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Abstract 

Selecting a project delivery system (PDS) is one of the most important decisions for an owner 

to make when embarking upon a capital facilities project (CMAA 2012). PDS is defined as “the 

system that defines the relationship between different contracting parties and the timing of 

involvement in that relationship” (Hanna 2010). There is a wealth of information in the public 

domain about various delivery systems. Most of the cited literature divide the alternative PDSs 

into three basic categories: Design-Bid-Build (DBB), Construction Management at Risk (CMR), 

and Design-Build (DB). More recent studies, including this thesis, add a fourth PDS: Integrated 

Project Delivery (IPD). 

To varying degrees, much of the existing PDS literature has claimed that the more 

collaborative PDSs outperformed the less collaborative ones (Pocock et al. 1996; Songer and 

Molenaar 1997; Konchar and Sanvido 1998; Thomas et al. 2002; Rosner et al. 2009; Kulkarni et 

al. 2012; El Asmar and Hanna 2013; Olsen 2013 ; Hanna 2016). However, these studies have either 

studied the performance differences between the first three PDSs, or compared the performance of 

the fourth PDS to the three other ones collectively. No research studies have comprehensive ly 

investigated the statistical performance differences between the four PDSs. This study fills this 

missing gap by statistically examining the performance differences between DBB, CMR, DB, and 

IPD, with regard to 21 metrics spanning 8 different performance areas. Furthermore, this study 

takes the analysis process a step further by statistically examining the effects of unconventiona l 

stakeholder involvement, project leadership team integration, and the utilization of lean 

construction tools on project performance. 
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The results of this study show that there are statistical evidences of performance differences 

between the four PDSs with respect to 13 metrics spanning 5 performance areas: Communicat ion, 

Change Management, Business, Quality, and Schedule. Furthermore, these results indicate that 

IPD is the best performing PDS while DBB can be considered the worst. 

Furthermore, this study shows statistical evidences highlighting that regardless of PDS, 

project parties can greatly improve project delivery performance through being more involved 

early and throughout the duration of their projects, forming highly engaged and collaborative 

project leadership teams, and exploiting lean construction tools. 
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Chapter 1. Introduction 

While the construction industry makes up a noticeable portion of the U.S. economy, it is 

fraught with waste and inefficiencies. An often cited root cause of the industry’s overall poor 

performance is the confrontational culture promoted by its fragmentation. This is reflected in 

annually losing around $17-36B due to communication breakdowns between designers and 

constructors alone (Forbes and Ahmed 2011), and frequently failing to efficiently satisfy basic 

project’s objectives (CURT 2007). 

In order to substantially enhance construction project delivery, extensive improvements 

should take place in the three fundamental domains: 

1) The culture by which the project team operates, referred to as “tone” (El Asmar 2012), “social 

aspect” (Elkington 1998), and “project organization” (Thomsen et al. 2010; Cho et al. 2010; 

Smith et al. 2011). 

2) The Financial and legal terms by which the project is executed, referred to as “terms” (El Asmar 

2012), “economic aspect” (Elkington 1998), and “commercial terms” (Thomsen et al. 2010; 

Cho et al. 2010; Smith et al. 2011). 

3) The Project’s functional operational domain, referred to as “tools” (El Asmar 2012), 

“physical/functional aspect” (Elkington 1998), and “operating system” (Thomsen et al. 2010; 

Cho et al. 2010; Smith et al. 2011). 

This study provides comprehensive analyses with regards to these three domains through 

statistically examining: 

1) How unconventional stakeholder involvement, and project leadership team integration affect 

project performance (domain 1). 
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2) How project performance differs between the four main project delivery systems: DBB, 

CMR, DB, and IPD (domain 2). 

3) How the utilization of lean construction tools affects project performance (domain 3). 

In order to make sure that the topic is introduced in a clear way, the following section 

establishes a common understanding of some key terms as they apply to this research. Then, the 

rest of the chapter covers the background and motivation for this study, followed by the problem 

statement and the adopted methodology. 

1.1 Definition of Terms 

PDS is defined as “the system that defines the relationship between different contracting 

parties and the timing of involvement in that relationship” (Hanna 2010). The PDSs investigated 

in this research are: Design-Bid-Build (DBB), Construction Management at Risk (CMR), Design-

Build (DB), and Integrated Project Delivery (IPD). 

In (2012), CMAA reported that the most commonly adopted delivery system was DBB 

which normally consists of three sequential phases: design, procurement, and construction. 

According to this delivery system, the owner enters into two separate sequential contracts: first, 

the owner contracts with the designer(s); then, when the design is 100% complete, the owner 

contracts separately with the chosen builder(s) to build the facility, usually based on lowest bid 

basis. As a result of these two contracts, there exists an indirect third-party relationship between 

the designers and the builders. The fundamental structure of DBB makes it the least integrated 

PDS, because its linear progression practically eliminates the opportunity to include the builder’s 

expertise early in the capital facilities process which in many cases result in inefficient designs, 

increased errors, and change orders as well as higher costs, and longer project durations (Konchar 

and Sanvido 1998). Furthermore, since there is no direct contractual relationship between the 
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contractor and the designer, and no opportunity for collaboration during the design phase, DBB is 

very susceptible to confrontational relationships among all parties when issues develop (CMAA 

2012). Figure 1 presents a simple schematic outlining the contractual relationships within DBB. 

CMR describes a project delivery system in which the owner contracts with a construction 

manager-at-risk to provide advisory management assistance to the owner throughout the design 

phase, and then act as a general contractor during the construction phase. The construction 

manager-at-risk is subsequently responsible for delivering the project within its guaranteed 

maximum price (GMP). This GMP is usually established when the design is around 50 to 90 

percent complete. This structure creates a potential for disputes about how the remaining design 

could have been foreseen at the time of the negotiated bid (CMAA 2012). Furthermore, adversarial 

behaviors regarding quality, completeness of design, project schedule, and overall budget can arise 

after the construction manager-at-risk converts from its initial role to its contractual role of being 

the general contractor (Olsen 2013). Figure 2 presents a simple schematic outlining the contractual 

relationships within CMR at risk project delivery. 

Owner 

Consultant Consultant 

Sub Sub 

Architect 

Contractor 

Consultant Sub 

CMR 

Sub 

Architect 

Consultant 

Owner 

Figure 1: Schematic Outlining the Contractual Relationships within DBB 

Figure 2: Schematic Outlining the Contractual Relationships within CMR 
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DB describes a project delivery system in which the owner prepares a conceptual plan for 

the project; then, contracts with one entity (usually a joint venture of designers and builders) for 

the design and construction of the project (Halpin 2006). Therefore, the designers and builders 

provide a single point of responsibility for the owner. Typically, the builder (contractor) gets 

involved when design is around 20% complete; however, the exact percentage of design complete 

varies from one project to another (El Asmar and Hanna 2013). Although DB offers the 

opportunity to save time and money, there is a risk for the owner and other stakeholders to lose 

involvement throughout the process. Accordingly, it is difficult for the owner to be assured of 

receiving the maximum value in return to its money unless there is remarkable transparency from 

the DB team (CMAA 2012). Also, the owner should recognize the extensiveness that must be put 

into the initial conceptual plan, as it forms the foundation of the contractual relationship. Figure 3 

presents a simple schematic outlining the contractual relationships within DB. 

IPD is a relatively emerging project delivery system; however, its underlying concepts have 

been around for many years. IPD focuses on aligning the interests of the primary team members, 

trusting that collaboration and integration can result in optimal project performance. Therefore, 

IPD projects are distinguished by having a multiparty agreement between the key stakeholders 

who get involved very early in the project course (when 0% of design is complete). Therefore, IPD 

Owner 

Sub 

Designer-
builder 

Sub 

Consultant 

Consultant 

Figure 3: Schematic Outlining the Contractual Relationships within DB 
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tends to retain the advantages of the modern industry’s specialization, while maintaining 

cooperative collaboration between these different specializations from the very beginning of the 

project. Therefore, IPD tends to benefit from the old master-builder ideology. Many recent 

publications and case studies present IPD as a potential solution for many of the industry’s 

problems that will be discussed in the following section. Figure 4 presents a simple schematic 

outlining the parties’ relationships within IPD. 

1.2 Background and Motivation 

This section starts with presenting numerous challenges that the construction industry has 

been facing, including cost, schedule, productivity and safety problems. Then, this section will 

cover the potential root causes for such challenges. From there, the motivation behind this study 

will be presented. 

Architect 

Sub 

Owner 

Builder 

Sub 

Sub 

Sub 

Sub 

Sub 

Sub 

Sub 

Sub 

Sub 

Figure 4: schematic outlining the parties’ relationships within IPD 
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1.2.1 Construction Industry Challenges 

The construction industry and its related activities represent a sizeable portion of the global 

economy. As of 2015, the construction industry has accounted for a total spending of $1.098 trillion, 

partaking 4 to 6 percent of the U.S. gross domestic product (GDP), depending of the figures used, 

and employing more than 4% of the U.S. labor force (U.S. Consensus Bureau 2015; U.S. Bureau 

of Labor Statistics 2015; Bureau of Economic Analysis 2015). Although it is quintessential for the 

prosperity of any nation, the construction industry continues to suffer from declining productivity. 

In the U.S., it is estimated that the productivity of the construction industry has been 

dropping at an average rate of -0.5% per year since the 1960s. Despite technological developments, 

the construction productivity decreased between 1964 and 2004 by nearly 20%, whereas non-farm 

industries have more than doubled their productivity over the same period as depicted in Figure 5 

(Teicholz et al. 2001 and 2004). On the other hand, it is worth mentioning that one of the frequently 

cited reasons behind the productivity improvements of the non-farm industries is the revolutio nary 

Toyota Production System (TPS), often referred to as lean (Liker 2004). 

Figure 5: Graph of Productivity Index for Construction and All Non-Farm Manufacturing Industries (1964-2003) 
(Teicholz et al. 2001 and 2004) 
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In (2012), Hanna continued studying productivity trends from 2005 to 2011, concluding 

that the productivity of the construction industry continued to decline at an approximate rate of      

-0.7% per year, whereas all other non-farm industries improved their productivity at a rate of 1.7% 

per year, as illustrated in Figure 6. Furthermore, Hanna (2010) drew the same conclusions 

regarding the productivity trends of the Canadian construction industry. 

 
Moreover, in (2010) Hanna highlighted that labor is the largest cost component of typical 

construction projects, accounting for 40-60% of total cost and concluded that only 42% of labor 

time can be considered as value-adding, as illustrated in Figure 7. Based on Hanna’s findings, El-

Asmar (2012) argued that around 1.5% of the total U.S. GDP can be labeled as pure waste entirely 

resulting from construction. 

Figure 6: Graph of Productivity Index for Construction and All Non-Farm Manufacturing Industries (2005-2011) 
(Hanna 2012) 

 

 



8 
 

Furthermore, Hanna’s data is also matched up by Horman and Kenley (2005), who 

conducted a meta-analysis of 24 published studies on building projects over the past 30 years, and 

reported that 49.6% of operational time was wasted without adding value in their case projects. 

Such statistics have resulted in a noteworthy concerns, advocating “lean construction,” defined by 

CII as “the continuous process of eliminating waste, meeting or exceeding all customer 

requirements, focusing on the entire value stream, and pursuing perfection in the execution of a 

constructed project” (Forbes and Ahmed 2011). 

The previously illustrated drop in productivity has been accompanied by an increase in 

construction costs and biding prices, as shown in Figure 8. In (2016), TBD consultants reported 

the bid index of the first quarter of 2016 to be 187.11 with the base year being 2003. 

Figure 7: Value Added Labor in Construction (Hanna 2010) 
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Overall, construction projects frequently perform poorly with respect to the commonly 

used success measures: cost, schedule, and quality, and thus ultimately fail to satisfy owners’ 

expectations (CURT 2007). In 2000, it was estimated that $200B of the $650B annual expenditure 

on construction in the U.S. can be attributed to mistakes, inefficiencies, and delays (Economist 

2000). In 2007, the National Cooperative Highway Research Program reported that only 35% of 

transportation projects that cost above $5 million are delivered on time, and less than 20% of such 

projects are delivered on or under budget (NCHRP 2007). In (2008), AIA reported that 25 to 40 

percent of the national solid waste stream is building-related waste, and only 20 percent of 

construction waste or demolition debris (C&D) is recycled. In 2010, the Construction Management 

Association of America (CMAA) reported that 40% to 50% of all construction projects are not 

delivered on time (Thomsen et al. 2010). Additionally, Smith et al. (2011) list additional industry 

problems, including: safety, productivity, errors and litigation, design quality, an adversarial 

culture caused by traditional contracts, owners losing money, and constructors bearing too much 

risk.  

Figure 8: TBD Bid Index plotted alongside the ENR's San Francisco Building Cost 
Index (TBD 2016) 
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Emphasizing the industry’s safety-related problems, in 2014 construction fatalities took 

place at a rate of approximately 3.4 fatalities/working day, in addition to 1400 construction 

injuries/working day (U.S. Department of Labor 2014). Moreover, three of the top 10 most 

frequently cited OSHA standards violated in fiscal year 2015 were entirely dedicated to the 

construction industry (OSHA 2015). 

1.2.2 Potential Root Causes 

One of the regularly cited root causes of the decline in the overall construction performance 

is the increased fragmentation throughout the construction industry (Teicholz 2001). According to 

Abadi (2005), fragmentation is “the division resulting from the increasing number of both 

professions and organizations involved in all processes of a building project. This has been caused 

by the growing demand for differentiation and specialization as building projects increase in both 

size and complexity.” Fundamentally, fragmentation is inherent in traditional project delivery 

systems, thus promoting a confrontational culture and a lack of feedback loops or coordination 

between design and construction (Russell 1994). Furthermore, a “project-first” attitude is not 

required in transactional contracts, and mutual trust has been a major concern for construction 

stakeholders (Thomsen et al. 2010). This has resulted in having each stakeholder padding their 

estimated costs due to perceived risk and passing the bill to owners (Olsen 2013). As a result, 

construction claims have been skyrocketing. Hence, a considerable portion of stakeholders’ 

energy, effort, time, money and other resources are being wasted for the mere preparation of facing 

or issuing such claims, as well as passing/transferring risks to other stakeholders. Such behavioral 

dynamics result in inefficiencies during the construction phase such as increased project 

complexity, rework, costs, and durations as well as an unappealing work environment 

(Evbuomwan and Anumba 1998). This has resulted in further lack of trust between stakeholders, 
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thus impeding the formation of effective teams, which results in further inefficiencies in the project 

delivery process (Nawi et al. 2014). 

Such behavioral dynamics can be elucidated, to an extent, by referring to “the tragedy of 

the commons.” The tragedy of the commons is a fundamental economic theory that describes a 

situation within a shared-resources system where individuals, acting independently according to 

their own self-interests, behave opposing to the common good of the whole system, includ ing 

themselves, by exhausting these resources (Hardin 1968). In construction, each stakeholder, acting 

independently according to its own self-interests, behave on the expense of overall project success, 

and thus contrary to the common good of all stakeholders. Realization of such behavior ultima te ly 

led to the development of IPD. 

1.2.3 Research Motivation 

By any account, the construction industry makes up a noticeable portion of the U.S. 

economy, and is fraught with waste and inefficiencies. Accordingly, any opportunities to improve 

productivity and efficiency could achieve substantial returns. To highlight the magnitude of the 

effect of improving overall construction performance, LePatner (2008) estimated that a one-time 

improvement of 10% in construction productivity alone could generate enough direct economic 

growth to save Social Security. Moreover, improvements in construction lead to safer buildings, 

better infrastructure, more sustainable facilities, lower housing costs, and most temptingly, lower 

taxes (Grebler 1973). Furthermore, the benefits of improved construction performance are in ripple 

effect, since the price of every factory, office, building, hotel, or power plant affects the price that 

must be charged for the goods or services produced in or by it. Therefore, improving the 

construction performance can have influential ripples that can ultimately enrich the economy as a 

whole. As a result, this thesis investigates potential solutions for the previously explained 
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behavioral dynamics of the construction industry that can be considered as one of the major root 

causes of the industry’s various problems. 

1.3 Problem Statement 

To varying degrees, much of the existing PDS literature has claimed that the more 

collaborative PDSs outperformed the less collaborative ones ( Pocock et al. 1996; Songer and 

Molenaar 1997; Konchar and Sanvido 1998; Thomas et al. 2002; Rosner et al. 2009; Kulkarni et 

al. 2012; El Asmar and Hanna 2013; Olsen 2013 ; Hanna 2016). However, these studies have either 

studied the performance differences between the DBB, CMR, and DB, or compared the 

performance of IPD to the three other ones collectively. No research studies have comprehensive ly 

investigated the statistical performance differences between the four PDSs. This study fills this 

missing gap by statistically examining the performance differences between DBB, CMR, DB, and 

IPD, with regard to 21 metrics spanning 8 different performance areas. Furthermore, this study 

takes the analysis process a step further by statistically examining the effects of stakeholder 

involvement, project leadership team integration, and the utilization of lean construction tools on 

project performance. 

1.4 Research Contribution 

This research provides the AEC industry as well as the construction engineering and 

management community with four main contributions: 

1. A statistical investigation of project performance differences between the four main 

PDSs: DBB, CMR, DB, and IPD across a wide range of metrics, thus guiding project 

stakeholders in making well-informed decisions when choosing a delivery system;  
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2.  A verification of how stakeholder involvement affects project performance across a wide 

range of metrics, thus motivating project stakeholders to be more involved early and 

throughout the duration of their projects, regardless of their PDSs;  

3. An exposition of how project leadership team impacts project performance across a wide 

range of metrics, thus encouraging project stakeholders to form highly engaged and 

collaborative project leadership teams for their projects, regardless of their PDSs; and 

4. A demonstration of how the utilization of lean construction tools affects project 

performance across a wide range of metrics, thus incentivizing project stakeholders to 

exploit lean construction tools in their projects, regardless of their PDSs. 

1.5 Methodology and Thesis Organization 

This research is part of a continuous effort at the University of Wisconsin-Madison that has been 

dedicated to filling the void of quantitative IPD research. This research consists of three main stages, as 

depicted in Figure 9. 

 The first main stage consists of two steps. Step one was exploring the literature, and 

appreciating the current state of knowledge regarding the challenges facing the construction 

industry (Chapter 1), project delivery comparisons, and project performance metrics (Chapter 2). 

The second step is compiling the available data. Chapter 3 presents a thorough description of the 

subject data. Also, Appendix B demonstrates the data collection questionnaire that was origina l ly 

used in collecting the subject data. Together, the literature review and data compilation paved the 

way to the second stage: specifying the variables of interest. These variables were divided into 

explanatory variables, and response variables, as will be explained in Chapter 3. Afterwards, the 

research moved to its third stage through using these variables in performing four comprehens ive 

analyses, as will be demonstrated in Chapters 4, 5, 6, and 7. 
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Figure 9: Main Stages of Research Methodology 
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Chapter 2. Literature Review 

In (1987), Branca stated that DBB, CMR, and DB were the most frequently used delivery 

systems in the U.S. construction industry. In (2005), Matthews and Howell defined IPD as “a 

relational contracting approach that aligns project objectives with the interests of key 

participants.” Furthermore, the authors demonstrated that implementing IPD resulted in a 10% 

cost saving while executing the Orlando Utilities Commission North Plant. Also, in (2005), Lichtig 

established a contracting model to support IPD for Sutter Health in California. In his paper, the 

author explained commercial strategies, such as team selection through quality-based evaluat ions 

and interviews, collaborative design, and early involvement of major subcontractors. Also, he 

argued that the true objective behind risk management is sharing and reducing overall project risk, 

and not merely shifting the risk to other project participants. Furthermore, Lichtig introduced the 

concept of shared savings through an incentive program in order to complement his vision of a 

sharing environment. Moreover, Lichtig defined a dispute resolution process in order to preserve 

the relationships between the different project parties. Finally, Lichtig emphasized Sutter’s five 

bid ideas around which this contracting model revolved: “1) collaborate; really collaborate; 2) 

Increase relatedness among all project participants; 3) Projects as networks of commitments; 4) 

Optimize the project not the pieces; and 5) Tightly couple action with learning.” In (2012), CMAA 

stated that DBB, CMR, DB, and IPD are the four main delivery systems, and that other delivery 

systems can be considered as variations of these four. To varying degrees, much of the existing 

PDS literature has claimed that the more collaborative PDSs outperformed the less collaborative 

ones. However, these studies have either studied the performance differences between the first 

three PDSs, or compared the performance of the fourth PDS to the three other ones collective ly. 

Following is a summary of some of the main PDS-related publications. 
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2.1 Comparing Project Delivery Systems 

In (1993), Oberlander and Zeitoun compared DBB, CMR and DB. Although the study did 

not conclude statistical relationships between the PDS type and growth in project cost and 

schedule, it recognized some early warning signs of cost and schedule growth. 

In (1995), Molenaar studied the performance differences between DBB and DB public 

sector projects, concluding that owners tend to be satisfied with the performance of DB projects. 

In (1996), Songer and Molenaar analyzed seven DB selection factors, concluding that DB is 

becoming a viable alternative delivery system as a result of the time savings it achieves. In (1996), 

Pocock compared the performance of DBB, DB, and partnered projects using 209 military 

construction projects. He concluded that DBB projects performed the worst with respect to 

schedule growth, modifications, and design deficiencies. Also, in (1996), Bennett et al. compared 

cost, schedule and quality performance of 332 DB and DBB projects in the UK. The authors 

concluded that DB projects result in improvements of delivery speed by 30% and construction 

speed by 12%, as well as a 13% reduction in unit cost. 

In (1998), CII directed a national study conducted by Sanvido and Konchar to compare the 

performance of DBB, CMR, and DB projects. In order to do so, the authors studied 351 projects 

in U.S. general building market sectors. This study concluded that DB had a superior performance 

over CMR, which in turn had better performance than DBB in terms of unit cost, construction 

speed and delivery speed. 

In (1999), Molenaar et al. analyzed 104 DB public sector projects. The authors concluded 

that 59% of the DB projects were within 2% or better cost growth, and 77% of the projects were 
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within 2% or better schedule growth. Also, they demonstrated that most owners were satisfied 

with the performance of DB. 

In (2002) CII directed another study funded by the National Institute of Standards and 

Technology (NIST) and conducted by Thomas et al. to compare the performance of DBB and DB 

projects. In order to do so, the authors studied 617 projects using CII benchmarking data. This 

study concluded that for owner-submitted projects, DB outperformed DBB with respect to 

schedule, changes, and rework. On the other hand, contractor-submitted projects showed that DB 

outperformed DBB with respect to changes only. However, these projects showed that DBB 

project outperformed DB projects in terms of schedule. Finally, the authors concluded that DB 

projects were more prone to utilizing cited best practices, when compared with DBB projects.  

In (2003), Ibbs et al. compared the performance of DBB and DB projects. In order to do 

so, the authors studied the performance of 67 CII projects. This study concluded that DB projects 

out-performed DBB projects with respect to schedule growth. However, this study concluded that 

there were no statistically significant differenced regarding cost and productivity performances. 

In (2005), Riley et al demonstrated that the early involvement of Design-Build Mechanical 

Contractors (DBMC) resulted in substantial enhancements over the typical DBB approach. These 

enhancements were in terms of initial cost savings and efficient final product. Furthermore, the 

authors noted that DBMC were more willing to utilize innovative solutions, including lean 

principles. 

In (2006), Debella and Ries studied the performance of single-prime delivery, multi-pr ime 

delivery, and multi-prime with construction management agent. The authors studied 105 public 

school projects, and concluded that the multi-prime with agent delivery out-performed the two 
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other delivery systems in terms of construction speed. On the other hand, the authors demonstrated 

that the single-prime delivery system experienced less litigations, as compared to the multi-pr ime 

delivery systems. 

In (2008), Rojas and Kell dedicated a study to comparing the cost performance of DBB 

and CMR public school projects. In order to do so, the authors studied 273 DBB and 24 CMR 

projects. The authors concluded that DBB tended to have less cost growth percentage than CMR. 

Also, the authors noted that 75% of the CMR projects they investigated exceeded their GMP. 

However, it is worth noting that these findings apply only to the study’s limited scope of public 

schools in the U.S. Pacific Northwest. 

In (2010), Korkmaz et al. studied 12 in-depth case studies delivered through DBB, CMR, 

and DB in order to investigate the influence of project delivery systems on achieving sustainab le 

high performance buildings. The authors concluded that, overall, CMR and DB projects 

outperformed DBB projects. Also, the authors noted that DBB projects displayed the highest cost 

growth percentages. Furthermore, this study reported that owner commitment and timing of 

participant involvement affects team integration which tends to influence final project outcomes. 

Moreover, in (2010b) Korkmaz et al. investigated more than 100 variables in 40 projects covering 

DBB, CMR, and DB. The authors concluded that CMR and DB outperform DBB with regards to 

delivery speed. Furthermore, in (2010), Kent and Becerik-Gerber recognized the lack of IPD-

related research, other than published case-studies. Accordingly the authors launched an IPD-

related qualitative survey which was answered by 415 respondents. The authors reported that: 1) 

70.3% of respondents perceived IPD projects to have fewer change orders and more cost savings; 

2) 69.4% of respondents perceived IPD projects to have shorter/more efficient project schedules; 

3) 58.6% of respondents perceived IPD project to have fewer requests for information (RFIs); 36% 
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perceived IPD projects to have less construction administration; and 21.6% of respondents 

perceived IPD projects to have better safety performance. Furthermore, the authors stated that 

improved quality, less friction, and more enjoyable experiences were reported by the study’s 

respondents. Although the findings of this study are important, they are not 

statistically/quantitatively-based.  

 In (2011), Cho and Ballard examined the performance differences between IPD and non-

IPD projects, in addition to investigating the effect of utilizing the Last Planner System on project 

performance. Based on 49 projects, the authors concluded that there were no statistical evidences 

for superior performance by IPD projects as compared to non-IPD projects, thus opposing all the 

presumed claims and beliefs. However, it is worth mentioning that in their statistical analysis, the 

authors measured project performance as the sum of cost reduction and time reduction without 

considering other metrics such as quality, safety, and communication, among others.  

In 2012, the University of Wisconsin-Madison dedicated a considerable amount of effort, 

under the supervision of Dr. Awad S. Hanna, to filling the void of quantitative IPD research.In 

(2012), El Asmar performed extensive univariate and multivariate statistical analyses, based on 35 

projects, and provided statistical evidences for superior performance by IPD projects as compared 

to non-IPD projects. This superior performance was achieved in 14 metrics spanning 6 

performance areas, and was proven statistically significant at 0.05 significance threshold. In 

(2013), Olsen continued this effort by collecting and statistically analyzing 32 projects. Olsen 

concluded that there were statistical evidences for superior performance by IPD/IPD-ish projects 

as compared to non-IPD projects in 2 metrics spanning 2 performance areas. The results of these 

two studies are summarized in Table 1. Furthermore, Iwanski (2013) investigated the performance 

of IPD projects from a subcontractor’s perspective by analyzing 32 projects. Iwanski provided 
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statistical evidences for superior performance by IPD projects as compared to non-IPD projects 

with respect to four metrics related to quality, schedule, communication, and change management. 

Table 1: Summary of Individual Performance Metric Analysis Results (El Asmar 2012) and (Olsen 2013) 

Performance Metrics 

Statistically significant (at 
0.05) superior performance 
for IPD Projects 
(El Asmar 2012) 

Statistically significant (at 
0.05) superior performance 
for IPD/IPD-ish Projects 
(Olsen 2013) 

Request For Information (RFI) Yes Yes 
RFI Processing Time Yes No 
Rework No No 
Resubmittals  Yes No 
Total Percent Change No No 
Change Order Processing Time  Yes Yes 
Design Changes  Yes N/A 
Regulatory Changes Yes N/A 
Additions / Deletions No N/A 
Overhead & Profit Yes No 
Company Image for Return Business  No No 
Cost Growth  No No 
Unit Cost  No No 
Overall System Quality Yes No 
Deficiency Issues  Yes No 
Punchlist Cost Yes No 
Punchlist Items Yes No 
Warranty Costs  Yes No 
Latent Defects No No 
Lost-Time-Injury Rate No No 
OSHA Recordable Rate No No 
Construction Speed No No 
Construction Schedule Growth  No No 
Delivery Speed Yes No 
Delivery Schedule Growth No N/A 
Schedule Intensity No No 
Schedule Acceleration Practices No No 
PPC Trend No No 
Labor Factor No N/A 
Tons of Waste Yes N/A 
Recycling Rate  No N/A 
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Funded by Charles Pankow Foundation (CPF) and CII, Leicht et al. (2016) studied 204 

capital facility projects and concluded that the key to successful projects lies in adopting strategies 

that align the core project team, rather than the mere PDS type. According to this interesting study, 

these critical strategies are: early involvement, qualification-based selection, and cost 

transparency. Furthermore, the authors showed that the higher performing teams tend to participate 

more in integrated practices and develop into a cohesive group. 

Finally, it is important to acknowledge the difficulty of performing statistical comparative analysis 

between different PDSs, because authors must have access to sufficient data regarding adequate number of 

projects. As a result, there are far more case studies proclaiming the benefits of IPD than there are statistical 

comparative analyses providing evidence of superior performance.  In nearly all published IPD case studies, 

projects were successfully completed on/ahead of schedule, on/under budget, and with positive relations 

between project parties (Franz and Leicht 2012). 

To summarize this section, most of the discussed studies have claimed that the more 

collaborative PDSs tend to outperform the less collaborative ones. However, the degree of 

performance superiority differed from one study to another according to the performance areas 

being investigated as well as the project types being analyzed. Table 2 provides a summary of the 

studies most relevant to this research, and highlights their major focus areas. 
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Table 2: Literature Summary of Comparing PDS 
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Year 1993 1995 1996 1996 1996 1998 1999 2000 2002 2003 2006 2008 2009 2010 2011 2012 2013 2013 2016 

Delivery Systems Compared  

DBB * * * * * *   * * * * * * *   * * * * 

CMR *         *           *   *   * * * * 

DB * * * * * * * * * *     * *   * * * * 

Others       *           * *       * * * *   

IPD                             * * * * * 

Data Overview  

Quantitative 
data *     * * * * * * * * * * * * * * * * 

Qualitative 
data         * * *             *   * * * * 

Private 
sector     *   * *     *         *   * * * * 

Public 
sector * * * * * * * * *   * * * *   * * * * 

Number of 
projects 106 NA NA 209 332 351 104 2 617 67 105 297 77 40 49 35 32 32 204 

Parts of this table are adapted from Sanvido and Konchar (1998) and El Asmar (2012) 
Only the name of the first author is included in the table.  Full citations are included in Appendix A 
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2.2 Performance Metrics 

While reviewing the literature, special consideration was dedicated to studying the adopted 

performance metrics in each study. Needless to say, tracking the right performance metrics is one 

of the most important practices of effective management. In construction, the most frequently used 

performance metrics have been related to schedule, cost, and quality which are sometimes referred 

to as the “iron triangle” of metrics (Chan et al. 2002; Suk et al. 2012). Still, the particulars of how 

the performance metrics in each of these broad areas are measured vary from one study to the 

other. The following paragraphs provide a summary of the performance indicators adopted by the 

studies that are most relevant to this research. 

In (1996), Pocock measured the following metrics when comparing DBB, DB, and 

partnered projects: schedule growth, cost growth, design deficiencies and modifications, cost of 

claims, value engineering savings, safety, and average user satisfaction rating. Furthermore, he 

measured the degree of team integration, and showed that it positively impacts project 

performance. On the other hand, in (1996), Bennett et al. focused only on cost, schedule and quality 

performance metrics when comparing DBB and DB projects in the UK. 

In (1998), Sanvido and Konchar used the following metrics in order to study the 

performance differences between DBB, CMR, and DB projects: 

• Cost performance metrics: unit cost, cost growth 

• Schedule performance metrics: construction speed, delivery speed, schedule growth, 

as well as schedule intensity (cost per schedule measure). 

• Quality performance metrics: turnover quality, and systems (consolidated qualitat ive 

metrics) 
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In (1999), Molenaar et al. tracked the following metrics in order to study the performance 

of DB projects in the public sector: cost growth, and schedule growth, as well as qualitative metrics 

of quality with respect to the user’s expectations, construction administrative burden, and owner 

satisfaction with the overall project. 

In order to compare the performance of DBB and DB projects, Thomas et al. (2002) studied 

changes, rework, productivity, and “practice use” metrics, in addition to the typical cost and 

schedule measurements. In (2003), Ibbs et al. considered cost growth, schedule growth and 

productivity metrics in their study of comparing the performance of DBB and DB projects. 

In (2004), Chan and Chan provided a collective methodology to assess overall project 

performance. This methodology encompassed metrics regarding cost, schedule, safety, user 

expectation/satisfaction, and quality, as well as environmental and commercial performance. 

In (2006), Debella and Ries considered the following metrics in their study of comparing 

single-prime, multi-prime, and multi-prime with construction management agent deliveries in 

public school projects: unit cost, cost growth, construction speed, schedule growth, change orders, 

and litigations. 

In (2008), Rojas and Kell considered the following metrics in their study of comparing cost 

performance of DBB and CMR public school projects: cost growth percentage overall project cost 

growth, change order growth, and GMP performance. 

In (2009), Rosner et al tracked the following metrics while researching the U.S. Air Force 

construction projects: cost and schedule growth, change in the current working estimate to 

programmed amount, unit cost, modifications per million dollars, and total project time. 
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In (2010), Cho et al. measured metrics related to cost, schedule, safety, defects, and 

satisfaction, and named this framework the Commonly Acknowledged Performance (CAP).  

 In (2012), Franz and Leicht emphasized the importance of tracking safety and team-related 

metrics, in addition to the basic cost, quality, and schedule metrics. As a result, they tracked OSHA 

LTC rate, percentage of RFIs returned within three days, percentage of submittals returned as 

approved within two weeks, percentage of milestone dates achieved, percentage of change order 

responses within 30 days, percentage difference of buyout and pre-bid estimate, percentage 

difference of actual and target project costs, number of field installation conflicts, percentage of 

quality control log items resolved within 30 days, and other team metrics. 

Also in (2012), El Asmar and Hanna started the IPD research based in the University of 

Wisconsin-Madison by tracking 31 metrics from nine different performance areas as dependent 

variables. In (2013) Olsen and Hanna limited these metrics to 24 metrics spanning 8 performance 

areas. Both El Asmar’s and Oslen’s metrics were shown in Table 1. 

To summarize this section, Table 3 provides some of many central performance metrics 

that were investigated in PDS research. On the other hand, this research has tracked 21 metrics 

spanning 8 performance areas as will be shown in the following chapter.  
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Table 3: Summary of Performance Metrics Utilized in PDS Research 

Performance 
Area Performance Metric 
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Cost 
Unit Cost   * 

* * 
  

* 
* * *     * * 

Cost Growth * * * * * * * * * * 
Budget Factor         *       *   

Schedule 

Construction Speed   * 

* * 

  

* 

*         * * 
Delivery Speed   *             * * 
Schedule Growth * * * *   * *   * * 
Schedule Factor           *     * * 

Safety OSHA LTC Rate     * *   *         * * * 
Productivity Productivity Factor       * * *           * * 

Business Profit                       * * 

Quality 

Systems   * 

* 

    

* 

        

* 

* * 
Turnover   *                 
Defects                 * * 
Building Ownership                     

Occupants  Satisfaction           *               
 Functionality           *               
Operations 

& 
Maintenance 

Maintenance    
* 

                      
Service Cost                         
Energy Consumption                         

Other 

Practice Use      *                   
Claims       *     *         *   
Changes / Modifications *     *     *   *   * * * 
Material Waste                       *   
Other       *   *         * * * 

Parts of this table are adapted from El Asmar (2012) and Olsen (2013). 
Only the name of the first author is included in the table.  Full citations are included in Appendix A.
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Chapter 3. Data Description 

This chapter serves two purposes. First, it presents the final variables used in this study: 

explanatory variables, and response variables. Second, this chapter provides an initial look at the 

collected data by providing some general information about the dataset. 

3.1 Data Variables 

Throughout the following chapters, statistical models will be presented in order to 

investigate how the explanatory variables influence the response variables. Accordingly, for 

clarification purposes, the following sub-sections presents the explanatory variables as well as the 

response variables that have been investigated by this research. 

3.1.1 Explanatory Variables 

Explanatory variables are the variables that this research investigates as an attempt to 

explain the response variables. For this research, the explanatory variables are: Project Delivery 

System (PDS), Stakeholder Involvement, Project Leadership Team, and Utilization of Lean 

Construction Tools. 

3.1.1.1 Project Delivery Systems 

This research attempts explaining project performance differences by examining the 

performance differences between different project delivery systems. Therefore the first 

explanatory (factor) variable for this research is the PDS: Design-bid-build (DBB), Construction 

Management at Risk (CMR), Design-Build (DB), and Integrated Project Delivery (IPD). The 

performance of each PDS has been thoroughly examined using 21 performance metrics. 

Furthermore, the spread of each PDS has been included in the analyses of other explanatory 

variables with response variables, as will be explained in the following chapters. 
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3.1.1.2 Stakeholder Involvement 

In addition to examining the performance differences between the previously mentioned 

project delivery systems, this research thoroughly investigates the effect of stakeholder 

involvement on project performance. In order to achieve that statistically, this research has 

combined the responses to seven questions pertaining to the timing and collaboration of 

stakeholders, thus creating one comprehensive metric reflecting the overall stakeholder 

involvement on a project. These questions are: 

• How familiar was the contractor with the owner’s objectives and expectations? 

• Did the owner’s staff actively participate in the construction process? 

• Did the architect/engineer give adequate support during construction? 

• How involved was the CM/GC in the design/preplanning stage of the project? 

• How involved were the key subcontractors in the design/preplanning sage of the project? 

• Did the project team have a formal risk review process to identify and accept project 

risks before starting construction? 

• Did the key subcontractors participate in the risk assessment process? 

 Responses to the first five questions above were provided on Likert scales of Very familiar/ 

Very actively/Very Involved (9); Somewhat familiar/Some participation/Some involvement (3); 

A little familiar/participation/support involvement (1), or Not familiar/None (0). The remaining 

two questions; whether a project had a formal risk review process and if subcontractors were 

involved in a risk review process, had binomial responses with yes = 6 and no = 0.  A value of six 

was given for yes responses so they would have similar influence compared to the other five 

questions.  The seven scores were summed together resulting in a single “Stakeholder 

Involvement” factor.  
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3.1.1.3 Project Leadership Team 

Furthermore, this research has thoroughly investigated the effect of having a balanced, 

highly engaged, and collaborative project leadership team on project performance. In order to do 

so statistically, this research has combined the responses to nine questions, relating to the makeup 

of the project leadership team as well as its collaboration and engagement throughout the project, 

to form one comprehensive metric. The areas covered by the nine questions are shown below along 

with their responses and their equivalent quantitative scores. These scores were summed together 

resulting in a single “Project Leadership Team” factor. 

• The number of stakeholders represented in the team – quantitative response; 

• The authority of the team to make necessary decisions to manage and lead the project 

on a daily basis (No (0), Somewhat (1), Absolutely (3)); 

• Whether the team jointly developed project target criteria and goals                       

(No (0), Somewhat (1), Absolutely (3)); 

•  Whether the team made decisions collaboratively                                                     

(No (0), Somewhat (1), Absolutely (3));  

• Periodic project reviews were performed (Yes (1), No (0)); 

• Frequency of team meetings during the planning phase        

(None (0), Monthly (1), Biweekly (2), Weekly (3), Daily (4)); 

• Frequency of team meetings during the construction phase              

(None (0), Monthly (1), Biweekly (2), Weekly (3), Daily (4)); 

• Frequency of team meetings during the commissioning phase       

(None (0), Monthly (1), Biweekly (2), Weekly (3), Daily (4)); 

• If lessons learned were captured by the team                   

(Never (0), At completion (1), Throughout the project (3)).   
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3.1.1.4 Lean Construction Tools 

Since lean construction tools are focused on eliminating waste and maximizing value, the 

effect of utilizing lean construction tools on project performance has been thoroughly investigated 

in this research.  In order to achieve that statistically, this research has combined the responses 

regarding utilizing various lean construction tools into one comprehensive metric. In addition to 

the tools demonstrated in the Table 4, this research considered utilizing pull planning, and 

colocation, as well as the mere tracking of the overall project percent complete.  

Table 4: Part of the Investigated Lean Construction Tools 

  A lot (9) Some (3) A little (1) None (0) 
Last Planner System (LPS) for production control         
LPS: Tracking weekly commitments from the project team         
LPS: Tracking reliable promises / Percent Plan Complete         
5S - A policy that requires cleanliness, organization and 
orderly storage and movement plans. Gang boxes, tools and 
consumable supplies should be stocked and organized so that 
no time is spent searching for or retrieving common tools or 
materials. 

        

Set-Based Design - Set-Based Design requires carrying 
forward multiple alternatives to allow more time for analysis, 
only narrowing alternatives at the last responsible moment. 

        

Value Stream Mapping - to clearly identify and eliminate waste 
throughout the project.         

Proactive dynamic Target Costing or Target Value Design         
Daily Huddles – meeting with the field crews on a daily basis 
to review the schedule and plan the work.         

JIT - bulk materials are delivered just prior to installation 
    If utilized, indicate whether it was Site Warehouse (long 
batches for a long period), Minor Storage (short batches for a 
short period), or Material Off Truck 

        

Point Cloud technology such as Total Station         
Visual Management Devices         
Mock-ups for repetitive construction systems         
Project Training Sessions - to enhance team working ability, 
clarify Pull Scheduling and/or Last Planner System, etc.         

Constructability reviews         
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Survey respondents indicated the perceived level of effectiveness of co-location on their 

project on a scale of none, limited, good, exceptional which was converted to values of zero, one, 

three, and nine, respectively.  On the other hand, Pull planning was measured based upon the 

frequency of pull planning sessions and their perceived effectiveness.  Respondents indicated how 

often pull planning sessions were conducted using a scale of daily, weekly, monthly, or never and 

their responses were converted to numerical values of three, two, one, and zero, respectively.  The 

effectiveness of the pull planning was rated by the respondents using a scale of very, some, little, 

or none which were converted to scores of nine, three, one, and zero, respectively.  The two pull 

planning sub-factors were multiplied for a total pull planning score. Finally, the mere tracking of 

project percent complete was measured by a binary scale. All these scores, including the ones 

shown in Table 4, were summed together resulting in a single “Utilization of Lean Construction 

Tools” factor. Using this factor, the effect of utilizing lean construction tools on 21 performance 

metrics was statistically investigated as will be shown in the following chapters. 
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3.1.2 Response Variables: Performance Metrics 

This research focused on examining project performance using 21 performance metrics 

spanning 8 performance areas, as illustrated in Table 5. Also, a brief discussion of each 

performance area is provided in the following subsections. 

Table 5: The Examined Performance Metrics and their Corresponding Performance Areas 

Performance Area Performance Metric 

Communication 
Number of RFI’s per million dollars 
RFI Processing Time 
Resubmittals per Million Dollars 

Change 
Management 

Absolute Value of Project Percent Change 
Reason-related Percent Changes 

• Program-related Percent Change due to 
Additions and Deletions 

• Design-related Percent Change 
• Quality-related Percent Change 

Change Order Processing Time 
Business Company Image (Return Business) 

Quality 
Overall Quality of Project Systems 
Punchlist Items per Million Dollar 
Deficiency Issues per Million Dollars 

Safety Lost Time Incident Rate 
OSHA Recordable Rate 

Cost Construction Cost Growth 

Schedule 

Construction Speed 
Delivery Speed 
Schedule Growth 
Schedule Intensity 

Labor Work Value per Labor Cost 
Labor Productivity (Work Value per Labor Hours) 

 

  



33 
 

All raw project cost data was normalized to Chicago, Illinois prices as of January 2013 

using the Engineering News Record (ENR) Construction Cost Index (CCI) History table (ENR 

2013) and RS Means City Cost Index. The ENR CCI was used to normalize for time, whereas the 

RS Means City Cost Index was used to adjust for location.  The CCI is based upon steel, concrete, 

and lumber material prices as well as common labor rates (Grogan 2009a).  CCI was used instead 

of the Building Cost Index (BCI), another of ENR’s non-residential construction cost indexes, 

because it is less influenced by changes in material prices (Grogan 2009a) which have been 

dramatic due to the economic recession and depressed housing markets throughout the U.S. in 

recent years.   

 The national, 20-city average, CCI was used to account for the time period of construction 

because it provided a complete and up-to-date index based on the 20-city national averages for 

common labor and material.  Consistent with other CII Benchmarking literature, the time 

adjustment for project costs was based on the approximate halfway point of the construction period 

measured from the actual notice to proceed to actual substantial completion dates (Lilly and Hill 

2009).  The time adjustments were applied to the location adjusted prices according to the 

following equation: 

𝐶𝐶𝐶𝐶𝐶𝐶 𝑖𝑖𝑖𝑖 𝐽𝐽𝐽𝐽𝑖𝑖𝐽𝐽𝐽𝐽𝐽𝐽𝐽𝐽 2013 
𝐶𝐶𝐶𝐶𝐶𝐶 𝐽𝐽𝑎𝑎 𝑚𝑚𝑖𝑖𝑚𝑚𝑚𝑚𝑚𝑚𝑖𝑖𝑖𝑖𝑎𝑎 𝑚𝑚𝑜𝑜 
𝐶𝐶𝑚𝑚𝑖𝑖𝐶𝐶𝑎𝑎𝐽𝐽𝐽𝐽𝐶𝐶𝑎𝑎𝑖𝑖𝑚𝑚𝑖𝑖 𝑃𝑃𝑃𝑃𝐽𝐽𝑖𝑖𝑚𝑚𝑚𝑚

 

 × 𝐿𝐿𝑚𝑚𝐶𝐶𝐽𝐽𝑎𝑎𝑖𝑖𝑚𝑚𝑖𝑖 𝐴𝐴𝑚𝑚𝐴𝐴𝐽𝐽𝐶𝐶𝑎𝑎𝑃𝑃𝑚𝑚 𝐶𝐶𝑚𝑚𝐶𝐶𝑎𝑎 = 𝑁𝑁𝑚𝑚𝐽𝐽𝑚𝑚𝐽𝐽𝑁𝑁𝑖𝑖𝑁𝑁𝑃𝑃𝑚𝑚 𝑃𝑃𝐽𝐽𝑚𝑚𝐴𝐴𝑃𝑃𝐶𝐶𝑎𝑎 𝐶𝐶𝑚𝑚𝐶𝐶𝑎𝑎 

The project costs were adjusted for location using the RS Means City Cost Index. This 

index was used in lieu of the ENR city indexes because of the much larger selection of cities in 

the RS Means index.  In the event the exact city where a project was constructed was not included 

then the nearest city was used to account for cost variations due to location.  Also, the ENR cost 
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index by cities is more likely to misrepresent accurate figures because price data is collected from 

point sources and may not be consistent between cities (Grogan 2009b).  The equation used in 

making the location adjustments is: 

𝐶𝐶ℎ𝑖𝑖𝐶𝐶𝐽𝐽𝑖𝑖𝑚𝑚 𝐶𝐶𝑖𝑖𝑎𝑎𝐽𝐽 𝐶𝐶𝑚𝑚𝐶𝐶𝑎𝑎 𝐶𝐶𝑖𝑖𝑚𝑚𝑃𝑃𝐼𝐼
𝐶𝐶𝑖𝑖𝑎𝑎𝐽𝐽 𝐶𝐶𝑚𝑚𝐶𝐶𝑎𝑎 𝐶𝐶𝑖𝑖𝑚𝑚𝑃𝑃𝐼𝐼 𝐽𝐽𝑎𝑎, 𝑚𝑚𝐽𝐽 𝑖𝑖𝑃𝑃𝐽𝐽𝐽𝐽𝑃𝑃𝐶𝐶𝑎𝑎,

𝑎𝑎ℎ𝑃𝑃 𝑃𝑃𝐽𝐽𝑚𝑚𝐴𝐴𝑃𝑃𝐶𝐶𝑎𝑎

 × 𝐴𝐴𝐶𝐶𝑎𝑎𝐽𝐽𝐽𝐽𝑁𝑁  𝑃𝑃𝐽𝐽𝑚𝑚𝐴𝐴𝑃𝑃𝐶𝐶𝑎𝑎 𝐶𝐶𝑚𝑚𝐶𝐶𝑎𝑎 = 𝐿𝐿𝑚𝑚𝐶𝐶𝐽𝐽𝑎𝑎𝑖𝑖𝑚𝑚𝑖𝑖 𝐴𝐴𝑚𝑚𝐴𝐴𝐽𝐽𝐶𝐶𝑎𝑎𝑃𝑃𝑚𝑚 𝐶𝐶𝑚𝑚𝐶𝐶𝑎𝑎 

Throughout this thesis when any project cost data or metrics based upon cost are presented, 

the values have been adjusted as previously explained. 

3.1.2.1 Communication Performance Area 

Effective communication among stakeholders throughout the construction process is 

integral to successfully completing a project. There are many failure points for communica t ion 

that can lead to costly overruns and delayed completion of a project. Approximately $17-36B is 

lost annually due to communication breakdowns between designers and constructors alone (Forbes 

and Ahmed 2011). Therefore, this research focuses on communication performance as one of the 

major pillars of project performance. Three metrics were used to evaluate the project performance 

with regards to communication: number of Request for information forms (RFI’s) per million 

dollars, RFI processing time, and number of resubmittals per million dollars. 

RFI’s can be a major source of waste for projects. Therefore, a project with significant ly 

more RFIs is undesirable. For accurate comparison between projects of different sizes, the number 

of RFIs for each project was normalized on the project’s total cost. Accordingly, the resulting 

metric was the number of RFIs per million dollars. 

Another important perspective of evaluating project performance with regards to 

communication is how long it takes to process an RFI. RFI processing time is defined as the 
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duration from when a contractor submits an RFI until a response is received. However, for 

practicality reasons, each respondent was asked to just report the project’s average RFI processing 

time measured in weeks and not days. In this sense, a rating of 1 means 1-7 days, a rating of 2 

means 8-14 days, a rating of 3 means 15-21 days, a rating of 4 means 22-28 days, and a rating of 

5 means 29-35 days. More RFI processing time directly translates to more waiting time for needed 

information. Therefore, RFI processing time can be a major source of waste for projects. 

Furthermore, this research investigates the number of resubmittals that occurred 

throughout a project as another way of evaluating project performance with respect to 

communication.  Resubmittals include any project requirements such as samples, shop drawings, 

product data, etc. that were submitted by the contractor for approval of the owner or A/E. In order 

to perform a comparison across a number of projects of different sizes, the reported numbers of 

resubmittals have been normalized on final construction cost. Accordingly, the resulting metric is 

number of resubmittals per million dollars. 

3.1.2.2 Change Management Performance Area 

Changes during construction, at the very least, consume time and effort.  If not addressed 

in a timely manner, outstanding changes can have subsidiary consequences that, in many cases, 

negatively affect project outcomes. Overall, change performance data included the following 

metrics: absolute value of project percent change; reason-related percent changes (program-related 

percent change, design-related percent change, and quality-related percent change); and average 

change order processing time. 

Survey respondents provided input on project percent change in terms of total project cost.  

The absolute value of percentage changes was analyzed because changes that reduce project costs 
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can be as disruptive as changes that increase project cost. The resulting metric is the absolute value 

of project percent change. Projects with significantly higher percent change are highly undesirable, 

as usually these changes negatively affect the overall project performance (Hanna 2010).  

Furthermore, three reason-related percent change metrics have been thoroughly 

investigated by this research, as these metrics present a further step in indicating the cause of 

change, thus revealing a deeper level of the problem. CII Research Report 158-11 (2001) shows 

the two key reasons for changes are program additions or deletions, and design-related changes 

(including design changes, design coordination, and design errors). In addition to these two 

reasons, changes due to quality/value issues were investigated as advised by the research’s industry 

panel. Therefore, program-related percent change, design-related percent change, and quality-

related percent change were calculated for each project based on the absolute cost of each reason-

related change as compared to total project cost; thus creating three additional metrics that have 

been investigated as will be shown in the coming chapters.  

Another important metric regarding this performance area is how long it takes to process a 

change order. Change order processing time is defined as the period of time between the initia t ion 

of the change order and the owner’s approval of the change order. More change order processing 

time directly translates to more waste for projects. For practicality reasons, respondents reported 

the project’s average change order processing time measured in weeks. In this sense, a rating of 

“1” means “1-7 days”, a rating of “2” means “8-14 days”, a rating of “3” means “15-21 days”, a 

rating of “4” means “22-28 days”, a rating of “5” means “29-35 days”, a rating of “6” means “36-

42 days”, and a rating of 7 means “more than 42 days.” 
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3.1.2.3 Business Performance Area 

Given the competition within the industry, construction companies focus on creating a 

positive image for their companies through their projects for return business purposes. Therefore, 

this research focuses on the business continuity perspective regarding the business performance 

area. Respondents provided data on a five-point scale with very negative = -2, negative = -1, 

neutral = 0, positive = 1, and very positive = 2 in order to assess the effect of the subject project 

on their company’s image and potential for return business. This business metric is named: 

Company image/return business. Although qualitative, this metric identifies projects that lead to 

immediate return business and others that lead to a bad working relationship with clients. 

3.1.2.4 Quality Performance Area 

Quality is often cited as a major side of the “iron triangle” of metrics (Chan et al. 2002; Suk et al. 

2012). Needless to say, quality at various levels is one of the major goals for any construction 

project.  Since quality is hard to measure, both qualitative and quantitative performance metrics 

were evaluated to provide a comprehensive understanding of quality performance. Accordingly, 

the resulting quality performance metrics are: (1) overall quality of project systems, (2) punchlist 

items per million dollars, and (3) deficiency issues per million dollars. 

Overall quality of project systems offers a comprehensive measure for the quality of the 

project’s systems. Respondents were asked to provide the quality of each of the major project 

systems as well as the overall as built quality on a scale of 1 to 5, representing Economy, Standard, 

High Quality, Premium, or High Efficiency Premium. Table 6 lists these major project systems. 
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Table 6: Project Systems - Quality Performance Area 

Project Systems - Quality Performance Area 

Foundation Structure Interior Finishes 
Exterior Enclosure Roofing Mechanical Systems 
Electrical Systems Site Process Equipment 

Conveying Systems Specialties Overall As-built Quality 
 

The average score for the eleven primary systems quality was combined with the overall 

as-built quality score to generate a single comprehensive metric that was named “overall quality 

of project systems.” The higher overall quality of project systems scores are indicative of better 

quality. An equation describing the calculation of the overall quality of project systems is provided 

below: 

𝑂𝑂𝑂𝑂𝑃𝑃𝐽𝐽𝐽𝐽𝑁𝑁𝑁𝑁 𝑄𝑄𝐽𝐽𝐽𝐽𝑁𝑁𝑖𝑖𝑎𝑎𝐽𝐽 𝑚𝑚𝑜𝑜 𝑃𝑃𝐽𝐽𝑚𝑚𝐴𝐴𝑃𝑃𝐶𝐶𝑎𝑎 𝑆𝑆𝐽𝐽𝐶𝐶𝑎𝑎𝑃𝑃𝑚𝑚𝐶𝐶 = (0.5 × 𝐴𝐴𝑂𝑂𝑖𝑖. 𝑚𝑚𝑜𝑜 𝑃𝑃𝐽𝐽𝑖𝑖𝑚𝑚𝐽𝐽𝐽𝐽𝐽𝐽 𝑆𝑆𝐽𝐽𝐶𝐶𝑎𝑎𝑃𝑃𝑚𝑚𝐶𝐶) + (0.5 × 𝑂𝑂𝑂𝑂𝑃𝑃𝐽𝐽𝐽𝐽𝑁𝑁𝑁𝑁 𝐴𝐴𝐶𝐶𝐴𝐴𝐽𝐽𝑖𝑖𝑁𝑁𝑎𝑎 𝑄𝑄𝐽𝐽𝐽𝐽𝑁𝑁𝑖𝑖𝑎𝑎𝐽𝐽) 

In addition to the overall quality of project systems, this research considered the number 

of deficiency issues per million dollars as another quality metric. Deficiency issues are issues that 

arise during the course of construction, and can be related to numerous reasons, such as failed field 

inspections and jurisdiction problems. In order to perform a comparison across a number of 

projects of different sizes, the reported numbers of deficiencies have been normalized on final 

construction cost. Accordingly, the resulting metric is number of deficiency issues per million 

dollars. The lower values of this metric are indicative of better quality. 

Finally, this research investigated the number of punchlist items per million dollars as the 

third quality metric. Punchlist items are the uncompleted or unsatisfactory items remaining after 

the substantial completion of a project, such as components needing minor repairs or replacement. 

In order to perform a comparison across a number of projects of different sizes, the reported 
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numbers of punchlist items have been normalized on final construction cost. Accordingly, the 

resulting metric is the number of punchlist items per million dollars. The lower values of this 

metric are indicative of better quality. 

3.1.2.5 Cost Performance Area 

Cost performance is often cited as another major side of the “iron triangle” of metrics (Chan et 

al. 2002; Suk et al. 2012). It is often cited as one of the main constraints in the project management 

triangle. Needless to say, a successful cost performance is one of the major goals for any 

construction project. However, many construction projects experience cost growth while being 

performed. For this research, cost data was available for most of the projects thus enabling this 

research to add the percentage of construction cost growth to its analysis. 

Construction cost growth is the percentage difference between the final construction cost 

and the awarded construction amount. In this sense, this metric can be either positive or negative 

depending on if the project increased or decreased in cost throughout the duration of the project.  

3.1.2.6 Schedule Performance Area 

Schedule performance is one of the major issues in the construction industry. It is often 

cited as a major side of the “iron triangle” of metrics with cost and quality (Chan et al. 2002; Suk et al. 

2012). Needless to say, a successful schedule is one of the major goals for any construction project. 

This research investigates the performance of each of the four project delivery systems with respect 

to four schedule metrics: (1) construction speed, (2) delivery speed, (3) schedule growth, and (4) 

schedule intensity. 

Construction speed is measured in square feet per day, starting from the construction notice 

to proceed and ending at the project substantial completion.  
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Like Construction speed, delivery speed is also measured in square feet per day, but starting 

from the design start date and ending at the substantial completion date.  

Construction schedule growth is measured as a percentage through comparing the final 

construction schedule to the original estimated construction schedule. Schedule growth can be 

either positive or negative depending on whether the project duration was extended or compressed 

compared to the target dates. In other words, construction schedule growth is the percent change 

between the actual duration and target duration of construction as represented by the following 

equation: 

𝑆𝑆𝐶𝐶ℎ𝑃𝑃𝑚𝑚𝐽𝐽𝑁𝑁𝑃𝑃  𝐺𝐺𝐽𝐽𝑚𝑚𝐺𝐺𝑎𝑎ℎ (%) =
𝑆𝑆𝐽𝐽𝑆𝑆𝐶𝐶𝑎𝑎𝐽𝐽𝑖𝑖𝑎𝑎𝑖𝑖𝐽𝐽𝑁𝑁  𝐶𝐶𝑚𝑚𝑚𝑚𝑚𝑚. (𝐴𝐴𝐶𝐶𝑎𝑎𝐽𝐽𝐽𝐽𝑁𝑁)− 𝑁𝑁𝑁𝑁𝑃𝑃 (𝐴𝐴𝐶𝐶𝑎𝑎𝐽𝐽𝐽𝐽𝑁𝑁)
𝑆𝑆𝐽𝐽𝑆𝑆𝐶𝐶𝑎𝑎𝐽𝐽𝑖𝑖𝑎𝑎𝑖𝑖𝐽𝐽𝑁𝑁  𝐶𝐶𝑚𝑚𝑚𝑚𝑚𝑚. (𝑁𝑁𝐽𝐽𝐽𝐽𝑖𝑖𝑃𝑃𝑎𝑎)− 𝑁𝑁𝑁𝑁𝑃𝑃 (𝑁𝑁𝐽𝐽𝐽𝐽𝑖𝑖𝑃𝑃𝑎𝑎)

− 1 

In addition to the previously discussed typical schedule performance metrics, a supplementary 

metric called schedule intensity was used to gauge the intensity of the construction schedule. This 

metric measures the average dollar value of construction work completed per day. The rationale 

behind measuring schedule intensity is the fact that schedules are based on estimates, and some 

estimates are more aggressive than others. Therefore, the intensity metric provides another 

comparison of construction speed by normalizing with respect to the amount of construction work 

put in place during the same timeframe.  

3.1.2.7 Safety Performance Area 

Safety performance is critical in all industries, especially construction. Successful safety 

performance should be one of the most important and central goals of any construction project. 

Accordingly, this research has examined two safety performances: Lost Time Incident Rate, and 

Occupational Safety and Health Administration (OSHA) Recordable Rate. 
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Lost Time Incident Rate focuses on the lost time incidents that happened on a construction project. 

. In order to perform an accurate comparison, the number of lost time incidents was normalized on 

number of worker labor hours. In this sense, Lost Time Incident Rate is described by the following 

equation: 

𝐿𝐿𝑚𝑚𝐶𝐶𝑎𝑎 𝑁𝑁𝑖𝑖𝑚𝑚𝑃𝑃 𝐶𝐶𝑖𝑖𝐶𝐶𝑖𝑖𝑚𝑚𝑃𝑃𝑖𝑖𝑎𝑎 𝑅𝑅𝐽𝐽𝑎𝑎𝑃𝑃 =
𝑁𝑁𝐽𝐽𝑚𝑚𝑆𝑆𝑃𝑃𝐽𝐽 𝑚𝑚𝑜𝑜 𝐿𝐿𝑚𝑚𝐶𝐶𝑎𝑎 𝑁𝑁𝑖𝑖𝑚𝑚𝑃𝑃 𝐶𝐶𝑖𝑖𝐶𝐶𝑖𝑖𝑚𝑚𝑃𝑃𝑖𝑖𝑎𝑎𝐶𝐶× 200,000

𝑁𝑁𝐽𝐽𝑚𝑚𝑆𝑆𝑃𝑃𝐽𝐽 𝑚𝑚𝑜𝑜 𝑊𝑊𝑚𝑚𝐽𝐽𝑊𝑊𝑃𝑃𝑚𝑚 𝐿𝐿𝐽𝐽𝑆𝑆𝑚𝑚𝐽𝐽 𝐻𝐻𝑚𝑚𝐽𝐽𝐽𝐽𝐶𝐶  

In addition, this research has investigated the OSHA recordable rate as another safety metric. 

OSHA recordable rate focuses on the safety incidents that occurred on a construction project and had to be 

recorded according to the rules of OSHA. In order to perform an accurate comparison, the number of 

OSHA recordable incidents was normalized on number of worker labor hours. In this sense, OSHA 

recordable rate is described by the following equation: 

𝑂𝑂𝑆𝑆𝐻𝐻𝐴𝐴 𝑅𝑅𝑃𝑃𝐶𝐶𝑚𝑚𝐽𝐽𝑚𝑚𝐽𝐽𝑆𝑆𝑁𝑁𝑃𝑃 𝑅𝑅𝐽𝐽𝑎𝑎𝑃𝑃 =
𝑁𝑁𝐽𝐽𝑚𝑚𝑆𝑆𝑃𝑃𝐽𝐽 𝑚𝑚𝑜𝑜 𝑂𝑂𝑆𝑆𝐻𝐻𝐴𝐴 𝑅𝑅𝑃𝑃𝐶𝐶𝑚𝑚𝐽𝐽𝑚𝑚𝐽𝐽𝑆𝑆𝑁𝑁𝑃𝑃 𝐶𝐶𝑖𝑖𝐶𝐶𝑖𝑖𝑚𝑚𝑃𝑃𝑖𝑖𝑎𝑎𝐶𝐶× 200,000

𝑁𝑁𝐽𝐽𝑚𝑚𝑆𝑆𝑃𝑃𝐽𝐽 𝑚𝑚𝑜𝑜 𝑊𝑊𝑚𝑚𝐽𝐽𝑊𝑊𝑃𝑃𝑚𝑚 𝐿𝐿𝐽𝐽𝑆𝑆𝑚𝑚𝐽𝐽 𝐻𝐻𝑚𝑚𝐽𝐽𝐽𝐽𝐶𝐶  

 
 

3.1.2.8 Labor Performance Area 

Labor is often one of the high risk items on construction projects, given that labor costs 

can make up more than half of the total project cost. Needless to say, labor performance is an 

important aspect of overall project success. Accordingly, this research has examined two labor 

performance metrics: 1) work value per labor cost, and 2) labor productivity (work value per labor 

hours). 

The value of work per labor cost focuses on measuring how much work gets done (in terms 

of dollars) in return to $1 of labor cost. In other words, it measures how much work a 1$ of labor 

cost can generate. In this sense, value of work per labor cost is described by the following equation: 
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𝑉𝑉𝐽𝐽𝑁𝑁𝐽𝐽𝑃𝑃 𝑚𝑚𝑜𝑜 𝑊𝑊𝑚𝑚𝐽𝐽𝑊𝑊 𝑚𝑚𝑃𝑃𝐽𝐽 𝐿𝐿𝐽𝐽𝑆𝑆𝑚𝑚𝐽𝐽 𝐶𝐶𝑚𝑚𝐶𝐶𝑎𝑎 =
𝑀𝑀𝑚𝑚𝑖𝑖𝑃𝑃𝑎𝑎𝐽𝐽𝐽𝐽𝐽𝐽 𝑉𝑉𝐽𝐽𝑁𝑁𝐽𝐽𝑃𝑃 𝑚𝑚𝑜𝑜 𝑆𝑆𝑃𝑃𝑁𝑁𝑜𝑜 𝑃𝑃𝑃𝑃𝐽𝐽𝑜𝑜𝑚𝑚𝐽𝐽𝑚𝑚𝑃𝑃𝑚𝑚 𝑊𝑊𝑚𝑚𝐽𝐽𝑊𝑊

𝑆𝑆𝑃𝑃𝑁𝑁𝑜𝑜  𝑃𝑃𝑃𝑃𝐽𝐽𝑜𝑜𝑚𝑚𝐽𝐽𝑚𝑚𝑃𝑃𝑚𝑚 𝐿𝐿𝐽𝐽𝑆𝑆𝑚𝑚𝐽𝐽 𝐶𝐶𝑚𝑚𝐶𝐶𝑎𝑎
 

The value of work per labor expended hours focuses on measuring labor productivity 

through calculating how much work gets done (in terms of dollars) in one hour of labor work. In 

this sense, labor productivity is described by the following equation: 

𝐿𝐿𝐽𝐽𝑆𝑆𝑚𝑚𝐽𝐽 𝑃𝑃𝐽𝐽𝑚𝑚𝑚𝑚𝐽𝐽𝐶𝐶𝑎𝑎𝑖𝑖𝑂𝑂𝑖𝑖𝑎𝑎𝐽𝐽 =
𝑀𝑀𝑚𝑚𝑖𝑖𝑃𝑃𝑎𝑎𝐽𝐽𝐽𝐽𝐽𝐽 𝑉𝑉𝐽𝐽𝑁𝑁𝐽𝐽𝑃𝑃 𝑚𝑚𝑜𝑜 𝑆𝑆𝑃𝑃𝑁𝑁𝑜𝑜 𝑃𝑃𝑃𝑃𝐽𝐽𝑜𝑜𝑚𝑚𝐽𝐽𝑚𝑚𝑃𝑃𝑚𝑚 𝑊𝑊𝑚𝑚𝐽𝐽𝑊𝑊

𝑆𝑆𝑃𝑃𝑁𝑁𝑜𝑜  𝑃𝑃𝑃𝑃𝐽𝐽𝑜𝑜𝑚𝑚𝐽𝐽𝑚𝑚𝑃𝑃𝑚𝑚 𝐿𝐿𝐽𝐽𝑆𝑆𝑚𝑚𝐽𝐽 𝐻𝐻𝑚𝑚𝐽𝐽𝐽𝐽𝐶𝐶
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3.2 Dataset Overview 

Generous industry collaborators granted access to 67 projects: 12 DBB projects, 15 DB 

projects, 26 CMR projects, and 14 IPD projects. Strong industry commitment allowed a very 

thorough data collection effort to take place, thus gathering information about 304 variables for 

each of the 67 projects. The percentages of each PDS with respect to the dataset is illustrated in 

Figure10.  

The composition of the dataset does not exactly match the PDS composition of the non-

residential industry as a whole as reported by the Design Build Institute of America.  In 2010, the 

market shares for Design-Bid-Build, Design-Build, and Construction Manager at Risk were 

approximately 51%, 40%, and 9%, respectively (DBIA 2013).  As demonstrated in Figure YY, 

there is a much higher percentage of projects using CM-at-risk represented in this dataset compared 

to the industry as a whole. 

 

18%

22%

39%

21%

DBB DB CM (at Risk) IPD

Figure 10: Dataset Composition by PDS 
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Project data was solicited throughout the U.S. without a specific preference to a particular 

location. Accordingly, the examined dataset includes projects from 20 states and represents a wide 

variety of locations as depicted in Figure11. 

 

Both public and private owners were represented in the dataset, as shown in Figure12. It is not 

altogether surprising that public owners have a higher use of DB considering its recent popularity 

represented by the fact that 80% of military construction (MILCON) projects between 2005 and 2010 used 

Design-Build (DBIA 2013).  Also, Figure12 shows that IPD is utilized more by private owners as compared 

to public owners. 

  

Figure 11: U.S. Map showing Projects’ Locations 
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Figure 13 illustrates that the dataset consisted mostly of institutional and commercia l 

projects. The residential projects included were large multi-story, multi-family dwellings 
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Figure 12: PDS Breakdown by Owner Type 
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Figure 13: Dataset Breakdown by Project Type 
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Figure 14 demonstrates the distribution of projects based upon their actual substantia l 

completion dates, showing that all the dataset projects were completed between 2008 and 2013.   

The total dollar amount of construction work for all projects combined was close to $5 

billion. The cost distribution shown in Figure 15 included project costs from around $1 million to 

$700 million. 
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Figure 14: Project Distribution Based Upon Substantial Completion Date 
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Figure 15: Project Distribution Based Upon Final Construction Cost 
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Next, Figure 16 shows the projects size distribution in terms of final gross square footage. 

Figure 17 shows the project distribution by type of construction. The majority of projects 

were new construction with more than 50% of the projects being completely or mostly new work. 
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Figure 16: Project Distribution Based Upon Final Gross Footage Area 
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Chapter 3 identified the explanatory variables as well as the response variables that have 

been investigated by this research. In addition, Chapter 3 provided the general characteristics of 

the research dataset. The following four chapters present the analyses of these variables using the 

research dataset. 
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Chapter 4. Statistical Analysis of Project Delivery System Performance 

Chapter 3 presented the data set as well as all the variables investigated in this study. This 

chapter focuses on the Project Delivery System (PDS), and studies its effects on project 

performance using the previously explained 21 performance metrics spanning 8 performance 

areas. 

Explanatory data analysis techniques as well as descriptive statistical methodologies were 

adopted to benchmark the performance of each project delivery system. Then, statistical modelling 

was performed to examine the presence of statistically significant differences across the project 

delivery systems with regards to each performance metric. If it was concluded that project delivery 

systems tend to perform differently with respect to a certain performance metric, post-hoc 

statistical techniques were applied simultaneously to the set of all pairwise comparisons. This 

further analytical step provides more insight about how each pair of project delivery systems 

performs differently. Normality and homoscedasticity assumptions were thoroughly examined in 

order to accurately choose the most suitable statistical test for each performance metric. Figure 18 

demonstrates the statistical strategy that was followed in investigating the effect of PDS type on 

project performance. 
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Figure 18: Statistical Strategy for investigating the effect of PDS on project performance 
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4.1 Communication Performance Area 

This thesis offers a broad definition of project performance, beyond the typical triangle of 

cost, schedule and quality. One of the major pillars of project performance that this thesis focuses 

on is communication. Effective communication among stakeholders throughout the construction 

process is integral to successfully completing a project. There are many failure points for 

communication that can lead to costly overruns and delayed completion of a project. 

Request for information forms (RFI’s) represent the main means of communica t ion 

between the construction parties during a project. Therefore, this research examines two RFI’s 

performance metrics indicative of communication between the main stakeholders in a construction 

project: number of RFI’s per million dollars, and RFI processing time. In addition, this research 

examines the performance of each project delivery method in the number of resubmittals per 

million dollars. 

4.1.1 Number of RFI’s per million dollars 

A project with significantly more RFIs is undesirable, because crews lose productivity 

while waiting for information, especially when it takes weeks for other project parties to respond. 

Often, these crews have to demobilize and remobilize more than once, which can add costs to the 

project. Additionally, crew morale and learning curve effects significantly drop when such events 

happen (Hanna et al. 2004). Therefore, RFI’s can be a major source of waste for projects. 

For accurate comparison between projects of different sizes, the number of RFIs for each 

project was normalized on the project’s total cost. The resulting metric was the number of RFIs 

per million dollars. Figure 19 presents boxplots for this metric with respect to each project delivery 

system. 
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Figure 19: Boxplots for Number of RFI's per Million Dollars ~ PDS 

It is obvious from the boxplots presented in Figure 19 that there is a trend of improvement 

as the project delivery system changes from being DBB to CMR to DB to IPD. Also, Figure 19 

demonstrates that the 25th percentile of the number of RFI’s per million dollars for DBB projects 

is more than the 75th percentile of any of the other project delivery system. Furthermore, Figure 

19 clarifies that IPD projects tend to consistently have the lowest number of RFI’s per million 

dollars when compared to the other project delivery systems. In order to elaborate these results 

more, Table 7 presents basic descriptive statistical measures for the number of RFI’s per million 

dollars for each project delivery system.  

Table 7: Descriptive Statistics for Number of RFI's per Million Dollars per PDS 

RFI's per Million Dollars DBB CMR DB IPD 

75th percentile 21 7 6 3 
Median (50th percentile) 15 5 3 2 

25th percentile 8 3 2 1 
Mean 15 6 5 2 

Standard Deviation 9 4 5 2 
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The numbers presented in Table 7 clarifies the trend of communication improvement as 

the project delivery system changes from DBB to CMR to DB to IPD. For example, Table 7 shows 

that DBB projects have about seven times more RFI’s per million dollars compared to IPD 

projects. Also, Table 7 demonstrates that IPD projects have the lowest standard deviation, as well 

as the lowest 75th percentile, 50th percentile, 25th percentile and mean compared to the other project 

delivery systems. 

Next, statistical tests are used to determine whether there are any statistically significant 

differences across the project delivery systems. However, in order to choose the suitable statistica l 

tests, first the data was tested for normality as well as homoscedasticity. Table 8 presents the results 

of Shapiro-Wilk test for the data and for each project delivery system, as well as the results of 

Levene’s test for the whole data. 

 Table 8: Results of Shapiro-Wilk and Levene's Tests for the Number of RFI's per Million Dollars 

 

 

 

 

The low p-values of the Shapiro-Wilk tests provide a statistical evidence to reject the null 

hypothesis of normality. Also, the resulted p-value of Levene’s test provides a statistical evidence 

to reject the null hypothesis of homoscedasticity. In order to complement the visualization of the 

data, Figure 20 presents the Q-Q plots for the whole data and for each project delivery system. 

Statistical Test P-value 

Shapiro-
Wilk 

Overall 0.000 
DBB 0.361 
CMR 0.003 
DB 0.101 
IPD 0.335 

Levene's Overall 0.005 
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Based on the Q-Q plots presented in Figure 20, and the results displayed in Table 8, it was 

decided to derive the conclusions from the results of the Kruskal-Wallis test followed by its post 

hoc test: Conover-Iman. However, both ANOVA followed by Tukey-Kramer as well as Kruskal-

Wallis test followed by Conover-Iman were performed to provide a more comprehensive look at 

the comparisons between the project delivery systems. Both sets of results are shown in Table 9. 

Table 9: ANOVA Followed by Tukey Kramer, and Kruskal-Wallis Followed by Conover-Iman for the 

Number of RFI's per Million Dollars 

Statistical Test P-value Significance 
at 95% Level 

Significance 
at 90% Level Statistical Test P-

value 
Significance 
at 95% Level 

Significance 
at 90% Level 

ANOVA 0.000 Significant Significant  Kruskal-Wallis 0.000 Significant Significant 

Tukey-
Kramer 

DBB-
CMR 0.000 Significant Significant 

Conover-
Iman 

DBB-CMR 0.003 Significant Significant 

DBB-DB 0.000 Significant Significant DBB-DB 0.000 Significant Significant 

DBB-IPD 0.000 Significant Significant DBB-IPD 0.000 Significant Significant 

CMR-DB 0.555 Not 
Significant 

Not 
Significant CMR-DB 0.239 Not 

Significant 
Not 

Significant 

CMR-IPD 0.196 Not 
Significant 

Not 
Significant CMR-IPD 0.002 Significant Significant 

DB-IPD 0.634 Not 
Significant 

Not 
Significant DB-IPD 0.204 Not 

Significant 
Not 

Significant 

Figure 20: Q-Q Plots for the Number of RFI's per Million Dollars 
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The low p-value resulted from the Kruskal-Wallis test provides a statistical evidence at 

even 1% significance level to reject the null hypothesis, thus concluding that the project delivery 

systems have dissimilar performance regarding the tested metric. In other words, there is a 

statistical evidence at even 99% confidence level that the number of RFI’s per million dollars 

changes when the project delivery system changes.  

The results from the post hoc Conover-Iman tests show statistical significance at even 99% 

confidence level for the following conclusions: 

1. CMR projects have fewer RFI’s per million dollars compared to DBB projects. Therefore, 

CMR projects have a superior performance over DBB projects with respect to this metric. 

2. DB projects have fewer RFI’s per million dollars compared to DBB projects. Therefore, DB 

projects have a superior performance over DBB projects with respect to this metric. 

3. IPD projects have fewer RFI’s per million dollars compared to DBB projects. Therefore, IPD 

projects have a superior performance over DBB projects with respect to this metric. 

4. The three previous conclusions demonstrate that there are statistical evidences that DBB is the 

least performing project delivery system with respect to the metric being tested. In other words, 

there are statistical evidences that DBB have the most RFI’s per million dollars compared to 

other project delivery systems. 

5. IPD projects have fewer RFI’s per million dollars compared to CMR projects. Therefore, IPD 

projects have a superior performance over CMR projects with respect to this metric. 

4.1.2 RFI Processing Time 

Another important metric regarding this performance area is how long it takes to process 

an RFI. More RFI processing time directly translates to more waiting time for needed information. 
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Therefore, RFI processing time can be a major source of waste for projects. Also, more RFI 

processing time gives a direct indication about the poor adopted communication procedure 

between project parties. In order to capture its complete impact, RFI processing time is defined as 

the duration from when a contractor submits an RFI until a response is received. However, for 

practicality reasons, each respondent was asked to just report the project’s average RFI processing 

time measured in weeks and not days. In this sense, a rating of 1 means 1-7 days, a rating of 2 

means 8-14 days, a rating of 3 means 15-21 days, a rating of 4 means 22-28 days, and a rating of 

5 means 29-35 days. Figure 21 presents the boxplots for this metric with respect to each project 

delivery system.  

The boxplots presented in Figure 21 show a weak trend of improvement as the project 

delivery system changes from being DBB to CMR to DB to IPD. Perhaps, this improvement trend 

appears to be weak, as a result of the adopted calculation technique. However, it is still obvious 

from Figure 21 that DBB and CMR projects have higher medians and means compared to DB and 

IPD. Also, Figure 21 shows that IPD is the only project delivery system that did not encounter an 

Figure 21: Boxplots for RFI Processing Time ~ PDS 
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average RFI processing time exceeding 2 weeks. On the other hand, DBB is the only project 

delivery system that had an average RFI processing time of 4 weeks. Table 10 provides basic 

descriptive statistical measures for more elaboration. 

Table 10: Descriptive Statistics for RFI Processing Time per PDS 

RFI Processing Time DBB CMR DB IPD 

75th percentile 2.25 2 2 2 
Median (50th percentile) 2 2 1 1 

25th percentile 1 1 1 1 
Mean 2 1.69 1.43 1.42 

Standard Deviation 0.95 0.74 0.65 0.51 

  The numbers presented in Table 10 clarifies the weak trend of improvement as the project 

delivery system changes from DBB to CMR to DB to IPD. This improvement trend is shown in 

terms of the measures of center and spread, with DBB being the worst performing, and IPD being 

the best performing project delivery system. 

 Next, statistical tests are used to determine whether there are any statistically significant 

differences across the project delivery systems. However, in order to choose the suitable statistica l 

tests, first the data was tested for normality as well as homoscedasticity. Table 11 presents the 

results of Shapiro-Wilk test for the data and for each project delivery system, as well as the results 

of Levene’s test for the whole data. 

Table 11: Results of Shapiro-Wilk and Levene's Tests for RFI Processing Time 

Statistical Test P-value 

Shapiro-
Wilk 

Overall 0.000 

DBB 0.051 

CMR 0.000 

DB 0.000 

IPD 0.000 

Levene's Overall 0.542 



58 
 

The low p-values of the Shapiro-Wilk tests provide a statistical evidence to reject the null 

hypothesis of normality. However, the relatively high p-value of Levene’s test retains the null 

hypothesis of homoscedasticity. In order to complement the visualization of the data, Figure 22 

presents the Q-Q plots for the whole data and for each project delivery system. 

Based on the Q-Q plots presented in Figure 22, and the results displayed in Table 11, it was 

decided to derive the conclusions from the results of the Kruskal-Wallis test followed by its post 

hoc test Conover-Iman. However, both ANOVA followed by Tukey-Kramer as well as Kruskal-

Wallis test followed by Conover-Iman were performed to provide a more comprehensive look at 

the comparisons between the project delivery systems. Both sets of results are shown in Table 12. 

The relatively high p-value resulted from the Kruskal-Wallis test does not provide a 

statistical evidence at even 90% confidence level to reject the null hypothesis, thus retaining the 

null hypothesis that the project delivery systems do not show statistically proven differences in 

performance regarding the tested metric. However, considering the improvement trend that was 

previously shown, one can be motivated to revisit the analysis of this metric in future endeavors, 

but while measuring it in terms of days, instead of approximating it to weeks. 

Figure 22: Q-Q Plots for RFI Processing Time 
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Table 12: ANOVA Followed by Tukey Kramer, and Kruskal-Wallis Followed by Conover-Iman for 

RFI Processing Time 

Statistical Test P-
value 

Significance 
at 95% Level 

Significance 
at 90% Level Statistical Test P-value Significance 

at 95% Level 
Significance 
at 90% Level 

ANOVA 0.159 Not 
Significant 

Not 
Significant  Kruskal-Wallis 0.250 Not 

Significant 
Not 

Significant 

Tukey-
Kramer 

DBB-
CMR 0.623 Not 

Significant 
Not 

Significant 

Conover-
Iman 

DBB-CMR 0.693 Not 
Significant 

Not 
Significant 

DBB-DB 0.202 Not 
Significant 

Not 
Significant DBB-DB 0.214 Not 

Significant 
Not 

Significant 

DBB-IPD 0.215 Not 
Significant 

Not 
Significant DBB-IPD 0.278 Not 

Significant 
Not 

Significant 

CMR-DB 0.696 Not 
Significant 

Not 
Significant CMR-DB 0.560 Not 

Significant 
Not 

Significant 

CMR-IPD 0.701 Not 
Significant 

Not 
Significant CMR-IPD 0.654 Not 

Significant 
Not 

Significant 

DB-IPD 0.999 Not 
Significant 

Not 
Significant DB-IPD 0.977 Not 

Significant 
Not 

Significant 

4.1.3 Resubmittals per Million Dollars 

Survey respondents provided the number of resubmittals that occurred throughout a 

project.  Resubmittals included any project requirements such as samples, shop drawings, product 

data, etc. that were submitted by the contractor for approval of the owner or A/E. In order to 

perform a comparison across a number of projects of different sizes, the reported numbers of 

resubmittals have been normalized on final construction cost. Accordingly, the resulting metric is 

number of resubmittals per million dollars. Figure 23 presents boxplots for this metric with respect 

to each project delivery system. 

The boxplots presented in Figure 23 demonstrates that there is a trend of improvement with 

respect to this metric as the project delivery system changes from DBB to CMR and DB to IPD. 

Also, Figure 23 shows that IPD has the lowest spread of all project delivery systems, showing that 

IPD projects tend to consistently perform well with respect to this metric. 
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The numbers presented in Table 13 clarifies that IPD is the best performing project delivery 

system with respect to this metric. For example, IPD projects have a median of 0.34 resubmit ta ls 

per million dollars compared to 1.83, 1.01, and 1.03 for DBB, CMR, and DBB projects 

respectively. On the other hand, Table 13 shows that DBB is the least performing delivery system 

with respect to this metric. 

Table 13: Descriptive Statistics for Number of Resubmittals per Million Dollars per PDS 

Resubmittals per Million Dollars DBB CMR DB IPD 
75th percentile 4.78 1.57 0.89 0.79 

Median (50th percentile) 1.83 1.01 1.03 0.34 
25th percentile 1.37 0.59 0.16 0.13 

Mean 3.44 1.29 2.02 0.76 
Standard Deviation 3.9 1.13 3.13 1.14 

Figure 23: Boxplots for Number of Resubmittals per Million Dollars ~ PDS 
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Next, statistical tests are used to determine whether there are any statistically significant 

differences across the project delivery systems. However, in order to choose the suitable statistica l 

tests, first the data was tested for normality as well as homoscedasticity. Table 14 presents the 

results of Shapiro-Wilk tests for the data and for each project delivery system, as well as the results 

of Levene’s test for the whole data. 

Table 14: Results of Shapiro-Wilk and Levene's Tests for the Number of Resubmittals per Million Dollars 

Statistical Test P-value 

Shapiro-
Wilk 

Overall 0.000 

DBB 0.004 

CMR 0.002 

DB 0.001 

IPD 0.001 

Levene's Overall 0.187 

The low p-values of the Shapiro-Wilk tests provide a statistical evidence to reject the null 

hypothesis of normality. However, the relatively high p-value of Levene’s test retains the null 

hypothesis of homoscedasticity. In order to complement the visualization of the data, Figure 24 

presents the Q-Q plots for the whole data and for each project delivery system.  

Figure 24: Plots for Number of Resubmittals per Million Dollars 
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Based on the Q-Q plots presented in Figure 24, and the results displayed in Table 14, it was 

decided to derive the conclusions from the results of the Kruskal-Wallis test followed by its post 

hoc test Conover-Iman. However, both ANOVA followed by Tukey-Kramer as well as Kruskal-

Wallis test followed by Conover-Iman were performed to provide a more comprehensive look at 

the comparisons between the project delivery systems. Both sets of results are shown in Table 15. 

Table 15: ANOVA Followed by Tukey Kramer, and Kruskal-Wallis Followed by Conover-Iman for Number of 

Resubmittals per Million Dollars 

Statistical Test P-
value 

Significance 
at 95% Level 

Significance 
at 90% Level Statistical Test P-

value 
Significance 
at 95% Level 

Significance 
at 90% Level 

ANOVA 0.099 Not 
Significant Significant  Kruskal-Wallis 0.060 Not 

Significant Significant 

Tukey-
Kramer 

DBB-
CMR 0.134 Not 

Significant 
Not 

Significant 

Conover-
Iman 

DBB-CMR 0.252 Not 
Significant 

Not 
Significant 

DBB-DB 0.547 Not 
Significant 

Not 
Significant DBB-DB 0.171 Not 

Significant 
Not 

Significant 

DBB-IPD 0.120 Not 
Significant 

Not 
Significant DBB-IPD 0.021 Significant Significant 

CMR-DB 0.854 Not 
Significant 

Not 
Significant CMR-DB 0.917 Not 

Significant 
Not 

Significant 

CMR-IPD 0.958 Not 
Significant 

Not 
Significant CMR-IPD 0.301 Not 

Significant 
Not 

Significant 

DB-IPD 0.686 Not 
Significant 

Not 
Significant DB-IPD 0.564 Not 

Significant 
Not 

Significant 

The relatively low p-value resulted from the Kruskal-Wallis test provides a statistica l 

evidence at 90% level to reject the null hypothesis, thus concluding that the project delivery 

systems have dissimilar performance regarding the tested metric. In other words, there is a 

statistical evidence at 95% level that the number of resubmittals per million dollars changes when 

the project delivery system changes. The results from the post hoc Conover-Iman tests shows a 

statistical evidence at 95% significance level that IPD projects have fewer resubmittals per million 

dollars compared to DBB projects. In other words, at 95% confidence level, IPD represents the 

only statistically supported improvement from DBB with respect to this metric. 
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4.2 Change Management Performance Area 

Changes during construction, at the very least, consume time and effort.  If not addressed in a timely 

manner, outstanding changes can have subsidiary consequences that may negatively affect project 

outcomes. Overall, change performance data included three types of metrics: absolute value of 

project percent change; reason-related percent changes; and average change order processing time. 

4.2.1 Absolute Value of Project Percent Change 

Survey respondents provided input on the percent of changes in terms of total project cost.  The 

absolute value of the percentage of changes was analyzed because changes that reduce project costs can be 

just as disruptive as changes that increase the project cost. The resulting metric was the absolute value 

of project percent change. Figure 25 presents boxplots for this metric with respect to each project 

delivery system. 

 

Figure 25: Boxplots for Absolute Value of Project Percent Change ~ PDS 
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It is obvious from the boxplots presented in Figure 25 that DBB projects tend to have the 

highest percent change as compared to other project delivery systems. Also, Figure 25 

demonstrates that DBB projects rarely have zero percent change. In fact, for the collected data, all 

DBB projects encountered changes with a minimum of 3% to as high as 40%. In order to elaborate 

these results more, Table 16 presents basic descriptive statistical measures for absolute value of 

project percent change for each project delivery system.  

Table 16: Descriptive Statistics for the Absolute Value of Project Percent Change per PDS 

Absolute Value of Percentage 
Change DBB CMR DB IPD 

75th percentile 16.1% 10.0% 8.0% 7.7% 
Median (50th percentile) 9.0% 3.1% 7.0% 3.5% 

25th percentile 6.9% 2.5% 3.0% 1.2% 
Mean 13.6% 8.3% 6.4% 6.7% 

Standard Deviation 11.0% 9.0% 4.5% 8.6% 

The numbers presented in Table 16 clarifies that DBB is suffering the most from changes 

as compared to other project delivery systems. In fact, for the collected data, the mean as well as 

the three main quartiles of the absolute percent change for DBB projects are more than twice of 

the respectively corresponding values for IPD projects. 

Next, statistical tests are used to determine whether there are any statistically significant 

differences across the project delivery systems. However, in order to choose the suitable statistica l 

tests, first the data was tested for normality as well as homoscedasticity. Table 17 presents the 

results of Shapiro-Wilk test for the data and for each project delivery system, as well as the results 

of Levene’s test for the whole data. 
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Table 17: Results of Shapiro-Wilk and Levene's Tests for the Absolute Value of Project Percent Change 

Statistical Test P-value 

Shapiro-
Wilk 

Overall 0.000 

DBB 0.016 

CMR 0.000 

DB 0.452 

IPD 0.001 

Levene's Overall 0.639 

The low p-values of the Shapiro-Wilk tests provide a statistical evidence to reject the null 

hypothesis of normality. However, the relatively high p-value of Levene’s test retains the null 

hypothesis of homoscedasticity. In order to complement the visualization of the data, Figure 26 

presents the Q-Q plots for the whole data and for each project delivery system. 

Based on the Q-Q plots presented in Figure 26, and the results displayed in Table 17, it was 

decided to derive the conclusions from the results of the Kruskal-Wallis test followed by its post 

hoc test: Conover-Iman. However, both ANOVA followed by Tukey-Kramer as well as Kruskal-

Wallis test followed by Conover-Iman were performed to provide a more comprehensive look at 

the comparisons between the project delivery systems. Both sets of results are shown in Table 18. 

Figure 26: Q-Q Plots for the Number of the Absolute Value of Project Percent Change 
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Table 18: ANOVA Followed by Tukey Kramer, and Kruskal-Wallis Followed by Conover-Iman for the 

Absolute Value of Project Percent Change 

Statistical Test P-
value 

Significance 
at 95% Level 

Significance 
at 90% Level Statistical Test P-

value 
Significance 
at 95% Level 

Significance 
at 90% Level 

ANOVA 0.168 Not 
Significant 

Not 
Significant  Kruskal-Wallis 0.090 Not 

Significant Significant 

Tukey-
Kramer 

DBB-CMR 0.341 Not 
Significant 

Not 
Significant 

Conover-
Iman 

DBB-CMR 0.123 Not 
Significant 

Not 
Significant 

DBB-DB 0.186 Not 
Significant 

Not 
Significant DBB-DB 0.188 Not 

Significant 
Not 

Significant 

DBB-IPD 0.206 Not 
Significant 

Not 
Significant DBB-IPD 0.041 Significant Significant 

CMR-DB 0.923 Not 
Significant 

Not 
Significant CMR-DB 0.984 Not 

Significant 
Not 

Significant 

CMR-IPD 0.950 Not 
Significant 

Not 
Significant CMR-IPD 0.771 Not 

Significant 
Not 

Significant 

DB-IPD 0.999 Not 
Significant 

Not 
Significant DB-IPD 0.821 Not 

Significant 
Not 

Significant 

The low p-value resulted from the Kruskal-Wallis test provides a statistical evidence at 

90% level to reject the null hypothesis, thus concluding that the project delivery systems have 

dissimilar performance regarding the tested metric. In other words, there is a statistical evidence 

at 90% level that the absolute value of project percent change changes when the project delivery 

system changes.  

The results from the post hoc Conover-Iman tests shows a statistical evidence at 95% 

significance level that IPD projects have lower percent change compared to DBB projects. In other 

words, at 95% confidence level, IPD represents the only statistically supported improvement from 

DBB with respect to this metric. 

4.2.2 Reason-related Percent Changes 

CII Research Report 158-11 (2001) shows the two key reasons for changes are program 

additions or deletions, and design-related changes (including design changes, design coordination, 

and design errors). Data was collected to assess these two types of change for each project, in 
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addition to change due to increased or decrease quality/value, as requested by the industry panel 

of the survey.  

4.2.2.1 Program-related Percent Change due to Additions and Deletions 

 Program-related percent change can be used to indicate the thoroughness of project 

definition from commencement until completion. Figure 27 presents boxplots for this metric with 

respect to each project delivery system. 

Figure 27: Boxplots for Program-related Percent Change ~ PDS 

  The boxplots presented in Figure 27 show that IPD has the lowest mean and median 

as compared to other project delivery methods. Also, Figure 27 shows that DBB and DB have the 

largest medians, while DBB and CMR have the largest means. In order to elaborate these results 

more, Table 19 presents basic descriptive statistical measures for program-related percent change 

for each project delivery system. 
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Table 19: Descriptive Statistics for Program-related Percent Change 

Program-related Percent Change due to 
Additions and Deletions DBB CMR DB IPD 

75th percentile 9.7% 7.6% 6.0% 7.0% 
Median (50th percentile) 3.7% 2.0% 4.0% 1.4% 

25th percentile 1.2% 0.0% 0.2% 0.8% 
Mean 6.6% 5.7% 4.5% 4.0% 

Standard Deviation 7.1% 8.6% 4.6% 4.4% 

The numbers presented in Table 19 clarifies that IPD projects tend to suffer the least from 

program-related changes with a median value of 1.4% which is less than half the median value of 

DBB (3.7%), and half the median value of DB (4.0%). Also, Table 19 shows that IPD has the least 

spread with standard deviation of 4.4%, compared to 8.6% for CMR, and 7.1% for DBB. However, 

in general one can argue that the changes demonstrated in Table 19 and Figure 27 can be regarded 

as negligible, and are derived by a small number of projects (outliers). 

Therefore, statistical tests are used to determine whether there are any statistica l ly 

significant differences across the project delivery systems. However, in order to choose the suitable 

statistical tests, first the data was tested for normality as well as homoscedasticity. Table 20 

presents the results of Shapiro-Wilk test for the data and for each project delivery system, as well 

as the results of Levene’s test for the whole data 

Table 20: Results of Shapiro-Wilk and Levene's Tests for Program-related Percent Change 

Statistical Test P-value 

Shapiro-
Wilk 

Overall 0.000 

DBB 0.057 

CMR 0.000 

DB 0.035 

IPD 0.023 

Levene's Overall 0.756 
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The low p-values of the Shapiro-Wilk tests provide a statistical evidence to reject the null 

hypothesis of normality. However, the relatively high p-value of Levene’s test retains the null 

hypothesis of homoscedasticity. In order to complement the visualization of the data, Figure 28 

presents the Q-Q plots for the whole data and for each project delivery system. 

Based on the Q-Q plots presented in Figure 28, and the results displayed in Table 20, it was 

decided to derive the conclusions from the results of the Kruskal-Wallis test followed by its post 

hoc test Conover-Iman. However, both ANOVA followed by Tukey-Kramer as well as Kruskal-

Wallis test followed by Conover-Iman were performed to provide a more comprehensive look at 

the comparisons between the project delivery systems. Both sets of results are shown in Table 21. 

Table 21: ANOVA Followed by Tukey Kramer, and Kruskal-Wallis Followed by Conover-Iman for 

Program-related Percent Change 

Statistical Test P-
value 

Significance at 
95% Level 

Significance at 
90% Level Statistical Test P-

value 
Significance at 

95% Level 
Significance at 

90% Level 

ANOVA 0.799 Not Significant Not Significant  Kruskal-Wallis 0.860 Not Significant Not Significant 

Tukey-
Kramer 

DBB-CMR 0.987 Not Significant Not Significant 

Conover-
Iman 

DBB-CMR 0.803 Not Significant Not Significant 

DBB-DB 0.883 Not Significant Not Significant DBB-DB 0.880 Not Significant Not Significant 

DBB-IPD 0.820 Not Significant Not Significant DBB-IPD 0.773 Not Significant Not Significant 

CMR-DB 0.958 Not Significant Not Significant CMR-DB 0.970 Not Significant Not Significant 

CMR-IPD 0.905 Not Significant Not Significant CMR-IPD 0.966 Not Significant Not Significant 

DB-IPD 0.998 Not Significant Not Significant DB-IPD 0.948 Not Significant Not Significant 

Figure 28: Q-Q Plots for Program-related Percent Change 
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The relatively high p-value resulted from the Kruskal-Wallis test does not provide a 

statistical evidence at even 90% level to reject the null hypothesis, thus retaining the null 

hypothesis that project delivery systems do not show statistically proven differences in 

performance regarding the tested metric. 

4.2.2.2 Design-related Percent Change 

 Design-related issues are considered to be of the main sources of change in construction. 

Therefore, design-related percent change is regarded as an important metric that can indicate 

design changes, design coordination issues, and design errors. Figure 29 presents boxplots for this 

metric with respect to each project delivery system. 

  The boxplots presented in Figure 29 show that DBB suffers the most design-related 

changes. Also, Figure 29 shows that CMR has a wide spread of Design-related percent changes. 

On the other hand, DB followed by IPD tend to be the best performing project delivery systems 

Figure 29: Boxplots for Program-related Percent Change ~ PDS 
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with respect to this metric. In order to elaborate these results more, Table 22 presents basic 

descriptive statistical measures for design-related percent change for each project delivery system. 

Table 22: Descriptive Statistics for Design-related Percent Change 

Design-related Percent changes DBB CMR DB IPD 
75th percentile 4.5% 1.0% 0.0% 0.5% 

Median (50th percentile) 2.6% 0.3% 0.0% 0.2% 
25th percentile 1.0% 0.0% 0.0% 0.0% 

Mean 3.0% 1.5% 0.2% 0.9% 
Standard Deviation 2.6% 3.1% 0.4% 1.6% 

The numbers presented in Table 22 clarifies that DBB projects tend to suffer the most from 

design-related changes with mean and main quartile values that are at least double and triple the 

corresponding values for the other projects delivery systems respectively. Also, Table 22 shows 

that the 25th percentile for DBB projects is more than or equal to the 75th percentile of the other 

project delivery systems. Additionally, Table 22 demonstrates that CMR projects have the widest 

spread followed by DBB. 

Next, statistical tests are used to determine whether there are any statistically significant 

differences across the project delivery systems. However, in order to choose the suitable statistica l 

tests, first the data was tested for normality as well as homoscedasticity. Table 23 presents the 

results of Shapiro-Wilk test for the data and for each project delivery system, as well as the results 

of Levene’s test for the whole data 

Table 23: Results of Shapiro-Wilk and Levene's Tests for Design-related Percent Change 

 

 

 

Statistical Test P-value 

Shapiro-
Wilk 

Overall 0.000 
DBB 0.474 
CMR 0.000 
DB 0.000 
IPD 0.000 

Levene's Overall 0.202 
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The low p-values of the Shapiro-Wilk tests provide a statistical evidence to reject the null 

hypothesis of normality. However, the relatively high p-value of Levene’s test retains the null 

hypothesis of homoscedasticity. In order to complement the visualization of the data, Figure 30 

presents the Q-Q plots for the whole data and for each project delivery system. 

Based on the Q-Q plots presented in Figure 30, and the results displayed in Table 23, it was 

decided to derive the conclusions from the results of the Kruskal-Wallis test followed by its post 

hoc test Conover-Iman. However, both ANOVA followed by Tukey-Kramer as well as Kruskal-

Wallis test followed by Conover-Iman were performed to provide a more comprehensive look at 

the comparisons between the project delivery systems. Both sets of results are shown in Table 24. 

Table 24: ANOVA Followed by Tukey Kramer, and Kruskal-Wallis Followed by Conover-Iman for 

Design-related Percent Change 

Statistical Test P-value Significance at 
95% Level 

Significance at 
90% Level Statistical Test P-value Significance at 

95% Level 
Significance at 

90% Level 
ANOVA 0.047 Significant Significant  Kruskal-Wallis 0.010 Significant Significant 

Tukey-
Kramer 

DBB-
CMR 0.357 Not Significant Not Significant 

Conover-
Iman 

DBB-
CMR 0.054 Not Significant Significant 

DBB-DB 0.034 Significant Significant DBB-DB 0.001 Significant Significant 
DBB-IPD 0.155 Not Significant Not Significant DBB-IPD 0.048 Significant Significant 

CMR-DB 0.406 Not Significant Not Significant CMR-DB 0.146 Not Significant Not Significant 

CMR-IPD 0.871 Not Significant Not Significant CMR-IPD 0.936 Not Significant Not Significant 

DB-IPD 0.890 Not Significant Not Significant DB-IPD 0.367 Not Significant Not Significant 

Figure 30: Q-Q Plots for Design-related Percent Change 
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The low p-value resulted from the Kruskal-Wallis test provides a statistical evidence at 

even 99% confidence level to reject the null hypothesis, thus concluding that the project delivery 

systems have dissimilar performance regarding the tested metric. In other words, there is a 

statistical evidence at even 99% confidence level that the design-related percent change changes 

when the project delivery system changes.  

The results from the post hoc Conover-Iman tests show statistical significance for the 

following conclusions: 

1. At 90% confidence level, CMR projects have lower design-related percent change compared to 

DBB projects. Therefore, CMR projects have a superior performance over DBB projects with 

respect to this metric. 

2. At 95% confidence level, IPD projects have lower design-related percent change compared to 

DBB projects. Therefore, IPD projects have a superior performance over DBB projects with 

respect to this metric. 

3. At 99% confidence level, DB projects have lower design-related percent change compared to 

DBB projects. Therefore, DB projects have a superior performance over DBB projects with 

respect to this metric. 

4. The three previous conclusions demonstrate that there are statistical evidences (with lowest 

confidence level being at 90%) that DBB is the least performing project delivery system with 

respect to the metric being tested. In other words, there are statistical evidences that DBB projects 

suffer the most from deign-related changes compared to other project delivery systems. 

4.2.2.3 Quality-related Percent Change 

 Change due to increased or decrease quality/value is considered as one of the sources of 

change in the construction industry. Therefore, quality-related percent change were examined for 
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each project delivery system. Figure 31 presents boxplots for this metric with respect to each 

project delivery system. 

  The boxplots presented in Figure 31 show that DBB suffers the most quality/value-

related changes. Also, Figure 31 shows that CMR has a wide spread of quality/value-related 

percent changes. On the other hand, DB followed by IPD tend to be the best performing project 

delivery systems with respect to this metric. In order to elaborate these results more, Table 25 

presents basic descriptive statistical measures for quality/value-related percent change for each 

project delivery system. 

Table 25: Descriptive Statistics for Quality/Value-related Percent Change 

Quality/Value-related 
Percent Change DBB CMR DB IPD 

75th percentile 4.7% 0.6% 0.0% 0.0% 
Median (50th percentile) 2.4% 0.0% 0.0% 0.0% 

25th percentile 0.2% 0.0% 0.0% 0.0% 

Mean 2.8% 0.8% 0.0% 0.1% 
Standard Deviation 2.7% 1.5% 0.3% 0.4% 

Figure 31: Boxplots for Quality/Value-related Percent Change ~ PDS 
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The numbers presented in Table 25 clarifies that DBB projects tend to suffer the most from 

design-related changes with a mean of 2.8%, compared to 0.8% for CMR projects, 0.1%for IPD 

project, and almost none for DB projects. Also, Table 25 shows that DB is the only project delivery 

system that truly suffers from quality/value related changes with a median of 2.4%, compared to 

0% for the other project delivery systems. Additionally, Table 25 shows that DBB followed by 

CMR projects have relatively wide spreads, while DB followed by IPD relatively have a very small 

spread. 

Next, statistical tests are used to determine whether there are any statistically significant 

differences across the project delivery systems. However, in order to choose the suitable statistica l 

tests, first the data was tested for normality as well as homoscedasticity. Table 26 presents the 

results of Shapiro-Wilk test for the data and for each project delivery system, as well as the results 

of Levene’s test for the whole data 

Table 26: Results of Shapiro-Wilk and Levene's Tests for Design-related Percent Change 

Statistical Test P-value 

Shapiro-
Wilk 

Overall 0.000 

DBB 0.187 

CMR 0.000 

DB 0.000 

IPD 0.000 

Levene's Overall 0.000 

The low p-values of the Shapiro-Wilk tests provide a statistical evidence to reject the null 

hypothesis of normality. Also, the resulted p-value of Levene’s test provides a statistical evidence 

to reject the null hypothesis of homoscedasticity. In order to complement the visualization of the 

data, Figure 32 presents the Q-Q plots for the whole data and for each project delivery system. 
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Based on the Q-Q plots presented in Figure 32, and the results displayed in Table 26, it was 

decided to derive the conclusions from the results of the Kruskal-Wallis test followed by its post 

hoc test Conover-Iman. However, both ANOVA followed by Tukey-Kramer as well as Kruskal-

Wallis test followed by Conover-Iman were performed to provide a more comprehensive look at 

the comparisons between the project delivery systems. Both sets of results are shown in Table 27. 

Table 27: ANOVA Followed by Tukey Kramer, and Kruskal-Wallis Followed by Conover-Iman for 

Quality/Value-related Percent Change 

Statistical Test P-
value 

Significance 
at 95% Level 

Significance 
at 90% Level Statistical Test P-

value 
Significance 
at 95% Level 

Significance 
at 90% Level 

ANOVA 0.000 Significant Significant  Kruskal-Wallis 0.010 Significant Significant 

Tukey-
Kramer 

DBB-CMR 0.010 Significant Significant 

Conover-
Iman 

DBB-CMR 0.092 Not 
Significant Significant 

DBB-DB 0.001 Significant Significant DBB-DB 0.003 Significant Significant 

DBB-IPD 0.002 Significant Significant DBB-IPD 0.025 Significant Significant 

CMR-DB 0.478 Not 
Significant 

Not 
Significant CMR-DB 0.201 Not 

Significant 
Not 

Significant 

CMR-IPD 0.638 Not 
Significant 

Not 
Significant CMR-IPD 0.662 Not 

Significant 
Not 

Significant 

DB-IPD 0.999 Not 
Significant 

Not 
Significant DB-IPD 0.841 Not 

Significant 
Not 

Significant 
 

Figure 32: Q-Q Plots for Quality/Value-related Percent Change 
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The low p-value resulted from the Kruskal-Wallis test provides a statistical evidence at 

even 99% level to reject the null hypothesis, thus concluding that the project delivery systems have 

dissimilar performance regarding the tested metric. In other words, there is a statistical evidence 

at even 99% level that the quality/value-related percent change changes when the project delivery 

system changes.  

The results from the post hoc Conover-Iman tests show statistical significance for the 

following conclusions: 

1. At 90% confidence level, one can conclude that CMR projects have lower quality/value-related 

percent change compared to DBB projects. Therefore, CMR projects have a superior 

performance over DBB projects with respect to this metric. 

2. At 95% confidence level, one can conclude that IPD projects have lower quality/value-related 

percent change compared to DBB projects. Therefore, IPD projects have a superior 

performance over DBB projects with respect to this metric. 

3. At 99% confidence level, one can conclude that DB projects have lower quality/value-related 

percent change compared to DBB projects. Therefore, DB projects have a superior 

performance over DBB projects with respect to this metric. 

4. The three previous conclusions demonstrate that there are statistical evidences (with lowest 

confidence level being at 90%) that DBB is the least performing project delivery system with 

respect to the metric being tested. In other words, there are statistical evidences that DBB 

projects suffer the most from quality/value-related changes compared to other project delivery 

systems. 
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4.2.3 Change Order Processing Time 

Another important metric regarding this performance area is how long it takes to process a 

change order. More change order processing time directly translates to more waste for projects. In 

order to capture its complete impact, change order processing time is defined as the period of time 

between the initiation of the change order and the owner’s approval of the change order. For 

practicality reasons, each respondent was asked to just report the project’s average change order 

processing time measured in weeks and not days. In this sense, a rating of “1” means “1-7 days”, 

a rating of “2” means “8-14 days”, a rating of “3” means “15-21 days”, a rating of “4” means “22-

28 days”, a rating of “5” means “29-35 days”, a rating of “6” means “36-42 days”, and a rating of 

7 means “more than 42 days.” Figure 33 presents the boxplots for this metric with respect to each 

project delivery system. 

Figure 33 show that IPD has the lowest mean and main quartiles as compared to other 

project delivery methods. On the other hand, Figure 33 shows that DBB projects have the highest 

mean and median as compared to other project delivery systems. Also, Figure 33 demonstrates 

that DBB rarely have change order processing time less than 4 weeks. Additionally, Figure 33 

Figure 33: Boxplots for Change Order Processing Time ~ PDS 
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shows that none of the assessed DB projects had change order processing time of less than two 

weeks. Table 28 provides basic descriptive statistical measures for more elaboration. 

Table 28: Descriptive Statistics for Change Order Processing Time per PDS 

Change Order Processing Time DBB CMR DB IPD 
75th percentile 7 5 5.75 3 

Median (50th percentile) 6 4 5 1.5 
25th percentile 4 2.5 4 1 

Mean 5.2 3.8 4.8 1.9 
Standard Deviation 2.2 1.8 1.5 1 

It is obvious that IPD projects tend to have the shortest change order processing time with 

respect to all the descriptive measures shown in Table 28. For example, IPD has a median value 

of 1.5 which is less than half the median value for CMR (4), less than third the median value for 

DB (5), and about one fourth of the median value for DBB (6). Also, Table 28 shows the same 

trend of improvement from DBB to DB to CMR to IPD in terms of the mean values with respect 

to this metric. Also, Table 28 shows that IPD has the least spread with standard deviation of 1, 

compared to 1.5, 1.8, and 2.2 for DB, CMR, and DBB respectively. 

Next, statistical tests are used to determine whether there are any statistically significant 

differences across the project delivery systems. However, in order to choose the suitable statistica l 

tests, first the data was tested for normality as well as homoscedasticity. Table 29 presents the 

results of Shapiro-Wilk test for the data and for each project delivery system, as well as the results 

of Levene’s test for the whole data. 

Table 29: Results of Shapiro-Wilk and Levene's Tests for Change Order Processing Time 

 

  

 

 

Statistical Test P-value 

Shapiro-
Wilk 

Overall 0.000 
DBB 0.003 
CMR 0.286 
DB 0.476 
IPD 0.010 

Levene's Overall 0.290 
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The low p-values of the Shapiro-Wilk tests for the overall data, IPD projects, and DBB 

projects suggests rejecting the null hypothesis of normality. However, the relatively high p-value 

of Levene’s test retains the null hypothesis of homoscedasticity. In order to complement the 

visualization of the data, Figure 34 presents the Q-Q plots for the whole data and for each project 

delivery system. 

Based on the Q-Q plots presented in Figure 34, and the results displayed in Table 29, it 

was decided to derive the conclusions from the results of both ANOVA followed by Tukey-

Kramer and Kruskal-Wallis test followed by Conover-Iman. Both sets of results are shown in 

Table 30. 

Table 30: ANOVA Followed by Tukey Kramer, and Kruskal-Wallis Followed by Conover-Iman for Change Order 
Processing Time 

Statistical Test P-value Significance at 
95% Level 

Significance at 
90% Level Statistical Test P-

value 
Significance at 

95% Level 
Significance 
at 90% Level 

ANOVA 0.000 Significant Significant  Kruskal-Wallis 0.000 Significant Significant 

Tukey-
Kramer 

DBB-CMR 0.086 Not Significant Significant 

Conover-
Iman 

DBB-CMR 0.061 Not Significant Significant 

DBB-DB 0.908 Not Significant Not Significant DBB-DB 0.859 Not Significant Not 
Significant 

DBB-IPD 0.000 Significant Significant DBB-IPD 0.000 Significant Significant 

CMR-DB 0.327 Not Significant Not Significant CMR-DB 0.227 Not Significant Not 
Significant 

CMR-IPD 0.019 Significant Significant CMR-IPD 0.010 Significant Significant 

DB-IPD 0.000 Significant Significant DB-IPD 0.000 Significant Significant 

Figure 34: Q-Q Plots for Change Order Processing Time 
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The low p-values resulted from ANOVA and the Kruskal-Wallis test provide statistica l 

evidences at even 99% level to reject the null hypothesis, thus concluding that the project delivery 

systems have dissimilar performance regarding the tested metric. In other words, there is a 

statistical evidence at even 99% level that the change order processing time changes when the 

project delivery system changes.  

The results from the post hoc Tukey-Kramer tests as well the post hoc Conover-Iman tests 

show the following conclusions: 

1. According to both tests, there are statistical evidences at confidence level of 90% that CMR 

projects have less change order processing time compared to DBB projects. Therefore, CMR 

projects have a superior performance over DBB projects with respect to this metric. 

2. According to both tests, there are statistical evidence at confidence level of even 99% that IPD 

projects have less change order processing time compared to DBB projects. Therefore, IPD 

projects have a superior performance over DBB projects with respect to this metric. 

3. According to both tests, there are statistical evidences at confidence level of even 99% that 

IPD projects have less change order processing time compared to DB projects. Therefore, IPD 

projects have a superior performance over DB projects with respect to this metric. 

4. According to Tukey-Kramer and Conover-Iman tests, there are statistical evidences at 

confidence level of 95% and 99% respectively that IPD projects have less change order 

processing time compared to CMR projects. Therefore, IPD projects have a superior 

performance over CMR projects with respect to this metric. 

5. Combining the last three conclusions together, one can conclude that there are statistica l 

evidences of superior performance for IPD over the rest of the project delivery systems with 

respect to this metric. 
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4.3 Business Performance Area 

Like any for-profit organization, contractors only can afford to remain in the construction 

business if they make a reasonable monetary profit. Therefore, profit is a key performance metric 

from the contractors’ perspective. However, since it is impractical to ask contractors how much 

profit they made on specific projects, this research focuses on another perspective regarding the 

business performance area: business continuity. Accordingly, the resulting business metric is: 

Company image/return business. Although qualitative, this metric identifies projects that lead to 

immediate return business and others that lead to a bad working relationship with clients. 

4.3.1 Company Image (Return Business) 

While competition within the industry is on the rise, construction companies focus on 

keeping a positive image for their companies for return business purposes. Assessing the effect of 

a project on their company’s image and potential for return business, respondents provided data 

on a five-point scale with very negative = -2, negative = -1, neutral = 0, positive = 1, and very 

positive = 2. Figure 35 presents boxplots for this metric with respect to each project delivery system. 

Figure 35: Boxplots for Company Image/Return Business ~ PDS 
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The boxplots presented in Figure 35 demonstrates that construction companies tend to 

create a very positive image of their companies more consistently through IPD and CMR projects 

as compared to DBB and DB projects. Table 31 presents basic descriptive statistical measures for 

the company image/return business metric for each project delivery system. 

Table 31: Descriptive Statistics for Company Image (Return Business) per PDS 

Company Image (Return Business) DBB CMR DB IPD 
75th percentile 2 2 2 2 

Median (50th percentile) 1 2 2 2 
25th percentile 1 2 1 2 

Mean 1.35 1.81 1.57 1.93 
Standard Deviation 0.63 0.4 0.51 0.27 

The numbers presented in Table 31 clarifies that construction companies tend to develop 

their best image through IPD projects. Also, Table 31 demonstrates that IPD has the least spread 

(standard deviation of 0.27), indicating that IPD tends to consistently perform well with respect to 

this metric. On the other hand, Table 31 shows that DBB appears to be the project delivery system 

that imposes the worst company images for return business purposes. 

Next, statistical tests are used to determine whether there are any statistically significant 

differences across the project delivery systems. However, in order to choose the suitable statistica l 

tests, first the data was tested for normality as well as homoscedasticity. Table 32 presents the 

results of Shapiro-Wilk test for the data and for each project delivery system, as well as the results 

of Levene’s test for the whole data. 

The low p-values of the Shapiro-Wilk tests provide a statistical evidence to reject the null 

hypothesis of normality. However, the relatively high p-value of Levene’s test retains the null 

hypothesis of homoscedasticity. In order to complement the visualization of the data, Figure 36 

presents the Q-Q plots for the whole data and for each project delivery system. 
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Table 32: Results of Shapiro-Wilk and Levene's Tests for Company Image (Return Business) 

Statistical Test P-value 

Shapiro-
Wilk 

Overall 0.000 

DBB 0.010 

CMR 0.000 

DB 0.000 

IPD 0.000 

Levene's Overall 0.029 

 

Based on the Q-Q plots presented in Figure 36, and the results displayed in Table 32, it was 

decided to derive the conclusions from the results of the Kruskal-Wallis test followed by its post 

hoc test Conover-Iman. However, both ANOVA followed by Tukey-Kramer as well as Kruskal-

Wallis test followed by Conover-Iman were performed to provide a more comprehensive look at 

the comparisons between the project delivery systems. Both sets of results are shown in Table 33. 

The low p-value resulted from the Kruskal-Wallis test provides a statistical evidence at 

even 99% confidence level to reject the null hypothesis, thus concluding that the project delivery 

systems have dissimilar performance regarding the tested metric. In other words, there is a 

Figure 36: Q-Q Plots for Company Image (Return Business) 
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statistical evidence at 99% confidence level that company image/return business potential changes 

when the project delivery system changes.  

The results from the post hoc Conover-Iman tests show statistical significance for the 

following conclusions: 

1. At 95% confidence level, one can conclude that CMR projects provide higher potential of 

creating a positive company image thus improving the possibility of return business as 

compared to DBB projects. Therefore, CMR projects have a superior performance over DBB 

projects with respect to this metric. 

2. At 99% confidence level, one can conclude that IPD projects provide higher potential of 

creating a positive company image thus improving the possibility of return business as 

compared to DBB projects. Therefore, IPD projects have a superior performance over DBB 

projects with respect to this metric. 

Table 33: ANOVA Followed by Tukey Kramer, and Kruskal-Wallis Followed by Conover-Iman for 

Company Image (Return Business) 

Statistical Test P-
value 

Significance 
at 95% Level 

Significance 
at 90% Level Statistical Test P-

value 
Significance 
at 95% Level 

Significance 
at 90% Level 

ANOVA 0.005 Significant Significant  Kruskal-Wallis 0.010 Significant Significant 

Tukey-
Kramer 

DBB-CMR 0.021 Significant Significant 

Conover-
Iman 

DBB-CMR 0.015 Significant Significant 

DBB-DB 0.577 Not 
Significant 

Not 
Significant DBB-DB 0.571 Not 

Significant 
Not 

Significant 
DBB-IPD 0.008 Significant Significant DBB-IPD 0.005 Significant Significant 

CMR-DB 0.407 Not 
Significant 

Not 
Significant CMR-DB 0.270 Not 

Significant 
Not 

Significant 

CMR-IPD 0.854 Not 
Significant 

Not 
Significant CMR-IPD 0.737 Not 

Significant 
Not 

Significant 

DB-IPD 0.173 Not 
Significant 

Not 
Significant DB-IPD 0.091 Not 

Significant Significant 

 

  



86 
 

4.4 Quality Performance Area 

Quality is one of the main pillars in the construction industry. It is often cited as one of the 

main constraints in the project management triangle. Needless to say, quality at various levels is 

one of the major goals for any construction project.  Since quality is hard to measure, both 

qualitative and quantitative performance metrics were evaluated to provide a comprehens ive 

understanding of quality performance. Accordingly, the resulting quality performance metrics are: 

(1) overall quality of project systems, (2) punchlist items per million dollars, and (3) deficiency 

issues per million dollars. 

4.4.1 Overall Quality of Project Systems 

This metric offers a comprehensive measure for the quality of the project’s systems. 

Respondents were asked to provide the quality of each of the major project systems as well as the 

overall as built quality on a scale of 1 to 5, representing Economy, Standard, High Quality, 

Premium, or High Efficiency Premium. Table 34 lists these major project systems. 

Table 34: Project Systems - Quality Performance Area 

 

The average score for the eleven primary systems quality was combined with the overall 

as-built quality score to generate a single comprehensive metric that was named “overall quality 

of project systems.”  An equation describing the calculation of the overall quality of project 

systems is provided below: 

𝑂𝑂𝑂𝑂𝑃𝑃𝐽𝐽𝐽𝐽𝑁𝑁𝑁𝑁 𝑄𝑄𝐽𝐽𝐽𝐽𝑁𝑁𝑖𝑖𝑎𝑎𝐽𝐽 𝑚𝑚𝑜𝑜 𝑃𝑃𝐽𝐽𝑚𝑚𝐴𝐴𝑃𝑃𝐶𝐶𝑎𝑎 𝑆𝑆𝐽𝐽𝐶𝐶𝑎𝑎𝑃𝑃𝑚𝑚𝐶𝐶 = (0.5 × 𝐴𝐴𝑂𝑂𝑖𝑖. 𝑚𝑚𝑜𝑜 𝑃𝑃𝐽𝐽𝑖𝑖𝑚𝑚𝐽𝐽𝐽𝐽𝐽𝐽 𝑆𝑆𝐽𝐽𝐶𝐶𝑎𝑎𝑃𝑃𝑚𝑚𝐶𝐶) + (0.5 × 𝑂𝑂𝑂𝑂𝑃𝑃𝐽𝐽𝐽𝐽𝑁𝑁𝑁𝑁 𝐴𝐴𝐶𝐶𝐴𝐴𝐽𝐽𝑖𝑖𝑁𝑁𝑎𝑎 𝑄𝑄𝐽𝐽𝐽𝐽𝑁𝑁𝑖𝑖𝑎𝑎𝐽𝐽) 

Project Systems - Quality Performance Area 

Foundation Structure Interior Finishes 
Exterior Enclosure Roofing Mechanical Systems 
Electrical Systems Site Process Equipment 

Conveying Systems Specialties Overall As-built Quality 
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It is obvious from the boxplots presented in Figure 37 that IPD projects followed by CMR 

projects tend to have higher scores of the metric being tested as compared to DBB and DB. Also, 

Figure 37 reveals that DBB has the lowest mean, while DB have the biggest spread as compared 

to other project delivery methods with projects ranging from worst rating to best rating. Table 35 

presents basic descriptive statistical measures the overall project systems quality metric for each 

project delivery system for more elaboration.  

Table 35:  Descriptive Statistics for the Overall Project Systems Quality per PDS 

Overall Project Systems Quality DBB CMR DB IPD 

75th percentile 3 3.87 3.59 4.11 
Median (50th percentile) 2.81 3.45 2.86 3.93 

25th percentile 2.6 2.88 2.07 3.26 
Mean 2.76 3.36 2.93 3.81 

Standard Deviation 0.43 0.69 1.09 0.70 

Figure 37: Boxplots for the Overall Project Systems Quality ~ PDS 
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The numbers presented in Table 35 clarifies that DBB is the least performing delivery 

system with respect to this metric. Also, Table 35 demonstrates that DBB has a very low spread, 

meaning that it consistently performs poorly with respect to this metric. On the other hand,       

Table 35 shows that IPD followed by CMR are the best performing delivery systems with respect 

to this metric. Additionally, Table 35 demonstrates that DB has the biggest spread with regards to 

this metric as shown by its standard deviation (1.09) that is more than double the standard deviation 

of DBB projects (0.43). 

Next, statistical tests are used to determine whether there are any statistically significant 

differences across the project delivery systems. However, in order to choose the suitable statistica l 

tests, first the data was tested for normality as well as homoscedasticity. Table 36 presents the 

results of Shapiro-Wilk tests for the data and for each project delivery system, as well as the results 

of Levene’s test for the whole data. 

Table 36: Results of Shapiro-Wilk and Levene's Tests for the Overall Project Systems Quality 

 

 

 

 

The relatively high p-values of the Shapiro-Wilk tests do not provide a statistical evidence 

to reject the null hypothesis of normality. Therefore, the normality assumption is retained for this 

metric. However, the low p-value of Levene’s test provide a statistical evidence to reject the null 

hypothesis of homoscedasticity. In order to complement the visualization of the data, Figure 38 

presents the Q-Q plots for the whole data and for each project delivery system. 

Statistical Test P-value 

Shapiro-Wilk 

Overall 0.503 
DBB 0.294 
CMR 0.686 
DB 0.583 
IPD 0.349 

Levene's Overall 0.017 
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Based on the Q-Q plots presented in Figure 38, and the results displayed in Table 36, it was 

decided to derive the conclusions from the results of both ANOVA followed by Tukey-Kramer 

and Kruskal-Wallis test followed by Conover-Iman. Both sets of results are shown in Table 37. 

 

 

Table 37: ANOVA Followed by Tukey Kramer, and Kruskal-Wallis Followed by Conover-Iman for the 

Overall Project Systems Quality 

Statistical Test P-
value 

Significance at 
95% Level 

Significance at 
90% Level Statistical Test P-

value 
Significance at 

95% Level 

Significance 
at 90% 
Level 

ANOVA 0.002 Significant Significant  Kruskal-Wallis 0.000 Significant Significant 

Tukey-
Kramer 

DBB-CMR 0.097 Not Significant Significant 

Conover-
Iman 

DBB-CMR 0.057 Not Significant Significant 

DBB-DB 0.936 Not Significant Not Significant DBB-DB 0.799 Not Significant Not 
Significant 

DBB-IPD 0.003 Significant Significant DBB-IPD 0.002 Significant Significant 

CMR-DB 0.316 Not Significant Not Significant CMR-DB 0.293 Not Significant Not 
Significant 

CMR-IPD 0.295 Not Significant Not Significant CMR-IPD 0.221 Not Significant Not 
Significant 

DB-IPD 0.016 Significant Significant DB-IPD 0.013 Significant Significant 

 

Figure 38: Q-Q Plots for Overall Project Systems Quality 
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The low p-values resulted from ANOVA and the Kruskal-Wallis test provide statistica l 

evidences at even 99% level to reject the null hypothesis, thus concluding that the project delivery 

systems have dissimilar performance regarding the tested metric. In other words, there is a 

statistical evidence at even 99% level that the overall project systems quality changes when the 

project delivery system changes. 

The results from the post hoc Tukey-Kramer tests as well the post hoc Conover-Iman tests 

show the following conclusions: 

1. According to both tests, there are statistical evidences at confidence level of 90% that CMR 

projects have higher project systems quality compared to DBB projects. Therefore, CMR 

projects have a superior performance over DBB projects with respect to this metric. 

2. According to both tests, there are statistical evidence at confidence level of 99% that IPD 

projects have higher project systems quality compared to DBB projects. Therefore, IPD 

projects have a superior performance over DBB projects with respect to this metric. 

3. According to both tests, there are statistical evidences at confidence level 95% that IPD 

projects have higher project systems quality compared to DB projects. Therefore, IPD projects 

have a superior performance over DB projects with respect to this metric. 
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4.4.2 Deficiency Issues per Million Dollars 

Deficiency issues are issues that arise during the course of construction, and can be related 

to numerous reasons, such as failed field inspections and jurisdiction problems. Respondents 

provided the number of deficiency issues for each of their projects. In order to perform a 

comparison across a number of projects of different sizes, the reported numbers of deficiency 

issues have been normalized on final construction cost. Accordingly, the resulting metric is number 

of deficiency issues per million dollars. Figure 39 presents boxplots for this metric with respect to 

each project delivery system. 

The boxplots presented in Figure 39 demonstrates that IPD seems to be the best performing 

project delivery system with respect to this metric. On the other hand, Figure 39 shows that DBB, 

DB, and CMR to be close in performance with respect to this metric. Furthermore, Figure 39 

demonstrates that IPD have a very small spread, showing that IPD projects consistently perform 

well with respect to this metric. 

Figure 39: Boxplots for Number of Deficiency Issues per Million Dollars ~ PDS 
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Table 38 presents basic descriptive statistical measures for the deficiency issues per million 

dollars for each project delivery system. 

Table 38:  Descriptive Statistics for Number of Deficiency Issues per Million Dollars per PDS 

Deficiency Issues Per Million Dollars DBB CMR DB IPD 
75th percentile 2.96 1.39 3.65 0.35 

Median (50th percentile) 2.3 0.86 1.11 0.11 
25th percentile 0.72 0.51 0.18 0 

Mean 3.29 4.62 2.4 0.38 

Standard Deviation 5.08 10.76 3.3 0.61 

The numbers presented in Table 38 clarifies that IPD projects tend to have fewer deficiency 

issues compared to the rest of project delivery systems. For example, IPD has a median of 0.11, 

which is less than one tenth of that of DB (1.11), less than one seventh of that of CMR (0.86), and 

less than one twentieth of that of DBB (2.3). Also, Table 38 shows that CMR followed by DBB, 

then DB tend to have a relatively large spread. On the other hand, IPD has a relatively small 

standard deviation (0.61), reflecting that IPD projects tend to consistently perform well regarding 

this metric. 

 Next, statistical tests are used to determine whether there are any statistically significant 

differences across the project delivery systems. However, in order to choose the suitable statistica l 

tests, first the data was tested for normality as well as homoscedasticity. Table 39 presents the 

results of Shapiro-Wilk test for the data and for each project delivery system, as well as the results 

of Levene’s test for the whole data. 
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Table 39: Results of Shapiro-Wilk and Levene's Tests for the Number of Deficiency Issues per Million Dollars 

Statistical Test P-value 

Shapiro-
Wilk 

Overall 0.000 

DBB 0.000 

CMR 0.000 

DB 0.003 

IPD 0.001 

Levene's Overall 0.487 

The low p-values of the Shapiro-Wilk tests provide a statistical evidence to reject the null 

hypothesis of normality. However, the relatively high p-value of Levene’s test retains the null 

hypothesis of homoscedasticity. In order to complement the visualization of the data, Figure 40 

presents the Q-Q plots for the whole data and for each project delivery system 

Based on the Q-Q plots presented in Figure 40, and the results displayed in Table 39, it was 

decided to derive the conclusions from the results of the Kruskal-Wallis test followed by its post 

hoc test Conover-Iman. However, both ANOVA followed by Tukey-Kramer as well as Kruskal- 

Wallis test followed by Conover-Iman were performed to provide a more comprehensive look at 

the comparisons between the project delivery systems. Both sets of results are shown in Table 40. 

Figure 40: Q-Q Plots for Number of Deficiency Issues per Million Dollars 
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Table 40: ANOVA Followed by Tukey Kramer, and Kruskal-Wallis Followed by Conover-Iman for Number of 
Deficiency Issues per Million Dollars 

The low p-value resulted from the Kruskal-Wallis test provides a statistical evidence at 

95% level to reject the null hypothesis, thus concluding that the project delivery systems have 

dissimilar performance regarding the tested metric. In other words, there is a statistical evidence 

at 95% confidence level that number of deficiency issues per million dollars changes when the 

project delivery system changes.  

The results from the post hoc Conover-Iman tests show statistical significance for the 

following conclusions: 

1. At 99% confidence level, IPD projects have fewer deficiency issues per million dollars 

compared to DBB projects. Therefore, IPD projects have a superior performance over DBB 

projects with respect to this metric. 

Statistical Test P-value 
Significance at 

95% Level 
Significance at 

90% Level Statistical Test P-value 
Significance at 

95% Level 
Significance at 

90% Level 

ANOVA 0.427 Not Significant Not Significant  Kruskal-Wallis 0.020 Significant Significant 

Tukey-
Kramer 

DBB-CMR 0.958 Not Significant Not Significant 

Conover-
Iman 

DBB-CMR 0.545 Not Significant Not Significant 

DBB-DB 0.989 Not Significant Not Significant DBB-DB 0.599 Not Significant Not Significant 

DBB-IPD 0.727 Not Significant Not Significant DBB-IPD 0.007 Significant Significant 

CMR-DB 0.823 Not Significant Not Significant CMR-DB 0.983 Not Significant Not Significant 

CMR-IPD 0.360 Not Significant Not Significant CMR-IPD 0.069 Not Significant Significant 

DB-IPD 0.881 Not Significant Not Significant DB-IPD 0.094 Not Significant Significant 
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2. At 90% confidence level, IPD projects have fewer deficiency issues per million dollars 

compared to CMR projects. Therefore, IPD projects have a superior performance over CMR 

projects with respect to this metric. 

3. At 90% confidence level, IPD projects have fewer deficiency issues per million dollars 

compared to DB projects. Therefore, IPD projects have a superior performance over DB 

projects with respect to this metric. 

4. The three previous conclusions demonstrate that there are statistical evidences (with lowest 

confidence level being at 90%) that IPD is the best performing project delivery system with 

respect to the metric being tested. In other words, there are statistical evidences that IPD 

projects have the least deficiency issues per million dollars compared to other project delivery 

systems. 
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4.4.3 Punchlist Items per Million Dollar 

Punchlist items are the uncompleted or unsatisfactory items remaining after the substantia l 

completion of a project, such as components needing minor repairs or replacement. Respondents 

provided the number of punchlist items for each of their projects. In order to perform a comparison 

across a number of projects of different sizes, the reported numbers of punchlist items have been 

normalized on final construction cost. Accordingly, the resulting metric is the number of punchlist 

items per million dollars. Figure 41 presents boxplots for this metric with respect to each project 

delivery system. 

The boxplots presented in Figure 41 demonstrates that there is a trend of improvement with 

respect to this metric as the project delivery system changes from DBB to CMR to DB to IPD. 

Also, Figure 41 shows that IPD has the lowest spread of all project delivery systems, showing that 

IPD projects tend to consistently perform well with respect to this metric. Table 41 presents basic 

descriptive statistical measures for the number of punchlist items per million dollars for each 

project delivery system. 

Figure 41: Boxplots for Number of Punchlist Items per Million Dollars ~ PDS 
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Table 41: Descriptive Statistics for the Overall Project Systems Quality per PDS 

Punchlist Items Per Million Dollars DBB CMR DB IPD 
75th percentile 46.58 38.22 39.88 15.8 

Median (50th percentile) 32.16 17.38 7.42 7.78 
25th percentile 16.3 6.28 4.74 1.93 

Mean 48.43 25.83 22.15 11.87 

Standard Deviation 54.22 25.8 23.51 13.31 

The numbers presented in Table 41 clarifies the trend of communication improvement as 

the project delivery system changes from DBB to CMR to DB to IPD.  However, Table 41 reveals 

that DB and CMR are very close in performance. For example, DB has a lower median, and a 

higher mean as compared to CMR. On the other hand, Table 41 shows that DB is the worst 

performing delivery system, while IPD is the best performing delivery system with respect to this 

metric. For example, the median of DBB projects (32.16) is more than four times the median of 

IPD (7.78). Also, the mean of DBB (48.43) is more than four times the mean of IPD (11.54). 

Additionally, Table 41 confirms that IPD has the lowest spread of all project delivery systems, 

with a standard deviation of 13.31. 

Next, statistical tests are used to determine whether there are any statistically significant 

differences across the project delivery systems. However, in order to choose the suitable statistica l 

tests, first the data was tested for normality as well as homoscedasticity. Table 42 presents the 

results of Shapiro-Wilk test for the data and for each project delivery system, as well as the results 

of Levene’s test for the whole data. 
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Table 42: Results of Shapiro-Wilk and Levene's Tests for the Number of Punchlist Items per Million Dollars 

Statistical Test P-value 

Shapiro-
Wilk 

Overall 0.000 

DBB 0.001 

CMR 0.001 

DB 0.015 

IPD 0.039 

Levene's Overall 0.246 

The low p-values of the Shapiro-Wilk tests provide a statistical evidence to reject the null 

hypothesis of normality. However, the relatively high p-value of Levene’s test retains the null 

hypothesis of homoscedasticity. In order to complement the visualization of the data, Figure 42 

presents the Q-Q plots for the whole data and for each project delivery system. 

Based on the Q-Q plots presented in Figure 42, and the results displayed in Table 42, it was 

decided to derive the conclusions from the results of the Kruskal-Wallis test followed by its post 

hoc test Conover-Iman. However, both ANOVA followed by Tukey-Kramer as well as Kruskal-

Wallis test followed by Conover-Iman were performed to provide a more comprehensive look at 

the comparisons between the project delivery systems. Both sets of results are shown in Table 43. 

Figure 42: Q-Q Plots for Number of Punchlist Items per Million Dollars 
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Table 43: ANOVA Followed by Tukey Kramer, and Kruskal-Wallis Followed by Conover-Iman for Number of 

Punchlist Items per Million Dollars 

Statistical Test P-
value 

Significance 
at 95% Level 

Significance 
at 90% Level Statistical Test P-

value 
Significance 
at 95% Level 

Significance 
at 90% Level 

ANOVA 0.057 Not 
Significant Significant  Kruskal-Wallis 0.050 Significant Significant 

Tukey-
Kramer 

DBB-CMR 0.217 Not 
Significant 

Not 
Significant 

Conover-
Iman 

DBB-CMR 0.307 Not 
Significant 

Not 
Significant 

DBB-DB 0.184 Not 
Significant 

Not 
Significant DBB-DB 0.134 Not 

Significant 
Not 

Significant 
DBB-IPD 0.050 Significant Significant DBB-IPD 0.018 Significant Significant 

CMR-DB 0.989 Not 
Significant 

Not 
Significant CMR-DB 0.826 Not 

Significant 
Not 

Significant 

CMR-IPD 0.685 Not 
Significant 

Not 
Significant CMR-IPD 0.264 Not 

Significant 
Not 

Significant 

DB-IPD 0.878 Not 
Significant 

Not 
Significant DB-IPD 0.670 Not 

Significant 
Not 

Significant 

The low p-value resulted from the Kruskal-Wallis test provides a statistical evidence at 

95% level to reject the null hypothesis, thus concluding that the project delivery systems have 

dissimilar performance regarding the tested metric. In other words, there is a statistical evidence 

at 95% level that the number of punchlist items per million dollars changes when the project 

delivery system changes.  

The results from the post hoc Conover-Iman tests shows a statistical evidence at 95% 

confidence level that IPD projects have fewer punchlist items per millions per million dollars 

compared to DBB projects. In other words, at 95% confidence level, IPD represents the only 

statistically supported improvement from DBB with respect to this metric. 
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4.5 Cost Performance Area 

Cost performance is one of the major issues in the construction industry. It is often cited as 

one of the main constraints in the project management triangle. Needless to say, a successful cost 

performance is one of the major goals for any construction project. However, many construction 

projects experience cost growth while being performed. For this research, cost data was available 

for most of the projects thus enabling this research to add the percentage of construction cost 

growth to its analysis.  

4.5.1 Construction Cost Growth 

Construction cost growth is the percentage difference between the final construction cost 

and the awarded construction amount and can be either positive or negative depending on if the 

project increased or decreased in cost throughout the duration of the project. Figure 43 presents 

boxplots for this metric with respect to each project delivery system. 

Figure 43: Boxplots for Construction Cost Growth Percentage ~ PDS 
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The boxplots presented in Figure 43 show that IPD has the lowest mean, while DBB has 

the lowest median as compared to other project delivery methods. However, Figure 43 

demonstrates that the four examined project delivery systems tend to have a fairly close 

performance with respect to this metric. Table 44 presents basic descriptive statistical measures 

for the percentage of construction cost growth for each project delivery system. 

Table 44: Descriptive Statistics for Construction Cost Growth Percentage 

Construction Cost Growth (percentage) DBB CMR DB IPD 
75th percentile 3.67% 4.15% 5.51% 2.80% 

Median (50th percentile) 0.24% 1.51% 2.98% 0.80% 
25th percentile 0.00% 0.00% 1.27% 0.00% 

Mean 5.19% 3.34% 4.16% 3.18% 

Standard Deviation 11.73% 4.98% 4.37% 5.78% 

The numbers presented in Table 44 clarifies that IPD has the lowest mean of 3.18%, 

followed by CMR (3.34%), DB (4.16%), and DBB (5.19%). Also, Table 44 demonstrates that 

DBB the lowest median of all project delivery methods (0.24%). This indicates that although DBB 

can be considered to generally perform well with regards to this metric, a few DBB projects still 

suffer from a very high construction cost growth percentage. Also, this can be deduced from the 

relatively high standard deviation that DBB has with respect to this metric (11.73%).  

Next, statistical tests are used to determine whether there are any statistically significant 

differences across the project delivery systems with respect to this metric. However, in order to 

choose the suitable statistical tests, first the data was tested for normality as well as 

homoscedasticity. Table 45 presents the results of Shapiro-Wilk test for the data and for each 

project delivery system, as well as the results of Levene’s test for the whole data 
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Table 45: Results of Shapiro-Wilk and Levene's Tests for Construction Cost Growth Percentage 

Statistical Test P-value 

Shapiro-
Wilk 

Overall 0.000 

DBB 0.000 

CMR 0.000 

DB 0.006 

IPD 0.000 

Levene's Overall 0.771 

The low p-values of the Shapiro-Wilk tests provide a statistical evidence to reject the null 

hypothesis of normality. However, the relatively high p-value of Levene’s test retains the null 

hypothesis of homoscedasticity. In order to complement the visualization of the data, Figure 44 

presents the Q-Q plots for the whole data and for each project delivery system. 

Based on the Q-Q plots presented in Figure 44, and the results displayed in Table 45, it 

was decided to derive the conclusions from the results of the Kruskal-Wallis test followed by its 

post hoc test Conover-Iman. However, both ANOVA followed by Tukey-Kramer as well as 

Kruskal-Wallis test followed by Conover-Iman were performed to provide a more comprehens ive 

look at the comparisons between the project delivery systems. Both sets of results are shown in 

Table 46. 

Figure 44: Q-Q Plots for Construction Cost Growth Percentage 
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Table 46: ANOVA Followed by Tukey Kramer, and Kruskal-Wallis Followed by Conover-Iman for Constrcution 
Cost Growth Percentage 

Statistical Test P-
value 

Significance 
at 95% Level 

Significance 
at 90% Level Statistical Test P-

value 
Significance 
at 95% Level 

Significance 
at 90% Level 

ANOVA 0.862 Not 
Significant 

Not 
Significant  Kruskal-Wallis 0.480 Not 

Significant 
Not 

Significant 

Tukey-
Kramer 

DBB-CMR 0.869 Not 
Significant 

Not 
Significant 

Conover-
Iman 

DBB-CMR 0.919 Not 
Significant 

Not 
Significant 

DBB-DB 0.980 Not 
Significant 

Not 
Significant DBB-DB 0.423 Not 

Significant 
Not 

Significant 

DBB-IPD 0.887 Not 
Significant 

Not 
Significant DBB-IPD 0.974 Not 

Significant 
Not 

Significant 

CMR-DB 0.984 Not 
Significant 

Not 
Significant CMR-DB 0.544 Not 

Significant 
Not 

Significant 

CMR-IPD 0.999 Not 
Significant 

Not 
Significant CMR-IPD 0.949 Not 

Significant 
Not 

Significant 

DB-IPD 0.983 Not 
Significant 

Not 
Significant DB-IPD 0.495 Not 

Significant 
Not 

Significant 
 

The relatively high p-value resulted from the Kruskal-Wallis test does not provide a statistica l 

evidence at even 90% level to reject the null hypothesis, thus retaining the null hypothesis that 

project delivery systems do not show statistically proven differences in performance regarding the 

tested metric. 
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4.6 Schedule Performance Area 

Schedule performance is one of the major issues in the construction industry. It is often 

cited as one of the main constraints in the project management triangle. Needless to say, a 

successful schedule is one of the major goals for any construction project. This research 

investigates the performance of each of the four project delivery systems with respect to four 

schedule metrics: (1) construction speed, (2) delivery speed, (3) schedule growth, and (4) schedule 

intensity. 

4.6.1 Construction Speed 

Construction speed is measured in square feet per day, starting from the construction notice 

to proceed and ending at the project substantial completion. Figure 45 presents boxplots for this 

metric with respect to each project delivery system. 

Figure 45: Boxplots for Number of Construction Speed Dollars ~ PDS 



105 
 

The boxplots presented in Figure 45 demonstrates that CMR and IPD are the best 

performing project delivery systems with respect to this metric. For example, CMR has the largest 

mean, while IPD has the largest median. On the other hand, Figure 45 shows that DB followed by 

DBB are the worst project delivery systems with respect to this metric. Table 47 presents basic 

descriptive statistical measures for the construction speed of each project delivery system. 

Table 47: Descriptive Statistics for the Construction Speed per PDS 

Construction Speed DBB CMR DB IPD 
75th percentile 254.3 491.9 162.0 367.5 
Median (50th 

percentile) 186.3 275.0 101.4 278.1 

25th percentile 80.8 125.9 29.5 188.0 
Mean 258.5 431.8 170.4 273.2 

Standard Deviation 272.9 475.4 258.3 129.7 

The numbers presented in Table 47 clarifies that CMR and IPD are the best performing 

project delivery systems with respect to this metric. Table 47 shows that CMR has the highest 75th 

percentile (491.9 SF/day) as well as the highest mean (367.5 SF/day), while IPD has the highest 

25th percentile (188.0 SF/day) and the highest median (278.1 SF/day). On the other hand, Table 47 

demonstrates that DB followed by DBB have the lowest 25th percentiles (29.5 and 80.8 SF/day), 

medians (101.4 and 186.3 SF/day), 75th percentiles (162.0 and 254.3 SF/day), and means (170.4 

and 258.5 SF/day). Additionally, Table 47 shows that IPD has the lowest spread of project delivery 

systems with a standard deviation of 129.7 SF/day, while CMR has the highest standard deviation 

of 475.4 SF/day. 

Next, statistical tests are used to determine whether there are any statistically significant 

differences across the project delivery systems. However, in order to choose the suitable statistica l 

tests, first the data was tested for normality as well as homoscedasticity. Table 48 presents the 



106 
 

results of Shapiro-Wilk test for the data and for each project delivery system, as well as the results 

of Levene’s test for the whole data. 

Table 48: Results of Shapiro-Wilk and Levene's Tests for Construction Speed 

Statistical Test P-value 

Shapiro-
Wilk 

Overall 0.000 

DBB 0.001 

CMR 0.000 

DB 0.000 

IPD 0.993 

Levene's Overall 0.162 

 

The low p-values of the Shapiro-Wilk tests provide a statistical evidence to reject the null 

hypothesis of normality. However, the relatively high p-value of Levene’s test retains the null 

hypothesis of homoscedasticity. In order to complement the visualization of the data, Figure 46 

presents the Q-Q plots for the whole data and for each project delivery system. 

Based on the Q-Q plots presented in Figure 46, and the results displayed in Table 48, it was 

decided to derive the conclusions from the results of the Kruskal-Wallis test followed by its post 

Figure 46: Q-Q Plots for Construction Speed 
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hoc test Conover-Iman. However, both ANOVA followed by Tukey-Kramer as well as Kruskal-

Wallis test followed by Conover-Iman were performed to provide a more comprehensive look at 

the comparisons between the project delivery systems. Both sets of results are shown in Table 49. 

Table 49: ANOVA Followed by Tukey Kramer, and Kruskal-Wallis Followed by Conover-Iman for 

Construction Speed 

Statistical Test P-
value 

Significance 
at 95% Level 

Significance 
at 90% Level Statistical Test P-

value 
Significance 
at 95% Level 

Significance 
at 90% Level 

ANOVA 0.177 Not 
Significant 

Not 
Significant  Kruskal-Wallis 0.040 Significant Significant 

Tukey-
Kramer 

DBB-
CMR 0.509 Not 

Significant 
Not 

Significant 

Conover-
Iman 

DBB-
CMR 0.581 Not 

Significant 
Not 

Significant 
DBB-
DB 0.926 Not 

Significant 
Not 

Significant 
DBB-
DB 0.359 Not 

Significant 
Not 

Significant 
DBB-
IPD 0.999 Not 

Significant 
Not 

Significant 
DBB-
IPD 0.703 Not 

Significant 
Not 

Significant 
CMR-

DB 0.165 Not 
Significant 

Not 
Significant 

CMR-
DB 0.020 Significant Significant 

CMR-
IPD 0.582 Not 

Significant 
Not 

Significant 
CMR-
IPD 0.978 Not 

Significant 
Not 

Significant 

DB-IPD 0.889 Not 
Significant 

Not 
Significant DB-IPD 0.058 Not 

Significant Significant 

The low p-value resulted from the Kruskal-Wallis test provides a statistical evidence at 

even 95% level to reject the null hypothesis, thus concluding that the project delivery systems have 

dissimilar performance regarding the tested metric. In other words, there is a statistical evidence 

at even 95% level that the construction speed changes when the project delivery system changes. 

The results from the post hoc Conover-Iman tests show statistical evidences for the 

following conclusions: 

1. At 95% confidence level, CMR projects have higher construction speed compared to DB 

projects. Therefore, CMR projects have a superior performance over DB projects with respect 

to this metric. 
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2. At 90% confidence level, IPD projects have higher construction speed compared to DB 

projects. Therefore, IPD projects have a superior performance over DB projects with respect 

to this metric. 

4.6.2 Delivery Speed 

Like Construction speed, delivery speed is also measured in square feet per day, but starting 

from the design start date and ending at the substantial completion date. Figure 47 presents 

boxplots for this metric with respect to each project delivery system. 

The boxplots presented in Figure 47 demonstrates that CMR and IPD are the best 

performing project delivery systems with respect to this metric. For example, CMR has the largest 

mean, while IPD has the largest median. On the other hand, Figure 47 shows that DB followed by 

DBB are the worst project delivery systems with respect to this metric. Table 50 presents basic 

descriptive statistical measures for the delivery speed of each project delivery system. 

Figure 47: Boxplots for Delivery Speed ~ PDS 
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Table 50: Descriptive Statistics for the Delivery Speed per PDS 

Delivery Speed DBB CMR DB IPD 
75th percentile 138.3 357.4 87.3 241.8 
Median (50th 

percentile) 98.0 199.6 60.6 206.6 

25th percentile 40.8 95.6 14.0 127.7 
Mean 128.0 355.1 128.4 191.2 

Standard Deviation 118.0 427.6 263.5 89.6 

The numbers presented in Table 50 clarifies that CMR and IPD are the best performing 

project delivery systems with respect to this metric. For example, Table 50 shows that CMR has 

the highest 75th percentile (357.4 SF/day) as well as the highest mean (355.1 SF/day), while IPD 

has the highest 25th percentile (127.7 SF/day) and the highest median (206.6 SF/day). On the other 

hand, Table 50 demonstrates that DB and DBB have the lowest 25th percentiles (14.0 and 40.8 

SF/day), medians (60.6 and 98.0 SF/day), 75th percentiles (87.3 and 138.3 SF/day) and means 

(128.4 and 128.0 SF/day). Additionally, Table 50 shows that IPD has the lowest spread of project 

delivery systems with a standard deviation of 89.6 SF/day, while CMR has the highest standard 

deviation of 427.6 SF/day. 

Next, statistical tests are used to determine whether there are any statistically significant 

differences across the project delivery systems. However, in order to choose the suitable statistica l 

tests, first the data was tested for normality as well as homoscedasticity. Table 51 presents the 

results of Shapiro-Wilk test for the data and for each project delivery system, as well as the results 

of Levene’s test for the whole data. 

The low p-values of the Shapiro-Wilk tests provide a statistical evidence to reject the null 

hypothesis of normality. However, the relatively high p-value of Levene’s test retains the null 
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hypothesis of homoscedasticity. In order to complement the visualization of the data, Figure 48 

presents the Q-Q plots for the whole data and for each project delivery system. 

Table 51: Results of Shapiro-Wilk and Levene's Tests for Delivery Speed 

Statistical Test P-value 

Shapiro-
Wilk 

Overall 0.000 

DBB 0.135 

CMR 0.001 

DB 0.000 

IPD 0.713 

Levene's Overall 0.196 

 

Based on the Q-Q plots presented in Figure 48, and the results displayed in Table 51, it 

was decided to derive the conclusions from the results of the Kruskal-Wallis test followed by its 

post hoc test Conover-Iman. However, both ANOVA followed by Tukey-Kramer as well as 

Kruskal-Wallis test followed by Conover-Iman were performed to provide a more comprehens ive 

look at the comparisons between the project delivery systems. Both sets of results are shown in 

Table 52. 

Figure 48: Q-Q Plots for Delivery Speed 
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Table 52: ANOVA Followed by Tukey Kramer, and Kruskal-Wallis Followed by Conover-Iman for Delivery Speed 

Statistical Test P-
value 

Significance 
at 95% Level 

Significance 
at 90% Level Statistical Test P-

value 
Significance 
at 95% Level 

Significance 
at 90% Level 

ANOVA 0.205 Not 
Significant 

Not 
Significant  Kruskal-Wallis 0.020 Significant Significant 

Tukey-
Kramer 

DBB-
CMR 0.461 Not 

Significant 
Not 

Significant 

Conover-
Iman 

DBB-
CMR 0.577 Not 

Significant 
Not 

Significant 
DBB-
DB 0.999 Not 

Significant 
Not 

Significant 
DBB-
DB 0.560 Not 

Significant 
Not 

Significant 
DBB-
IPD 0.979 Not 

Significant 
Not 

Significant 
DBB-
IPD 0.546 Not 

Significant 
Not 

Significant 
CMR-

DB 0.219 Not 
Significant 

Not 
Significant 

CMR-
DB 0.011 Significant Significant 

CMR-
IPD 0.515 Not 

Significant 
Not 

Significant 
CMR-
IPD 0.972 Not 

Significant 
Not 

Significant 

DB-IPD 0.957 Not 
Significant 

Not 
Significant DB-IPD 0.014 Significant Significant 

The low p-value resulted from the Kruskal-Wallis test provides a statistical evidence at 5% 

significance level to reject the null hypothesis, thus concluding that the project delivery systems 

have dissimilar performance regarding the tested metric. In other words, there is a statistica l 

evidence at even 95% confidence level that the delivery speed changes when the project delivery 

system changes. 

The results from the post hoc Conover-Iman tests show statistical evidences for the 

following conclusions: 

1. At 95% confidence level, CMR projects have higher delivery speed compared to DB projects. 

Therefore, CMR projects have a superior performance over DB projects with respect to this 

metric. 

2. At 90% confidence level, IPD projects have higher delivery speed compared to DB projects. 

Therefore, IPD projects have a superior performance over DB projects with respect to this 

metric. 
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4.6.3 Schedule Growth 

Construction schedule growth is measured as a percentage through comparing the final 

construction schedule to the original estimated construction schedule. Schedule growth can be either 

positive or negative depending on whether the project duration was extended or compressed compared to 

the target dates. In other words, construction schedule growth is the percent change between the 

actual duration and target duration of construction as represented by the following equation: 

𝑆𝑆𝐶𝐶ℎ𝑃𝑃𝑚𝑚𝐽𝐽𝑁𝑁𝑃𝑃 𝐺𝐺𝐽𝐽𝑚𝑚𝐺𝐺𝑎𝑎ℎ (%) =
𝑆𝑆𝐽𝐽𝑆𝑆𝐶𝐶𝑎𝑎𝐽𝐽𝑖𝑖𝑎𝑎𝑖𝑖𝐽𝐽𝑁𝑁 𝐶𝐶𝑚𝑚𝑚𝑚𝑚𝑚. (𝐴𝐴𝐶𝐶𝑎𝑎𝐽𝐽𝐽𝐽𝑁𝑁)−𝑁𝑁𝑁𝑁𝑃𝑃 (𝐴𝐴𝐶𝐶𝑎𝑎𝐽𝐽𝐽𝐽𝑁𝑁)
𝑆𝑆𝐽𝐽𝑆𝑆𝐶𝐶𝑎𝑎𝐽𝐽𝑖𝑖𝑎𝑎𝑖𝑖𝐽𝐽𝑁𝑁 𝐶𝐶𝑚𝑚𝑚𝑚𝑚𝑚. (𝑁𝑁𝐽𝐽𝐽𝐽𝑖𝑖𝑃𝑃𝑎𝑎) −𝑁𝑁𝑁𝑁𝑃𝑃 (𝑁𝑁𝐽𝐽𝐽𝐽𝑖𝑖𝑃𝑃𝑎𝑎) − 1 

 Figure 49 presents boxplots for this metric with respect to each project delivery system. 

The boxplots presented in Figure 49 demonstrates that the four project delivery systems 

have very close performance with respect to this metric. Also, Figure 49 demonstrates that DB has 

the lowest spread of all project delivery systems, indicating that DB projects consistently perform 

Figure 49: Boxplots for Schedule Growth ~ PDS 
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well with regards to this metric. Table 53 presents basic descriptive statistical measures for the 

percentage of schedule growth for each project delivery system. 

Table 53: Descriptive Statistics for Percentage Schedule Growth per PDS 

Schedule Growth DBB CMR DB IPD 
75th percentile 13.76% 12.27% 7.71% 17.34% 
Median (50th 

percentile) 8.08% 5.99% 5.33% 5.51% 

25th percentile 5.25% 0.00% 3.77% 0.00% 
Mean 21.44% 8.29% 5.74% 9.87% 

Standard Deviation 36.86% 10.87% 4.21% 11.48% 

The numbers presented in Table 53 clarifies that the four project delivery systems are close 

in performance with respect to their median of this metric. However, DB tends to consistent ly 

perform well with respect to this metric as illustrated with its low standard deviation of 4.21%. 

Next, statistical tests are used to determine whether there are any statistically significant 

differences across the project delivery systems. However, in order to choose the suitable statistica l 

tests, first the data was tested for normality as well as homoscedasticity. Table 54 presents the 

results of Shapiro-Wilk test for the data and for each project delivery system, as well as the results 

of Levene’s test for the whole data. 

Table 54: Results of Shapiro-Wilk and Levene's Tests for Percentage Schedule Growth 

Statistical Test P-value 

Shapiro-
Wilk 

Overall 0.000 

DBB 0.000 

CMR 0.000 

DB 0.782 

IPD 0.027 

Levene's Overall 0.277 
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 The low p-values of the Shapiro-Wilk tests provide a statistical evidence to reject the null 

hypothesis of normality. However, the relatively high p-value of Levene’s test retains the null 

hypothesis of homoscedasticity. In order to complement the visualization of the data, Figure 50 

presents the Q-Q plots for the whole data and for each project delivery system. 

Based on the Q-Q plots presented in Figure 50, and the results displayed in Table 54, it 

was decided to derive the conclusions from the results of the Kruskal-Wallis test followed by its 

post hoc test Conover-Iman. However, both ANOVA followed by Tukey-Kramer as well as 

Kruskal-Wallis test followed by Conover-Iman were performed to provide a more comprehens ive 

look at the comparisons between the project delivery systems. Both sets of results are shown in 

Table 55. 

Table 55: ANOVA Followed by Tukey Kramer, and Kruskal-Wallis Followed by Conover-Iman for 

Percentage Schedule Growth 

Statistical Test P-
value 

Significance at 
95% Level 

Significance at 
90% Level Statistical Test P-

value 
Significance at 

95% Level 
Significance at 

90% Level 
ANOVA 0.251 Not Significant Not Significant  Kruskal-Wallis 0.810 Not Significant Not Significant 

Tukey-
Kramer 

DBB-CMR 0.270 Not Significant Not Significant 

Conover-
Iman 

DBB-CMR 0.730 Not Significant Not Significant 

DBB-DB 0.243 Not Significant Not Significant DBB-DB 0.720 Not Significant Not Significant 

DBB-IPD 0.456 Not Significant Not Significant DBB-IPD 0.841 Not Significant Not Significant 

CMR-DB 0.980 Not Significant Not Significant CMR-DB 0.967 Not Significant Not Significant 

CMR-IPD 0.993 Not Significant Not Significant CMR-IPD 0.962 Not Significant Not Significant 

DB-IPD 0.940 Not Significant Not Significant DB-IPD 0.940 Not Significant Not Significant 

Figure 50: Q-Q Plots for Schedule Growth 
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The relatively high p-value resulted from the Kruskal-Wallis test does not provide a 

statistical evidence at even 90% level to reject the null hypothesis, thus retaining the null 

hypothesis that the project delivery systems do not show statistically proven differences in 

performance regarding the tested metric. 

4.6.4 Schedule Intensity 

In addition to the previously discussed typical schedule performance metrics, a 

supplementary metric called schedule intensity was used to gauge the intensity of the construction 

schedule. This metric measures the average dollar value of construction work completed per day. 

The rationale behind measuring schedule intensity is the fact that schedules are based on estimates, 

and some estimates are more aggressive than others. Therefore, the intensity metric provides 

another comparison of construction speed by normalizing with respect to the amount of 

construction work put in place during the same timeframe. Figure 51 presents boxplots for this 

metric with respect to each project delivery system.   

Figure 51: Boxplots for Schedule Intensity ~ PDS 
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The boxplots presented in Figure 51 demonstrates that DB tends to have the least schedule 

intensity compared to DBB, CMR, and IPD. On the other hand, Figure 51 shows that IPD has 

highest median of all project delivery systems. Table 56 presents basic descriptive statistica l 

measures for the number of the schedule intensity of each project delivery system.  

Table 56: Descriptive Statistics for Schedule Intensity per PDS 

Schedule Intensity DBB CMR DB IPD 
75th percentile       109,820        158,043        52,476        188,707  

Median (50th percentile)         58,946          75,328        32,558        115,421  
25th percentile         27,476          37,619        20,793          69,433  

Mean       121,039        115,203        38,241        122,799  

Standard Deviation       163,952        113,911        23,469          82,757  

The numbers presented in Table 56 clarifies that IPD has the highest 75th percentile, 50th 

percentile, and 25th percentile, as well as the highest mean as compared to the other project 

systems. For example, IPD has a median of $115,421/day as compared to $75,328/day for CMR 

projects, $58,946/day for DBB projects, and $32,558/day for DB projects. On the other hand, 

Table 56 demonstrates that DB has the lowest 75th percentile, 50th percentile, and 25th percentile, 

as well as the lowest mean as compared to the other project systems. Furthermore, Table 56 shows 

that DB has the lowest standard deviation, indicating that DB projects tend to consistently have a 

relatively low schedule intensity. 

Next, statistical tests are used to determine whether there are any statistically significant 

differences across the project delivery systems. However, in order to choose the suitable statistica l 

tests, first the data was tested for normality as well as homoscedasticity. Table 57 presents the 

results of Shapiro-Wilk test for the data and for each project delivery system, as well as the results 

of Levene’s test for the whole data. 
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Table 57: Results of Shapiro-Wilk and Levene's Tests for Schedule Intensity 

Statistical Test P-value 

Shapiro-
Wilk 

Overall 0.000 

DBB 0.001 

CMR 0.000 

DB 0.565 

IPD 0.490 

Levene's Overall 0.196 

The low p-values of the Shapiro-Wilk tests provide a statistical evidence to reject the null 

hypothesis of normality. However, the relatively high p-value of Levene’s test retains the null 

hypothesis of homoscedasticity. In order to complement the visualization of the data, Figure 52 

presents the Q-Q plots for the whole data and for each project delivery system. 

Based on the Q-Q plots presented in Figure 52, and the results displayed in Table 57, it was 

decided to derive the conclusions from the results of the Kruskal-Wallis test followed by its post 

hoc test Conover-Iman. However, both ANOVA followed by Tukey-Kramer as well as Kruskal-

Wallis test followed by Conover-Iman were performed to provide a more comprehensive look at 

the comparisons between the project delivery systems. Both sets of results are shown in Table 58. 

Figure 52: Q-Q Plots for Schedule Intensity 
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Table 58: ANOVA Followed by Tukey Kramer, and Kruskal-Wallis Followed by Conover-Iman for 

Schedule Intensity 

Statistical Test P-
value 

Significance 
at 95% Level 

Significance 
at 90% Level Statistical Test P-

value 
Significance 
at 95% Level 

Significance 
at 90% Level 

ANOVA 0.172 Not 
Significant 

Not 
Significant  Kruskal-Wallis 0.060 Not 

Significant Significant 

Tukey-
Kramer 

DBB-
CMR 0.999 Not 

Significant 
Not 

Significant 

Conover-
Iman 

DBB-
CMR 0.882 Not 

Significant 
Not 

Significant 
DBB-
DB 0.263 Not 

Significant 
Not 

Significant 
DBB-
DB 0.290 Not 

Significant 
Not 

Significant 
DBB-
IPD 0.999 Not 

Significant 
Not 

Significant 
DBB-
IPD 0.644 Not 

Significant 
Not 

Significant 
CMR-

DB 0.207 Not 
Significant 

Not 
Significant 

CMR-
DB 0.058 Not 

Significant Significant 

CMR-
IPD 0.997 Not 

Significant 
Not 

Significant 
CMR-
IPD 0.839 Not 

Significant 
Not 

Significant 

DB-IPD 0.246 Not 
Significant 

Not 
Significant DB-IPD 0.033 Significant Significant 

The low p-value resulted from the Kruskal-Wallis test provides a statistical evidence at 

90% confidence level to reject the null hypothesis, thus concluding that the project delivery 

systems have dissimilar performance regarding the tested metric. In other words, there is a 

statistical evidence at 90% confidence level that schedule intensity changes when the project 

delivery system changes.  

The results from the post hoc Conover-Iman tests show statistical significance for the 

following conclusions: 

1. At 90% confidence level, CMR projects have higher schedule intensity compared to DBB 

projects. Therefore, CMR projects have a superior performance over DBB projects with 

respect to this metric. 

2. At 95% confidence level, IPD projects have higher schedule intensity compared to DBB 

projects. Therefore, IPD projects have a superior performance over DBB projects with respect 

to this metric.  
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4.7 Safety Performance Area 

Safety performance is critical in all industries, especially construction. Successful safety 

performance should be one of the most important and central goals of any construction project. 

Accordingly, this research has examined two safety performances: Lost Time Incident Rate, and 

Occupational Safety and Health Administration (OSHA) Recordable Rate. 

4.7.1 Lost Time Incident Rate 

Lost Time Incident Rate focuses on the lost time incidents that happened on a construction project. 

. In order to perform an accurate comparison, the number of lost time incidents was normalized on 

number of worker labor hours. In this sense, Lost Time Incident Rate is described by the following 

equation: 

𝐿𝐿𝑚𝑚𝐶𝐶𝑎𝑎 𝑁𝑁𝑖𝑖𝑚𝑚𝑃𝑃 𝐶𝐶𝑖𝑖𝐶𝐶𝑖𝑖𝑚𝑚𝑃𝑃𝑖𝑖𝑎𝑎 𝑅𝑅𝐽𝐽𝑎𝑎𝑃𝑃 =
𝑁𝑁𝐽𝐽𝑚𝑚𝑆𝑆𝑃𝑃𝐽𝐽 𝑚𝑚𝑜𝑜 𝐿𝐿𝑚𝑚𝐶𝐶𝑎𝑎 𝑁𝑁𝑖𝑖𝑚𝑚𝑃𝑃 𝐶𝐶𝑖𝑖𝐶𝐶𝑖𝑖𝑚𝑚𝑃𝑃𝑖𝑖𝑎𝑎𝐶𝐶× 200,000

𝑁𝑁𝐽𝐽𝑚𝑚𝑆𝑆𝑃𝑃𝐽𝐽 𝑚𝑚𝑜𝑜 𝑊𝑊𝑚𝑚𝐽𝐽𝑊𝑊𝑃𝑃𝑚𝑚 𝐿𝐿𝐽𝐽𝑆𝑆𝑚𝑚𝐽𝐽 𝐻𝐻𝑚𝑚𝐽𝐽𝐽𝐽𝐶𝐶  

 

Figure 53 presents boxplots for this metric with respect to each project delivery system. 

Figure 53: Boxplots for Lost Time Incident Rate ~ PDS 
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The boxplots presented in Figure 53 show that IPD has the lowest mean as compared to 

other project delivery methods. However, Figure 53 demonstrates that the four examined project 

delivery systems tend to have a fairly close performance with respect to this metric. Table 59 

presents basic descriptive statistical measures for the lost time incident rate metric for each project 

delivery system. 

Table 59: Descriptive Statistics for Lost Time Incident Rate 

Lost Time Incident Rate DBB CMR DB IPD 
75th percentile 0.139 0.667 0 0 

Median (50th percentile) 0 0 0 0 
25th percentile 0 0 0 0 

Mean 0.544 0.564 0.377 0.046 

Standard Deviation 1.408 0.99 1.067 0.109 

The numbers presented in Table 59 clarifies that IPD has the lowest mean of 0.046, 

followed by DB (0.377), DBB (0.544), and CMR (0.564). Also, Table 59 demonstrates that the 

four project delivery systems are performing close to each other, as each of them has medians of 

zero. On the other hand, Table 59 demonstrates that IPD has the smallest spread of all project 

delivery systems with respect to this metric as illustrated by its small standard deviation (0.109). 

This indicates that IPD projects tend to consistently perform well with respect to this metric. 

Next, statistical tests are used to determine whether there are any statistically significant 

differences across the project delivery systems with respect to this metric. However, in order to 

choose the suitable statistical tests, first the data was tested for normality as well as 

homoscedasticity. Table 60 presents the results of Shapiro-Wilk test for the data and for each 

project delivery system, as well as the results of Levene’s test for the whole data 
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Table 60: Results of Shapiro-Wilk and Levene's Tests for Lost Time Incident Rate 

Statistical Test P-value 

Shapiro-
Wilk 

Overall 0.000 

DBB 0.000 

CMR 0.000 

DB 0.000 

IPD 0.000 

Levene's Overall 0.576 

The low p-values of the Shapiro-Wilk tests provide a statistical evidence to reject the null 

hypothesis of normality. However, the relatively high p-value of Levene’s test retains the null 

hypothesis of homoscedasticity. In order to complement the visualization of the data, Figure 54 

presents the Q-Q plots for the whole data and for each project delivery system. 

Based on the Q-Q plots presented in Figure 54, and the results displayed in Table 60, it 

was decided to derive the conclusions from the results of the Kruskal-Wallis test followed by its 

post hoc test Conover-Iman. However, both ANOVA followed by Tukey-Kramer as well as 

Kruskal-Wallis test followed by Conover-Iman were performed to provide a more comprehens ive 

look at the comparisons between the project delivery systems. Both sets of results are shown in 

Table 61. 

Figure 54: Q-Q Plots for Lost Time Incident Rate 
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Table 61: ANOVA Followed by Tukey Kramer, and Kruskal-Wallis Followed by Conover-Iman for 

Lost Time Incident Rate 

Statistical Test P-
value 

Significance 
at 95% Level 

Significance 
at 90% Level Statistical Test P-

value 
Significance 
at 95% Level 

Significance 
at 90% Level 

ANOVA 0.576 Not 
Significant 

Not 
Significant  Kruskal-Wallis 0.710 Not 

Significant 
Not 

Significant 

Tukey-
Kramer 

DBB-
CMR 0.999 Not 

Significant 
Not 

Significant 

Conover-
Iman 

DBB-
CMR 0.971 Not 

Significant 
Not 

Significant 
DBB-
DB 0.985 Not 

Significant 
Not 

Significant 
DBB-
DB 0.750 Not 

Significant 
Not 

Significant 
DBB-
IPD 0.676 Not 

Significant 
Not 

Significant 
DBB-
IPD 0.740 Not 

Significant 
Not 

Significant 
CMR-

DB 0.973 Not 
Significant 

Not 
Significant 

CMR-
DB 0.776 Not 

Significant 
Not 

Significant 
CMR-
IPD 0.564 Not 

Significant 
Not 

Significant 
CMR-
IPD 0.765 Not 

Significant 
Not 

Significant 

DB-IPD 0.886 Not 
Significant 

Not 
Significant DB-IPD 0.980 Not 

Significant 
Not 

Significant 
 

The relatively high p-value resulted from the Kruskal-Wallis test does not provide a 

statistical evidence at even 90% level to reject the null hypothesis, thus retaining the null 

hypothesis that project delivery systems do not show statistically proven differences in 

performance with respect to the tested metric. 

4.7.2 OSHA Recordable Rate 

OSHA recordable rate focuses on the safety incidents that occurred on a construction project and 

had to be recorded according to the rules of OSHA. In order to perform an accurate comparison, the 

number of OSHA recordable incidents was normalized on number of worker labor hours. In this 

sense, OSHA recordable rate is described by the following equation: 

𝑂𝑂𝑆𝑆𝐻𝐻𝐴𝐴 𝑅𝑅𝑃𝑃𝐶𝐶𝑚𝑚𝐽𝐽𝑚𝑚𝐽𝐽𝑆𝑆𝑁𝑁𝑃𝑃 𝑅𝑅𝐽𝐽𝑎𝑎𝑃𝑃 =
𝑁𝑁𝐽𝐽𝑚𝑚𝑆𝑆𝑃𝑃𝐽𝐽 𝑚𝑚𝑜𝑜 𝑂𝑂𝑆𝑆𝐻𝐻𝐴𝐴 𝑅𝑅𝑃𝑃𝐶𝐶𝑚𝑚𝐽𝐽𝑚𝑚𝐽𝐽𝑆𝑆𝑁𝑁𝑃𝑃 𝐶𝐶𝑖𝑖𝐶𝐶𝑖𝑖𝑚𝑚𝑃𝑃𝑖𝑖𝑎𝑎𝐶𝐶× 200,000

𝑁𝑁𝐽𝐽𝑚𝑚𝑆𝑆𝑃𝑃𝐽𝐽 𝑚𝑚𝑜𝑜 𝑊𝑊𝑚𝑚𝐽𝐽𝑊𝑊𝑃𝑃𝑚𝑚 𝐿𝐿𝐽𝐽𝑆𝑆𝑚𝑚𝐽𝐽 𝐻𝐻𝑚𝑚𝐽𝐽𝐽𝐽𝐶𝐶
 

 
Figure 55 presents boxplots for this metric with respect to each project delivery system. 
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The boxplots presented in Figure 55 show that IPD has the lowest mean as compared to 

other project delivery methods, while both DB and DBB have median of zero. Also, Figure 55 

demonstrates that the four examined project delivery systems tend to have a fairly close 

performance with respect to this metric. Table 62 presents basic descriptive statistical measures 

for OSHA recordable rate for each project delivery system. 

Table 62: Descriptive Statistics for OSHA Recordable Rate 

OSHA Recordable Rate DBB CMR DB IPD 
75th percentile 2.857 4.253 3.223 1.56 

Median (50th percentile) 0 1 0 0.973 
25th percentile 0 0 0 0.133 

Mean 2.164 2.672 7.620 1.104 

Standard Deviation 3.051 4.119 17.470 1.127 

The numbers presented in Table 62 clarifies that IPD has the lowest mean of 1.104 as well 

as the IPD has the lowest standard deviation (1.127). However, Table 62, together with Figure 55, 

demonstrate that the four project delivery systems tend to perform close to each other. 

Figure 55: Boxplots for OSHA Recordable Rate ~ PDS 
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Next, statistical tests are used to determine whether there are any statistically significant 

differences across the project delivery systems with respect to this metric. However, in order to 

choose the suitable statistical tests, first the data was tested for normality as well as 

homoscedasticity. Table 63 presents the results of Shapiro-Wilk test for the data and for each 

project delivery system, as well as the results of Levene’s test for the whole data. 

Table 63: Results of Shapiro-Wilk and Levene's Tests for OSHA Recordable Rate 

Statistical Test P-value 

Shapiro-
Wilk 

Overall 0.000 

DBB 0.004 

CMR 0.001 

DB 0.000 

IPD 0.128 

Levene's Overall 0.334 

The low p-values of the Shapiro-Wilk tests provide a statistical evidence to reject the null 

hypothesis of normality. However, the relatively high p-value of Levene’s test retains the null 

hypothesis of homoscedasticity. In order to complement the visualization of the data, Figure 56 

presents the Q-Q plots for the whole data and for each project delivery system. 

Figure 56: Q-Q Plots for OSHA Recordable Rate 
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Based on the Q-Q plots presented in Figure 56, and the results displayed in Table 63, it was 

decided to derive the conclusions from the results of the Kruskal-Wallis test followed by its post 

hoc test Conover-Iman. However, both ANOVA followed by Tukey-Kramer as well as Kruskal-

Wallis test followed by Conover-Iman were performed to provide a more comprehensive look at 

the comparisons between the project delivery systems. Both sets of results are shown in Table 64. 

Table 64: ANOVA Followed by Tukey Kramer, and Kruskal-Wallis Followed by Conover-Iman for OSHA 
Recordable Rate 

Statistical Test P-
value 

Significance 
at 95% Level 

Significance 
at 90% Level Statistical Test P-

value 
Significance 
at 95% Level 

Significance 
at 90% Level 

ANOVA 0.369 Not 
Significant 

Not 
Significant  Kruskal-Wallis 0.960 Not 

Significant 
Not 

Significant 

Tukey-
Kramer 

DBB-
CMR 0.999 Not 

Significant 
Not 

Significant 

Conover-
Iman 

DBB-
CMR 0.957 Not 

Significant 
Not 

Significant 
DBB-
DB 0.524 Not 

Significant 
Not 

Significant 
DBB-
DB 0.952 Not 

Significant 
Not 

Significant 
DBB-
IPD 0.992 Not 

Significant 
Not 

Significant 
DBB-
IPD 0.969 Not 

Significant 
Not 

Significant 
CMR-

DB 0.553 Not 
Significant 

Not 
Significant 

CMR-
DB 0.889 Not 

Significant 
Not 

Significant 
CMR-
IPD 0.967 Not 

Significant 
Not 

Significant 
CMR-
IPD 0.977 Not 

Significant 
Not 

Significant 

DB-IPD 0.331 Not 
Significant 

Not 
Significant DB-IPD 0.915 Not 

Significant 
Not 

Significant 
 

The relatively high p-value resulted from the Kruskal-Wallis test does not provide a 

statistical evidence at even 90% level to reject the null hypothesis, thus retaining the null 

hypothesis that project delivery systems do not show statistically proven differences in 

performance with respect to the tested metric. 
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4.8 Labor Performance Area 

Labor is often one of the high risk items on construction projects, given that labor costs 

can make up more than half of the total project cost. Needless to say, labor performance is an 

important aspect of overall project success. Accordingly, this research has examined two labor 

performance metrics: 1) work value per labor cost, and 2) labor productivity (work value per labor 

hours). 

4.8.1 Work Value per Labor Cost 

The value of work per labor cost focuses on measuring how much work gets done (in terms of 

dollars) in return to $1 of labor cost. In other words, it measures how much work a 1$ of labor cost can 

generate. In this sense, value of work per labor cost is described by the following equation: 

𝑉𝑉𝐽𝐽𝑁𝑁𝐽𝐽𝑃𝑃 𝑚𝑚𝑜𝑜 𝑊𝑊𝑚𝑚𝐽𝐽𝑊𝑊 𝑚𝑚𝑃𝑃𝐽𝐽 𝐿𝐿𝐽𝐽𝑆𝑆𝑚𝑚𝐽𝐽 𝐶𝐶𝑚𝑚𝐶𝐶𝑎𝑎 =
𝑀𝑀𝑚𝑚𝑖𝑖𝑃𝑃𝑎𝑎𝐽𝐽𝐽𝐽𝐽𝐽 𝑉𝑉𝐽𝐽𝑁𝑁𝐽𝐽𝑃𝑃 𝑚𝑚𝑜𝑜 𝑆𝑆𝑃𝑃𝑁𝑁𝑜𝑜 𝑃𝑃𝑃𝑃𝐽𝐽𝑜𝑜𝑚𝑚𝐽𝐽𝑚𝑚𝑃𝑃𝑚𝑚 𝑊𝑊𝑚𝑚𝐽𝐽𝑊𝑊

𝑆𝑆𝑃𝑃𝑁𝑁𝑜𝑜 𝑃𝑃𝑃𝑃𝐽𝐽𝑜𝑜𝑚𝑚𝐽𝐽𝑚𝑚𝑃𝑃𝑚𝑚 𝐿𝐿𝐽𝐽𝑆𝑆𝑚𝑚𝐽𝐽 𝐶𝐶𝑚𝑚𝐶𝐶𝑎𝑎  

Figure 57 presents boxplots for this metric with respect to each project delivery system. 

Figure 57: Box Plots for Work Value per Labor Cost ~ PDS 
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The boxplots presented in Figure 57 show that IPD has the highest median as compared to 

other project delivery methods. However, Figure 57 demonstrates that the four examined project 

delivery systems tend to have a fairly close performance with respect to this metric. Note that for 

DB, only two data points were available to calculate this metric. Accordingly, DB was removed 

from the interpretation of the analysis of this metric. Table 65 presents basic descriptive statistica l 

measures for the work value per labor cost metric for each project delivery system. 

Table 65: Descriptive Statistics for Work Value per Labor Cost 

Work Value per Labor Cost DBB CMR DB IPD 
75th percentile 2.37  2.52  2.19  2.97  

Median (50th percentile) 1.77  1.91  1.88  2.24  
25th percentile 1.66  1.31  1.58  1.88  

Mean 2.79  2.07  1.88  2.37  

Standard Deviation 2.49  0.95  0.87  0.79  

The numbers presented in Table 65 demonstrates that the three project delivery systems 

are performing close to each other. Table 65 clarifies that IPD has the highest median of the 

examined project delivery systems (2.24), followed by CMR (1.91), and DBB (1.77). Also,      

Table 65 demonstrates that IPD has the smallest spread of all project delivery systems with respect 

to this metric as illustrated by its small standard deviation (0.79). On the other hand, Table 65 

shows that DBB has the highest mean of all project delivery systems. However, this is reasoned 

due to the presence of high performing outlier. Also, this is illustrated by the high standard 

deviation that DBB has with respect to this metric. 

Next, statistical tests are used to determine whether there are any statistically significant 

differences across the project delivery systems with respect to this metric. However, in order to 

choose the suitable statistical tests, first the data was tested for normality as well as 
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homoscedasticity. Table 66 presents the results of Shapiro-Wilk test for the data and for each 

project delivery system, as well as the results of Levene’s test for the whole data 

 

Table 66: Results of Shapiro-Wilk and Levene's Tests for Work Value per Labor Cost 

Statistical Test P-value 

Shapiro-
Wilk 

Overall 0.000 

DBB 0.000 

CMR 0.049 

IPD 0.515 

Levene's Overall 0.608 

The low p-values of the Shapiro-Wilk tests provide a statistical evidence to reject the null 

hypothesis of normality. However, the relatively high p-value of Levene’s test retains the null 

hypothesis of homoscedasticity. In order to complement the visualization of the data, Figure 58 

presents the Q-Q plots for the whole data and for each project delivery system. 

Based on the Q-Q plots presented in Figure 58, and the results displayed in Table 66, it was 

decided to derive the conclusions from the results of both ANOVA followed by Tukey-Kramer 

and Kruskal-Wallis test followed by Conover-Iman. Both sets of results are shown in Table 67. 

Figure 58: Q-Q Plots for Work Value per Labor Cost 
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However, as previously mentioned DB was removed from the analysis due to the presence of only 

two data points from DB projects. 

Table 67: ANOVA Followed by Tukey Kramer, and Kruskal-Wallis Followed by Conover-Iman for 

Work Value per Labor Cost 

Statistical Test P-
value 

Significance 
at 95% Level 

Significance 
at 90% Level Statistical Test P-

value 
Significance 
at 95% Level 

Significance 
at 90% Level 

ANOVA 0.511 Not 
Significant 

Not 
Significant  Kruskal-Wallis 0.480 Not 

Significant 
Not 

Significant 

Tukey-
Kramer 

DBB-
CMR 0.485 Not 

Significant 
Not 

Significant 
Conover-

Iman 

DBB-
CMR 0.716 Not 

Significant 
Not 

Significant 
DBB-
IPD 0.812 Not 

Significant 
Not 

Significant 
DBB-
IPD 0.620 Not 

Significant 
Not 

Significant 
CMR-
IPD 0.947 Not 

Significant 
Not 

Significant 
CMR-
IPD 0.319 Not 

Significant 
Not 

Significant 
 

The relatively high p-values resulted from both ANOVA and the Kruskal-Wallis test does 

not provide any statistical evidences at even 90% level to reject the null hypothesis, thus retaining 

the null hypothesis that project delivery systems do not show statistically proven differences in 

performance with respect to the tested metric. 

4.8.2 Labor Productivity (Work Value per Labor Hours) 

The value of work per labor expended hours focuses on measuring labor productivity through 

calculating how much work gets done (in terms of dollars) in one hour of labor work. In this sense, labor 

productivity is described by the following equation: 

𝐿𝐿𝐽𝐽𝑆𝑆𝑚𝑚𝐽𝐽 𝑃𝑃𝐽𝐽𝑚𝑚𝑚𝑚𝐽𝐽𝐶𝐶𝑎𝑎𝑖𝑖𝑂𝑂𝑖𝑖𝑎𝑎𝐽𝐽=
𝑀𝑀𝑚𝑚𝑖𝑖𝑃𝑃𝑎𝑎𝐽𝐽𝐽𝐽𝐽𝐽 𝑉𝑉𝐽𝐽𝑁𝑁𝐽𝐽𝑃𝑃 𝑚𝑚𝑜𝑜 𝑆𝑆𝑃𝑃𝑁𝑁𝑜𝑜 𝑃𝑃𝑃𝑃𝐽𝐽𝑜𝑜𝑚𝑚𝐽𝐽𝑚𝑚𝑃𝑃𝑚𝑚 𝑊𝑊𝑚𝑚𝐽𝐽𝑊𝑊

𝑆𝑆𝑃𝑃𝑁𝑁𝑜𝑜 𝑃𝑃𝑃𝑃𝐽𝐽𝑜𝑜𝑚𝑚𝐽𝐽𝑚𝑚𝑃𝑃𝑚𝑚 𝐿𝐿𝐽𝐽𝑆𝑆𝑚𝑚𝐽𝐽 𝐻𝐻𝑚𝑚𝐽𝐽𝐽𝐽𝐶𝐶
 

The boxplots presented in Figure 59 show that IPD has the highest mean as compared to 

other project delivery methods. However, Figure 59 demonstrates that the four examined project 

delivery systems tend to have a fairly close performance with respect to this metric. Note that for 

DB, only two data points were available to calculate this metric. Accordingly, DB was removed 
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from the interpretation of the analysis of this metric. Table 68 presents basic descriptive statistica l 

measures for the work value per labor cost metric for each project delivery system.`` 

Table 68: Descriptive Statistics for Labor Productivity 

Labor Productivity DBB CMR DB IPD 
75th percentile 64.83  60.73  21.13  46.35  

Median (50th percentile) 36.57  32.99  16.25  35.15  
25th percentile 17.31  9.94  11.37  34.61  

Mean 40.98  43.28  16.25  67.59  
Standard Deviation 31.63  46.73  13.79  76.06  

The numbers presented in Table 68 demonstrates that the three project delivery systems 

are performing close to each other. Table 68 clarifies that IPD has the highest mean of the 

examined project delivery systems (67.59), followed by CMR (43.28), and DBB (40.98). On the 

other hand, Table 68 shows that DBB has the highest median of the examined project delivery 

systems (36.57), followed by IPD (35.15), and CMR (32.99) 

Figure 59: Box Plots for Labor Productivity ~ PDS 



131 
 

Next, statistical tests are used to determine whether there are any statistically significant 

differences across the project delivery systems with respect to this metric. However, in order to 

choose the suitable statistical tests, first the data was tested for normality as well as 

homoscedasticity. Table 69 presents the results of Shapiro-Wilk test for the data and for each 

project delivery system, as well as the results of Levene’s test for the whole data. 

Table 69: Results of Shapiro-Wilk and Levene's Tests for Labor Productivity 

Statistical Test P-value 

Shapiro-
Wilk 

Overall 0.000 

DBB 0.661 

CMR 0.009 

IPD 0.001 

Levene's Overall 0.863 

The low p-values of the Shapiro-Wilk tests provide a statistical evidence to reject the null 

hypothesis of normality. However, the relatively high p-value of Levene’s test retains the null 

hypothesis of homoscedasticity. In order to complement the visualization of the data, Figure 60 

presents the Q-Q plots for the whole data and for each project delivery system. 

 

Figure 60: Q-Q Plots for Labor Productivity 
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Based on the Q-Q plots presented in Figure 60, and the results displayed in Table 69, it 

was decided to derive the conclusions from the results of both ANOVA followed by Tukey-

Kramer and Kruskal-Wallis test followed by Conover-Iman. Both sets of results are shown in 

Table 70. However, as previously mentioned DB was removed from the analysis due to the 

presence of only two data points from DB projects. 

Table 70: ANOVA Followed by Tukey Kramer, and Kruskal-Wallis Followed by Conover-Iman for 

Labor Productivity 

Statistical Test P-
value 

Significance 
at 95% Level 

Significance 
at 90% Level Statistical Test P-

value 
Significance 
at 95% Level 

Significance 
at 90% Level 

ANOVA 0.537 Not 
Significant 

Not 
Significant  Kruskal-Wallis 0.710 Not 

Significant 
Not 

Significant 

Tukey-
Kramer 

DBB-
CMR 0.996 Not 

Significant 
Not 

Significant 
Conover-

Iman 

DBB-
CMR 0.795 Not 

Significant 
Not 

Significant 
DBB-
IPD 0.638 Not 

Significant 
Not 

Significant 
DBB-
IPD 0.698 Not 

Significant 
Not 

Significant 
CMR-
IPD 0.566 Not 

Significant 
Not 

Significant 
CMR-
IPD 0.610 Not 

Significant 
Not 

Significant 
 

The relatively high p-values resulted from both ANOVA and the Kruskal-Wallis test does 

not provide any statistical evidences at even 90% level to reject the null hypothesis, thus retaining 

the null hypothesis that project delivery systems do not show statistically proven differences in 

performance with respect to the tested metric. 
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4.9 Summary 
In this chapter, PDS performance was extensively investigated using 21 performance 

metrics spanning 8 performance areas. First, the performance of each project delivery system was 

extensively benchmarked: in addition to developing comparative boxplots for each performance 

metric, the 25th percentile, median, and 75th percentile as well as the mean and standard deviation 

of each PDS regarding each performance metric were tabulated throughout the chapter. Table 71 

recaptures the mean and median values of each PDS regarding the examined performance metrics. 

After benchmarking PDS performance, statistical analyses were performed to examine the 

presence of statistically significant relationships between PDS and performance metrics. The 

findings of these analyses are displayed in Table 72: the performance area is listed first, followed 

by the metric, and finally the corresponding p-value of examining the null hypothesis of constant 

performance across the project delivery systems. Table 72 is organized by increasing p-values 

regardless of the performance area. As discussed earlier, for each individual test, the smaller the 

p-value, the more significant the performance differences are across the project delivery systems.  

Then, Chapter 4 provided a further analytical step by applying post-hoc statistical tests to 

the set of all pairwise comparisons, thus investigating how each pair of project delivery systems 

performs differently. The findings of these analyses are summarized in Table 73. Columns 3 

through 8 report the p-value of pairwise comparisons, as well as the higher performing PDS for 

each statistically significant difference in performance. 

Tables 71. 72, and 73 are color coded to facilitate interpretation: results displaying 

statistical evidences of dissimilar performance at 0.01 significance level are displayed in red; 

results displaying statistical evidences of dissimilar performance at 0.05 significance level are 

displayed in blue; results displaying statistical evidences of dissimilar performance at 0.1 

significance level are displayed in green.
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Table 71: Benchmarking Performance for Project Delivery Systems 

Results displaying statistical evidences of dissimilar performance at 0.01 significance level are displayed in red 
Results displaying statistical evidences of dissimilar performance at 0.05 significance level are displayed in blue 
Results displaying statistical evidences of dissimilar performance at 0.1 significance level are displayed in green 

Performance 
Area Performance Metric DBB CMR DB IPD 

Median Mean Median Mean Median Mean Median Mean 

Communication 
Number of RFI's per Million Dollars 15 15 5 6 3 5 2 2 
RFI Processing Time (weeks) 2 2 2 1.69 1 1.43 1 1.42 
Number of Resubmittals per Million Dollars 1.83 3.44 1.01 1.29 1.03 2.02 0.34 0.76 

Change 
Management 

Absolute Value of Project Percent Change 9.0% 13.6% 3.1% 8.3% 7.0% 6.4% 3.5% 6.7% 
Program-related Percent Change due to Additions and 
Deletions 3.7% 6.6% 2.0% 5.7% 4.0% 4.5% 1.4% 4.0% 
Design-related Percent Change 2.6% 3.0% 0.3% 1.5% 0.0% 0.2% 0.2% 0.9% 
Quality/Value-related Percent Change 2.4% 2.8% 0.0% 0.8% 0.0% 0.0% 0.0% 0.1% 
Change Order Processing Time (weeks) 6 5.2 4 3.8 5 4.8 1.5 1.9 

Business Company Image (Return Business) 1 1.35 2 1.81 2 1.57 2 1.93 

Quality 
Overall Project Systems Quality 2.81 2.76 3.45 3.36 2.86 2.93 3.93 3.81 
Number of Deficiency Issues per Million Dollars 2.33 3.29 0.86 4.62 1.11 2.4 0.11 0.38 
Number of Punchlist Items per Million Dollars 32.16 48.43 17.38 25.83 7.42 22.15 7.78 11.87 

Cost Cost Growth - Percentage 0.24% 5.19% 1.51% 3.34% 2.98% 4.16% 0.80% 3.18% 

Schedule 

Construction Speed (SF/day) 186.3 258.5 275 431.8 101.4 170.4 278.1 273.2 
Delivery Speed (SF/day) 98 128 199.6 355.1 60.6 128.4 206.6 191.2 
Schedule Growth - Percentage 8.08% 21.44% 5.99% 8.29% 5.33% 5.74% 5.51% 9.87% 
Schedule Intensity (US$/day) 58,946   121,039  75,328  115,203  32,558  38,241  115,421  122,799  

Safety Lost Time Incident Rate 0 0.544 0 0.564 0 0.377 0 0.046 
OSHA Recordable Rate 0 2.164 1 2.672 0 7.62 0.973 1.104 

Labor 
Work Value per Labor Cost 1.77 2.79 1.91 2.07 NA NA 2.24 2.37 
Labor Productivity (Work Value per Labor Hours) 36.57 40.98 32.99 43.28 NA NA 31.15 67.59 
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Table 72: Summary of Statistical Analyses Results for Performance Metrics ~ PDS 

Performance Area Performance Metric P-Value 
Communication Number of RFI's per Million Dollars 0.00 
Change Management Change Order Processing Time 0.00 
Quality Overall Project Systems Quality 0.00 
Change Management Design-related Percent Change 0.01 
Change Management Quality/Value-related Percent Change 0.01 
Business Company Image (Return Business) 0.01 

Project Delivery Systems differ in performance regarding the above metrics at 99% confidence level 
Quality Number of Deficiency Issues per Million Dollars 0.02 
Schedule Delivery Speed 0.02 
Schedule Construction Speed 0.04 
Quality Number of Punchlist Items per Million Dollars 0.05 

Project Delivery Systems differ in performance regarding the above metrics at 95% confidence level 
Communication Number of Resubmittals per Million Dollars 0.06 
Schedule Schedule Intensity 0.06 
Change Management Absolute Value of Project Percent Change 0.09 

Project Delivery Systems differ in performance regarding the above metrics at 90% confidence level 
Communication RFI Processing Time 0.25 
Cost Cost Growth 0.48 
Labor Work Value per Labor Cost 0.48 
Safety Lost Time Incident Rate 0.71 
Labor Labor Productivity (Work Value per Labor Hours) 0.71 
Schedule Schedule Growth 0.81 
Change Management Program-related Percent Change due to Additions and Deletions 0.86 
Safety OSHA Recordable Rate 0.96 

Results displaying statistical evidences of dissimilar performance at 0.01 significance level are displayed in red 
Results displaying statistical evidences of dissimilar performance at 0.05 significance level are displayed in blue 
Results displaying statistical evidences of dissimilar performance at 0.1 significance level are displayed in green 
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Table 73: Summary of the Results of pairwise comparisons using post-hoc statistical tests: Performance Metrics ~ PDS 

Performance Area Performance Metric IPD~DBB IPD~CMR IPD~DB DB~DBB DB~CMR CMR~DBB 
Communication Number of RFI's per Million Dollars IPD, 0.000 IPD, 0.002 0.204 DB, 0.000 0.239 CMR, 0.003 
Change Management Change Order Processing Time IPD, 0.000 IPD, 0.010 IPD, 0.000 0.859 0.227 CMR, 0.061 
Quality Overall Project Systems Quality IPD, 0.002 0.221 IPD, 0.013 0.799 0.293 CMR, 0.057 
Change Management Design-related Percent Change IPD, 0.048 0.936 0.367 DB, 0.001 0.146 0.936 
Change Management Quality/Value-related Percent Change IPD, 0.025 0.662 0.841 DB, 0.003 0.201 CMR, 0.092 
Business Company Image (Return Business) IPD, 0.005 0.737 IPD, 0.091 0.571 0.27 CMR, 0.015 

Quality Number of Deficiency Issues per Million Dollars IPD, 0.007 IPD, 0.069 IPD, 0.094 0.599 0.983 0.545 
Schedule Delivery Speed 0.546 0.972 IPD, 0.014 0.56 CMR, 0.011 0.577 
Schedule Construction Speed 0.703 0.978 IPD, 0.058 0.359 CMR, 0.020 0.581 
Quality Number of Punchlist Items per Million Dollars IPD, 0.018 0.264 0.67 0.134 0.826 0.307 

Communication Number of Resubmittals per Million Dollars IPD, 0.021 0.301 0.564 0.171 0.917 0.252 
Schedule Schedule Intensity 0.644 0.839 IPD, 0.033 0.29 CMR, 0.058 0.882 
Change Management Absolute Value of Project Percent Change IPD, 0.041 0.771 0.821 0.188 0.984 0.123 

Communication RFI Processing Time 0.278 0.654 0.977 0.214 0.56 0.693 
Cost Cost Growth 0.974 0.949 0.495 0.423 0.544 0.919 
Labor Work Value per Labor Cost 0.62 0.319 NA NA NA 0.716 
Safety Lost Time Incident Rate 0.74 0.765 0.98 0.75 0.776 0.971 
Labor Labor Productivity (Work Value per Labor Hours) 0.698 0.61 NA NA NA 0.795 
Schedule Schedule Growth 0.456 0.993 0.94 0.72 0.967 0.73 

Change Management Program-related Percent Change due to Additions 
and Deletions 0.773 0.966 0.948 0.88 0.97 0.803 

Safety OSHA Recordable Rate 0.915 0.977 0.915 0.952 0.889 0.957 

Results displaying statistical evidences of dissimilar performance at 0.01 significance level are displayed in red 
Results displaying statistical evidences of dissimilar performance at 0.05 significance level are displayed in blue 
Results displaying statistical evidences of dissimilar performance at 0.1 significance level are displayed in green



 
 

Using robust statistical analyses, Chapter four demonstrated that there are statistica l ly 

significant differences in the performance of the examined project delivery systems regarding 13 

performance metric (6 performance metrics at 99% confidence level; 4 performance metrics at 

95% confidence level; and 3 performance metrics at 90% confidence level).  

Post-hoc statistical tests applied to the pairwise comparisons provided deeper insights 

about how each pair of project delivery systems performs differently. It is worth noting that these 

analyses demonstrated that IPD outperformed DBB in 10 performance metrics (5 performance 

metrics at 99% confidence level; and 5 performance metrics at 95% confidence level). 

Furthermore, IPD outperformed CMR in 3 metrics (2 performance metrics at 99% confidence 

level; and 1 performance metric at 90% confidence level). Moreover, IPD outperformed DB in 7 

performance metrics (1 performance metrics at 99% confidence level; 3 performance metrics at 

95% confidence level; and 3 performance metrics at 90% confidence level). 

Combining these findings, one can conclude that there are statistical evidences for having 

IPD as the best performing PDS in two performance metrics. These two metrics are Change Order 

Processing Time, and Number of Deficiency Issues per Million Dollars. Regarding Change Order 

Processing Time, IPD out performs DBB, CMR, and DB at 99% confidence levels. With regards 

to Number of Deficiency Issues per Million Dollars, IPD out performs DBB, CMR, and DB at 

95%, 90%, and 90% confidence levels respectively. 

Furthermore, the results provide statistical evidences that DBB is the worst PDS with 

regards to two metrics. These metrics are Number of RFI’s per Million Dollars, and Quality/Value-

related Percent Change. Regarding the first metric, DBB is out performed by IPD, DB, and CMR 

at 99% confidence levels. With regards to the second metric, DBB is outperformed by IPD, DB, 

and CMR at 95%, 99%, and 90% confidence levels, respectively. 



138 
 

Additionally, the results presented in Chapter 4 provide statistical evidences that IPD 

represents the only better project delivery system as compared to DBB with regards to 3 

performance metrics. These metrics are: Number of Punchlist Items per Million Dollars, Number 

of Resubmittals per Million Dollars, and Absolute Value pf Project Percent Change. Regarding 

these 3 metrics, IPD outperforms DBB at 95% confidence levels. 
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Chapter 5. Stakeholder Involvement 

 In (2004), CURT illustrated that the earlier the stakeholder involvement, the more it will 

influence the project with lower expenses. This interesting statement is illustrated in Figure 61. 

Furthermore, having key stakeholders remain consistently involved throughout the duration of the 

project is claimed to be one of the major success premises of project delivery.  

Therefore, this research thoroughly investigates the effect of stakeholder involvement on 

project performance. In order to achieve that statistically, this research has combined the responses 

to seven questions pertaining to the timing and collaboration of stakeholders, thus creating one 

comprehensive metric reflecting the overall stakeholder involvement on a project. These were 

explained earlier in Chapter 3. 

Figure 62 demonstrates the statistical strategy that was followed in investigating the effect 

of stakeholder involvement on project performance. 

Figure 61: Stakeholder Involvement Time-Effect-Cost Curve (CURT 2004) 
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  Figure 62: Statistical Strategy for investigating the effect of stakeholder involvement on project performance 
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5.1 Communication Performance Area 

The effect of stakeholder involvement on each metric of the communication performance 

area was statistically investigated. Accordingly, this research has studied the statistical relationship 

between stakeholder involvement and 1) number of RFI’s per million dollars, 2) RFI processing 

time, and 3) number of resubmittals per million dollars. Analyses showed that stakeholder 

involvement has a statistically significant effect on each of the three metrics. These analyses are 

explained in the following sub-sections. 

5.1.1 Number of RFI’s per Million Dollars 

As previously explained in chapter 3, a project with significantly more RFIs is undesirable, 

because RFI’s can be a major source of waste. For accurate comparison between projects of 

different sizes, the number of RFIs for each project was normalized on the project’s total cost. 

Therefore, the resulting metric was the number of RFI’s per million dollars. Figure 63 presents a 

bivariate boxplot for stakeholder involvement and number of RFI’s per million dollars. 

Figure 63: Bivariate Boxplot for Stakeholder Involvement and Number of RFI's per Million Dollars 
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The bivariate boxplot presented in Figure 63 suggests the presence of only one outlier, 

where a DBB project experienced more RFI’s per million dollars than normally expected. Also, 

Figure 63 depicts a negative correlation between the variables, suggesting that the higher the 

stakeholder involvement on a project the fewer the number of RFI’s per million dollars would be. 

To further demonstrate the statistical relationship between the two variables, Figure 64 presents a 

scatter plot of the relationship between stakeholder involvement and number of RFI’s per million 

dollars with a fitted linear regression model. Also, this relationship was statistically examined, 

testing the null hypothesis that the regression coefficient between the two variables is zero (no 

statistical relationship between the two variables). 

Figure 64 clarifies the inverse relationship between stakeholder involvement and the 

number of RFI’s per million dollars. The summary regression output shows that the p-value of this 

relationship is 0.000, thus providing a statistical evidence at even 99% level to reject the null 

Figure 64: Scatterplot of Stakeholder Involvement regressed on RFI's per Million Dollars 
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hypothesis. Therefore, it was concluded at 99% confidence level that there is an inverse 

relationship between stakeholder involvement and the number of RFI’s per million dollars: as 

stakeholder involvement increases, the number of RFI’s per million dollars decreases, and vice 

versa. Also of interest, Figure 64 illustrates that IPD projects are clustered in the lower right part 

of the graph, meaning that IPD projects consistently have high level of stakeholder involvement, 

and a relatively small number of RFI’s per million dollars. On the other hand, DBB projects tend 

to have heavy presence in the upper left part of the graph, indicating that many DBB projects tend 

to have a relatively low level of stakeholder involvement, and a relatively high number of RFI’s 

per million dollars. Furthermore, Figure 64 demonstrates that both CMR and DB tend to have 

heavy presence in the middle part of the graph, indicating that CMR and DB projects experience 

a moderate level of stakeholder involvement and a moderate number of RFI’s per million dollars. 

Additionally, Figure 64 demonstrates that DBB, DB, and CMR have high spread, as compared to 

the small variability of IPD projects. This indicates the consistent high performance of IPD projects 

as compared to the inconsistent performance of DBB, CMR, and DB projects. 

Next, dependence between stakeholder involvement and number of RFI’s per million 

dollars was examined through plotting a chi plot of both variables, as illustrated in Figure 65.  

The chi plot shown in Figure 65 demonstrates high dependency between the two variables, 

especially around the median of the distribution of both variables. This is shown by the presence 

of a big portion of the points outside the area bounded between the two horizontal dotted lines, 

especially in the middle range of 𝜆𝜆, as depicted in Figure 65. Therefore, one can deduce that the 

number of RFI’s per million dollars inversely depends on the level of stakeholder involvement. 
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5.1.2 RFI Processing Time 

As previously discussed, more RFI processing time directly translates to more waiting time 

for needed information. Therefore, RFI processing time can be a major source of waste for projects. 

Also, more RFI processing time gives a direct indication about the poor adopted communica t ion 

procedure between project parties. However, for practicality reasons, each respondent was asked 

to just report the project’s average RFI processing time measured in weeks and not days. In this 

sense, a rating of “1” means “1-7 days”, a rating of “2” means “8-14 days”, a rating of “3” means 

“15-21 days”, a rating of “4” means “22-28 days”, and a rating of “5” means “29-35 days.”     

Figure 66 presents a bivariate boxplot for stakeholder involvement and RFI processing time. 

The bivariate boxplot presented in Figure 66 suggests the presence of only one outlier, 

where a DBB project experienced more RFI processing time than normally anticipated. Also, 

Figure 66 depicts a negative correlation suggesting that the higher the stakeholder involvement on 

a project the less the RFI processing time would be. To further demonstrate the statistica l 

relationship between the two variables, Figure 67 presents boxplots with a fitted linear regression 

Figure 65: Chi plot for Stakeholder Involvement and RFI's per Million Dollars 
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model explaining the relationship between stakeholder involvement and number of RFI’s per 

million dollars. Also, this relationship was statistically examined, testing the null hypothesis that 

the regression coefficient between the two variables is zero (no statistical relationship between the 

two variables.  

Figure 67: Relationship between Stakeholder Involvement and RFI Processing Time 

Figure 66: Bivariate Boxplot for Stakeholder Involvement and RFI Processing Time 
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Figure 67 clarifies the inverse relationship between stakeholder involvement and the RFI 

processing time. This is shown through both the boxplots for each RFI processing time, and the 

fitted regression line. The summary regression output shows that the p-value of this relationship is 

0.000, thus providing a statistical evidence at even 99% level to reject the null hypothesis. 

Therefore, it was concluded at 99% confidence level that there is an inverse relationship between 

stakeholder involvement and RFI processing time: as stakeholder involvement increases, the RFI 

processing time decreases, and vice versa. Also of interest, Figure 67 illustrates that IPD projects 

are clustered in the lower right part of the graph, meaning that IPD projects consistently have high 

level of stakeholder involvement, and a relatively short RFI processing time. On the other hand, 

DBB projects tend to have wide spread with a heavy presence in the upper left part of the graph, 

indicating that many DBB projects tend to have a relatively low level of stakeholder involvement, 

and a relatively long RFI’s processing time. Furthermore, Figure 67 demonstrates that both CMR 

and DB tend to have a relatively wide spread with a heavy presence in the middle part of the graph, 

indicating that CMR and DB projects experience moderate level of stakeholder involvement and 

moderate RFI processing time. Additionally, Figure 67 demonstrates that DBB, DB, and CMR 

have high spread, as compared to the small variability of IPD projects. This indicates the consistent 

high performance of IPD projects as compared to the inconsistent performance of DBB, CMR, 

and DB projects. 

Next, dependence between stakeholder involvement and RFI processing time was examined 

through plotting a chi plot of both variables, as illustrated in Figure 68. 
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The chi plot shown in Figure 68 demonstrates a high dependence level between the two 

variables. This is shown by the presence of the almost all points outside the two horizontal dotted 

lines as depicted in Figure 68. Therefore, one can deduce that RFI processing time tends to 

inversely depend on the level of stakeholder involvement. 

Figure 68: Chi plot for Stakeholder Involvement and RFI Processing Time 
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5.1.3 Number of Resubmittals per Million Dollars 

Resubmittals are any project requirements such as samples, shop drawings, product data, 

etc. that were submitted by the contractor for approval of the owner or A/E. Therefore, a project 

with significantly more resubmittals is undesirable, since resubmittals can be a major source of 

waste. In order to perform a comparison across a number of projects of different sizes, the reported 

numbers of resubmittals have been normalized on final construction cost. Accordingly, the 

resulting metric is number of resubmittals per million dollars. Figure 69 presents a bivariate 

boxplot for stakeholder involvement and number of resubmittals per million dollars. 

The bivariate boxplot presented in Figure 69 suggests the presence of four outliers: three 

DBB projects and a DB project. Also, Figure 69 depicts a negative correlation suggesting that the 

higher the stakeholder involvement on a project the fewer the number of resubmittals per million 

dollars would be. To further demonstrate the statistical relationship between the two variables, 

Figure 69: Bivariate Boxplot for Stakeholder Involvement and Number of Resubmittals per Million Dollars 
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Figure 70 presents a scatter plot of the relationship between stakeholder involvement and number 

of resubmittals per million dollars with a fitted linear regression model. Also, this relationship was 

statistically examined, testing the null hypothesis that the regression coefficient between the two 

variables is zero (no statistical relationship between the two variables). 

Figure 70 clarifies the inverse relationship between stakeholder involvement and the 

number of RFI’s per million dollars. The summary regression output shows that the p-value of this 

relationship is 0.035, thus providing a statistical evidence at even 95% level to reject the null 

hypothesis. Therefore, it was concluded at 95% confidence level that there is an inverse 

relationship between stakeholder involvement and the number of resubmittals per million dollars: 

as stakeholder involvement increases, the number of resubmittals per million dollars decreases, 

and vice versa. Also of interest, Figure 70 illustrates that IPD projects are clustered in the lower 

right part of the graph, meaning that IPD projects consistently have high level of stakeholder 

Figure 70: Relationship between Stakeholder Involvement and Resubmittals Processing Time 
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involvement, and a relatively small number of resubmittals per million dollars. Also, Figure 70 

shows that DB tend to be in the lower right part of the graph if the outlier point was excluded. On 

the other hand, DBB projects tend to have heavy presence in the upper left part of the graph even 

after excluding the outliers, indicating that many DBB projects tend to have a relatively low level 

of stakeholder involvement, and a relatively high number of resubmittals per million dollars. 

Furthermore, Figure 70 demonstrates that CMR tends to have heavy presence in the middle part 

of the graph, indicating that CMR projects experience a moderate level of stakeholder involvement 

and a moderate number of resubmittals per million dollars.  

Next, dependence between stakeholder involvement and number of RFI’s per million 

dollars was examined through plotting a chi plot of both variables, as illustrated in Figure 71.  

The chi plot shown in Figure 71 demonstrates the dependency between the two variables, 

especially as the level of stakeholder involvement and the number of resubmittals exceed their 

Figure 71: Chi plot for Stakeholder Involvement and Resubmittals per Million Dollars 
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medians. This is shown by the presence of the majority of the points outside the two horizonta l 

dotted lines, especially when 𝜆𝜆 exceeds zero, as depicted in Figure 71. Therefore, one can deduce 

that the number of Resubmittals per million dollars inversely depends to a high extent on the level 

of stakeholder involvement, especially if both of them are more than their average (median) levels. 
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5.2 Change Management Performance Area 

The effect of stakeholder involvement on each metric of the change management 

performance area was statistically investigated. Accordingly, this research has studied the 

statistical relationship between stakeholder involvement and 1) absolute value of project percent 

change, 2) program-related percent change, 3) design-related percent change, 4) quality/value-

related percent change, and 5) change order processing time. Analyses showed that stakeholder 

involvement has a statistically significant effect on 1) design-related percent change, 2) 

quality/value-related percent change, and 3) change order processing time. Accordingly, only the 

analyses of these three metrics are explained in the following sub-sections. 

5.2.1 Design-related Percent Change 

Design-related issues are considered to be one of the main sources of change in 

construction. Therefore, design-related percent change is regarded as an important metric that can 

indicate design changes, design coordination issues, and design errors. Figure 72 presents a 

bivariate boxplot for stakeholder involvement and design-related percent change. 

Figure 72: Bivariate Boxplot for Stakeholder Involvement and Design-related Percent Change 
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The bivariate boxplot presented in Figure 72 suggests the presence of four outliers: Two 

CMR projects as well as one DB and one IPD projects. Also, Figure 72 depicts a negative 

correlation between the variables, suggesting that the higher the stakeholder involvement on a 

project the less the design-related percent change would be. To further demonstrate the statistica l 

relationship between the two variables, Figure 73 presents a scatter plot of the relationship between 

stakeholder involvement and design-related percent change with a fitted linear regression model. 

Also, this relationship was statistically examined, testing the null hypothesis that the regression 

coefficient between the two variables is zero (no statistical relationship between the two variables). 

Figure 73 clarifies the inverse relationship between stakeholder involvement and the 

design-related percent change. The summary regression output shows that the p-value of this 

relationship is 0.007, thus providing a statistical evidence at even 1% significance level to reject 

the null hypothesis. Therefore, it was concluded at 99% confidence level that there is an inverse 

Figure 73: Scatterplot of Stakeholder Involvement regressed on Design-related Percent Change 
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relationship between stakeholder involvement and design-related percent change: as stakeholder 

involvement increases, the design-related percentage decreases, and vice versa. Also of interest, 

Figure 73 illustrates that DBB projects tend to have heavy presence in the upper left part of the 

graph, indicating that many DBB projects tend to have a relatively low level of stakeholder 

involvement, and a relatively high design-related percent change. On the other hand, Figure 73 

demonstrates that DB maintains a relatively low design-related percent change even if its 

stakeholder involvement level decreased. Also, Figure 73 shows that CMR tend to have heavy 

presence in the upper middle part of the graph, indicating that CMR projects experience a moderate 

level of stakeholder involvement and a relatively high design-related percent change, even after 

removing the outlier project. Additionally, Figure 73 illustrates that IPD projects tend to have 

heavy presence in the middle/lower right part of the graph, indicating that IPD projects consistent ly 

have high level of stakeholder involvement, and a relatively small to moderate design-related 

percent change (relatively low design-related percent change after removing the outlier project).  

Next, dependence between stakeholder involvement and design-related percent change was 

examined through plotting a chi plot of both variables, as illustrated in Figure 74.  

Figure 74: Chi plot for Stakeholder Involvement and Design-related Percent Change 
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The chi plot shown in Figure 74 demonstrates a high dependency level between the two 

variables, especially around the median of the distribution of both variables. This is shown by the 

presence of the majority of the points outside the two horizontal dotted lines, especially in the 

middle range of 𝜆𝜆, as depicted in Figure 74. Therefore, one can deduce that the design-rela ted 

percent change inversely depends on the level of stakeholder involvement. 

5.2.2 Quality/Value-related Percent Change 

 Change due to increased or decreased quality/value is considered as one of the sources of 

change in the construction industry. Therefore, the relationship between stakeholder involvement 

and quality/value-related percent change was statistically examined. Figure 75 presents a bivariate 

boxplot for stakeholder involvement and quality/value-related percent change. 

The bivariate boxplot presented in Figure 75 suggests the presence of two outliers, both 

are DBB projects. Also, Figure 75 depicts a negative correlation between the variables, suggesting 

that the higher the stakeholder involvement on a project the less the quality/value-related percent 

Figure 75: Bivariate Boxplot for Stakeholder Involvement and Quality/Value-related Percent 
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change would be. To further demonstrate the statistical relationship between the two variables, 

Figure 76 presents a scatter plot of the relationship between stakeholder involvement and 

quality/value-related percent change with a fitted linear regression model. Also, this relationship 

was statistically examined, testing the null hypothesis that the regression coefficient between the 

two variables is zero (no statistical relationship between the two variables). 

Figure 76 clarifies the inverse relationship between stakeholder involvement and the 

quality/value-related percent change. The summary regression output shows that the p-value of 

this relationship is 0.000, thus providing a statistical evidence at even 1% significance level to 

reject the null hypothesis. Therefore, it was concluded at 99% confidence level that there is an 

inverse relationship between stakeholder involvement and quality/value-related percent change: 

as stakeholder involvement increases, the quality/value-related percentage decreases, and vice 

versa. Also of interest, Figure 76 illustrates that DBB projects tend to have heavy presence in the 

Figure 76: Scatterplot of Stakeholder Involvement regressed on Quality/Value-related Percent 
Change 
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upper left part of the graph, indicating that many DBB projects tend to have a relatively low level 

of stakeholder involvement, and a relatively high quality/value-related percent change. On the 

other hand, Figure 76 demonstrates that DB maintains a relatively low design-related percent 

change. Also, Figure 76 illustrates that IPD projects tend to have heavy presence in the lower right 

part of the graph, indicating that IPD projects consistently have high level of stakeholder 

involvement, and a relatively low quality/value-related percent change. Furthermore, Figure 76 

shows that CMR tend to have heavy presence in the upper middle part of the graph, indicating that 

CMR projects experience a moderate level of stakeholder involvement and a relative ly 

medium/high quality/value-related percent change. Additionally, Figure 76 demonstrates that 

DBB, and CMR have high spread, indicating their inconsistent performance with respect to the 

metrics being tested 

Next, dependence between stakeholder involvement and design-related percent change was 

examined through plotting a chi plot of both variables, as illustrated in Figure 77.  

Figure 77: Chi plot for Stakeholder Involvement and Quality/Value-related Percent Change 
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The chi plot shown in Figure 77 demonstrates a high dependency level between the two 

variables. This is shown by the presence of the majority of the points outside the two horizonta l 

dotted lines, as depicted in Figure 77. Therefore, one can deduce that quality/value-related percent 

change inversely depends on the level of stakeholder involvement. 

5.2.3 Change Order Processing Time 

Change order processing time is the period of time between the initiation of the change 

order and the owner’s approval of the change order. For practicality reasons, each respondent was 

asked to just report the project’s average RFI processing time measured in weeks and not days. In 

this sense, a rating of “1” means “1-7 days”, a rating of “2” means “8-14 days”, a rating of “3” 

means “15-21 days”, a rating of “4” means “22-28 days”, a rating of “5” means “29-35 days”, a 

rating of “6” means “36-42 days”, and a rating of 7 means “more than 42 days.” Figure 78 presents 

a bivariate boxplot for stakeholder involvement and change order processing time. 

Figure 78: Bivariate Boxplot for Stakeholder Involvement and Change Order Processing 
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The bivariate boxplot presented in Figure 78 suggests that there are no outliers. Also, 

Figure 78 depicts a negative correlation between the variables, suggesting that the higher the 

stakeholder involvement on a project the less the change order processing time would be. To 

further demonstrate the statistical relationship between the two variables, Figure 79 presents 

boxplots with a fitted linear regression model explaining the relationship between stakeholder 

involvement and change order processing time. Also, this relationship was statistically examined, 

testing the null hypothesis that the regression coefficient between the two variables is zero (no 

statistical relationship between the two variables. 

Figure 79 clarifies the inverse relationship between stakeholder involvement and the 

change order processing time. This is shown through both the boxplots for each change order 

processing time, as well as the fitted regression line. The summary regression output shows that 

the p-value of this relationship is 0.006, thus providing a statistical evidence at even 99% level to 

reject the null hypothesis. Therefore, it was concluded at 99% confidence level that there is an 

inverse relationship between stakeholder involvement and change order processing time: as 

Figure 79: Relationship between Stakeholder Involvement and Change Order Processing Time 
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stakeholder involvement increases, the change order processing time decreases, and vice versa. 

Also of interest, Figure 79 illustrates that IPD projects are clustered in the lower right part of the 

graph, meaning that IPD projects consistently have high level of stakeholder involvement, and a 

relatively short change order processing time. On the other hand, DBB projects tend to have wide 

spread with a heavy presence in the upper left part of the graph, indicating that many DBB projects 

tend to have a relatively low level of stakeholder involvement, and a relatively long RFI’s 

processing time. Furthermore, Figure 79 demonstrates that both CMR and DB tend to have a 

relatively wide spread with a heavy presence in the middle part of the graph, indicating that CMR 

and DB projects experience moderate level of stakeholder involvement and moderate RFI 

processing time. Additionally, Figure 79 demonstrates that DBB, DB, and CMR have high spread, 

as compared to the small variability of IPD projects. This indicates the consistent high performance 

of IPD projects as compared to the inconsistent performance of DBB, CMR, and DB projects. 

Next, dependence between stakeholder involvement and RFI processing time was 

examined through plotting a chi plot of both variables, as illustrated in Figure 80. 

Figure 80: Chi plot for Stakeholder Involvement and Change Order Processing 
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The chi plot shown in Figure 80 demonstrates a high dependency level between the two 

variables. This is shown by the presence of the majority of the points outside the two horizonta l 

dotted lines, as depicted in Figure 80. Therefore, one can deduce that change order processing time 

inversely depends on the level of stakeholder involvement. 
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5.3 Business Performance Area 

This research focuses on how construction companies can use their projects to present a 

good image for their companies, thus increasing the potential for return business in the future. 

Therefore, this research has studied the statistical relationship between stakeholder involvement 

and company image/return business. 

5.3.1 Company Image/Return Business 

While competition within the industry is on the rise, construction companies focus on 

keeping a positive image for their companies for return business purposes. Assessing the effect of 

a project on their company’s image and potential for return business, respondents provided data 

on a five-point scale with very negative = -2, negative = -1, neutral = 0, positive = 1, and very 

positive = 2. Figure 81 presents a bivariate boxplot for stakeholder involvement and company 

image/return business. 

The bivariate boxplot presented in Figure 81 suggests the presence of two outliers, both 

are DBB projects. Also, Figure 81 depicts a positive correlation between the two variables, 

Figure 81: Bivariate Boxplot for Stakeholder Involvement and Company Image/Return 
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suggesting that the higher the stakeholder involvement on a project the more potential to present a 

good company image for business return purposes. To further demonstrate the statistica l 

relationship between the two variables, Figure 82 presents boxplots with a fitted linear regression 

model explaining the relationship between stakeholder involvement and the company image/return 

business. Also, this relationship was statistically examined, testing the null hypothesis that the 

regression coefficient between the two variables is zero (no statistical relationship between the two 

variables). 

Figure 82 clarifies the direct relationship between stakeholder involvement and company 

image for return business purposes. This is shown by both the boxplots for each company-image-

rating, as well as the fitted regression line. The summary regression output shows that the p-value 

of this relationship is 0.014, thus providing a statistical evidence at 5% significance level to reject 

the null hypothesis. Accordingly, one can argue that, at 95% confidence level, there is a direct 

relationship between stakeholder involvement and company image/return business: as stakeholder 

involvement increases, the company image for return business purposes improves, and vice versa. 

Figure 82: Relationship between Stakeholder Involvement and Company Image / Return 
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Also of interest, Figure 82 illustrates that IPD projects are clustered in the upper right part of the 

graph, meaning that IPD projects consistently have high level of stakeholder involvement, and are 

projects in which companies present very positive images for return business purposes. On the 

other hand, DBB projects tend to have wide spread with a heavy presence in the lower left part of 

the graph, indicating that many DBB projects tend to have a relatively low level of stakeholder 

involvement in which companies present fairly positive images for return business purposes. 

Furthermore, Figure 82 demonstrates that both CMR and DB tend to have a relatively wide spread 

with a heavy presence in the middle part of the graph, indicating that CMR and DB projects 

experience moderate level of stakeholder involvement in which companies present positive images 

for return business purposes. Additionally, Figure 82 demonstrates that DBB, DB, and CMR have 

high spread, as compared to the small variability of IPD projects. This indicates the consistent high 

performance of IPD projects with respect to the metrics being tested. 

Since the submitted data for the company image/return business variable comprise only three 

categories (with the majority of the projects divided between only two categories), a chi-plot would 

not be useful in interpreting/analyzing such data. 
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5.4 Quality Performance Area 

Quality at various levels is one of the major goals for any construction project. Therefore, 

the effect of stakeholder involvement on each metric of the quality performance area was 

statistically investigated. Accordingly, this research has studied the statistical relationship between 

stakeholder involvement and (1) overall quality of project systems, (2) punchlist items per million 

dollars, and (3) deficiency issues per million dollars. Analyses showed that stakeholder 

involvement has a statistically significant effect on (1) overall quality of project systems, (2) 

punchlist items per million dollars. Accordingly, only the analyses of these two metrics are 

explained in the following sub-sections. 

5.4.1 Overall Quality of Project Systems 

As previously explained, this metric offers a comprehensive measure for the quality of 

eleven primary project systems, such as structural, mechanical, and finishes. Figure 83 presents a 

bivariate boxplot for stakeholder involvement and overall quality of project systems. 

Figure 83: Bivariate Boxplot for Stakeholder Involvement and Overall Quality of Project 
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The bivariate boxplot presented in Figure 83 suggests the absence of any outliers. Also, 

Figure 83 depicts a positive correlation between the variables, suggesting that the higher the 

stakeholder involvement on a project the better the overall quality of project systems would be. To 

further demonstrate the statistical relationship between the two variables, Figure 84 presents a 

scatter plot of the relationship between stakeholder involvement and the overall quality of project 

systems with a fitted linear regression model. Also, this relationship was statistically examined, 

testing the null hypothesis that the regression coefficient between the two variables is zero (no 

statistical relationship between the two variables). 

Figure 84 clarifies the direct relationship between stakeholder involvement and the overall 

quality of project systems. The summary regression output shows that the p-value of this 

relationship is 0.001, thus providing a statistical evidence at even 1% significance level to reject 

the null hypothesis. Therefore, one can argue that, at 99% confidence level, there is a direct 

relationship between stakeholder involvement and overall quality of project systems: as 

Figure 84: Scatterplot of Stakeholder Involvement regressed on Overall Quality of Project 
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stakeholder involvement increases, the overall quality of project systems increases, and vice versa. 

Also of interest, Figure 84 illustrates that IPD projects are clustered in the upper right part of the 

graph, meaning that IPD projects consistently have high level of stakeholder involvement, and a 

relatively high overall quality of project systems. On the other hand, DBB projects tend to have a 

wide spread with heavy presence in the lower left part of the graph, indicating that many DBB 

projects tend to have a relatively low level of stakeholder involvement, and a relatively low overall 

quality of project systems. Furthermore, Figure 84 demonstrates that both CMR and DB tend to 

have a wide spread with heavy presence in the middle part of the graph, indicating that CMR and 

DB projects experience a moderate level of stakeholder involvement and a moderate overall 

quality of project systems. Additionally, Figure 84 demonstrates that DBB, DB, and CMR have 

high spread, as compared to the small variability of IPD projects. This indicates the consistent high 

performance of IPD projects as compared to the inconsistent performance of DBB, CMR, and DB 

projects. 

Next the dependence between stakeholder involvement and the overall quality of project 

systems was examined through plotting a chi plot of both variables, as illustrated in Figure 85. 

Figure 85: Chi plot for Stakeholder Involvement and Overall Quality of Project Systems 
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The chi plot shown in Figure 85 demonstrates low dependency between the two variables. 

This can be reasoned by the small sample size of the projects that submitted this metric. 

Accordingly, it is recommended to increase the sample size of the projects before deducing a 

conclusion about the relationship between stakeholder involvement and the overall quality of 

project systems. 

5.4.2 Punchlist Items per Million Dollars 

Punchlist items are the uncompleted or unsatisfactory items remaining after the substantia l 

completion of a project, such as components needing minor repairs or replacement. In order to 

perform a comparison across a number of projects of different sizes, the reported numbers of 

punchlist items have been normalized on final construction cost. Accordingly, the resulting metric 

is the number of punchlist items per million dollars. Figure 86 presents a bivariate boxplot for 

stakeholder involvement and the number of punchlist items per million dollars. 

Figure 86: Bivariate Boxplot for Stakeholder Involvement and Number of Punchlist Items per Million Dollars 
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The bivariate boxplot presented in Figure 86 suggests the presence of two outliers, both of 

are DBB projects. Also, Figure 86 depicts a negative correlation between the variables, suggesting 

that the higher the stakeholder involvement on a project the less the number of punchlist items per 

million dollars would be. To further demonstrate the statistical relationship between the two 

variables, Figure 87 presents a scatter plot of the relationship between stakeholder involvement 

and the number of punchlist items per million dollars with a fitted linear regression model. Also, 

this relationship was statistically examined, testing the null hypothesis that the regression 

coefficient between the two variables is zero (no statistical relationship between the two variables). 

Figure 87 clarifies the inverse relationship between stakeholder involvement and the 

number of punchlist items per million dollars. The summary regression output shows that the p-

value of this relationship is 0.020, thus providing a statistical evidence at 5% significance level to 

reject the null hypothesis. Therefore, it was concluded at 95% confidence level that there is an 

inverse relationship between stakeholder involvement and the number of punchlist items per 

million dollars: as stakeholder involvement increases, the number of punchlist items per million 

Figure 87: Scatterplot of Stakeholder Involvement regressed on the Number of Punchlist Items per Million 
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dollars decreases, and vice versa. Also of interest, Figure 87 illustrates that IPD projects are 

clustered in the lower right part of the graph, meaning that IPD projects consistently have high 

level of stakeholder involvement, and a relatively small number of punchlist items per million 

dollars. On the other hand, DBB projects tend to have a wide spread with heavy presence in the 

upper left part of the graph, indicating that many DBB projects tend to have a relatively low level 

of stakeholder involvement, and a relatively high number of punchlist items per million dollars. 

Furthermore, Figure 87 demonstrates that both CMR and DB tend to have a wide spread with 

heavy presence in the middle part of the graph, indicating that CMR and DB projects experience 

a moderate level of stakeholder involvement and a moderate number of punchlist items per million 

dollars. Additionally, Figure 87 demonstrates that DBB, DB, and CMR have high spread, as 

compared to the small variability of IPD projects. This indicates the consistent high performance 

of IPD projects as compared to the inconsistent performance of DBB, CMR, and DB projects. 

Next the dependence between stakeholder involvement and design-related percent change 

was examined through plotting a chi plot of both variables, as illustrated in Figure 88.  

Figure 88: Chi plot for Stakeholder Involvement and Number of Punchlist Items per Million 
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The chi plot shown in Figure 88 demonstrates dependence between the two variables. Therefore, 

one can deduce that the number of punchlist items is inversely correlated to the level of stakeholder 

involvement. 
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5.5 Schedule Performance Area 

Schedule performance is one of the major issues in the construction industry. It is often 

cited as one of the main constraints in the project management triangle. Needless to say, a 

successful schedule is one of the major goals for any construction project. Therefore, this research 

has studied the statistical relationship between stakeholder involvement and (1) construction 

speed, (2) delivery speed, (3) schedule growth, and (4) schedule intensity. Analyses showed that 

stakeholder involvement has a statistically significant effect on schedule intensity. Accordingly, 

the analysis of this metric is explained in the following sub-section. 

5.5.1 Schedule Intensity 

This metric measures the average dollar value of construction work completed per day. 

The rationale behind measuring schedule intensity is providing a comparison of construction speed 

by normalizing with respect to the amount of construction work put in place during the same 

timeframe. Therefore, the relationship between stakeholder involvement and schedule intens ity 

was statistically examined. Figure 89 presents a bivariate boxplot for stakeholder involvement and 

schedule intensity. 

Figure 89: Bivariate Boxplot for Stakeholder Involvement and Schedule Intensity 
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The bivariate boxplot presented in Figure 89 suggests the presence of four outliers: 3 DBB 

projects, and 1 CMR project. Also, Figure 89 depicts a positive correlation between the variables, 

suggesting that the higher the stakeholder involvement on a project the higher the schedule 

intensity would be. To further demonstrate the statistical relationship between the two variables, 

Figure 90 presents a scatter plot of the relationship between stakeholder involvement and schedule 

intensity with a fitted linear regression model. Also, this relationship was statistically examined, 

testing the null hypothesis that the regression coefficient between the two variables is zero (no 

statistical relationship between the two variables). 

Figure 90 clarifies the direct relationship between stakeholder involvement and schedule 

intensity. The summary regression output shows that the p-value of this relationship is 0.022, thus 

providing a statistical evidence at 5% significance level to reject the null hypothesis. Therefore, 

one can argue that at 95% confidence level there is a direct relationship between stakeholder 

involvement and schedule intensity: as stakeholder involvement increases, the project’s schedule 

intensity increases, and vice versa. Also of interest, Figure 90 illustrates that DBB projects tend to 

have a very wide range ranging from heavy presence in the lower left part of the graph, to the 

Figure 90: Scatterplot of Stakeholder Involvement regressed on Schedule Intensity 
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upper right part of the graph. Also, Figure 90 demonstrates the high variability of CMR projects 

ranging from lower middle part of the graph to the upper right corner. On the other hand,          

Figure 90 shows that DB maintains a relatively low schedule intensity across its projects. Also, 

Figure 90 illustrates that IPD projects tend to have heavy presence in the middle right part of the 

graph, indicating that IPD projects consistently have high level of stakeholder involvement, and a 

moderate schedule intensity. Additionally, Figure 90 demonstrates that DBB, and CMR have high 

spread, indicating their inconsistent performance with respect to the metrics being tested 

Next, dependence between stakeholder involvement and schedule intensity was examined 

through plotting a chi plot of both variables, as illustrated in Figure 91. 

The chi plot shown in Figure 91 demonstrates low dependency between the two variables. 

This can be reasoned by the small sample size of the projects that submitted this metric. Schedule 

Intensity. Accordingly, it is recommended to increase the sample size of the projects before 

deducing a conclusion about the relationship between stakeholder involvement and schedule 

intensity. 

  

Figure 91: Chi plot for Stakeholder Involvement and Schedule Intensity 
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5.6 Summary 

This research has combined the responses to seven questions pertaining to the timing and 

collaboration of stakeholders, thus creating one comprehensive metric reflecting the overall 

stakeholder involvement on a project. In this chapter, the relationship between this metric and 

several performance metrics were thoroughly analyzed using bivariate boxplots, scatter-plots, 

hypothesis testing for regression slope, and chi-plots. The following paragraphs provide a 

summary of the findings that have been demonstrated in Chapter 5.  

• Number of RFI’s per Million Dollars: 

There is an inverse relationship between stakeholder involvement and the number of RFI’s 

per million dollars at 99% confidence level: as stakeholder involvement increases, the 

number of RFI’s per million dollars decreases, and vice versa. 

• RFI Processing Time: 

There is an inverse relationship between stakeholder involvement and RFI processing time 

at 99% confidence level: as stakeholder involvement increases, the RFI processing time 

decreases, and vice versa. 

• Number of Resubmittals per Million Dollars: 

There is an inverse relationship between stakeholder involvement and the number of 

resubmittals per million dollars at 95% confidence level: as stakeholder involvement 

increases, the number of resubmittals per million dollars decreases, and vice versa. 

• Design-related Percent Change: 

There is an inverse relationship between stakeholder involvement and design-related 

percent change at 99% confidence level: as stakeholder involvement increases, the design-

related percentage decreases, and vice versa. 
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• Quality/Value-related Percent Change: 

There is an inverse relationship between stakeholder involvement and quality/value-related 

percent change at 99% confidence level: as stakeholder involvement increases, the 

quality/value -related percentage decreases, and vice versa. 

• Change Order Processing Time: 

There is an inverse relationship between stakeholder involvement and change order 

processing time at 99% confidence level: as stakeholder involvement increases, the change 

order processing time decreases, and vice versa. 

• Company Image/Return Business: 

There is a direct relationship between stakeholder involvement and company image/re turn 

business at 95% confidence level: as stakeholder involvement increases, the company 

image for return business purposes improves, and vice versa. 

• Punchlist Items per Million Dollars: 

There is an inverse relationship between stakeholder involvement and number of punchlist 

items per million dollars at 95% confidence level: as stakeholder involvement increases, 

the number of punchlist items per million dollars decreases, and vice versa. 

• Overall Quality of Project Systems: 

Although the hypothesis testing for regression slope proposed that there is a direct 

relationship between stakeholder involvement and overall quality of project systems, the 

corresponding chi-plot did not strongly support this conclusion. Accordingly, it is 

recommended to increase the sample size of projects before deducing a conclusion about 

the relationship between stakeholder involvement and the overall quality of project 

systems. 
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• Schedule Intensity 

Although the hypothesis testing for regression slope proposed that there is a direct 

relationship between stakeholder involvement and schedule intensity, the corresponding 

chi-plot did not support this conclusion. Accordingly, it is recommended to increase the 

sample size of projects before deducing a conclusion about the relationship between 

stakeholder involvement and schedule intensity. 

Finally, Table 74 recapitulate the contributions of Chapter 5. 

Table 74: Summary of Stakeholder Involvement ~ Performance Metrics Analysis 

 

  

Performance 
Area Performance Metric 

Statistically 
Significant at 99% 

Statistically 
Significant at 95% 

Direct Inverse Direct Inverse 

Communication 

Number of RFI’s per Million Dollars   *     

RFI Processing Time   *     

Number of Resubmittals per Million Dollars       * 

Change 
Management 

Design-related Percent Change   *     

Quality/Value-related Percent Change   *     

Change Order Processing Time   *     

Business Company Image/Return Business     *   

Quality 
Overall Quality of Project Systems *       

Punchlist Items per Million Dollars       * 

Schedule Schedule Intensity     *   
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Chapter 6. Project Leadership Team 

Project leadership team performance is claimed to be one of the most important drivers for 

successful project delivery. This research has thoroughly investigated the effect of having a 

balanced, highly engaged, and collaborative project leadership team on project performance. In 

order to do so statistically, this research has combined the responses to nine questions, relating to 

the makeup of the project leadership team as well as its collaboration and engagement throughout 

the project, to form one comprehensive metric. The areas covered by the nine questions are shown 

below. 

• The number of stakeholders represented in the team; 

• The authority of the team to make necessary decisions to manage and lead the project 

on a daily basis; 

• Whether the team jointly developed project target criteria and goals; 

•  Whether the team made decisions collaboratively; 

• Periodic project reviews were performed; 

• Frequency of team meetings during the planning phase; 

• Frequency of team meetings during the construction phase; 

• Frequency of team meetings during the commissioning phase; 

• If lessons learned were captured by the team. 

Figure 92 demonstrates the statistical strategy that was followed in investigating the effect 

of project leadership team score on project performance. 
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   Figure 92: Statistical Strategy for investigating the effect of Project Leadership Team on project performance 
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6.1 Communication Performance Area 

The effect of project leadership team on each metric of the communication performance 

area was statistically investigated. Accordingly, this research has studied the statistical relationship 

between project leadership team and 1) number of RFI’s per million dollars, 2) RFI processing 

time, and 3) number of resubmittals per million dollars. Analyses showed that project leadership 

team has a statistically significant effect on each of the three metrics. These analyses are explained 

in the following sub-sections. 

6.1.1 Number of RFI’s per Million Dollars 

A project with significantly more RFIs is undesirable, because RFI’s can be a major source 

of waste. For accurate comparison between projects of different sizes, the number of RFIs for each 

project was normalized on the project’s total cost. Therefore, the resulting metric was the number 

of RFI’s per million dollars. Figure 93 presents a bivariate boxplot for project leadership team and 

the number of RFI’s per million dollars. 

Figure 93: Bivariate Boxplot for Project Leadership Team and Number of RFI's per Million 
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The bivariate boxplot presented in Figure 93 suggests the presence of four outliers: 2 DBB 

projects, 1 CMR project, and 1 DB project. Also, Figure 93 depicts a negative correlation between 

the variables, suggesting that the higher the project leadership team score is, the fewer the number 

of RFI’s per million dollars would be. To further demonstrate the statistical relationship between 

the two variables, Figure 94 presents a scatter plot of the relationship between project leadership 

team and number of RFI’s per million dollars with a fitted linear regression model. Also, this 

relationship was statistically examined, testing the null hypothesis that the regression coeffic ient 

between the two variables is zero (no statistical relationship between the two variables). 

Figure 94 clarifies the inverse relationship between project leadership team and number of 

RFI’s per million dollars. The summary regression output shows that the p-value of this 

relationship is 0.000, thus providing a statistical evidence at even 99% level to reject the null 

hypothesis. Therefore, it was concluded at 99% confidence level that there is an inverse 

relationship between project leadership team and the number of RFI’s per million dollars: as the 

project leadership team score increases, the number of RFI’s per million dollars decreases, and 

Figure 94: Scatterplot of Project Leadership Team regressed on RFI's per Million Dollars 
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vice versa. Also of interest, Figure 94 illustrates that IPD projects are clustered in the lower right 

part of the graph, meaning that IPD projects consistently have high project leadership team scores, 

accompanied by a relatively small number of RFI’s per million dollars. On the other hand, DBB 

projects tend to have a wide spread with a heavy presence in the upper left part of the graph, 

indicating that many DBB projects tend to have low project leadership team scores, and a relative ly 

high number of RFI’s per million dollars. Furthermore, Figure 94 demonstrates that both CMR 

and DB tend to have heavy presence in the middle part of the graph, indicating that many CMR 

and DB projects have moderate project leadership team scores, and moderate number of RFI’s per 

million dollars. Additionally, Figure 94 demonstrates that DBB, DB, and CMR have high spreads, 

as compared to the small variability of IPD projects. This indicates the consistent high performance 

of IPD projects as compared to the inconsistent performance of DBB, CMR, and DB projects. 

Next dependence between project leadership team, and the number of RFI’s per million 

dollars was examined through plotting a chi plot of both variables, as illustrated in Figure 95. 

Figure 95: Chi plot for Project Leadership Team and RFI's per Million Dollars 
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The chi plot shown in Figure 95 demonstrates dependency between the two variables, 

especially around the median of the distribution of both variables. This is shown by the presence 

of a big portion of the points outside the area bounded between the two horizontal dotted lines, 

especially in the middle range of 𝜆𝜆, as shown in Figure 95. Therefore, one can deduce that the 

number of RFI’s per million dollars is inversely dependent on project leadership team 

performance. 

6.1.2 RFI Processing Time 

As previously discussed, more RFI processing time directly translates to more waiting time 

for needed information. Therefore, RFI processing time can be a major source of waste for projects. 

Also, more RFI processing time gives a direct indication about the poor adopted communica t ion 

procedure between project parties. For practicality reasons, each respondent was asked to report 

the project’s average RFI processing time measured in weeks. Accordingly, a rating of “1” means 

“1-7 days”, a rating of “2” means “8-14 days”, a rating of “3” means “15-21 days”, a rating of “4” 

means “22-28 days”, and a rating of “5” means “29-35 days.” Figure 96 presents a bivariate 

boxplot for project leadership team and RFI processing time. 

Figure 96: Bivariate Boxplot for Project Leadership Team and RFI 
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The bivariate boxplot presented in Figure 96 suggests the presence of three outliers: 1 DBB, 

1 CMR, and 1 DB project. Also, Figure 96 depicts a negative correlation suggesting that the higher 

the project leadership team score is, the less the RFI processing time would be. To further 

demonstrate the statistical relationship between the two variables, Figure 97 presents boxplots with 

a fitted linear regression model explaining the relationship between project leadership team and 

RFI processing time. Also, this relationship was statistically examined, testing the null hypothesis 

that the regression coefficient between the two variables is zero (no statistical relationship between 

the two variables). 

Figure 97 clarifies the inverse relationship between project leadership team and RFI 

processing time. This is shown by both the boxplots for each RFI processing time, and the fitted 

regression line. The summary regression output shows that the p-value of this relationship is 0.002, 

thus providing a statistical evidence at even 99% level to reject the null hypothesis. Therefore, it 

was concluded at 99% confidence level that there is an inverse relationship between project 

Figure 97: Relationship between Project Leadership Team and RFI Processing 
Time 
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leadership team and RFI processing time: as the project leadership team score increases, RFI 

processing time decreases, and vice versa. Also of interest, Figure 97 illustrates that IPD projects 

are clustered in the lower right part of the graph, indicating that IPD projects have high project 

leadership team scores accompanied by a relatively short RFI processing time. On the other hand, 

DBB projects tend to have wide spread with some projects in the upper left part of the graph, 

indicating that some DBB projects tend to have a relatively low project leadership team scores 

accompanied by a relatively long RFI processing time. Furthermore, Figure 97 demonstrates that 

DBB, DB, and CMR have high spreads, as compared to the small variability of IPD projects. This 

indicates the consistent high performance of IPD projects as compared to the inconsis tent 

performance of DBB, CMR, and DB projects. 

Next the dependence between project leadership team and RFI processing time was 

examined through plotting a chi plot of both variables, as illustrated in Figure 98. 

Figure 98: Chi plot for Project Leadership Team and RFI Processing 
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The chi plot shown in Figure 98 demonstrates high dependency between the two variables. 

This is shown by the presence of almost all the points outside the area bounded by the two 

horizontal dotted lines as depicted in Figure 98. Therefore, one can deduce that RFI processing 

time tends to inversely depend on project leadership team performance. 

6.1.3 Number of Resubmittals per Million Dollars 

Resubmittals are any project requirements such as samples, shop drawings, product data, 

etc. that were submitted by the contractor for approval of the owner or A/E. Therefore, a project 

with significantly more resubmittals is undesirable, since resubmittals can be a major source of 

waste. In order to perform a comparison across a number of projects of different sizes, the reported 

numbers of resubmittals have been normalized on final construction cost. Accordingly, the 

resulting metric is number of resubmittals per million dollars. Figure 99 presents a bivariate 

boxplot for project leadership team and the number of resubmittals per million dollars. 

 
Figure 99: Bivariate Boxplot for Project Leadership Team and Number of Resubmittals per Million Dollars 
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The bivariate boxplot presented in Figure 99 suggests the presence of three outliers: 1 DBB 

project, 1 CMR project, and 1 DB project. Also, Figure 99 depicts a negative correlation between 

the variables, suggesting that the higher the project leadership team score is, the fewer the number 

of resubmittals per million dollars would be. To further demonstrate the statistical relationship 

between the two variables, Figure 100 presents a scatter plot of the relationship between project 

leadership team and number of resubmittals per million dollars with a fitted linear regression 

model. Also, this relationship was statistically examined, testing the null hypothesis that the 

regression coefficient between the two variables is zero (no statistical relationship between the two 

variables). 

Figure 100 clarifies the inverse relationship between project leadership team and the 

number of resubmittals per million dollars. The summary regression output shows that the p-value 

of this relationship is 0.006, thus providing a statistical evidence at even 99% level to reject the 

null hypothesis. Therefore, it was concluded at 99% confidence level that there is an inverse 

relationship between project leadership team and the number of resubmittals per million dollars: 

as the project leadership team score increases, the number of resubmittals per million dollars 

Figure 100: Scatterplot of Project Leadership Team regressed on Resubmittals per Million Dollars 
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decreases, and vice versa. Also of interest, Figure 100 illustrates that IPD projects are clustered in 

the lower right part of the graph, meaning that IPD projects consistently have high project 

leadership team cores, accompanied by a relatively small number of resubmittals per million 

dollars. On the other hand, DBB projects tend to have a wide spread with a the presence of some 

projects in the upper left part of the graph, indicating that some DBB projects tend to have low 

project leadership team scores, and a relatively high number of resubmittals per million dollars. 

Furthermore, Figure 100 demonstrates that both CMR and DB tend to have heavy presence in the 

middle part of the graph, indicating that many CMR and DB projects have moderate project 

leadership team scores, and moderate number of resubmittals per million dollars. Additiona l ly, 

Figure 100 demonstrates that DBB, DB, and CMR have high spreads, as compared to the small 

variability of IPD projects. This indicates the consistent high performance of IPD projects as 

compared to the inconsistent performance of DBB, CMR, and DB projects. 

Next dependence between project leadership team, and the number of resubmittals per 

million dollars was examined through plotting a chi plot of both variables, as shown in Figure 101. 

Figure 101: Chi plot for Project Leadership Team and Resubmittals per Million Dollars 
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The chi plot shown in Figure 101 demonstrates dependency between the two variables, 

especially around the median of the distribution of both variables. This is shown by the presence 

of a big portion of the points outside the area bounded by the two horizontal dotted lines, especially 

in the middle range of 𝜆𝜆, as depicted in Figure 101. Therefore, one can deduce that the number of 

resubmittals per million dollars is inversely dependent on project leadership team performance. 
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6.2 Change Management Performance Area 

The effect of project leadership team on each metric of the change management 

performance area was statistically investigated. Accordingly, this research has studied the 

statistical relationship between project leadership team and 1) absolute value of project percent 

change, 2) program-related percent change, 3) design-related percent change, 4) quality/value-

related percent change, and 5) change order processing time. Analyses showed that project 

leadership team has a statistically significant effect on 1) quality/value-related percent change, and 

2) change order processing time. Accordingly, only the analyses of these two metrics are explained 

in the following sub-sections. 

6.2.1 Quality/Value-related Percent Change 

Change due to increased or decreased quality/value is considered as one of the sources of 

change in the construction industry. Therefore, the relationship between project leadership team 

and quality/value-related percent change was statistically examined. Figure 102 presents a 

bivariate boxplot for project leadership team and quality/value-related percent change. 

Figure 102: Bivariate Boxplot for Project Leadership Team and Quality/Value-related Percent 
Ch  
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The bivariate boxplot shown in Figure 102 suggests the presence of seven outliers: 5 DBB 

projects, 1 CMR project, and 1 DB project. Also, Figure 102 depicts a negative correlation between 

the variables, suggesting that the higher the project leadership team score is, the smaller the 

quality/value-related percent change would be. To further demonstrate the statistical relationship 

between the two variables, Figure 103 presents a scatter plot of the relationship between project 

leadership team and quality/value-related percent change with a fitted linear regression model. 

Also, this relationship was statistically examined, testing the null hypothesis that the regression 

coefficient between the two variables is zero (no statistical relationship between the two variables). 

Figure 103 clarifies the inverse relationship between project leadership team and 

quality/value-related percent change. The summary regression output shows that the p-value of 

this relationship is 0.059, thus providing a statistical evidence at 90% level to reject the null 

hypothesis. Therefore, it was concluded at 90% confidence level that there is an inverse 

relationship between project leadership team and the quality/value-related percent change: as the 

project leadership team score increases, the quality/value-related percent change decreases, and 

Figure 103: Scatterplot of Project Leadership Team regressed on Quality/Value-related Percent 
Ch  
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vice versa. Also of interest, Figure 103 illustrates that IPD projects are clustered in the lower right 

part of the graph, meaning that IPD projects consistently have high project leadership team cores, 

accompanied by a relatively small quality/value-related percent change. On the other hand, DBB 

projects tend to have a wide spread with a heavy presence in the upper left part of the graph, 

indicating that many DBB projects tend to have low project leadership team scores, and a relative ly 

high quality/value-related percent change. Furthermore, Figure 103 demonstrates that CMR 

projects tend to have a wide spread with a heavy presence in the middle part of the graph, indicat ing 

that some CMR projects have moderate project leadership team scores, and moderate 

quality/value-related percent change. Additionally, Figure 103 demonstrates that DB maintains a 

relatively low quality/value-related percent change. Finally, Figure 103 shows that DBB and CMR 

have high spreads with respect to both variables, and that DB has a wide spread with respect to 

one variable, as compared to the small variability of IPD projects regarding both variables. This 

indicates the consistent high performance of IPD projects as compared to the inconsis tent 

performance of DBB, CMR, and DB projects. 

Next dependence between project leadership team, and quality/value-related percent 

change was examined through plotting a chi plot of both variables, as illustrated in Figure 104. 

The chi plot shown in Figure 104 demonstrates high dependency between the two 

variables, especially around and right to the median of the distribution of both variables. This is 

shown by the presence of a big portion of the points outside the area bounded by the two horizonta l 

dotted lines, especially in the positive range of 𝜆𝜆, as depicted in Figure 104. Therefore, one can 

deduce that quality/value-related percent change is inversely dependent on project leadership team 

performance. 
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6.2.2 Change Order Processing Time 

Change order processing time is the period of time between the initiation of the change 

order and the owner’s approval of the change order. Each respondent was asked to report the 

project’s average RFI processing time measured in weeks. In this sense, a rating of “1” means “1-

7 days”, a rating of “2” means “8-14 days”, a rating of “3” means “15-21 days”, a rating of “4” 

means “22-28 days”, a rating of “5” means “29-35 days”, a rating of “6” means “36-42 days”, and 

a rating of 7 means “more than 42 days.” Figure 105 presents a bivariate boxplot for project 

leadership team and change order processing time. 

The bivariate boxplot presented in Figure 105 suggests the presence of three outliers: 1 

DBB, 1 CMR, and 1 DB project. Also, Figure 105 depicts a negative correlation suggesting that 

the higher the project leadership team score is, the less the change order processing time would be. 

To further demonstrate the statistical relationship between the two variables, Figure 106 presents 

Figure 104: Chi plot for Project Leadership Team and Quality/Value-related Percent 
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boxplots with a fitted linear regression model explaining the relationship between project 

leadership team and change order processing time. Also, this relationship was statistica l ly 

examined, testing the null hypothesis that the regression coefficient between the two variables is 

zero (no statistical relationship between the two variables) zero.  

 
Figure 105: Bivariate Boxplot for Project Leadership Team and Change Order Processing Time 

Figure 106: Relationship between Project Leadership Team and Change Order Processing Time 
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Figure 106 clarifies the inverse relationship between project leadership team and change 

order processing time. This is shown by both the boxplots for each change processing time, and 

the fitted regression line. The summary regression output shows that the p-value of this relationship 

is 0.020, thus providing a statistical evidence at 95% level to reject the null hypothesis. Therefore, 

it was concluded at 95% confidence level that there is an inverse relationship between project 

leadership team and change order processing time: as the project leadership team score increases, 

change order processing time decreases, and vice versa. Also of interest, Figure 106 illustrates that 

IPD projects are clustered in the lower right part of the graph, indicating that IPD projects have 

high project leadership team scores accompanied by a relatively short change order processing 

time. On the other hand, DBB projects tend to have wide spread with some projects in the upper 

left part of the graph, indicating that some DBB projects tend to have a relatively low project 

leadership team scores accompanied by a relatively long change order processing time. 

Furthermore, Figure 106 demonstrates that DBB, DB, and CMR have high spreads, as compared 

to the small variability of IPD projects. This indicates the consistent high performance of IPD 

projects as compared to the inconsistent performance of DBB, CMR, and DB projects. 

Next the dependence between project leadership team and RFI processing time was 

examined through plotting a chi plot of both variables, as illustrated in Figure 107. 

The chi plot shown in Figure 107 demonstrates high dependency between the two 

variables. This is shown by the presence of most of the points outside the area bounded by the two 

horizontal dotted lines, as depicted in Figure 107. Therefore, one can deduce that change order 

processing time is inversely dependent on project leadership team performance. 
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Figure 107: Chi plot for Project Leadership Team and Change Order Processing Time 
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6.3 Business Performance Area 

This research focuses on how construction companies can use their projects to present a 

good image for their companies, thus increasing the potential for return business in the future. 

Therefore, this research has studied the statistical relationship between stakeholder involvement 

and company image/return business. 

6.3.1 Company Image/Return Business 

While competition within the industry is on the rise, construction companies focus on 

keeping a positive image for their companies for return business purposes. Assessing the effect of 

a project on their company’s image and potential for return business, respondents provided data 

on a five-point scale with very negative = -2, negative = -1, neutral = 0, positive = 1, and very 

positive = 2. Figure 108 presents a bivariate boxplot for project leadership team and company 

image. 

Figure 108: Bivariate Boxplot for Project Leadership Team and Company Image/Return Business 
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The bivariate boxplot presented in Figure 108 suggests the presence of two outliers: 1 

CMR, project, and 1 DB project. Also, Figure 108 depicts a positive correlation between the 

variables, suggesting that the higher the project leadership team score is, the more potential the 

construction company has with respect to presenting a good company image for business return 

purposes. To further demonstrate the statistical relationship between the two variables, Figure 109 

presents boxplots with a fitted linear regression model explaining the relationship between project 

leadership team and company image/return business. Also, this relationship was statistica l ly 

examined, testing the null hypothesis that the regression coefficient between the two variables is 

zero (no statistical relationship between the two variables). 

Figure 109 clarifies the direct relationship between project leadership team and company 

image for return business purposes. This is shown by both the boxplots for each company-image-

rating, as well as the fitted regression line. The summary regression output shows that the p-value 

of this relationship is 0.000, thus providing a statistical evidence at even 99% confidence level to 

Figure 109: Relationship between Project Leadership Team and Company Image/Return Business 
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reject the null hypothesis. Therefore, it was concluded at 99% confidence level that there is a direct 

relationship between project leadership team and company image/return business: as the project 

leadership team score increases, the company image for return business purposes improves, and 

vice versa. Also of interest, Figure 109 illustrates that IPD projects are clustered in the upper right 

part of the graph, meaning that IPD projects consistently have high project leadership team scores, 

and are projects in which construction companies present very positive images for return business 

purposes. On the other hand, DBB projects tend to have wide spread with a presence in the lower 

and left parts of the graph, indicating that some DBB projects tend to have a relatively low project 

leadership team scores, with some of them being projects in which construction companies present 

barely positive images for return business purposes. Furthermore, Figure 109 demonstrates that 

both CMR and DB tend to have a relatively wide spread with a heavy presence in the middle part 

of the graph, indicating that CMR and DB projects experience moderate project leadership team 

scores in which companies present positive images for return business purposes. Additiona l ly, 

Figure 109 demonstrates that DBB, DB, and CMR have high spreads, as compared to the small 

variability of IPD projects. This indicates the relatively consistent high performance of IPD 

projects with respect to the metrics being tested. 

Since the submitted data for the company image/return business variable comprise only 

three categories (with the majority of the projects divided between only two categories), a chi-plot 

would not be useful in interpreting/analyzing such data. 
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6.4 Quality Performance Area 

Quality at various levels is one of the major goals for any construction project. This 

research has studied the statistical relationship between project leadership team and (1) overall 

quality of project systems, (2) punchlist items per million dollars, and (3) deficiency issues per 

million dollars. Analyses showed that project leadership team has a statistically significant effect 

on (1) overall quality of project systems, and (2) punchlist items per million dollars. Accordingly, 

only the analyses of these two metrics are explained in the following sub-sections. 

6.4.1 Overall Quality of Project Systems 

As previously explained, this metric offers a comprehensive measure for the quality of 

eleven primary project systems, such as structural, mechanical, and finishes. Figure 110 presents 

a bivariate boxplot for project leadership team and overall quality of project systems. 

Figure 110: Bivariate Boxplot for Project Leadership Team and Overall Quality of Project Systems 
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The bivariate boxplot presented in Figure 110 suggests the presence of three outliers: 1 DBB 

projects, 1 CMR project, and 1 DB project. Also, Figure 110 depicts a positive correlation between 

the variables, suggesting that the higher the project leadership team score, the higher project 

systems’ overall quality would be. To further demonstrate the statistical relationship between the 

two variables, Figure 111 presents a scatter plot of the relationship between project leadership 

team and overall quality of project systems with a fitted linear regression model. Also, this 

relationship was statistically examined, testing the null hypothesis that the regression coeffic ient 

between the two variables is zero (no statistical relationship between the two variables). 

Figure 111 clarifies the direct relationship between project leadership team and overall 

quality of project systems. The summary regression output shows that the p-value of this 

relationship is 0.001, thus providing a statistical evidence at even 99% level to reject the null 

hypothesis. Therefore, one can argue that, at 99% confidence level, there is a direct relationship 

between project leadership team and the overall quality of project systems: as the project leadership 

team score increases, the overall quality of project systems increases, and vice versa. 

Figure 111: Scatterplot of Project Leadership Team regressed on Overall Quality of Project Systems 
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Also of interest, Figure 111 illustrates that IPD projects are clustered in the upper right part 

of the graph, meaning that IPD projects consistently have high project leadership team scores, 

accompanied by a relatively high overall quality of project systems. On the other hand, DBB 

projects tend to have a wide spread with regards to project leadership team scores, while 

maintaining a moderate/low overall quality of project systems. Furthermore, Figure 111 

demonstrates that both CMR and DB tend to have wide spreads with heavy presence in the middle 

part of the graph, indicating that many CMR and DB projects have moderate project leadership 

team scores, and moderate overall quality of project systems. Additionally, Figure 111 

demonstrates that DBB, DB, and CMR have high spreads, as compared to the small variability of 

IPD projects. This indicates the consistent high performance of IPD projects as compared to the 

inconsistent performance of DBB, CMR, and DB projects. 

Next, dependence between project leadership team, and the overall quality of project 

systems was examined by plotting a chi plot of both variables, as illustrated in Figure 112. 

Figure 112: Chi plot for Project Leadership Team and Overall Quality of Project Systems 
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The chi plot shown in Figure 112 demonstrates low dependency between the two variables. 

This can be reasoned by the relatively small sample size of the projects. Accordingly, it is 

recommended to increase the sample size of the projects before deducing a conclusion about the 

relationship between project leadership team score and the overall quality of project systems. 

6.4.2 Punchlist Items per Million Dollars 

Punchlist items are the uncompleted or unsatisfactory items remaining after the substantia l 

completion of a project, such as components needing minor repairs or replacement. Therefore, the 

relationship between project leadership team and the number of punchlist items per million dollars 

was statistically examined. Figure 113 presents a bivariate boxplot for project leadership team 

score and the number of punchlist items per million dollars 

 

Figure 113: Bivariate Boxplot for Project Leadership Team and Punchlist Items per Million Dollars 
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The bivariate boxplot presented in Figure 113 suggests the presence of four outliers: 2 DBB 

projects, 1 CMR project, and 1 DB project. Also, Figure 113 depicts a negative correlation between 

the variables, suggesting that the higher the project leadership team score is, the fewer the number 

of punchlist items per million dollars would be. To further demonstrate the statistical relationship 

between the two variables, Figure 114 presents a scatter plot of the relationship between project 

leadership team and number of punchlist items per million dollars with a fitted linear regression 

model. Also, this relationship was statistically examined, testing the null hypothesis that the 

regression coefficient between the two variables is zero (no statistical relationship between the two 

variables). 

Figure 114 clarifies the inverse relationship between project leadership team and the 

number of punchlist items per million dollars. The summary regression output shows that the p-

value of this relationship is 0.071, thus providing a statistical evidence at 90% level to reject the 

null hypothesis. Therefore, it was concluded at 90% confidence level that there is an inverse 

relationship between project leadership team and the number of punchlist items per million dollars: 

as the project leadership team score increases, the number of punchlist items per million dollars 

Figure 114: Scatterplot of Project Leadership Team regressed on Number of Punchlist Items per Million Dollars 
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decreases, and vice versa. Also of interest, Figure 114 illustrates that IPD projects are clustered in 

the lower right part of the graph, meaning that IPD projects consistently have high project 

leadership team cores, accompanied by a relatively small number of punchlist items per million 

dollars. On the other hand, DBB projects tend to have a wide spread with a presence in the upper 

left part of the graph, indicating that some DBB projects tend to have low project leadership team 

scores, and a relatively high number of punchlist items per million dollars. Furthermore,          

Figure 114 demonstrates that both CMR and DB tend to have heavy presence in the middle part 

of the graph, indicating that many CMR and DB projects have moderate project leadership team 

scores, and moderate number of punchlist items per million dollars. Additionally, Figure 114 

demonstrates that DBB, DB, and CMR have high spreads, as compared to the small variability of 

IPD projects. This indicates the consistent high performance of IPD projects as compared to the 

inconsistent performance of DBB, CMR, and DB projects. 

Next dependence between project leadership team, and the number of RFI’s per million 

dollars was examined through plotting a chi plot of both variables, as illustrated in Figure 115. 

Figure 115: Chi plot for Project Leadership Team and Punchlist Items per Million Dollars 
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The chi plot shown in Figure 115 demonstrates dependency between the two variables. 

This is shown by the presence of a big portion of the points outside the area bounded by the two 

horizontal dotted lines, especially in the middle range of 𝜆𝜆, as depicted in Figure 115. Therefore, 

one can deduce that the number of punchlist items is inversely dependent on the project leadership 

team performance. 
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6.5 Schedule Performance Area 

Schedule performance is one of the major issues in the construction industry. It is often 

cited as one of the main constraints in the project management triangle. Needless to say, a 

successful schedule is one of the major goals for any construction project. This research has studied 

the statistical relationship between project leadership team score and (1) construction speed, (2) 

delivery speed, (3) schedule growth, and (4) schedule intensity. Analyses showed that project 

leadership team score has statistically significant effects on (1) construction speed, (2) delivery 

speed, and (3) schedule intensity. The analyses of these three metrics are explained in the following 

sub-sections. 

6.5.1 Construction Speed 

Construction speed is measured in square feet per day, starting from the construction notice 

to proceed and ending at the project substantial completion. Figure 116 presents a bivariate boxplot 

for project leadership team and the number of RFI’s per million dollars. 

Figure 116: Bivariate Boxplot for Project Leadership Team and Construction Speed 
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The bivariate boxplot presented in Figure 116 suggests the presence of four outliers: 1 DBB 

projects, and 3 CMR projects. Also, Figure 116 depicts a positive correlation between the 

variables, suggesting that the higher the project leadership team score is, the higher the 

construction speed would be. To further demonstrate the statistical relationship between the two 

variables, Figure 117 presents a scatter plot of the relationship between project leadership team 

and construction speed with a fitted linear regression model. Also, this relationship was statistica l ly 

examined, testing the null hypothesis that the regression coefficient between the two variables is 

zero (no statistical relationship between the two variables). 

Figure 117 clarifies the direct relationship between project leadership team and 

construction speed. The summary regression output shows that the p-value of this relationship is 

0.033, thus providing a statistical evidence at 95% level to reject the null hypothesis. Therefore, 

one can argue that there is a direct relationship between project leadership team and construction 

speed at 95% confidence level: as the project leadership team score increases, the construction 

speed increases, and vice versa. Also of interest, Figure 117 illustrates that DB and IPD projects 

Figure 117: Scatterplot of Project Leadership Team regressed on Construction Speed 
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are clustered in the lower/medium right part of the graph, meaning that DB and IPD projects 

consistently have relatively high project leadership team cores, accompanied by a relative ly 

moderate construction speed. On the other hand, Figure 117 demonstrates that DBB, and CMR 

projects have high spreads, indicating their inconsistent performance. 

Next dependence between project leadership team, and construction speed was examined 

by plotting a chi plot of both variables, as illustrated in Figure 118. 

The chi plot shown in Figure 118 demonstrates low dependency between the two variables. 

This is shown by the presence of a big portion of the points inside the area bounded by the two 

horizontal dotted lines. Accordingly, it is recommended to increase the sample size of the projects 

before deducing a conclusion about the relationship between project leadership team performance 

and construction speed. 

Figure 118: Chi plot for Project Leadership Team and Construction Speed 
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6.5.2 Delivery Speed 

 Like Construction speed, delivery speed is also measured in square feet per day, but starting 

from the design start date and ending at the substantial completion date. Figure 119 presents a 

bivariate boxplot for project leadership team and delivery speed. 

The bivariate boxplot presented in Figure 119 suggests the presence of five outliers: 1 DBB 

projects, 3 CMR projects, and 1 DB project. Also, Figure 119 depicts a positive correlation 

between the variables, suggesting that the higher the project leadership team score is, the higher 

the delivery speed would be. To further demonstrate the statistical relationship between the two 

variables, Figure 120 presents a scatter plot of the relationship between project leadership team 

and delivery speed with a fitted linear regression model. Also, this relationship was statistica l ly 

examined, testing the null hypothesis that the regression coefficient between the two variables is 

zero (no statistical relationship between the two variables). 

Figure 119: Bivariate Boxplot for Project Leadership Team and Delivery Speed 
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Figure 120 clarifies the direct relationship between project leadership team and delivery 

speed. The summary regression output shows that the p-value of this relationship is 0.037, thus 

providing a statistical evidence at 95% level to reject the null hypothesis. Therefore, one can argue 

that, at 95% confidence level, there is a direct relationship between project leadership team and 

delivery speed: as the project leadership team score increases, the delivery speed increases, and 

vice versa. Also of interest, Figure 120 illustrates that DB and IPD projects are clustered in the 

lower/medium right part of the graph, meaning that DB and IPD projects consistently have 

relatively high project leadership team cores, accompanied by a relatively moderate delivery 

speed. On the other hand, Figure 120 demonstrates DBB projects generally maintain a relative ly 

low delivery speed. Additionally, CMR projects are shown to have high a wide spread of 

performance. 

Figure 120: Scatterplot of Project Leadership Team regressed on Delivery Speed 
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Next, dependence between project leadership team and delivery speed was examined by 

plotting a chi plot of both variables, as illustrated in Figure 121. 

The chi plot shown in Figure 121 demonstrates low dependency between the two variables. 

This is shown by the presence of a big portion of the points inside the area bounded by the two 

horizontal dotted lines. Accordingly, it is recommended to increase the sample size of the projects 

before deducing a conclusion about the relationship between project leadership team performance 

and delivery speed. 

6.5.3 Schedule Intensity 

This metric measures the average dollar value of construction work completed per day. 

The rationale behind measuring schedule intensity is providing a comparison of construction speed 

by normalizing with respect to the amount of construction work put in place during the same 

timeframe. Figure 122 presents a bivariate boxplot for project leadership team and schedule 

intensity. 

Figure 121: Chi plot for Project Leadership Team and Delivery Speed 
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The bivariate boxplot presented in Figure 122 suggests the presence of four outliers: 2 DBB 

projects, and 2 CMR projects. Also, Figure 122 depicts a positive correlation between the 

variables, suggesting that the higher the project leadership team score is, the higher the schedule 

intensity would be. To further demonstrate the statistical relationship between the two variables, 

Figure 123 presents a scatter plot of the relationship between project leadership team and schedule 

intensity with a fitted linear regression model. Also, this relationship was statistically examined, 

testing the null hypothesis that the regression coefficient between the two variables is zero (no 

statistical relationship between the two variables). 

Figure 123 clarifies the direct relationship between project leadership team and schedule 

intensity. The summary regression output shows that the p-value of this relationship is 0.040, thus 

providing a statistical evidence at 95% level to reject the null hypothesis. Therefore, one can argue 

that there is a direct relationship between project leadership team and schedule intensity at 95% 

Figure 122: Bivariate Boxplot for Project Leadership Team and Schedule Intensity 
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confidence level: as the project leadership team score increases, the schedule intensity increases, 

and vice versa. Also of interest, Figure 123 illustrates that IPD projects are clustered in the medium 

right part of the graph, indicating that IPD projects consistently have relatively high project 

leadership team cores, accompanied by a relatively moderate schedule intensity. On the other hand, 

Figure 123 demonstrates DB projects generally maintain a relatively low schedule intens ity. 

Additionally, Figure 123 shows that DBB and CMR projects have high wide spreads, indicat ing 

their inconsistent performance as well as their potential of improvement through enhancing their 

project leadership team scores. 

Next dependence between project leadership team, and schedule intensity was examined 

through plotting a chi plot of both variables, as illustrated in Figure 124. 

Figure 123: Scatterplot of Project Leadership Team regressed on Schedule Intensity 
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The chi plot shown in Figure 124 demonstrates low dependency between the two variables. 

This is shown by the presence of a big portion of the points inside the area bounded by the two 

horizontal dotted lines. Accordingly, it is recommended to increase the sample size of the projects 

before deducing a conclusion about the relationship between project leadership team performance 

and schedule intensity. 

  

Figure 124: Chi plot for Project Leadership Team and Schedule Intensity 
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6.6 Safety Performance Area 

Safety performance is critical in all industries, especially construction. Successful safety 

performance should be one of the most important and central goals for any construction project. 

Accordingly, this research has studied the statistical relationship between project leadership team 

and (1) Lost Time Incident Rate, and (2) Occupational Safety and Health Administration (OSHA) 

Recordable Rate. Analyses showed that project leadership team has a statistically significant effect 

on OSHA Recordable Rate. Accordingly, only the analysis of this metrics is explained in the 

following sub-section. 

6.6.1 OSHA Recordable Rate 

OSHA recordable rate focuses on the safety incidents that occurred on a construction project and 

had to be recorded according to the rules of OSHA. The number of OSHA recordable incidents is 

normalized on the number of worker labor hours. Figure 125 presents a bivariate boxplot for 

project leadership team and the OSHA recordable rate. 

Figure 125: Bivariate Boxplot for Project Leadership Team and OSHA Recordable Rate 
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The bivariate boxplot presented in Figure 125 suggests the presence of two outliers: 1 DBB 

project, and 1 DB project. Also, Figure 125 depicts a negative correlation between the variables, 

suggesting that the higher the project leadership team score is, the lower the OSHA recordable rate 

would be. To further demonstrate the statistical relationship between the two variables, Figure 126 

presents a scatter plot of the relationship between project leadership team and OSHA recordable 

rate with a fitted linear regression model. Also, this relationship was statistically examined, testing 

the null hypothesis that the regression coefficient between the two variables is zero (no statistica l 

relationship between the two variables). 

Figure 126 clarifies the inverse relationship between project leadership team and OSHA 

recordable rate. The summary regression output shows that the p-value of this relationship is 0.001, 

thus providing a statistical evidence at even 99% level to reject the null hypothesis. Therefore, it 

was concluded at 99% confidence level that there is an inverse relationship between project 

leadership team and OSHA recordable rate: as the project leadership team score increases, OSHA 

recordable rate decreases, and vice versa. Also of interest, Figure 126 illustrates that IPD projects 

Figure 126: Scatterplot of Project Leadership Team regressed on OSHA Recordable Rate 
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are clustered in the lower right part of the graph, meaning that IPD projects consistently have high 

project leadership team cores, accompanied by a relatively low OSHA recordable rate. On the 

other hand DBB, DB, and CMR are shown to have high spreads, as compared to the small 

variability of IPD projects, indicating the consistent high performance of IPD projects as compared 

to the inconsistent performance of DBB, CMR, and DB projects. 

Next dependence between project leadership team, and the OSHA recordable rate was 

examined through plotting a chi plot of both variables, as illustrated in Figure 127. 

The chi plot shown in Figure 127 demonstrates dependence between the two variables. 

This is shown by the presence of a big portion of the points outside the area bounded by the two 

horizontal dotted lines, as depicted in Figure 127. Therefore, one can deduce that OSHA recordable 

rate is inversely correlated to project leadership team. 

 

Figure 127: Chi plot for Project Leadership Team and OSHA Recordable Rate 
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6.7 Summary 

This research has combined the responses to nine questions, relating to the makeup of the 

project leadership team as well as its collaboration and engagement throughout the project, to form 

one comprehensive metric. In this chapter, the relationship between this metric and several 

performance metrics were thoroughly analyzed using bivariate boxplots, scatter-plots, hypothesis 

testing for regression slope, and chi-plots. The following paragraphs provide a summary of the 

findings that have been demonstrated in Chapter 6.  

• Number of RFI’s per Million Dollars: 

There is an inverse relationship between project leadership team performance and the number 

of RFI’s per million dollars at 99% confidence level: as project leadership team score 

increases, the number of RFI’s per million dollars decreases, and vice versa. 

• RFI Processing Time: 

There is an inverse relationship between project leadership team performance and RFI 

processing time at 99% confidence level: as project leadership team score increases, the RFI 

processing time decreases, and vice versa. 

• Number of Resubmittals per Million Dollars: 

There is an inverse relationship between project leadership team performance and the number 

of resubmittals per million dollars at 99% confidence level: as project leadership team score 

increases, the number of resubmittals per million dollars decreases, and vice versa. 

• Quality/Value-related Percent Change: 

There is an inverse relationship between project leadership team performance and 

quality/value-related percent change at 90% confidence level: as project leadership team 

score increases, the quality/value -related percentage decreases, and vice versa. 
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• Change Order Processing Time: 

There is an inverse relationship between project leadership team performance and change 

order processing time at 95% confidence level: as project leadership team score increases, 

the change order processing time decreases, and vice versa. 

• Company Image/Return Business: 

There is a direct relationship between project leadership team performance and company 

image/return business at 99% confidence level: as project leadership team score increases, 

the company image for return business purposes improves, and vice versa. 

• Punchlist Items per Million Dollars: 

There is an inverse relationship between project leadership team performance and the number 

of punchlist items per million dollars at 90% confidence level: as project leadership team 

score increases, the number of punchlist items per million dollars decreases, and vice versa. 

• OSHA Recordable Rate: 

There is an inverse relationship between project leadership team performance and OSHA 

Recordable Rate at 90% confidence level: as project leadership team score increases, OSHA 

Recordable Rate decreases, and vice versa. 

• Overall Quality of Project Systems: 

Although the hypothesis testing for regression slope proposed that there is a direct 

relationship between project leadership team performance and the overall quality of project 

systems, the corresponding chi-plot did not strongly support this conclusion. Accordingly, it 

is recommended to increase the sample size of projects before deducing a conclusion about 

the relationship between project leadership team performance and the overall quality of 

project systems. 
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• Construction Speed 

Although the hypothesis testing for regression slope proposed that there is a direct 

relationship between project leadership team performance and construction speed, the 

corresponding chi-plot did not support this conclusion. Accordingly, it is recommended to 

increase the sample size of projects before deducing a conclusion about the relationship 

between project leadership team performance and construction speed. 

• Delivery Speed 

Although the hypothesis testing for regression slope proposed that there is a direct 

relationship between project leadership team performance and delivery speed, the 

corresponding chi-plot did not support this conclusion. Accordingly, it is recommended to 

increase the sample size of projects before deducing a conclusion about the relationship 

between project leadership team performance and delivery speed. 

• Schedule Intensity 

Although the hypothesis testing for regression slope proposed that there is a direct 

relationship between project leadership team performance and schedule intensity, the 

corresponding chi-plot did not support this conclusion. Accordingly, it is recommended to 

increase the sample size of projects before deducing a conclusion about the relationship 

between project leadership team performance and schedule intensity. 

Finally, Table 75 recapitulate the contributions of Chapter 6. 
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Table 75: Summary of Project Leadership Team ~ Performance Metrics Analysis 

 

  

Performance 
Area Performance Metric 

Statistically 
Significant at 99% 

Statistically 
Significant at 95% 

Statistically 
Significant at 90% 

Direct Inverse Direct Inverse Direct Inverse 

Communication 
Number of RFI’s per Million Dollars   *         
RFI Processing Time   *         
Number of Resubmittals per Million Dollars   *         

 Change 
Management 

Quality/Value-related Percent Change           * 
Change Order Processing Time       *     

Business Company Image/Return Business *           

Quality Overall Quality of Project Systems *           
Punchlist Items per Million Dollars           * 

Schedule 
Construction Speed     *       
Delivery Speed     *       
Schedule Intensity     *       

Safety OSHA Recordable Rate   *         
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Chapter 7. Utilization of Lean Construction Tools 

Since lean construction tools are focused on eliminating waste and maximizing value, the 

effect of utilizing lean construction tools on project performance has been thoroughly investigated 

in this research.  In order to achieve that statistically, this research has combined the responses 

regarding utilizing various lean construction tools into one comprehensive metric. In addition to 

the tools demonstrated in the Table 76, this research considered utilizing pull planning, and 

colocation, as well as the mere tracking of the overall project percent complete. Figure 128 

demonstrates the statistical strategy that was followed in investigating the effect of project 

leadership team score on project performance. 

Table 76: Some of the Investigated Areas related to Lean Construction Tools 

Last Planner System (LPS) for production control 
LPS: Tracking weekly commitments from the project team 
LPS: Tracking reliable promises / Percent Plan Complete 
5S - A policy that requires cleanliness, organization and orderly 
storage and movement plans. Gang boxes, tools and consumable 
supplies should be stocked and organized so that no time is spent 
searching for or retrieving common tools or materials. 
Set-Based Design - Set-Based Design requires carrying forward 
multiple alternatives to allow more time for analysis, only 
narrowing alternatives at the last responsible moment. 
Value Stream Mapping - to clearly identify and eliminate waste 
throughout the project. 
Proactive dynamic Target Costing or Target Value Design 
Daily Huddles – meeting with the field crews on a daily basis to 
review the schedule and plan the work. 
JIT - bulk materials are delivered just prior to installation 
    If utilized, indicate whether it was Site Warehouse (long 
batches for a long period), Minor Storage (short batches for a 
short period), or Material Off Truck 
Point Cloud technology such as Total Station 
Visual Management Devices 
Mock-ups for repetitive construction systems 
Project Training Sessions - to enhance team working ability, 
clarify Pull Scheduling and/or Last Planner System, etc. 
Constructability reviews 
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  Figure 128: Statistical Strategy for investigating the effect of the Utilization of Lean Construction Tools on project 
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7.1 Communication Performance Area 

The effect utilizing lean construction tools on each metric of the communica t ion 

performance area was statistically investigated. Accordingly, this research has studied the 

statistical relationship between utilization of lean construction tools and 1) number of RFI’s per 

million dollars, 2) RFI processing time, and 3) number of resubmittals per million dollars. 

Analyses showed that utilization of lean construction tools has a statistically significant effect on 

1) number of RFI’s per million dollars, and 2) number of resubmittals per million dollars. The 

analyses of these two metrics are explained in the following sub-sections. 

7.1.1 Number of RFI’s per Million Dollars 

A project with significantly more RFIs is undesirable, because RFI’s can be a major source 

of waste. For accurate comparison between projects of different sizes, the number of RFIs for each 

project was normalized on the project’s total cost. Therefore, the resulting metric was the number 

of RFI’s per million dollars. Figure 129 presents a bivariate boxplot for the utilization of lean 

construction tools and the number of RFI’s per million dollars. 

Figure 129: Bivariate Boxplot for Utilization of Lean Construction Tools and Number of RFI's per Million 
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The bivariate boxplot presented in Figure 129 suggests the presence of two outliers: 1 DBB 

project, and 1 CM project. Also, Figure 129 depicts a negative correlation between the variables, 

suggesting that the higher the utilization of lean construction tools score is, the fewer the number 

of RFI’s per million dollars would be. To further demonstrate the statistical relationship between 

the two variables, Figure 130 presents a scatter plot of the relationship between utilizing lean 

construction tools and the number of RFI’s per million dollars with a fitted linear regression model. 

Also, this relationship was statistically examined, testing the null hypothesis that the regression 

coefficient between the two variables is zero (no statistical relationship between the two variables). 

 Figure 130 clarifies the inverse relationship between utilizing lean construction tools and 

the number of RFI’s per million dollars. The summary regression output shows that the p-value of 

this relationship is 0.009, thus providing a statistical evidence at even 99% level to reject the null 

hypothesis. Therefore, it was concluded at 99% confidence level that there is an inverse 

relationship between utilization of lean construction tools and the number of RFI’s per million 

Figure 130: Scatterplot of Utilization of Lean Construction Tools regressed on RFI's per Million 
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dollars: as the score of utilizing lean construction tools increases, the number of RFI’s per million 

dollars decreases, and vice versa. Also of interest, Figure 130 illustrates that IPD projects are 

clustered in the lower right part of the graph, meaning that IPD projects utilize lean construction 

tools relatively consistently, and maintain a relatively small number of RFI’s per million dollars. 

On the other hand, DBB projects tend to have a wide spread with a heavy presence in the upper 

left part of the graph, indicating that many DBB projects tend to minimally utilize lean construction 

tools, and have a relatively high number of RFI’s per million dollars. Furthermore, Figure 130 

demonstrates that both CM and DB tend to have heavy presence in the middle part of the graph, 

indicating that many CM and DB projects have moderate number of RFI’s per million dollars. 

Additionally, Figure 130 clarifies that some CM projects heavily utilize lean construction tools. 

Finally, Figure 130 demonstrates that DBB, DB, and CM have high spreads, as compared to the 

small variability of IPD projects. This indicates the consistent high performance of IPD projects 

as compared to the inconsistent performance of DBB, CM, and DB projects. 

Next dependence between utilizing lean construction tools, and the number of RFI’s per 

million dollars was examined through plotting a chi plot of both variables, as shown in Figure 131 

Figure 131: Chi plot for Utilization of Lean Construction Tools and RFI's per Million 
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The chi plot shown in Figure 131 demonstrates partial dependence between the two 

variables. This is shown by the presence of a portion of the points outside the area bounded by the 

two horizontal dotted lines, as depicted in Figure 131. Therefore, one can deduce that the number 

of RFI’s is inversely dependent on utilizing lean construction tools. 

7.1.2 Number of Resubmittals per Million Dollars 

Resubmittals are any project requirements such as samples, shop drawings, product data, 

etc. that were submitted by the contractor for approval of the owner or A/E. Therefore, a project 

with significantly more resubmittals is undesirable, since resubmittals can be a major source of 

waste. Figure 132 presents a bivariate boxplot for the utilization of lean construction tools and the 

number of resubmittals per million dollars. 

The bivariate boxplot presented in Figure 132 suggests the presence of three outliers: 1 

DBB project, 1 CM project, and 1 DB project. Also, Figure 132 depicts a negative correlation 

between the variables, suggesting that the higher the utilization of lean construction tools score is, 

Figure 132: Bivariate Boxplot for Utilization of Lean Construction Tools and Number of Resubmittals per Million Dollars 
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the fewer the number of resubmittals per million dollars would be. To further demonstrate the 

statistical relationship between the two variables, Figure 133 presents a scatter plot of the 

relationship between utilizing lean construction tools and the number of resubmittals per million 

dollars with a fitted linear regression model. Also, this relationship was statistically examined, 

testing the null hypothesis that the regression coefficient between the two variables is zero (no 

statistical relationship between the two variables). 

Figure 133 clarifies the inverse relationship between utilizing lean construction tools and 

the number of resubmittals per million dollars. The summary regression output shows that the p-

value of this relationship is 0.046, thus providing a statistical evidence at 95% level to reject the 

null hypothesis. Therefore, one can argue that there is an inverse relationship between utiliza t ion 

of lean construction tools and the number of resubmittals per million dollars at 95% confidence : 

as the score of utilizing lean construction tools increases, the number of resubmittals per million 

Figure 133: Scatterplot of Utilization of Lean Construction Tools regressed on Resubmittals per Million Dollars 
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dollars decreases, and vice versa. Also of interest, Figure 133 illustrates that IPD projects are 

clustered in the lower right part of the graph, meaning that IPD projects utilize lean construction 

tools relatively consistently, and maintain a relatively small number of resubmittals per million 

dollars. On the other hand, DBB and DB projects tend to have wide spreads with presence in the 

upper left part of the graph, indicating that some DBB and DB projects tend to minimally utilize 

lean construction tools, and have a relatively high number of resubmittals per million dollars. 

Furthermore, Figure 133 demonstrates that both CM tend to have heavy presence in the lower 

middle part of the graph, indicating that CM projects tend to have low/moderate number of 

resubmittals per million dollars. Additionally, Figure 133 clarifies that some CM projects heavily 

utilize lean construction tools. 

Next dependence between utilizing lean construction tools, and the number of RFI’s per 

million dollars was examined through plotting a chi plot of both variables, as shown in Figure 134. 

 

Figure 134: Chi plot for Utilization of Lean Construction Tools and Resubmittals per Million 
Dollars 
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The chi plot shown in Figure 134 demonstrates very weak dependency between the two 

variables. This is shown by the presence of a big portion of the points inside the area bounded by 

the two horizontal dotted lines, as depicted in Figure 134. Accordingly, it is recommended to 

increase the sample size of the projects before deducing a conclusion about the relationship 

between project leadership team score and the overall quality of project systems. 
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7.2 Change Management Performance Area 

The effect of utilizing lean construction tools on each metric of the change management 

performance area was statistically investigated. Accordingly, this research has studied the 

statistical relationship between the utilization of lean construction tools and 1) absolute value of 

project percent change, 2) program-related percent change, 3) design-related percent change, 4) 

quality/value-related percent change, and 5) change order processing time. Analyses showed that 

utilizing construction tools has a statistically significant effect on 1) quality/value-related percent 

change, and 2) change order processing time. Accordingly, only the analyses of these two metrics 

are explained in the following sub-sections. 

7.2.1 Quality/Value-related Percent Change 

Change due to increased or decreased quality/value is considered as one of the sources of 

change in the construction industry. Therefore, the relationship between the utilization of lean 

construction tools and quality/value-related percent change was statistically examined. Figure 135 

presents a bivariate boxplot of this relationship. 

Figure 135: Bivariate Boxplot for Utilization of Lean Construction Tools and Quality/Value-related Percent Change 
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The bivariate boxplot presented in Figure 135 suggests the presence of two outliers: 2 DBB 

projects. Also, Figure 135 depicts a negative correlation between the variables, suggesting that the 

higher the utilization of lean construction tools score is, the less the quality/value-related percent 

change would be. To further demonstrate the statistical relationship between the two variables, 

Figure 136 presents a scatter plot of the relationship between utilizing lean construction tools and 

the quality/value-related percent change with a fitted linear regression model. Also, this 

relationship was statistically examined, testing the null hypothesis that the regression coeffic ient 

between the two variables is zero (no statistical relationship between the two variables). 

Figure 136 clarifies the inverse relationship between utilizing lean construction tools and 

quality/value-related percent change. The summary regression output shows that the p-value of 

this relationship is 0.062, thus providing a statistical evidence at 90% level to reject the null 

hypothesis. Therefore, it was concluded at 90% confidence  level that there is an inverse 

relationship between utilization of lean construction tools and quality/value-related percent 

change: as the score of utilizing lean construction tools increases, quality/value-related percent 

Figure 136: Scatterplot of Utilization of Lean Construction Tools regressed on Quality/Value-related Percent Change 
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change decreases, and vice versa. Also of interest, Figure 136 illustrates that IPD projects are 

clustered in the lower right part of the graph, meaning that IPD projects utilize lean construction 

tools relatively consistently, and maintain a relatively small quality/value-related percent change. 

On the other hand, DBB and CM projects tend to have a wide spread with a heavy presence in the 

upper left part of the graph, indicating that some DBB and CM projects tend to minimally utilize 

lean construction tools, and have a relatively high quality/value-related percent change. Also, 

Figure 136 clarifies that some CM projects heavily utilize lean construction tools. Finally,       

Figure 136 demonstrates DB projects tend to maintain a low score for utilizing lean construction 

tools as well as low quality/value-related percent change. 

Next dependence between utilizing lean construction tools, and quality/value-related 

percent change was examined through plotting a chi plot of both variables, as shown in             

Figure 137. 

Figure 137: Chi plot for Utilization of Lean Construction Tools and Quality/Value-related Percent 
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The chi plot shown in Figure 137 demonstrates partial/weak dependence between the two 

variables. This is shown by the presence of a portion of the points outside the area bounded by the 

two horizontal dotted lines, as depicted in Figure 137. Therefore, one can deduce that 

quality/value-related percent change is inversely dependent on utilizing lean construction tools. 

7.2.2 Change Order Processing Time 

Change order processing time is the period of time between the initiation of the change 

order and the owner’s approval of the change order. Each respondent was asked to report the 

project’s average RFI processing time measured in weeks. In this sense, a rating of “1” means “1-

7 days”, a rating of “2” means “8-14 days”, a rating of “3” means “15-21 days”, a rating of “4” 

means “22-28 days”, a rating of “5” means “29-35 days”, a rating of “6” means “36-42 days”, and 

a rating of 7 means “more than 42 days.” Figure 138 presents a bivariate boxplot for the utiliza t ion 

of lean construction tools and change order processing time. 

Figure 138: Bivariate Boxplot for Utilization of Lean Construction Tools and Change Order Processing 
i  
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The bivariate boxplot presented in Figure 138 suggests that there are no outliers. Also, 

Figure 138 depicts a negative correlation between the variables, suggesting that the higher the 

utilization of lean construction tools score is, the shorter the change order processing time would 

be. To further demonstrate the statistical relationship between the two variables, Figure 139 

presents boxplots with a fitted linear regression model explaining the relationship between the 

utilization of lean construction tools and change order processing time. Also, this relationship was 

statistically examined, testing the null hypothesis that the regression coefficient between the two 

variables is zero (no statistical relationship between the two variables). 

Figure 139 clarifies the inverse relationship between utilizing lean construction tools and 

change order processing time. This is shown by both the boxplots for each change processing time, 

and the fitted regression line. The summary regression output shows that the p-value of this 

relationship is 0.017, thus providing a statistical evidence at 95% level to reject the null hypothesis. 

Therefore, it was concluded at 95% confidence  level that there is an inverse relationship between 

utilization of lean construction tools and change order processing time: as the score of utilizing 

Figure 139: Relationship between Utilization of Lean Construction Tools and Change Order Processing 
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lean construction tools increases, change order processing time decreases, and vice versa. Also of 

interest, Figure 139 illustrates that IPD projects are clustered in the lower right part of the graph, 

indicating that IPD projects utilize lean construction tools relatively consistently, and maintain a 

relatively short change order processing time. On the other hand, DBB, CM, and DB have high 

spreads, as compared to the small variability of IPD projects. This indicates the consistent high 

performance of IPD projects as compared to the inconsistent performance of DBB, CM, and DB 

projects. 

Next dependence between utilizing lean construction tools, and change order processing 

order time was examined through plotting a chi plot of both variables, as shown in Figure 140. 

The chi plot shown in Figure 140 shows a high dependency level between the two variables, 

especially around the median of their distribution. This is shown by the presence of most of the 

points outside the area bounded by the two horizontal dotted lines, especially in the middle range 

of 𝜆𝜆, as depicted in Figure 140. Therefore, one can deduce that change order processing time is 

negatively inversely dependent on utilizing lean construction tools. 

Figure 140: Chi plot for Utilization of Lean Construction Tools and Change Order Processing 
i  
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7.3 Quality Performance Area 

Quality at various levels is one of the major goals for any construction project. This 

research has studied the statistical relationship between utilizing lean construction tools, and (1) 

overall quality of project systems, (2) punchlist items per million dollars, and (3) deficiency issues 

per million dollars. Analysis showed that the utilization of lea construction tools has a statistica l ly 

significant effect on the overall quality of project systems. Accordingly, the analysis of this metric 

is explained in the following sub-section. 

7.3.1 Overall Quality of Project Systems 

As previously explained, this metric offers a comprehensive measure for the quality of 

eleven primary project systems, such as structural, mechanical, and finishes. Figure 141 presents 

a bivariate boxplot for the utilization of lean construction tools and the overall quality of project 

systems. 

 
Figure 141: Bivariate Boxplot for Utilization of Lean Construction Tools and Overall Quality of Project Systems 
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The bivariate boxplot presented in Figure 141 suggests that there are no outliers. Also, 

Figure 141 depicts a positive correlation between the variables, suggesting that the higher the 

utilization of lean construction tools score is, the higher project systems’ overall quality would be. 

To further demonstrate the statistical relationship between the two variables, Figure 142 presents 

a scatter plot of the relationship between the utilization of lean construction tools and the overall 

quality of project systems with a fitted linear regression model. Also, this relationship was 

statistically examined, testing the null hypothesis that the regression coefficient between the two 

variables is zero (no statistical relationship between the two variables). 

Figure 142 clarifies the direct relationship between utilizing lean construction tools and the 

overall quality of project systems. The summary regression output shows that the p-value of this 

relationship is 0.001, thus providing a statistical evidence at even 99% level to reject the null 

hypothesis. Therefore, one can argue that there is a direct relationship between utilization of lean 

construction tools and overall quality of project systems at 99% confidence: as the score of 

Figure 142: Scatterplot of Utilization of Lean Construction Tools regressed on Overall Quality of Project 
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utilizing lean construction tools increases, the overall quality of project system, and vice versa. 

Also of interest, Figure 142 illustrates that IPD projects are clustered in the upper right part of the 

graph, meaning that IPD projects utilize lean construction tools relatively consistently, and 

maintain a relatively high overall quality of project systems. On the other hand, DBB projects tend 

to be clustered in the lower left part of the graph, indicating that many DBB projects tend to 

minimally utilize lean construction tools, and have a relatively low overall quality of project 

systems. Furthermore, Figure 142 demonstrates that both CM and DB tend to have heavy presence 

in the middle part of the graph, indicating that many CM and DB projects have moderate number 

overall quality of project systems. Additionally, Figure 142 clarifies that some CM projects heavily 

utilize lean construction tools. 

Next dependence between utilizing lean construction tools, and the number of RFI’s per 

million dollars was examined through plotting a chi plot of both variables, as shown in Figure 143. 

Figure 143: Chi plot for Utilization of Lean Construction Tools and Overall Quality of Project Systems 
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The chi plot shown in Figure 143 demonstrates weak dependence between the two 

variables. This is shown by the presence of a big portion of the points inside the area bounded by 

the two horizontal dotted lines, as depicted in Figure 143. Therefore, it is recommended to increase 

the sample size of the projects before deducing a conclusion about the relationship between 

utilizing lean construction tools and the overall quality of project systems. 
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7.4 Schedule Performance Area 

Schedule performance is one of the major issues in the construction industry. It is often 

cited as one of the main constraints in the project management triangle. Needless to say, a 

successful schedule is one of the major goals for any construction project. This research has studied 

the statistical relationship between utilizing lean construction tools and (1) construction speed, (2) 

delivery speed, (3) schedule growth, and (4) schedule intensity. Analyses showed that utiliza t ion 

of lean construction tools has statistically significant effects on (1) construction speed, and (2) 

schedule intensity. The analyses of these two metrics are explained in the following sub-sections. 

7.4.1 Construction Speed 

Construction speed is measured in square feet per day, starting from the construction notice 

to proceed and ending at the project substantial completion. Figure 144 presents a bivariate boxplot 

for the utilization of lean construction tools and construction speed. 

 

Figure 144: Bivariate Boxplot for Utilization of Lean Construction Tools and Construction Speed 



243 
 

The bivariate boxplot presented in Figure 144 suggests the presence of four outliers: 4 CM 

projects. Also, Figure 144 depicts a positive correlation between the variables, suggesting that the 

higher the utilization of lean construction tools score is, the higher the construction speed would 

be. To further demonstrate the statistical relationship between the two variables, Figure 145 

presents a scatter plot of this relationship with a fitted linear regression model. Also, this 

relationship was statistically examined, testing the null hypothesis that the regression coeffic ient 

between the two variables is zero (no statistical relationship between the two variables). 

Figure 145 clarifies the direct relationship between utilizing lean construction tools and 

construction speed. The summary regression output shows that the p-value of this relationship is 

0.062, thus providing a statistical evidence at 90% level to reject the null hypothesis. Therefore, 

one can argue that, at 90% confidence, there is a direct relationship between utilization of lean 

construction tools and construction speed: as the score of utilizing lean construction tools 

increases, the construction speed increases, and vice versa. Also of interest, Figure 145 illustrates 

that IPD projects are clustered in the lower/medium right part of the graph, meaning that IPD 

Figure 145: Scatterplot of Utilization of Lean Construction Tools regressed on Construction 
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projects maintain a relatively moderate construction speed while utilizing lean construction tools. 

On the other hand, Figure 146 demonstrates that DBB, and CM projects have high spreads, 

indicating their inconsistent performance. 

Next, dependence between utilizing lean construction tools, and construction speed was 

examined through plotting a chi plot of both variables, as shown in Figure 146. 

The chi plot shown in Figure 146 demonstrates partial/weak dependence between the two 

variables. This is shown by the presence of a big portion of the points inside the area bounded by 

the two horizontal dotted lines, as depicted in Figure 146. Therefore, it is recommended to increase 

the sample size of the projects before deducing a conclusion about the relationship between 

utilizing lean construction tools and the construction speed. 

Figure 146: Chi plot for Utilization of Lean Construction Tools and Construction 
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7.4.2 Schedule Intensity 

This metric measures the average dollar value of construction work completed per day. 

The rationale behind measuring schedule intensity is providing a comparison of construction speed 

by normalizing with respect to the amount of construction work put in place during the same 

timeframe. Figure 147 presents a bivariate boxplot for utilization of lean construction tools and 

schedule intensity. 

The bivariate boxplot shown in Figure 147 suggests the presence of three outliers: 1 DBB 

project, and 2 CM projects. Also, Figure 147 depicts a positive correlation between the variables, 

suggesting that the higher the utilization of lean construction tools score is, the higher the schedule 

intensity would be. To further demonstrate the statistical relationship between the two variables, 

Figure 148 presents a scatter plot of this relationship with a fitted linear regression model. Also, 

this relationship was statistically examined, testing the null hypothesis that the regression 

coefficient between the two variables is zero (no statistical relationship between the two variables). 

Figure 147: Bivariate Boxplot for Utilization of Lean Construction Tools and Schedule Intensity 
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Figure 148 clarifies the direct relationship between utilizing lean construction tools and 

schedule intensity. The summary regression output shows that the p-value of this relationship is 

0.079, thus providing a statistical evidence at 90% level to reject the null hypothesis. Therefore, 

one can argue that, at 90% confidence  level, there is a direct relationship between the utiliza t ion 

of lean construction tools and schedule intensity: as the score of utilizing lean construction tools 

increases, schedule intensity increases, and vice versa. Also of interest, Figure 148 illustrates that 

IPD projects are clustered in the medium right part of the graph, meaning that IPD projects utilize 

lean construction tools relatively consistently, and maintain a relatively moderate schedule 

intensity. On the other hand, Figure 148 shows that DB projects tend to have a relatively low 

schedule intensity. Furthermore, Figure 148 demonstrates that DBB, and CM have high spreads 

demonstrating the inconsistent performance of DBB, CM projects. 

Figure 148: Scatterplot of Utilization of Lean Construction Tools regressed on Schedule 
 



247 
 

Next dependence between utilizing lean construction tools, and schedule intensity was 

examined through plotting a chi plot of both variables, as shown in Figure 149. 

The chi plot shown in Figure 149 shows a weak dependency between the two variables. 

This is shown by the presence of big portion of the points inside the area bounded by the two 

horizontal dotted lines, as depicted in Figure 149. Therefore, it is recommended to increase the 

sample size of the projects before deducing a conclusion about the relationship between utilizing 

lean construction tools and the schedule intensity. 

 

 

 

Figure 149: Chi plot for Utilization of Lean Construction Tools and Schedule Intensity 
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7.5 Summary 

This research has combined the responses regarding utilizing various lean construction 

tools into one comprehensive metric. In this chapter, the relationship between this metric and 

several performance metrics were thoroughly analyzed using bivariate boxplots, scatter-plots, 

hypothesis testing for regression slope, and chi-plots. The following paragraphs provide a 

summary of the findings that have been demonstrated in Chapter 7.  

• Number of RFI’s per Million Dollars: 

There is an inverse relationship between utilizing lean construction tools and the number of 

RFI’s per million dollars at 99% confidence level: as the utilization of lean construction tools 

increases, the number of RFI’s per million dollars decreases, and vice versa. 

• Quality/Value-related Percent Change: 

There is an inverse relationship between utilizing lean construction tools and quality/value-

related percent change at 90% confidence level: as the utilization of lean construction tools 

increases, the quality/value -related percentage decreases, and vice versa. 

• Change Order Processing Time: 

There is an inverse relationship between utilizing lean construction tools and change order 

processing time at 95% confidence  level: as the utilization of lean construction tools 

increases, the change order processing time decreases, and vice versa. 

• Number of Resubmittals per Million Dollars: 

Although the hypothesis testing for regression slope proposed that there is an inverse 

relationship between utilizing lean construction tools and the number of resubmittals per 

million dollars, the corresponding chi-plot did not strongly support this conclusion. 

Accordingly, it is recommended to increase the sample size of the projects before deducing 
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a conclusion about the relationship between the utilization of lean construction tools and the 

number of resubmittals per million dollars. 

• Overall Quality of Project Systems: 

Although the hypothesis testing for regression slope proposed that there is a direct 

relationship between utilizing lean construction tools and the overall quality of project 

systems, the corresponding chi-plot did not strongly support this conclusion. Accordingly, it 

is recommended to increase the sample size of projects before deducing a conclusion about 

the relationship between the utilization of lean construction tools and overall quality of 

project systems. 

• Construction Speed 

Although the hypothesis testing for regression slope proposed that there is a direct 

relationship between utilizing lean construction tools and construction speed, the 

corresponding chi-plot did not support this conclusion. Accordingly, it is recommended to 

increase the sample size of projects before deducing a conclusion about the relationship 

between the utilization of lean construction tools and construction speed. 

• Schedule Intensity 

Although the hypothesis testing for regression slope proposed that there is a direct 

relationship between utilizing lean construction tools and schedule intensity, the corresponding 

chi-plot did not support this conclusion. Accordingly, it is recommended to increase the sample 

size of projects before deducing a conclusion about the relationship between the utilization of lean 

construction tools and schedule intensity 

Finally, Table 77 recapitulate the contributions of Chapter 7 
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Table 77: Summary of the Utilization of Lean Construction Tools ~ Performance Metrics Analysis 

Performance 
Area Performance Metric 

Statistically 
Significant at 99% 

Statistically 
Significant at 95% 

Statistically 
Significant at 90% 

Direct Inverse Direct Inverse Direct Inverse 

Communication 
Number of RFI’s per Million Dollars   *         

Number of Resubmittals per 
Million Dollars       *     

Change 
Management 

Quality/Value-related Percent 
Change 

          * 

Change Order Processing Time       *     

Quality Overall Quality of Project 
Systems 

*           

Schedule 
Construction Speed         *   
Schedule Intensity         *   
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Chapter 8. Conclusion 

In this thesis, PDS performance was comprehensively investigated. First, the performance 

of each PDS was heavily studied and benchmarked. Second, statistical analyses were performed 

to determine which performance metrics are most affected by the type of PDS. Third, further 

statistical analyses were performed to extensively compare the performances of each pair of PDS. 

After benchmarking PDS performance, revealing the performance metrics most affected 

by PDS, and extensively comparing PDSs performances, the impacts of three additional factors on 

project performance were heavily examined. These three factors are: Stakeholder Involvement, 

Project Team Leadership, and Utilization of Lean Construction Tools. 

This research contributes to the AEC industry as well as the construction engineering and 

management community. The following sections will provide a summary of the research’s main 

contributions,  a discussion of the research’s limitations of this study, and concludes with a call for 

future research. 

8.1 Research’s Main Contributions 

This research has provided performance benchmarks for each of the four PDSs with regards 

to 21 performance metric spanning 8 performance areas. These benchmarks can assist industry 

professionals assess their project performance. For example, when working on an IPD project, one 

should expect experiencing around 2 RFI’s and 8 punchlist items per million dollars as compared 

to around 15 RFI’s and 40 punchlist items per million dollars when working on a DBB project. 

Furthermore, since these benchmarks can act as reference points for future projects, they can be 

used to persuade project parties to utilize higher performing project delivery systems. 
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Also, this research provides robust statistical analyses, examining the presence of 

statistically significant relationships between PDS and performance metrics. Accordingly, this 

research has demonstrated that there are statistical evidences of dissimilar PDS performance with 

regards to the following performance metrics:  

• At 99% confidence level: Number of RFI's per Million Dollars, Change Order Processing 

Time, Overall Project Systems Quality, Design-related Percent Change, Quality/Value-

related Percent Change, and Company Image for Return Business purposes.  

• At 95% confidence level: Number of Deficiency Issues per Million Dollars, Delivery Speed, 

Construction Speed, and Number of Punchlist Items per Million Dollars. 

• At 90% confidence level: Number of Resubmittals per Million Dollars, Schedule Intensity, 

and Absolute Value of Project Percent Change. 

Furthermore, this research has performed post-hoc statistical tests to investigate how each 

pair of project delivery systems performs differently, thus providing extensive comparisons 

between PDSs performances. Below are a few examples: 

• This research has demonstrated the existence of statistical evidence supporting that IPD 

outperforms DBB with regards to the following metrics: 

o At 99% confidence level: Number of RFI's per Million Dollars, Change Order 

Processing Time, Overall Project Systems Quality, Company Image for Return 

Business purposes, and Number of Deficiency Issues per Million Dollars. 

o At 95% confidence level: Design-related Percent Change, Quality/Value-rela ted 

Percent Change, Number of Punchlist Items per Million Dollars, and Number of 

Resubmittals per Million Dollars. 

 



253 
 

• This research has demonstrated the existence of statistical evidence supporting that DB 

outperforms DBB with regards to the following metrics: 

o At 99% confidence level: Number of RFI's per Million Dollars, Design-rela ted 

Percent Change, and Quality/Value-related Percent Change. 

• This research has demonstrated the existence of statistical evidence supporting that CMR 

outperforms DBB with regards to the following metrics: 

o At 99% confidence level: Number of RFI's per Million Dollars. 

o At 95% confidence level: Company Image for Return Business purposes. 

o At 90% confidence level: Change Order Processing Time, Overall Project Systems 

Quality, and Quality/Value-related Percent Change. 

Other than the mere type of PDS, the impacts of three fundamental strategies on project 

performance were thoroughly investigated. These three basic strategies are: Stakeholder 

Involvement, Project Team Leadership, and Utilization of Lean Construction Tools. 

This research demonstrated statistical evidences supporting that better stakeholder 

involvement (pertaining to timing and collaboration of stakeholders) enhances the following 

metrics: 

• At 99% confidence level: Number of RFI's per Million Dollars, RFI Processing Time, Design-

related Percent Change, Quality/Value-related Percent Change, and Change Order Processing 

Time 

• At 95% confidence level: Number of Resubmittals per Million Dollars, Company 

Image/Return Business, Punchlist Items per Million Dollars 

• In addition, there were statistical evidences supporting the possibility of improving Overall 

Quality of Project Systems, and Schedule Intensity. However, a bigger sample size of projects 

is needed to confirm these relationships. 
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Also, this research demonstrated statistical evidences supporting that better Project 

Leadership Teams (relating to its makeup as well as its collaboration and engagement efforts) 

enhances the following metrics: 

• At 99% confidence level: Number of RFI's per Million Dollars, RFI Processing Time, Number 

of Resubmittals per Million Dollars, Company Image/Return Business, and OSHA 

Recordable Rate. 

• At 95% confidence level: Change Order Processing Time. 

• At 90% confidence level: Quality/Value-related Percent Change, and Punchlist Items per 

Million Dollars. 

• In addition, there were statistical evidences supporting the possibility of improving Overall 

Quality of Project Systems, Construction Speed, Delivery Speed, and Schedule Intensity. 

However, a bigger sample size of projects is needed to confirm these relationships. 

Also, this research demonstrated statistical evidences supporting that Utilizing Lean 

Construction Tools enhances the following metrics: 

• At 99% confidence level: Number of RFI's per Million Dollars. 

• At 95% confidence level: Change Order Processing Time. 

• At 90% confidence level: Quality/Value-related Percent Change. 

• In addition, there were statistical evidences supporting the possibility of improving Number 

of Resubmittals per Million Dollars, Overall Quality of Project Systems, Construction Speed, 

and Schedule Intensity. However, a bigger sample size of projects is needed to confirm these 

relationships. 
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8.1.1 Recommendations to the Industry 

Based on the research’s main findings, project stakeholders should be encouraged to adopt 

IPD as the PDS of their projects, as it sets the environment for superior performance, with regards 

to many performance metrics, as compared to other project delivery systems. 

Also, this research urges project stakeholders to be more involved early and throughout the 

duration of their projects, regardless of their PDSs, as it has been demonstrated that stakeholder 

involvement improves project performance with regards to various performance metrics. 

Furthermore, this research highly encourages project stakeholders to form highly engaged and 

collaborative project leadership teams for their projects, regardless of their PDSs, as it has been 

shown that better project leadership teams boost project performance 

Last, but not least, this research motivates project stakeholders to exploit lean construct ion 

tools in their projects, regardless of their PDSs, as it has been illustrated that utilizing lean 

construction tools enhances project performance. 

8.2 Research Limitations 

It is important to explicitly state that this research does not promote IPD and/or lean tools 

as magic solutions for all the construction industry challenges. Instead, the research indicates that 

true collaboration, and aligning efforts towards maximizing project value and driving waste out of 

projects have a huge potential of being a good first step with regards to enhancing project delivery 

performance. However, this enhancement will take place in reality only through commitment and 

hard work. 

It is important to acknowledge that since IPD is a relatively new PDS, and since the data 

collection questionnaire is extensive, this research has been based on analyzing 67 projects only. 
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Although this is not a very small number, the robustness of the performed statistical analyses 

increases as the sample size increases.  

Furthermore, since most IPD projects are complex institutional projects, such as healthcare 

facilities and university research laboratories, this study was mostly limited to these types of 

projects. Therefore, 66% and 28% of the examined project are institutional, and commercia l, 

respectively. Accordingly, although one can learn a lot from the findings presented in this thesis, 

it is not recommended to draw conclusions for other types of facilities that were not included in 

the dataset. 

Finally, it is worth noting that this research was conducted from the perspective of CM/GC. 

This is because CM/GC were the project party that typically had access to the data required for 

this research.  

8.3 Future Research Opportunities 

There are many potential research studies that can follow this extensive study. First, future 

studies can be directed to collect data from parties other than CM/GC (owners, 

architects/engineers, subcontractors) to complement the picture of project delivery performance. 

Also, more facility types can be considered in similar studies in order to reflect more segments of 

construction projects. Furthermore, since IPD is a relatively new PDS, it would be interesting to 

study IPD performance with time. Moreover, this research can be re-done using a substantia l ly 

bigger sample size. Finally, if sufficient sample sizes were collected for each PDS, it would be 

interesting to model project delivery using system dynamics model(s). 
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Appendix B – Data Collection Questionnaire 

Adapted from El Asmar (2012) and Olsen (2013). 
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