilizing correct modification process (Lean, Ultra-lean, etc) 3.68 Change Mgt 

35  pre-award site visits 3.68 QA 

36 attendance at Three Phases of Control meetings 3.65 QA 

37 coordinating Government-furnished equipment 3.65 Communication 

38 review & use of the Submittal Log 3.61 Communication 

39 coordinating O&M training 3.52 Communication 

40  coordinating a laydown area 3.48 Communication 

41 spot checks of environmental laws/regulations compliance 3.45 Administration 

42  meeting negotiation objectives 3.39 Change Mgt 

43  attendance at QC tests 3.39 QA 

44 review of APP and AHA 3.39 Safety 

45 maintaining a COR file 3.23 Administration 

46 processing base access requests 3.19 Communication 

47 spot checks of Safety Toolbox Meetings 3.06 Safety 

48 application of the CREQ policy 3 Administration 

49 compliance with BMS processes 2.97 Administration 

50  coordinating warranty actions 2.94 QA 

51 updating eContracts 2.84 Administration 

52 spot checks of labor laws compliance 2.52 Administration 

53  conducting VIP tours 2 Communication 

54 coordinating ground-breaking / ribbon-cuttings 1.68 Communication 

55 spot checks of material procurement (Buy America Act) 2.84 QA 
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Phase II Survey Results 
Dependent Variable (y) 

  Measured Values Project Performance Factors (collected by survey) Aggregated 

% Cost Growth Actual % Schedule 
Growth 

Quality Safety Stakeholder Satisfaction Project Performance Score 

  Kendall p tau Kendall p tau Kendall p tau Kendall p tau Kendall p tau Kendall p tau 

ADMIN 

Contractor Selection 0.1686 0.1491 0.1488 0.1494 0.3502 -0.1032 0.8423 -0.0224 0.1578 -0.1519 0.2199 -0.1256 

Use of NAVFAC REDZONE Process 0.3626 -0.0893 0.1392 -0.1385 0.2635 -0.1114 0.7302 -0.0352 0.4151 -0.0788 0.5483 -0.0557 

Distributing close out document 0.1087 -0.16459 0.7448 0.0319 0.6439 -0.0484 0.1938 0.1386 0.6457 0.0468 0.4904 -0.067 

Spot checks of environmental regulations 0.7485 0.0317 0.3517 -0.0879 0.1603 -0.1411 0.7885 0.0275 0.3394 -0.0932 0.634 -0.0445 

CHANGE MANAGEMENT 

Processing Mods Quickly 0.0656 -0.1883 0.2204 -0.1207 0.05497 -0.20121 0.6837 -0.0436 0.1157 -0.1603 0.2092 0.1228 

Drafting Mod Estimates and Technical Analysis 0.0503 -0.2037 0.3698 -0.09 0.9209 0.0106 0.7974 0.0281 0.8347 -0.0217 0.8254 0.022 

Use of COR/COAR Authority 0.012 -0.2546 0.2276 -0.1177 0.3627 0.0944 0.6387 0.0499 0.1943 0.1306 0.6057 0.05 

Selecting the Correct Mod Process 0.2361 -0.1244 0.3843 0.0881 0.3414 0.103 0.3996 0.093 0.6851 0.0425 0.1067 -0.1621 

COMM. TASKS 

Timely Response to RFIs 0.1096 -0.1564 0.1379 -0.1388 0.8355 -0.0207 0.4957 0.0693 0.5909 0.0519 0.2867 -0.0987 

Timely Response to Submittals 0.2417 -0.1141 0.2248 -0.11298 0.6755 -0.0415 0.9909 -0.0012 0.916 0.0101 0.2684 -0.1021 

Coordinating Power Outages 0.5424 -0.0609 0.5375 -0.0591 0.9658 -0.0044 0.1249 -0.1598 0.7269 -0.0344 0.00262 -0.2852 

Coordinating Phasing and Scheduling 0.2675 -0.1077 0.5392 -0.05708 0.7549 0.0309 0.936 -0.0081 0.8194 0.0219 0.025 -0.2063 

Validating RFI Responses from other Gov 
Persons 

0.1641 -0.1375 0.2743 -0.1036 0.6886 -0.04055 0.6601 -0.0452 0.2917 -0.1033 0.1674 -0.1294 

C/S CONTROL TASKS 

Maintaining and tracking the schedule 0.5023 -0.0654 0.2504 -0.10701 0.7748 -0.0284 0.9773 -0.0029 0.8664 -0.0164 0.0759 -0.1637 

Review of the initial Construction Schedule 0.6304 0.0471 0.7895 0.0249 0.8065 0.0243 0.9293 0.0091 0.3482 -0.0905 0.06628 -0.1699 

Processing Invoices 0.8697 0.016 0.9038 0.0112 0.6976 -0.0384 0.3499 -0.0945 0.3089 -0.0976 0.0929 -0.1559 

Review of requests for time extensions 0.2 -0.1336 0.1776 -0.13473 0.6104 -0.0539 0.6469 -0.0496 0.2393 -0.1213 0.8375 -0.0204 

QA TASKS 

Final Inspection 0.0858 0.175 0.5419 0.0593 0.4344 -0.0809 0.0593 -0.2005 0.0955 -0.1676 0.01052 -0.247 

QA Site Visit 0.6297 0.0479 0.4722 0.0682 0.8549 -0.01846 0.7681 -0.0305 0.5786 -0.0544 0.0195 -0.2196 

Pre-final Inspection 0.5437 0.0614 0.9031 0.0085 0.3121 -0.1038 0.363 -0.0959 0.1841 -0.1325 0.003618 -0.2787 

Punchlist Review 0.8827 -0.0148 0.6585 -0.0423 0.8508 0.0193 0.8397 -0.021 0.729 -0.0342 0.00403 -0.2727 
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Phase II Survey Results, continued 

  Measured Values Project Performance Factors (collected by survey) Aggregated 

  % Cost Growth Actual % Schedule 
Growth 

Quality   Safety 
  

Stakeholder Satisfaction Project Performance Score 

 Kendall p tau Kendall p tau Kendall p tau Kendall p tau Kendall p tau Kendall p tau 

Turnover/Commissioning 0.414 0.0823 0.7931 0.0253 0.3797 -0.0899 0.122 -0.1626 0.3847 -0.0865 0.0457 -0.191 

Spot Checks of Material and Quality 0.8378 -0.0201 0.05847 0.0514 0.5561 -0.0589 0.4991 -0.0691 0.1378 -0.1441 0.0136 -0.2298 

Attendance at QC Meetings 0.4484 -0.0761 0.7072 -0.034 0.7312 -0.035 0.4604 -0.0768 0.7056 -0.0373 0.0513 -0.1848 

Constructability reviews 0.237 0.1196 0.3066 0.0987 0.9743 0.0033 0.7941 -0.0274 0.5012 -0.0669 0.0245 -0.2156 

SAFETY ASSURANCE TASKS 

Review of High Risk Safety Plans 0.6571 -0.0441 0.8471 0.0184 0.2034 -0.1283 0.5288 -0.0653 1.00 0.00 0.1516 -0.1352 

Site Inspections of High Risk Activities 0.1978 -0.1316 0.2234 -0.1191 0.4897 -0.0718 0.5425 -0.0649 0.5463 0.061 0.3249 -0.0955 

Review of APP and AHA 0.7059 0.0369 0.7059 0.0352 0.07741 -0.1753 0.2637 -0.1134 0.154 -0.1374 0.0275 -0.2037 

Spots Checks of Contractor Safety Toolbox 
Meetings 

0.5005 -0.0643 0.9359 0.0073 0.0558 -0.1855 0.404 -0.0828 0.199 -0.1209 0.6455 -0.0415 
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APPENDIX E – STATISTICAL NOTES 
 
Z-scores & standardizing 
 

The process of converting a value from a normal distribution to a value for the 

standard normal distribution is called "standardizing" and requires the use of z-scores. 

A z-score (or standard score) represents the number of standard deviations a 

given value x falls from the mean, μ. A z-score is a measure of position that indicates the 

number of standard deviations a data value lies from the mean. It is the horizontal scale 

of a standard normal distribution. 

Z-score Calculation: 

• value being examined x  

• population mean μ 

• population standard deviation σ (Roberts, 2019) 

 
El Asmar’s Project Quarterback Rating (PQR) 
 

PQRj = (w1 x Z1j) + (w2 x Z2j) + (w3 x Z3j) + (w4 x Z4j) + (w5 x Z5j) 
SD 

       

where: 

 w# = weightings based on prioritization for each performance area 

 Z#j = normalized z-score for each performance area 

 SD = overall standard deviation of z-scores 

(El Asmar, Hanna, & Loh, 2015) 
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Cronbach’s Alfa 
 

 Measures how closely related a set of items are as a group, providing a measure of 

reliability.  

 0.7 is generally accepted as internally consistent.   

 Used to determine if individual oversight tasks could be combined into 

Responsibility Areas. (Vogt W. P., 2007)  

 
Kendall tau-b 
 
A non-parametric test that measures the strength and direction between two ordinal or 

continuous variables, such as two Likert-scale measured questions. 

Ho: There is no relationship between x & y. 

HA: There is a relationship between x & y. (Lund Research Ltd., 2018) 

 
Kruskal Wallis 
 
• A non-parametric test conducted on independent variables that consist of more than 

two categorical groups. 

• Only assumption: observations are independent. 

• Data are not required to have a normal distribution  

Ho: The k distributions are identical. 

HA: Not all distributions are the same. (Ott & Longnecker, 2010) 

 
Wilcoxon Rank-Sum 
 
• A non-parametric test equivalent to the Kruskal Wallis test, but for independent 

variables that consist of only two categorical groups (ex: ‘Yes/No’ questions). 
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• Only assumption: observations are independent. 

• Data are not required to have a normal distribution  

Ho: The distribution of the two populations x & y are the same. 

HA: x & y are shifted from each other. (Ott & Longnecker, 2010) 

 
Boxplots explained 

 
(Galarnyk, 2018) 

 
 

Determining Normality & Variance 
 

A Q-Q plot is a scatterplot created by plotting two sets of quantiles against one 

another. If both sets of quantiles came from the same distribution, we should see the 

points forming a line that’s roughly straight.  A relatively straight line indicates a normal 

distribution, whereas a curved line represents a skewed distribution. (Ford, 2015) 

 Similarly, variance is determined by plotting residuals versus fitted values of a 

data set.  A relatively equidistant spread of data points indicates homoscedasticity with 
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regularly distributed error, whereas a “bunching” of data points may indicate 

heteroscedasticity or nonlinearity. 
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