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ABSTRACT

Time delays and cost overruns in construction projects are generally due to factors such
as inappropriate planning, design errors, unexpected site conditions, inadvisable tools
selection, change scope, weather conditions, lack of resources, and other project changes.
Time delays and cost overruns are of concern to most project managers, owners, and
governments. These elements of time and cost are two of the critical defects that impact
the construction project delivery. These defects can lead to project failures and to various
negative issues like increasing in disagreements among the project team, the contractor,

suppliers, and the owner.

State Departments of Transportation (DOTS) in the U.S. continue to spend heavily on
roads, highways, and bridges construction, as well as development, maintenance, and
expansion. This continued financial commitment reflects decades of commitment to
improve the transportation service for safer and better use by the general public. Despite
the notable efforts from most of the states to develop the transportation infrastructure,

budget restrictions and lack of funds are some of the major challenges faced by DOTSs.

Highway and bridge infrastructure has a high potential growth in the U.S. construction
market. Well-organized highway and bridge project investment decision-making becomes
increasingly crucial in the transportation sector. In this research, transportation is specified

to highway and bridge projects, and it focused on high-profile projects. These projects are



defined as high-cost projects, and are associated with higher project delivery risk (typically

$100 - $500 million).

All states are working with their state transportation plan, listing the projects based on
each state priorities and population growth. Proper planning leads to the right decision
regarding selecting the best alternative within budget, and it must reflect certain core
principles, including a comprehensive analysis. To facilitate such a decision process,
decision makers need a trusted decision model that considers all important options and
impacts. By using a decision model, decision-making will not be subjectively influenced
to favor one option or group. The decision model becomes the primary tool for selecting
the best option, based on its structure levels, perspectives, sub-criteria, and experts’ input.
Recently, there is an apparent need for a decision model to help DOTs evaluating their
options. Effective project delivery assessment tools, techniques, or practices are strongly

needed to improve transportation construction projects’ performance.

The research objective is to develop a comprehensive decision model that can be used
by project managers and their teams to choose the most effective project assessment
technique for measuring the success of performance and outcomes related to the delivery
of transportation projects. This research was focused on the assessment techniques that are

used in the development phase within the transportation project lifecycle phases.

To this end, the research identified and screened the innovative assessment tools and
techniques of project delivery that the transportation and other industries have used by

reviewing numerous of academic literature and technical reports. Based on the review,
ii



value optimization elements such as cost, time, performance, risk, and resources were
selected to be the primary evaluation criteria that lead to achieving the model objective.
Also, the model sub-criteria were investigated and selected based on the literature review
and direct discussion with some experts such as project managers, civil engineers, and

value management consultants.

The outcome analysis of the results showed that in terms of objectives that
performance efficiency was rated the highest importance with respect to the mission, while
resources presented the lowest importance from an overall assessment point of view. The
results showed that Alternative 4, the VE-RACRDAM technique, was ranked as the most
important alternative among others followed by Alternative 5, while Alternative 2 was
ranked the least important. A five scenarios analysis was applied to measure the sensitivity
of the effects of changing the relative importance of the assessment criteria on alternatives’
rankings. Results showed that Alternative 4 was maintained as the most effective

assessment technique among the other alternatives in the five scenarios.

In the end, experts were asked to validate the final research results, and they confirmed
that the results were appropriate and valid. The validity of the decision model and findings
of this research contribute new insights into the transportation construction industry as the
case of state departments of transportation. Also, the experts agreed that this decision
model is generalizable and could be used in other industries. Therefore, the model
significantly contributes to the project management knowledge, and construction project

development and delivery success.
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CHAPTER ONE: INTRODUCTION

1.1 Research Background

During the past decade, several existing and new project delivery methods, tools, and
programs have improved construction project outcomes through aligning the project
elements with project delivery value factors. This alignment has not only improved
efficiency and reduced the project errors, but also enabled exploration of alternative

approaches to market opportunities by maximizing projects’ performance.

Cost growth has occurred on many major transportation projects such as highway and
bridge projects. There is still a lack of real information and reasons for cost increases on
DOTs major projects [1]. However, to deliver construction projects on time and within
budget is still the primary concern for the project planners, project managers, and decision
makers. For instance, the demand to deliver transportation projects in less time with limited
budgets has driven each U.S. states’ department of transportation to research, develop, and
adapt innovative tools, methods, practices, processes, or programs for its construction

projects.

Due to the high level of risk and uncertainty in most transportation projects, especially
in the metropolises and towns that have a large population density, the selection of
appropriate project alternatives or project delivery methods has been more challenging and

has involved more complex decision making. Furthermore, research has been conducted



on the performance of project delivery methods and applications in transportation and
proved that there is a lack of comprehensive comparative approaches and a lack of adequate
orientation toward the future to provide a sufficient basis for strategic decisions. The
exploration of innovative project planning, value improving, and delivery tools or methods
for transportation and other infrastructure projects is the result of the continuous need to
develop project delivery strategies. Across the United States, state departments of
transportation (DOTs) and other transportation agencies are seeking solutions and
techniques to improve their projects delivery, management, operation, and organizational
effectiveness. Their approach aims to maximize the benefits of time and cost savings by
delivering transportation projects in a programs’ strategy [2]. Most of them are actively
researching the best tools, methods, practices, and programs to deliver their projects
successfully. Recently, their efforts have been noticed, and have positively impacted and
helped transportation agencies’ decision makers and construction projects’ teams to

improve the project delivery process and outcome.

These improvements include integrating planning and assessment tools or programs
during the project lifecycle phases. However, there is still a lack of understanding of how
these tools or programs are interrelated, to what extent they have improved the value of the
delivery of transportation projects, and how they are integrated to support each other [3].
There is still a lack of use of essential evaluation tools that help to assess the relative costs
and benefits of alternative options of transportation projects in America [4]. Improved

project value can be represented in different ways depending upon specific project needs.



These improvements would include perspectives such as function, flexibility,

expandability, maintainability, or reduced life-cycle cost (LCC) [5].

The National Cooperative Highway Research Program (NCHRP) Synthesis 504
demonstrates the benefits and challenges of a strategic approach to improve the delivery of
transportation projects [2]. The main advantages include improving the acceleration of
project delivery; reducing the project risk and cost uncertainty; increasing project
performance efficiencies; controlling of project scope and duration; increasing the
cooperation among the project stockholders including the contractors; providing the
concept of effective management and innovation; and leveraging of project resources. On
the other hand, the same report indicates to the challenges that use this approach, such as
the lack of experience within the DOTSs; resistance to change; lack of well trained and
educated staff who are required to implement the new strategy; and effective government

and community outreach [2].

Some DOTs are working hard to minimize the adverse impacts of their project
construction operations. Their efforts have focused on the improvement of construction
project performance by improving its execution within the budget and completing projects
on time. Transportation agencies and federal organizations within the U.S. have started to
consider the importance of measuring and evaluating projects’ delivery by continuously

developing the required policies and guidelines for the project assessment.



Therefore, a unique decision model is strongly needed to evaluate the effectiveness of
assessment tool alternatives while considering value optimization as a primary goal to

maximize projects’ performance within DOTS projects constructions.

Decision makers are willing to explore and evaluate several options before making their
final decision based on the weighting score in each option [6]. The outcome of this research
aims to help decision makers to select their choices with competing candidate criteria by
using the decision model that developed in this context. Using the model, decision makers

and their teams’ decisions will lead to deliver their projects based on the value approach.

1.2 Research Problem and Motivation

Construction projects’ decision makers are still debating about which project delivery
system is the best. Previous studied and technical reports have addressed the selection of
project delivery systems for construction projects. Despite the considerable number of
these studies and reports that have been undertaken, cost and time overruns are still a
pervasive problem. The vast majority of construction projects experience the same issue

[71(8][91[10][11][12][13][14][15][16][17].

“Overrun is a problem in private as well as public sector projects, and things are not
improving; overruns have stayed high and constant for the 70-year period for which
comparable data exist. Geography doesn't seem to matter either; all countries and

continents for which data are available suffer from overruns” [18].



For example, in Singapore, Beijing, Hong Kong, and Sydney construction industry
indicated that nearly two-thirds of the construction projects suffered from cost overruns

and more than half were delayed [19].

Despite much-gained knowledge in project management, delay and cost overruns are
an inherent part of most construction projects. The report [20] stated that there are five
causes of project delays and overruns; the most impactful factor is design errors, while
scope change is ranked as one of the major reasons for most delays and cost overruns. Also,
inappropriate procurement, the complexity of the project, and the post-execution phase
have been identified as primary reasons for the delay and cost overrun in the project. Also,
other researchers mentioned that the lack of experience of project type, project location,
governmental delay, poor communication, and severe weather conditions are significant
factors of the cost and time overrun [19][21]. Improper planning and slow decision making

are also considered as important reasons for the delay and cost overrun [22].

Mensah suggested a solution to overcome the construction industry’s current cost
overruns and delays. He emphasized that this issue would be resolved if effective project
management processes were to be implemented [23]. Tabtabai also confirms that the
importance of project management and training skills are both an ideal solution to avoid

cost and time overruns [24].

Government projects have a great deal of uncertainties that make them difficult to plan,
implement, and manage effectively [25]. Furthermore, governments worldwide are now

under increasing pressure to meet public needs within more restricted budgets [26][27].
5



Quantitative tools are mostly used to measure the project cost, while time analysis is a

qualitative process. This process usually is not systematic [28].

In this subject, previous research indicate that the construction industry provides an
opportunity to develop innovative decision making or support systems for project delivery.
Different studies have been undertaken regarding how to control and measure the
performance of construction projects in both public and private sectors [29][30][31].
However, Olawale and Sun identified some problems with the project control practices in
the UK. They emphasized that there are a variety of tools that are used in project control
with non-standard use. While many qualitative and quantitative tools are adapted but there

IS no systematic analysis implementing to complete the required actions [28].

The models or systems developed often do not present comprehensive solutions to help
project managers making their final decisions based on multi-criteria perspectives.
However, these systems assist project managers and decision-makers to better understand

problems that lead to make the best decision [32][33].

In transportation construction projects, all modes of transportation are under extreme
budgetary and community pressure to deliver projects on time and within budget.
Transportation construction projects can be complex, and most projects are large scale.
Highway and bridge projects need large investments which are often fraught with
uncertainty and associated with higher project delivery risk [34]. The National Cooperative
Highway Research Program (NCHRP), state DOTSs, and other transportation agencies are

working hard to develop and employ dynamic project management and decision-making
6



tools to meet these twin goals, on time and within budget. On time and within budget can
mean different things to the transportation agencies and their customers, whether public or

private [35].

Project cost overrun or time delay can occur during any of the projects’ main delivering
phases. The lack of data on project completion in the U.S leads to arguments regarding the
reasons of highway and bridge projects completion. Transportation agencies and
organizations measure the extent and cause of cost overrun or time delay often as a high
subjective [1][36]. However, statistics indicate that less than 50% of Oregon DOT projects

completed within their originally contracted time of performance [37].

Recently, State DOTs spent and planned to spend a significant percentage of dollars as
a commitment to building new and developed roads, bridges and highways [38]. Highway
and street construction has a high potential growth in the U.S construction market [39].
FMI (a management consulting and investment banking in U.S) estimates that by 2020, the
construction spending will reach 30% on transportation assets in U.S. [40]. State budgets
have seen growth in recent years and much of highway and street construction spending is

expected to occur in 2019 [41].

As shown in Figure 1, highway and street construction increased by 7% in 2015 to
$90.6 billion. FMI is expected to increase the construction growth by approximately two
to four percent overall through 2022 [41]. The U.S. new government has promised to
increase infrastructure spending, although there are still uncertain plan or actions at this

time [39].
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Figure 1: Highway and Street Construction- Adapted From [41]

About $163 billion is needed annually for highway and bridges projects over the
coming five years. However, due to the lack of funding only $105 billion is being invested
[40]. High investments are usually associated with high risk of projects delivery, most of
the highway projects are considering a large project scale [42][34]. About 614,387 bridges
in America, which are 50 years or older. The roads are often crowded and are becoming

more dangers [43].

In America more than four million miles of roadways need about 170 billion in capital
investment annually to improve its conditions and performance [44]. State Departments of

Transportation (DOTS) estimated 101 billion in annual capital investment which are needed



between now and 2028 to maintain all the highway network at their current condition. The
U.S. roads’ status is ranked at-risk classification (D), while bridges are required attention

(C+) [43].

Wrong decisions during project’s planning will have impact on the following project
life cycle phases [29]. About half of unsuccessful projects are impacted by poor decision-
making [45]. Completing the highway and bridge projects on schedule, within budget, and
making acceptable standards becomes a complex challenge. Performance measures started
to be more important for the DOT’s needs. Planning is the key to meet various performance
metrics depending on different perspectives [27]. New managerial, innovative assessment
tools and methods accommodating with a high technology could allow DOTs decision
makers to make balanced decisions resulting in smoother and quicker project delivery [46].
The project complexity assessments should be an essential part of the project development
phase prior to full approval to proceed [47]. The research findings help to reduce the
difficulty in taking the right decision by developing a unique decision model. The model
aims to select the most effective project assessment technique (Figure 2) for measuring the

success of outcomes related to the delivery of transportation projects.
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Figure 2: Project Assessment Tools

1.3 Research Gap

For this study, a comprehensive literature review was conducted to identify and
investigate existing innovative assessment techniques and practices within the construction
projects industry, especially in the public transportation sector. The research focused on
what theory, methodology, or practices were embedded in these approaches; how these
tools or techniques can be implemented in a particular industry; and how likely these tools
or techniques could be applied to transportation project delivery for enhancing the project
performance within acceptable a timeframe and within budget constraints. Based on the

research findings, several research gaps have been identified. Table 1 summarizes three
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significant gaps that were selected to be the key research areas. Then, research questions

were developed to help the decision makers bridge the research gaps.

Table 1: Key Research Findings/Gaps in the Literature

A Gap Description Reference
J. Barry Barker et al.
(2010)[46],
J. Yu et al (2012)[48],
1 There is not a comprehensive multi- S. Monghasemi et al.
perspective decision model for assessing the (2015)[49],
effectiveness or selecting innovative K. Mela et al. (2012)[6],
assessment tools, techniques, or practices. |J:> SI?(::huille{Z(()lfé‘?)?)S[ils]O]’
. Russ ,
D. Marcelo et al. (2016)[52]
D. Beale et al. (2017)[53]
J. Yuet al. (2012)[48],
There is not a specific study that is focusing 5\/ Sltkfk\)/\s/ aertt §1I20(12%)0[$)4 []F;S]
on the project assessment tools from value o : ’
2 A : C. Wimmler et al.
optimization approach. Most studies have (2015)[56]
specific objectives such as cost reduction, Doole et’ al. (2010)[57]
schedule acceleration, environmental impact, R Sor?/mezaﬁd & H ’
or safety. Bettemir  (2012)[58]
M. Bertoni (2017)[59]
K. Harrington (2015)[60],
Innovative assessment tools or techniques Y. Olawale (2015) [28],
3 are commonly disjointed and don’t often NCHRP Report 466
support gach ot_her. Therefore, an evaluation | (2002)[61],
process is required. NCHRP 504 (2017)[2]
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1.4 Research Scope

The research identified the common use of existing innovative assessment tools,
techniques, and programs within transportation projects. Then, a decision model was
developed to evaluate some of these alternatives from five objectives (cost, schedule, risk,

performance, and resources) including their associated sub-criteria.

Three goals are targeted as significant outcomes from this research. The first goal is to
provide the needed decision model for transportation development and construction
projects considering value-based perspectives such as risk, time, cost, performance, and
resources. The second is to help the decision makers to optimize the project delivery value
and outcome within the transportation infrastructure. The last goal is to enable
transportation agencies and project teams to reduce the impact of time and scheduling

constraints during the delivery of transportation projects.

The transportation industry is a large sector that contains many types of projects. This
research focused on the development of highways and bridges projects. These projects are
defined in this research as high-profile projects that require a significant construction

budget and are associated with higher project delivery risk (typically $100 - $500 million).

Innovative assessment tools, techniques, and practices are used by the project team to
evaluate the project performance in terms of the relevant measures of effectiveness such as
cost, time delay,..etc. [34]. This research specific focused on innovative assessment

techniques that are used to evaluate transportation construction projects during the
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development phase. The assessment tools and techniques are used to optimize the project
value and outcomes. The following questions regarding these tools and techniques are

covered during the literature review:

What are the most effective project assessment tools or techniques that are used in

transportation development and construction?

Why are the tools or techniques used?

What do the tools or techniques do or create?

When should the tools or techniques be used?

What are examples or practices of the tools or techniques?

A set of selected project assessment techniques were chosen in this research to be
candidates for the weighting process. The evaluation of various levels of criteria aimed to

address which alternatives are more valuable than others.

This research used state Departments of Transportation (DOTS) as a case study. The

scope is structured in main four phases as follows:

Phase 1, innovative assessment techniques were identified and screened within
transportation projects and other industries that are used during the project life cycle, and
that primarily meet the requirements of the project development phase. The process started
to identify the various successes of transportation infrastructure development perspectives

including common attributes that are employed in the project delivery decision-making

13



during the development phase such as cost, time, risk, performance, resources. The process
was carried out by reviewing literature from different academic papers and industry reports
as a first step. The literature review focused on value approach assessment tools and
techniques that are performed in the construction industry. These tools and techniques are
used during the project life cycle and meet the requirements of the project development
phase primarily. Then, three individual research papers are carried out as part of the Ph.D.

independent studies requirement.

The literature reviews process was started in the first and second independent studies
courses to identify and investigate innovative methods, tools, and techniques within the
transportation sector and construction industry. The first independent study was used as a
preliminary screening for collecting a full list of State Departments of Transportation
(DOTs) in U.S. and other industries that commonly employ value methodology, risk
management, and constructability review activities for the improvement of their projects

and processes.

The second independent study focused on surveying the most common tools and
practices within public transportation agencies regarding their currently performed
assessment tools; how they are interrelated; and to what extent they are integrated and
support each other. The survey results guided us in understanding the effectiveness of these
assessment tools and techniques for measuring the success of outcomes relating to the

delivery of transportation projects.
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In the last independent study, the collected list was narrowed down to the specific
industries for the analysis process. The screened process targeted other sectors that most
closely share commonalities with the transportation infrastructure industry. The collected
list of other industries underwent a depth analysis to investigate its ability for improving
the projects’ and products’ delivery and performance in these sectors. A number of criteria
and factors were identified during the research, and most of them were relevant to the
project delivery or product development such as cost, performance, time, risk, reliability,

flexibility, sustainability, competitiveness, ...etc.

Phase 2, an initial Hierarchical Decision Model (HDM) was developed including
evaluating criteria & sub-criteria, and identified alternatives, and focused on the
requirements of the highway and bridge projects in the development phase. In order to
develop a unique model that considers the value optimization approach; this research
focused on what theory; methodology; or practices that are embedded in this approach;
how value assessment tools or techniques can be implemented in particular industry; and
how likely these tools or techniques can be applied to the transportation project delivery

for enhancing the project performance within acceptable cost and time.

Phase 3, the research expanded the literature review, created the final research model,
and analyzed and discussed the research results. The most important stage in this phase
was deciding on how the expert panels would be performed and administrated. Selecting
experts is very critical to ensure the identification of relevant and qualified experts. In order

to choose the best alternative, the experts were asked to discuss, identify, weight, and
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validate the model criteria, sub-criteria, and alternatives. Several methods were used to
identify and select the experts in this research. The experts were from transportation
agencies and other construction industries, and they were selected based on their

qualifications and experience.

Phase 4, the final research findings were validated and discussed with experts and they
expect the research results might make a significant contribution further to the project
assessment practices. Finally, a new systematic project assessment process was suggested
and discussed. The suggested process is integration of some tools into the assessment
process that will improve the project assessment outcome and enhance the communication

and the negotiation within the transportation project life cycle.
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1.5 The Dissertation Map

There are nine chapters in this dissertation. Included in this introduction chapter are the

other chapters, and their aims as mentioned in Figure 3 below:

* LITERTURE REVIEW - this Chapter aims to explore transportation projects' fail and)
sucess. Also, to identify assessment factors, criteria, tools, and development process within
transportation projects development and delivery. The literature review includes
investigating the value optmization theory and its contrbution in the research. Research
gaps also presented and analysied. )

« PROJECT MANAGEMENT TOOLS, TECHNIQUES, AND DECISION MAKING)
METHODS - this Chapter aims to identify project management tools: theories, practices,
and analyses. This chapter will give readers a clear picture of multi-criteria decision

models that use experts’ opinion input. )

~

* RESEARCH APPROACH - this Chapter aims to illustrate the research, objective,
methodology, and experts panel formating and selection.

J
~

* CASE STUDY BACKGROUND - this Chapter aims to provide an overview on State
Departments of Transportation (DOTSs), techniques, and applications.

J

« CASE STUDY MODEL DEVELOPMENT - this Chapter aims to develop the decision)
model of this research in order to cope with the serious problems in the transportation
projects delivery and improve the success of the decision within the project assessment
activities. )

~
* RESULTS AND DATA ANALYSIS - this Chapter aims to present, analyse, and discuss
the data collected from the research instruments. Performing a scenario approach and final

results validation are described and discussed in this Chapter.
J

N
* DISCUSSION - this Chapter aims to highlight and discuss the major findings and

conclusions of the research results. Also, a recommendation of a new systematic assessment
process is suggested and discussed in this chapter.

J

~
« RESEARCH CONCLUSIONS - this Chapter aims to provide an overview of the
conclusion regarding the achievements of the research’s objectives, and to clarify the
research contributions. Also, to acknowledges the limitations and to make recomdendations
for future research considering the original research aim and purpose.

J

€ €€E€CECECE KL

Figure 3: Research Chapters Map
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* LITERTURE REVIEW - this Chapter aims to explore transportation projects' fail and)
sucess. Also, to identify assessment factors, criteria, tools, and development process
within transportation projects development and delivery. The literature review includes
investigating the value optmization theory and its contrbution in the research. Research
gaps also presented and analysied. )

* PROJECT MANAGEMENT TOOLS, TECHNIQUES, AND DECISION MAKIN@
METHODS - this Chapter aims to identify project management tools: theories,
practices, and analyses. This chapter will give readers a clear picture of multi-criteria
decision models that use experts’ opinion input. )

~N

* RESEARCH APPROACH - this Chapter aims to illustrate the research, objective,
methodology, and experts panel formating and selection.

J

~N

* CASE STUDY BACKGROUND - this Chapter aims to provide an overview on State
Departments of Transportation (DOTSs), techniques, and applications.

J

» CASE STUDY MODEL DEVELOPMENT - this Chapter aims to develop the decision)
model of this research in order to cope with the serious problems in the transportation
projects delivery and improve the success of the decision within the project assessment
activities. )

~N
* RESULTS AND DATA ANALYSIS - this Chapter aims to present, analyse, and
discuss the data collected from the research instruments. Performing a scenario
approach and final results validation are described and discussed in this Chapter.

~
* DISCUSSION - this Chapter aims to highlight and discuss the major findings and
conclusions of the research results. Also, a recommendation of a new systematic
assessment process is suggested and discussed in this chapter.

J

* RESEARCH CONCLUSIONS - this Chapter aims to provide an overview of th?
conclusion regarding the achievements of the research’s objectives, and to clarify the
research contributions. Also, to acknowledges the limitations and to make
recomdendations for future research considering the original research aim and purpose.
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CHAPTER TWO: LITERATURE REVIEW

2.1 Project Cost and Schedule

2.1.1 Overview

Nowadays, all modes of transportation are under extreme budgetary and community
pressure to deliver projects on time and within budget. Highway design and construction
projects can be complicated, and most projects are large scale. Highway and bridge projects
need large investments which are often fraught with uncertainty and associated with higher
project delivery risk [35]. The National Cooperative Highway Research Program
(NCHRP), State DOTs and other public and private companies in the transportation
industry work hard to develop and employ dynamic project management and decision-
making tools to meet these twin goals (on time and within budget). On time and within
budget can mean different things to the transportation agencies and their customers,
whether public or private [36]. Project cost overrun or time delay can occur during any of
the projects’ main delivering phases. The lack of data on project completion in the U.S
leads to arguments regarding the reasons of highway and bridge projects completion.
Transportation agencies and organizations measure the extent and cause of cost overrun or
time delay often as a high subjective [37]. However, statistics indicate that less than 50%
of Oregon DOT projects are completed within their originally contracted time of

performance [29]. About half of unsuccessful projects are impacted by poor decision-
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making [33]. Completing the highway and bridge projects on schedule, within budget, and
making acceptable standards becomes a complex challenge. Performance measures started
to be more important for the DOT’s needs. Planning is the key to meet various performance

metrics depending on different perspectives [9].

2.1.2 Over Budget and Schedule — Actual Cases

INDOT evaluated the extent of their highway and bridge projects in cooperation with
the Federal Highway Administration. The assessment study aimed to analyze the cost
overruns and time delays of INDOT projects. Also, the study aimed to develop a set of
recommendations that could help INDOT to reduce the problem of cost overruns and time
delays within the agency projects delivery. For comparison purpose, the study used a
questionnaire instrument to collect and analyze the data from other states. The results of
the survey showed that INDOT highway and bridges projects were determined as 4.5% as
the overall rate for cost overrun amounts. The most interesting part of this study was 55%
of all INDOT contracts experienced cost overruns. With regards to schedule delay, the
study found that 12% of the agency contracts experienced time delay with an average of
115 days per contract [62]. Finally, the study recommended for improving the management

of INDOT projects in order to reduce the time and cost overrun.

The Verona Road Interchange Project, the city of Madison Wisconsin faced with delays
and inflation over the past years. Four major state highway projects including a Madison

artery have accumulated overruns in excess of $700 million [63]. For example, the work
20



on the Verona Road interchange on Madison’s Beltline was running about $130 million
over the original estimated costs. The major factor in the increases was initial project
estimates that did not sufficiently capture costs, some of these increases came from

decision-making delays.

Boston, Massachusetts was suffering from a traffic problem. The city has a six-lane
highway that ran through the center of downtown. These lanes were designed in 1959 to
carry about 75,000 vehicles per day. However, in 1990 the same lanes carried upwards of
200,000 making it one of the most congested highways in the United States [64]. To
overcome the above issue, the Massachusetts Department of Transportation launched one
of the most expensive highway projects in the U.S.A, and it called Big Dig Boston. The
project closed nine years late and was plagued by cost overruns. The Big Dig was planned
to finish in 1998 at an estimated cost of $2.8 billion. Due to, poor execution and use of
substandard materials, the project was completed in 2007, at the expense of over $14.6

billion.

Another recent reconstruction project has hit the same problem; it is the Massachusetts
city's Longfellow Bridge. The project was delayed by two-year because of complications
associated with preserving the century-old structure. It announced in 2015, at the cost of

$255 million [65].

The new Sullivan Bridge in Washington is expected to cost $424,000 million more than

planned. The reason for cost overruns is related to a design error. The error wasn’t
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discovered during the planning process. It addressed after the city accepted the bid for the

bridge. The bridge designers didn’t notice that the legal clearance of the trail surface [66].

The Springfield Interchange Improvement Project (SI1P) was one of the transportation
megaprojects in the part of the Washington-DC metropolitan area. The project was divided
into eight major stages with an estimated cost of $700 million. The TIIP performed rather
poorly in the early stage of the project regarding the cost. The project cost increased by
more than 60%, One of these projects was the junction of Interstates 95, 395, and 495 [67].
The risk management planning was not conducted in the project early stage. VDOT policy
didn’t consider risk management activity as required in the planning stage of their agency’s
projects. Also, political and management issues impacted negatively to the overall

performance of the project delivery [68].

Actual cases from different countries; Ahbab [69] investigated in his thesis 28 large
projects that impacted by the time and cost overruns. As shown in Figure 4 the author
classified the size of projects into three categories, 75% that cost between $50 and 500m,
14% of them are projects with total costs less than $50 million, and the rest 11% are mega

projects with more than $500 million.

The largest investigated project was Shaanxi roads development project. The project

constructed in China in the actual cost of $965.5 million with 27.5% of cost overrun.

The second largest project was the Jamuna bridge project in Bangladesh. The project

closed with $57.73 million cost overrun which is 8.3% over the estimated cost.
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The third large project is the state rural roads project in Turkey. The project cost $750.9

million with almost double of the predicted cost (about 56% cost overrun).

Reilly mentioned that there are several examples of projects with cost problems can
demonstrate the extent and seriousness of the problem. The Jubilee line transit project in
London, the project closed with two years late and £1.4 billion (67%) over budget. The
Channel Tunnel project was £3.7 billion (80%) over budget. Denmark’s Great Belt Link
project exceed 54% over budget. Also, the Woodrow Wilson bridge bid reached about 72

% overestimate [68].
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Figure 4: Comparison of Cost Overrun in Studied Projects- Adapted From [68]

The most critical factors that caused the cost overrun of the investigated projects were

related to project management issues and poor cost estimating practices [69][20]. These
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factors such as: inaccurate initial project scope and cost estimate; poor supervision and
inadequate site management; estimates reduced by mandate date or cost; and poor contract

management.

2.1.3 Projects Delay or Budget Overruns — Issues and Causes

Despite much-gained knowledge in project management, delay and cost overruns are
an inherent part of most construction projects. The study [19] stated that there are five
causes of project delays and overruns; the most impactful factor is design errors, while
scope change is ranked as one of the major reasons for most delays and cost overruns. Also,
inappropriate procurement, the complexity of the project, and the post-execution phase
have been identified as primary reasons for the delay and cost overrun in the project.
Researchers mentioned that the lack of experience of project type, project location,
governmental delay, poor communication, and severe weather conditions are significant
factors of the cost and time overruns [21][69]. Large projects can, and do, experience large
scope and schedule changes that affect the final cost. Most of the time these changes
increase the overall cost [22]. Improper planning and slow decision making are also

considered as important reasons for the delay and cost overrun [23].

Mensah [24] suggested a solution to overcome the construction industry’s current cost
overruns and delays. He emphasized that this issue would be resolved if effective project
management processes were to be implemented. Tabtabai also confirms that the
importance of project management and training skills are both an ideal solution to avoid

cost and time overruns [25].
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Government projects have a great deal of uncertainties that make them difficult to plan,
implement, and manage effectively [26]. Furthermore, governments worldwide are now

under increasing pressure to meet public needs within more restricted budgets [27][70].

Managing large-scale transportation infrastructure projects are challenging and
associated with higher risks of project delivery. Various studies have addressed the issue

of cost and time overruns in transportation infrastructure projects [71].

Flyvbjerg [71] presented in his study that how large are cost overruns in transportation

projects. The most important conclusion of Flyvbjerg’s study are:

e About 86% of the transportation infrastructure projects were impacted by cost
escalations comparing with 14% had costs equal to or lower than the original
forecasted costs.

e The overestimation costs are always lower than the size of the underestimation
costs.

e Average of 45% of cost overruns addressed for rail projects, 34% in fixed links,
and 20% in roads construction.

e Tunnels are larger projects in cost overruns (48%) compared with 30% of bridges
construction.

e Cost overruns were significant in most transportation projects in the world at

average of 65%.
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e The average cost escalation in bridges and tunnels was 26% in North America and

43% in Europe.

The same author [72] presented categorization of cost overrun causes and explanations.
Most important categories of explanations were highlighted by some authorities and agreed
with Flyvbjerg in his explanation. Four categories of explanations were distinguished as

follows:

Technical explanations: Poor project design and incomplete estimations are the most
important causes of cost overrun. Lack of experience could lead to poor project design,
while incomplete estimations could be the result of the inadequate data that require during
the initial and planning phase. Also, there are other costs overrun causes that might classify
under the technical category such as scope change; inadequate decision-making process;
poor planning process; and inappropriate organizational structure all are considering as

causes of project cost overrun.

Economical explanations: Lack of resources; incentives; funding; and stakeholder support
are considered as economic causes because they influence the extent of project cost
overruns. For example, the lack of resources lead the decision-makers to choose between

their projects.

Psychological explanations: This concept is based on planning error and optimism bias.

People who involve in taking decisions with risky prospects, they tend to be risk-averse
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and have near relative to risk attitudes. Their cognitive bias leads to optimistic forecasts

that usually cause cost overrun.

Political explanations: Cost estimates are manipulated because the behavior is determined
based on advocacy rather than objectively. Organizational and political pressures cause
wrong strategic implementation because estimates adjust to derive the most politically or
organizational aspirations. Furthermore, the lack of information leads to poor decision
because decision-makers are dependent on the information that received from the forecasts

study, the poor decision causes cost overruns.

The schedule performance of transportation rehabilitation and construction projects is
becoming increasingly concerned to decision-makers. For example, Departments of
Transportation (DOTS), politicians, and economists have realized the severe implications
of schedule overruns [73]. Due to, the pressure from the project owners the schedule
performance has become the primary focus of the transportation infrastructure. DOTSs
decision-makers have recognized the negative impacts of delays on resource allocation and
time-to-market. Therefore, they have started to push contractors to complete projects in
record time. According to [72], the internal and external project environments are
important factors in determining whether there will be a schedule overrun or not. These
factors can be related to the physical site, socioeconomic climate or design. The author

divided these factors into four main segments as follows:

e Physical site characteristics, which include climatic and seasonal conditions,

Environmental complexity, noise restrictions, stochastic events, and traffic volume.
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e Design characteristics, which include design complexity, constructability, and
utility work.

e Construction process characteristics, which include project management,
equipment shipment delays, and conflict among project participants.

e Socioeconomic and political characteristics, which include political and safety

concerns, and the right-of-way acquisition.

Another article [74] was searched further for the additional relevant subject, cost and
schedule overrun in construction projects. A survey was carried out for some local
construction projects in India. The analysis results found that the follows factors are most

occurring problem responsible for time and cost overrun in construction projects:

e Slow decision making, and
e Design change,

e lack of fund,

e Lack of adequate planning,
e Extra claims,

e Political issues.

In the following section, the research also investigated some real cases which were

delivered by transportation agencies and considered as successful projects delivery.
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2.1.4 Project Success — On Budget and Time or Early Delivered

The Sellwood Bridge [75] is 86 years old. It is located across the Willamette River in
Portland, Oregon. The Sellwood bridge project was the largest project in Multhomah
County’s history that used construction manager and general contractor (CM/GC) project
delivery alternative. The project construction began in December 2011 with an estimated
cost of $229 million. The project constructed by Sundt and Slayden Construction as
General Contractors. The project team innovated a new approach or technique that led to
saving about $5 to $10 million in construction costs. Also, the new innovative approach
cut about a year off the schedule. The new innovative approach is the shoofly technique or
detour bridge; it is used to keep traffic flowing throughout the project. Hydraulic jacks
were used to lift the old bridge deck and truss and moving it to one side. Then, place it on
a set of temporary piers and connecting it to temporary approach spans. This approach
helped the construction team to keep the traffic continues flowing while the new bridge is
constructed. The bridge construction was especially challenging and was considered as a

highly complex operation. It was one of the longest bridge sections ever to be moved.

The project aimed to replace the old Sellwood Bridge with the new one and within its
existing east and west corridor. The new bridge is planned to provide a structurally safe
bridge and connections that help to accommodate multi-modal mobility needs [76]. The
new Sellwood Bridge construction cost estimation was prepared based on conceptual
design level data which provided a basis for cost comparisons between five alternatives (A,

B, C, D, and E). The detailed cost data was presented during the preliminary design to
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select the best alternative. According to the total estimated construction cost for each
alternative in the year 2012 dollars, the construction costs were expected between $280
million and $361 million [77]. The project team used some factors to prioritize and to select
the best alternative of the new Sellwood Bridge. These factors are bridge closure;
construction cost; ability to phase construction; bicyclists and pedestrians; transit;
residential displacements; business displacements; maintenance of access to businesses

and residences; park and recreational facility impacts; and regulated floodway [74].

Sellwood Bridge Project Overcoming Challenges [78]

e Continuous changes to the project by using CM/GC project delivery method.

e As a result of the scope changed several times, the major challenge was how to
meet the project requirements during the design and construction activities.

e Because of the span sits in the middle of a bowl formed by an experienced landslide,
the soil was even looser than expected and forcing a redesign.

e Problems drilling into the riverbed pushed costs higher.

Managing the paperwork tracking for more than 200 sub-contractors.

The Most Success of the Sellwood Bridge Project [78]

e A full collaboration and partnership had been done between ODOT, Multnomah
County, the City of Portland, and contractor and subcontractors during the project

delivery.
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e The project team used an innovative shoofly approach that saved approximately $5

to $10 million in construction costs and cut about a year off the schedule.

TriMet's MAX West Side Expansion Project [79] is also a good example that
considered as one of the success projects. TriMet is the owner and operator of five separate
lines (red, green, blue, yellow, and orange lines) of max light rail and other transportation
facilities. TriMet is serving about 97 stations in Portland, Oregon. The company has begun
the service in mid of the 80s era. In July 1993, TriMet launched a Westside light rail
extension project with an expected cost of $963 million. The extension was about 18 miles
(MAX Blue Line: 33 Miles’ total) of alignment with a tripling of service. The expansion
includes two significant projects; twin tunnel section through Portland's West Hills; each
three miles long and about 21 feet in diameter. Also, underground station, only stop in the
three-mile tunnel, which is servicing the City's Washington Park at deep of 260 feet below
ground and it is the fifth-deepest park in the world[80][81][78]. The project connects
Hillsboro, Beaverton and Portland City Center [82]. In 1998, the project completed on
schedule and within budget. In the same year, September 98, the new extension line has

started in service [79].
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2.2 Value Optimization and Performance Measurement

2.2.1 Overview

Nowadays, selecting the best project alternative or making the right decision regarding
an optimal solution in construction projects is complicated. Decision-makers face a
significant challenge to reduce the conflict that can be often represented during the
comparison process between many objectives [83]. Decision-makers and practitioners have
used several multi-objective optimization tools and techniques to reduce the potential
conflict between project objectives. A significant improvement in the overall cost and
performance of construction projects could be achievable if value optimization and
performance measurements are implemented [84]. Usually, the process uses to optimize
the value or to measure the performance of the construction project delivery. The
measurement is considered as a value gap analysis, which is the relationship between the
objectives and the outcome between prior expectations and real performance [85]. The
project decision makers are responsible for identifying the project gaps that illustrate the
difference between the work done and the original plan. Their efforts are required to close
all project gaps to achieve the project objectives [86]. Large gaps are usually associated

with high risks that lead to inefficiency in project performance and cost and time overruns.

High-profile projects need a clear vision and formal project management knowledge.
These projects are mostly owned and managed by governments. However, project costs
and benefits in this category are difficult to measure [87]. This kind of projects has

challenges regarding a long construction duration, a significant budget, many uncertainties,
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and several stakeholders involved. Moreover, governments now face a major challenge to
meet public needs within limited or restricted budgets [25]. Historically, many projects
have been failing to achieve their objectives or are terminated according to poor of
performance [88]. Many studies have investigated project value and performance issues
within governments. In large-scale government projects, project management approaches
should be conducted with the project characteristics to reduce the impact of poor project
performance [46]. Since the project team has started to face challenges with delivering their
projects on time and within the budget, they are required to deal with advanced technology

to manage their projects successfully.

Highway administrations and DOTs across the United States share the same objective
of delivering high-quality transportation projects and programs [89]. They have started to
use innovative technologies, processes, and tools in their project delivery to improve
performance. The most significant challenge for the project selection is identifying the best
from a set of possible alternatives. A systematic analysis of alternatives selection process
is often made based on the individual project objective such as cost, time, quality...etc.
Alternatives should be developed using the DOTs or FWHA design guidance. Each project
has several options, and each alternative consists of a summary of the project information
and objectives. The project team usually develops several competing ideas, and only one
may be implemented [90]. The Evaluation Matrix is used to present the alternatives in the

comparison process. This process helps to ensure that the impacts of each alternative are
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consistent. A screening of the best option should consider the purpose of this selection

among all of the alternatives [54].

2.2.2 The Concept of Value

“Value is an expression of the relationship between the performance of a function, and
the resources required to obtain it. Hence the term, best value, refers to the most efficient
means to reliably accomplish a function that will meet the performance expectations of the

customer” [91]. A project’s success is measured by being efficient and creating value [54].

Stewart presents in his book [54] the concept of value optimization. He describes value
optimization as an integration of four essential elements (see Figure 5) that are used to
measure the project value. These elements are cost, time, risk, and performance. He also
stated that project managers should maximize the relationship of these elements in order to

achieve customer satisfaction and to optimize the project value.
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Figure 5: Value Optimization Frame- Reproduced From [92]

Several disciplines and management functions have been developed to improve project
performance, and the research literature is growing in this field [93][94][94]. However,
there is still limited research regarding the links between project management performance

and the value that is gained from the project management activities [93].

Many practices are used to enhance project performance but, there is a lack of
understanding about which practices are perceived as the most valuable. Practitioners use
alternative methods and innovated tools to measure the day-by-day performance and value
of their projects [95]. Project success is one of the important topics that is investigated by
researchers in academia and industry. Some of them consider the success of a project as a

unit in terms of meeting the project budget within the time frame and assess the overall
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quality of the work [96]. Project managers and project teams are required to define the
parameters that help them to evaluate their project’s performance. However, there is still
no consensus as to the definition of project success, and there is apparent disagreement

between academia and industry practitioners over how success is measured [97][54].

2.2.3 Research Approach regarding Value Optimization

Improving the project value is always related to the decreasing of project cost and
increasing its performance. Improving value can be achieved by increasing the project
performance while increasing its costs. Also, it can be achievable by decreasing the
performance while reducing the costs [98]. In order to evaluate the relationship between
the project cost and performance, specific techniques or combined assessment tools are

required to measure the relative importance of cost and performance the project objectives.

Miles indicates that maximum value is achieved by the performance of the function
with the least possible cost [99]. Some project management tools are used in the project
development phase to measure the project cost, time, risk, performance, ...etc. The value
measuring activity is performed to optimize the performance of projects and its
deliverables for the lowest possible cost. The value-oriented tools are used to provide

useful information for implementing rational decision-making processes [54].
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Value is the outcome of the performance of a function and the resources that are
required to achieve it [100]. Resources are considered as a significant element for value

optimization [101][102][103][54].

This research maximized the strength of the developed comprehensive decision model
by adding the element of resources to the original value optimization frame that is proposed
in the Stewart book [54]. These five elements (see Figure 6) are included in the model
assessment perspectives as Level 2. Experts are then asked to decide which perspectives or
criteria are more important than the others. The model sub-criteria (Level 3) are selected
based on the literature review and direct discussion with experts (i.e., DOT experts, project

managers, civil engineers, and value management consultant).
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Figure 6: Five Elements of Value Optimization- Adapted From [104]
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A particular strategy was applied in this research as a guide to develop the model. The
strategy was started with a literature review to explore the existing innovative assessment
techniques and practices that help to measure the project value within public transportation
agencies. Also, the effectiveness of using these techniques and tools within transportation
agencies across the United States were investigated. Also, the research investigated these
project delivery techniques in literature, including several keywords, criteria, factors, and
terminology related to project management and innovative technology. These criteria were
while searching the academic and industry databases. The research focused on what theory,
methodology, or practices are embedded in these approaches, how these techniques can be
implemented in a particular industry, and how likely these techniques can be applied to
transportation project delivery in order to enhance the project performance and value

within acceptable cost and time frame.
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2.3 Project Development Process

2.3.1 State Departments of Transportation (DOTSs) Project Delivery

The NCHRP 19-11 (2015) research project [104] summarizes an outline of the
literature content and recommendations on the suitability of the information to the
application of project delivery for transportation projects. Some documents were reviewed
to understand the state DOTSs efforts regarding the project delivery activities including

policies and guidance of project delivery within twelve state DOTS.

The research found that there is a high degree of inconsistency related to terminology
interchangeability and the actual meaning. The project development and Lifecycle terms
were used interchangeably in several of the documents reviewed. Project delivery refers to
the combination or integration of Project Development and Project Management in the
construction industry. The project development is used to illustrate the development of a
construction project from the beginning to the end. The project lifecycle is a more generic
term to describe project stages from the initial to the closing stage. Also, the scope was
various between agencies, projects phases and tasks required during the project delivery
process all appear different for the DOTSs investigated. Some DOTSs provide a very detailed

project delivery process, and others have a unique process version.

As noticed in the NCHRP 19-11 research, many states have developed guidelines for
their project delivery efforts. However, various levels of thoroughness in the guidelines

and consistency of information were addressed from reviewing of the twelve DOTSs.
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2.3.2 Comparison of DOTs Project Delivery Process

Table 2 summarizes the project delivery process including project development process

and project lifecycle from twelve DOTS. The information in this table emphasizes the

observations made above.

Table 2: State DOTSs Project Development Process and Project Lifecycle

State

Project development process / Project life
cycle

Title of the
literature/Report

Date
of issue

Florida DOT

Critical topics include the following:
Planning

Project Development & Environmental
Design

Right of Way (ROW)

Construction

Design-Build

Maintenance

Local Agency Program

Project
Management
Handbook [105]

2014

Georgia
DOT

Critical topics include:

Concept Stage

Preliminary Design

Final Design

Design Guideline Exceptions/Variances
Construction

Project
Management
Handbook [106]

2012

Oregon DOT

Program Development
Project Development

Award Construction Contract
Construction Management

Project Delivery
Guide [107]

2010

Utah DOT

PD methods include:
Design Build (DB)
CMGC

Procurement Contract

Project Manager
Guide [108]

2013

Montana
DOT

The MDT adopts Adjusted Score Design-

Build Bid Process involving several tasks:

Project Identification

Development of the Design and
construction Criteria Package (DCCP)
Contract Number Assignment
Advertisement

Statement of Qualifications
Considerations for Request for
proposal Development

Guidelines for Request for Proposal

Design Build
Guideline [109]

2008
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Phase I: Pre-Project Budge.

CDOT Project

Clglg_rl? do Phase II: Design Development 2013
Phase I11: Construction Manual [110]
Initiation Phase Project
Virginia Development Phase Management 2011
DOT Delivery Phase Policy [111]
Closeout Phase
Problem Screening (PS) Project
New Jersey Con_cept Developmen_t (CD) Cu§ton_1ization
DOT P_rellmlna_ry Engineering (PE) Guideline [112] 2015
Final Design (FD)
Construction (CON)
Possible delivery methods include: Project
Design-Bid-Build Management
Construction Manager/General Guidelines 2
Contractor (CMGC) Edition Working
Design-Build (DB) Draft [113]
Design-Build-Operate-Maintain
(DBOM)
Nevada DOT Design-Build-Finance-Operate (DBFO) 2010
Build-Own-Operate
Outsourced Service Contract
Asset Management
Concession
Awvailability Concession
Transportation Facility Agreement
(TFDA)
Project identification as design-build Guidebook for
candidate Design-Build
Project attribute assessment Highway Project
Team formulation Development
Project scope definition [114]
WSDOT Data gathering 2004
Final decision to use Design-Build
contracting
Request for Proposal preparation
Selection of Design-Builder
Administration of contract
Planning and Programming Project
Preliminary Design Development
Environmental Process Manual
TXOOT | The Right of Way and Utilities [115] 2014
The preparation of PS&E
Letting
Project Initiation Document Caltrans Project
Permits & Environmental Studies Management
Caltrans Plans, Specifications, & Estimates Handb_o_ok 2007
(PS&E) 5t Edition [116]
Construction
Right of Way
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2.3.3 Characteristics of Assessment Tools - Value Optimization Approach

Table 3 shows a taxonomy list of innovative assessment tools which were identified
and collected during this research. The research explored the existing value engineering
(VE); risk assessment (RA); constructability review (CR); value metrics/decision model
(VMs); and cost estimation & validation process currently (CEVP). These tools are
currently applied to the delivery of transportation infrastructure projects and other
construction industry. During the investigation process of the filtered list of innovative
assessment tools; these tools were classified based on some criteria and factors that
commonly use in the project delivery process. Four main criteria and factors were
identified during the research and most of them were considered in the investigated
innovation methods, tools, and techniques. The criteria and factors that were addressed in
this research including cost, time, risk, performance/quality, flexibility, product reliability,

sustainability, competitiveness, the willingness of adoption, and utility.

Table 3: A taxonomy of Innovative Assessment Tools

. The tool uses to identify or assess the project;
Tool Industry Subject
= g x t— 3 References
o = ) @ =
(@] = o ol o
Construction Ship Building 0] O [117] (2016)
Construction Planning @] @] @] @] [118] (2011)
g Construction Railway @] @] [119] (2011)
Transportation Development @] @] @] @] [120] (2014)
. Decision
Construction Analysis @] @] [121] (2009)
Transportation Planning @] [122] (2010)

42



Uncertainty

Value-knowledge Modelling 0] 0] 0] o] [123] (2012)
Transportation Policy & 0] o] [124] (2013)
procedures
. Project
Construction Management 0] 0] 0] o] [125] (2013)
Construction _Mega projects |, o| o [126] (2016)
investment
Construction Projects ol o| ol o [127] (2014)
selection
Construction Highway 0] 0] 0] [128] (2006)
< -
o Construction A knowledge @] (@] [129] (2014)
based
. Risk
Transportation Management 0] 0] 0] [130] (2012)
Transportation Highway ] @] @] [131] (2012)
. Risk
Transportation Management 0] o] O [132] (2012)
Transportation Construction @] @] @] 0 [133] (2016)
Construction Overview 0] o] [134] (2010)
Transportation Construction 0] o] o] [135] (2014)
Construction Building 0] o] o] [136] (2011)
performance
Construction Factors review 0] o] 0] [137] (2011)
14
@) Construction Guidebook O O 0] [138] (2010)
Transportation Guide manual 0] 0 o] [139] (2008)
Transportation Design manual 0] o] 0] [140] (2013)
. Research
Transportation report 0] o] [141] (2012)
Transportation anstructablllt 0] o] [142] (2010)
y guide
" . Value Analysis
E Transportation Guide 0] o] o] o] [54] (2013)
Value
General Optimization @] @] @] (@] [69] (2010)
Cost-Risk
Transportation estimation @] @] @] [143] (2004)
a process
>
I-IJ Construction In_frastructure @] @] @] [144] (2004)
@) projects
Risk-Based
Transportation Engineers @] @] @] [145] (2015)
Estimate
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Lack of funds, project complexity, and stakeholder involvement drive an ongoing
need to increase innovation in project development and delivery. An innovative set of tools
that help governments and companies is required to manage their projects more proactively
and efficiently [37]. Some processes and tools contribute to stimulating innovation and
progressive thinking. The demand for innovation increases, appropriate tools, and right
decisions are strongly needed to deliver the projects efficiently [146][147]. Innovative tools
help the project decision makers to plan and anticipate constraints at early project stages.
Project planners and decision-makers should understand all perspectives and outcomes
(i.e., technical, management, etc.) in a transportation construction project to make

intelligent decisions. Also, they need a useful technique to help guide those decisions.

Therefore, the common innovated project assessment tools combined with VE to select
the most effective technique were identified and used in this research. The main objective
was to develop a comprehensive decision model for a value-based evaluation approach.
The model findings aimed to choose the most effective alternative for measuring the

success of outcomes related to the delivery of transportation projects.
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2.4 Gap Analysis

Gap 1: When several decision makers are involved in the same decision, the process
of making the decision has the potential to be substantially more challenging [6]. All
decisions that are formulated during the planning stage of construction projects have a
significant impact on the project cost and performance. A decision at an early stage can
lead to significant savings if multi-objective optimization is implemented, however, the
best MCDM method has not been discovered yet [48]. Nowadays, in construction projects,
there is increasing pressure on decision makers to search ways to minimize construction
costs and time. Advanced models are needed for optimizing the multiple and conflicting
objectives of project time, cost, and the effects on the environment [53]. Therefore, it is
necessary to develop tools that have benefits that far exceed the effort practical [51].
Georgia DOT identified specific gaps that needed immediate attention, such as decision
support tools and a performance-based approach using consistent criteria to guide their
projects [52]. A set of tools is needed for the prioritization of alternatives [49]. Multi-
criterion decision-making approaches can help decision-makers to select the right solution
among various potential optimal solutions in construction projects [50]. A value-based
approach is needed. The drive for the selection of alternatives will be the effects of project
cost and completion time [49]. A multi-criteria assessment approach is required to reach a
solution with an acceptable degree of satisfaction [46]. New managerial, assessment tools
and methods along with a high level of technology could allow DOTs decision makers to

make balanced decisions resulting in smoother and quicker project delivery [58]. A
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developed decision model was developed in this research to evaluate the effectiveness of
assessment tool alternatives while considering of some project delivery value perspectives
that are related to highway construction projects. The model is standardized to assess a
comprehensive range of project management tool alternatives that are required in different

project delivery stages, and are based on the value optimization approach.

Gap 2: Researchers presented the decision analysis process to different industries and
sectors (public and private) under different decision criteria perspectives. Most of previous
studies presented specific objectives such as cost reduction, schedule acceleration,
environmental impact, quality, or safety [48]. However, construction planners have to
compromise on different aspects of projects [57]. The decision-makers’ requirements
including project problem characteristics are both considered as key influencers to select
or develop the most appropriate approaches, systems, tools, or methods for making the
right decision [56]. A variety of criteria needs to be applied to the evaluation or selection
of alternatives. As of yet, no ideal set of criteria has been defined by research [59]. To
increase the clarification of the risk and the lack of value consequences for operational
decision-making, more investigation is required to identify the relation between factors at

different levels of analysis [54].

Stewart emphasizes in his book Value Optimization for Project and Performance
Management [55] that most decisions are based on one criterion. Some decision-makers

focus on the project cost, time, or performance as critical elements to achieve an acceptable
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project outcome, whereas others refer to the importance of project size or impacts for
making the right decision [54]. However, a balanced approach for multi-objective criteria
is required to identify the relationship between cost, time, risk, performance, and resources
to adjust them to optimize project value [28]. This research was followed the balanced
approach to fill-in this gap by using the value optimization approach as an objective level

in a multi-criteria decision support model.

Gap 3: Many qualitative and quantitative tools are used, but no systematic analyses are
implemented to complete the required actions during the project assessment activities
[2][60]. These tools or techniques may be combined based on project circumstances for
assessing the uncertainty of projects’ forecasts. An evaluation process is needed while
innovative assessment techniques are commonly disjointed and don’t often support each
other [61]. To reduce the project delay, the integration of assessment tools is required.
Integrated tools should be conducted concurrently rather than by a one by one process
[148]. This research suggested a simple deployment and rollout process including the high

ranked alternative that can be used as a project delivery assessment approach.
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* LITERTURE REVIEW - this Chapter aims to explore transportation projects' fail and)
sucess. Also, to identify assessment factors, criteria, tools, and development process within
transportation projects development and delivery. The literature review includes
investigating the value optmization theory and its contrbution in the research. Research
gaps also presented and analysied. )

*« PROJECT MANAGEMENT TOOLS, TECHNIQUES, AND DECISION MAKING)
METHODS - this Chapter aims to identify project management tools: theories, practices,
and analyses. This chapter will give readers a clear picture of multi-criteria decision
models that use experts’ opinion input. )

RECEN

O
I
N

~

* RESEARCH APPROACH - this Chapter aims to illustrate the research, objective,
methodology, and experts panel formating and selection.

J

~

* CASE STUDY BACKGROUND - this Chapter aims to provide an overview on State
Departments of Transportation (DOTS), techniques, and applications.

J

« CASE STUDY MODEL DEVELOPMENT - this Chapter aims to develop the decision)
model of this research in order to cope with the serious problems in the transportation
projects delivery and improve the success of the decision within the project assessment
activities. )

N
* RESULTS AND DATA ANALYSIS - this Chapter aims to present, analyse, and discuss
the data collected from the research instruments. Performing a scenario approach and

final results validation are described and discussed in this Chapter. )

~
* DISCUSSION - this Chapter aims to highlight and discuss the major findings and
conclusions of the research results. Also, a recommendation of a new systematic
assessment process is suggested and discussed in this chapter.

_J

* RESEARCH CONCLUSIONS - this Chapter aims to provide an overview of th?
conclusion regarding the achievements of the research’s objectives, and to clarify the
research contributions. Also, to acknowledges the limitations and to make
recomdendations for future research considering the original research aim and purpose.

EEECEE(E
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CHAPTER THREE: PROJECT MANAGEMENT TOOLS, TECHNIQUES, AND

DECISION-MAKING METHODS

3.1 Introduction

Due to, the high level of risk and uncertainty in most construction projects, especially
in the metropolises and towns that have a large population density, the selection of
appropriate project management tools has been more challenging and involved complex
decision making. Both individual organizations and practitioners in the field of project
management are always working to develop their practices by examining the exciting and
new innovated tools. Furthermore, some research has been conducted on the performance
of project delivery tools, methods, and applications in the construction industry. The
exploration of innovative project planning, management, value improving, and delivery
tools or methods for transportation and other construction projects are the result of the
insistent need to improve project delivery strategies rapidly. The current set of popular
project management tools and techniques is more highly valued in high-scale construction
projects, while it less highly valued for smaller projects. The most project valued tools can
provide organizations with the guidance they need in developing and implementing project

management tool and techniques.

Project Management Institute in PMBOK guide [149] identifies an overview of

extensive set of project management tools and techniques. As shown in Table 4, these tools
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and techniques are considered valuable and applicable to most construction projects.
The PMBOK guide indicates that the necessity of adapting practice to the particular
situation by choosing which tools and techniques to employ within the construction
industry. Thamhain [150] highlights the contribution of project management tools and
techniques as a conditional to the project performance. Fortune [149] discusses the use of
tools and techniques in relation to project success. Both [150] and [151] studies provide in-
depth concerning the varying levels of project management tools and techniques

applications within the construction industry and others.

Table 4: Project Management Tools and Techniques

Knowledge Area Tools and Techniques

Project plans

Stakeholder analysis

PM software

Change control board

Integration Management Configuration management

Project review meetings

Project leadership

Executive sponsorship

Work authorization systems

Net present value

Scope Management Return of investment
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Payback

Scope change control

Weighted scoring models

Requirements analysis

Time Management

Critical path analysis

Project network diagrams

Fast tracking

Cost Management

Cost estimates

Earned value management

Financial software

Quality Management

Quality control chart

Quality audits
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Maturity models

Statistical methods

Fishbone diagram

Value Management System

Value Planning

Value analysis

Value engineering

Value alignment

Human Resource Management

Resource loading

Resource levelling

Team building exercises

Motivation techniques

Empathic listing

Responsibility assignment matrices

Communication Management

Communication management plan

Status reports

Meetings

Conflict management

Virtual communications

Templates

Project websites

Communication infrastructure

Procurement Management

Contracts

Negotiating process

Make or buy analysis
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Requests for proposals or quotes

Source selection

E. procurement

Risk ranking

Risk registration

Risk assessment

Probability and impact matrix

Risk Management Monte Carlo simulation

Top-ten risk item

Risk tracking

Constructability review

Each construction project classifies by a framework for looking at project dynamic
over time, and the framework usually describes the project lifecycle. A generic project life
cycle framework has four phases; conceptual, planning, execution, and termination. The
project management tools and techniques differ across these phases. Based on the project
objective and the activities in each phase, appropriate PM tools and techniques are
identifying and selecting by the project manager and project team. Coombs [152] discusses
the different of PM tools and techniques regarding their use in project phases and these
tools and techniques metrics for project success. Table 5 shows examples of a proposition

of the activities and the PM tools and techniques that may be used in each project phase.
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ACTIVI-
TIES

PM TOOLS & TECHNIQUES

Table 5: Activities and Selection of PMTT in of Project Life Cycle Phases

PROJECT PHASES

Conceptual Planning Execution Termination
. . . Change Postmortem
Project selection Scheduling management analysis

Team member
selection

Cost Estimating

Scoring model

Critical Path
Method (CPM)

Change request

Progress report

Decision tree

Program
Evaluation and
Review Technique

Risk log

Postmorterm
review

(PERT)
Analytical Earned Value
Hierarchy Process Scope statement Management
(AHP) (EVM)
Scope statement WBS Performance
report
Work Breakdown
Structure (WBS) Gantt charts
Critical chain

Schedule crashing

Stakeholder
analysis

3.2 Managing Construction Projects Using Project Delivery Methods

Project delivery methods are continuously developing to reduce the project cost and
time considering the project specific needs [153]. Suitable project delivery and contracting
strategy would assign roles and responsibilities in a desirable way for the performance of
project activities and facilitate the optimal performance of these activities with respect to
owner’s objectives [153]. The project delivery method is a process that respects to project

scope, designers, constructors and various consultants [154]. A project delivery method
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associated with a procurement approach provide techniques for bidding, managing and
specifying a project [153]. Three fundamental project delivery methods are considering by
the Construction Industry Institute; Design-Bid-Build (DBB), Design-Build (DB), and

Construction Manager-at-Risk (CMR).

The Design-Bid-Build (DBB) technique has a complete design before awarding the
project which is increasing the certainty of the cost estimates. In this method, usually the
owner and the bidder share and have the project engineer’s estimate. Also, the owner can
choose unit price bids as the payment method. DBB method has a significant advantage
that allows the contractor to bid on unit prices rather than the total price. Touran [155]
explains the use of DBB method, the contractor does not have the risk of fluctuating
quantities, while the owner does not have to pay for constructor contingencies included in
the bid because of quantity uncertainties. The DB technique provides a sole responsibility
for both the design and construction of a project to one contractor as a single commitment
[152]. In CMR method the coordination begins during the design phase between the
construction manager at risk and the design engineer. However, in this method, the project
owner has to sign two contracts one with the design engineer and the other with the
construction manager. Both of DB and CMR engage the contractor earlier in the project

lifecycle than with the DBB [156].

The [156] referred to a multitude of names for project delivery methods throughout the
industry. For example; Project alliancing is the model for a new project delivery method

that has recently emerged in the United States as an integrated project delivery method
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(IPD) [157]. The IPD defines by the American Institute of Architects (AlA) as a project
delivery approach which integrates people, systems, and business structure into a process.
The [158] and [159] pointed out in their studies to the integration delivery method in
construction that the integration process of collaborative working practices, methods, and

behaviors.

Academic research and industry reports introduce other methods that are using in
different construction projects, and they prove its ability to reduce the project cost and time
such as Design-Build-Operate-Maintain (DBOM). This method combines the design and
construction responsibilities of design-build procurements with operations and
maintenance. Design-Build-Finance-Operate (DBFO) also considers as an approach where
responsibilities for designing, building, financing and operating are integrated and
transferred together to private sector partners. Build-Own-Operate is retaining ownership

while a private contractor constructs and operates the project.

There are also alternative delivery methods such as Public-Private Partnerships (PPP /
P3s), and Alternative Technical Concepts (ATCs). According to [160] PPP is an umbrella
term referring to a variety of collaborative that involving a significant number of
individuals and organizations. PPP projects combine finance, operation, and maintenance
with the more traditional DB project delivery approach. Projects that do not show all five
characteristics such as design, build, finance, operate, and maintain are not characterized

as PPP [161].
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Figure 7 illustrates a flowchart of a sample Design-Build method that uses to accelerate
transportation bridges construction. The key team members are shown in different colored
boxes. The DB process combines both design and construction activities into one contract.
The project design and construction are achieved by combined efforts of project’s team
and contractors with design engineers. Usually, some up-front project design is completed
by the agency before the bidding process such as preliminary design, acquisition of Right-

Of-Way (ROW), and procurement of environmental permits [161].

R‘“:"’m"’;l"“”w’ L Interviewteams |—|  Open bids || Determine best value —I

I—- Selection and a ward ﬁ/ ""::nm""’

Figure 7: DB Process in Bridges Construction- Adapted From [162]
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3.3 Managing Construction Projects by Contracting Methods

Turnkey (TK): This model of contracting, which involves delivery of a complete system
and extend the timescale of the project backward to pre-bid activities and forwards beyond
the handover stage [163][164]. The [164] describes the turnkey as an approach involves
the public and the private sector in delivering the project. The public sector is the ownership

of the facility in this arrangement.

Build-Lease-Transfer (BLT): This technique is similar to the DB option, except that the
facility is passed on to the public sector. The process occurs under a lease structure upon

completion and acceptance of the facility [165].

Lease and Transfer (LT): In this category of arrangement, the leaseholder is responsible
for operating and maintaining the infrastructure facility and services. However, usually,
the operator is not required to make any significant investment. The duration of the leasing
contract is typically for 10 to 20 years. It also depends on fixed facilities, which are leased

out for a more extended period whereas mobile assets are a shorter duration [164].

Build-Transfer-Operate / Design-Build-Operate (BTO/DBO): In this model, the
private sector designs and builds a facility for the public sector. Also, the private sector
usually provides the financing for it. The new project is transferred to the project owner
but the contractor who the responsible for operating the facility and recovers its investment
in the project over a set number of years. The most common investment period of this

model was between 25 to 30 years [166].
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Build-Operate-Transfer (BOT): This approach is now gaining widespread popularity in
developing countries. In this method, the private sector has to finance, design, build,
operate, and maintain the project. Then, the project transfers to the owner (Government)
after a specified concession period [167]. [167] Defines the BOT model as the government

turns over development and initial operation to the private sector.

Build-Own-Operate-Transfer (BOOT): The developer in this model is usually who is
the owner of the project or facility. The eventual no-cost transfer of the project or facility
to the public sector would most likely be well after the economic life of the facility has
expired, or at least not until the financing has been repaid [164]. In this model, after the
contract period, it is handed to the public sector, it enables innovation and initiation from
the private sector and is often associated with accelerated infrastructure construction and

improved value for money [167].

The Build-Own-Operate (BOO): This method involves the greatest degree of private
sector participation in the development of a new project or facility. Under this model, the
sponsoring consortium finances the project and operates the facilities as the owner. BOO
is not required to transfer the project or facilities back to the host government [164]. The
government may contribute in some payment guarantee via long-term contracts, but any
residual value of the project accrues to the private sector [153]. The arrangement of BOO
involves a long-term supply contract with the client, who is charged accordingly for the

services delivered [168].
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3.4 Managing Construction Projects by Support Tools and Techniques

Value Management (VM): In the project construction context, the value is the
relationship between benefits, costs, and risks that are incurred for conducting
project objectives. The VM framework is the balance of project stakeholder’s
benefits, resource efficiency, and the value for Money. VM is the link between
strategic management and organizational project management. It is the
accomplishment of the organization's strategies by projects or programs [54]. VM
has existed under different names, such as Value Analysis (VA) and Value
Engineering (VE) [169]. VE is the common term that uses in the construction
project activity. It is a process for achieving the best project outcome by improving
the project quality, safety, and reliability [54]. VE is usually applied in the analysis
and design of a service/product [170]. The NCHRP Synthesis 352 defined the Value
Engineering process as the Job Plan, defines a categorization of activities that are
undertaken during a VE workshop. During the VE workshop, the VE team learns
about the background issues, defines, and classifies the project (or product or
process) functions. They identify creative ideas to provide the functions as first
input. Then, they evaluate and develop the VE proposals to key decision makers. It
is the focus on the functions that the project, product, or process must perform that
sets Value Engineering separately from other quality-improvement or cost-

reduction approaches [145].
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Risk Management (RM): It is one of the nine knowledge areas presented by the
Project Management Institute [171]. RM in the construction project management
context is a systematic way that uses to identify, analyze and respond to risks for
achieving the project objectives [42]. RM process leads to identify, analyze and
improve the construction project management processes including the efficient use
of resources. Risk management comes as a response to specific questions during
the project assessment activity. For example, what is the probability that this risk
will occur? And what is the severity of the impact on the project if a risk is allowed
to take place? [172]. In the construction projects, the risk analysis process is
complicated because the nature of risk is usually affected by numerous factors such
as human error, lack of data or information. Large investment scale of construction
projects is always associated with higher risk [173]. The risk in construction
projects is different than an issue, risk defines as an uncertain event, while the issue

is a problem needs a solution by the project manager [174].

Quality Management (QM): Quality management has increasingly been adopted in
construction projects to meet the needs of the final customer [175]. The Japanese
defined the effective management of quality and productivity as total quality
management (TQM), and it has been adopted and applied in the United States [176].
The Japanese adopt the TQM teachings for the experts to meet their needs in

different industries. Construction companies have adapted the TQM method
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applied it to construction operations with minor modifications [177]. The TQM

process is the contribution of all construction project parties [178].

Constructability Review (CR): It is a formalized process whereby a project is
evaluated to identify issues, errors, and omissions related to the construction of a
project. A common definition of CR is defined by the Washington State Department
of Transportation (WSDOT). They described CR as the property of a project in
which errors and omissions on the contract plans and special provisions have been
minimized and allow the contractor to construct a high-quality project that is
biddable, buildable, and maintainable [179]. Many organizations consider
constructability review, or CR, to be a process performed late in design. While CR
should be performed before construction, it should also be considered during the
earlier stages of project development. CR is both a quality and risk management
process. This activity has been designed to help project teams systematically
consider applicable constructability issues at various stages of project development.
It draws upon research performed by the University of Kentucky and from several
state departments of transportation to identify common areas of focus to uncover
constructability issues. The importance of constructability to project success that it
has motivated many state transportation agencies (STASs) to address it on their

projects. While most STAs consider constructability in some manner as part of the
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project development process, however, only a small percentage have developed and

implemented formal Constructability Review Processes (CRPs) [145].

Project Management Software (PMS): Several PM softwares are developing to help
project managers and their team to plan and manage the project tasks and resources.
These tools may use in estimation, assessment, controlling, or management project
activities. For example, the most common software is scheduling tools. Most of
these tools are listed above [180] such as MS Project, Gantt Chart, the Program
Evaluation Review Technique (PERT), Critical Path Method (CPM), or Primavera
(P6)tool or technique. Scheduling tools are used to sequence project activities and
assign dates and resources. Scheduling tools may include support for resource
leveling, critical path, activity duration estimation, or activity cost accounting

[181][182].

63



3.5 Overview of Multi-criteria Decision Models Leveraging Expert Opinion

Multi-Criteria Decision Making (MCDM) provides a strong decision making in
domains. It helps to choose the best options with respect to many criteria and factors; the
best alternative can be selected based on expert’s input by weighting the criteria and then
choose the optimum alternative using any multi-criteria decision-making techniques [183].
MCDM methods have four basic steps that support the making of more efficient, rational

decisions:

e Structure the decision process, criteria formulation, alternative selection.
e Display trade-offs among criteria and determine the weight of each criterion.

e Apply value judgments concerning acceptable trade-offs and evaluation.

As shown in Figure 8 the process of evaluating results and make a decision [183].
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Figure 8: Multi-criteria Decision Process- Adapted From [183]
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The multi-criteria analysis is used to select the “best fitting” solution from distinct
multi-attribute options [184]. For example; Delphi method is a technique for structuring
systematic communications among a panel of experts. It uses as an opinion-taking

procedure, and it is different from conventional face-to-face group integration [185].

In this research there are 12 multi-criteria decision methods, which depending on expert

opinion were investigated from the literature review:

e The Hierarchical Decision Model (HDM)

e Analytic Hierarchy Process (AHP)

e Analytic Network Process (ANP)

e Technique for the Order of Prioritization by Similarity to Ideal Solution (TOPSIS)

e Simple Additive Weighting (SAW)

e Value Matrices (VM)

e Elimination et Choice Translating REality (ELECTRE)

e The VlseKriterijuska Optimizacija | Komoromisno Resenje (VIKOR)

e Preference Ranking Organization Method for Enrichment Evaluations
(PROMETHEE)

e The Grey Relational Analysis (GRA)

e Simple Multi-Attribute Rating Technique (SMART)

e Decision EXpert (DEX)
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The Hierarchical Decision Model (HDM): The Hierarchical Decision Model

(HDM) technique was developed by Professor Dunder Kocaoglu [186]. The model can
be used as a network of relationships among decision hierarchies, where subjective
judgments are provided in a comprehensive evaluation [187]. The HDM has adopted
by decision makers in various industries [188][189][190]. HDM is used to quantify
expert qualitative judgments and convert them to numerical values using a pair-wise
comparison method. The HDM process likes other multi-criteria decision tools such as
AHP. Its steps include structuring the decision problem into levels, followed by
pairwise comparison among all variables, calculating the priorities of the objectives,
and checking the consistency. The HDM process is more comfortable for the experts
related to the relative and absolute preference [191]. HDM has the capability to divide
the problem into smaller entities for making the decision more accurate. Also, the HDM
has another advantage to screen and select alternatives, criteria, and sub-criteria in a
significant number [185]. HDM helps to analysis the relationship between mission,
objectives, and alternatives in a hierarchical structure. Also, it uses a pairwise

comparison process to convert experts’ qualitative input into numerical values.

Analytic Hierarchy Process (AHP): It is a decision-making method which

developed by Thomas Saady [192]. AHP is a well-known technique that has been
applied in academia and industry to select among competing alternatives in a multi-
objective environment and others. It is designed based on the well-defined

mathematical structure of consistent matrices and ability to generate true or
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approximate weights [193]. The method converts individual opinion into ratio-scale
weights that are combined into linear additive weights for the associated alternatives.
The final weights are used to rank and select the best alternative or option. The
judgments are made in a pairwise process. The AHP method is flexible, intuitive and

checks inconsistencies.

Analytic Network Process (ANP): This method is more general form of the AHP

used in multi-criteria decision analysis. The ANP structures as a network, while AHP
designed a mission as a decision problem into a hierarchy with a goal, decision criteria,
and alternatives [182]. Both methods use pairwise comparisons to weight the
components of the structure and select the best alternative based on the expert’s
opinion. ANP prediction process is accurate because feedback improves priorities

[194].

Technique for the Order of Prioritization (TOPSIS): It is a simple ranking method

application developed by Hwang and Yoon in 1981 which is an extension of the theory
of ideal solutions developed by Zelen [195] in 1974. The chosen alternative should
have the shortest distance from the ideal solution, while it should have the farthest
distance from the negative-ideal solution [196]. The positive ideal solution leads to
maximize the benefit criteria and minimizes the cost criteria, whereas the negative ideal
solution is vice versa. TOPSIS is a technique that combines quantitative attribute such
as price, time, distance, and soon; and qualitative attributes such as quality of the

relationship, quality of assurance, reliability; and compares all alternatives together
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based on these attributes [197]. TOPSIS provides alternatives ranking, makes full use
of attribute information, and does not require attribute preferences to be independent
[198]. Fuzzy TOPSIS method is used to eliminate an unreasonably large number of

pairwise comparisons and to solve MCDM problems [199].

Simple Additive Weighting (SAW): This method is well-known and most widely

used MADM method [200]. SAW method is also known as the scoring method which
it is one of the best and simplest types of multiple attribute decision-making method.
The fundamental rationale of the SAW method is to get a weighted total whole of
performance ratings of each alternative overall attributes[200]. SAW uses the expert
opinion for criteria and alternatives weighting [201]. However, this method is often
argued by some researchers and practitioners because of the unbalanced scale of
estimations that use during its process and its inappropriateness of crisp ratio

representation [54].

Value Matrices (VM): It is a new innovative combined MCDM and Value Analysis

method, which was developed by Stweart (2010)[104]. It demonstrates the measures
project value by correlating the performance of project scope and schedule to the
project costs. This process is known as Value Metrics. The objective of this
methodology is to prescribe a systematic, structured approach to study and optimize a

project’s scope, schedule, and cost.
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The VM method is working based on the following steps [202]:

e ldentify the project performance attributes and requirements,

e Develop the hierarchy and impact of these attributes upon the project,

e Determine the baseline of the current project performance by evaluating and rating
the effectiveness of the design concepts of the project,

e ldentify the change in performance of alternatives by the value analysis study,

e Measure the aggregate effect of alternative concepts related to the baseline project’s

performance as a measure of overall value improvement.

All competing concepts are compared to the baseline concept for all attributes in order
to compare and contrast the potential for value improvement. The matrix is essential
for understanding the relationship of cost, performance, schedule, and value of the
project baseline and of the concepts developed during the value analysis process.
Comparing the performance and cost suggests which alternatives are potentially as
good as or better than the project’s baseline concept in terms of overall value.
Comparison at the value index level indicates which alternatives have the best
performance versus cost or provides the project with the best value. Using the Value

Analysis aims to improve project value.

A simple way to think of value in terms of an equation is as follows (where time is

equivalent to delivery/schedule): VALUE = PERFORMANCE / COST
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Also, during the Value Metrics implementation, the value analysis team leader can

input the data through multiple tabs in the spreadsheet as the following list of tabs:

e Performance Requirements
e Performance Attributes

e Priorities

e Alternative Performance

e Alternative Value

e Strategy Performance

Strategy Value

Once the analysis completed, reports of the findings are automatically generated for the
Performance Priorities; Alternative Performance Ratings; Alternative Performance
Profile; Alternative Value Profile; Strategy Performance Profile; and Strategy Value

Profile.

Elimination et Choice Translating REality (ELECTRE): This method is capable of

handling discrete criteria that are both quantitative and qualitative in nature and
provides a complete ordering of the alternatives. The origins of ELECTRE methods go
back to 1965 at the European consultancy company SEMA, which is still active today.
An atypical ELECTRE method was innovated to deal with the problem of highway
design projects [203]. The method analysis is focused on the dominance relationship

between alternatives. It is based on the outranking relations and exploitation notions of
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concordance [191]. The outranking method uses a pair-wise comparison between
alternatives [204]. This approach allows using fuzzy analysis because of thresholds of
indifference and preference. It can accept qualitative and quantitative criteria.
However, ELECTRE is considered as a complicated method, because of the principles
used in its process (determining the concordance and discordance matrices) [202]. The
method updated and developed into six versions (ELECTRE I, II, 11, IV, IS and TRI)

[204][205].

The VlseKTriterijuska Optimizacija | Komoromisno Resenje (VIKOR): It is a well-

known MCDM technique which emphasized on select and rank of alternatives sets of
conflicting criteria. This method has been studied and developed by scholars in recent
years. VIKOR was applied in several application areas [205]. There is a high
motivation to categorize these methods across several areas and particular sub-areas.
The method classified by studies into four groups: Utilizing, Integrated, Proposed, and
Modified research [206]. The VIKOR technique was modified by Anvari, et al. (2014)

[207][208].

Preference Ranking Organization Method (PROMETHEE): The Preference

Ranking Organization Method for Enrichment Evaluations (PROMETHEE) has been
developed since four decades ago. The essential elements of the PROMETHEE method
were introduced by Professor Brans in 1982 [204]. The method uses pairwise

comparisons to weight each alternative with respect to the selected criteria. These
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evaluations depend on and present as numerical data. PROMETHEE implementation

requires two main actions [204]:

To weight the relative importance of the selected criteria by experts.

Then, comparing all alternatives with respect to the related criteria.

The PROMETHEE is most useful to solve complex problems by the project team,
especially problems with several multi-criteria which involve a lot of human
perceptions and judgments. The method is unique when important elements of the
decision are difficult to quantify or compare. It is working from different perspectives

[209][210]. So far, the method has developed twice PROMETHEE | & 11 [211].

The Grey Relational Analysis (GRA): The GRA method is a comprehensive

evaluation approach. It was developed in 1982 by a Chinese J. Deng who is a professor
at Huazhong University of Science and Technology [212]. GRY has been widely used
in various fields of science, especially in Asia because of its advantages in prediction,
modeling, control, and decision-making [213]. GRA has the merit of comparing two
sets of data by measuring the distance between two points. In order to keep the method
merit, all the criteria are distributed in a single level to the decision algorithm. The
weighting conversion from multiple levels to a single level of performance
characteristics are recommended to be done if the original decision model is in the

multi-level hierarchy structure [214].
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Simple Multi-Attribute Rating Technique (SMART): It is perceived ease of use, it

has been widely applied. Similar to AHP, SMART assumes ratio-scale weights [215].
In order to get weights using direct numerical ratio judgments of the relative importance
of attributes. Subjects first rank-order the attributes in importance and assign a scale
between (0 — 10), ten to the least important attribute. Then, they judge how much more
important each of the remaining attributes is in relation to the least important and assign

weights in multiples of ten. Finally, the ratio weights are normalized [216].

Decision EXpert (DEX): It is a qualitative multi-criteria decision analysis (MCDA)

method for decision making and is implemented in the DEX software. The method is
focusing on the explanation and analysis of options. Its processes lead to better
understood and justified decisions [217]. DEX is particularly well suited for decision
problems that involve qualitative concepts and lots of expert judgment. However, it
seems that the usefulness of DEX increases with the increasing difficulty, or
complexity of the decision problem. The best results were achieved in problems that
required large models, consisting of at least 15 attributes, and/or involving a large
number of options. The DEX software can deal with ten up to several hundreds of
options. However, DEX turned out to be unsuitable for problems that require accurate

formal modeling, numerical simulation and/or optimization [147].
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CHAPTER FOUR: RESEARCH APPROACH

4.1 Research Objective

This research aims to develop a comprehensive decision model for a value-based
evaluation approach of the project assessment techniques for transportation projects
development and delivery. The developed decision model will help to select the most
effective alternative for measuring the success of outcomes related to the delivery of
transportation projects. The common use of existing innovative assessment tools, methods,
techniques, and practices within transportation projects have been investigated to design
the model structure. The model is structured to evaluate some of the screened project
assessment techniques from five perspectives (cost, time/schedule, risk, performance, and
resources) including their associated sub-criteria. Furthermore, three high-level goals have

been proposed to meet the research purpose as follows:

e The first goal is to provide the needed decision model for transportation
development and construction projects considering value-based perspectives such
as risk, time, cost, performance, resources...etc.

e The second goal is to help the decision makers to optimize the project delivery
value and outcome within the transportation infrastructure.

e The third goal is to enable a reduction of time and schedule impacts during the

delivery of transportation projects.
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The research is targeted to address the following research questions:

What are the most common innovative assessment tools, techniques, or practices
typically performed as activities or programs to minimize the project cost and delay
of the construction project delivery process?

What are the criteria for evaluating the innovative assessment tools from the project
management, value optimization, and transportation project delivery perspective?
Which assessment tool alternative has the highest effect on optimizing the
transportation project delivery value and outcomes?

To what extent can the developed model’s results help in recommending a
streamlined flowchart or process for transportation projects assessment?

Could the developed model be generalizable to assess a wide range of project

management toolkit alternatives?
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4.2 Research Focus

Several innovative assessment tools, methods, techniques, and practices are used by
the project team to evaluate the project performance in terms of the relevant measures of
effectiveness such as cost, time delay,..etc. [145]. This research focuses on project
integrated assessment tools as potential techniques that can be used for optimizing the
project value and outcomes. As mentioned in the introduction, some questions regarding
these tools have been covered during the literature review process. A set of the selected
assessment techniques is chosen to be candidates for the weighting process. The evaluation
of various levels of criteria aims to help in identifying which alternatives are more valuable

than others.

The PMBOK Guide defines ten knowledge areas that consist of methods, processes,
and tools applicable to each stage for project delivery. These areas are integration, scope,
time, cost, quality, human resource, communications, procurement, and stakeholder
management [218]. The Project Management Institute (PMI) presents best practices to
provide the right opportunity for applying the phased approach or lifecycle model to make
project implementation success. A wide range of literature review has shown that there is
an apparent variation among studies regarding the project planning stage [22]. Project
planning and development are essential to the decision-making process [219]. In this
research, some common project assessment techniques were identified and selected to be
evaluated by experts through the developed decision model. These techniques are used in

the development phases within the transportation project delivery. As shown in Figure 9,
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specifically, the research targets the latest developed project lifecycle process within the
Colorado Department of Transportation (CDOT) [27]. Furthermore, the research is
considered the information and data of development and design phases that are presented

in the National Cooperative Highway Research Program, NCHRP 19-11, [220].
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Figure 9: CODT Project Lifecycle- Adapted From [27]

Figure 10 represents a visual outline of how the value management practices align with
a generic life cycle of transportation project delivery. It highlights key elements and
provides a basic blueprint from which the NCHRP 19-11 research developed a
comprehensive process. This process aims to assist transportation project teams in

maximizing the value of their projects delivery. Therefore, this research leveraged the
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concept of transportation project life cycle and assessment activities to identify which

project stage requires an assessment activity to reduce the cost and time of project delivery.

This research screened innovative assessment tools and techniques within
transportation projects and other industries that are used during the project life cycle, and

that primarily meets the requirements of the project development phase.

Also, the various successes of transportation infrastructure development perspectives
including common attributes that are employed in the project delivery decision-making
during the development phase such as cost, time, performance, risk...ctc were identified

and used in this research.

Finally, the high ranked alternative based on the developed model perspectives were
identified, by focusing on the requirements of the highway and bridge projects at the

development phase.
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Figure 10: Transportation Project LC / Design Phase- Adapted From [221]
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4.3 Research Methodology

The design of the research structure is required to illustrate a clear approach before
conducting the research activities. Dr. Greener defined the research design as “a grand plan
of approach to the research topic”[222]. Justifying the research design elements are also

important to understand the research design [223][224].

This research started with the literature review to identify and investigate existing
innovative assessment tools, techniques, and practices within public transportation
agencies and the effectiveness of using these techniques within some state DOTs. Several
keywords were used to search academic and industry databases for literature on project
delivery tools and techniques. Also, some criteria and terminology related to project
management and innovative technology were used to identify and screen these tools and
techniques. The research focused on what theory, methodology, or practices are embedded
in these approaches, how these techniques can be implemented in a particular industry, and
how likely these techniques can be applied to the transportation project delivery for
enhancing the project performance within an acceptable cost and time frame. A hierarchy
decision model (HDM) provides a systematic approach to develop priorities for alternatives
based on the experts’ judgments. A decision model is formulated in this research to include
the evaluation of criteria and sub-criteria, to identify the high ranked alternatives based on
the model perspectives, and to focus on the requirements of the highway and bridge project
planning and development phase. The HDM is constructed to represent a decision problem,

which it designs in hierarchy model levels as a mission including criteria, sub-criteria, and
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alternatives. In order to choose the best alternative, the experts were asked to discuss,

identify, weigh, and validate the model criteria, sub-criteria, and alternatives.

4.3.1 Research Model

The HDM was used in this research as an evaluation model to identify the most
effective assessment tools for optimizing the value and outcomes of the transportation
infrastructure. HDM has the capability to divide the problem into smaller entities for
making the decision more accurate. Also, the HDM has another advantge in that it can
screen and select a large number of alternatives, criteria, and sub-criteria [185]. HDM
helps to analyze the relationship between model mission, objectives, and alternatives in a
hierarchical structure (Figure 11). Also, it uses a pairwise comparison process to convert

experts’ qualitative input into numerical values.
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Figure 11: HDM Structure- Adapted From [225]
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4.3.2 Inconsistencies

Inconsistency is an unintentional error that occurs during the pairwise judgment process
[226]. It is a gauge of how consistent, or reliable, the participant was in their assignments
[227]. Inconsistency can also be defined as a disagreement within an individual’s
evaluation [228]. It is accepted value, if the inconsistency is between 0.0 and 0.1 for valid
results [184][229][230]. However, an expert’s judgments should be “consistent” over
repeated times [231]. Furthermore, Neshati [232] emphasized in his dissertation that in
order to reduce disagreements among experts, the weighting process of the model needs to
be repetitive. Consistency is a necessary condition that the experts in a given field should
agree about each other. This condition is sometimes accepted as a practical goal [233]. A
large number of researchers have focused on inconsistency, and as a result, they have
developed consistency measures [233]. The development refers to procedures which are

used to adjust the inconsistent judgments.

For (n) elements, the constant sum calculations will result in a total of (n!) orientations
with vector values represented by (r1, r2 ... rn) for each. For example; if the expert thinks
A is more likely than B and B is more likely than C. While at the same time, the same
expert considers C to be more likely than A, then the responses are considered
“inconsistent.” Therefore, each orientation is expected to have slightly different relative

values assigned to each decision variable.
Inconsistency has a particular formula, and it can be determined as follows:

Let: rij= relative value of the i element in the j'" orientation for an expert
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7; = mean relative value of the ith element for that expert

The inconsistency of the i element is:

1 n! 2
Inconsistency = —Z (7 - rij)
n! j=1

For. i=1,2,...,n

n = number of elements compared

] 1 n 1 n! _ 2
Inconswtency = ;Z ) FZ 1(1"i — rij)
= . j=

A new calculation of inconsistency that has been recently developed by Abbas [234]

using the sum of the root of variances instead of the standard deviations:

o = variance of the mean of the i" decision element
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4.3.3 Disagreements and F-test with Hypotheses Testing

In general, the disagreement is a result of the differences in knowledge or interest
among experts. It comes from the differences in their subjective evaluations of the decision
problems [227]. On the other hand, Estep [235] highlights in her dissertation the
disagreement level, if the disagreement exceeds a value of 0.10, the value of zero would

imply complete agreement among the experts.

The interpretation of experts disagreement depends mostly upon the decision-making
circumstance [229]. Analyzing and resolving disagreements among the experts is very
import to achieve the decision-making objective. When the disagreement shows high, the
weighting process should be re-examined. Therefore, to analyze the level of disagreements,
two statistical methods can test disagreement between experts, The interclass correlation

coefficient (ICC) and F-test with hypotheses testing [191][227] [184][236];-

4.3.3.1 The Interclass Correlation Coefficient (ICC)
e Itis calculated to measure the degree to which k experts are in agreement with one
another on the ratings of n subjects/criteria.
e The coefficient ICC may achieve the maximum of 1 when all experts assign the
same mean Vvalues to the subjects that mean absolute agreement, or
e The value of ICC is close to zero in case of a substantial difference between the

mean judgment values among all experts.
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e IfICC has a negative value, the negative correlation is generally considered as zero.

It has been accepted that a ICC > 0.7 indicates a strong agreement among the

experts.

The ICC formulas illustrated below:

Terminology
ICC: Interclass correlation coefficient
MSBJ: Mean square between judges
SSBJ: Sum of square between judges
dfBJ: Degree of freedom between judges
MSBS: Mean square between judges
SSBS: Sum of square between judges
dfBS: Degree of freedom between judges
dfres: Degree of freedom residual
Si: Relative values of expert i
Xj: Relative values for subject j
XT: Total of relative values for subject j
K: Number of judges
n: Number of subjects
SST: Total of sum of square between judges
MSR: Mean square residual
SSR: Sum of square residual
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Where:

Icc - MSBS — MSR
MSBS + (k — 1) + k(MSle— MSR
MSBJ = Z;’Z
k 2
x)| Exp?
S8 = Z n  nk
j=1
MSBS = Z;BS
BS
n
(Z Si)z (Z XT)Z
SSBS = Z [ .
i=1
DfBS =n- 1
VSR — SSR
Afres

SSR = SST — SSB] — SSBS
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4.3.4 F-test with Hypotheses Testing

The Cambridge Dictionary of Statistics, Fourth Edition, defines the F-test as a test for
the equivalence of the variances between two experts or people having normal
distributions. It is the ratio of the variances of a sample of observations taken from each
[229]. The F-test uses the null hypothesis, which indicates to no association or significant
disagreement among experts [227]. Estep [227] mentioned that the software offers all F-

calculation processes.

Terminology: HO: ICC=0
H1: Itisnot HO

Where:

_ MSBS
" MSR

e Based on the result of the pairwise comparison, F-value against F-critical value
comparison, the null hypothesis can be accepted or rejected [229].
e HO should be rejected when the F-value is greater than the F-critical value, which

indicates to no statistically significant disagreement among the experts [237].
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4.4 Sensitivity Analysis

Iskin [238] describes in his dissertation the importance of sensitivity analysis related to
alternatives selection. He explains the usefulness of analysis where there is only one
decision alternative that needs to be selected among others due to resource limitations. In
this case, decision-makers want to explore those situations that could potentially alter the

optimum solution.

Saaty [239] investigated the effect of uncertainty in judgment on the stability of the
rank order of alternatives by using AHP. Then, Chen and Kocaoglu [191] developed the

sensitivity analysis algorithm to study any changes in the HDM under different situations.

Several researchers [240][241][227][229][184][231][242][229] have utilized the
sensitivity analysis method to analyze and measure the impacts of potential changes in the

values at any level of the HDM.

The sensitivity analysis method has mathematical processes, which were developed
based on a series of mathematical assumptions. The method is considered as an accurate
and comprehensive method that is used to examine the impact of changes in different levels

of HDM on the ranking of the alternatives [242].

The sensitivity analysis process has been demonstrated that when one contribution
value changes, the other related ones will be changed. This change will be based on the

original model ratio scale relationships [239].
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The Sensitivity Analysis formulas illustrated below:
Let:

Ai: Alternatives  and ~ M: Mission

Contf™ : Local contribution of the L™ criterion to the mission
Conty; ¢ : Local contribution of the k™ sub-criterion to the L™ criterion
Cont~™ : Overall contribution of i alternative to the mission
Cont#~S : Local contribution of i'" alternative to the K™ sub-criterion

Cont~¢ : Global contribution of i"" alternative to the L™ criteria

The analysis of perturbations introduced at the objective level, let P2 represent the

perturbations imposed on one of the criterions Cf,

—Contf, < PL <1 — Contf,

Kocaoglu [243] emphasized that the original ranking of Ar and Ar+n will not change

A= PF.AC
Where:

A=Cf = Chy
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A¢ = Cont

A-C
r+n,l*

+

— Cont

1=1,l#1%

A= z Cont
=TT

A—C
Conty;

3 C
1=1,121x CONE

A-C

r+n,l**

Contf

L

C
1=1,121+ CONL;
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4.5 Expert Panel Design

An expert panel is composed of experts from several segments of the transportation
industry including some project managers from other sectors. However, identifying experts
and forming panels is challenging. Selecting and forming the right expert panels are critical
regarding the accuracy of the final result [244]. However, [245] justified that a significant
contribution to the accuracy of the results should be limited to maximum of twelve experts
per panel. While [246] pointed to literature that the Delphi group size depends on group
dynamics for arriving at agreement among experts. The author refers to the actual size that

is recommended in the previous studies, which is ten to eighteen experts per panel.

[247] [248] explained how to select expertise based on bias reduction. Between six
and twelve experts are required per group of experts. Experts should be selected carefully
when putting the domain in groups [224]. For choosing the best alternative, the experts will

be asked to discuss, identify, weight, and validate the model perspectives and sub-criteria.

4.5.1 Experts Panel Forming and Administration

The data obtained from experts should be representative of their clear feedback.
Therefore, to form a group of experts, qualified experts, create experts’ database, group
expert into panels were identified, and experts to the required panels were invited. In the
next step, a particular process was considered to get reliable results such as using a proper
tool or instrument for collecting the data from experts, processing a quantitative validation
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of the model resulting from the input of expert panels, and ensuring the secure and

anonymous of the communication between expert panels.[248].

Experts and other professionals are usually busy. Therefore, prior planning is needed
to ensure they have the availability for interviewing at appropriate times [249]. Also, some

experts may be willing to discuss their ideas before submitting their opinions.

4.5.2 Criteria for the Expert Selection
The selection of experts is critical to ensure the identification of relevant and qualified

experts. In general, experts should be chosen according to the following criteria:

e Expertise, knowledge, and experience [191][249]

e Availability and willingness to serve [191] [249]

e Technical credibility and independence [249]

e Skills working in committees and advisory panels [191]

e Absence of bias [241]
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4.5.3 Expert Selection Procedures

The expert selection procedures should be used to select specific individual experts.

Complex decision-making problems need strong expert panels when guantitative data are

not available [240][250]. Figure 12 shows how experts are selected to validate the decision

model content and construct; the process is adapted and developed from Chitu (2004)

[250].

Identify list of experts

» Identify relevant disciplines or skills: academics, practitioners, government
officials, and officials of NGOs.

* ldentify relevant organizations.
* ldentify relevant academic and practitioner literature

Create experts’ database

» Write in names of individuals in relevant disciplines or skills.

» Write in names of individuals in relevant organizations.

» Write in names of individuals from academic and practitioner literature.

Nominate additional experts

»  Contact experts listed in transportation agencies, construction project
managers, and academic advisors in transportation research.

»  Ask contacts to nominate other experts

Group experts into panels

»  Create five panels, one for each objective/criteria/sub-criteria/alternatives.
»  Categorize experts according to appropriate panel.

*  Rank experts within each panel based on their qualifications

Send the required invitation

* Invite experts for each panel, with the panels corresponding to each panel or
discipline.

+  Targetsize is 6 — 12 expert in each panel.

»  Stop inviting experts when each panel size is reached.

Figure 12: Selection Experts Procedures- Adapted From [251]
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CHAPTER FIVE: CASE STUDY BACKGROUND

5.1 Overview

Research has been conducted on the performance of project delivery methods in
transportation, and has proved that there is a lack of comprehensive comparative
approaches combined with adequate orientation into the future to provide a sufficient basis
for strategic decisions [252]. Therefore, the TRB, NRC, FHWA, AASHTO, and the
individual states participating in the NCHRP have started to partner and cooperate with
universities and private consulting companies to develop innovative techniques, tools,
applications, or processes that reflect their own projects’ circumstances and requirements.
Some of the studies focus on the performance of specific assessment tools in projects
development. Others researched on the features of these assessment tools to what level they
are integrated with and support each other; the effectiveness of these programs; and the
evaluation of current methods of measuring the success of outcomes (i.e., cost savings,

performance benefits, risk reduction, accelerated delivery, etc.).

5.2 Project Assessment Techniques - What / Why is it Important?

DOT decision makers are always examining their assessment tools, practices,

programs, process, and techniques for improvement and opportunities to be part of the
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overall public service plan [253]. In terms of the integration between tools such as VE,
RA, or CR, NCHRP Synthesis 455 emphasizes that combination can be achieved in
different ways [252]. To support the previous statement, [253][72] refer to the need to
integrate these assessment tools with Risk Analysis (RA) and Risk Management (RM)

process frameworks, and to apply them during the project development phases.

Several combinations of project tools or methods can be applied for the same project
[254]. The NCHRP and DOTs are actively researching to improve the project delivery
process and outcome. These improvements include integrating innovative assessment tools
and techniques during the planning, design, or execution phase. However, there is still a
lack of how these tools are interrelated, and to what extent they are integrated and support
each other. The NCHRP 19-11 survey indicated that there is a clear variation in terms of
how different U.S. State Departments of Transportation (DOTS) use project innovative
assessment tools. The survey results were analyzed based on the response of 64 DOTSs
project delivery experts. The respondents were asked about the performance time of each

tool during the project phases.

As shown in Figure 13, the majority of respondents (60%) indicated that they perform
VE studies during preliminary design. Nearly half (45%) said that VE studies are
conducted during final engineering, and about one quarter (28%) said that VE studies are

implemented during project planning and/or during engineering and analysis activities.

In the Risk Analysis survey, all respondents indicated that risk analysis is conducted

during the preliminary design. The usage declines the further along in project delivery the
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agencies are. In this case, 75% of respondents use risk analysis in the planning stage, 67%

use risk analysis during the final design, and 42% use risk analysis during construction.

The Constructability Review survey shows that 93% of respondents indicated that most
constructability reviews are conducted on the final design, while 7% of respondents
indicated that the constructability review is conducted during the planning stage, and the
other 7% during the construction phase. The other 53% of respondents indicated that the
constructability review is conducted during environment studies or the preliminary design

[104].
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Figure 13: Timing of Conducting each Assessment Tool in Project Phases
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Also, the survey covered the features of project assessment tools, and to what level they
are integrated with and support each other during project delivery. As shown in Table 6,
8% of respondents indicated that risk analysis was always performed in conjunction with
VE. Another 42% of respondents stated that the Risk Analysis is sometimes performed
with VE or that it is determined on a case-by-case basis. 27% of respondents stated that
VE is performed with the Constructability Reviews, and the other 47% indicated that it is

determined on a case-by-case [104].

Table 6: Integration of VE, RA and CR Tools [254]

Tools Always Sometimes Never Case-by-case
basis
VE-RA 8% 42% 8% 42%
VE-CR 0% 27% 27% 47%

5.3 Innovative Project Assessment Tools Selection for the DOTs

This research aimed to evaluate the effectiveness of five alternatives that are performed
by several State Departments of Transportation and agencies for assessing their project
delivery performance. The most effective alternative innovative project assessment
techniques will be recommended to the DOT decision makers in order to optimize their

projects’ value and outcomes.
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5.4 Tools Integration

According to the research gap that is addressed by the literature review, there is still a

lack of research about how project assessment tools are interrelated; to what extent they

have improved the value of transportation projects delivery, and how they are integrated to

support each other [85]. To reduce the project delay, the integration of assessment tools is

required. The integrated tools should be conducted concurrently rather than through a one

by one process [255].

A research question has been developed in this research with the purpose of addressing

this gap. The answer to this question is presented in the discussion’s chapter.

Table 7 illustrates some of the integration techniques that are currently used by DOTSs

to assess and improve the project delivery value and outcomes during the project life cycle.

These techniques are used in the developed decision model as alternatives.

Table 7: Transportation Project Assessment Practices

Technique

Description

Value engineering combined
with risk assessment
(VE-RA)

VE-RA is an interfacing risk assessment tool with a value
engineering tool to improve the project value [256]. The combined
process of VE-RA is used to analyze the project risks that are
identified and mitigated by value analysis workshop team. This
combination demonstrates a step-by-step process for integrating a
qualitative and quantitative risk analysis into a value analysis job
plan [255]. The advantage of this integration is that only a single
aspect of the project information will be needed for the value team
to address risk issues in value assessment study. Also, one single
team will be required to carry out the study on value and risk
assessment [257].
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VE-CR is a combination between constructability review

Value engineering combined | activities and the value engineering job plan. The combination

with constructability review improves the project performance by increasing the quality and/or
(VE-CR) quantity of interaction between experienced construction team and

value study experts into the planning and design stages [224].

The VE-DAM is a combination of multi-criteria decision Model
and value engineering. It measures the project value by correlating
the performance of project scope and schedule to the project costs
[54][258]. The VE-DAM leads to an improved and shared an
understanding of one of the project’s key important issues for the
project and the community [120]. The objective of this technique
is to optimize a project’s scope, schedule, and cost.

Value engineering combined
with the decision analysis model
(VE-DAM)

VE-RA-CR-DAM is a combination of risk assessment,
constructability review, and decision analysis model with value
Value engineering combined | engineering study within the construction project. This

with risk assessment, combination is used for improving project outcomes [259]. The
constructability review, and | advantage of combining or integrating these tools is [143]: To
decision analysis model eliminate redundancy in activities; to enhance the communication
(VE-RA-CR-DAM) and collaboration among project assessment activities; to use the

same project information pack by the project assessment team; and
to ensure all project risk issues are addressed successfully.

The combination of the cost estimate validations process, risk
assessment, and value engineering lead to the evaluation of the
quality and completeness, including risk uncertainty, of the
estimated cost and schedule [295]. The CEVP process is a
technique that allows the project team to quantify risks explicitly,
and to develop more strategic risk management plans for the
clearly identified risk events [27].

Value engineering combined
with cost estimate validations
process and risk assessment

(VE-CEVP-RA)
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~N
* DISCUSSION - this Chapter aims to highlight and discuss the major findings and
conclusions of the research results. Also, a recommendation of a new systematic
assessment process is suggested and discussed in this chapter.

J

* RESEARCH CONCLUSIONS - this Chapter aims to provide an overview of th?
conclusion regarding the achievements of the research’s objectives, and to clarify the
research contributions. Also, to acknowledges the limitations and to make
recomdendations for future research considering the original research aim and purpose.

CEECEL (&€
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CHAPTER SIX: CASE STUDY MODEL DEVELOPMENT

6.1 Piloting the Model Development

As mentioned in Chapter 4, the Hierarchical Decision Model (HDM) technique is used
as an evaluation model to identify the most effective assessment tools for optimizing the
value and outcomes of the transportation infrastructure. HDM has the capability to divide
the problem into smaller entities for making the decision more accurate. Also, the HDM
has another advantage in that it can screen and select a large number of alternatives, criteria,
and sub-criteria [185]. HDM helps to analyze the relationship between model mission,
objectives, and alternatives in a hierarchical structure (Figure 14). Also, it uses a pairwise

comparison process to convert experts’ qualitative input into numerical values.

Objectives
N C;.-O ¥
Goals bl
Sl G
Alternatives @ @ @ @

Figure 14: HDM Structure- Adapted From [225]
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In order to develop a unique model that considers the value optimization approach, this
research focuses on what theory, methodology, or practices embedded in this approach.
Also, it focuses on how project assessment techniques can be implemented in a particular
industry, and how likely these techniques can be applied to transportation project delivery
for enhancing the project performance within an acceptable cost and timeframe. This
research maximizes the strength of the suggested comprehensive decision model by adding
the element of resources to the original value optimization framework that is proposed in
the Stewart book [249]. These five elements cost, time, risk, performance, and resources
are included in the model assessment perspectives as Level 2. Experts in the field of
transportation construction and project assessment were interviewed and asked to confirm
the importance of using these elements for the proposed decision model. The Level 3,
model sub-criteria are selected based on the literature review, and also from direct
discussion with experts such as project managers, civil engineers, and value management

consultants.

The pre-testing of the decision model needs to be carried out before being evaluated by
the real experts. The objective of piloting the initial decision model is to detect possible
shortcomings in the model structure. Bhattacherjee et al., (2017) indicates the importance
of piloting to find out whether the proposed method or data collection will be able to

achieve the research objectives [260].

In this research, the initial decision model and HDM process were tested by several of

the DOT experts and Ph.D. students in technology management and civil engineering
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before approving the final model. In this step, volunteers who were named in this research

as informal experts were asked to validate and quantify the initial model. Two web-based

instruments of model contents were designed, and then tested by them for clarity and

appropriateness. In order to find the best alternative, the informal experts were asked to

discuss, identify, weigh, and validate the model’s criteria and sub-criteria. The informal

experts were comfortable using the HDM software. As shown in Figure 15, the initial

decision model is formulated in this research to include the evaluation of the criteria and

sub-criteria, to identify the high ranked alternatives based on the model objectives, and to

focus on the requirements for the highway and bridge project development. It is constructed

to represent a decision problem that needs to be solved in the model mission with respect

to the criteria, sub-criteria, and alternatives.

[ Mision |

Tdentify the most effective asse tools Bination with value engioceting 10 madmiee the
vatue of ligh profie highway and bridges projects development aod delivery:
Cover af Stede Doy o1 mis4

[ ]

L Cost | Schedule J Risk ‘ Performance }

Criteria

[
N
;

['Sdl criferin A -ﬁ.h criteria “suh "'"“. L “Rabcriteria b
/ / 1 \ | 1 / \
/

Sub-criteria

\ ; ;
‘U Sub.corlterin

A ) ,
Sub-criterin ' Sub-criteria Sab-ctiterta |/
n ] X L3 » | " |
* / 7
— ~% Eatl > >
- g -~
< - .
& e " S - —
a X =
a3 Alternative | Alternative
= o
= 1 | n |
- N\ -y

Figure 15: The Initial Decision Model for Evaluating Project Assessment Techniques

.,]7 )

Resources ’

Sub. criterin ; |

\[Suberiienia ],
n

—->—

104



6.2 Validation Process

A valid model can help make decisions based on real-world experience. The ease or
difficulty of the validation process depends on the model structure. As shown below, the
process is designed to be a simplification of reality. In this research, the process was started
to validate the initial model based on informal expert panels. As shown in Figure 16, the
validation process was divided between two research instruments (RI1 and RI2). In the
initial validation process, two informal expert panels (Expert Panel, EP1 and EP2) were
used to evaluate the model criteria and sub-criteria. In the final model, Al and B1 real
expert panels were targeted to revalidate the model criteria and sub-criteria (Al for the

criteria and B1 for the sub-criteria).

RI11 and RI2 were conducted using a web-based survey tool/Qualtrics. The initial model
was sent to the informal EP1 for validation using research instrument one (RI1). The RI1
aimed to determine which criteria should and should not be included. The RI2 aimed to
determined which, sub-criteria to include or not to include, and contributed to the model

criteria in Level 2.

Survey Validation Survey Validation
Qualtrics of criteria Qualtries of sub-criteria

Figure 16: Research Instrument (RI11 and RI2) Process
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In the first round, nine out of twelve informal experts replied positively on the survey.
They validated the model criteria (Level 2) as 100% acceptable. The parameter in the
literature review is considered two-thirds as the acceptable limit for the experts’ judgment.
The second round targeted nine informal experts, 90% replied “YES,” and 10% suggested
to add or replace some sub-criteria (Level 3). EP2 contributed to the model criteria by

selecting their options “YES” or “NO” based on their judgment.

To conclude,

The informal  Expert Panels (EP1 and EP2) were selected based on their

qualification in engineering and project management.

e The validation process took several iterations.

e The validation process considered two-thirds of experts in agreement as the limit
to include the criteria or sub-criteria in the initial model.

e All information regarding experts’ invitation and research instruments templates

are provided in Appendix A, B, and C.
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6.3 Quantification Process

After the model validation process had finished and was analyzed by RI1 and RI12, the
initial decision model was finalized based on the two informal expert panels feedback (EP1
and EP2). Then, as shown in Figure 17, three research instruments (R13, RI4, and RI5) for
the model development were created, and were provided on the webpage using the
developed HDM software. The decision model and its results will show its credibility if
the experts accept its structure and contents [261]. To establish the credibility of the model,
the experts should understand the model’s objective and its contents. Also, the model
process and reputation should be well known to them. By using pair-wise comparisons, the
informal experts were asked to allocate a total of 100 points between each two criteria
according to their relation to the model mission. Then, they were requested to quantify the
sub-criteria according to the criteria, and in the last step, they quantified alternatives

according to the sub-criteria.

HDM Qua_mlhcanon
— of criteria
Sofrware
according the mission
nantification
HDM Q . =
- of sub-criteria
Saftware according the criteria

Quanufication of
HDM 2 5 .
= alternatives according
oftware the sub-criteria

Figure 17: Quantification Process
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In the RI3-EP1, informal experts were asked to quantify the relative importance of each
criterion regarding its contribution in evaluating the effectiveness of innovative assessment
techniques in the transportation projects development as the decision model’s mission, (see
Figure 18). Based on their judgments, the relative priority of the model Level 2 (criteria)
to the Level 1 (mission) and the inconsistency and disagreement level were obtained and

considered in the final result analysis process to confirm the validity of the initial decision

©

Quantification
of criteria
according the mission

model.
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Figure 18: Research Instrument (R13) Process

As shown in Figure 19, the R14 was used to evaluate the model sub-criteria with respect
to the criteria. At this stage, an email was sent to all volunteers thanking them for their

support in validating and quantifying the previous instruments (RI11, RI2, and RI3). EP2
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used RI4 to base their judgments. The arithmetic mean was used to represent the relative

ranking of the sub-criteria in the Level 3 of the model.

Quantification

of sub-criteria Mission -

according the criteria (0¥

Objectives |
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ooy Goals )

Alternatives @ @ @ @

Figure 19: Research Instrument (R14) Process

RI5 was the last step of the model quantification process (Figure 20). This instrument
was used to evaluate the relative priorities of alternatives with respect to the sub-criteria.
Again, EP2 was used to fulfill RI5 after they received an email that explained why they
were selected to complete the last round of the quantification process. Based on
quantification of their judgements, the arithmetic mean of the relative priority of

alternatives in the sub-criteria (Level 4 to Level 3), and the inconsistency and disagreement
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level for the experts were obtained and analyzed. The last result showed the relative ranking

of the alternatives.

- - 7 \\‘\‘ C-O-v
Quantification of _— ~_ :
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Figure 20: Research Instrument (R15) Process

In the end, nine informal experts provided background information and valuable
comments about the criteria and sub-criteria. They were allowed to add or replace any
criteria or sub-criteria as they deemed appropriate. The initial model structure included
criteria, sub-criteria, and alternatives. Their definitions were attached to the requested
emails for the initial validation and quantification process during the first and second
round. Then, the final structure of the decision model development was presented to the
informal experts to get their final opinion before submitting the model to the real experts

for finalizing and implementing the process (see Figure 21).
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Figure 21: Decision Model Development
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6.4 Finalizing the Model Development and Implementation

As mentioned above, the reason for selecting the HDM in this research was because
this decision model process is similar to other multi-criteria decision tools such as the AHP
technique. Its steps include structuring the decision problem into levels, followed by a
pairwise comparison among all variables, calculating the priorities of the objectives, and
checking the consistency. The DOT experts were familiar with the AHP process. Chan
[262] classifies the validation process in his dissertation into three major aspects: construct,
content, and criterion-related validity. He also highlights the purpose of the model
validation as the method to enhance the credibility of the research. Estep [227] emphasizes
in her dissertation the importance of using a specific tool that incorporates qualitative and
quantitative experts’ feedback through the use of pairwise comparisons. She also refers to
Kenny Phan’s statement in his dissertation regarding the experts’ comfortability and their

decision making.

The previous process of the model validation and quantification that had been
performed by the informal experts to develop a decision model was repeated on the real

experts mainly from the transportation sector using the tested process in Figure 22.
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Figure 22: The Final Validation and Quantification Process

6.4.1 Mission

Innovative assessment tools, techniques, and practices were used by the project team
to evaluate the project performance in terms of the relevant measures of effectiveness such
as cost, time, risk, performance...etc. This level of the decision model describes the mission
for the research. The mission is to identify the most effective assessment tools in
combination with value engineering to maximize the value of transportation projects
development and delivery. To achieve the research mission, a case study of DOTSs is
applied, and focused on high profile bridge and highway public projects in the

transportation sector.
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6.4.2 Level 2: Assessment Criteria

Achieve Project Cost Efficiency (Cost Criterion): This variable measures the
importance of combined assessment tools with value engineering to achieve project
cost efficiency. Cost includes all project expenditure (i.e. capital cost, life-cycle-
cost, and project support costs) [263][3][264][265][266].

Accelerate Project Schedule (Schedule Criterion): This variable measures the
importance of combined assessment tools with value engineering to accelerate the
project delivery time. Schedule presents a project delivery time or schedule
[267][268][269][270][271].

Identify Project Risk (Risk Criterion): This variable measures the importance of
combined assessment tools with value engineering to identify the project risk. Risk
presents the impact that uncertainty can have on the project performance, cost, and
time [272] [34][273][274][275].

Enhance Project Performance (Performance Criterion): This variable measures
the importance of combined assessment tools with value engineering to improve
the project performance and outcomes. Performance represents the potential
outcomes that lead to improving the project value, and achieving the needed
functions such as traffic operations, safety, reliability, and environmental impacts

[276][277][278][279][280].
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e Resources Availability (Resources Criterion): Resources represent the different
resources that are required to perform and support the project, as well as assessment

activities for the completion of a project [224][281].

6.4.3 Level 3: Assessment Sub-criteria
e Cost:

o Reducing Capital Cost: This variable measures the importance of reducing the
project capital cost that covers project land acquisition, the design process, the
right-of-way, and construction [282].

o Offering Life-Cycle-Cost Reduction: This variable measures the importance of
maintaining low project LCC. The Project LLC cost including the capital,
maintenance, operations, replacement and/or rehabilitation costs [283].

o Minimizing Project Support Costs: This variable measures the importance of
identifying or maintaining low future support costs that cover staff/consultants

needed to deliver the project [284].

e Schedule:
o Accelerating Project Design & Environmental Analysis: This variable
measures the importance of developing and analyzing the project design
options, and scheduling alternatives to identify opportunities for accelerating a

project’s completion [285].
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o Accelerating Right-of-Way (ROW) Acquisition: This variable measures the

importance of accelerating the timeframe needed for right-of-way or another
land acquisition during the development of the project design, which includes
acquisition needs in the complete design documents [286].

Accelerating Project Tender & Construction Duration: This variable measures
the importance of accelerating the tendering and construction time by
introducing new options and solutions to mitigate the period of tendering
process and the on-site time required for construction activities [259].
Accelerating Project Closeout Activities Duration: This variable measures the
importance of accelerating project closeout activities time. These are the
time/activities needed after construction is complete to close out the project

(funding, settling claims, etc.) [287].

e Risk:

(@]

Identifying Project Performance Risk Impact: This variable measures the
importance of identifying the performance risks that are related to the project
construction. Risks that could affect the long-term quality or performance of
the project as it relates to its functions [122].

Identifying Project Cost Risk Impact: This variable measures the importance of
identifying the cost risk that is represented in the project construction and right-

of-way costs, not in support costs [90].
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o ldentifying Project Support Costs Risk Impact: This variable measures the
importance of identifying the support costs risk that cover staff/consultants
needed to deliver the project [283][54].

o ldentifying Project Schedule Risk Impact: This variable measures the
importance of identifying schedule risks that could potentially impact project

delivery time and schedule [178].

e Performance:

o Refining the Project Scope: This variable measures the importance of defining
the project scope, goals, and metrics that are consistent with the plans and
policies of the state and local community [90].

o Improving Project Needed Functions: This variable measures the importance
of enhancing traffic operations, safety, constructability, and project reliability.
It includes minimizing Right-Of-Way (ROW) and environmental impacts
[288].

o Offering Communication and Integration Capabilities: This variable measures
the importance of enhancing communications and sharing data between
assessment activities. Also, it includes providing integration capabilities with
other project tools, process, methods, or techniques [289].

o Determining Stakeholder Needs: This variable measures the importance of

determining and quantifying the relative value of the performance of different
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perspectives on community interests, needs, and expectations for the project

services that include identifying specific transportation needs [290] [291].

e Resources:

o In-house Capability: In-house capability refers to the project team or agency
staff abilities to take responsibility for applying the assessment activities
professionally [127].

o External Consultant Needs: Experience with the assessment activity requires
experts with specialized skills not available in-house within DOTSs or other
public agencies [292].

o Time Needs during using the Technique: The duration that is required for
executing the project assessment activity by the integrated tools [265][293].

o Project Stakeholder Involvement: The complete involvement or lack of
participation by the project owner or stakeholder in the project assessment

activity or support the assessment team [287][294].
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6.4.4 Level 4: Alternatives — Project Assessment Techniques

e Risk Assessment combined with Value Engineering (VE-RA):

The VE-RA is a combination of a risk assessment tool with a value engineering tool to
improve the project value [255]. The combined process of VE-RA is used to analyze the
project risks that are identified and mitigated by the value analysis workshop team. This
combination demonstrates a step-by-step process for integrating a qualitative and
quantitative risk analysis into a value analysis job plan [256]. The advantage of this
combination is that single project information will be needed for the value team to address
risk issues in value assessment study. Also, one single team will be required to carry out

the study on value and risk assessment [255].

e Constructability Review combined with Value Engineering (VE-CR):

The VE-CR is a combination of constructability review activities and a value
engineering job plan. The combination improves the project performance by increasing the
quality and/or quantity of interaction between an experienced construction team and value
study experts into the planning and design stages [257]. Also, the VE-CR provides an
effective interaction between project designers, engineers, and construction team from the

early phase of the project. The VE-CR technique can significantly offer a project more
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cost-effectiveness keep it on schedule, and achieve better quality including the safety of

project delivery process [295].

e A Decision Analysis Model combined with Value Engineering (VE-DAM):

The VE-DAM is a combination of a multi-criteria decision model and value
engineering. It measures the project value by correlating the performance of the project
scope and schedule to the project costs [54][258]. The VE-DAM technique leads to an
improved and shared understanding of one of the project’s key important issues for the
project and the community [120]. The objective of this technique is to optimize a project’s

scope, schedule, and cost.

e Risk Assessment, Constructability Review, and Decision Analysis Model

combined with Value Engineering (VE-RACRDAM):

The VE-RACRDM technique is a combination of risk assessment, constructability
review, and a decision analysis model with value engineering. This technique is used for
improving project outcomes [289]. The advantage of combining these tools is to eliminate
redundancy in activities, to enhance the communication and collaboration among project
assessment activities, to use the same project information pack by the project assessment

team, and to ensure all project risk issues are addressed successfully [143].

120



e Cost Estimate Validations Process and Risk Assessment combined with Value

Engineering (VE-CEVPRA):

The VE-CEVPRA technique allows the project team to quantify risks explicitly, and to
develop more strategic risk management plans for the clearly identified risk events. The
combination of the cost estimate validations process, risk assessment, and value
engineering lead to the evaluation of the quality and completeness, including risk
uncertainty, of the estimated cost and schedule [295]. Also, it offers the creation of an
environment conducive to a critical evaluation of the project and its characteristics, as well

as to identify new opportunities [69].
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6.5 Data Collection and Expert Panels Design

A total of sixty-two experts from the transportation and construction industry including
some experts from academia participated in the final validation and quantification process.
Twenty-four experts were accepted and validated the model, while forty-eight experts
submitted their judgments of the decision model. It should be noted that some experts
repeated their names in more than one category because they perform multi-project
assessment activities within their departments. A list of experts’ contacts from state
departments of transportation (DOTS) and other transportation agencies was collected to
be the primary source for the experts’ selection and contacts. The list was collected and
used in the NCHRP 19-11research project and published paper activity [296]. Also,
experts from different industries were also considered to be added to the list based on their
qualifications and experience in the project management and project assessment activity.
Other methods such as the snowball sampling technique, LinkedIn, and recommendations

were used to identify and select the research expert panels.

As described in Chapter 4, a five-step procedure was used for the forming and
administration of the experts’ panel. As shown in Table 8, each group had six to twelve
experts. It is critical to identify and select relevant and qualified experts. As recommended
in previous research [191][297], experts should be chosen according to the following

criteria:

o Expertise, knowledge, and experience, and
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e Availability and willingness to serve;
e Technical credibility and independence;
e Skills working in committees and advisory panels;
e Absence of bias.
Table 8: Category of Expert’s Panels in this Research
Panel Focus
E%nel Field of Expertise SPiir;eI
' Step .1 Step .2
Panel Criteria validation Project Managers
(A1) Value Management 8
Consultant
Panel Sub-criteria and alts. validation Project Engineers 8
(B1) Tools Expertise
Panel Evaluate the relative importance of criteria with Pro!ect Managers
Q) S Project Planners 8
respect to the mission
Evaluate relative Evaluate relative Project Finance
Panel oo - . -
@) pr_lorl_tles _for sub- prlorltle;s for the decision Spemgllsts
criteria with respect to | alternatives with respect Project Planners 6-12
the cost criterion to the cost sub-criteria Project Engineers
. Evaluate relative
Panel Evaluate relative oo . . .
oo priorities for the decision Project Tracking
3) priorities for sub- . . =" 6-12
L alternatives with respect | Specialists
criteria with respect to .
e to the schedule sub- Project Planners
the schedule criterion o
criteria
Evaluate relative Evaluate relative Risk Management
Panel oo oo . -
@) priorities _for sub- priorities for the decision | Specialists N 6-12
criteria with respect to | alternatives with respect Constructability
the risk criterion to the risk sub-criteria Review Specialists
Evaluate relative Evaluate relative L
Panel oo oo - Value Engineering
priorities for sub- priorities for the decision -
(5) Lo . - Specialists 6-12
criteria with respect to | alternatives with respect
Value Management
the performance to the performance sub- Consultant

criterion

criteria
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Panel

(6)

Evaluate relative
priorities for sub-
criteria with respect to
the resources criterion

Evaluate relative
priorities for the decision

Project Managers

alternatives with respect
to the resources sub-
criteria

Project Design and
Policy Managers
Project Engineers

6-12

Experts were selected and distributed into five categories according to their field of

expertise within their respective State Departments of Transportation (DOTSs) and other

transportation agencies. Previous research has shown that more than twelve experts do not

significantly contribute to the accuracy of the results [237]. The final experts were

distributed into six panels including alternatives based on their response to the first

invitation email. As shown in Table 9, a sample of the panel distribution pattern showed

some experts repeated their names in more than one category because they are accountable

to perform multi-project assessment activities within their departments.

Table 9: Sample of Distribution of Experts over Panels — Validation

Expert

Criteria

C1 C2

C3

C4

C5

Alts.

Expl

X

Exp 2

X

Exp 3

Exp 4

Exp5

Exp 6

Exp 7

Exp 8

Exp 9

Exp 10

x

Exp 11

Exp 12

Exp 13

Exp 14

Exp 15

XX [X [ X

Exp 16
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Exp 17 X
Exp 18 X
Exp 19 X

Exp 20 X X

Exp 21 X X

Exp 22 X X

Exp 23 X

Exp 24 X

The experts’ list was used for the model validation and quantification (Table 10).

Table 10: Model Judgment Experts' Profiles

Expert Panel No. Affiliation Sector
Exp-vl Al&B1 VM Consultation Private
Exp-v2 Al&B2 University - PM Government
Exp-v3 Al Transportation Government
Exp-v4 Al&B2 Transportation Government
Exp-v5 Al Road Service Government
Exp-v6 Al Shell — G. Management Private
Exp-v7 Al Consultation - GM Private
Exp-v8 Al Transportation Government
Exp-v9 Al Transportation Government
Exp-v10 Al Shell - PM Government
Exp-vil Al&B2 Transportation - PM Government
Exp-v12 Al University — QHSE Private
Exp-v13 Al Communication Government
Exp-v14 Al Management Solutions Private
Exp-v15 Al Consultation Management Government
Exp-v16 Al&B2 Transportation Government
Exp-v17 Al&B2 Transportation Government
Exp-v18 Al&B2 Transportation - VE Government
Exp-v19 Al&B2 Transportation - VE Government
Exp-v20 Al Transportation Government
Exp-v21 Al Transportation - VE Government
Exp-v22 Al&B2 University - Management Government
Exp-v23 Al&B2 Transportation - VE Government
Exp-v24 Al&B2? Transportation - RM Government
Exp 1 P1 VM Consultant, PMP Private
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Exp 2 P1 International Management Consultant Private
Exp 3 1 Cgﬁss;zli:;\r?tble Development Projects Private
Exp 4 P1 Transportation - Project Delivery Lead Government
Exp5 P1 Transportation - Project Manager Government
Exp 6 P1 C;I)-r:Esi'Pr zréct)ir(t)?]tlon Engineer of Government
Exp 7 P1 Construction Planner Utilities
Exp 8 P1 Transportation - Construction Supervisor Utilities
Exp 9 P1 QHSE Consultant Academia
Exp 10 P1 Procurement Specialist Academia
Exp 11 P2 Transportation - Cost Estimate Specialist Government
Exp 12 P2 Transportation - Quality Engineer Government
Exp 13 P2 Consultant Engineer Private
Assistant Professor CATSS,
Exp 14 P2 Transportation and Air Quality Program Academia
Director
Exp 15 P2 Er;rg;?nn;ep)rortation - Cost Management Government
Exp 16 P2 SF‘)I;ré:;r;fip;?rtatlon - Risk Management Government
Exp 17 P2 Er;ré?nn;ep)rortatlon Letting Preparation Utilities
Exp 18 P2 Transportation - Value Engineer Government
Exp 19 P2 Transportation - Quality Engineer Government
Exp 20 p3 Er']l'é?nneseprortation - Project Development Government
Exp 8 P3 Civil Engineer Private
Exp 21 P3 Transportation - Civil Engineer Private
Exp 22 p3 C;I)'c:?gisnpac;gtration - Constructability Review Private
Exp 23 P3 Regional Construction Engineer Government
Exp 24 P3 Transportation - Team Leader Government
Exp 25 P3 Transportation - Innovations Engineer Government
Exp 26 P3 Constructability Review Coordinator Government
Exp 27 P3 Transportation - Technical Engineer Government
Exp 28 P3 Transportation Engineer Government
Exp 29 P3 C;’(;?gisnpa?;tration - Constructability Review Government
Exp 5 P4 Transportation - Project Manager Government
Exp 30 P4 Civil Engineer Government
Exp 31 P4 Civil Engineer Private
Exp 32 P4 Transportation - Risk Management Government

Coordinator
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Transportation - State Value

Exp 33 P4 Management Engineer Government
Exp 34 P4 Transportation - Manger Government
Exp 35 P4 C;’(;?Sisnpacigt?tlon - Risk Management Government
Exp 36 P4 M‘I;zr;]seeortation - Planning Program Government
Exp 37 P4 Transportation - Project Manager Government
Exp 38

Exp 39 P4 Sr‘)l'ercair;fipsct)rtation - Project Assessment Government
Exp 40 P4 Transportation - Project Manager Government
Exp 13 P5 Consultant Engineer Private

Exp 41 P5 Transportation - Value Engineer Government
Exp 42 P5 Transportation - Project Manager Government
Exp 43 P5 Transportation - VE Manager Government
Exp 44 P5 Transportation - VE Coordinator Government
Exp 45 P5 Transportation - Value Engineer Government
Exp 46 P5 Transportation - Project Manager Government
Exp 47 P5 Transportation - Value Engineer Government
Exp 48 P5 Transportation - Value Engineer Government
Exp 49 p5 C;’(;?Sisnpa%tftion - Value Engineering Government
Exp 50 P6 Transportation - VE Coordinator Private

Exp 44 P6 Transportation - VE Coordinator Government
Exp 41 P6 Transportation - Value Engineer Government
Exp 42 P6 Transportation - Value Engineer Government
Exp 43

Exp 44 P6 Transportation - Value Engineer Government
Exp 45 P6 Co'g:?j?sggrtation - Value Engineering Government
Exp 46 P6 Transportation - Value Engineer Government
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* LITERTURE REVIEW - this Chapter aims to explore transportation projects’ fail
and sucess. Also, to identify assessment factors, criteria, tools, and development process
within transportation projects development and delivery. The literature review includes
investigating the value optmization theory and its contrbution in the research. Research
gaps also presented and analysied. )

* PROJECT MANAGEMENT TOOLS, TECHNIQUES, AND DECISION)
MAKING METHODS - this Chapter aims to identify project management tools:
theories, practices, and analyses. This chapter will give readers a clear picture of multi-
criteria decision models that use experts” opinion input. )

~

* RESEARCH APPROACH - this Chapter aims to illustrate the research, objective,
methodology, and experts panel formating and selection.

J

~

» CASE STUDY BACKGROUND - this Chapter aims to provide an overview on State
Departments of Transportation (DOTS), techniques, and applications.

J

« CASE STUDY MODEL DEVELOPMENT - this Chapter aims to develop the)
decision model of this research in order to cope with the serious problems in the
transportation projects delivery and improve the success of the decision within the
project assessment activities. )

N
* RESULTS AND DATA ANALYSIS - this Chapter aims to present, analyse, and
discuss the data collected from the research instruments. Performing a scenario
approach and final results validation are described and discussed in this Chapter.

~N
* DISCUSSION - this Chapter aims to highlight and discuss the major findings and
conclusions of the research results. Also, a recommendation of a new systematic
assessment process is suggested and discussed in this chapter.

J

CEEL (E(EEECES

~
« RESEARCH CONCLUSIONS - this Chapter aims to provide an overview of the
conclusion regarding the achievements of the research’s objectives, and to clarify the
research contributions. Also, to acknowledges the Ilimitations and to make

recomdendations for future research considering the original research aim and purpose)
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CHAPTER SEVEN: RESULTS AND DATA ANALYSIS

7.1 Data Validation

In the previous Chapter, the pre-testing and finalized decision model structure were
discussed in detail. Validation and quantification processes were carried out based on the
concept of design and assessment approach that is present in theory, methodology,
research, and practices. The validated model’s criteria, sub-criteria, and alternatives have
been identified, and were presented in the final decision model, which has been revised to
suit the needs of current project assessment activities. The validating process involved
developing two separate questionnaires with a Yes or No question pattern. A two-thirds
(67%) agreement was adopted to accept or reject each criterion in the model. According to
expert panels distribution, each expert was asked to answer a single common question for
specific model elements “Please click “Yes’ or ‘No’ for each criterion, sub-criteria, or
alternatives” to indicate whether those elements are appropriate or not to be used in the

model.

The unique decision model, which has been developed for this research, is considered
to be generalized and established through actual applications and implementations in

construction projects development within different sectors.

This chapter presents and analyses the data and feedback collected from experts in

order to validate and quantify the final decision model, and to achieve the research
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objective. As mentioned in the previous chapter, sixty-two experts from the transportation
and construction industry including some experts from academia were selected and
participated in the model validation and quantification process. Two panels (Al & B2)
were designed to gather the validated judgments from twenty-four experts, and the other
six panels (P1 - P6) that included fifty experts that were collected and structured to quantify
the contribution of the model criteria with respect to the mission. Two experts were omitted
from the qualification process because they didn’t submit their final judgment. Some
experts provided valuable comments about the criteria, sub-criteria, and alternatives. All

experts were allowed to add or replace any criteria or sub-criteria as appropriate.

In the validation process, two experts’ panels were asked to use the online survey
questionnaire link that included instructions about the research objective and the research
decision model. Then, the six experts’ panels members, in the quantification process, were
asked to use the Hierarchical Decision Model (HDM) software online to quantify the model

elements that effect the project assessment methods selection.

7.1.1 Analysis of Expert Panel (Al) Criteria Results - Level 2

Testing the model structure was important to demonstrate its validity and applicability.
In this stage, experts were invited to validate the model criteria at Level 2 in black as shown
in Figure 23. Then, the data were gathered from the expert panel (Al) regarding the criteria
validation by using the Qualtrics tool (Research Instruments RI1). Table 11 below shows

the contribution results from expert panel (Al).
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Mission

Figure 23: Criteria Validation — Model Structure
All experts agreed that the model Level 2 criteria, cost, schedule, and resources, were
appropriate for assessing project assessment techniques. Risk and performance criterion
were rejected by two experts, one expert rejected the risk criterion, and another expert
rejected the performance criterion. The risk criterion was justified by one expert as a
success attribute that should be included under the cost and schedule. Another expert
indicated the importance of considering the performance criterion to the cost and risk, and

he also recommended to include the performance under each cost and risk criterion.

Table 11: Criteria Validation — Experts” Responses

# Criteria Yes Percent No Percent Total
1 Cost 10 100.00% 0 0.00% 10
2 Time 10 100.00% 0 0.00% 10
3 Risk 9 90.00% 10.00% 10
4 Performance 9 90.00% 10.00% 10
5 Resources 10 100.00% 0 0.00% 10
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The green bars, in Figure 24 below, indicate to the rate of model criteria validation

results. The five criteria were accepted by the majority of experts, and considered as valid

criteria for use in developing the model within the acceptance rate of agreement. The cost,

time, and resources indicate at 100% acceptance while risk and performance indicate at

90%.

Criteria Validation — Experts’ Responses

0.00%
Resources 100.00% |
fo%
Performance 90.00% |
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ko Risk E0100%|
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100.00% |
0.00%
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Figure 24: Criteria Validation Rate %

7.1.2 Analysis of Expert Panel (B1) Sub-criteria Results - Level 3

120.00%

Table 12 below illustrates the contribution results from the expert panel (B1) on Level

3. Estep in her Ph.D. dissertation indicates the rate of experts’ acceptance agreement. She
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mentioned that each selected decision element was properly validated and considered when

a two-thirds majority is achieved. [227].

The expert panel (B1) were asked to use the Qualtrics tool (Research Instruments R12)
to validate the model sub-criteria at Level 3. At this stage, the experts were selected based
on their attention and response to the previous invitation that put them at the top. Their
response on the online survey was definitely encouraging because they accepted most of
the suggested sub-criteria. The validation rate was above 90%, the majority said YES,

while a few experts were suggested to reject, add, or replace some sub-criteria.

Table 12: The Experts Panel (B1) Feedback

Sub-criteria Yes No % Total
Capital Cost 8 0 100.00% 8
Life-Cycle-Cost 8 0 100.00% 8
Project Support Costs 7 1 87.50% 8
Project Design & Environmental Analysis 7 1 87.50% 8
Right-of-Way (ROW) Acquisition 8 0 100.00% 8
Project Tender & Construction Duration 8 0 100.00% 8
Project Performance Risk Impact 9 0 100.00% 9
Project Cost Risk Impact 9 0 100.00% 9
Project Schedule Risk Impact 9 0 100.00% 9
Project Scope Definition 8 0 100.00% 8
Contract Change Order 3 5 ;I
Stakeholder Needs and Priorities 7 1 87.50% 8
Transportation Needs 8 0 100.00% 8
In-house Capability for using the Tool 8 0 100.00% 8
External Consultant Needs 7 1 87.50% 8
Time Needs During Using the Tool 7 1 87.50% 8
Project Stakeholder Involvement 8 0 100.00% 8
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As shown in Figure 25, five out of eight experts said ‘NO’ on the contract change order
attribute under the performance criteria. The contract change order attribute did not meet
the two thirds of experts’ agreement, so it was omitted from the model.

Criteria Validation — Experts’ Responses
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Model Sub-criteria

Figure 25: The Value of Validation Results

Table 13 and Figure 26 demonstrate the final decision model validation results. Four
new sub-criteria were suggested by experts to strengthen the model. Improving Project
Needed Functions, Offering Communication, and Integration Capabilities attributes were
validated and added to the model under the performance criteria. Identifying Project
Schedule Risk Impact was validated, and added under the risk. The same process was
applied to the Accelerating Project Closeout Activities Duration, which was allocated
under the schedule criteria. Based on the experts’ feedback, the Identifying Expectations
of Different Groups of Stakeholders attribute was married with Identifying Transportation

134



Needs. The experts’ feedback were valuable and acceptable. They clarified the importance

of marrying these attributes to measure the performance of different perspectives based on

community interests, needs, and expectations including identifying specific transportation

needs.

Table 13: The Final Decision Model Validation Results

Sub-criteria

Yes

No

Reducing Capital Cost

Offering Life-Cycle-Cost Reduction

Minimizing Project Support Costs

Accelerating Project Design &
Environmental Analysis

~N | N[00

P |P|O|O

Accelerating Right-of-Way (ROW)
Acquisition

Accelerating Project Tender &
Construction Duration

Accelerating Project Closeout Activities
Duration

Identifying Project Performance Risk
Impact

Identifying Project Cost Risk Impact

Identifying Project Support Costs Risk
Impact

Identifying Project Schedule Risk Impact

Refining the Project Scope

Improving Project Needed Functions

N[0 |o| 0 |[©] ©

R|O|O|] O |O| O

Offering Communication and Integration
Capabilities

Identifying Transportation Needs

In-house Capability

External Consultant Needs

Time Needs during using the Technique

Project Stakeholder Involvement

LIG14[4(4] 4 [R(4(4] 4 (44 |4 |44 |4 ([4)4]%

Q|00 |CO|00|0O| ©O

oO|O|O|O|O| O

100.00%

100.00%0

87.50%

100.00%0

100.00%
100.00%0

100.00%0
100.00%
100.00%0

100.00%
100.00%
87.50%

100.00%0

100.00%
100.00%0
100.00%
100.00%
100.00%
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Criteria Validation — Experts’ Responses
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Figure 26: The Final Decision Model Validation Results
The same process was used to validate the five project assessment techniques
(alternatives) with respect to the model sub-criteria and criteria. As shown in Figure 27, all
respondents agreed on the proposed alternatives to be included in the model, so the result

rate is considered as 100% acceptance.

Please specify if you are familiar with following project assessment tools
that are performed in combination with value engineering (VE) studies

SRR
g VAR
£
£
R T
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VA 00
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Figure 27: Final Alternatives’ Validation Results
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The final experts’ feedback was very encouraging and informative (see Figure 28).

Therefore, the final results of the model validation were accepted because the agreement

was reached.

Mbskn
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Figure 28: The Final Decision Model Validation

i

 Accepted
X Rejected

As proposed in this research, the decision model considered many aspects affecting the

project assessment activities during the delivery process within the transportation projects

construction. Selecting the right expert panels helped to create a unique decision model

that might be also generalized and used for other project construction sectors. As shown in

Figure 29, after a group agreement was achieved, the initial decision model was revised
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and included the model elements definition with respect to the research goal that was
mentioned in the mission (Identify the most effective assessment tools combination with
value engineering to maximize the value of high-profile highway and bridges projects

development and delivery).
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Figure 29: The Hierarchal Decision Model for Evaluating Proj. Ass. Techniques
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7.2 Data Quantification

This section illustrates the judgment quantification results from six expert panels (EP1,
EP2, EP3, EP4, EP5, and EP6), and demonstrates their inconsistencies and groups of
disagreement for each expert in the panel. The strategic panel (EP1) was dedicated to
performing the quantification of the model Level 2 (criteria) with respect to the mission
(Level 1), and to fulfill the shortages on other panels. EP2 through EP6 were assigned to
perform pairwise comparisons model sub-criteria under the cost, schedule, risk,
performance, and resources criterion, respectively. In addition, EP2 through EP6 were
asked to quantify relative priorities for the decision alternatives with respect to each
assigned panel sub-criteria. The HDM software was used to calculate the experts’ input.
As explained in the previous chapter, the quantification process was divided into three
research instruments (RI3, RI4, and RI5). RI3 was used by the expert panel EP1, while

R14 and RI5 were used by EP2, EP3, EP4, EP5, and EP6.

In this stage, the experts were selected carefully based on their qualification and
experience in engineering and project management. Therefore, the results were usable and
acceptable because the inconsistency measure was less than or close to (0.1)
[184][229][230]. Also, the last combined disagreement among experts was very optimistic.
However, Expert 4 had an inconsistency at Level 2 (criteria) at value of 1.1. Therefore, in
order to check if the Expert 4’s judgments were ok, a calculation of his inconsistency level
was performed using Abaas’s calculations of the RSV [298], after which it was compared

with the acceptable threshold, as shown below in this section.
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According to the HDM software results, the F-test determined the critical value at level
a of (0.01, 0.05, 0.025, and 0.1) as desired levels to confirm how significant the level of
agreement was statistically. The F-value calculation is supposed to be higher than F-critical
to reject the null hypothesis. In this research, the F-test result showed at Level 2 of criteria,
the in-house capability sub-criteria that was there is not reliable because it fails to explain
identical or close judgments with no variance. However, Abotah (2014) argued that there
is a variation of distribution between the F-test and input data because the F-test assumes
normal distribution while the data does not [191]. As the disagreement measure was
acceptable (less than 0.1), the F-test calculation was collected, and will be presented later

in this chapter, but will be ignored in the discussion chapter.

7.2.1 Analysis of Expert Panel (EP1) Criteria Results - Level 2

Panel EP1 consisted of 10 participants. They were asked to evaluate the model criteria
(Level 2) with respect to the mission (Level 1). The experts were given the option to
quantify the relative importance of each criterion in terms of its contribution to evaluate
the effectiveness of project assessment techniques in transportation projects development
and delivery. The mean of EP1 is shown in Table 14. The color boxes show the maximum
and minimum expert judgments for each criterion. The green indicates to the highest
weight among all criteria in Level 2, and the orange shows the lowest. The performance
was rated as the highest at 0.24 among other criteria while resources presented as the least

important at 0.14 from an overall assessment point of view. The individual expert’s
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judgments were among the acceptable range. The inconsistency level among nine out of
ten experts was acceptable between 0 to 0.05. Exp 4 showed inconsistency among others
at Level of 1.1. Therefore, in order to check if the Exp 4’s judgments were ok, a calculation
of his inconsistency level was performed using Abaas’s calculations [298].1t was then
compared with the acceptable threshold, as explained in the inconsistency. Overall, the
results showed that the mean level of disagreement was 0.072 between all experts in the

EP1, below the value of 0.1. Therefore, the group disagreement is accepted.

Table 14: Analysis of the Importance of Each Criterion to Alts. Selection

Expert Cost Schedule  Risk Performance  Resources Inconsistency
Exp 1 0.17 0.18 0.27 0.21 0.17 0
Exp 2 0.11 0.17 0.28 0.25 0.19 0.01
Exp 3 0.23 0.23 0.3 0.18 0.07 0.02
Exp 4 0.04 0.28 0.1 0.42 0.16 0.11
Exp 5 0.48 0.1 0.21 0.13 0.08 0.04
Exp 6 0.14 0.22 0.21 0.26 0.17 0.01
Exp 7 0.24 0.24 0.24 0.19 0.1 0.02
Exp 8 0.21 0.17 0.1 0.3 0.22 0.04
Exp 9 0.2 0.21 0.2 0.31 0.07 0.1
Exp 10 0.26 0.07 0.4 0.14 0.14 0.05
Mean 0.21 0.19 0.23 0.24 0.14
Minimum 0.04 0.07 0.1 0.13 0.07
Maximum 0.48 0.28 0.4 0.42 0.22

ool 011 0.6 009 0.8 0.05
Disagreement 0.072

Figure 30 shows the opinion level of each expert regarding the importance of each

criterion to the project assessment techniques selection.
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Relative Importance of Criteria - Level 2
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Figure 30: Relative Importance of Criteria

7.2.1.1 Inconsistency and Disagreement

The inconsistency level among nine out of ten experts was acceptable between 0 to
0.05. The Exp 4 showed inconsistency among others at Level of 1.1. Therefore, in order to
check if the Exp 4’s judgments were ok, a calculation of his inconsistency level was
performed using Abaas’s last calculations development (RSV) [298]. It was then compared
with the acceptable threshold (the acceptable limits of the RSV vary as n varies as the o
level varies) as shown in Figure 31. The original inconsistency method used the 0.1
thresholds regardless of the number of elements. The RSV was employed to investigate
whether they were considered consistent by the RSV inconsistency measure. The original

measure was conservative for n > 5. In order to calculate the RSV, matrixes A, B, C, D,
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and E were created for 120 orientations, and considered the five variables (criteria — Level
2). Each variable was evaluated n factorial times, once for each orientation. As shown in
Table 15, fifty orientations were selected; normalization of values was performed; means
and standard deviations were collected; and then the final values were applied in the RSV

formula, as demonstrated below.

144



14"

Before Normalization

Table 15: Orientation Table from HDM Numerical

Normalized Values

# Orientation A B C D E Sum A B C D E

1 AEBDC 0.33 0.94 1.00 9.24 0.75 12.26 0.0269 0.0767 0.0816 0.7537 0.0612
2 ACEDB 0.67 1.00 0.70 214 0.43 4.94 0.1356 0.2024 0.1417 0.4332 0.0870
3 ADBCE 0.10 5.00 0.70 214 1.00 8.94 0.0112 0.5593 0.0783 0.2394 0.1119
4 ACDEB 0.67 1.00 0.35 4.23 0.75 7.00 0.0957 0.1429 0.0500 0.6043 0.1071
5 ABCED 0.23 5.00 0.70 1.00 0.43 7.36 0.0313 0.6793 0.0951 0.1359 0.0584
6 ADCEB 0.10 1.00 0.70 9.24 0.75 11.79 0.0085 0.0848 0.0594 0.7837 0.0636
7 ABDEC 0.23 0.94 1.00 4.23 1.87 8.27 0.0278 0.1137 0.1209 0.5115 0.2261
8 AEDCB 0.33 1.00 0.58 9.24 0.43 11.58 0.0285 0.0864 0.0501 0.7979 0.0371
9 ADEBC 0.10 5.00 1.00 4.23 0.75 11.08 0.0090 0.4513 0.0903 0.3818 0.0677
10 AECDB 0.33 1.00 0.35 2.14 1.87 5.69 0.0580 0.1757 0.0615 0.3761 0.3286
11 BECDA 1.00 242 0.35 13.42 1.87 19.06 0.0525 0.1270 0.0184 0.7041 0.0981
12 BDCAE 0.33 0.94 3.47 9.24 1.00 14.98 0.0220 0.0628 0.2316 0.6168 0.0668
13 BCADE 0.10 5.00 3.47 4.23 1.00 13.80 0.0072 0.3623 0.2514 0.3065 0.0725
14 BDECA 1.00 0.94 3.47 4.23 1.87 11.51 0.0869 0.0817 0.3015 0.3675 0.1625
15 BACDE 0.67 | 1555 | 0.35 4.23 1.00 21.80 0.0307 0.7133 0.0161 0.1940 0.0459
16 BCAED 0.33 5.00 3.47 1.00 0.43 10.23 0.0323 0.4888 0.3392 0.0978 0.0420
17 BADEC 0.10 | 1555 | 1.00 4.23 1.87 22.75 0.0044 0.6835 0.0440 0.1859 0.0822
18 BDACE 0.67 0.94 0.70 | 1342 | 1.00 16.73 0.0400 0.0562 0.0418 0.8022 0.0598




vt

19 BCDAE 0.33 5.00 0.35 13.42 1.00 20.10 0.0164 0.2488 0.0174 0.6677 0.0498
20 BADCE 0.10 1555 | 0.70 9.24 1.00 26.59 0.0038 0.5848 0.0263 0.3475 0.0376
21 CBDAE 0.33 0.94 0.58 13.42 1.00 16.27 0.0203 0.0578 0.0356 0.8248 0.0615
22 CBEAD 0.10 242 0.58 1.00 5.36 9.46 0.0106 0.2558 0.0613 0.1057 0.5666
23 CEABD 0.23 0.94 0.70 1.00 5.36 8.23 0.0279 0.1142 0.0851 0.1215 0.6513
24 CEDBA 1.00 1555 | 0.70 2.14 0.43 19.82 0.0505 0.7846 0.0353 0.1080 0.0217
25 CBEDA 1.00 242 0.58 1342 | 0.43 17.85 0.0560 0.1356 0.0325 0.7518 0.0241
26 CBADE 0.10 1555 | 0.58 4.23 1.00 21.46 0.0047 0.7246 0.0270 0.1971 0.0466
27 CEBAD 0.10 1555 | 0.70 1.00 0.75 18.10 0.0055 0.8591 0.0387 0.0552 0.0414
28 CBAED 0.33 1555 | 0.58 1.00 0.43 17.89 0.0184 0.8692 0.0324 0.0559 0.0240
29 CADEB 4.23 1.00 3.47 4.23 0.75 13.68 0.3092 0.0731 0.2537 0.3092 0.0548
30 CBDEA 1.00 0.94 0.58 4.23 5.36 12.11 0.0826 0.0776 0.0479 0.3493 0.4426
31 DEACB 0.67 1.00 0.58 4.23 5.36 11.84 0.0566 0.0845 0.0490 0.3573 0.4527
32 DECAB 0.23 1.00 3.47 4.23 1.87 10.80 0.0213 0.0926 0.3213 0.3917 0.1731
33 DBECA 1.00 242 3.47 2.14 1.87 10.90 0.0917 0.2220 0.3183 0.1963 0.1716
34 DEBAC 0.67 15.55 1.00 4.23 0.75 22.20 0.0302 0.7005 0.0450 0.1905 0.0338
35 DABCE 0.23 5.00 0.70 13.42 1.00 20.35 0.0113 0.2457 0.0344 0.6595 0.0491
36 DCEAB 0.23 1.00 0.70 9.24 5.36 16.53 0.0139 0.0605 0.0423 0.5590 0.3243
37 DBCEA 1.00 5.00 0.70 2.14 5.36 14.20 0.0704 0.3521 0.0493 0.1507 0.3775
38 DBCAE 0.33 5.00 3.47 2.14 1.00 11.94 0.0276 0.4188 0.2906 0.1792 0.0838
39 DABEC 0.23 242 1.00 13.42 1.87 18.94 0.0121 0.1278 0.0528 0.7086 0.0987
40 DCAEB 0.33 1.00 3.47 9.24 0.75 14.79 0.0223 0.0676 0.2346 0.6247 0.0507




LyT

21 | eBcoa  |100 | 500 |o035 | 1342 |075 | 2052 00487 | 02437 | 00171 | 06540 | 0.0365
42 | EBcAD |010 | 500 |347 | 100 |075 | 10.32 00097 | 04845 | 03362 | 00969 | 0.0727
43 | EBDAC | 067 | 094 |100 | 1342 |075 | 16.78 00399 | 00560 | 0.0596 | 07998 | 0.0447
44 | EDCBA | 100 | 1555 |058 | 924 |043 | 26.80 00373 | 05802 | 00216 | 03448 | 00160
45 | EACBD | 067 | 094 |058 | 100 |536 | 855 00784 | 01099 | 00678 | 01170 | 0.6269
46 | EADCB |010 | 100 | 058 | 924 |536 | 16.28 00061 | 0.0614 | 00356 | 0.5676 | 0.3292
47 | ECBDA |100 | 094 |o058 |1342 | 187 | 17.81 00561 | 00528 | 00326 | 07535 | 0.1050
48 | EADBC |010 | 500 |100 | 214 |536 | 13.60 00074 | 03676 | 00735 | 01574 | 03941
49 | EBACD |067 |1555 |035 | 1.00 |0.75 | 1832 00366 | 0.8488 | 00191 | 0.0546 | 0.0409
50 | ECDBA | 100 | 1555 |035 | 214 | 187 | 2091 00478 | 07437 | 00167 | 01023 | 00894

Mean 0.04080 | 0.31707 | 0.09767 | 0.39702 | 0.14743

Variance | 000233 | 0.07354 | 0.01020 | 0.06624 | 0.02775

Stendard | 04822 | 027119 | 010098 | 025736 | 0.16657




“RSV is the square root of the sum of variances while the current measure is the

average standard deviation” [298].

Expert 4 — inconsistency calculation using standard division (HDM software):

1" 1 ™ 2
Inconsistency = ZZ EZ (7 — Tij)
i=1 | L j=1

Inconsistency=\/§ [(0.04822)%> + (0.27119)> + (0.10098)> + (0.25736)% +

(0.16657)7]
Inconsistency = \/i (0.1799)

Inconsistency = 0.17

Expert 4 — inconsistency calculation using RSV (Abba’s New Calculation):
RSV =\¥ ! o2n

RSV =~0.00233 +V0.07354 + Y0.01020 + V0.06624 + N0.02775

RSV =~0.18005

RSV =0.42
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NS Number of varibles
Pescentile (a) 3 i | AS 6 7 8 9 10 1 n
0.1 00001 | 00168 | 01495 | 03012 | 04249 | 05100 | 05723 | 06170 | 06521 | 06800
0.02 00002 | 00418 | 01934 | 03462 | 04620 | 05400 | 0591 | 06371 | 06690 | 06945
0.03 00005 | 005% | 02230 | 03745 | 04847 | 05581 | 06105 | 06493 | 06793 | 07034
0.04 00009 | 00748 | 02460 | 03955 | 05012 | 05713 | 06211 | 06582 | 06868 | 07100
0.05 00014 | 00884 | 02651 | 04124 | 05143 | 05818 | 06295 | 06653 | 06928 | 07152
0.06 00021 | 01008 | 02816 | 04266 | 05253 | 05904 | 06365 | 06712 | 06978 | 0719
0.07 00028 | 01124 | 02963 | 0430 | 05347 | 0597 [ 06425 | 06763 [ 07022 | 07234
0.08 00037 | 01233 | 03095 | 04459 | 05430 | 06045 | 06478 | 06807 | 07060 | 0.7267
0.9 00046 | 01337 | 0325 | 04597 | 05505 | 06104 | 06526 | 06848 | 07035 | 07298
0.10 00057 | 01437 | 03327 | 04686 | 05572 | 06157 | 06569 | 06884 | 07126 | 07325
0.11 00069 | 01532 | 03430 | 04769 | 05634 | 06206 | 06602 | 06918 | 07155 | 07350
0.2 00083 | 01625 | 03528 | 04845 | 05691 | 06252 | 06646 | 06343 | 07182 | 07374
0.13 00097 | 01714 | 03620 | 04316 | 05745 | 06204 | 06681 | 06978 | 0.7207 | 0.739%
0.4 00113 | 01801 | 03706 | 04383 | 05795 | 06334 | 06713 | 07005 | 07231 | 07417
0.15 00120 | 01886 | 03789 | 05047 | 05842 | 06371 | 06743 | 07031 | 0.7253 | 07436
0.16 00147 | 01969 | 03868 | 05106 | 05887 | 06406 | 06772 | 07056 | 07274 | 07455
0.7 00166 | 02050 | 03944 | 05163 | 05920 | 06440 | 06800 | 07079 | 0.2 | 07473
0.8 00187 | 02129 | 04016 | 05218 | 05970 | 06472 | 06826 | 07101 | 07313 | 074%0
0.19 00207 | 02207 | 04086 | 05270 | 06009 | 06502 | 06851 | 0712 | 07332 | 0.7506
0.20 00230 | 02283 | 04154 | 05320 | 05046 | 06532 | 06875 | 07143 | 07350 | 0752
I::> Ao 00254 | 02359 |R04219 | 05368 | 06081 | 06560 | 0.6899 | 07163 | 0.7367 | 0753
[¥7] 00281 | 02433 | 04282 | 05414 | 06116 | 06587 | 06921 | 07182 | 07383 | 07551
0.3 00306 | 02506 | 04343 | 05459 | 06149 | 06614 | 06943 | 07200 | 07399 | 07565
0.4 00334 | 02578 | 04403 | 05502 | 06181 | 06639 | 0694 | 07218 | 07415 | 07579
0.25 0033 | 02648 | 04461 | 05544 | 06212 | 06664 | 06984 | 07235 | 07430 | 07592

Figure 31: Inconsistency Threshold Limits at o. = 0.01 to o = 0.25 [298]

As shown in Figure 32, the inconsistency using the RSV calculation showed that the
result is 0.42. The value of RSV (0.42) for n = 5 corresponds to a = 0.21. This value
represents a somewhat high inconsistency [298]. It means there is 0.21 probability that
there is randomness in the judgments [299] provided by Expert 4 on the criteria in Level
2. This judgment is based on the threshold limits that are presented by Abbas [298]. Yildiz,
B (2018), in his dissertation, emphasizes that (at a =0.21) if there is no change in the level’s
priorities, the relative weights of the inconsistency level might be negligible. The Exp 4°s
input was removed in order to test its impact on the criteria priorities. The new calculation
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showed that there was no change in the priorities. Therefore, Expert 4’s input was not

omitted from the calculation, and was used in the following processes.

0.7
2 .
0.6 » 12 Variables
11 Vanables
05 10 Vanables
> -9V Nes
o 9 Varable
Q:) e B Varabies
—
R%) w7 Variables
w 03 &
L~ 1 Variables
8 w5 Variables
c 02
-~ — Vanabies
0.1 w3 Varables

0 01 0.2 0.3

o Level

Figure 32: Inconsistency Threshold for Five Variables
Overall, the results showed that the mean level of disagreement was 0.072 between all
experts in the EP1, which is below the value of 0.1. Therefore, the group disagreement is

accepted.

7.2.1.2 F-Test

An F-test was also utilized to analyze disagreement among experts. The criteria level
was tested to approve if there were any significant arguments among them. Different
experts assigned different values; however, the disagreements in the panel were measured
and tested for statistical significance [299]. Figure 33 shows the F-Test values for

disagreements at the criteria level.
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F-test value for Criteria Variances

14 1.83
2 2.11

(‘ -
JiA
)

ol=0.01 o2 =0.025 a2 =0.05 a2=10.1 F-value

VALUE

PROBABILITY

Figure 33: F-Test Values for Disagreements at the Criteria Level
The F-Test value is 1.83 for criteria Level 2. The null hypothesis cannot be rejected at
0.1 level. There is strong disagreement at the criteria level. The impact of Exp 4’s
judgments inconsistency was determined not to have an impact on the overall rank of
criteria level. An extra calculation of his inconsistency level was performed using Abaas’s
last calculations development (RSV) to assess his impact on the whole criteria priorities.
The new inconsistency indicated to 8.4%, which is below the maximum fixed 10%

threshold.

7.2.2 Analysis of Expert Panels Sub-criteria Results - Level 3
In this stage, forty-eight experts were invited to participated in assessing the relative

contribution of nineteen sub-criteria of the main five criteria. All experts had knowledge
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and experience in project management and the transportation industry. They gave their
judgment on the decision model elements using the HDM software. The RI14 was used by
EP2, EP3, EP4, EP5, and EP6 to quantify the model sub-criteria (Level 3) with respect to
the criteria (Level 2). The overall results of the comparison were acceptable among expert

panels in this stage, and the disagreement level was less than 0.1 in each panel.

7.2.2.1 Expert Panel (EP2) Cost Sub-criteria

Three sub-criteria (Reducing Capital Cost, Offering Life-Cycle-Cost Reduction, and
Minimizing Project Support Costs) were evaluated by nine experts in the EP2. The experts
were asked to assess the relative contribution of the three sub-criteria to the cost criterion

using pair-wise comparison through HDM software (RI4).

As shown in Table 16, the green box indicates the highest weight among the three sub-
criteria under the Cost criterion. The outcome analysis of EP2 results in Figure 34 shows
that Capital Cost is rated at the highest value at 0.52 while Project Support Costs shows as

the lowest at 0.23. The individual expert’s judgments were among the acceptable range.
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Table 16: Analysis of the Cost Sub-criteria

Cost Capital Cost L'feifgg;) HOEE Supgggjgcc:sts Inconsistency
Exp 11 0.59 0.24 0.16 0.01
Exp 12 0.48 0.29 0.24 0.01
Exp 13 0.51 0.23 0.26 0.02
Exp 14 0.35 0.42 0.23 0.01
Exp 15 0.72 0.12 0.15 0
Exp 16 0.58 0.14 0.28 0.04
Exp 17 0.59 0.15 0.26 0.02
Exp 18 0.55 0.19 0.26 0
Exp 19 0.33 0.41 0.26 0.01
Mean 0.52 0.24 0.23
Minimum 0.33 0.12 0.15
Maximum 0.72 0.42 0.28
DS\t/?étion 0.12 0.1 0.04
Disagreement 0.081
Relative Importance of Cost Sub-criteria - Level 3
0.6
0.52
0.5
0.4
T
o 0.3
= 0.24 0.23
0.2
0.1
0
Capital Cost Life-Cycle-Cost (LCC) Project Support Costs

Sub-criteria

Figure 34: Relative Importance of Cost Sub-criteria
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7.2.2.2 Expert Panel (EP3) Schedule sub-criteria

Four sub-criteria (Project Design & Environmental Analysis, Right-of-Way (ROW)
Acquisition, Project Tender & Construction Duration, and Project Closeout Activities
Duration) were evaluated by eleven experts in the EP3. The experts were asked to assess
the relative contribution of the four sub-criteria to the Schedule criterion using pair-wise
comparison through HDM software (RI4). As shown in Table 17, the green indicates the
highest weight among the four sub-criteria under the Schedule criterion. The outcome
analysis of EP3 results in Figure 35 shows that the Project Design & Environmental
Analysis was rated at the highest value at 0.39 while Project Closeout Activities Duration
showed the lowest at 0.14. The individual expert’s judgments were among the acceptable

range.
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Table 17: Analysis of the Schedule Sub-criteria

Project Riaht-of- Project Project
Schedule DI & Wayg (ROW) Vrerels &2 Cllozzens Inconsistency
Environmental Acquisition Construction  Activities
Analysis a Duration Duration
Exp 20 0.33 0.24 0.22 0.21 0
Exp 8 0.33 0.28 0.26 0.13 0.01
Exp 21 0.38 0.25 0.21 0.16 0.07
Exp 22 0.41 0.34 0.15 0.1 0.01
Exp 23 0.59 0.23 0.1 0.08 0.01
Exp 24 0.32 0.25 0.23 0.19 0.01
Exp 25 0.34 0.28 0.22 0.16 0.02
Exp 26 0.31 0.27 0.24 0.17 0.02
Exp 27 0.32 0.29 0.24 0.15 0.01
Exp 28 0.57 0.16 0.18 0.08 0.04
Exp 29 0.36 0.16 0.36 0.12 0.01
Mean 0.39 0.25 0.22 0.14
Minimum 0.31 0.16 0.1 0.08
Maximum 0.59 0.34 0.36 0.21
Std. 0.1 0.05 0.06 0.04
Deviation
Disagreement 0.057
Relative Importance of Schedual Sub-criteria - Level 3
0.45
0.4 0.39
0.35
0.3
0.25
= 02
0.15 0.14
0.1
0.05
0
Project Design & Right-of-Way (ROW) Project Tender & Project Closeout Activities
Environmental Analysis Acquisition Construction Duration Duration

Sub-criteria

Figure 35: Relative Importance of Schedule Sub-criteria
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7.2.2.3 Expert Panel (EP4) Risk sub-criteria

Four sub-criteria (Identifying Project Performance Risk Impact, Project Cost Risk
Impact, Project Support Costs Risk Impact, and Project Schedule Risk Impact) were
evaluated by twelve experts in the EP4. Expert 38 was omitted from the qualification
process because he didn’t submit his final judgments. The experts were asked to assess the
relative contribution of the four sub-criteria to the Risk criterion using pair-wise
comparison through HDM software (R14). As shown in Table 18, the green box indicates
the highest weight among the four sub-criteria under the Risk criterion. The outcome
analysis of EP4 results in Figure 36 show that the Project Cost Risk Impact was rated the
highest value at 0.31 while Project Support Costs Risk Impact show the lowest at 0.18. The

individual expert’s judgments were among the acceptable range.
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Table 18: Analysis of the Risk Sub-criteria

Project . Project Project
Risk Pgrfornjwnce r;;%?f;;gft SupportJCOSts _Scheéule Inconsistency
Risk Impact Risk Impact Risk Impact
Exp 5 0.22 0.3 0.29 0.2 0.01
Exp 30 0.38 0.22 0.19 0.2 0.03
Exp 31 0.28 0.27 0.18 0.27 0
Exp 32 0.31 0.27 0.17 0.24 0
Exp 33 0.27 0.27 0.17 0.28 0.03
Exp 34 0.25 0.29 0.21 0.25 0
Exp 35 0.25 0.4 0.16 0.19 0.02
Exp 36 0.26 0.38 0.17 0.19 0.03
Exp 37 0.2 0.28 0.17 0.35 0.02
Exp 39 0.28 0.27 0.19 0.27 0
Exp 40 0.23 0.47 0.09 0.21 0.04
Mean 0.27 0.31 0.18 0.24
Minimum 0.2 0.22 0.09 0.19
Maximum 0.38 0.47 0.29 0.35
Std. 0.05 0.07 0.04 0.05
Deviation
Disagreement 0.048
Relative Importance of Risk Sub-criteria - Level 3
0.35
0.31
03 0.27
0.25 0.24
§ 0.2 0.18
2 015
0.1
0.05
0
Project Performance Risk Project Cost Risk Impact Project Support Costs Risk  Project Schedule Risk
Impact Impact Impact
Sub-criteria

Figure 36: Relative Importance of Risk Sub-criteria
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7.2.2.4 Expert Panel (EP5) Performance sub-criteria

Four sub-criteria (Project Scope, Project Needed Functions, Communication and
Integration Capabilities, and Stakeholder Needs) were evaluated by ten experts in the EP5.
The experts were asked to assess the relative contribution of the four sub-criteria to the

Performance criterion using pair-wise comparison through HDM software (R14).

As shown in Table 19, the green indicates to the highest weight among the four sub-
criteria under the performance criterion. The outcome analysis of EP5 results in Figure 37
showed that the Project Needed Functions was rated at the highest value at 0.34 while
Project Scope showed the lowest at 0.2. The individual expert’s judgments were among

the acceptable range.
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Table 19: Analysis of the Performance Sub-criteria

. Project Communication
Performance gggjia Needed and Integration St;l;eet:jzlder Inconsistency
P Functions Capabilities
Exp 13 0.23 0.3 0.28 0.2 0.01
Exp 41 0.19 0.39 0.15 0.27 0.03
Exp 42 0.17 0.33 0.2 0.3 0.03
Exp 43 0.2 0.3 0.2 0.31 0.03
Exp 44 0.13 0.38 0.19 0.3 0
Exp 45 0.2 0.33 0.18 0.29 0.01
Exp 46 0.22 0.32 0.24 0.22 0.02
Exp 47 0.17 0.47 0.14 0.22 0.02
Exp 48 0.23 0.29 0.24 0.25 0.02
Exp 49 0.25 0.24 0.27 0.23 0.06
Mean 0.2 0.34 0.21 0.26
Minimum 0.13 0.24 0.14 0.2
Maximum 0.25 0.47 0.28 0.31
Std. 0.03 0.06 0.05 0.04
Deviation
Disagreement 0.042
Relative Importance of Performance Sub-criteria - Level 3
0.4
0.35 .34
0.3
0.26
0.25
c 0.2 0.21
g 02
=
0.15
0.1
0.05
0

Project Scope

Project Needed Functions

Communication and

Integration Capabilities

Sub-criteria

Figure 37: Relative Importance of Performance Sub-criteria

Stakeholder Needs
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7.2.2.5 Expert Panel (EP6) Resources sub-criteria

Four sub-criteria (In-house Capability, External Consultant Needs, Time Needs during
using the Technique, and Project Stakeholder Involvement) were evaluated by eight
experts in the EP6. Exp 43 was omitted from the qualification process because he didn’t
submit his final judgments. The experts were asked to assess the relative contribution of
the four sub-criteria to the Resources criterion using pair-wise comparison through HDM

software (RI14).

As shown in Table 20, the green box indicates the highest weight among the four sub-
criteria under the Resources criterion. The outcome analysis of EP6 results in Figure 38
shows that In-house Capability criterion was rated at the highest value at 0.42 while
External Consultant Needs was rated the lowest at 0.17. The individual expert’s judgments

were among the acceptable range.
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Table 20: Analysis of the Resources Sub-criteria

In-house External Time Needs Project
Resources Canabilit Consultant during using Stakeholder Inconsistency
P Y Needs the Technique  Involvement
Exp 50 0.47 0.16 0.14 0.23 0.01
Exp 44 0.28 0.27 0.21 0.24 0
Exp 41 0.58 0.12 0.16 0.14 0.02
Exp 42 0.36 0.21 0.19 0.24 0.06
Exp 44 0.52 0.1 0.26 0.11 0.03
Exp 45 0.3 0.2 0.29 0.21 0.01
Exp 46 0.4 0.15 0.2 0.25 0.01
Mean 0.42 0.17 0.21 0.2
Minimum 0.28 0.1 0.14 0.11
Maximum 0.58 0.27 0.29 0.25
Std. 0.1 0.05 0.05 0.05
Deviation
Disagreement 0.064
Relative Importance of Resources Sub-criteria - Level 3
0.45 0.42
0.4
0.35
0.3
5 02 0.21
S 5 0.2
= 02 0.17
0.15
0.1
0.05
0
In-house Capability =~ External Consultant Needs Time Needs during using Project Stakeholder
the Technique Involvement
Sub-criteria

Figure 38: Relative Importance of Resources Sub-criteria

161



7.2.3 Inconsistency and Disagreement

The research defined the inconsistency for the Hierarchical Decision Model (HDM) as
the Root of the Sum of Variances (RSV) of the known number of decision variables [298].
The inconsistency value can be determined by calculating the square root of the sum of
variances of the means of number variables [300]. In this Level 3, the individual
inconsistency was acceptable for all sub-criteria. All results indicate that the inconsistency
level was less than 0.10. The disagreement at this level is measured among nineteen sub-
criteria with respect to the five criteria. The Cost, Schedule, Risk, Performance, and
Resources sub-criteria received low disagreement level (0.081, 0.057, 0.048, 0.042, and
0.064, respectively). Since the acceptable limit for disagreement is 0.1, these values are

considered an acceptable level of disagreement.

7.2.4 F-Test

F-test was used as a secondary measure for disagreement at the sub-criteria level to
analyze disagreement among experts. The F-test value was 16.36 for Cost, 18.4 for
Schedule, 7.83 for Risk, 12.59 for Performance, and 11.98 for Resources sub-criteria. Since
the computed F-value was significantly higher than F-critical, the null hypothesis was
rejected [184]. In this research, the F-test confirmed that there was no statistically
significant difference among the experts in panels EP2, EP3, EP4, EP5 and EP6 regarding

Level 3 with respect to Level 2. Therefore, the null hypothesis was still rejected at 0.1.
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The F-test results for each criterion are shown in Figure 39 through 43, and summarized

in Table 21.

Figure 39 shows the disagreement among experts at Cost sub-criteria.

F-test Value for Cost Sub-criteria Variances
33 16.36
2.67

15 3.63 | [—
4.60 [N
6.23
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o2 =0.01 al=10025 a2 =0.05 c2=10.1 F-value
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Figure 39: F-Test Values for Cost Sub-criteria

Figure 40 shows the disagreement among experts at Schedule sub-criteria.

F-test Value for Schedual Sub-criteria Variances

18.4

VALUE

al=10.01 a2 =0.025 a2=10.05 o2=10.1 F-value
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Figure 40: F-Test Values for Schedule Sub-criteria
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Figure 41 shows the disagreement among experts at Risk sub-criteria.
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Figure 41: F-Test Values for Risk Sub-criteria

Figure 42 shows the disagreement among experts at Performance sub-criteria.
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Figure 42: F-Test Values for Performance Sub-criteria
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Figure 43 shows the disagreement among experts at Resources sub-criteria.

F-test Value for Resources Sub-criteria Variances
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Figure 43: F-Test Values for Resources Sub-criteria

Table 21 shows the final results of disagreement among experts at all sub-criteria under

each criterion in Level 2.

Table 21: F-Test Values for all Sub-criteria Under Each Criterion

Sub-criteria 62 =0.01 02 =0.025 02 =0.05 02=0.1 F-value
Cost 6.23 4.69 3.63 2.67 16.36
Schedule 451 3.59 2.92 2.28 18.4
Risk 4.51 3.59 2.92 2.28 7.83
Performance 4.6 3.65 2.96 2.3 12.59
Resources 5.09 3.95 3.16 242 11.98
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7.2.5 Analysis of Alternatives Panel Results — Level 4

In Step 2, the RI5 was used by EP2, EP3, EP4, EP5, and EP6 to evaluate and quantify
the relative priorities of alternatives with respect to the sub-criteria. Same expert panels
who performed the model quantification process in RI4 they were asked again to fulfill R15
for evaluating the model Level 4 with respect to Level 3. Table 22 below shows the model

alternatives and its descriptions that sent and assessed by expert panels (EP2 through EP6).

Table 22: Model Alternatives Description

ALTERNATIVE  ACRONYM DESCRIPTION

ALT.1 VE-RA Risk Assessment combined with Value Engineering

ALT. 2 VE-CR anstrqctablllty Review combined with Value
Engineering

ALT. 3 VE-DAM A peC|§|on Analysis Model combined with Value
Engineering

ALT. 4 VE- Risk Assessment, Constructability Review, and Decision

' RACRDAM Analysis Model combined with Value Engineering

ALT.5 VE-CEVPRA Cosj[ Estimate Valldatloqs Process and Risk Assessment

combined with Value Engineering

7.2.5.1 Results of Alternatives with Cost Sub-criteria

EP2 evaluated and rated the relative importance of alternatives with respect to the Cost
sub-criteria (Reducing Capital Cost, Offering Life-Cycle-Cost Reduction, and Minimizing
Project Support Costs) using the research instrument RI5. The arithmetic means of the
experts’ judgments for the relative importance of considered alternatives with respect of
each criterion are shown in Table 23 through 25 and Figure 44 through 46. The green color
of each table and figure indicates the highest rank of the best-selected alternative with
respect to each Cost criterion, and the orange color indicates the lowest importance. The
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results indicate that the Alt.4 was ranked the most important option among others with

respect to the three Cost sub-criteria, and the Alt.3 was ranked the least importance option.

In the Capital Cost criterion, as shown in Table 23 and Figure 44, the VE-RACRDAM

technique was ranked the highest relative importance with a value of 0.37. The VE-

CEVPRA was ranked the second most effective alternative (0.23), while the VE-DAM was

rated the least importance technique with the ranking value of 0.12.

Table 23: Results of Alts. with Respect to Capital Cost

. VE- VE- VE- .
Capital Cost VE- RA VE- CR DAM RACR CEVP Inconsistency
& DAM & RA
Exp 11 0.07 0.13 0.23 0.43 0.14 0.06
Exp 12 0.13 0.14 0.12 0.36 0.25 0.03
Exp 13 0.19 0.15 0.12 0.42 0.12 0.02
Exp 14 0.21 0.12 0.14 0.34 0.19 0.02
Exp 15 0.13 0.12 0.1 0.45 0.2 0.02
Exp 16 0.13 0.08 0.09 0.28 0.42 0.05
Exp 17 0.2 0.21 0.11 0.22 0.27 0.05
Exp 18 0.14 0.11 0.1 0.42 0.24 0
Exp 19 0.14 0.1 0.1 0.43 0.22 0.02
Mean 0.15 0.13 0.12 0.37 0.23
Minimum 0.07 0.08 0.09 0.22 0.12
Maximum 0.21 0.21 0.23 0.45 0.42
ool 0.04 0.03 0.04 0.07 0.08
Disagreement 0.051
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Relative importance of alternatives respect to capital cost sub-
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Figure 44: Relative Importance of Alts. with Respect to Capital Cost

In the Life-Cycle-Cost criterion, as shown in Table 24 and Figure 45, the VE-
RACRDAM technique was also ranked the highest relative importance with a value of
0.36. The VE-CEVPRA was ranked the second most effective alternative (0.21), while the

VE-DAM was rated the least importance technique with the ranking value of 0.12.
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Table 24: Results of Alts. with Respect to Life-Cycle-Cost

Life-Cycle- VE- s LEs .
Cost (LCC) VE- RA VE- CR DAM RACR CEVP Inconsistency
& DAM & RA
Exp 11 0.15 0.14 0.22 0.35 0.15 0.09
Exp 12 0.14 0.12 0.1 0.42 0.23 0.02
Exp 13 0.2 0.14 0.11 0.41 0.14 0.03
Exp 14 0.16 0.14 0.15 0.33 0.22 0
Exp 15 0.14 0.13 0.13 0.38 0.21 0.01
Exp 16 0.1 0.09 0.05 0.36 0.4 0.07
Exp 17 0.22 0.28 0.09 0.3 0.11 0.07
Exp 18 0.19 0.13 0.12 0.32 0.25 0.01
Exp 19 0.17 0.15 0.15 0.33 0.2 0
Mean 0.16 0.15 0.12 0.36 0.21
Minimum 0.1 0.09 0.05 0.3 0.11
Maximum 0.22 0.28 0.22 0.42 0.4
oo 0.03 0.05 0.04 0.04 0.08
Disagreement 0.044

Relative importance of alternatives respect to life-cycle-cost
(LCC) sub-creteria
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Figure 45: Relative Importance of Alts. with Respect to Life-Cycle-Cost
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In the Project Support Costs criterion, as shown in Table 25 and Figure 46, the VE-

RACRDAM technique was also ranked the highest relative importance with a value of

0.31. The VE-CEVPRA was ranked the second most effective alternative (0.2), while the

VE-DAM was rated the least importance technique with the ranking value of 0.15.

Table 25: Results of Alts. with Respect to Support Costs

Project VE- V= Ve .
Support Costs VE- RA VE- CR DAM RACR CEVP Inconsistency
& DAM & RA
Exp 11 0.11 0.18 0.27 0.3 0.14 0.02
Exp 12 0.14 0.14 0.14 0.32 0.25 0.02
Exp 13 0.2 0.17 0.16 0.29 0.17 0.01
Exp 14 0.14 0.17 0.15 0.32 0.22 0.04
Exp 15 0.21 0.12 0.12 0.32 0.23 0.02
Exp 16 0.18 0.16 0.09 0.28 0.28 0.07
Exp 17 0.25 0.19 0.11 0.29 0.16 0.04
Exp 18 0.18 0.19 0.16 0.29 0.18 0
Exp 19 0.2 0.17 0.14 0.34 0.14 0.02
Mean 0.18 0.17 0.15 0.31 0.2
Minimum 0.11 0.12 0.09 0.28 0.14
Maximum 0.25 0.19 0.27 0.34 0.28
oo 0.04 0.02 0.05 0.02 0.05
Disagreement 0.034
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Relative importance of alternatives respect to project support
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Figure 46: Relative Importance of Alts. with Respect to Support Costs

7.2.5.2 Results of Alternatives with Schedule Sub-criteria

EP3 evaluated and rated the relative importance of alternatives with respect to the
Schedule sub-criteria (Project Design & Environmental Analysis, Right-of-Way (ROW)
Acquisition, Project Tender & Construction Duration, and Project Closeout Activities
Duration) using the research instrument RIS. The arithmetic means of experts’ judgments
for the relative importance of considered alternatives with respect of each criterion are
shown in Table 26 through 29 and Figure 47 through 50. The green color of each table and
figure indicates the highest rank of the best-selected alternative with respect to each Cost
criterion, and the orange color indicates the lowest importance. The results indicate that the
Alt.4 was ranked the most important option among others with respect to the four Schedule

sub-criteria, and the Alt.3 was ranked the least importance in the Project Design &
171



Environmental Analysis, and Right-of-Way (ROW) Acquisition criterion. The Alt.2

showed the lowest importance in the Project Tender & Construction Duration criterion.

Alt. 2 and 3 share the least importance in the Project Closeout Activities Duration criterion.

In the Project Design & Environmental Analysis criterion, as shown in Table 26 and

Figure 47, the VE-RACRDAM technique was also ranked the highest relative importance

with a value of 0.3. The VE-CEVPRA was ranked the second most effective alternative

(0.23), while the VE-DAM was rated the least importance technique with the ranking value

of 0.13.
Table 26: Results of Alts. with Respect to Design & Env. Analysis
Dssf%ﬁcé VE- VIE Ve .
Environmental VE- RA VE- CR DAM RACR CEVP Inconsistency
Analysis &5 I IR
Exp 20 0.13 0.14 0.13 0.33 0.28 0.01
Exp 8 0.2 0.13 0.11 0.29 0.27 0.03
Exp 21 0.15 0.16 0.13 0.33 0.23 0.01
Exp 22 0.28 0.12 0.16 0.21 0.23 0.01
Exp 23 0.19 0.16 0.1 0.3 0.25 0.03
Exp 24 0.21 0.18 0.15 0.27 0.19 0.01
Exp 25 0.18 0.17 0.16 0.27 0.21 0
Exp 26 0.2 0.17 0.14 0.25 0.25 0.01
Exp 27 0.18 0.17 0.14 0.31 0.19 0.02
Exp 28 0.1 0.12 0.09 0.43 0.27 0.03
Exp 29 0.25 0.17 0.11 0.31 0.16 0.01
Mean 0.19 0.15 0.13 0.3 0.23
Minimum 0.1 0.12 0.09 0.21 0.16
Maximum 0.28 0.18 0.16 0.43 0.28
Std. Deviation 0.05 0.02 0.02 0.05 0.04
Disagreement 0.034
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Relative importance of alternatives respect to right-of-way
(ROW) acquisition sub-creteria
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Figure 47: Relative Importance of Alts. with Respect to Design & Env. Analysis

In the Right-of-Way (ROW) Acquisition criterion, as shown in Table 27 and Figure 48,
the VE-RACRDAM technique was also ranked the highest relative importance with a value
of 0.3. The VE-CEVPRA was ranked the second most effective alternative (0.25), while

the VE-DAM was rated the least importance technique with the ranking value of 0.13.
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Table 27: Results of Alts. with Respect to Right-of-Way Acquisition

Right-of-Way VE- VE- VE-
(ROW) VE- RA VE- CR DAM RACR CEVP Inconsistency
Acquisition & DAM & RA
Exp 20 0.14 0.18 0.16 0.28 0.23 0
Exp 8 0.21 0.24 0.12 0.24 0.19 0.03
Exp 21 0.11 0.11 0.1 0.42 0.26 0.02
Exp 22 0.27 0.18 0.14 0.16 0.25 0
Exp 23 0.16 0.16 0.11 0.33 0.23 0.01
Exp 24 0.17 0.17 0.14 0.27 0.26 0.01
Exp 25 0.16 0.14 0.13 0.33 0.24 0.01
Exp 26 0.15 0.14 0.12 0.28 0.31 0.01
Exp 27 0.14 0.13 0.12 0.32 0.29 0.01
Exp 28 0.15 0.12 0.09 0.38 0.27 0.02
Exp 29 0.17 0.15 0.19 0.32 0.17 0.02
Mean 0.17 0.16 0.13 0.3 0.25
Minimum 0.11 0.11 0.09 0.16 0.17
Maximum 0.27 0.24 0.19 0.42 0.31
Std. 0.04 0.03 0.03 0.07 0.04
Deviation
Disagreement 0.038
Relative importance of alternatives respect to right-of-way
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Figure 48: Relative Importance of Alts. with Respect to Right-of-Way Acquisition
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In the Project Tender & Construction Duration criterion, as shown in Table 28 and

Figure 49, the VE-RACRDAM technique was also ranked the highest relative importance

with a value of 0.28. The VE-CEVPRA was ranked the second most effective alternative

(0.23), while the VE-CR was rated the least importance technique with the ranking value

of 0.15.
Table 28: Results of Alts. with Respect to Tender & Const. Duration

Project VE- VE- VE- _

Tender &_ VE- RA VE- CR DAM RACR CEVP Inconsistency

Construction & DAM & RA
Exp 20 0.16 0.16 0.19 0.25 0.24 0
Exp 8 0.26 0.17 0.15 0.23 0.2 0
Exp 21 0.14 0.09 0.21 0.28 0.28 0.04
Exp 22 0.24 0.18 0.15 0.23 0.19 0.01
Exp 23 0.16 0.14 0.12 0.36 0.22 0.04
Exp 24 0.14 0.14 0.17 0.31 0.24 0.01
Exp 25 0.2 0.19 0.19 0.24 0.19 0.02
Exp 26 0.13 0.1 0.18 0.3 0.3 0.01
Exp 27 0.17 0.14 0.15 0.32 0.22 0.01
Exp 28 0.15 0.16 0.17 0.3 0.23 0.04
Exp 29 0.15 0.16 0.16 0.29 0.24 0.01
Mean 0.17 0.15 0.17 0.28 0.23
Minimum 0.13 0.09 0.12 0.23 0.19
Maximum 0.26 0.19 0.21 0.36 0.3

DS\t/(iiétion 0.04 0.03 0.02 0.04 0.03
Disagreement 0.031
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Relative importance of alternatives respect to project tender &
construction duration sub-creteria
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Figure 49: Relative Importance of Alts. with Respect to Tender & Const. Duration

In the Project Closeout Activities Duration criterion, as shown in Table 29 and Figure
50, the VE-RACRDAM technique was also ranked the highest relative importance with a
value of 0.26. The VE-CEVPRA was ranked the second most effective alternative (0.23),

while VE-RA and VE-CR shared the least importance rank among other techniques with

the value of 0.16.

176



Table 29: Results of Alts. with Respect to Closeout Activities Duration

Project VE- VE- VE-
Closeout VE- RA VE- CR DAM RACR CEVP Inconsistency
Activities & DAM & RA
Exp 20 0.18 0.11 0.14 0.32 0.25 0
Exp 8 0.2 0.2 0.2 0.2 0.2 0
Exp 21 0.16 0.13 0.17 0.31 0.23 0.02
Exp 22 0.25 0.2 0.14 0.18 0.23 0.01
Exp 23 0.18 0.17 0.16 0.24 0.26 0.01
Exp 24 0.18 0.16 0.19 0.25 0.23 0
Exp 25 0.2 0.16 0.16 0.25 0.24 0.01
Exp 26 0.21 0.13 0.14 0.31 0.21 0.01
Exp 27 0.19 0.16 0.15 0.28 0.22 0
Exp 28 0.18 0.19 0.17 0.25 0.22 0.01
Exp 29 0.17 0.16 0.15 0.25 0.27 0.02
Mean 0.19 0.16 0.16 0.26 0.23
Minimum 0.16 0.11 0.14 0.18 0.2
Maximum 0.25 0.2 0.2 0.32 0.27
Std. 0.02 0.03 0.02 0.04 0.02
Deviation
Disagreement 0.025
Relative importance of alternatives respect to project closeout
activities duration sub-creteria
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Figure 50: Relative Importance of Alts. with Respect to Closeout Activities Duration
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7.2.5.3 Results of Alternatives with Risk Sub-criteria

EP4 evaluated and rated the relative importance of alternatives with respect to the Risk
sub-criteria (ldentifying Project Performance Risk Impact, Project Cost Risk Impact,
Project Support Costs Risk Impact, and Project Schedule Risk Impact) using the research
instrument RI5. The arithmetic means of experts’ judgments for the relative importance of
considered alternatives with respect of each criterion are shown in Table 30 through 33 and
Figure 51 through 54. The green color of each table and figure indicates the highest rank
of the best-selected alternative with respect to each Risk criterion, and the orange color
indicates the lowest importance. The results indicate that the Alt.4 was ranked the most
important option among others with respect to the four Risk sub-criteria, and the Alt.3 was
ranked the least importance in all Risk sub-criteria. Alt. 2 shared Alt. 3 in the least

importance techniques in the assessment of Project Cost Risk Impact.

In the Project Performance Risk Impact criterion, as shown in Table 30 and Figure 51,
the VE-RACRDAM technique was ranked the highest relative importance with a value of
0.29. The VE-CEVPRA was ranked the second most effective alternative (0.22), while the

VE-DAM was rated the least importance technique with the ranking value of 0.15.
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Table 30: Results of Alts. with Respect to Perf. Risk Impact

Project VE- VE- VE-
Performance VE- RA VE- CR DAM RACR CEVP Inconsistency
Risk Impact & DAM & RA
Exp 5 0.25 0.15 0.14 0.32 0.15 0.03
Exp 31 0.18 0.15 0.15 0.26 0.27 0.01
Exp 32 0.13 0.13 0.17 0.32 0.26 0.02
Exp 33 0.16 0.12 0.23 0.24 0.25 0.03
Exp 34 0.17 0.13 0.14 0.26 0.29 0
Exp 35 0.2 0.18 0.14 0.3 0.17 0.02
Exp 36 0.19 0.15 0.18 0.28 0.2 0.04
Exp 37 0.16 0.14 0.12 0.34 0.24 0.01
Exp 40 0.15 0.35 0.09 0.25 0.15 0.06
Mean 0.18 0.17 0.15 0.29 0.22
Minimum 0.13 0.12 0.09 0.24 0.15
Maximum 0.25 0.35 0.23 0.34 0.29
Std. 0.03 0.07 0.04 0.03 0.0
Deviation
Disagreement 0.041
Relative importance of alternatives respect to project
performance risk impact sub-creteria
0.22
%32?
@5
&,Q & 0.29
L Q
= ¥
SN 0.15
2 N o
< &
& 0.17
&
& 0.18
&
0 0.05 0.1 0.15 0.2 0.25 03 0.35
Mean

Figure 51: Relative Importance of Alts. with Respect to Perf. Risk Impact
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In the Project Cost Risk Impact criterion, as shown in Table 30 and Figure 52, the VE-

RACRDAM technique was ranked the highest relative importance with a value of 0.27.

The VE-CEVPRA was ranked the second most effective alternative (0.24), while VE-CR

and VE-DAM shared the least importance techniques with the ranking value of 0.15.

Table 30: Results of Alts. with Respect to Cost Risk Impact

Project Cost VE- V= Ve .
Risk Impact VE- RA VE- CR DAM RACR CEVP Inconsistency
& DAM & RA
Exp5 0.19 0.15 0.17 0.26 0.23 0.01
Exp 31 0.19 0.16 0.15 0.27 0.23 0
Exp 32 0.22 0.15 0.15 0.24 0.24 0
Exp 33 0.15 0.15 0.2 0.25 0.25 0.04
Exp 34 0.26 0.15 0.14 0.25 0.2 0.01
Exp 35 0.2 0.15 0.13 0.34 0.19 0.01
Exp 36 0.15 0.15 0.15 0.34 0.22 0
Exp 37 0.17 0.13 0.13 0.26 0.32 0.02
Exp 40 0.29 0.16 0.1 0.2 0.24 0.02
Mean 0.2 0.15 0.15 0.27 0.24
Minimum 0.15 0.13 0.1 0.2 0.19
Maximum 0.29 0.16 0.2 0.34 0.32
ool 0.04 0.01 0.03 0.04 0.03
Disagreement 0.031
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Relative importance of alternatives respect to project cost risk
impact sub-creteria
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Figure 52: Relative Importance of Alts. with Respect to Cost Risk Impact

In the Project Support Cost Risk Impact criterion, as shown in Table 31 and Figure 53,
the VE-RACRDAM technique was ranked the highest relative importance with a value of
0.28. The VE-CEVPRA was ranked the second most effective alternative (0.21), while the

VE-DAM was rated the least importance technique with the ranking value of 0.16.
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Table 31: Results of Alts. with Respect to Support Cost Risk Impact

Project VE- VE- VE-
Support Costs VE- RA VE- CR DAM RACR CEVP Inconsistency
Risk Impact & DAM & RA
Exp 5 0.18 0.14 0.15 0.31 0.22 0
Exp 31 0.19 0.15 0.14 0.31 0.21 0.01
Exp 32 0.15 0.12 0.17 0.31 0.24 0.01
Exp 33 0.26 0.13 0.16 0.2 0.24 0.05
Exp 34 0.13 0.15 0.15 0.3 0.26 0.01
Exp 35 0.16 0.12 0.15 0.37 0.2 0.01
Exp 36 0.29 0.12 0.12 0.29 0.18 0.02
Exp 37 0.18 0.13 0.14 0.31 0.24 0.01
Exp 40 0.26 0.36 0.12 0.16 0.1 0.05
Mean 0.2 0.16 0.14 0.28 0.21
Minimum 0.13 0.12 0.12 0.16 0.1
Maximum 0.29 0.36 0.17 0.37 0.26
Std. 0.05 0.07 0.02 0.06 0.05
Deviation
Disagreement 0.044
Relative importance of alternatives respect to project support
costs risk impact sub-creteria
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Figure 53: Relative Importance of Alts. with Respect to Support Cost Risk Impact
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In the Project Schedule Risk Impact criterion, as shown in Table 32 and Figure 54, the

VE-RACRDAM technique was also ranked the highest relative importance with a value of

0.28. The VE-CEVPRA was ranked the second most effective alternative (0.27), while the

VE-DAM was rated the least importance technique with the ranking value of 0.12.

Table 32: Results of Alts. with Respect to Schedule Risk Impact

Project _ VE- VE- VE- _
Schedule Risk VE- RA VE- CR DAM RACR CEVP Inconsistency
Impact & DAM & RA

Exp 5 0.17 0.15 0.12 0.29 0.26 0.01

Exp 31 0.16 0.12 0.13 0.26 0.33 0.02

Exp 32 0.18 0.15 0.12 0.34 0.22 0.01

Exp 33 0.13 0.2 0.13 0.24 0.3 0.04

Exp 34 0.17 0.13 0.11 0.35 0.25 0

Exp 35 0.12 0.13 0.14 0.3 0.32 0.05

Exp 36 0.19 0.16 0.14 0.26 0.25 0

Exp 37 0.17 0.16 0.15 0.27 0.24 0

Exp 40 0.39 0.11 0.07 0.17 0.26 0.07

Mean 0.19 0.15 0.12 0.28 0.27

Minimum 0.12 0.11 0.07 0.17 0.22

Maximum 0.39 0.2 0.15 0.35 0.33
ool 0.07 0.03 0.02 0.05 0.04

Disagreement 0.038
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Relative importance of alternatives respect to project schedule
risk impact sub-creteria
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Figure 54: Relative Importance of Alts. with Respect to Schedule Risk Impact

7.2.5.4 Results of Alternatives with Performance Sub-criteria

EP5 evaluated and rated the relative importance of alternatives with respect to the
Performance sub-criteria (Project Scope, Project Needed Functions, Communication and
Integration Capabilities, and Stakeholder Needs) using the research instrument RI5. The
arithmetic means of experts’ judgments for the relative importance of considered
alternatives with respect of each criterion are shown in Table 33 through 36 and Figure 55
through 58. The green color of each table and figure indicates the highest rank of the best-
selected alternative with respect to each Performance criterion, and the orange color

indicates the lowest importance. The results indicate that the Alt.4 was ranked the most
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important option among others with respect to the four Performance sub-criteria, and the

Alt.2 was ranked the least importance in all Risk sub-criteria. Alt.5 shared Alt.2 in the least

importance techniques in the assessment of Project Scope.

In the Project Scope criterion, as shown in Table 33 and Figure 55, the VE-RACRDAM

technique was ranked the highest relative importance with a value of 0.26. The VE-DAM

was ranked the second most effective alternative (0.22), while VE-DAM and VE-CEVPRA

shared the least importance techniques with the ranking value of 0.17.

Table 33: Results of Alts. with Respect to Project Scope

. VE- VE- VE- .
Project Scope VE- RA VE- CR DAM RACR CEVP Inconsistency
& DAM & RA
Exp 41 0.2 0.12 0.17 0.34 0.18 0.01
Exp 42 0.2 0.2 0.2 0.2 0.2 0
Exp 43 0.16 0.16 0.23 0.3 0.15 0
Exp 44 0.22 0.22 0.22 0.22 0.12 0
Exp 45 0.19 0.14 0.17 0.28 0.22 0.03
Exp 46 0.17 0.21 0.2 0.2 0.23 0.01
Exp 47 0.2 0.19 0.21 0.23 0.17 0
Exp 48 0.18 0.14 0.2 0.36 0.12 0.01
Exp 49 0.19 0.13 0.34 0.23 0.11 0.06
Mean 0.19 0.17 0.22 0.26 0.17
Minimum 0.16 0.12 0.17 0.2 0.11
Maximum 0.22 0.22 0.34 0.36 0.23
ool 0.02 0.04 0.05 0.06 0.04
Disagreement 0.04

185




Relative importance of alternatives respect to project scope sub-
creteria
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Figure 55: Relative Importance of Alts. with Respect to Project Scope

In the Project Needed Functions criterion, as shown in Table 34 and Figure 56, the VE-
RACRDAM technique was ranked the highest relative importance with a value of 0.3. The
VE-DAM was ranked the second most effective alternative (0.21), while the VE-CR was

rated the least importance technique with the ranking value of 0.15.
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Table 34: Results of Alts. with Respect to Needed Functions

Project VE- VE- VE-
Needed VE- RA VE- CR DAM RACR CEVP Inconsistency
Functions & DAM & RA
Exp 41 0.19 0.16 0.19 0.29 0.17 0
Exp 42 0.2 0.2 0.2 0.2 0.2 0
Exp 43 0.18 0.15 0.19 0.3 0.18 0
Exp 44 0.13 0.13 0.18 0.4 0.15 0
Exp 45 0.17 0.14 0.21 0.3 0.18 0
Exp 46 0.16 0.19 0.16 0.26 0.23 0.01
Exp 47 0.12 0.12 0.22 0.36 0.18 0.01
Exp 48 0.14 0.12 0.22 0.33 0.19 0
Exp 49 0.13 0.15 0.34 0.24 0.15 0.06
Mean 0.16 0.15 0.21 0.3 0.18
Minimum 0.12 0.12 0.16 0.2 0.15
Maximum 0.2 0.2 0.34 0.4 0.23
Std. 0.03 0.03 0.05 0.06 0.02
Deviation
Disagreement 0.034
Relative importance of alternatives respect to project needed
functions sub-creteria
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Figure 56: Relative Importance of Alts. with Respect to Needed Functions
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In the Communication and Integration Capabilities criterion, as shown in Table 35 and

Figure 57, the VE-RACRDAM technique was also ranked the highest relative importance

with a value of 0.3. The VE-CEVPRA was ranked the second most effective alternative

(0.19), while the VE-CR was rated the least importance technique with the ranking value

of 0.14.

Table 35: Results of Alts. with Respect to Commun. and Integ. Capabilities

Communit_:ation VE- VE- VE- _
and InFe_g_ratlon VE- RA VE- CR DAM RACR CEVP Inconsistency
Capabilities & DAM & RA

Exp 41 0.15 0.12 0.16 0.34 0.24 0.02

Exp 42 0.17 0.1 0.16 0.36 0.21 0.01

Exp 43 0.28 0.14 0.17 0.26 0.15 0.03

Exp 44 0.17 0.11 0.13 0.37 0.22 0.01

Exp 45 0.19 0.13 0.21 0.3 0.17 0.01

Exp 46 0.3 0.21 0.11 0.19 0.2 0.03

Exp 47 0.18 0.15 0.19 0.28 0.18 0

Exp 48 0.2 0.15 0.19 0.26 0.2 0.01

Exp 49 0.14 0.13 0.29 0.31 0.13 0.02

Mean 0.2 0.14 0.18 0.3 0.19

Minimum 0.14 0.1 0.11 0.19 0.13

Maximum 0.3 0.21 0.29 0.37 0.24

Std. Deviation 0.05 0.03 0.05 0.05 0.03

Disagreement 0.04
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Relative importance of alternatives respect to communication
and integration capabilities sub-creteria
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Figure 57: Relative Importance of Alts. with Respect to Commun. and Integ.

In the Stakeholder Needs criterion, as shown in Table 36 and Figure 58, the VE-
RACRDAM technique was ranked the highest relative importance with a value of 0.28.
The VE-CEVPRA was ranked the second most effective alternative (0.21), while the VE-

CR was rated the least importance technique with the ranking value of 0.15.
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Table 36: Results of Alts. with Respect to Stakeholder Needs

VE- VE-
Ng’ég's‘eho'der VE-RA  VE-CR Dxa RACR CEVP Inconsistency
& DAM & RA
Exp 41 0.18 0.16 0.18 0.27 0.21 0
Exp 42 0.15 0.15 0.16 0.29 0.24 0.03
Exp 43 0.14 0.14 0.21 0.34 0.16 0.01
Exp 44 0.16 0.13 0.2 0.27 0.25 0.01
Exp 45 0.24 0.14 0.14 0.24 0.23 0.02
Exp 46 0.25 0.22 0.13 0.17 0.22 0.01
Exp 47 0.16 0.11 0.17 0.35 0.21 0.01
Exp 48 0.17 0.16 0.17 0.28 0.23 0.01
Exp 49 0.19 0.13 0.23 0.32 0.13 0.04
Mean 0.18 0.15 0.18 0.28 0.21
Minimum 0.14 0.11 0.13 0.17 0.13
Maximum 0.25 0.22 0.23 0.35 0.25
Df\t/?étion 0.04 0.03 0.03 0.05 0.04
Disagreement 0.033

Relative importance of alternatives respect to stakeholder needs
sub-creteria
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Figure 58: Relative Importance of Alts. with Respect to Stakeholder Needs
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7.2.5.5 Results of Alternatives with Resources Sub-criteria

EP6 evaluated and rated the relative importance of alternatives with respect to the
Resources sub-criteria (In-house Capability, External Consultant Needs, Time Needs
during using the Technique, and Project Stakeholder Involvement) using the research
instrument RI5. The arithmetic means of experts’ judgments for the relative importance of
considered alternatives with respect of each criterion are shown in Table 37 through 40 and
Figure 59 through 62. The green color of each table and figure indicates the highest rank
of the best-selected alternative with respect to each Resources criterion, and the orange
color indicates the lowest importance. The results indicate that the Alt.4 was ranked the
most important option among others with respect to the four Resources sub-criteria, and
the Alt.1 shared Alt.4 with the same rank in In-house Capability criterion. Alt.3 and 5
showed the lowest importance in In-house Capability criterion while Alt.1 and 2 shared the
least importance in the External Consultant Needs criterion. Alt.2 was ranked the least
importance in Time Needs during using the Technique, and Project Stakeholder

Involvement criterion.
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In the In-house Capability criterion, as shown in Table 37 and Figure 59, the VE-
RACRDAM and VE-RA techniques were ranked the highest relative importance with a
value of 0.22. The VE-CR was ranked the second most effective alternative (0.2), while

VE-DAM and VE-CEVPRA shared the least importance techniques with the ranking value

of 0.18.
Table 37: Results of Alts. with Respect to In-house Capability
In-house VE- V= Ve .
Capability VE- RA VE- CR DAM RACR CEVP Inconsistency
& DAM & RA
Exp 50 0.27 0.24 0.17 0.18 0.14 0.01
Exp 44 0.23 0.26 0.18 0.18 0.16 0.01
Exp 41 0.23 0.14 0.16 0.3 0.17 0.01
Exp 42 0.17 0.13 0.19 0.28 0.24 0
Exp 44 0.2 0.28 0.17 0.17 0.18 0.02
Exp 45 0.22 0.17 0.2 0.22 0.19 0.01
Exp 46 0.22 0.18 0.19 0.23 0.18 0.01
Mean 0.22 0.2 0.18 0.22 0.18
Minimum 0.17 0.13 0.16 0.17 0.14
Maximum 0.27 0.28 0.2 0.3 0.24
Dg\t/(ijétion 0.03 0.06 0.01 0.05 0.03
Disagreement 0.035
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Relative importance of alternatives respect to In-house
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Figure 59: Relative Importance of Alts. with Respect to In-house Capability

In the External Consultant Needs criterion, as shown in Table 38 and Figure 60, the
VE-RACRDAM was ranked the highest relative importance with a value of 0.29. The VE-
CEVPRA was ranked the second most effective alternative (0.25), while VE-RA and VE-

CR shared the least importance techniques with the ranking value of 0.15.
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Table 38: Results of Alts. with Respect to Ext. Consultant Needs

External VE- VE- VE-
Consultant VE- RA VE- CR DAM RACR CEVP Inconsistency
Needs & DAM & RA
Exp 50 0.17 0.17 0.17 0.28 0.22 0
Exp 44 0.15 0.13 0.14 0.29 0.29 0
Exp 41 0.18 0.13 0.14 0.31 0.25 0.01
Exp 42 0.16 0.15 0.14 0.29 0.26 0.01
Exp 44 0.14 0.16 0.18 0.29 0.23 0.01
Exp 45 0.14 0.18 0.15 0.29 0.24 0.01
Exp 46 0.13 0.15 0.18 0.29 0.24 0.01
Mean 0.15 0.15 0.16 0.29 0.25
Minimum 0.13 0.13 0.14 0.28 0.22
Maximum 0.18 0.18 0.18 0.31 0.29
Std. 0.02 0.02 0.02 0.01 0.02
Deviation
Disagreement 0.016
Relative importance of alternatives respect to external
consultant needs sub-creteria
& | 0.25
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Figure 60: Relative Importance of Alts. with Respect to Ext. Consultant Needs
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In the Time Needs during using the Technique criterion, as shown in Table 39 and
Figure 61, the VE-RACRDAM was ranked the highest relative importance with a value of
0.28. The VE-CEVPRA was ranked the second most effective alternative (0.24), while the

VE-CR was rated the least importance technique with the ranking value of 0.15.

Table 39: Results of Alts. with Respect to Time Needs

T?me Nfaeds VE- VE- VE- _
during using VE- RA VE- CR DAM RACR CEVP Inconsistency
the Technique & DAM & RA

Exp 50 0.18 0.14 0.16 0.26 0.26 0.03

Exp 44 0.16 0.15 0.15 0.32 0.22 0.02

Exp 41 0.18 0.17 0.15 0.24 0.27 0.01

Exp 42 0.16 0.15 0.17 0.28 0.23 0.01

Exp 44 0.15 0.15 0.14 0.3 0.26 0

Exp 45 0.16 0.16 0.16 0.29 0.22 0.03

Exp 46 0.17 0.15 0.18 0.29 0.21 0.01

Mean 0.17 0.15 0.16 0.28 0.24

Minimum 0.15 0.14 0.14 0.24 0.21

Maximum 0.18 0.17 0.18 0.32 0.27
oo 0.01 0.01 0.01 0.02 0.02

Disagreement 0.016
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Figure 61: Relative Importance of Alts. with Respect to Time Needs

the Project Stakeholder Involvement criterion, as shown in Table 40 and Figure 62, the
VE-RACRDAM was ranked the highest relative importance with a value of 0.31. The VE-
CEVPRA was ranked the second most effective alternative (0.21), while the VE-CR was

rated the least importance technique with the ranking value of 0.14.
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Table 40: Results of Alts. with Respect to Stakeholder Involvement

Project VE- VE- VE-
Stakeholder VE- RA VE- CR DAM RACR CEVP Inconsistency
Involvement & DAM & RA
Exp 50 0.14 0.13 0.22 0.32 0.19 0.05
Exp 44 0.2 0.11 0.15 0.26 0.28 0.06
Exp 41 0.2 0.18 0.19 0.26 0.18 0
Exp 42 0.08 0.06 0.2 0.44 0.22 0.06
Exp 44 0.14 0.16 0.22 0.3 0.18 0.01
Exp 45 0.13 0.12 0.14 0.35 0.25 0.05
Exp 46 0.18 0.21 0.18 0.26 0.16 0.01
Mean 0.15 0.14 0.19 0.31 0.21
Minimum 0.08 0.06 0.14 0.26 0.16
Maximum 0.2 0.21 0.22 0.44 0.28
St(.j' . 0.04 0.05 0.03 0.06 0.04
Deviation
Disagreement 0.041
Relative importance of alternatives respect to project
stakeholder involvement sub-creteria
& | 021
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Figure 62: Relative Importance of Alts. with Respect to Stakeholder Involvement
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7.2.6 Final Results of the Alternatives with Respect to the Mission

This part presents the conclusion of the final five alternatives ranking (VE-RA, VE-
CR, VE-DAM, VE-RACRDAM, and VE-CEVPRA). As shown in Table 41 and Figure 63,
the VE-RACRDAM technique was ranked the most important with a value of 0.3 among
others with respect to the mission. The VE-CEVPRA was the second most effective
technique, and it was better than the following most effective technique, VE-RA, by only
18%. The VE-DAM was ranked the fourth (0.16) and closed to the least importance

technique, VE-CR, (0.15).

Table 41: Final Results of Alts. with Respect to Mission

Evaluating VE- VE-
Assessment VE-RA VE-CR VE-DAM RACR CEVP Inconsistency
Techniques & AM & RA

Composite 0.18 0.15 0.16 0.3 0.22 0.04

Mean 0.18 0.15 0.16 0.3 0.22

Minimum 0.18 0.15 0.16 0.3 0.22

Maximum 0.18 0.15 0.16 0.3 0.22

Std. Deviation 0 0 0 0 0

Disagreement 0
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Global relative weights of Project Assessment Technique
Alternatives with respect to the mission
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Figure 63: Alts. Ranking - Final Result

7.2.7 Inconsistency and Disagreement

The original inconsistency calculation also measured the inconsistency of the experts
at this level. The individual inconsistency was acceptable for all alternatives with respect
to each sub-criterion. All results indicate an inconsistency level less than 0.10. The
disagreement at this level was measured among five alternatives with respect to the
nineteen sub-criteria. All experts were considered independently to determine their effect
on the final results with respect to the relative rankings of five alternatives. The HDM
software showed that the final results of disagreement in this level were acceptable and
within the disagreement limit (< 0.1). The disagreement values in this level are shown in

the F-test section below, Table 42.
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7.2.8 F-Test

The F-test confirmed that there was no statistically significant difference among the
experts in panels EP2, EP3, EP4, EP5 and EPG6 regarding the Level 4 with respect to Level
3. Therefore, the null hypothesis was still rejected at 0.1. However, with S16 (In-house
Capability sub-criteria) the null hypothesis could not be rejected even at the 0.1 level. As
the disagreement measure was acceptable (less than 0.1) in this variable, therefore
Abotah’s justification regarding the F-test calculation was used [191]. The F-test and final

disagreement values for each criterion are summarized in Table 42.
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Table 42: Final Results of F-test and Disagreement

C“Stgga sy | 27001 | 02=0.025 | 62=005 | o2=0. F-value r?tisagreeme'
s1 3.97 3.22 2.67 2.13 20.85 0.051
s2 3.97 3.22 2.67 2.13 20.38 0.044
s3 3.97 3.22 2.67 2.13 17.58 0.034
s4 3.83 3.13 2.61 2.09 24.35 0.034
S5 3.83 3.13 2.61 2.09 22.06 0.038
s6 3.83 3.13 2.61 2.09 21.63 0.031
s7 3.83 3.13 2.61 2.09 19.68 0.025
s8 3.97 3.22 2.67 213 8.92 0.041
S9 3.97 3.22 2.67 213 15.44 0.031
S10 3.97 3.22 2.67 213 6.93 0.044
s11 3.97 3.22 2.67 2.13 14.83 0.038
S12 3.97 3.22 2.67 2.13 5.77 0.04
s13 3.97 3.22 2.67 2.13 14.84 0.034
s14 3.97 3.22 2.67 213 11.11 0.04
s15 3.97 3.22 2.67 213 11.4 0.033
S16 4.22 3.38 2.78 2.19 1.46 0.035
S17 4.22 3.38 2.78 2.19 72.91 0.016
S18 4.22 3.38 2.78 2.19 57.23 0.016
S19 4.22 3.38 2.78 2.19 1153 0.041
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7.3 Scenario Analysis

Using a scenarios analysis on the finalized decision model enabled us to determine the
effects of changing the relative importance of the assessment criteria (Level 2) on the
alternatives’ rankings. Also, it tested the model’s flexibility to perform the change of
project decision makers assumptions, and to enable them to make informed decisions. As
shown in Table 43, five cases as scenarios were designed in this research to demonstrate

the difference of project decision makers’ preferences or their projects’ need.

Table 43: Scenarios Definition

Scenario Decision Makers’ Preferences / Projects’ Need
Cost reduction ' Projects that are focused on achieving cost efficiency
Schedule acceleration | Projects that are focused on accelerating the project schedule
Risk identification | Projects that are focused on identifying project risks

Performance efficiency Projects that are focused on improving the efficiency and/or safety of
project elements
Resources capability | Projects that are focused on enhancing the project resources capabilities

In order to find the importance of alternatives with respect to the mission, the above
five scenarios were considered for sensitivity analysis by assigning a value of 0.96 for one
criterion in each scenario and the other criteria with a value of 0.01 each. Before analyzing
the five scenarios, the priorities of model levels were considered and calculated. The

process and results are illustrated below in Table 44.
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Table 44: Distribution Values of Variations Scenarios

Scenario (Sc) Criteria Alternative Base
Value
Contribution C1 Cc2 C3 C4 C5
0.21 0.19 0.23 0.24 0.14
Sc1l 0.96 0.01 0.01 0.01 0.01 Alt. 1 0.18
Sc 2 0.01 0.96 0.01 0.01 0.01 Alt. 2 0.15
Sc3 0.01 0.01 0.96 0.01 0.01 Alt. 3 0.16
Sc4 0.01 0.01 0.01 0.96 0.01 Alt. 4 0.30
Sc5 0.01 0.01 0.01 0.01 0.96 Alt. 5 0.22

7.3.1 Cost Reduction Scenario Analysis

In this scenario, Cost reduction was assigned as an important criterion with a value of

0.96 and the others with a value of 0.01 each (Figure 64).

VALUE
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0.8
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0.4
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o
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-0.4

Sensitivity Analysis with Respect to Cost Criterion - Scenario 1

CRITERIA

Figure 64: SA - Cost Reduction

©- Value
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The results, as shown in Table 45, show that the relative importance of Cost reduction
indicates the VE-RACRDAM technique as the most important alternative in Scenario 1.
Therefore, the Alt 4 maintained its rank in the first position, and Alt.5 (VE-CEVPRA)

stayed in the second position with a value of 0.22.

The VE-RA technique showed strength in this scenario, and was ranked the third most
effective assessment technique. VE-CR was moved from the fifth position to fourth with a
variance of 0.01 between the base and sensitivity value. The VE-DAM technique returned
from the fourth most important alternative in the original rank to be the least importance

alternative in the new rank.

Table 45: Overall Importance of Alternatives — Scenario 1

Overal Importance of Alternatives with Respect to the Mission - Scenario 1

Alternative Base Value Oraginal Rank Sensitivity Value ~ New Rank

VE-RA 3
Alt. 2 VE-CR 0.15 5 4
Alt. 3 VE-DAM 0.16 4 5
Alt. 4 VE-RACRDAM 0.30 1 1
Alt. 5 VE-CEVPRA 0.22 2 2

7.3.2 Schedule Acceleration Scenario Analysis
In this scenario, the Schedule acceleration was assigned as an important criterion to a

value of 0.96 and others with value of 0.01 each (Figure 65).
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Figure 65: SA — Schedule Acceleration

As shown in Table 46, the sensitivity analysis results indicate that in Scenario 2 Alt 4,
VE-RACRDAM, was still most effective assessment technique among the other
alternatives. Also, Alt 5 (VE-CEVPRA) showed strength in this scenario, and was also
ranked as the second most effective assessment technique. The VE-RA technique showed
the same rank as before and after the sensitivity analysis with a value of 0.18. Alt 2 and 3
switched their ranks between the fourth and fifth position, and were considered as the least

important techniques in this scenario.
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Table 46: Overall Importance of Alternatives — Scenario 2

Overal Importance of Alternatives with Respect to the Mission - Scenario 2

Alternative Base Value Oraginal Rank Sensitivity Value  New Rank

VE-RA 3
Alt. 2 VE-CR 0.15 5 4
Alt. 3 VE-DAM 0.16 4 5
Alt. 4 VE-RACRDAM 0.30 1 1
Alt. 5 VE-CEVPRA 0.22 2 2

7.3.3 Risk Identification Scenario Analysis
In this scenario, the Risk identification was assigned as an important criterion to a value

of 0.96, and the others with value of 0.01 each (Figure 66).

Sensitivity Analysis with Respect to Risk Criterion - Scenario 3
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Figure 66: SA — Risk Identification

According to the results, as shown in Table 47, Scenario 3 showed that VE-

RACRDAM, VE-CEVPRA, and VE-RA showed their strength as the most effective
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assessment techniques, and that they remained in their position (the first, second, and third,
respectively). The VE-DAM technique returned from the fourth position to the last

position while VE-CR jumped to the fourth with a value of 0.16.

Table 47: Overall Importance of Alternatives — Scenario 3

Overal Importance of Alternatives with Respect to the Mission - Scenario 3

Alternative Base Value Oraginal Rank Sensitivity Value  New Rank

VE-RA 3
Alt. 2 VE-CR 0.15 5 4
Alt. 3 VE-DAM 0.16 4 5
Alt. 4 VE-RACRDAM 0.30 1 1
Alt. 5 VE-CEVPRA 0.22 2 2

7.3.4 Performance Efficiency Scenario Analysis
In this scenario, the performance efficiency was assigned as an important criterion with

a value of 0.96, and the others with value of 0.01 each (Figure 67).

Sensitivity Analysis With Respect to Performance Criterion - Scenario 4
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Figure 67: SA — Performance Efficiency
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Again, as shown in Table 48, the sensitivity analysis results indicate that in Scenario 4
the Alt 4, VE-RACRDAM, was still the most effective assessment technique among the
other alternatives. However, it was surprising in this scenario that Alt 3 (VE-DAM) jumped
to the second most effective assessment technique while Alt 5 returned to the third position
with a variance of 0.01 between them in the new rank. The VE-RA technique returned to
the fourth position, and VE-CR maintained its position as the least importance technique

before and after the scenario analysis.

Table 48: Overall Importance of Alternatives — Scenario 4

Overal Importance of Alternatives with Respect to the Mission - Scenario 4

Alternative Base Value Oraginal Rank Sensitivity Value  New Rank

VE-RA 4
Alt. 2 VE-CR 0.15 5 5
Alt. 3 VE-DAM 0.16 4 2
Alt. 4 VE-RACRDAM 0.30 1 1
Alt. 5 VE-CEVPRA 0.22 2 3

7.3.5 Resources Capability Scenario Analysis
In this scenario, the Resources capability was assigned as an important criterion to a

value of 0.96, and the others with value of 0.01 each (Figure 68).
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Sensitivity Analysis with Respect to Resources Criterion - Scenario 5
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Figure 68: SA — Resources Capability

Table 49: Overall Importance of Alternatives — Scenario 5

Overal Importance of Alternatives with Respect to the Mission - Scenario 5

Alternative Base Value Oraginal Rank Sensitivity Value  New Rank

VE-RA 3
Alt. 2 VE-CR 0.15 5 4
Alt. 3 VE-DAM 0.16 4 4
Alt. 4 VE-RACRDAM 0.30 1 1
Alt. 5 VE-CEVPRA 0.22 2 2

According to the results, as shown in Table 49, Scenario 5 showed that VE-
RACRDAM, VE-CEVPRA, and VE-RA showed their strength as the most effective
assessment techniques, and that they are remained in their position (the first, second, and
third, respectively) same as the SA outcome in 1%, 2", and 3 scenarios. The VE-RA and
VE-CR techniques shared their position as the lowest importance alternatives after the

scenario analysis.
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7.4 Criterion-Related Validity

A good model or framework is usually tested by qualified experts [301]. Dissemination
of the final model is essential [240]. Therefore, the survey instrument (see Appendix C-2)
was designed and distributed to several experts with experience in the field of construction
management and project delivery. Experts were asked to review the final model results,
and to validate each criterion individually. The validation results were collected from the
experts, and it was concluded by the final results that the model structure had achieved the
model mission and research objective. This objective was to provide a novel approach for

project managers and decision-makers to select their project techniques successfully.

The successful model contained of all the details that were validated within the five
main objectives (criteria), nineteen sub-criteria, and five alternatives. Some face to face
meetings and phone calls were required, and performed in order to accomplish the final
model results validation process. The achievement of the final decision model provided
important insights about the construction project development and delivery, particularly
the requirements of public transportation projects within the scope of $100 to $500 million.
Also, experts were asked to evaluate the generalizability of the model. Experts confirmed
that the results and the model structure were appropriate and valid for general use across
industries. They agreed that the model could be useful for most of the construction projects
with conditional use of the project scope, project objective, and regions of project
implementation. They highlighted the resources’ criterion and its sub-criteria as the most

important criteria that might be impacted by the change of the project scope, objective, or
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the project implementation within specific regions. For example, the final ranking of the
model elements might be changed if the project scope is less than $100M, and the project

team might rank their preference technique so that it meets their knowledge and capacity.

The project objective also determined the importance of the model mission with
respect to the five elements (cost, schedule, risk, performance, resources) in Level 2. This
research performed the evaluation based on the achievement of value as a primary purpose
for making a balance between these five elements. Some regions require an external expert
to perform their projects’ assessment. In this case, the resource criteria and sub-criteria

weights might be changed and effect the alternatives’ final rankings.

Below are some of the respondents’ feedback who replied on the model’s final results:

e “I like the model and would be interested in seeing more of your research work in
this area. There are so many considerations and variables that go into a successful
(or unsuccessful) project. Your model makes a lot of sense and addresses the key
areas that need our attention. Will your research demonstrate which elements are
the most critical? When you look at project failures, such as the Cover Oregon
Project with Oracle, there seems to be a lack of attention to the areas described in
your model (cost, schedule, stakeholder engagement, proper planning, etc.). On this
particular project, over $250 million in public funds were wasted with no tangible
product or system being delivered. Perhaps your research can help to prevent this

from happening in the future”.
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“I completed the survey. Thank you and keep me informed of future research. Good
job on identifying these!”

“Congratulations for your Ph.D. research on this important and useful topic, well
done.”

“I’d be glad to take your survey and forward to other experts in the field.”
“Attached are the final validation results. Thank you for this opportunity and all the
best to you in your research”.

“The final model looks good. I did not make any changes in the file that you sent
me. The hardest thing as | mentioned to you in the past is implementation and
delivery. It depends on the project purpose and needs and stakeholders and
policymakers decisions. This also varies between delivery method whether Design
Bid Build, Design Build, or GCCM. Hope this help and best of uck”.

“T agree with the final judgment of the results”.

“Have reviewed the results and overall have no significant issues/problems with the

outcome. Good luck to you in the future”.
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* LITERTURE REVIEW - this Chapter aims to explore transportation projects' fail)
and sucess. Also, to identify assessment factors, criteria, tools, and development
process within transportation projects development and delivery. The literature review
includes investigating the value optmization theory and its contrbution in the research.
Research gaps also presented and analysied. )

* PROJECT MANAGEMENT TOOLS, TECHNIQUES, AND DECISIO@
MAKING METHODS - this Chapter aims to identify project management tools:
theories, practices, and analyses. This chapter will give readers a clear picture of
multi-criteria decision models that use experts’ opinion input. )

~N

* RESEARCH APPROACH - this Chapter aims to illustrate the research, objective,
methodology, and experts panel formating and selection.

J

N

* CASE STUDY BACKGROUND - this Chapter aims to provide an overview on State
Departments of Transportation (DOTS), techniques, and applications.

J

« CASE STUDY MODEL DEVELOPMENT - this Chapter aims to develop the)
decision model of this research in order to cope with the serious problems in the
transportation projects delivery and improve the success of the decision within the
project assessment activities. )

N
« RESULTS AND DATA ANALYSIS - this Chapter aims to present, analyse, and
discuss the data collected from the research instruments. Performing a scenario
approach and final results validation are described and discussed in this Chapter.

N
* DISCUSSION - this chapter aims to highlight and discuss the major findings and
conclusions of the research results. Also, a recommendation of a new systematic
assessment process is suggested and discussed in this chapter.

J

«

CH.9

* RESEARCH CONCLUSIONS - this Chapter aims to provide an overview of the)
conclusion regarding the achievements of the research’s objectives, and to clarify the
research contributions. Also, to acknowledges the limitations and to make
recomdendations for future research considering the original research aim and

purpose. )
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CHAPTER EIGHT: DISCUSSION

In the previous two chapters, the final decision model was constructed, validated, and
quantified with minor changes that were made in order to achieve its objective. The final
results were collected, validated, and discussed in the previous chapter based on the case
application of State Departments of Transportation in the U.S. This chapter highlights the
major findings and conclusions of the research results. Also, a recommendation for a new
systematic assessment process is proposed and discussed in this chapter to answer the

research Question 4, and based on the final model results.

8.1 Data Validation

The model objectives — criteria in Level 2, were accepted by the majority of experts
from the first round, and considered as valid criteria for use in developing the model within
the acceptance rate of agreement. The expert’s opinions showed their 100% preference for

the cost, time, and resources criteria while the risk and performance got 90%.

Level 3 experts’ responses were encouraging from the first round as they accepted most
of the suggested sub-criteria. As presented and explained in the previous chapter, the
validation rate was above 90%, the majority said YES, while a few experts were suggested

to reject, add, or replace some sub-criteria.
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Level 4 experts showed their interest to validate and accept all model alternatives in
this level. They agreed to maintain the proposed alternatives as presented by the survey.

The result rate is considered 100% acceptance.

8.2 Data Quantification

Performance criterion in Level 2, got the highest rank with a value of 0.24 among other
criteria followed by risk, then cost, and schedule. Resources ranked the lowest importance
with a value of 0.14. The selection of Performance as the most important criterion aligns
with the state DOTSs strategy. State Departments of Transportation are actively researching
best practices to allocate risk more effectively while achieving high performance and
maximum value for transportation projects. They are seeking to improve the value of their
projects through the analysis of functions by meeting or improving upon performance
while reducing the total cost of ownership. Some research has been conducted on the

importance of performance for project delivery [298].

About 70% of participants who participated in this level were from the construction
industry, and the rest are CEOs in different sectors with a background of construction
engineering. Most of them showed more interest in improving the performance of the
project, which indicates that the DOTs and other construction industries are seeking to

achieve high performance and maximum value for their projects.

The project needed functions criterion under the Performance was rated at the highest

value followed by Stakeholder Needs criterion. The Communication and Integration
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Capabilities criterion was ranked in the third position. The Project Scope was ranked in the
last position. These findings have confirmed the vision of the DOTs and other public
transportation agencies for enhancing traffic operations, safety, constructability, project
reliability, and minimizing Right-Of-Way and environmental impacts as priorities during
the project delivery [302]. The project needed functions would also include other elements
such as function, flexibility, expandability, maintainability, or reduced life-cycle cost [4].
Function analysis is the most critical task that performs by the project assessment

technique.

Risk was ranked in the second importance among other criteria. The result confirms
that Risk is an important factor for executive leaders after Performance and before Cost.
Executive leaders in DOTSs are encouraged to adopt risk assessment and management as
part of their overall program delivery processes. The process would be performed by using
the available guidance to examine their own programs and processes for risk management

opportunities, as part of improving overall service to the public [254].

Selecting Risk as the second most important criterion confirms that the use of risk
assessment activity has become more common in the delivery of transportation projects.
DOTs use a specific threshold for requiring a quantitative risk assessment. This specific
use for high-profile projects from $ 100 million or more in capital costs for a given project.
The previous research indicates that risk assessment activities are usually performing
during the planning and development project phases [254]. This statement confirms that

there is a general appreciation across DOTSs that the management of uncertainty and risk
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can be an effective project delivery technique for control project performance, cost, and

schedule.

As mentioned in the previous chapter, the outcome analysis of EP4’s results under the
Risk criterion indicated that the project cost risk impact was rated at the highest value while
project support costs risk impact was in the last rank. This result proved that the importance
of minimizing the cost risk impact on high-profile projects. Despite the notable efforts from
most of the states to develop a transportation infrastructure, budget restrictions and lack of

funds are some of the major challenges faced by DOTSs.

This result signified the fact that the project assessment techniques cannot be effective
unless they are integrated with the risk assessment tool. However, the integration of risk
management with other tools into a cohesive process is not uncommon, and is found to be
one of the most effective techniques available [104]. Risk assessment is a significant task

that is needed during the decision-making process.

Cost criterion was selected the third most important element on evaluating the most
effective project assessment technique for transportation projects development and
delivery. Successful achievement of Cost criterion seems to be a subordinate objective to
the experts (EP1). However, from experience, many projects have to set time and costs
objectives as priorities. Failure to achieve those objectives might lead to unexpected
negative impacts on project delivery. DOTs have realized substantial savings by using
assessment tools combined with value engineering, these savings occur by restructuring

operations and implementing cost-saving recommendations [254].
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The outcome analysis of EP2’s results indicated that Capital Cost criterion was the
most important sub-criteria under the Cost, and it got the first position in the global relative
weights. Project Support Costs was rated at the lowest value in the local relative weights.
The Cost criterion might be an accepted rank in this research, and considered less important
than Performance and Risk when been used for evaluating the most effective project
assessment technique. However, decision makers in DOTs should consider that the
execution of a high-profile project is not repetitive, any rework will be associated with high
risk and might be very costly. They need to use a sophisticated technique to measure the
project value by correlating the performance of project risk and schedule to the project
costs. The technique should be performed by a systematic approach to optimize a project’s

cost, schedule, risk, and performance.

Schedule criterion got the fourth position after Cost and before the Resources. Despite
the fact that Cost and Schedule were ranked in the third and fourth position respectively,
they were still considered as the two basic criteria that could be applied to determine the
success of the project [303]. This confirms that project success is associated with
measuring the level of project cost reduction and schedule acceleration including other

elements.

The outcome analysis of EP3’s results indicated that the Project Design &
Environmental Analysis was the most important criterion under the schedule element.
Project Design & Environmental Analysis got the highest value followed by Right-of-Way

(ROW) Acquisition. The Project Closeout Activities Duration showed the lowest among
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other sub-criteria under Schedule. These results confirm the importance of assessment
task’s duration to measure delay avoidance resulting from usage of enhanced or new
innovative techniques. Also, by selecting Project Design & Environmental Analysis as a
priority element among others indicated the importance of measuring the relative degree

of project schedule change throughout the delivery of a transportation project.

Resources criterion was found to be the least important for evaluating the project
assessment techniques, and hence was not a very influential element among others in the
objective level. EP6’s results were surprised as In-house Capability criterion was rated at
the highest value while External Consultant Needs showed the lowest among other sub-
criteria under Resources. This rank confirms that DOTSs have started seriously to perform
the project assessment activities in-house instead of inviting an external consultant for this

purpose.

The research outcome observed the difference between the current result and our
previous related work’s results in 2017 [254] regarding in-house capability and external
consultant needed sub-criteria. The previous survey results concluded that consultant-led
studies demonstrated much higher levels of the correct applications of project assessment
techniques while in-house studies did not. A very low number of state DOTs contain the
internal experience and staff to perform all actions of the project assessment process. Also,
the same survey indicated that many DOTSs are developing internal personal, but most do
not have significantly experienced internal personal for managing project assessment

activities. As aresult, many states tend to rely on consultant support for project assessment
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efforts, and engage in actions for management of project cost, schedule, and risks through
project managers and project engineers that are assigned project delivery responsibilities.
Conducting project assessment efforts tends to involve significant consultant support. The
same study recommended that consultants may coordinate with DOTSs to train project
managers and their team for helping them to perform project assessment activities by using

some innovative techniques.

This part was discussed in-depth with experts, and they confirmed that DOTs have
considered the previous recommendation in the NCHRP -report 850 [289], and started to
train their staff to perform project assessment activities in-house. Therefore, the findings
of the current research confirm that there is a significant achievement in regarding the

recommendations of the previous related work.

The combination of Risk Assessment, Constructability Review, and Decision Analysis
Model with Value Engineering, into a cohesive process is not uncommon, and is found to

be one of the most effective techniques available.

Experts ranked VE-RACRDAM as the most important techniqgue among others with
respect to the mission. The VE-CEVPRA was in the second most effective technique, and
it was more effective than the following VE-RA. VE-DAM was ranked fourth, and close
to the least importance technique, VE-CR. This confirms that project assessment tools
combined with the value engineering are necessary to work as a function-oriented
technique, and has proven to be an effective management tool for achieving the improved

design, construction, and cost-effectiveness in various transportation assessment activities.
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Experts suggested that the selected technique should be easy to use, and the feature of

populating dates need to be available during the assessment activities.

Clearly, the benefits of communication and collaboration are of great benefit to
projects. These are further enhanced by providing more time in a structured environment
using good technique. Therefore, the benefits could be a positive impact on the project
assessment if multiple methods, such a VE, RA, CR, DAM, and others are integrated and

conducted throughout the project delivery process.

Based on the findings of this research, it can be concluded that the VE-RACRDAM
technique was ranked by the experts as an effective technique for measuring the success of
outcomes related to the delivery of transportation projects. This technique provides a
structured approach to minimize threats and maximize opportunities throughout the project

delivery life cycle.
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8.3 Recommendation of A New Systematic Project Assessment Process

The results obtained from previous related work in 2017 [254] demonstrate different
levels of performing project assessment tools in combination with each other within
transportation organizations and agencies. 8% of respondents on the study survey indicated
that Risk Analysis was always performed in conjunction with Value Engineering. Another
42% of respondents stated that the Risk Analysis is sometimes performed with Value
Engineering or that it is determined on a case-by-case basis. About 27% of the time the
Constructability Reviews are performed with the Value Engineering, and other 47%

indicated that it is determined on a case-by-case.

Also, the survey results indicated the integration of some of project assessment tools
with project delivery techniques and systems. For example, 100% of respondents indicated
that Risk Analysis was conducted with the Design-Bid-Build project delivery technique,
92% was Design-Build, 15% was Early Contractor Involvement for DBB projects, 54%
was Construction Manager/General Contractor, and 31% was Public-Private Partnerships.
Respondents who conduct Constructability Review survey indicated that Design-Bid-
Build, Design-Build, Early Contractor Involvement for DBB projects, Construction
Manager/General Contractor, and Public-Private Partnerships were 89%, 83%, 3%, 10%,

and 4% respectively.

The vast majority of agencies responding to this survey deliver more than $500 million

in construction contract awards per year. The biggest challenges faced are funding, utilities,
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right-of-way, and an aging workforce. Allocations of funding to transportation agencies is
mostly controlled by them with some local stakeholder involvement, and principle types

of projects have been for rehabilitation of highways and bridges.

The current research was started to answer the Question 4 by using the previous work-
related data and the current research findings to suggest a systematic project assessment
process. Also, the research focused on what theory, methodology, or practical experience
were embedded in these approaches; how these methods can be implemented in specific
industries; how likely these methods can be applied to the transportation project delivery;
and provide innovative value to enhance the project performance within acceptable cost

value.

The research related to investigating an acceptable assessment process indicates there
are a number of opportunities to improve transportation project delivery in numerous ways
by either applying completely new techniques or integrating the selected technique (VE-
RACRDAM) in this research with establish techniques, tools, and practices, and to use its
features to optimize the project value and outcome. The integration of techniques such as
DBB, DB, CMGC, or PPP with VE-RACRDAM will add value to the project performance.
Enhancing the assessment process with Stakeholder Analysis Tool (SAT) will encourage
project teams to actively consider stakeholder positions, and think about strategies to better

manage and communicate with stakeholders [289].

A stakeholder analysis will provide the required information that can be particularly

valuable in the case of a change in management and to involve new staff to the project
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team. The tool is used to assess the level of interest, support, and power of a stakeholder.
Integrating this tool into the assessment process will improve the communication and the

negotiation within the transportation project life cycle.
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* LITERTURE REVIEW - this Chapter aims to explore transportation projects' fail)
and sucess. Also, to identify assessment factors, criteria, tools, and development
process within transportation projects development and delivery. The literature review
includes investigating the value optmization theory and its contrbution in the research.
Research gaps also presented and analysied. )

* PROJECT MANAGEMENT TOOLS, TECHNIQUES, AND DECISIO@
MAKING METHODS - this Chapter aims to identify project management tools:
theories, practices, and analyses. This chapter will give readers a clear picture of multi-
criteria decision models that use experts’ opinion input. )

~

* RESEARCH APPROACH - this Chapter aims to illustrate the research, objective,
methodology, and experts panel formating and selection.

J

~N

* CASE STUDY BACKGROUND - this Chapter aims to provide an overview on State
Departments of Transportation (DOTS), techniques, and applications.

J

« CASE STUDY MODEL DEVELOPMENT - this Chapter aims to develop the)
decision model of this research in order to cope with the serious problems in the
transportation projects delivery and improve the success of the decision within the
project assessment activities. )

~N
* RESULTS AND DATA ANALYSIS - this Chapter aims to present, analyse, and
discuss the data collected from the research instruments. Performing a scenario
approach and final results validation are described and discussed in this Chapter.

~
* DISCUSSION - this Chapter aims to highlight and discuss the major findings and
conclusions of the research results. Also, a recommendation of a new systematic
assessment process is suggested and discussed in this chapter.

J

* RESEARCH CONCLUSIONS - this chapter aims to provide an overview of the)
conclusion regarding the achievements of the research’s objectives, and to clarify the
research contributions. Also, to acknowledges the limitations and to make
recomdendations for future research considering the original research aim and

purpose. )
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CHAPTER NINE: RESEARCH CONCLUSIONS

This chapter provides an overview of the conclusion regarding the achievements of the
research’s objectives, and the research contributions. This chapter also acknowledges the
limitations in this research. Future work has been discussed considering the original

research aim and purpose.

9.1 Conclusions and Contributions

A comprehensive research is judged by the achievement of its aim and objective within
a reasonable and defined time frame. The benefit of this research is discussed in Chapter
8. In Chapters 1, 2, 7, and 8, the research gaps were successfully identified, presented, and
discussed based on the literature review and the experts’ feedback. While the research
questions were addressed and discussed in previous chapters, further research is still

needed to extend this discussion, it is presented in this research as limitation.

The motivation of this research is the need to improve the success of transportation
project development and delivery while considering the project cost and time overruns. As
cited from literature [34], in transportation construction projects, all modes of
transportation are under extreme budgetary and community pressure to deliver projects on
time and within budget. Transportation construction projects can be complex, and most

projects are large scale. Highway and bridge projects need large investments, which are
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often fraught with uncertainty and associated with higher project delivery risk. The
National Cooperative Highway Research Program, state DOTSs, and other transportation
agencies cooperating with universities and research organizations are working hard to
develop and employ dynamic project management and decision-making tools to deliver
their projects on time and within budget. On time and within budget can mean different

things to the transportation agencies and their customers, whether public or private [35].

The literature review discussed that the multi-criteria decision-making approach could
help decision-makers to select the right solution among various potential optimal solutions
in construction projects [50]. A value-based approach is needed. The drive for the selection
of alternatives will be the effects of project cost and completion time [49]. A multi-criteria
assessment approach is required to reach a solution with an acceptable degree of
satisfaction [46]. This research identified the common use of existing innovative
assessment tools, techniques, and programs within transportation projects. Then, a decision
model was developed to evaluate some of these alternatives from five objectives (cost,

schedule, risk, performance, and resources) including their associated sub-criteria.

A variety of criteria needs to be applied to the evaluation or selection of alternatives.
As identified by literature, no ideal set of criteria has been defined by research [59]. The
increase in risk and the lack of value consequences for operational decision-making, means
more investigation is required to identify the relation between factors at different levels of
analysis [54]. Developing a decision model to evaluate project assessment techniques could

be a long process depending on the number of variables involved, and experts’ availability,
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and their qualifications. This research was successful in following a balanced approach to
fill in this gap by using the value optimization approach as an objective level in a multi-

criteria decision support model.

The literature review demonstrated that many qualitative and quantitative tools are used
for project delivery within the construction industry, but no systematic analyses are
implemented to complete the required actions during the project assessment activities
[2][60]. In order to close this gap, this research suggested a logical approach (discussed in
Chapter 8) that can be employed to improve the project delivery more successful. The
research focused on what theory, methodology, or practical experience are embedded in
these approaches; how these methods can be implemented in specific industry; how likely
these methods can be applied to the transportation project delivery; and provide innovative
value to enhance the project performance within acceptable cost value.

Also, the literature review presented that: “Design issues that negatively affect
construction schedules and budgets are typically the result of a design oversight,
lack of communication among the owner, designer, and contractor, or
misinterpretation of specifications and plans. That is, these issues can be identified
and mitigated before construction begins. For example; when factors such as
design complexity, constructability, and utility work are identified, the negative
impacts can be better controlled through planning and management. It is important

to understand how these factors may negatively influence the construction schedule

in order to manage them effectively” [304].
Therefore, this research focused on project innovative assessment tools as potential

tools that can be used for optimizing the project value and outcomes during the assessment
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activity in the project development phase (design and engineering stage), see Figure 69.
The assessment activity aims to assist transportation project teams in minimizing the risk

and maximizing the value of their projects’ delivery.
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Figure 69: Project Execution Process — Adapted from Several Industries

The main contribution of this research is the development of a robust decision-making
model. The developed model enables a comprehensive evaluation of project assessment
techniques to assist decision makers in the transportation sector to make well-informed
decisions based on the value optimization approach. The research results indicate that there
is a significant opportunity to enhance the application of functional analysis in the project
assessment activity by using the right technique. Doing so will likely improve the

assessment process by increasing the quality of project alternatives selection.
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The research and developed decision model make other significant contributions for
project management knowledge and practice, especially project development and delivery

as follows:

The research findings could be pursued to improve project assessment activities where
there is a close interaction between the project team, the stakeholders, and the assessment
activities facilitator (external consultants) in determining a new project assessment process
and identifying project needs. It is believed that the model recommends the best-ranked
project delivery assessment alternative that can be used to allocate risk effectively while

achieving high performance and maximum value for high-profile transportation projects.

The model can help to minimize the bias among the decision makers and the project
team while evaluating and selecting the project alternatives or options. This research adds
value to the project construction and delivery by offering a generalizable model to compare
project management tools, methods, techniques, or practices. While a significant
proportion of State DOTs perform assessment activities, there are significant
inconsistencies and redundancy relative to how the assessments are conducted. However,
the research and model outcome can help to determine the best option that will eliminate
redundancy in project assessment activities. The research has provided a reasonable basis

for future work, as well as a structured decision model for evaluating options.

The research findings were further discussed in Chapter 8. The discussion includes the
practicality and acceptance of the developed decision model in the field of project

development and delivery.
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Finally, the success decision model has been achieved in this research, and it offers
assistance to project managers and their teams for delivering their projects more

successfully.

9.2 Limitations

The scope of the research and the generalization of the model results are limited by the

following:

The scope of this research focuses explicitly on high profile bridge and highway public
projects in the transportation sector. These projects are defined as high-cost projects and
are associated with higher project delivery risk (typically $100 - $500 million). Therefore,
the scope is limited to projects that cost between $100 and $500 million. Also, the model
was mainly developed based on the collected data from public agencies in North America,

and not from the private sector or other regions.

The HDM model of this research was developed based on and limited to the value
optimization framework, where different perspectives or elements might be added to

extend the model’ contents and its structure levels.

The developed decision model used the HDM approach. The model results are

subjective because they are based on the experts’ opinions. This weakness in the model can
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be minimized by using an integration approach with other model, and different methods

for experts’ selection.

The decision model was developed for the project development phase within the
transportation industry, and covers the design and engineering stage. Other project lifecycle

phases would require different techniques, as the content may differ.

9.3 Future Work

Decision making related to project delivery problems that involve quantitative and
qualitative processes that contain several perspectives can be challenging. The HDM can
be helpful in finding a useful compromise. However, the features of the optimization
problem that forms the basis for generating the options should be carefully identified. The
developed model in this research can be expanded to integrate other methods that help to
associate a superstructure decision model for a particular project lifecycle phase. Also, the
list of qualified experts can be expanded to cover other industries, and who have the
experience to perform the assessment techniques within their projects’ delivery. This
requires identifying additional parameters that are associated with the selection process of

the experts, and that may affect the accuracy of the decision model outcome.

In future research, obtaining the qualitative preferences and valuable feedback from

experts provides an opportunity to develop an expert knowledgebase within the selection
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process. The knowledgebase can increase the efficiency of the decision-making process

and reflect positively on the model structure.

This research was designed to be used in the project development phase. Due to
research time constraints and direction, the research was focused on just this phase. Further
studies are needed to develop a comprehensive decision model of project assessment

techniques evaluation for all project life cycle phases.

The developed model needs to be applied in other construction industries. This model
can be used to conduct a wide-range of assessment activities in further research work. The
future research could produce more comprehensive evidences to support the use of HDM

to help decision makers to solve project delivery issues.

Last but not least, the five value optimization elements (Cost, Schedule, Risk,
Performance, and Resources) presented in the model as objectives (Level 2) could branch
out as one topic of research. For further research on these criteria, it would be useful to
expand the research to include other elements or factors. A wide range of elements or
factors could lead to the development of one comprehensive decision model for all project
lifecycle phases. Also, the expanded comprehensive multi-decision model might improve
the integration of several assessment tools (alternatives), and reduce the potential

redundancy in project assessment activities.
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APPENDIX A: Research Instruments (RI1& RI2)

Appendix A-1: Expert Invitation Templet - Validation

Subject: Invitation to participate in determining criteria that contribute to the mission

Dear X,

| am a Ph.D. student in the Department of Engineering and Technology Management,
at Portland State University, conducting research in Technology Management. The topic
of my Ph.D. research is “Evaluating the Effectiveness of Project Assessment
Techniques for Transportation Projects Development and Delivery.”

| am asking you to participate in my research acting as a subject matter expert (SME)
in order to evaluate my model, which is based on a Hierarchical Decision Model (HDM).
Your selection as a potential participant in this expert panel was based on your expertise
and knowledge in engineering, technology, and management. Also, based on your
experience in evaluating, analyzing, and developing projects focused on the project

management area.

As the first step of the study, | am asking you to help me finalize the initial model
elements (criteria, sub-criteria, and alternatives) that contribute to the evaluation of Project
Assessment Techniques for Transportation Projects Development and Delivery. The
preliminary model elements have been identified from the literature review and are listed

on the survey instrument that I am sending to you now.

To start the survey instrument; Please Click Here!

You will see the instructions on submitting your response after you click on the link.
I would appreciate if you fill out the survey instrument at your earliest convenience
If you have any question or comment you can contact me by replying to this e-mail.

Thank you,
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Appendix A-2: Content Validity Survey
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APPENDIX B: Research Instruments (R13, Rl4 & RI5)

Appendix B-1: Expert Invitation Templet - Quantification

Subject: Data Collection for Relative Importance

Dear X,

After several rounds of data collection with the experts, we have finalized the
development of the decision model that helps us Evaluating the Effectiveness of Project

Assessment Techniques for Transportation Projects Development and Delivery.

The criteria, sub-criteria, and alternatives in the decision model were approved by at

least two thirds of the experts.

I am now asking for quantified expert judgments about the relative importance of each
model element (criteria, sub-criteria, and alternatives) in terms of its contribution to
evaluate the effectiveness of project assessment techniques within transportation

construction projects.

Constant sum method will be used for pairwise comparisons of the indicators to

determine the importance weight of each element.

I will appreciate it if you please go to the following link for the pairwise comparisons:

The link: Q@@Q@@

Note: The pairwise comparisons will not take more than 15 minutes to complete.

Regards,

First and Last Name
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Appendix B-2: Content Quantify Process — HDM Software

- HDM Software Layout

Model Content

0 niawaabesiy
0 0 6 0 0 Uogeura(] i
7l IR wwirey
7l 0 90 a0 80 unasuy
A IR e
0 a0 LT IEY agsodu)

Jouzsisnoau] V) 3 dA3) IAND BV 3AIRV0 304D -3A VY 3N seabips] Jwaussassy 1adosg Begenjea

SO 2PON-GTS S
Y403 4303 Y0 3073 W3 ¥ e

—— ~}l!i..i».l(lw

— ——
e J)Ul ——

Eﬁhgggg.ﬁg!glﬁgg%i&iﬁ&cﬁ!ﬁqﬁa_ﬁ

) . % \ & 3 [ . g % 4 5 b3 S é gb.n l =m
s3083Y wupauofiag i P 50
szabiuya] awssassy akolg Bugeag)
UOISSHN - 24 g

261



ETLSTLTIER S c  S2IN0SIH
-
, ; ,
#S04 s c S3unos3y w0 ~c c 2oueunouag 2Npyos ac - S2UNNS3Y
- - -
NP3 g nc  SouBLIOuA] 3npayos ac c P ) ac - S20IN0sIH
, ’ ,
0] oG c ouRwOyag ™) ac ac EEE] %00 ac = Hnpyds
- - -

L 30 ¥ed wea soj wealbpnl ok

W

SUDHOTUISU| MOYS

S3UN0SIY 3uBELONad ¥s1y HNP3YIS 100

sanbiugaa] Wwawssassy 1dslold Gugenjeas

UOISSIN - 214 °Q'Ud

Model Level 2 Criteria Quantification - HDM Software Layout

262




Model Level 3 (COST) Quantification - HDM Software Layout

Model Level 3 (SCHEDULE) Quantification - HDM Software Layout

Model Level 3 (RISK) Quantification - HDM Software Layout
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Model Level 3 (PERFORMANCE) Quantification - HDM Software Layout
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Model Level 4 Alternatives Quantification - HDM Software Layout
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APPENDIX C: Research Instruments (R16)

Appendix C-1: Expert Invitation Templet — Final Results Validation

Subject: Final Validation of the Decision Model Results

Dear X,
I would like to thank you for your previous efforts on my decision model.

| attached an excel spreadsheet of the final model results and will appreciate your last
validation on the experts’ judgment. I believe the validation will not take more than 5

minutes. Please have a look at the model weights!

All model’s elements were accepted by “Yes,” and please click on yes cell and select
“No” by the drop-down menu of any element that you don’t agree. Then, please send me

your final judgment on the model results at your earliest convenience.

Regards,

First and Last Name
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