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ABSTRACT

BID OR NO BID DECISION MAKING TOOL USING

ANALYTIC HIERARCHY PROCESS

In today’s competitive business environment, every construction company confronts a
decision-making dilemma and must decide whetherd@bnot bid on a project(s) or which
project(s) to bid on among candidates. Even thougluétision-makers come to the conclusion
with different judgments, a final evaluation alwayguiees putting different factors into
consideration and contemplating the ups and dowaspobject. Therefore, bid or no bid
decision is complex and crucial for construction conigs

The complexity comes from the consideration of magngible and tangible factors in
the decision-making process (Mohanty 19¥¥cision-making is hard because it requires a
decision-maker to construct a structured thinkinghthude many unknown, yet complex
variables and compare them simultaneously.

Decision-making is crucial because poorly madeibgldecisions could cause severe
and irrevocable problems. For example, not biddifeyarable project could result in lost
opportunities for companies to make profit, improve contractor’s strength in the industry and
gain a long-term relationship with a new client. tBa other hand, bidding a project that actually
does not fit the company's profile requires a lot mikti effort, and commitment without a
favorable outcome (Ahmad 1990, Wanous et al. 2003).

Given that “competitive bidding” is the most common bidding method in the construction

industry among others (e.g., negotiated contractkguge deals, private finance initiative),
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investigating bidding strategies has been a focaitgmy researchers (Harris et al. 2006)
Furthermore, more than 100 key factors that inflednidding decisions have been determined to
date since the mid-1950s. Simultaneously, to expelde process, numerous decision-making
models have been proposed.

Despite the excessive availability of the factard decision-making models, the
facilitation rate of the subsidiary tools in the exatlon process in the construction industry is
very little. According to a survey by Ahmad & Minkarél988), only 11.1 percent of the
construction companies use a decision-making toofder to come to a bid or not bid
conclusion in the United States.

The ultimate purpose of this study is to develgpatical decision-making tool to assist
decision-makers in the construction industry to selee most appropriate projects to bid on
using Analytic Hierarchy Process (AHP). Based onctiitected demographic information (e.qg.,
sector, size, type), the combined importance weightise construction professionals are also
presented in the study. Finally, the statisticalgnificant differences between different groups
of construction companies in how much weight thesygasto a given bid/no bid decision factor
is investigated.

In reaching the abovementioned purpose, the follgwurestions are addressed:

e What are the most common key factors that influémdfo bid decisions?

e How can different judgments from different decision-erakbe combined into one final
decision?

e How differently the construction companies in the BdiStates (US) value the key

factors that are commonly utilized to make bid/ebdecisions?
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The validation of the bid/no bid decision-makingltwas performed based on two
participants’ responses; and the tool provided accurate results for one oétladuations. Because
of insufficient response rate to the validation pss¢ét cannot be concluded that the bid/no bid
decisionmaking tool is validated; however, the results of thdipgoants point out the need for
further research.

The results showed that the compliance with theriass plan and location of the project
factorswere found statistically significantly different for the “Contractor Type” classification.

On the contrary, none of the key factors was fouatissically significantly different for ta
“Contractor Sector” groups. For the “Contractor Siz€’ classification, the compliance with the
business plan factor was found statistically signifigadifferent.

The Group AHP approach allows construction com@at@eome with a combined
bidding judgment instead of using the tool indiatly. As a major finding of this study is that,
the contractors grouped under each construction fitagsins (i.e., Contractor Type, Contractor
Sector and Contractor Size) put more value on theatiiem related-internal factors than the
overall project related-external factors based orGraip AHP results. It is also found that the
project duration and project size key factors haeedlwest weights for all contractor
classification groups.

This study contributes to the construction engineesimgg management body of
knowledge by providing an user friendly decision-mghkool to be used in deciding whether to
bid or not bid on a project or which project(s) td bin and advancing the current state of the
knowledge on the different weights/values given ®fdttors by construction companies with

different demographics.
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Chapter 1. Introduction

This chapter provides a brief background discussiotihe importance of bid/no bid
decisions for construction companies. In additiois thapter introduces the statement of the
problem and the need along with the research purpogstions, and the contribution to the
body of knowledge
1.1 Background

Getting a new project is the life-blood of projeciented organizations, which
significantly differ from traditional supplier businessgith their highly specialized marketing,
human resources and customer involvement operaticgrziir 2009). As project-oriented
businesseghe survival of construction companies also depemdsow they make their future
investmentstherefore selecting the right projects is crucial (Bur®89). In general, contractors
could get bid opportunities from various channels: feoolient who had a pleasant business
experience in the past, from a referral person who krtbe provided services, froehients’
website, from aendering web portal or based on contractors’ own attempts (Lewis 2003)
Although the following terms are interchangeably usetthe industry:‘Invitation to Tender’,
“Request for Proposal”, “Request for Quote”, “Invitation to Bid” and “Invitation to QuUoté&, they
share the same meaning and explain the work requntsite be executed (Cleden 2011).

Contract deals back in the day were based on aabloatt project needs, then price
negotiation ané handshake on agreement. But, with the advancemehné &ntitrust Laws in
the public and private sectors in the U.S. and #t@bdéishment of European Unigsuppliers are
required to compete using written proposals to ola#aiew job (Jacques 2013). In this regard, a

bid secures the job for the contractor after an in-deji¢ht evaluation process. From the client



perspective, a bid could be seen as a quality asseithat warrants the job will be delivered
accurately and free of errors (Lewis 20033sentially, a bid o« proposal is the supplier’s
response to the owrerrequests for the project, which is also a bindiagument that specifies
thesuppliers’ and clients’ responsibilities (Cleden 2011)Since there is ambiguity between the
terms: tender, bid, and proposal, Jacq2e43)clarifies them as follows:
e Tender: The tender refers to a formal documentghags specific instructions on
required work, which is issued by a client.
e Bid: The bid isthe supplier’s response to tender documents.
e Proposal: The proposal stands for a sales documeitt) wehsubmitted by a supplier to a
buyer.

Project selection phase becomes vital for constructbompanies, given that the
construction industry highly differs from other industrie$erms of uncedinty and is unique by
low profit margins, high rate of asset turnover, higlhitme, and low-markup conditions (Park &
Chapin 1992). Harris et al. (2006) emphasizes the dagrencertainty for the construction
industry usingin analogy with the appearance of roulette: “sometimes they win when they think
their price is high; sometimes they lose when thetepis dangerously low, and they have a wry
smile for the apparent ‘winner’ ”. Bidding on a project is a future-commitment for a camyp
and the selection of a wrong project may limit thelinal resources, moreover prevent the
company from executing other favorable projects. Theeet contractor should consider money
and time efforts such as required man-hours to deaiogstimate (Halpin & Seni@011)
Considering there are various hurdles in the construatdustry, Park & Chapin (1992)
suggestd.3 principles of successful contracting to help contnracton a profitable business and

he claims that the number one principle is‘be selective in choosirjgbs to bid”.



In today’s competitive business environment, every construammnpany confronts a
decision-making dilemma and must decide whetherd@bnot bid on a project(s) or which
project(s) to bid on among candidates. Although démsion-makers come to the conclusion
with different judgments, a final evaluation alwayguiees putting different factors into
consideration and contemplating the ups and dowaspobject. BurkeX(999)implies that
companies have infinite project opportunities ia ttonstruction industry, therefore the selection
of projects should be focused on the one that pesvile most beneficial changes to the
company. Specifically, he states that the contraceps one of the main focuses in the project
selection criteria, which can create a pricing dilenuamased by a trade-off between the profit
and the chance of winning the project. In the saamse, Park & Chapin (1992) support Buske
(1999) opinion and express that to be successtulidding situation, contractors should bid
low enough to get the job and bid high enough adipfrom the project. From a different
perspective, Lewis (2003) dedkmthat, the decision to bid on a project should beigded on
realistic and carefully weighted assessments obppertunity along with the potential benefits
and costs. For this purpose, he advises to raiseigugstind provides a checklist of issues to be
considered in the project selection stage. Thosessare (Lewis 2003):

e The competitive situation

e Bid preparation costs

e The relation of the contract to business strategy
e Project costs and revenues

e The characteristics of the client

e The professional value of the contract



e The implication of the workload and personnel
e The skills and experience that dasoffered
With the increasing competitive environment of te@struction industry, investigating
the bidding strategies and the influential factndiddings decisions have become a topical
research area since the mid-1950s (Harris et al. 2B@6gd on the previous research, more than
100 factors have been identified for this purposevéier, comparing numerous variables and
understanding which factors are the most importanthbe difficult to determine due to the
nature of human reasoning (Deng 1994). Therefore, tedidgthe decision-making process,
numerous decision-making tools with different undedymethodologies have been offered in
time.
1.2 Decision-Making Process
Decision-making is a part of everyday human life hsag deciding on daily activities, a
family issue or business operations. Roy (1981) desstite‘decision activity” as choices to do
or not to do things or when to do them in particulaysv Healso revealed that a person faces
four types of decision problems on a daily basis. Tlosglshizaka & Nemery 2013, Roy
1981)
1. The choice problem, which aims to identify the lmgston or selecting the top options
through a given set.
2. The sorting problem, which catega&the options based on their similar features.
3. The ranking problem, which ranks the options in offd@m best to the worst.
4. The description problem, which describes the otimmd their effects.
The construction industry has an unstable busirassenthat includes many tangible and

intangible factors; and comparing them simultaneoos¥es the decision-making process very



complex (Mohanty 1992). Therefore, in order to sahesdecision-making problems and save
time by accelerating this process, many decision-makiolg have been created. Park & Chapin
(1992) categorize the most powerful decision-makaouis for construction management as the
following:

1. Statistics, which aims to forecast the future bussrstatus of a company through the
collection, tabulation, analysis, presentation emerpretation of the data processes.

2. Probability theory is explained as a sub-branchaifstics and is used by decision-
makers to determine the odds of the occurrence ewvant by considering both the
probability theory and the experience of an orgaionat

3. Operations Research models’ goal is to determine inventory, allocation, waiting-time,
repair-replacement, competitive problems and develefhods in order to describe the
events, forecast future, and provide alternative solgti

4. Game theory is a methodologhat considers not only the participants’ optimum gains
but also the interactions between the opponenis nutshella participant’s gain or loss
depends on the decisions/strategiesthers.

Oo et al. (2007) classifies the Bid/No Bid Models ititcee categories and for the
remainder of this writeH, those three categories will be used. Those are:

1. Multi-attribute decision-making models

2. Artificial intelligence-based models

3. Statistical models
Although, the ultimate purpose of all the decismoaking models is to identify the most

beneficial projects for the organizations in shod éong-term, the taken approaches vary greatly

from each other with their structures and underlyinghimsologies.



1.2.1 Multi-Attribute Decision-Making Models

Multi-attribute decision-making (MADM) is a subsédtMulti-criteria decision-making
(MCDM) that is also a branch of the Operation Researclaffaphyllou 2000). In Multi-criteria
decision-making (MCDM) analysis, the aim is to finda@ution by centering the decision-maker
into the decision-making process. The results ohtkthod varies from one decision-maker to
arother and in that context, the method uses the stiNgeselections of a decision-maker as a
basis (Ishizaka & Nemery 2013)/hile many of the MCDM methods vafyom each other;
some of them have common characteristics. Those arar{glet al. 1992, Triantaphyllou 2000):

1. Alternatives: The alternatives stand for different omsiovhich interchangeably can be
named as “cause of action” or “candidates”. The number of the alternatives may range
from several to thousands, however alternativesldradways be screened, prioritized,
selected, and ranked in the order given.

2. Multiple Attributes: The attributes can be referreddahe “goals” or “decision criteria”
and each MCDM problem has multiple attributes. Whnenattribute numbers are large,
the structure of the attributes could be organizeuesrchies. In that sense, there may
be several major attributes, which may have sub-ate#) and moreover each sub-
attribute may have sub-sub-attributes.

3. Conflict among Criteria: In general, multiple attributemflict with each other. For
example, the efficiency of equipment might affect ttze sr comfort.

4. Incommensurable Units: Analyzing different criteria megrocess bring unit problems
and could make the problems difficult to solve.

5. Decision Weights: In general, the MCDM methods worksedaon the assigning

importarce weights of the criteria.



6. Decision Matrix: A decision matrix is the mathemaltieapression oa MCDM problem.
In that regard, a (m x n) matrix is the combinatiofimfe sets of decision alternatives
(A={Ai for i=1, 2, 3, ..., n}) and finite set of cria/goals (C=Cj for j=1, 2, 3, m}),
which is constructed according to decision-makgrdgments (denoted awj for j=1, 2,
3,..., N) (See Table 1.1

Table 1.1 Simple Decision-Making Matrix Form (Triantaphyllou 2000)

Criteria
Alternatives C.1 C.2 C.3
wy W Wy
Alt. 1 aiq a, Ain
Alt. 2 aq Az, Ao
Alt. m [o Ao Ann

Jato-Espino et al. (2014) investigated the multeda decision-making models that have
been used in the construction industry for differerisien-making purposes and identified 22
different methods based on the 88 research papefable 1.2 the multi-criteria decision-
making models are given in accordance with their Ilemof occurrencessused as single or

hybrid methods in the research papers.



Table 1.2 The Number of Occurrences of the Multi CriteriaDecision-Making Models in the
Construction Industry (Jato-Espino et al. 2014)

Approach | Method Number of
occurrences
AHP (Analytic hierarchy process) 20
DEA (Data envelopment analysis)/ 6
ELECTRE (Elimination et choix traduisant la realite)
TOPSIS (Technique for order of preference by 3
Single similarity to ideal solution)
ANP (Analytic Network process)/
Delphi/ 2
GST (Grey system theory)
Other 1
AHP (Analytic hierarchy process) 26
FSs (Fuzzy sets) 24
TOPSIS (Technique for order of preference by 11
similarity to ideal solution)
ANP (Analytic Network process)/
MCS (Monte Carlo simulations/
MIVES (Modelo integrado da valor para evaluacione 4
Hybrid sostenlble_s)/ o o
VIKOR (Visekriterijumska optimizacija |
kompromisno resenje)
COPRAS (Complex proportional assessment)/
GST (Grey system theory)/
PROMETHEE (Preference ranking organization 2
method for enrichment of evaluations)/
SAW (Simple additive weighting)
Other 1

1.2.2 Artificial Intelligence-Based Models

Although Artificial Intelligence (Al) is one of theenvest disciplines that have been
investigated sinc&956,the roots of the discipline could be traced to arots@ B.C.
Approximately 2000 years of research in philosophy 400 years in mathematics have
promoted the development of the field and broughthikery to reality. Specifically, with the
improvement of computer technology in the early 19%tisrest has been drawn to the field,
leading it to be a convenient approach for a vamétjifferent disciplines such as playing chess,

writing poetry or diagnosing diseases. Despite thiauative interest, there is not a common



definition of the Artificial Intelligence in the litetare. Russell et al (1995) reviewed eight
different text books and revealed that the definibbthe Artificial Intelligence can be groughe
under four categories, which are mostly focused onhtbeght process, reasoning, behavior and
rationality performance of human beings (Russell & Np@995 p. 5):

1. Systems that think like humans.

2. Systems that act like humans.

3. Systems that think rationally.

4. Systems that act rationally.

From this standpoint, Artificial intelligence disdipe has also created implementations
for the construction management industry. Elbeltagi 72@@gregated some of the implication
examples of Al in the industry and listed the follogvwith their usage purposes:

o Atrtificial Neural Network Approach for Bid/No Bid Model

e Analogy-Based Solution to Markup Estimation Problem

¢ Neuro-modex -Neural Network System for Modular Constracbecision Making
e Neuroform - Neural Network System for Vertical Formworkegsgon
¢ Building KBES for Diagnosing PC Pile with Artificial @uiral Network
e Modeling Initial Design Process using Artificial M@l Networks

¢ Intelligent Planning of Construction Projects

e Construction Robot Fleet Management System Prototype

e Bridge Planning Using GIS and Expert System Approach

e Comparison of Case-Based Reasoning and Atrtificial Né&lealorks
e Site-Level Facilities Layout Using Genetic Algoritem

e HPC Strength Prediction Using Artificial Neural Network



e Estimating Resource Requirements at Conceptuagp&diage Using Neural Networks
e DAPS: Expert System for Structural Damage Assessment
o Atrtificial Neural Network Approach for Pavement Maintena
1.2.3 Statistical Models
Given that statistical models have been frequentiyuis all areas of the construction
management industry, varying from hoisting time eledto project performance assessments,
the statistical bidding strategy models also haselia background in the industry. In regards to
the three decision-making problext®ecision-making under certainty”, “Decision-making
under risk, “Decisionmaking under uncertainty’’), most of the research has been focused on the
“decision-making under risk” issues in the industry (Jha 2011). On the other side, statistical
models have been categorized into two groups bas#ageamplication purposes as Expected
Monetary Value Models and Expected Utility Value-Ba#odels, which the former aims to
maximizing the profit of a contractor while the &tfocuses on the managemenaof
contractr’s wealth and possessions (Jha 2011) .
1.3 Statement of the Problem and the Need
Despite the excessive availability of the factard decision-making models, the
facilitation rate of the subsidiary tools in the exalon process in the construction indussry
very little. According to a survey by Ahmad & Minkarél988), only the 11.1 percent of the
construction companies use a decision-making tootder to come to a bid or not bid
conclusion in the United States. In addition, thetedd Kingdom also shows the similar interest
percentage (17.6p@n using the decision-making tools.
In fact, there is an evident relationship betweerlahble of interest and difficulty of use

for the bid/no bid decision-making models. Somehefmodels have been criticized due to their
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complexity and cumbersome requirements (Gates 18&3)ending on the bid/no bid decision-
making model, the problems that have been discusdbe literature can be listed as following:
1. Providing excessive numbers of key factors, whiclkesat harder for contractors to
compare.
2. Failure to provide simple solutions without requirexgensive user effort.
3. Requiring a comprehensive project history database.
4. Lacking of validation process.
5. Not able to combine different decisions from various siea-makers.

From this standpoint, a decision-making tool forbi@#no bid decisions is needed in the
construction industry, which can attract decision-mgkattention by providing practical, user
centered and accurate solutions.

1.4 Purpose of Research

To address the abovementioned neleduttimate purpose of this study is to develop a
decision-making tool to assist decision-makerfismdonstruction industry to select the most
appropriate projects to bid on via using Analytietdirchy Process (AHPIn this method, the
main problem is divided into hierarchies as sub-mid, which are then addressed individually
AHP is a multi-criteria decision-making method thélizes pairwise comparison technique by
providing a preference scalRy constructing pairwise comparisons within each gudblem,
the weights of importance of the factors will beadetined and furthermore the weights will be
used to form a basis for the decision-making toolsThethod determines the relative
importance of the factors based on the subjectivieeces of the respondents (Saaty & Vargas
1991) In this context, every decision-making tool pertdima company and works in the

direction of the decision-maker's own preferences.
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Based on the collected demographic information (eegtor, size, type), the combined
importance weights of the construction professionallsalgo be presented in the study. This
information is valuable because it enables constrnatompanies to see how much weight/value
is put on the key factors by other construction camgmwho have different demographics

Finally, the statistically significant differencesttveen different groups of construction
companies in how much weight they assign to a gbrdfmo bid decision factor will be
investigated.

1.5 Research Questions and Contribution to the Body of Knowldge
In reaching the abovementioned purpose, the follgwjmestions are addressed:
e What are the most common key factors that influend&b bid decisions?
e How can different judgments from different decision-erakbe combined into one final
decision?
e How differently the construction companies in thetddiStates (US) value the key
factors that are commonly utilized to make bid/iebdecisions?

This study contributes to the construction engingegimd management body of
knowledge by providing a user friendly decision-nmakiool to be used in deciding whether to
bid or not bid on a project or which project(s) td bn and advancing the current state of the
knowledge on the different weights/values given mfdttors by construction companies with
different demographics.

1.6 Scope and Limitations

The decision-making tool will be developed basedhe factors which are commonly

identified and utilized in the literature. Therefoam, investigation that aims to reveal the validity

of the existing factors or new additions is nothia scope of this study. The sample size will be
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limited to the construction professionals who havelationship with the Department of

Construction Management at Colorado State University.
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Chapter 2. Literature Review

This chapter presents a comprehensive literaturewsan bid/no bid decision-making
models. For this purpose, various bidding decisiokintamodels were categorized in
accordance with the implemented approaches andieepl under i) Multi-attribute decaosi-
making, ii) Artificial intelligence-based model catetes and iii) Statistical decision-making
models.

2.1 Background

In today’s competitive business environment, bid or no bid decision is complex and
crucial for construction companies. The complexity cefnem the consideration of many
intangible and tangible factors in the decision-mghkprocess (Mohanty 1992). The decision-
making is hard because it requires from a decisiokemim construct a structured thinking in
accordance to include many unknown, yet complexatdes and compare them simultaneously.
Considering the nature of human thinking, Deng (12®@fments on the efficiency of decision-
makers stating the following:

“Due to human’s bounded rationality and limited capacity of information processing, a
decision-maker can seldom consider all of the relevant variables and under stand the complex
relationships among decision variables.” (Deng 1994 p. 552)

Decision-making is crucial because poorly madeibgldecisions could cause severe
and irrevocable problems. For example, not biddifayarable project could result in lost
opportunities for companies to make profit, improve contractor’s strength in the industry and
gain a long-term relationship with a new client. tha other hand, bidding a project that actually
does not fit the company's profile requires a lot miti effort, and commitment without a

favorable outcome (Ahmad 1990, Wanous et al. 20@8)eover, the reputation of a company
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can be damaged by submitting many manning proposals; and thus sometimes giving a “no
bid” decision could be the right thing to do for companies (Gido & Clements200

According to Ansoff (1965) a decision to a bid oppaity could result in three
outcomes, namely: i) rejection to bid, ii) provisadly acceptance (includes adding the project to
a reserve list or replacing it with the current prgjeand iii) unconditionally acceptance of the
tender (Lowe & Parvar 2004)

Shash (1993) separates the bidding process intoitfeoethit decision phases. The first
decision includes whether or not to bid a project twedsecond decision is the preparation of the
mark-up price. In the literature, the factors thatuafice bid/no bid and mark-up price decisions
have been examined together and investigated camsaguhowever, for the purpose of this
study, only the factors that affect bid/no bid demsisiand the models that serve to provide
bidding decision support will be investigated.

To draw attention to the importance of a new projecat& Chen (2004) depicts it as the
“lifeblood of a company and suggests that preparing a proposal foge fpaoject should be
considered as a new project by itself for companiesellver, the survival of a companies is
dependent on how they tackle with different biddiitgagions (Wanous et al. 2003). In the
selection of a project, many multidimensional reashraild be taken into the consideration
such as financial, technological and availabilitjhoman resources. According to Mohanty
(1992), while making a decision for a project, prdifilidy, feasibility, optimal-resources and
desirability of the project should be investigatdé.also defines an attractive project with the
following characteristics:

1. Viability of the project

2. Availability of a competent team

15



3. Availability of financial and other resources
4. High return on investment ratio
In some situations, the selection of a project p@yain to a geographical location. For
example, in India, bidding decision may be givesdshon family pressure or political angle
(Mohanty 1992), however this may not be the case faratountries.
Friedman (1956) also emphasizes the uniqueness efcpsifuations stating the
following:

“ The important thing to remember is that each bidding situation has unique properties
and must be treated individually” (Friedman 1956 p. 104).

Given that “competitive bidding” is the most common bidding method in the construction
industry among others (e.g., negotiated contractkguge deals, private finance initiative),
investigating bidding strategies has been a focaitfnyi researchers since mid-1950s (Harris et
al. 2006). The first known model was proposed bydman (1956), which concerned the issues
related to the probability of winning and estimatihg optimum bid amount by using
probabilistic approaches. According to the studygathering previous bidding information,
bidding patterns of the potential competitors cdugdestimated. Moreover, this method could be
implemented for a single contract or multiple contraasultaneously.

Up to date many bid/no bid decision support motaie been introduced in the
literature based on Friedman (195§joint of view to guide contractors in their bidding
decisions; while others have criticized Friedman (395®lution. For example, Whittaker
(1981) advanced Friedman (1956nodel by including decisiomaaker’s perspective into his
model. King & Mercer (1987) fitted the quotes bynogmal distributions and implemented his
model for different sectors in the construction indystamely a kitchen equipment

manufacturer and a civil engineering contractor. Orctivdrary, Gates (1983) debated over the
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Friedman (1956} study and introduced the concept of his expectation value (EV) model, which
is used for determining the optimum profit and optimuisk for various bidding situations (e.g.,
lone-bidder strategywo-bidder strategy, many bidder strategy).

Indeed, even though the strategic bidding modelsrddférom each other with their
theoretical grounds (i.e., game theory, decisionrétenapproach (King & Mercer 1987)) they
shared a common goal of “maximizing the profit “and they mostly focused on the estimation of
mark-up price (Bageis & Fortune 2009).

Considering the historical development of the prdistic models, Harris et al. (2006)
summarized the steps for investigating a competitor’s performance against an organization based
on the competitor’s historical data. The steps are:

1. Collect the historical contract data of the potentahpetitors
2. Divide the competitors bid by company’s estimated bid and calculate the ratio
3. Create a frequency distribution

He also suggests that by converting the frequendyldison to a cumulative frequency
curve, the relationship between probability of wirghand mark-up bid amount could also be
plotted.

The mathematical models have been discussed d&imgt suitable for real-world
situations despite their excessive availability. In his “A Bidding Strategy Based on ESPE (The
Expert Subjective Pragmatic Estimate)” study, Gates (1983) commented on caattors’
unawareness of the applied mathematics vocabulargtated that the mathematical models are
only related to bidding values disregarding otherdecin the perspective of a contractor. In this
study Gates (1983) used Delphi method to estima&eptimum bid amount based on the

numerous evaluations of a group of experts.
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Wanous, Boussabaine, & Lewis (2000) summarized iiagiplity of the probabilistic
models due to the following:
e Failure to capture the real-world situations becaidgbe over simplicity of the proposed
models
e They are based on mathematical models which makegshfor contractors to use
e They are only focused on monetary values (i.e., maxngithe profit) and disregard
contractors’ other objectives
Gates’s (1983)statement was also supported with the survey firedafgyarious
researchers. Ahmad & Minkarah (1988) found that onl}%lof the contractors are using
mathematical/statistical bidding models in the USAjle Shash (1993) reported 17.6% of the
contractors are giving their decisions based on tath@matical/statistical models in UK.
Therefore, this need has triggered researchers taderpvactical solutions to the questions of i)
whether to bid on a project or not and ii) whichjpot(s) to bid on given a few candidate
projects.
Based on the implemented approaches, Bid/No Bid Matket be classified in three
categories (Oo et al. 2007):
1. Multi-attribute decision-making models
2. Artificial intelligence-based models
3. Statistical models
In the rest of this chapter, bid/no bid decision-mgkmodels will be categorized and

explained under each categor
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2.1.1 Multi-Attribute Decision-Making Models

Ahmad & Minkarah (1988) discussed inapplicabilitytloé probability models by
asserting the heuristic nature of the bidding envirartniko answer the question ‘Gflow are
bid decisions made?” and to investigate the factors that influence bidding decisions in depth, the
authors conducted a survey among 400 general consaectthe USA and determined 31 factors
that affect decision-making process. The factors wereac by the companies using a relative
importance scale (1¥and the reported top three factors were listed as “Type of job”, “Need for
work” and “Owner”. The study also revealed that approximately 90 % of the respondents do not
use any mathematical or statistical approaches te miegr bidding decision. The results
showed that most of the contractors are relyinghoeir” Experience”, “Judgment” and
“Subjective assessment” tools for decision-making. Most importantly, it was found that
sometimes the decisions are given based on angnable basis.

Since then, most of the research has been badbe@ dactors determined in Ahmad &
Minkarah(1988)'s study. Even though follow-up studies mostly referred to the questionnaire
method from Ahmad & Minkarah (1988), they used differgmproaches to identify the
importance of weights of the determined factorghbrse studies, the importance of weights of
the factors are based on the characteristics ofd¢bisidn-makers; moreover the accuracy of the
multi-attribute decision-making models are found éovinlnerable due to the decisiarkers’
characteristics (Bageis & Fortune 2009)

To combine rational bidding decision methods and bidders’ subjective preferences into
one decision-making model, Ahmad (1990) presentegbastage decision-making process. In
the first stage of the model, a deterministic attenfocus method was used, while in the second

stage a probabilistic decision method was implententethis model, the major objectives of a
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construction company were constructed into four hieraatlvategories and sub criteria were
assigned to each category. The categories were detztas job related, market related, firm
related and resource related.

Shash (1993) modified the same questionnaire byash&Minkarah (1988) and
identified 55 factors affecting decision-making presel he questionnaire was conducted to
include 300 UK construction companies and gatheesganses fror85 contractors. The
measurement of the factors wasde by using “Importance index” and the highest ranked
factors that influence contractdsglding decisions were reported as “Need for work”, “Number
of competitorgendering” and “Experience in such projects”.

Bageis & Fortune (2009) criticized Ahmad & Minkarah 89 and Shash (1993)
studies due to the lack of testing in the modeletam the various weights of the respondents.
In Bageis & Fortune’s (2009) study, 87 factors were determined based @titdrature and
supported by the pilot interviews. The factors welentified by modifying the questionnaire
format by Ahmad & Minkarah (1988). A total of 91 resges were gathered out of 240 Saudi
Arabian contractors and the responses were categaniwknt four groups, namely the size of
contractor, the type of main client, the type of wanki éhe classification status of the
contractors. The factors were ranked by decision-nsak&ng 0-6 rating scale and the weights
were calculateddy “Importance Index” formulation. For the purpose of determining the most
important factors, Principal Component Analysis (PCAswonducted and the analysis resulted
in retaining 39 factors. To determine the interielad between contractor characteristics and the
bidding decisions, various statistical approaches AMOVA, Chi-Square) were used. The
findings of the study showed that the weights of ingoace given to the factors are highly

influenced by the contractor characteristics. In tlagte¢cthe weights of importance of the
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respondents were mostly influenced by the contrasiray, the classification status of the
contractors and the client type. In the study, it waggested that, to provide most accurate
decisions to decision-makers, the collected davalghoe categorized by considering contractor
characteristics.

Chua & Li (2000) criticized the reasoning methods ef Ahmad & Minkarah (1988) and
Shash (1993)s studies and identified four sub goals that relate to the bid/rab decision-making
process. Those sub goals are: competition, risk, fegedork andcompany’s position in
bidding. Analytic Hierarchy Process (AHP) was impleteérto determine key factors;
therefore, four hierarchies were constructed in ordenestigate the relationship between
different contract types (e.g., unit rate, lump sunsjgtebuild). Only one sub goal was not
included for different contract types, “Need for work”, which is assumed to be independent from
the considered contract types. The survey gathesgbnses from 25 companies out of 153,
which were initially contacted; and the resultswsd that most of the factors are found to be
independent from the different contract types. Fom®la, the type of contract showed the most
significant impact on risk sub goal while it indicated the least impact on company’s position in
bidding.

Mohanty (1992) also used AHP and determined 15&etprs. An Indian construction
company was included in the study. According torsellts, the benefits of the model are
reported as i) providing a structured method to camtapesionmakers’ subjective goals, ii)
organizing essential information systematically,ninimizing biased selections of decision-
makers and most importantly iv) helping organizatittnselect most profitable and feasible

projects.
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Jarkas, Mubarak, & Kadri (2014) identified 43 factoasdxd on the literature review and
conducted a survey within the contractors in théeStdQatar. Relative Importance Index (RII)
technique was implemented to analyze the datafimtiegs of the study showed that
“employer” related factors have the most influential effects on the bidding decisions, while the
other main groups were ordered by their importance as the following “contractor”, “bidding
situation”, “contract” and “project”.

Han, Diekmann, & Ock (2005) conducted an experialedgsign including the students
from the University of Colorado, Yonsei UniversityKiorea, and the professionals from both
USA and Korea construction industry. A total of Hrtipants were included in the study. To
shed light into the process of bidding strategiasternational projects and risk attitudes of the
contractors, a formal decision support method wastagrted. For the purpose of the study,
three case studies (i.e., good project, bad prajemtlerate project) were randomly provided to
each participant and the participants were expdotesdaluate the risk conditions based on the
provided project characteristics. The unforeseen camditdof the projects were also included
and assessed in the study by using cross impactsematethod (CIA). Findings of the study
revealed that the participants were more likely &idguish bad projects from others. However,
when it comes to the distinction of good and modepabjects, it became troublesome for the
participants, therefore eventually those decisionsedipsing good opportunity to make more
profit. The authors also found that the individuak @gtitudes of the participants and their
bidding decisions on behalf of their companies wecensistent.

Shash (1998) conducted a survey among 320 subcamgacthe State of Colorado and

received30responses. The study differed from his “Factors considered in tendering decisions by

top UK contractors (Shash 1993}udy due to the target population (general contractors vs.
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subcontractors). Even though, the study approachsligigly different; this study can be
assumed to be a subset of the former study. Four diffeaetors were determined that influence
subcontractors’ bidding decisionsand the results showed that “Past experience with general
contractors” was highly influential on subcontractors’ decisions.

El-mashaleh (2010) proposed the Data Envelopment AisallpEA) approach to guide
decision-makern their bidding decisions. In DEA, an “efficient frontier” is created based on
organizations’ historical data and used to identify favorable projects to bid. To create historical
data, every project in contractors’ database needs to be scaled with negative (i.e., inputs) and
positive (i.e., outputs) factors that affect bid/no dé&tisions. Furthermore, these factors need to
be weighed by managers by using a subjective ¢calel-10). DEA approach was proposed
with its wide applicability disregarding any projesite, project location, number/types of factors
considered in bidding situations. A limitation bfg approach is that the necessity of a
maintained and scaled historical database by cdotsac

Lin & Chen (2004) used a fuzzy linguistic approaeidetermine bidding decisions. In
this approach, the managers assigned the projéetiarby using linguistic terms; then the terms
were converted to the fuzzy numbers; and finally yuattractiveness rating was estimated
Consequently, estimated fuzzy attractiveness ratirgmatched with linguistic levels. In the
study, it was estimated that using this frameworksedul 5-25% reduction in man-hours for the
proposal preparation. Even though the project wadatgld comparing the results with Analytic
Hierarchy Process approach, validating the studly wily one project could be seen as a

limitation of the study.
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2.1.2 Artificial Intelligence-Based Models

Wanous, Boussabaine, & Lewis (2003) implementeddahby using artificial neural
network (ANN) based on 157 real-life projects from Symcanstruction companies.18 key
factors were determined through a survey and suggdy interviews. 20 projects were
randomly selected out of 182 projects and used tdtiesnodel. The accuracy of the model was
found to be90% for the selected Syrian construction projects.

Chua, Li, & Chan (2001), used Case-based Reasoning (GBR)ach by focusing on
two reasoning factors namely, Risk and Competifidre framework, CASEBID was proposed
to tackle with complex decision-making problemsgaghering information from the case
library. Moreover, the approach was used to obtairkapavalues for new projects relying on
similar cases. For this purpose, a case library shuoellcteated and the project attributes should
be labeled. Similarly, to the Data Envelopment Apjatg maintaining a database could be
mentioned as a limitation of the proposed appro@ohetrieve the similar cases, the projects
should be labeled correctly, if not this could camsecuracy and efficiency problems.

Egemen & Mohamed (2007) investigated the factasdffect bidding and mark-up
decisions of the 80 Northern Cyprus and Turkish constnudirms. For the final model, 50 and
44 factors were included in the framework, respedtiveEhe results showed that bidding and
mark-up decisions of the small and medium sized comegavere significantly different.
According to the study, “need for work”, “project profitability”, “strength of firm” and “client’s
financial sitiation” factors were reported as the most important factors that affect bid/no bid
decisions.

“Strategically Correct Bid/No Bid and Mark-up Decision” (SCBMD) decision-making

tool was also created by Egemen & Mohamed (2008pmdribute to the field of study. 79
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guestions were nested into the system under ei@lgrsups to provide bid or no bid advices and
markup percentages to contractors. 100 real biddirgsoasre gathered from Northern Cyprus
and Turkish construction companies to validate thdysand the accuracy of the system was
noted as 86%.

2.1.3 Statistical Models

A parametric solution was offered by Wanous, Boussah& Lewis (2000) by
determining 18 factors. For this purpose, the data gathered from 182 Syrian companies and
the final model was tested with 20 real bidding sa$ée accuracy of the model was found to be
85%.

Lowe & Parvar (2004) determined 21 factors basetheniterature review and
conducted correlation analysis between the factmisdcision to bid. Functional decomposition
model was used to organize the factors, which ples/more understanding of the relationships
between the factors and the decision-makers. Bas#aearesults, a significant positive linear
correlation was found for eight key factors and the contractors’ decisions to bid a project. Those
factors are namely, strategic and marketing cortiobuwf the project, competitive analysis of
the tender environment, competency-project size peditive advantage-lowest cost, resources
to tender for the project, feasibility of alternatives@yn to reduce cost, external resources, and
tendering procedures. Additionally, a predictive mlodas created by using logistic regression
approach and the accuracy of this model was repagé8.4%

Oo et al., (2007) investigated unobserved heterotyeaeioss 18 contractors by
implementing random coefficients logistic model. e tstudy, it was found that there is a
significant difference betwen the contractors’ bidding preferences and responses to the factors

that affect their bidding decisions even though theyenprovided with the same bidding
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conditions. The study was not constructed on therxgental data, however it provided another
approach for contractors to strategize bidding demsshy considering the unobserved
heterogeneities of their competitors.

Type of client, type of construction work, and sieonstruction work factors were
selected as target key factors; and their impathercompetitiveness of a Hong Kong
construction company were investigated by Drew, Skign& Po (2001). Quadratic regression
models were created for this purpose and the modelsfittetebased on 100 bidding proposals
from the same company. The models didn’t provide enough evidence to prove that the
competitiveness strategy of the Hong Kong compagwifcantly impacted by work size, work
sector or client size/type. On the other hand, the results revealed a pattern that shows contractor’s
strength point relative to project size ranges on uariient sectors.

Oo, Drew, & Lo (2008) conducted the bidding expentmaethodology and compared
Singapore and Hong Kong construction contractors’ decisions based on different market
conditions. For this purpose, 20 hypothetical caga® created based on two extreme market
conditions (i.e., booming conditions, recessionditbons) and were provided to the 49
construction professionals. Additionally, to seeithpact of number of bidders on decisions,
eight different number of bidder scenarios for each hgiatal case were also included. To
estimate the probability of bidding on a projeclpgit model, which is a function of market
conditions, was used. The results showed that, #aargh there are remarkable similarities
between Singapore and Hong Kong bidding condititimsdecision of the contractors in those
cities were significantly different in response to bw®ming and recession conditions.
Particularly, the probability of bidding on a projectrecession times was found to be four times

more than booming times in Hong Kong while this ealas reported two for Singapore
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contractors. This finding is also compatible with fimeling of Drew, Skitmore, & Po (200%)
results considering the unclear bidding strategy afdddong contractors.

The relationships between risk assessment angersieption and bid/no bid decisions of
134 Chinese contractors were experimentally investdghy Chen, Zhang, Liu, & Hu (2015)
The analyses concluded that there is a signifiaationship between the outcome history of
professionals and their risk propensity. On the othedhthe probability of potential gain or
loss has found to be more influential on risk perioepthan the magnitude of potential gain or
loss. Additionally, bid/no bid decision-making wasind significantly dependent on risk
perception and risk propensity of contractors whilewardslope correlation was observed
between risk propensity and risk perception. Evenigh the study emphasized the importance
of risk perception and risk propensity of decisionkers, the study may be found insubstantial
for only including the professionals who have workingenences ranging from only two to five

years.
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Chapter 3. Methodology

The purpose of this chapter is to discuss the methgy that is used in this research. As
mentioned in Chapter 1, the main methodology uséhisnstudy is Analytic Hierarchy Process
(AHP). In order to conduct an AHP study, several stegsinio be undertaken. In this chapter,
the steps of the methodology are discussed andhanal example is provided to explain the
AHP methodology in depth. Additionally, One-Way AaoT est, Kruskal Wallis (Non-
parametric alternative of One-Way Anova), Two-Samybsst, and Wilcoxon Rank Sum (Non-
parametric alternative of Two-Sample t-test) testsrareduced in this chapter, which are
utilized to analyze the results of the AHP evaladi
3.1 Overview of the Research Method

Quantitative research methods provide opportunitidsetter understand the tendency of
respondents and help explain their attitudes towandssue. Explaining a research problem
through data trends, providing a baseline for literateview, enabling investigators to collect
numeric data, and allowing unbiased analyses calilgi\en as some of the major
characteristics of the quantitative research metHadguantitative research methods, the
researchers can provide survey instruments to colleictblas and moreover, those variables
could be analyzed by using mathematical procedurgs,statistics. For instance, by comparing
different groups’ demographic information; the investigators could observe trends and describe
the interrelations between variables (Creswell 2002)

In this study, quantitative research methods are @yeglto identify the weights of
importance of the key factors collected from the cartsion companies with a survey

instrument: the pairwise comparison tool. The furéhglanation of the pairwise comparison
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tool is given in section 3.3. As was mentioned befédmalytic Hierarchy Process (AHP) is used
as the research methodology in this study and ttexrdenation of importance weights of the key
factors by using AHP is explained in section 3 drtirermore, the One-Way Anova Test,
Kruskal Wallis (Non-parametric alternative of One-Way #ap Two-Sample t-test, and
Wilcoxon Rank Sum (Non-parametric alternative of Two-Sartyest) tests are used to
evaluate the differences of contractors’ valuation based on the demographic classification (i.e.,
Contractor Type, Contractor Sector and Contractor SizeXjlained in section 3.5.Figure 3.1

shows the steps that are taken in this researclprawiies an overview of the research method.

review.

Creation of the pairwise comparison tool in excel format according to the \/
determined key factors in Phase 1.

Sending out the pairwise comparison tool to the sample population. In this
case, the population sample was selected from construction professionals | |Phase
who have a relationship with the Department of Construction Management | | Step-1

at Colorado State University.

Identification of the factors that affect bidding decisions through a literature

Implementation of the AHP analysis and evaluating the criteria weights
based on the collected demographic information of the respondents, as
well as creation of the of the Bid/No Bid Decision Making Tool. | \/

Figure 3.1 The Overview of the Research Method
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3.2 Phase I: Determination of the Bid/No Bid Decision Factors

To date, more than 100 factors that affect biddiegsions have been identified in the
literature. Considering that most of the existing aeske has already focused on the
determination of the factors that influence bidditegisions, to expedite the research process,
the key factors were selected through a literatewveswv in this study.

To organize the factors in the literature, thedacomparison table, from Bageis &
Fortune’s study (2009 p. 55) was used as a guideline and the ideatifictors from various
researchers (Bageis & Fortune (2009), Wanous et al.(2808)ad & Minkarah (1988), Shash
(1993), Chua & Li (2000), Mohanty (1992), Oo et al. (20)0n the literature are presented side
by side in Table 3.1. The rationale for the keydactetermination process is explained for each
study below:

e Based on the literature review and pilot interviewsducted with the industry experts,
Bageis & Fortue (2009) determined 87 potential factors that affedfrim bid decisions.
In order to identify the most influential factors bitlding decisions, the authors
conducted the principal component analysis (PCA)asd result, 39 key factors were
identified. For this study, 39 key factors were uatdd as being more influential on
bidding decisions and highlighted in green colof able 3.1, while the remaining key
factors were highlighted in purple.

e To determine the key factors that affect bid/no ®disions, Wanous et al. (2000, 2003)
conducted a formal survey among Syrian contractors.dBais¢he survey results, a total
of 35 key influential key factors were determinkdorder to rank the importance of the
key factors, “Importance Index” method was utilized. In the study, the authors set a limit

of 50 percent of importance index and omitted theaiemg key factors less th&i®
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percent. Therefore, out of 35 factors, 18 key factasevidentified as being more
important than the others. In this study, 18 keydescwere highlighted in green color
while the remaining key factors were marked in puipl€able 3.1.

Ahmad & Minkarah (1988) conducted a survey amongelf@iractors in U.S. and
determined 31 factors. Additionally, extra 17 kegtéas were presented based on the
comments of the contractors. To determine the nmdisteintial key factors, the first ten
key factors were identified as being more importhan the others and highlighted in
green color. Additional 17 key factors were noturdgd in the most important key
factors’ determination process and were highlighted in purple along with the remaining

21 key factors in Table 3.1.

Shash (1993) conducted a survey instrument amongoPOOK contractors and
identified 55 factors that potentially affect bid/oial decisions. In this study, to
determine the most influential/important key factd4 factors, which were the 25
percent of the whole factor list, were identifiedlas most influential factors on bidding
decisions. A total of 55 factors are given in Tahle, while 14 factors were highlighted
in green color as being more important than the sther

Chua & Li 2000)determined 51 factors based on the literature revilsmg Analytic
Hierarchy Process method, 28 key factors were déetedhas being more influential on
bidding decisions. In this study, 51 factors aneegiin Table 3.1 and the 28 top key
factors are highlighted in green color.

Mohanty (1992) and Oo et al. (2007) conducted liteeataviews and identified 15 and 6

key factors, respectively. Considering the numbehefdey factors, all of the key factors
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are color coded in Table 3.1 in green as being inflakkey factors on bidding

decisions.

To minimize the numbers of the key factors; thedexcwere grouped according to their
similarities. For instance, the reputation of thentli@nd the client honesty factors were grouped
under “owner identity” factor. As a result of the grouping analysis, 14 most-commonly identified
and utilized factors were determined and groupecutwio main headings as firm-related and
project-related factors as shown in Table 3.2.

3.2.1 Grouping the Key Factors

To reduce the number of the factors available iritbeature, 46 consolidation groups
were created by taking the factor similarities inbmsideration. The repetitive or similar factors,
which are identified by various researchers in tregdiure, were included in the same
consolidation groups. In order to determine whetbentlude a factor in the final key factor list
or not, green and purple highlights were used.

For example, in consolidation group 3 (See Tallg &e “Location of the project”
factor has been pointed out as being potentiallyémtial on bidding decisions in five studies
out of seven. In the consolidation group, threénefit were marked in green color to show that
the factor was identified as one of the most infliggri&ctors on bidding decisions by the authors
in those studies. On the other hand, two of theneweaghlighted in purple color to show that the
factors were found unimportant by the authors. Tioeegfconsidering the number of the green
and purple highlights (green no:3 > purple no:2), the “Location of the project” factor was
included in the final key factor list.

However, for some of the consolidation groups, eveaghdhe number of green

highlights is less than the number of purple higtiBgthe factor is still included in the final key
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factor list. For example, in consolidation group 18e(Fable 3.1), the green color number (n=3)
is less than the number of purple colors (n=5); camsid that the required resources can play
an important role on bidding decisions, the “Availability of equipment, materials and human
resources factor was included in the final key factor list.

Further explanation of the key factor inclusion cr&dor each consolidation group is
provided in section 3.2.2. The comparison list offdors originating from different studies is

provided in Table 3.1 below.
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Table 3.1 The Comparison of the Factors Identified fronthe Literature Review

Wanous et

Group Bageis & Fortune Ahmad & Chua & Li Mohanty Oo et al. Key Factor
Number (2009) a|.2(()2003(;o, Minkarah (1988)  o"'ash (1993) (2000) (1992) (2007)  KeyFactor Description
Size of contract in SK . . . . . . . . . .
(size of the project) Project size Size of job Project size Size of project Project size
The receipt of the
work and work
measurer_ngflt This item explains the
The possibility of scope of the project
1 work extension Project size  without considering any|
The possibility of potential project or
project extension work extensions.
The possibility of
additional work
Degree of
subcontracting
Duration of the U Project Project
2 project project Duration Project duration timescale ABIET Project This |te:m explains the
duration duration project's timescale.
Job schedule
Location of the Project . . . ) Location of | This item explains the
3 . . Location Project location Location ; . .
project Location the project location of the project.
Expected Cash flow
4 Project cash flow project cash | Project cash flow | Project cash flow . Not included in the final key factors list
flow requirement
This item explains the
Current work current workload in bid
load in bid preparation or the
5 Current work load CLTTE HTiie Current work load| Current work load FIEREIE Current current workload of
load Current work load projects that prevent the
workload of decision-maker to give
projects a bid decision.
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Experience in

Years of

and coordinator

similar Experience in such Similar Past experience
roiects projects experience experience (of decision
proj maker)
Expertise in
mal;a ement PEEL
9 experience

Historic profit

Past profit in
similar project

Experience
in similar
projects

This item explains the
company's past
experience with similar
projects including
historic profit,
familiarity with site
conditions, managing
similar projects etc.

Risk involved in
the investment/
Risk involved
owing to the
nature of the
project

Economic
condition

Resource price
fluctuation

Considering that the risk factor is
intrinsically included in all other factors
the risk factor is not included as a
separate factor.
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Availability of Availability of
qualified staff qualified staff

Managerial
capabilities

This item explains the

Avail_ability Availability company's internal
of skilled Personnel of resources to implement
labor equipment, | the project such as type
8 ; o
materials of qualified staff,
and human | supervisory, labor,
resources equipment and
materials etc.
This item explains the
type of the job to be
executed such as
9 Type of job Project type Project type| Project type | Residential,
Commercial, Industrial
or Heavy Construction
projects etc.
Not included in the final key factors list
10
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The client
honesty/Clients
reputation with
contractors they had .
previously worked Owner Owner/ promoter ?ﬁ:gg i
with/Seriousness of client identity s
the client/The size of
client/The client's o )
experience of the This item explains the
construction indust owner/promoter/client
identity including
Owner/ reputation, honesty,
1 promoter/ seriousness, size,
Client experience,
- identity requirements, prompt
2‘;‘3:;:)32? Relationship payment habit and
the client with the owner relations with the client
- - etc.
The client financial Flnanqgl
capacity capability of
P the client
Availability of Financial
required cash ability
Work capital required Avallap|l|ty L .
to start the project of ca_pltal This item explains the
required financial ability of the
. . company to bid a
Financial -
12 . project such as cash
ability 8
requirement, work
capital, required bond
capacity etc.
Availability This item explains the
of equipment/ Raw company's internal
materials materials Availability resources to implement
required of the project such as typs
. equipment, | of qualified staff,
13 Equipment materials supervisory, labor,
and human | equipment and
resources materials etc.

37



Not included in the final key factors list

Not included in the final key factors list

Not included in the final key factors list

Not included in the final key factors list

17 Strength of the
firm
Number of -
competitors Competitive | Number of This item explains the
. conditions bidders competitiveness of the
tendering .
competitors (or the
tender environment)
18 Competition | including expected

Competence of number of bidders,
estimators identity of competitors
and similarity between
the contractors etc.

Not included in the final key factors list

Not included in the final key factors list
Degree of hazard
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Contract
Conditions/The
contract special
requirements/The
ability of modifying
the contract

Type of contract

Sufficiency of
project's information

Rigidity of
specifications

Fulfilling the
to-tender
conditions
imposed by
the client

Contract
conditions

Terms of
contract/
Stringency of
quality
specifications

Tendering method
(selective, open)

Type of contract

Contract

conditions
and type of
contract

Completeness
of drawings
and
specification

Stringency of

quality
specifications

Consultants’
interpretation
of the
specification

This item explains the
contract conditions
including special
requirements, the ability
of modifying contract,
stringency of
specifications and
prequalification
requirements etc.

Public

objection

| Not included in the final key factors list|

Social
environment

Not included in the final key factors list
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Need for work

Need for work

24

Need for
continuity in
employment of
key personnel
and work force

Availability
of time for
tendering

Need for
work

This item explains the
company's keenness in
getting the job for
continuity of
employment and
workforce.

Time allowed
for bid
preparation

Not included in the final key factors list

Government
rules and
regulations

Legal
implications

Not included in the final key factors list

Not included in the final key factors list

Labor
environment

Availability of
other projects

Not included in the final key factors list

Not included in the final key factors list

Not included in the final key factors list

Not included in the final key factors list

Bidding document
price

Not included in the final key factors list




33

Adequacy of
resource market
price
information

Degree of possible
alternative design to
reduce cost

Specific
feature that
provide
competitive
advantage

Not included in the final key factors list

34

Policy in
prediction cost
saving

Not included in the final key factors list

35

Emerging
marketplace

Share of markef]

Market
conditions

Not included in the final key factors list

36

Relations
with other
contractors
and suppliers

Not included in the final key factors list

37

Original price
estimated by the
client

Original price
estimated by
the client

The project mark-up
size

Not included in the final key factors list

38

Site
accessibility

Logistics

Site
accessibility

Site clearance
of
obstructions

Site space
constraints

Not included in the final key factors list
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Degree of
technological

difficulty
Managerial ) .
. Firm size
capabilities
;‘;p:arﬂo;s This item explains the
constructed Technical company's ab'.l'ty of the
39 . project execution or
mechanically knowhow . -
C = required construction
ontractor’s technique.
. . ability in ;
Ability of project required Technical
execution - knowhow
technique
Company
ability in
design
involvement
and execution
40 Not included in the final key factors list
Project
41 gg:e;::;lfeorand Not included in the final key factors list

non-completion
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Not included in the final key factors list

The benefits expecte
in terms of the labor
experience
Required rate
of return
investment
The project matches This item explains the
the company's Co_mpgny . company's strategy and
objective and Compliance I
strategy and future . . future vision
43 vision ey Wlth. considering monetary
business
plan and non- monetary
contributions of the
project.
Not included in the final key factors list
Not included in the final key factors list
46 Not included in the final key factors list
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3.2.2 The Key Factor Consolidation Groups
3.2.2.1 Group Number 1

The “Size of contract in SR (size of the project)” and “Degree of subcontracting” factors
were grouped under Group Number 1 based on the feictdarities. Considering that the
majority of the research has found that the siz@@firoject factor is influential on bidding
decisions, the factors listed in Table 8rtler Group Number 1 were consolidated as “Project
size”. The key factor is described as “This item explains the scope of the project without
considering any potential project or work extensions.”
3.2.2.2 Group Number 2

Considering the number of grekighlights in the research, in which the “Duration of the
project’ factor has been found influential on bidding decisions, the factors listed in Table 3.1
under Group Number 2 were consolidated as “Project duration”. The key factor is described as
“This item explains the project's timescale”.
3.2.2.3 Group Number 3

Considering the majority of the research shows that the “Location of the project” factor is
influential on bidding decisions, the factors Igia Table 3.1 under Group Number 3 were
consolidated as “Location of the project”. The key factor is described as “This item explains the
location of the project”.
3.2.2.4 Group Number 4

Considering that the “Project cash flow” factor has not been identified as highly
influential on bidding decisions by various researshn the literature, this factor is not included

in the final key factors list.
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3.2.25 Group Number 5

Considering that the majority of the research has concluded that the “Current work load”
factor is influential on bidding decisions, the farstlisted in Table 3.1 under Group Number 5
were consolidated as “Current work loadl. The key factor is described as “This item explains the
current workload in bid preparation or the current worttlo&projects that prevent the decision-
maker to give a bid decisitn
3.2.2.6 Group Number 6

The “Past experience with similar project”, “Past experience in managing similar
project”, “Historic profile”, “Familiarity with site condition”, and “Past profit in similar project”
factors were grouped under Group Number 6 basedeandimilarities. Considering that the
majority of the research has found the given fagtdhgential on bidding decisions, the factors
listed in Table 3.1inder Group Number 6 were consolidated as “Experience in similar projects
The key factor is also described as “This item explains the company's past experience with
similar projects including historic profit, familiarityith site conditions, managing similar
projects etc.
3.2.2.7 Group Number 7

The “Risk involved in investment”, “Risks expected fluctuation in labor material ...etc.”,
and “Anticipated value of liquidated damage” factors were grouped under Group Number 7
based on their similarities. Even though the expegsidhas been commonly identified as
highly influential on bidding decisions, becausehs uncertain nature of risk in construction,

this factor was not included in the final key fastést.
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3.2.2.8 Group Number 8

The “Confidence in workforce”, “Type of equipment required”, “Availability of qualified
human resources”, “Type of labor required”, “Quality of available labor”, “Possession of
qualified staff”’, Possession of qualified laboy“Availability of labor”, and “Supervisory persons”
factors were grouped under Group Number 8 basedeandimilarities. Even though the
majority of the research has not found the giverofadio be influential on bidding decisions,
considering the required resources for projects caygh important role to decide whether to
bid on a project or not, the factors listed in TaBI1 under Group Number 8 were consolidated
as “Availability of equipment, materials and human resegi. The key factor is also described
as “This item explains the company's internal resourg@émplement the project such as type of
qualified staff, supervisory, labor, equipment anderials etc..
3.2.2.9 Group Number 9

Considering the majority of the research has found the “Type of project” factor
influential on bidding decisions, the factors ltsia Table 3.1 under Group Number 9 were
consolidated as “Project type”. The key factor is also described as “This item explains the type of
the job to be executed such as Residential, Comnhdrwiaistrial or Heavy Construction
projects etc.”.
3.2.2.10 Group Number 10

The “Project start time” and “Expecting date of commencing” were grouped under Group
Number 10 based on their similarities. Considering tthe given factors have not been
identified as highly influential on bidding decia®by various researchers in the literature, these

factors were not consolidated and included in ih&l key factors list.
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3.2.2.11 Group Number 11

The“Owner (private, public)”, “Prompt payment habit of the client”, “Relationship with
the owner”, “The client financial capacity”, “The client requirements” and “Establishing long
relationship to the client” factors were grouped under Group Number 11 based on their
similarities. Considering that the majority of the mas has found the given factors to be
influential on bidding decisions, the factors Igsia Table 3.1 under Group Number 11 were
consolidated as “Owner/ promoter/client identity The key factor is also described as “This item
explains the owner/promoter/client identity includnegutation, honesty, seriousness, size,
experience, requirements, prompt payment habit datices with the client ett.
3.2.2.12 Group Number 12

The “Availability of required cash”, “Work capital required to start the project”,
“Required bond capacity”, “Degree of difficulties in obtaining bank loan”, “Percentage of
insurance premium” and “Recourses to tender for the project” factors were grouped under Group
Number 12 based on their similarities. Even thoughntiajority of the research has not found
the given factors influential on bidding decisioosnsidering that finance can play an important
role for contractors to decide whether to bid on a ptaeaoot, the factors listed in Table 3.1
under Group Number 12 were consolidated as “Financial ability’. The key factor is also
described as “This item explains the financial ability of the cpany's to bid a project such as
cash requirement, work capital, required bond capatity.
3.2.2.13 Group Number 13

The “Type of equipment required”, “Availability of equipment and materials”,

“Availability of required equipment” and “Possession of qualified equipment” factors were

grouped under Group Number 13 based on their siitiélar Even though the majority of the
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research has not found the given factors to be inflleot bidding decisions, considering the
required resources can play an important role for coatraitd decide whether to bid on a
project or not, the factors listed in Table 3.1 ur@esup Number 14 were consolidated as
“Availability of equipment, materials and human resed’. The key factor is also described as
“This item explains the company's internal resourg@&splement the project such as type of
qualified staff, supervisory, labor, equipment anderials etc..
3.2.2.14 Group Number 14

The “Availability of qualified subcontractors” and “Possession of qualified
subcontractor” factors were grouped under Group Number 14 based on their similarities.
Considering that the factors have not been idedtdi® highly influential on bidding decisions by
various researchers in the literature, this factor tsmetuded in the final key factors list.
3.2.2.15 Group Number 15

Considering that the “Uncertainty in cost estimdtdactor has not been identified as
highly influential on bidding decisions by variousearchers in the literature, this factor is not
included in the final key factors list.
3.2.2.16 Group Number 16

Considering that the “General (office) overheat$actor has not been identified as highly
influential on bidding decisions by various researshn the literature, this factor was not
included in the final key factors list.
3.2.2.17 Group Number 17

Considering that the “Strength in industry” factor has not been identified as highly
influential on bidding decisions by various researstin the literature, this factor is not included

in the final key factors list.
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3.2.2.18 Group Number 18

The“How many bidders will be there?” “Are the bidders equal, or are they similar
contractors with similar overheads?” and “Who else is likely to bidthis job” factors were
grouped under Group Number 18 based on their sitiégr Even though the majority of the
research has not found the given factors influentiddidding decisions, considering that
competition can play an important role for contractordecide whether to bid on a project or
not, the factors listed in Table 3ihder Group Number 18 were consolidated as “Competition”.
The key #ctor is also described as “This item explains the competitiveness of the competitors (or
the tender environment) including expected numlb&idders, identity of competitors and
similarity between the contractors etc.”.
3.2.2.19 Group Number 19

The factors “The ability of portion subcontracted to others” and “Reliability level of
subcontractors” were grouped under Group Number 19 based on their similarities. Considering
that the factors have not been identified as highflyential on bidding decisions by various
researchers in the literature, this factor is not idetlin the final key factors list.
3.2.2.20 Group Number 20

Considering that the “Safety hazardskey factor has not been identified as highly
influential on bidding decisions by various researshin the literature, this factor is not included
in the final key factors list.
3.2.2.21 Group Number 21

The“Contract conditions”, “Prequalification requirements”, “Availability of required
equipment”, “Bidding methods”, “Type of contract” factors were grouped under Group Number

21 based on their similarities. Considering that ilergfactors under this group have been
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found equally influential on bidding decisions, thetbrs listed in Table 3.1 under Group
Number 21 were consolidated as “Contract conditions and type of contract”. The key factor is
also described as “This item explains the contract conditions including special requirements, the
ability of modifying the contract, stringency of spémtions and prequalification requirements
etc’.
3.2.2.22 Group Number 22

Considering that the “Designquality” factor has not been identified as highly influahti
on bidding decisions by various researchers initegature, this factor is not included in the
final key factors list.
3.2.2.23 Group Number 23

The “Public exposure” and “Public objection” factors were grouped under Group
Number 23 based on their similarities. Considering tiva factors have not been identified as
highly influential on bidding decisions by variousearchers in the literature, these factors are
not included in the final key factors list.
3.2.2.24 Group Number 24

The “Need for work™ and “Need for continuity in employment of key personnel and
workforce” factors were grouped under Group Number 24 based on their similarities.
Considering that the majority of the research hasddbe given factors influential on bidding
decisions, the factors listed in Table 8ntler Group Number 24 were consolidated as “Need for
work”. The key factor is also described as “This item explains the company's keenness in getting

the job for continuity of employment and workforce”.
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3.2.2.25 Group Number 25

The “Time allowed for submitting bids” and “Tendering duration” factors were grouped
under Group Number 25 based on their similarities. @engsg that the factors have not been
identified as highly influential on bidding decia®by various researchers in the literature, this
factor is not included in the final key factors list
3.2.2.26 Group Number 26

The “Governmental division requirements”, “Tax liability” and “Local custom” factors
were grouped under Group Number 26 based on theiasiines. Considering that the factors
have not been identified as highly influential odding decisions by various researchers in the
literature, this factor is not included in the finalylKactors list.
3.2.2.27 Group Number 27

Considering that the “Local climate” factor has not been identified as highly influential
on bidding decisions by various researchers initegature, this factor is not included in the
final key factors list.
3.2.2.28 Group Number 28

Considering that the “Availability of other projects factor has not been identified as
highly influential on bidding decisions by variousearchers in the literature, this factor is not
included in the final key factors list.
3.2.2.29 Group Number 29

Considering that the “Contingency factor has not been identified as highly influential on
bidding decisions by various researchers in thedlitee, this factor is not included in the final

key factors list.
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3.2.2.30 Group Number 30

Considering that the “Labor environmentfactor has not been identified as highly
influential on bidding decisions by various researshn the literature, this factor is not included
in the final key factors list.
3.2.2.31 Group Number 31

Considering that th€Time of bidding (season)” factor has not been identified as highly
influential on bidding decisions by various researshn the literature, this factor is not included
in the final key factors list.
3.2.2.32 Group Number 32

Considering that the “Bidding document pricefactor has not been identified as highly
influential on bidding decisions by various researshn the literature, this factor is not included
in the final key factors list.
3.2.2.33 Group Number 33

The “Lowest cost”, “Adequacy of resource market price information”, “Degree of
possible alternative design to reduce cost” and “Specific feature that provide competitive
advantage” factors were grouped under Group Number 33 based on their similaritie
Considering that the factors have not been idedtdi® highly influential on bidding decisions by
various researchers in the literature, this factor tsnauded in the final key factors list.
3.2.2.34 Group Number 34

Considering that the “Policy in prediction cost savitigactor has not been identified as
highly influential on bidding decisions by variousearchers in the literature, this factor is not

included in the final key factors list.
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3.2.2.35 Group Number 35

Considering that the “Market share” factor has not been identified as highly influential
bidding decisions by various researchers in thedlitee, this factor is not included in the final
key factors list.
3.2.2.36 Group Number 36

Considering the “Relation to other contractors and supplier” factor has not been identified
as highly influential on bidding decisions by varsaresearchers in the literature, this factor is
not included in the final key factors list.
3.2.2.37 Group Number 37

Considering that the “Original price estimated by the cli@nfactor has not been
identified as highlynfluential on bidding decisions by various researshie the literature, this
factor is not included in the final key factors list
3.2.2.38 Group Number 38

The “Site accessibility” and “Site clearance of obstruction” factors were grouped under
Group Number 38 based on their similarities. Considehagthe factors have not been
identified as highly influential on bidding decia®by various researchers in the literature, these
factors are not included in the final key factoss.li
3.2.2.39 Group Number 39

The “Degree of technological difficulties”, “Degree of difficulties”, “Ability of executing
the project”, “Method of construction”, “Company’s ability in required construction technique”,
“Degree of build ability” factors were grouped under Group Number 39 based on their
similarities. Considering that the majority of the sasé has found the given factors are

influential on bidding decisions, the factors Igia Table 3.1 under Group Numiz9 were
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consolidated as “Technical knowhow”. The key factor is also described as “This item explains
the company's ability of the project execution owmiesf constructionechnique”.
3.2.2.40 Group Number 40

The “Company ability with respect to design involvement and innovation”, “Design
team” and “Contractor involvement in the design phase” factors were grouped under Group
Number 40 based on their similarities. Considering tia factors have not been identified as
highly influential on bidding decisions by variousearchers in the literature, these factors are
not included in the final key factors list.
3.2.2.41 Group Number 41

Considering that the “Fines for delay” factor has not been identified as highly influential
on bidding decisions by various researchers initeeature, this factor is not included in the
final key factors list.
3.2.2.42 Group Number 42

The “The benefits expected in terms of the company reputation” and “Rate of return”
factors were grouped under Group Number 42 basedeinsimilarities. Considering that the
factors have not been identified as highly influghtin bidding decisions by various researchers
in the literature, these factors are not includethenfinal key factors list.
3.2.2.43 Group Number 43

The “The project is matching the company strategy and future vision”, “Financial goals
of the company” and “Economic contribution of the project” factors were grouped under Group
Number 43 based on their similarities. Considering tih@ majority of the research has found
the given factors influential on bidding decisioting factors listed in Table 3.1 under Group

Number 43were consolidated as “Compliance with business plan”. The key factor is also
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described as “This item explains the company's strategy and future vision considering monetary
and non4monetary contributions of the project”.
3.2.2.44 Group Number 44-45

The “The project supervision procedure” and “The projects stakeholders” factors were
identified by Bageis & Fortune (2009). Considering thatfactors have not been identified as
highly influential on bidding decisions by variousearchers in the literature, these factors are
not included in the final key factors list.
3.2.2.45 Group Number 46

Considering that the “Policy in economic use of building resources” and “Mediation
clause” key factor have not been identified as highly infiti@ on bidding decisions by various
researchers in the literature, this factor is not idetlin the final key factors list.

The final list of the key factors, which are idem®dibased on the selection criteria, is
given in Table 3.2. The key factors are grouped uhaerdifferent hierarchies as firm
related/internal key factors and project relatedfesiekey factors. The Firm Related-Internal
Factors reflect the company's ability and current stathose factors are inherently related to the
company's experience, financial ability, and resopassession. The Project Related-External
Factors are the project related and uncontrolledateofs by the companies. Those factors are

related to the nature of the work, social, and ecoo@mvironment.
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Table 3.2 The Key Factors that Affect Bid/No Bid Decisiomas Determined from the
Literature Review

Firm Related (Internal) Factors Project Related (External) Factors
1) Current workload 8) Project size
2) Experience in similar projects 9) Project duration

3) Availability of equipment,

materials and human resource 10 Location of the project

4) Financial ability 11) Project type
5) Need for work 12) Contract conditions and type of contr:
6) Technical knowhow 13) Owner identity
7) Compliance with the busines

14) Competition

plan

3.3 Phase ll, Step-1: Data Collection Using the Pairwise Qaparison Tool

In order to identify the weight of importance giverthe key factors identified in Phase
[, the pairwise comparison tool, which depends orAH® methodology as described in detail
in section 3.4was developed (see Appendix A). Under two main hiesalevels, the pairwise
comparison list, which includes 43 pairwise compargswere provided in the excel format. The
pairwise comparisons were constructed by using therets, named A and B and the
respondents were asked to identify which factor isenimportant to consider using those
columns. The pairwise comparison scale options aks@ provided as a dropdown menu list
and the respondents were asked to indicate thde sekections in the "More Important Factor”
column. In Level 1, the respondents were asked mgpeoe Firm Related-Internal and Project
Related-External Factors in general. In Level 2-A,ghiewise comparisons of the firm related
internal factors were provided, while the compariebthe project related external factors were
asked in Level 2-B.

At the beginning of the pairwise comparison todbri@f explanation was provided which
includes the aim of the pairwise comparison tool,dimation and the instructions to complete

the tool. The pairwise comparison scale (see Tab)as3also added to the file. To prevent
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missing information in the pairwise comparison colsgntixcel’s “Conditional Formatting”
option was employed in the tool cells. The devetbpérvey tool also included the components
discussed in the following two sub-sections.
3.3.1 Company Profile Questionnaire
In order to collect the demographic information af garticipants, the Company Profile
Questionnaire (see Appendix B) was provided to &spondents along with the pairwise
comparison tool. The following questions were asketienquestionnaire:
1. Title or position of the respondent
2. Years of experience of the respondent
3. In what year was your company founded
4. Type of Contractor (primarily)Please select from the drop-down menu. (The dropdown
menu options are General Contractor and Sub Contractor)
5. Number of employees
6. What was your firm’s gross revenue in 20147 Please specify the amounts according to the
market categories below.
6.1 Residential Construction (Homes and apartments)
6.2 Industrial Construction (Manufacturing plants, refingri@gh-tech facilities like
laboratories and hospitals, etc.)
6.3 Commercial Construction (Office buildings, stores, sthdibraries, etc.)
6.4 Heavy/Highway Construction (Highways, dams, watertesater treatment plants,
railroads, bridges, tunnels, etc.)
The collected data is used for the contractor diagibn and analysis purposes. The

demographic data was sorted based on contractor tgper@ contractor vs. subcontractor),
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contractor sector (e.g., Residential, Commercial, $trthl, and Heavy/Highway), and contractor
size, which was determined based on the quartilesvehue. The individual judgments of the
participants are combined using the Group Als#e section 3.4.2) approach based on contractor
classification groups. Furthermore, One-Way Anovat Ti€ruskal Wallis (Non-parametric
alternative of -Way Anova), Two-Sample t-test, &iiicoxon Rank Sum (Non-parametric
alternative of Two-Sample t-test) tests were cobehlito test whether the given importance to
the key factors by different contractor classificatgpoups are significantly different or not. For
example, it is investigated if there are differenicetsveen general contractor and subcontractor
valuation of the key factors.
The types of the contractors are determined basdaeoQuestion #4 results: The contractor type
groups are:

e General contractor

e Subcontractor
Results of Question #6 are used to determine theamar sectors. For instance, when a
contractor gives their revenue information for the ReagideConstruction (Homes and
apartments) and Industrial Construction groups, ttosgis named as Resideaitiindustrial
Revenue. The contractor sector groups are:

e Residential Construction

e Commercial Construction

e Industrial Construction

e Heavy/Highway Construction

e Residential-Commercial Construction

e Residential-Commercial-Heavy Construction
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e Residential-Commercial-Industrial Construction

e Commercial-Industrial Construction

e Commercial-Industrial-Heavy Construction

e Residential-Commercial-Industrial-Heavy Construction
Question results are also used to identify theraatr size categories. The data is analyzed
based on the quartiles of total revenue and four graupsreated (See Table 3.3).

Table 3.3 The Revenue Range and the Corresponding @pany Size Based on the
Responses Received

Revenue Size

<=$39,500,000 Small Size Construction Company|
$39,500,000< Small-Medium Size Construction
<=$125,500,000 Company

$125,500,000< Medium-Large Size Construction
<=487,500,000 Company

>487,500,000 Large Size Construction Company

For the purpose of preventing missing informatiothia Company Profile Questionnaire,
Excel’s “Conditional Formatting” option was utilized in the response cells. When the
participants fill a cell, the cell color is changedrh red color to green.
3.3.2 Definitions of Factors

Definitions of the key factors were also providedhgpart of the pairwise comparison
tool document. The key factors were separated for lke@chrchy and each key factor was

explained in the list. The definitions of factorg bse given in Table 3.4.
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Table 3.4 Definitions of the Bid/No Bid DecisioriKey Factors

Firm Related-Internal Factors: The internal factors reflect the company's ability and
1 | current status. Those factors are inherently related to the company's expence, financial
ability, resource possession etc.
This item explains whether there is capacity to bid on the project giv
1.1 | Current workload | the current workload of projects being built or current workload of thg
preconstruction/estimating department in proposal development.
Experience in This item explgins the pompar!y's past ex'peri.ence vyit.h si_mi_lar projgc
1.2 similar projects (to the one being considered) including historic profit in similar proje:
familiarity with site conditions, managing similar projects, etc.
:a/ﬁilé)argglrt]}t/ of Thig item explains the compa}ny‘s internal resources to implement th
1.3 materials a{nd project such as type of qualified staff, supervisors, labor, equipment
materials, etc.
human resources
. ; . This item explains the company's financial ability to bid on the projec
1.4 | Financial ability such as cash reserves, working capital, required bonding capacity €|
This item explains the company's keenness in getting the project for
1.5 | Need for work continuity of employment and workforce.
Technical This item explains the company's technical ability of executing the
1.6 ;
knowhow project.
17 Compliance with This item explains how well the project fits with the company's future
' the business plan | vision and strategic goals.
Project Related-External Factors: The external factors are the projectelated and
2 | uncontrollable factors by the companies. Those factors are related to the natuof the
work, social, and economic environment.
2.1 | Project size This item explains the scope of the project.
2.2 | Project duration This item explains the project's duration.
2.3 ;?cgztcl?n of the This item explains the physical location of the project.
2.4 | Project type This item explains the type of the project to be executed such as
' residential, commercial, industrial, or heavy construction projects.
Contract This item explains the project's contract type, contract conditions
2.5 | conditions and including special requirements, the ability of modifying the contract,
type of contract stringency of specifications, prequalification requirements, etc.
This item explains the project owner's identity including reputation,
2.6 | Owner identity honesty, seriousness, size, experience, requirements, prompt paym|
habit, etc.
This item explains the strength of the potential competitors (or the bi
2.7 | Competition environment) in the project including expected number of bidders,
identity of competitors, similarity between the contractors, etc.

3.4 Analytic Hierarchy Process

As was mentioned at the beginning of this chagtaglytic Hierarchy Process (AHP) is
used as the main research methodology in this sfllkdg data, which was collected with the
pairwise comparison tool, is evaluated by using palHierarchy Process (AHP). Therefore,

the weights of importance given to the key factoesestimated. The Analytic Hierarchy Process
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(AHP) is a multi-criteria decision-making method, whiwhs developed by Thomas L. Saaty in
the mid-1970s. It is a subsidiary decision-makimgl tto solve complex decision-making
problems. To date, it has been used in various indsdor different purposes. The use area of
AHP is given by following (Saaty & Vargas 1991 p)13

1. Setting priorities

2. Generating a set of alternatives

3. Choosing best policy alternative

4. Determining requirements

5. Making decision using benefits and costs

6. Allocating resources

7. Predicting outcomes-Risk assessment

8. Measuring performance

9. Designing a system

10.Ensuring system stability

11.0Optimizing

12.Planning

13.Conflict resolution

The AHP methodology is also a very commonly usedhodology in the construction
industry. Jato-Espino (2014) revealed that AHP isrtizest common decision-making tool for
both single and hybrid approaches.
In AHP methodology, instead of providing numeric valu® the respondents, to

familiarize the decision-making problems into ddifg decisions, a relative verbal appreciation

method is used (Ishizaka & Nemery 2013). The metisd provides a baseline for absolute and
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relative comparisons. In the absolute comparison, leennative decision is compared to the
standard decision, which is obtained through sepieeences, while in the relative comparisons;
the alternatives are compared in pairs towardstabute (Saaty 1986)

As was identified by Ishizaka & Nemery (2013), thettmof the Analytic Hierarchy
Process (AHP) is to “divide and conquer”. In that sense, in the AHP method, instead of dealing
with complicated problems, the researcher can ditidgroblem into several small problems
and solve them individually. The methodology usesrulti-level hierarchical structure of
goals, criteria, sub criteria and alternatives (Triamydpu & Mann 1995). In AHP method, the
problem is divided into hierarchies; the elementsaurggch hierarchy can be named as level,
cluster or stratum. The top element is the goal ofigwsion. A simple, three level hierarchy

could be seen in Figure 3.2 below.

L1 Goal

Criterion 1 | Criterion 2 | Criterion 3 | Criterion 4 | Criterion 5 | Criterion 6

L2

L3 Alternative 1 Alternative 2 Alternative 3

Figure 3.2 Three Level AHP Hierarchy Structure
* The “L” letter denotes the level of hierarchy. L1 shows the highest level of the
hierarchy, while L3 stands for the alternatives that need to be compared. In each level,
the elements are compared to each other.

As was mentioned earlier, the multi-level hierarchisilucture is used in AHP

methodology. In Figure 3.2, the goal of the decisimaking is identified in Level 1 (L1) and itis
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the ultimate objective to be achieved at the enthefAHP process. At this point, it is important
to note that the goal of the decision-making shalldays be represented at the top of the
hierarchy. The criteria are represented in Level 2 (L2)ickv are used to evaluate the best
alternative. In this level, all criteria are compatedeach other to contribute to the problem
stated in L1. Finally, the alternatives that aressdered for the decision-making problem are
given in Level 3 (L3). In general, there is not a maiwre on how to construct a hierarchical
system and it depends on the decision-maker in $toxhe is attempting to solve the question.
The hierarchical model could be structured from v@mplistic models to very tedious forms.
The hierarchical structures give ability to see thélanms in upper and lower levels.

To give a decision by using AHP method the follogvsteps should be taken in the given
order (Saaty 2008) :

1. Definition of the problem and determination of thlledge to proceed.

2. Structuring the hierarchy from the highest level, tisishe goal of the decision,

following by criteria to the lowest level.
3. Conducting pairwise comparisons between criteria.
4. Using the priorities evaluated from the pairwisenparisons to calculate the weights
of the priorities in the below level.

3.4.1 A Numerical AHP Example

To explain the steps of forming a decision in thePARhethod, the following example
will be illustrated. The example was modified from the “Relative measurement: Choosing the

best house” example from Saaty & Vargas (1991 p. 13).
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3.4.1.1 Definition of the Problem and the Structure of the Hierarchy
A committee wants to select the most appropriateestufbr the graduate school. There

are three candidates; the committee must choosketttestudent from the three alternatives. To
proceed, the committee should build hierarchies dedtify the factors that affect the student
selection process. According to Saaty & Vargas (20122), to create a hierarchical structure,
the question of‘Can I compare the elements on a lower level in terms of some or all of the
elements on the higher level?” should be asked by the decision-makers. Based oexflanation
given above, the committee identifies six factarselect the best student for the university and
prefers to compare elements on the higher level.fad¢ters are:

e Statement of Purpose

e Letter of Recommendation

e Construction Industry Experience

e Personal Interview

e GPA Scores

e GRE Scores

The hierarchical structure of the problem is giverFigure 3.3. For this example, the

goal of the decision-making is to select the bastlesit who meets the selection criteria of the
committee, which is structured in Level 1 (L1) in Figl#&. The committee determines six
criteria for this selection and they should giveitii@al decision based on the final evaluations
of the AHP process. The selection criteria are ginebevel 2 (L2). There are three candidates

in the selection, which can be stated that thez¢taee alternatives and given in Level 3 (L3).
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[ The Goal: Selection of the most ]

appropriate student

el B

Crterion 5:
GPA Scores

Criterion 2: Criterion 3: Criterion 4:
Letter of Construction Personal
Recommendation Industry Interview

Criterion 1:
Statement
of Purpose

Criterion &:
GEE Scores

Student | l Student 2 | Student 3

Figure 3.3 The Hierarchical Structure of the Problem
3.4.1.2 Comparative Judgment
AHP determines the relative importance of the fescbased on the subjective
preferences of the respondents and it provides #le s€absolute magnitudes to determine the
relative judgmental preferences of one element ovethandn sum, the scale is used to quantify
pairwise comparisons. The pairwise comparison seajeven in Table 3.5.

Table 3.5 The Pairwise Comparison Scale of AHP

.Intensny of Definition Explanation
importance
1 Equal Importance Two criteria contribute equally to the objective
2 Slightly More Important
Experience and judgment slightly favor one critel
3 Moderate Importance over another
4 Moderate to Strong Importanc
5 Strong Importance Experience and judgment strongly favor one crite
over another
6 Strong to Very Strong
Importance
A criteria is strongly favored and its dominance i
Very Strong Importance : .
demonstrated in practice
Very, Very Strong Importance
The evidence favoring one criteria over another ig
Extreme Importance : .
the highest possible order
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To determine the vector of priorities, the formuatcould be derived from a matrix()
(Saaty & Vargas 1991). A matrix is an array of numiaers can be represented as a rectangle. In
a matrix, the horizontally sequenced numbers areedaas rows, while the vertically placed
numbers are called column. A matrix, which has omyg osow and one column, is named a
vector. The matrix of ratio comparisons (the matrix asned as Student for this example, see
Table 3.6 gives the pairwise ratios, which its’ rows give the ratios of the weights of each student
in relation to all other student weights.

In order to estimate which student is most suitabie eigenvector needs to be estimated
(Triantaphyllou & Mann 1995). The eigenvector provitles priority ordering, while the
eigenvalue can be defined as the measure of thestemsy of the judgment (Saaty 1980)
Therefore, the eigenvalue formulation is given witfjution 3.1 (Saaty & Vargas 2012):
Swudent*w=n*w Equation 3.1
Where;

n is the number of the student, Student. 1Student n
w is the weights of the candidates,,...,w,
Table 3.6 Matrix of Ratio Comparisons

Student 1 Student 2 Student n

Student 1 wy lIwy wy lw, wylwy, wy wy
Student 2 wylw, wylw, wylwy, w, =N w,
Student n wylwy wylw, wylw, Wy, wy,

In practice, the precise valueswf/w; cannot be provided, but only an estimate can be made
Then, the problem becomes (see Equation 3.2):

Student’*w'=Amax’*w’ Equation 3.2
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Where;

Student’ is the perturbed value of Student

Amax is the largest or principal eigenvalue of fitedent’.

To simplify the notation, the formulation becomesg&quation 3.3)

Student*w=Amax *w U&dgion 3.3

In order to estimate an approximation of the priesitthe corresponding maximum left
eigenvector can be approximated by using the geameean approach. The geometric mean
can be defined as multiplying n elements in eaghand taking thex" root. Then, the numbers
should be normalized by dividing them to their sdn.the other handimax can be estimated
by multiplying resulting vector by the priority vector.

In practice, an accurate consistency rarely existaa Alle of thumb, for Student matrix
to be consistenf\max should be equal to n, especially Amax >n always holds. Therefore, to
estimate the Consistency Ratio (C.R.), Consistency I{[d¢X needs to be calculated by the
following:

C.l.=(Amax-n)/(n-1) quation 3.4

Consistency Ratio is estimated by taking the ratiestimated consistency index (C.1.) to
the Random Consistency index (R.l.), which is alreagtgrinined by averaging the randomly
generated reciprocal matricessed on the scale 1/9, 1/8,...,1,...,8, 9 (Saaty & Varga$991)

The average Random Consistency Index (R.1.) is given iteT3ab.

Table 3.7 Random Consistency Index (R.l.) Scale

N 1 2 3 4 5 6 7 8 9 10
Random
Consistency 0 0 052089 111| 125| 1.35| 140 | 1.45| 1.49
Index (R.1.)
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In AHP method, to evaluate the most accurate camsigt it is advised that the
corresponding consistency ratio (CR) of 0.10 or lessdsable, otherwise, the selections need
to be revised (Saaty 1980)

Back to the numerical AHP example, the pairwise gansons for the selection criteria
(L2) are given in Table 3.8. Therefore, the six selectigteria are compared by using the
pairwise comparison scale given in Table 3.5. itngortant to note that, this example represents
one committee member’s judgmental preferences, and the Group AHP approach will be
explained in section 3.4.2.

Table 3.8 The Pairwise Comparisons of Six Criteria Basd on Subjective Selections of the
Committee Member

Statement of | Letter of Construction | Personal | GPA GRE
Purpose Recommendation | Industry Interview | Scores | Scores
Experience
Statement of 1 4 3 1 3 4
Purpose
Letter of . 1/4 1 7 3 1/5 1
Recommendation
Construction 1/3
Industry 1/7 1 1/5 1/5 1/6
Experience
Personal Interview 1 1/3 5 1 1 1/3
GPA Scores 1/3 5 5 1 1 3
GRE Scores 1/4 1 6 3 13 1

Amax=7.49, C.1.=0.30, C.R.=0.24

Amax, C.I., and C.R. values are estimated by using theeabmntioned approaches. The
priority vector of the matrix is found by normalizingetkigenvectors of each row. Those values
are:
0.32 (S-Statement of Purpose)

0.14 (L-Letter of Recommendation)
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0.03 (C-Construction Industry Experience)
0.13 (P-Personal Interview)

0.24 (GP-GPA Scores)

0.14 (GR-GRE Scores)

In the level 3 of the hierarchy, the same structurstiine constructed for the
comparisons of the alternatives. The comparisoniseo$tudents are given in Table 3.9 with
respect to the six selection criteria. In that c#tsestudent qualifications are compared with
each other.

Table 3.9 The Pairwise Comparisons of the Students undg&ach Criterion Based on the
Subjective Selections of the Committee Member

Statement of Purpose
Student 1 Student 2 | Student 3
Student 1 1 1/3 1/2
Student 2 3 1 3
Student 3 2 1/3 1
Amax=3.05
C.1.=0.025
C.R.=0.04
Letter of Recommendation
Student 1 Student 2 Student 3
Student 1 1 5 1
Student 2 1/5 1 1/5
Student 3 1 5 1
Amax=3.00
C.1.=0
C.R.=0
Construction Industry Experience
Student 1 Student 2 Student 3
Student 1 1 1/2 1
Student 2 2 1 2
Student 3 1 1/2 1
Amax=3.00
C.1.=0
C.R.=0
Personal Interview
Student 1 Student 2 | Student 3
Student 1 1 1 1
Student 2 1 1 1
Student 3 1 1 1
Amax=3.00
C.1.=0
C.R.=0
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GPA Scores
Student 1 Student 2 Student 3
Student 1 1 9 7
Student 2 1/9 1 1/5
Student 3 1/7 5 1
Amax=3.21
C.1.=0.105
C.R.=0.18
GRE Scores
Student 1 Student 2 Student 3
Student 1 1 6 4
Student 2 1/6 1 1/3
Student 3 1/4 3 1
Amax=3.05
C.1.=0.025
C.R.=0.04

The final weight of priorities are given in Tabld.G.

Table 310 Estimated Weight of Priorities Given to the Criteria and Alternatives

The results
from the
Level 2
pairwise
comparisons
Statement Construction
of Personal Letter of GPA Industry GRE
Purpose Interview Recommendation Scores Experience Scores
Student 1 0.16 0.33 0.45 0.77 0.25 0.69 0.32(S)
Student 2 0.59 0.33 0.09 0.05 0.50 0.09 0.14 (L)
Student 3 0.25 0.33 0.46 0.17 0.25 0.22 0.03 (C)
0.13 (P)
ﬁ 0.24 (GP)
— 0.14 (GR)
The results from the Level 3 pairwise
comparisons

According to the values given in Tabld @.the following equations are constructed:

Student 1: 0.16*0.32+0.33*0.14+0.45*0.03+0.77*0.03%5*0.24+0.69*0.14=0.37

Student 2: 0.59*0.32+0.33*0.14+0.09*0.03+0.05*0.03%60*0.24+0.09*0.146.38

Student 3: 0.25*0.32+0.33*0.14+0.09*0.03+0.05*0.03%60*0.24+0.09*0.14=0.25

The results yield that; the student 2 is the ladtsrnative considering the committee

memberts selection criteria.
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3.4.2 The Group AHP

In general, giving a decision is not the responigyhilf a single individual, but requires
the judgments from a group or a committee. In otdeome up with a decision to a decision-
making problem, there are two alternative ways thatbe used. In the first approach, the
decision-makers in the committee can meet and dehatins and outs of the decision-making
problem and complete the steps of the AHP methogdbaged on their consensus. In the other
case, if the decision-makers do not have the oppityttoomeet and debate the problem, each
individual can complete the prioritization of thesanatives and the final decision can be
constructed by geometrically averaging the individuadings. In this study, the second

alternative is followed and the following equatiacle @mployed for the analysis (Saaty 1989):

Decision Combined Judgments
Maker
Judgments 1 2 n E> Equation 3.5
aj a?, al asz = [ai, x af, x afp]""

As seen from Equation 3.5 the above, the indivigudggments of decision-makers are
combined by multiplying each other and taking the‘foot. Consistency Ratio (C.R.) is also
estimated for Group AHP results. Different from indiwédl AHP calculations (see section 3.4.1),
to estimate the Consistency Ratio (C.R.), ConsistenayxI(@.1.) is estimated by the following
equation:

C.l.=(Amax-n)/(n) Equation 3.6
3.4.3 The Sample Population

The sample population was selected from constructompanies who have a

relationship with the Department of Construction Masragnt at Colorado State University. The

pairwise comparison tool was sent to 903 individ@4&l construction related companies).
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Additional to the selected sample population, d@es recruitment e-mail was sent to
approximately 75 members of the Retail Contractagsogiation by Mrs. Carol Montoya, who is
the executive director of Retail Contractors Assaomat

3.5 Phase ll, Step-2: The Validation of the Study

To complete the validation of the study steps, tvatruments were developed: The
Hypothetical Case studies and the Bid/No Bid Deciditaking Tool. Further explanation of the
development of the Hypothetical Case studies an@ith® o Bid Decision-Making Tool are
provided below in section 3.5.1 and in section 3tBspectively

In the Phase II, Step 2, the validation of the sisdyompleted in two steps. Firstly, a
group of people was selected out of the study ppatnts who completed the Phase II, Step 1
instrument; the pairwise comparison tool. In thetfstep, the pilot group participants were
provided with four hypothetical case studies (see@e®.5.1) and asked to make their bidding
decisions considering the hypothetical project domrts without using any decision-making
tools or statistical approaches.

In the second step, the pilot group participants yweogided with the Bid/No Bid
Decision-Making Tool along with the hypotheticakeastudy document, through which they can
repeat the same decision-making process but thisusimmg the Bid/No Bid Decision-Making
tool.

The main purpose of the validation of the study essds to reveal whether the decisions
made in two steps are different from each other arTtwerefore, the results of the two
approaches (with decision-making tool and withaetision-making tool) are compared and the

accuracy of the "Bid or No Bid Decision-Making Tool'tested.
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3.5.1 Development of the Hypothetical Case Studies

The hypothetical case studies were developed aed as the main instrument in the
validation of the study process and developed baseétle demographic information of the pilot
group participants. The reason of this approach matoow down the hypothetical case
possibilities and include participants who have kintendencies to bid similar projects. For this
purpose, the revenue and sector information of thécjsmts were reviewed. Therefore, five
companies who have similar revenues ($100,000,0080,800,000) in the commercial industry
were selected. The company web-pages were reviemedimilar project types in the
companies’ past project sections were considered for the case studlgtsres. Additionally, the
participants’ pairwise comparison tool results were reviewed; and torgee accurate results,
the consistencies of their selections were invastig based on the consistency ratios.

14 key factors, which were decided to use for tagearch and included in the pairwise
comparisons, were also used to construct the hypcdhetase studies. Each case study is
designed with the same 14 key factors providetiénsame order, however the magnitude of
those factors were made different from each other bygrasg the key factors different Likert
scale weights (see Tablel). In Table 312, the key factors in each case study were randomly
assigned with different Likert scale weight and thegaesl weights were summed for each case
study. The total sum of the weights was calculate@deh case study, which were 36, 34,38,
and the total sum of weights were used to seeit#tse studies are homogenously weighed or
not. On the other hand, to create more realistic malgspersion, the preliminary Group AHP
results were also used. The preliminary Group AHlts provided the information of how
construction companies put valuetbe key factors. The preliminary Group AHP results and

Likert Scale Weights were multiplied and the nornmedizveights for each key factor under each
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case study scenario were estimated. Again, thegotak of the normalized weights were
considered if the weights were homogenously diggkoser each case study. As can be seen
from Table 312, the total sums of the normalized weights are virgecto each other and the
normalized weights are ranged between 2.916764508.8569970813.

After the researchers completed the hypothet@sé studies, a professional help was
also received from Mr. William T. Welch to reviewetlbase studies, who has been working in
the construction industry as a construction managenear 26 years. Mr. William T. Welch
contributed to the development of the case stuafeshecking the overall logical interrelations

between the key factors such as project size ege@rduration.
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Table 311 Assigned Likert Scale Options to the Key Factors

Key Factors Scale
Current 1-Not 2-Slightly 3 4 5-Very 6-Extremly
: : Somewhat | Moderately ’ :
workload convenient| convenient . . convenient | convenient
convenient| convenient
Compliance . 3- 4- .
with the 1-Not fits 2-Slightly Somewhat | Moderately SHighly | 6-Extremly
) fits ) ) fits fits
business plan fits fits
EX;(;::E‘TCG 1-No 2-Low Son?(-awhat 4-Moderate 5-High 6-Extreme
. experience| experience . experience | experience| experience
projects experience
Availability
of 3- 4-
equipment, 1-Not 2-Slightly Somewhat | Moderately S-very 6-Extremly
materials convenient| convenient . . convenient | convenient
convenient | convenient
and human
resources
. . . 3- 4- .
ity | convenient| convenient| Somewhat | Moderately || U | CEECY
ty convenient| convenient
Need for 1-Extremly | 2-Highly Mod:;-ratel 4-Somewhat| 5- Slightly | 6-Not at all
work influential | influential | Y influential influential influential
influential
1- 3- 5- 7-
g\grr]'t?r Completely dizs'gﬂa(:;tfli); d Somewhat | 4-Unknown | Somewhat ia'\ﬂgﬁgg Completely
y dissatisfied dissatisfied satisfied satisfied
1-Ve 3
Technical difficul'?;o 2-Difficult | Somewhat| 4-Easyto | 5-Very easy
knowhow execute to execute easy to execute to execute
execute
Contract
conditions 1-Very e
and type of difficult 2-Difficult | 3-Unknown 4 -Easy 5-Very easy
contract
1-Very -
. o 2-Difficult ) 4-Easy to | 5-Very easy
Competition dlf‘fl;g:{ to t0 get 3-Unknown get to modify
Project size
Project
duration . . . -
Location of This part of the hypothetical case studies were created/lthe help of Mr. William T. Welch
the project
Project type
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Table 312 Estimated Weights for the Case Study Development

Likert Likert Scale Likert Likert Scale
Preliminary Scale Weights for Scale Weights for Normalized Normalized Normalized Normalized
Group AHP Key Factor Weights for Casge Stud Weights for Casge Stud Weights for Weights for Weights for Weights for
Results Case Study Y| case Study 4 Y| case Study 1| Case Study 2| Case Study 3| Case Study 4
1 3
0.118679199 | Need for work 2 4 3 0.237358399 | 0.474716797| 0.356037598 | 0.593395996
Contract
0.109513282 | conditions and 5 4 2 1 0.547566409 | 0.438053127 | 0.219026564 | 0.109513282
type of contract
0.106639721 | Owner identity 3 5 1 0.319919162 | 0.213279441| 0.533198603 | 0.106639721
0.088900836 | ComPliance with 2 4 3 5 0.177801672 | 0.355603344 | 0.266702508 | 0.44450418
the business plan
Availability of
equipment,
0.086812562 . 6 3 5 2 0.520875373 | 0.260437686 | 0.434062811 | 0.173625124
materials and
human resources
0.078010228 | EXperience in 4 2 4 6 0.312040911 | 0.156020455 | 0.312040911 | 0.468061366
similar projects
0.071257741 Iﬁgmgvav' 3 5 4 2 0.213773223 | 0.356288706 | 0.285030964 | 0.142515482
0.067618596 | Financial ability 5 4 2 3 0.338092979 | 0.270474383| 0.135237192 | 0.202855787
0.065532467 | Current workload 4 2 5 6 0.26212987 | 0.131064935| 0.327662337 | 0.393194804
0.065206408 | Competition 2 4 1 5 0.130412816 | 0.260825631| 0.065206408 | 0.326032039
Total Sum 36 34 34 36 3.059970813| 2.916764506| 2.934205895| 2.960337782
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3.5.2 Development of the Bid/No Bid Decision-Making Tool

The bid/no bid decision-making tool was developeexcel format similar to the
pairwise comparison toodnd Excel’s conditional formatting option was employed to minimize
the missing information in the tool cells. In contrasthe pairwise comparison tool, the
participants were asked to compare case studies eadbk key factor and identify which project
is more attractive than the other by consideringhfymthetical case study conditions. First, the
participants were asked to consider the key fadten they were asked to identify which project
has more attractive conditions to bid on than theraine based on the key factor. Based on 14
key factors and 4 hypothetical case studies; 84vise comparisons were provided to the pilot
group participants. The Bid/No Bid Decision-Making Teah be seen in Appendix C
3.6 The Statistical Analysis Method

As was mentioned in Chapter 1, there are threa puiposes of this study. First, the
ultimate purpose is to develop the decision-makoag. Second, combining Group AHP
judgments based on the contractor classificatioird] mvestigating weights of importance
given to the factors by the construction profess®baidentify as to whether there are
statistically significant differences between different groups of companies’ valuation of the key
factors or not. In order to assess such differences\V@neAnova Test, Kruskal Wallis (Non-
parametric alternative of One-Way Anova), Two-Samyésst, and Wilcoxon Rank Sum (Non-
parametric alternative of Two-Sample t-test) testareglucted. The analyses were conducted
using the statistical program SAS (2015)

Two-Sample t-test test enables researchers tatigate the data sets by comparing two
groups. The only difference between Two-Sample taedtOne-Way Anova tests is more than

two groups can be compared in One-Way Anova tegh TWvo-Sample t-test and One-Way
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Anova tests, ordinal, interval or ratio variables baranalyzed. The tests are suitable for
unbalanced data sets as well as balanced data) wigan the different sample sizes in the
comparison groups do not affect the results of theyaisalThe null hypothesis is that the means
of the comparison groups are the same.

There are several assumptions to be met in ordemnduct the Two-Sample t-test and One-Way
Anova tests, those are:

1. The observations should be independent, whichesne@asurement in the data set

should not affect the other measurements.

2. The observations should be sampled from a normaltdision.

3. The observation groups should have equal variances.

The Wilcoxon Rank Sum is thnparametric alternative to the Two-Sample t-test,
while the Kruskal Wallis Test is the non-paramettieraative to the One-Way Anova test. The
only assumption of the Wilcoxon Rank Sum and Kruskall\/test is the independency of the
observations.

If there are differences between the means of the g{ooq® than two groups), the
different groups can be captured by One-Way Anova drestKruskal Wallis tests. However,
the tests do not provide the information on whiclhef means differ from one another.
Therefore, in order to determine which of the grouphe“Contractor Size” and “Contractor
Sector” differ from each other; the Bonferroni correction/adjustment multiple tesgmgcedure

was conducted.
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Chapter 4. Results

In order to address the purposes and the reseaeshians introduced in Chapter 1
section 1.5, the results of the conducted analyseprasented in the following order:

1. Demographics of the respondents

2. Individual AHP results and the differences of the respondents’ valuation of the bid/no

bid decision-making key factors

3. Group AHP results

4. The validation of the bid/no bid decision-makingltoo
4.1 Demographics of the Respondents
4.1.1 Company Profile Questionnaire

To collect demographic information of the participa@empany Profile Questionnaire
(see Chapter 3, Section 3.3.1) was provided todbeandents along with the pairwise
comparison tool. The pairwise comparison tool was ®e803 construction professionals (481
construction related companies) who have a relatipngith the Department of Construction
Management at Colorado State University. The recruitraemail was provided to the
participants on July 15, 2015 and the reminder e-mad sent on August 12, 2015. As aresult, a
total of 49 responses were collected. The collected information in each question in “Company
Profile Questionnaire” is presented below:
4.1.1.1 Titleor Position of the Respondent

The job titles or positions of the respondents whir frequencies are given in Table
4.1 According to the findings of the survey, 47 peroaiithe respondents acknowledged

themselves as the president, vice president or gyunfdheir companies.
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Table 4.1 Title or Position of the Respondents

Total
Job Title of the Respondents Number

Branch Manager 2

Chief Estimator 2

Chief Estimator/Preconstruction

Manager 1

Contracting Manager

Director of Business Development

Director of Industrial Sales &

Estimating

Director/Preconstruction Services

Estimating Executive

Estimating Manager

Estimator/Preconstruction Manager

Manager of Sales

Marketing Manager

Operations Manager

Partner/Director of BD

Project Manager

Purchasing Agent

Senior Estimating Manager

Senior Estimator

Senior Manager

Senior Project Manager

Sponsor/Area Manager

Associate Vice President/Business

Development

Executive Vice President

President

President/Founder

Senior Vice President

Vice President

Vice President of Business

Development

Vice President/Chief Estimator

Vice President/COO

Vice President/Preconstruction

Vice President/Preconstruction

Services Director

Vice President/Senior Preconstructi(

Manager 1

Grand Total 49

*The bold cells show the respondents who acknowiedge themselves as the

president, vice president or founder of the construction companies.
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4.1.1.2 Years of Experience of the Respondent
The years of experience of the respondents are giv€able 4.2. According to the
results, the highest frequencies belong to 8, 20 &ngkars of experiences in the data set.

Table 4.2 Years of Experience of the Respondents
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4.1.1.3 InWhat Year Was Your Company Founded?

The establishment years of the companies are givéable 4.3 below. For the ease of the
analyses, the establishment years were convertbe ide span of the companies. The results
showed that the life span of the companies ranged &rtonl 32 years.

Table 4.3 Establishment Years of the Companies
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4.1.1.4 Type of Contractor

Based on the results given in Table 4.4, 39 compaukesowledged themselves as
general contractors, while 10 out of 49 companidedtdnat they are subcontractors. The
collected responses in this question are used &vrdete the contractor type.

Table 4.4 Type of the Contractors

Total
Type of Contractor Number
General Contractor 39
Subcontractor 10
Grand Total 49

4.1.1.5 Number of Employees
The employee numbers of the companies are givélihe 4.5. The numbers ranged
from 1 to 40,000.

Table 4.5 Number of Employees

Number of Number of
Employees Companies
1 1

5
20
31
33
40
45
50
60
80
85
100
115
125
150
200
230
240
250

R |RRPRIRRINRIN R RIWRIN R RN P
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300
330
350
450
475
600
800
900
1,100
1,200
2,500
2,600
2,700
3,000
8,000
10,000
40,000
Grand Total

RIRRRRRRRRINRIRRPRINN R P

I
©

4.1.1.6 The Gross Revenue of Companiesin 2014
In this question, the respondents were asked to give their companies’ gross revenue
information (in 2014) for four different sector categorieso3éncategories are:
e Residential Construction (Homes and apartments)
e Commercial Construction (Office buildings, stores, sthdidoraries, etc.)
e Industrial Construction (Manufacturing plants, refinert@gh-tech facilities like
laboratories and hospitals, etc.)
e Heavy/Highway Construction (Highways, dams, water/eaater treatment plants,
railroads, bridges, tunnels, etc.)
The contractor size and contractor sector classiitatare determined based on the
collected information in this question (see Chaptesegtion 3.3.1 see for further explanation).
The contractor revenues (e.g., ResidenGammercial Industrial, Heavy/Highway, Total),

types, sectors, and sizes of each company are givEalle 4.6
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Table 4.6 The Gross Revenue of Companies in 2014; QGactor Type, Contractor Size and Contractor Sector Breakdown

Residential

Commercial

Industrial

. . . Heavy/Highway
Contractor Construction Construction Construction Construction Total Revenue Contractor Contractor Size | Contractor Sector
Revenue Revenue Revenue Revenue Type
(In USD) (In USD) (In USD) (In USD) (In USD)
General Small-Medium Commercial-
Company 1 - 42,000,000 5,000,000 - 47,000,000 Contractor Size Construction Industrial
Company Construction
General Medium-Large 5:%&2?221'[-
Company 2 25,000,000 150,000,000 25,000,000 - 200,000,000 Contractor Size Construction Industrial
Company Construction
General Medium-Large Heavy
Company 3 - - - 450,000,000 450,000,000 Size Construction .
Contractor Construction
Company
Medium-Large Commercial-
Company 4 - 150,000,000 150,000,000 - 300,000,000 Subcontractor| Size Construction Industrial
Company Construction
Large Size Commercial-
Company 5 - 300,000,000 300,000,000 - 600,000,000 Subcontractor Construction Industrial
Company Construction
. Residential-
General Medium-Large Commercial-
Company 6 15,000,000 100,000,000 100,000,000 - 215,000,000 Size Construction .
Contractor Industrial
Company )
Construction
General Small-Medium Commercial-
Company 7 - 35,000,000 5,000,000 - 40,000,000 Contractor Size Construction Industrial
Company Construction
General Medium-Large Residential-
Company 8 30,000,000 370,000,000 - - 400,000,000 Contractor Size Construction Commercial
Company Construction
General Large Size Commercial-
Company 9 - 500,000,000 | 2,000,000,000{ 3,500,000,000 6,000,000,000 C Construction Industrial-Heavy
ontractor )
Company Construction
General Small-Medium Residential-
Company 10 20,000,000 50,000,000 - - 70,000,000 Size Construction Commercial
Contractor .
Company Construction
. Residential-
Small-Medium )
Company 11 2,000,000 44,000,000 - 30,000,000 76,000,000 General Size Construction| ~ Commerciak
Contractor c Heavy
ompany .
Construction
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Large Size

Company 12 : 2,800,000,000 : : 2,800,000,000| _CGeneral Construction Commercial
Contractor Construction
Company
General Medium-Large Commercial-
Company 13 - 100,000,000 200,000,000 - 300,000,000 Size Construction Industrial
Contractor .
Company Construction
General _SmaII-Mediun_] Residential
Company 14 40,000,000 - - - 40,000,000 Size Construction .
Contractor Construction
Company
General Small Size
Company 15 - - - - - C Construction N/A
ontractor
Company
Small-Medium Clr:{:r?g]eer;gal_-
Company 16 30,000,000 30,000,000 20,000,000 8,000,000 88,000,000 Subcontractor| Size Construction Industrial-Heavy
Company Construction
Medium-Large Industrial
Company 17 - - 252,000,000 - 252,000,000 Subcontractor| Size Construction Construction
Company
General Large Size Residential-
Company 18 | 1,000,000,000( 2,000,000,000 - - 3,000,000,000 Contractor Construction Commercial
Company Construction
General Large Siz_e Commercial
Company 19 - 1,200,000,000 - - 1,200,000,000 Contractor Construction Construction
Company
General Medium-Large Commercial-
Company 20 - 100,000,000 180,000,000 - 280,000,000 C Size Construction Industrial
ontractor .
Company Construction
General Large Size Commercial-
Company 21 - 1,000,000,000, 4,000,000,000{ 5,000,000,000| 10,000,000,000 c Construction Industrial-Heavy
ontractor )
Company Construction
General Medium-Large Hea
Company 22 - - - 126,000,000 126,000,000 Size Construction vy
Contractor Construction
Company
Small Size Commercial
Company 23 - 25,000,000 - - 25,000,000 Subcontractor Construction Construction
Company
General Small-Medium Residential-
Company 24 40,000,000 20,000,000 - - 60,000,000 Contractor Size Construction Commercial
Company Construction
Company 25 - 7,000,000 3,000,000 - 10,000,000 Subcontractor Construction .
Company Construction

85




Medium-Large

Residential-

General . : Commercial-
Company 26 30,000,000 90,000,000 50,000,000 - 170,000,000 Contractor Size Construction Industrial
Company .
Construction
General Siszr:?lu(;?;%li:?on Residential-
Company 27 10,000,000 45,000,000 - - 55,000,000 c Commercial
ontractor Company 4
Construction
General Small Size Hea
Company 28 - - - 24,500,000 24,500,000 Construction VY
Contractor Construction
Company
Small Size
Company 29 - - ; 9,000,000 9,000,000 General Construction Heavy
Contractor Construction
Company
General Small-Medium Residential-
Company 30 82,000,000 43,000,000 - - 125,000,000 Size Construction Commercial
Contractor .
Company Construction
Large Size .
General - Commercial
Company 31 - 11,000,000,00( - - 11,000,000,000 Contractor Construction Construction
Company
Small-Medium Industrial
Company 32 - - 71,892,087 - 71,892,087 Subcontractor| Size Construction .
Construction
Company
Large Size Residential-
Company 33| 177,500,000 | 536,000,000 | 170,000,000 | 251,000,000 | 1,134,500,000 General Construction Commercial-
Contractor Industrial- Heavy
Company :
Construction
General Large Size Commercial-
Company 34 - 1,400,000,000; 5,700,000,000/ 3,200,000,000 | 10,300,000,000 Construction Industrial-Heavy
Contractor .
Company Construction
General Large Size Commercial
Company 35 - 2,630,000,000 - - 2,630,000,000 Contractor Construction Construction
Company
General Small Size Heavy
Company 36 - - - 20,000,000 20,000,000 Contractor Construction Construction
Company
General Small Size Commercial-
Company 37 - 5,000,000 3,000,000 - 8,000,000 Contractor Construction Industrial
Company Construction
Commercial-
General Large Size Industrial
Company 38 - 250,000,000 700,000,000 - 950,000,000 C Construction Construction
ontractor Company
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Small Size

Company 39 | 2,750,000 . : : 2,750,000 General Construction Residential
Contractor Construction
Company
General Large Size Commercial-
Company 40 - 2,000,000,000; 1,500,000,000 500,000,000 4,000,000,000 c Construction Industrial-Heavy
ontractor )
Company Construction
Small Size Residential-
Construction Commercial-
Company 41 7,500,000 6,500,000 1,500,000 18,000,000 33,500,000 Subcontractor Company Industrial- Heavy
Construction
Small-Medium Commercial-
Company 42 - 30,000,000 50,000,000 - 80,000,000 Subcontractor| Size Construction Industrial
Company Construction
General Small-Medium Commercial
Company 43 - 52,000,000 - - 52,000,000 Size Construction .
Contractor Construction
Company
General Small Size Heavy
Company 44 - - - 14,721,435 14,721,435 Contractor Construction Construction
Company
Small Size .
General ) Commercial
Company 45 - 38,000,000 - - 38,000,000 Construction .
Contractor Company Construction
Small Size Residential-
Company 46 100,000 10,000,000 - - 10,100,000 Subcontractor Construction Commercial
Company Construction
. Residential-
General I_\/Iedlum-Larg(_e Commercial-
Company 47 126,000,000 112,000,000 92,000,000 - 330,000,000 Contractor Size Construction Industrial
Company Construction
General Medium-Large Commercial-
Company 48 - 130,000,000 20,000,000 - 150,000,000 Contractor Size Construction Industrial
Company Construction
General Small-Medium Commercial-
Company 49 - 45,000,000 21,000,000 - 66,000,000 C Size Construction Industrial
ontractor .
Company Construction
Grand Total 1,637,850,000| 27,445,500,000 15,619,392,087 13,151,221,435| 57,853,963,522
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As seen in Table 4.6, the commercial constructaiegory has the highest revenue
amount, which is the 47 percent of the total reeeamonount. On the contrary, the lowest total
revenue amount is seen for the residential construséotor (3% of the total revenue amount).
As was mentioned before in section 4.1, inst of the contractors are general contractors
(80%). For the contractor sector classification, it wasitbthat the different groups under this
category have equal participant numbers; the tataiber of the small size construction
companies is 13 while the remaining groups have h#amies in the groups. The contractors
are also divided based on their sectors (see Figlije#he results show that 38 companies work
in the commercial construction sector while 17, 28 &% companies work in the residential,
industrial and heavy/highway construction sectorspeetively. One of the companies, which
did not state any revenue information, is excludledrefore, 48 companies are presented in

Figure 4.1.

Residential
Construction

Heavy/Highway

Commercial Construction

Construction 7 1

12

2

Industrial
Construction

Figure 4.1 The Distribution of the Companies Based on @struction Sectors
The descriptive statistics for each question in “Company Profile Questionnaire” are given
in Table 4.7. It is valuable to mention that one pany, which does not have any revenue

information, is excluded from the descriptive statistlculations.
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Table 4.7 Descriptive Statistics for the Collected Demogpdic Information

Variable Mean Stapdgrd Minimum Maximum
Deviation

Years of experience 23.90 11.47 4.00 45.00
of the respondent
Life span of the 53.85 35.66 9.00 132.00
company
Number of employee 1,667.19 5,955.09 1.00 40,000.00
Residential
Construction 34,121,875.00 | 146,268,302.00 - 1,000,000,000.0d
Revenue Amount
Commercial
Construction 571,781,250.00 4 6g4 875 341.0( - 11,000,000,000.0
Revenue Amount
Industrial
Construction 325,404,002.00 - 5,700,000,000.0¢
Revenue Amount 1,036,106,255.0(
Heavy/Highway
Construction 273,983,780.00 972,173,936.00 - 5,000,000,000.0¢
Revenue Amount
;‘r’rt]g'uﬁte"e”“e 1,205,290,907.0( 2,682,178,812.0( 2,750,000.00| 11,000,000,000.0(

4.2 Individual AHP Results and Statistical Analyses

As stated in Chapter 1, section 1.5, one of thegses of this study is to estimate the
weights of importance given to the key factors aneéstigate whether there are statistically
significant differences of the respondents’ valuations of the key factors, considering their
different demographic backgrounds (i.e., contractor tgpetractor sector, contractor size). For
this purpose, the weights of the key factors based on each contractor’s preferences are identified
using the AHP methodology (see Chapter 3, sectidn Bhe estimated weights of the key
factors and the consistency ratios for each contracegiven in Table 4.8 and Table 4T@e
tables are organized under two hierarchies, namelgll2A Firm Related Internal Factors and

Level 2-BProject Related External Factors.
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Table 4.8 Estimated Weights and Consistency Ratios for Lev2tA-Firm Related Internal Key Factors

Weight given to Weiaht
Level 2A : Weight the Weight Vel Weight Weight given
Overall , Weight . - . given to .
. Firm Related | _. given to the | “Availability of given to given to to the
Firm given to the| . . the « .
Internal - Experience equipment, the « the Compliance
Contractor Related- Current ST ! . . Need . X
Factors in similar materials and | “Financia “Technical with the
Internal X workload” . o for .
Consistency projects” human | ability v knowhow” business
Factors : factor . work -
Ratio factor resources factor f factor plan” factor
factor actor
Contractor 1 0.875 12% 0.291 0.100 0.081 0.017 0.203 0.122 0.061
Contractor 2 0.167 11% 0.011 0.043 0.011 0.010 0.019 0.011 0.062
Contractor 3 0.500 15% 0.073 0.029 0.087 0.036 0.119 0.058 0.097
Contractor 4 0.800 48% 0.083 0.043 0.088 0.017 0.292 0.057 0.218
Contractor 5 0.833 11% 0.053 0.225 0.093 0.076 0.133 0.127 0.127
Contractor 6 0.875 18% 0.071 0.181 0.118 0.118 0.114 0.190 0.082
Contractor 7 0.500 44% 0.159 0.034 0.092 0.031 0.135 0.020 0.030
Contractor 8 0.857 20% 0.028 0.092 0.061 0.025 0.275 0.027 0.349
Contractor 9 0.500 3% 0.035 0.122 0.068 0.042 0.042 0.155 0.036
Contractor 10 0.875 36% 0.023 0.109 0.072 0.226 0.014 0.044 0.387
Contractor 11 0.833 7% 0.133 0.027 0.111 0.041 0.147 0.029 0.345
Contractor 12 0.125 48% 0.004 0.032 0.010 0.004 0.005 0.010 0.061
Contractor 13 0.500 14% 0.063 0.132 0.053 0.013 0.107 0.016 0.116
Contractor 14 0.833 18% 0.228 0.074 0.065 0.221 0.173 0.046 0.026
Contractor 15 0.500 32% 0.060 0.058 0.029 0.032 0.209 0.033 0.078
Contractor 16 0.167 73% 0.008 0.022 0.004 0.026 0.049 0.009 0.049
Contractor 17 0.857 11% 0.206 0.047 0.163 0.033 0.267 0.103 0.037
Contractor 18 0.500 10% 0.046 0.024 0.083 0.160 0.144 0.027 0.016
Contractor 19 0.750 7% 0.046 0.050 0.066 0.179 0.058 0.027 0.323
Contractor 20 0.250 15% 0.033 0.073 0.022 0.015 0.069 0.022 0.017
Contractor 21 0.667 17% 0.038 0.059 0.020 0.044 0.243 0.205 0.058
Contractor 22 0.250 15% 0.007 0.024 0.033 0.100 0.012 0.063 0.012
Contractor 23 0.500 15% 0.102 0.024 0.122 0.031 0.170 0.037 0.013
Contractor 24 0.833 75% 0.071 0.158 0.117 0.166 0.113 0.175 0.032
Contractor 25 0.167 83% 0.033 0.018 0.050 0.021 0.021 0.005 0.019
Contractor 26 0.200 14% 0.005 0.014 0.007 0.007 0.099 0.019 0.049
Contractor 27 0.900 33% 0.072 0.077 0.318 0.014 0.066 0.170 0.183
Contractor 28 0.750 36% 0.059 0.102 0.109 0.059 0.316 0.074 0.031
Contractor 29 0.250 12% 0.012 0.005 0.028 0.137 0.037 0.008 0.022
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Contractor 30 0.500 26% 0.074 0.141 0.112 0.022 0.017 0.045 0.089
Contractor 31 0.900 137% 0.072 0.132 0.026 0.049 0.046 0.080 0.495
Contractor 32 0.167 31% 0.015 0.007 0.014 0.072 0.043 0.012 0.004
Contractor 33 0.667 19% 0.017 0.072 0.039 0.245 0.187 0.039 0.068
Contractor 34 0.125 40% 0.004 0.020 0.018 0.002 0.006 0.056 0.019
Contractor 35 0.500 10% 0.031 0.079 0.182 0.039 0.023 0.073 0.073
Contractor 36 0.500 33% 0.031 0.020 0.078 0.218 0.091 0.014 0.049
Contractor 37 0.750 42% 0.128 0.101 0.094 0.061 0.168 0.168 0.030
Contractor 38 0.167 12% 0.004 0.036 0.012 0.009 0.009 0.011 0.086
Contractor 39 0.500 13% 0.039 0.013 0.060 0.042 0.232 0.066 0.049
Contractor 40 0.875 7% 0.171 0.069 0.187 0.036 0.313 0.063 0.035
Contractor 41 0.833 16% 0.410 0.084 0.154 0.035 0.063 0.043 0.044
Contractor 42 0.125 21% 0.003 0.007 0.005 0.049 0.019 0.030 0.011
Contractor 43 0.800 25% 0.023 0.071 0.054 0.028 0.084 0.223 0.317
Contractor 44 0.875 33% 0.033 0.043 0.231 0.418 0.092 0.043 0.015
Contractor 45 0.833 14% 0.141 0.039 0.235 0.102 0.246 0.019 0.051
Contractor 46 0.143 79% 0.008 0.006 0.027 0.033 0.020 0.043 0.005
Contractor 47 0.857 97% 0.274 0.236 0.088 0.039 0.097 0.062 0.061
Contractor 48 0.200 19% 0.017 0.031 0.007 0.006 0.012 0.050 0.076
Contractor 49 0.857 29% 0.044 0.054 0.187 0.390 0.083 0.079 0.021

* Company 15, which did not state the revenue information, is excluded from the statistical analyses.

* The red highlighted cells show the consistency ratios that exceed the recommended 10 % value.
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Table 4.9 The Estimated Weights and the Consistency Ratié®m Level 2-B Project Related External Key Factors

Leve_l 2B _ Weight .Weight _

Proect | Relmed | Weight | oo e | gventothe | weignt | SELE A (I | weight given
Contractor | Related- External given to the “Project “Location given to the conditions “Owner to th?.

External Factors "‘PrOJect duration” of'the “Project and type of identity” “Competition™
Factors | Consistenc size factor factor project” type” factor ntract” factor factor

y acto contrac acto
Ratio factor factor

Contractor 1 0.125 18% 0.007 0.008 0.004 0.009 0.027 0.064 0.006
Contractor 2 0.833 14% 0.057 0.031 0.071 0.046 0.074 0.351 0.203
Contractor 3 0.500 12% 0.016 0.014 0.045 0.032 0.133 0.168 0.092
Contractor 4 0.200 29% 0.011 0.024 0.017 0.023 0.068 0.044 0.013
Contractor 5 0.167 27% 0.005 0.006 0.014 0.028 0.042 0.048 0.023
Contractor 6 0.125 8% 0.004 0.003 0.026 0.031 0.038 0.014 0.010
Contractor 7 0.500 12% 0.073 0.079 0.011 0.014 0.209 0.028 0.085
Contractor 8 0.143 20% 0.003 0.003 0.007 0.012 0.040 0.058 0.019
Contractor 9 0.500 14% 0.020 0.014 0.017 0.040 0.076 0.116 0.216
Contractor 10| 0.125 34% 0.003 0.002 0.006 0.009 0.031 0.058 0.016
Contractor 11| 0.167 17% 0.007 0.003 0.011 0.008 0.024 0.062 0.052
Contractor 12| 0.875 18% 0.027 0.018 0.040 0.088 0.456 0.188 0.058
Contractor 13| 0.500 13% 0.039 0.016 0.057 0.089 0.021 0.201 0.077
Contractor 14| 0.167 18% 0.006 0.006 0.064 0.033 0.012 0.029 0.017
Contractor 15| 0.500 25% 0.027 0.010 0.030 0.021 0.086 0.201 0.125
Contractor 16| 0.833 48% 0.047 0.029 0.046 0.040 0.429 0.049 0.193
Contractor 17| 0.143 15% 0.003 0.004 0.055 0.009 0.026 0.013 0.033
Contractor 18| 0.500 4% 0.029 0.019 0.034 0.041 0.171 0.184 0.022
Contractor 19| 0.250 5% 0.013 0.015 0.019 0.021 0.082 0.085 0.014
Contractor 20| 0.750 12% 0.021 0.031 0.155 0.243 0.193 0.049 0.059
Contractor 21| 0.333 15% 0.026 0.007 0.009 0.016 0.117 0.081 0.077
Contractor 22| 0.750 14% 0.046 0.015 0.023 0.055 0.283 0.186 0.142
Contractor 23| 0.500 18% 0.030 0.146 0.142 0.060 0.089 0.018 0.016
Contractor 24| 0.167 25% 0.008 0.005 0.006 0.064 0.026 0.041 0.016
Contractor 25| 0.833 16% 0.017 0.034 0.173 0.110 0.349 0.072 0.079
Contractor 26| 0.800 10% 0.050 0.034 0.058 0.034 0.414 0.177 0.034
Contractor 27| 0.100 15% 0.002 0.002 0.007 0.007 0.027 0.035 0.020
Contractor 28| 0.250 19% 0.022 0.011 0.012 0.057 0.018 0.070 0.061
Contractor 29| 0.750 16% 0.019 0.038 0.022 0.133 0.064 0.126 0.348
Contractor 30| 0.500 7% 0.020 0.012 0.088 0.079 0.112 0.101 0.088
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Contractor 31| 0.100 37% 0.006 0.001 0.013 0.025 0.048 0.004 0.002
Contractor 32| 0.833 10% 0.030 0.021 0.072 0.146 0.264 0.229 0.071
Contractor 33| 0.333 15% 0.014 0.007 0.034 0.054 0.082 0.128 0.015
Contractor 34| 0.875 26% 0.049 0.020 0.026 0.083 0.382 0.117 0.198
Contractor 35| 0.500 13% 0.014 0.016 0.037 0.049 0.134 0.173 0.077
Contractor 36| 0.500 30% 0.019 0.027 0.226 0.021 0.133 0.028 0.047
Contractor 37| 0.250 16% 0.014 0.006 0.019 0.044 0.023 0.091 0.054
Contractor 38| 0.833 18% 0.031 0.019 0.039 0.110 0.069 0.213 0.352
Contractor 39| 0.500 16% 0.100 0.032 0.039 0.062 0.058 0.160 0.049
Contractor 40| 0.125 11% 0.004 0.005 0.012 0.004 0.025 0.058 0.017
Contractor 41| 0.167 15% 0.011 0.010 0.048 0.038 0.016 0.026 0.018
Contractor 42| 0.875 12% 0.156 0.027 0.033 0.116 0.394 0.049 0.101
Contractor 43| 0.200 31% 0.007 0.004 0.014 0.018 0.084 0.057 0.016
Contractor 44| 0.125 10% 0.004 0.007 0.012 0.026 0.030 0.039 0.007
Contractor 45| 0.167 37% 0.021 0.033 0.007 0.010 0.005 0.055 0.038
Contractor 46| 0.857 64% 0.032 0.021 0.108 0.254 0.087 0.265 0.090
Contractor 47| 0.143 45% 0.060 0.035 0.003 0.022 0.012 0.007 0.004
Contractor 48| 0.800 21% 0.037 0.028 0.020 0.067 0.205 0.107 0.336
Contractor 49| 0.143 43% 0.006 0.004 0.005 0.022 0.031 0.052 0.025

* Company 15, which did not state the revenue information, is excluded from the statistical analyses.
* Thered highlighted cells show the consistency ratios that exceed the recommended 10 % value.

At this point, it is important to state that marfitlee consistency ratios in Table 4.8 and Tableek®ed the recommended
limit of 0.10. However, keeping in mind that the papants were not given the opportunity to reviewrtltensistency ratios of their
selections while or after the decision-making preessall responses are included in the statistiallyses, except for one company
which did not state any revenue information. Furtheenconsidering that the sample size is very limiteduding all participants

for the statistical analyses was a necessity forttiysTherefore, 48 responses were used in the statiatalyses.
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4.3 Descriptive Statistics for the Individual AHP Results

In Table 410, the descriptive statistics are calculated for daghfactor weights. The
results show that the mean of the overall firm reld&etors is higher than the overall project
related key facte. This finding could explain the respondents’ tendency, as they put more value
on the overall firm related factors than the ovepabject related factors. In the firm related
factor hierarchy (Level 2), the “Need for work™ key factor has the highest mean value, while
the “Contract conditions and type of contrgdtey factor has in the project related key factor
hierarchy (Level ). On the contrary, the “Technical knowhow” and “Project duration” key
factors have the lowest mean values in the firrateel key factor and project related key factor
hierarchies, respectively. In the data set, the stdrdizviations also show a wide dispersion that
might form an opinion of a non-normal distributidfowever, to give a final judgment whether
the data is sampled from a normal distribution or ti# test of normality is conducted and the
results are explained in section 4.4 in this chapter.

Table 410 Descriptive Statistics of the Key Factors Based on tHadividual AHP Results

Hierarchy Variable Mean Star]df_ird Minimum Maximum
Deviation
Overall Firm Related-Internal Factof  0.57 0.29 0.13 0.90
Current workload 0.07 0.09 - 041
Experience in similar projects 0.07 0.06 0.01 0.24
_Level 2A Availability of equipment, materials 0.08 0.07 ) 0.32
Firm Related | and human resources
Internal Financial ability 0.08 0.10 - 0.42
Factors Need for work 0.11 0.09 0.01 0.32
Technical knowhow 0.06 0.06 0.01 0.22
Compliance with the business plan 0.09 0.12 - 0.49
Overall Project Related-External 043 0.29 010 088
Factors
Project size 0.03 0.03 - 0.16
Level 2B Project duration 0.02 0.02 - 0.15
g;?ggé Location of the project 0.04 0.05 - 0.23
External Project type 0.05 0.05 - 0.25
Factors Contract conditions and type of 012 0.13 ) 0.46
contract
Owner identity 0.10 0.08 - 0.35
Competition 0.08 0.09 - 0.35

e Thebold cells show the highest and lowest mean values under each hierarchy.
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Based on the results presented in Tall@,4he key factors could be ordered in
accordance with the magnitude of the mean valuesafdr kierarchy groups as following:
Firm Related-Internal Factors:
Need for work > Compliance with the business planrraicial ability = Availability of
equipment, materials and human resources > Experiersomilar projects = Current workload
> Technical knowhow
Project Related-External Factors:
Contract conditions and type of contract > Owner idgntiCompetition > Project type >
Location of the project > Project size > Project duratio
4.4 Testing the Assumptions of One-Way Anova and Two-Samptetests
This section discusses the assumptions of OneAlaya and Two-Sample t-tests in
order to select appropriate statistical tests for #ia dets. The assumptions are given by
following and the results are discussed under eachmgdsan. The assumptions are:
1. Observations are independent.
2. Observations are sampled from a population with amabdistribution.
3. Groups have equal variances.
4.4.1 Independency of the Observations
Although the estimated weights of the key factoeslinked to each other because @& th
reciprocal nature of the AHP methodology, it was as=iithat the assumption of independent
observations are met in this study. Therefore, thenattd weights of the key factors were
inferred to be independent from each other. In ordenppart this assumption, the analyses are

conducted separately for each key factor and thelatime analyses are avoided in the study.
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4.4.2 Analysis of the Normality Assumption of One-Way AmoT est and Two-Sample t-test

In an attempt to investigate the differenbesveen the respondents’ preferences of the
key factors, One-Way Anova Test, Kruskal Wallis (Nmarametric alternative of One-Way
Anova), Two-Sample t-test, and Wilcoxon Rank Sum (lganametric alternative of Two-
Sample t-test) tests are performed. Additionallydecide which test is suitable for the data sets,
the normality assumption is tested for parametricakstnatives.

One of the assumptions of the One-Way Anova tedflavo-Sample t-tests is to sample
the data from a normal distribution. However, the radityassumption is not required for the
Kruskal Wallis and Wilcoxon Rank Sum tests, theretbeeresults of the normality test is dse
to determine the test types. To test whether thee slsts are samples from normal distributions or
not, each data set was analyzed by using the “proc univariate” option of SAS Program. The test
statistic {) and the probability values (p-value) are given sigiside in Table 4.1. According
to the test statistic approach, the test stattsticbe greater than zero and less than one or equal
to one (0<W<1). The smaller test statistic indicates that the data is not sampled from a normal
distribution. On the other hand, p-values indicagedoubtfulness of normality and can be
ranged from zero to one (0<p-values<1). The p-values, which are very close to zero, indicates
that the data is not sampled from a normal distigiou

Table 411 Estimated Test Statistic and P-values to Test the NormajitAssumption of One-
Way Anova Test and Two-Sample t-test

Test

Variable Statistic P-value
Overall Firm Related-Internal
Factors 0.843527 <0.0001
Current workload 0.750619 <0.0001
Experience in similar projects 0.859831 <0.0001

Availability of equipment,

materials and human resources 0.889471 0.0003

Financial ability 0.723292 <0.0001
Need for work 0.895922 0.0005
Technical knowhow 0.813723 <0.0001
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Compliance with the business plaj 0.687704 <0.0001
Overall Project Related-External 0.84342 <0.0001
Factors

Project size 0.741495 <0.0001
Project duration 0.614808 <0.0001
Location of the project 0.727714 <0.0001
Project type 0.767164 <0.0001
Contract conditions and type of 0.778074 <0.0001
contract

Owner identity 0.881677 0.0002
Competition 0.721153 <0.0001

e Thebold cells show the values that support the normality assumption of One-Way Anova
Test or Two-Sample t-tests

Based on the results presented in Tallé,4he “Availability of equipment, materials
and human resources”, “Need for work”, and “Owner identity” data sets’ p-values exceed the
<0.0001 level and are suitable for One-Way Anovawo-Sample t-tests. However, it is
worthwhile to mention that the statistical tests formality can be quite robust. To conclude if
the remaining data sets are a sample from a normigibdition, the Q-Q Plots of the data sets are
reviewed in section 4.4.3
4.4.3 Testing Normality with Q-Q Plots

To test the normality of the data sets in a detlmhanner, Q-Q plots are created by using
the “plot” option of SAS program and given in Figure 4.2 for each key factor. In the Q-Q plots,
the dots represent the sample. If the data is sahfien a normal distribution, the dots form a
straight line and get closer to the guideline, wiaoh indicated by the straight blue lines in the
plots.

Overall Firm Related-Internal Factors Overall Project Related-External Factors
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Figure 4.2 Plotted Q-Q Plots to Test the Normality of the i€y Factor Data Sets

The “Availability of equipment, materials and human resources”, “Need for work”, and
“Owner identity” data sets form a straight line therefore, it can be concluded that the data sets are
sampled from the normal distributions and are suitbdsl©®ne-Way Anova Test or Two-Sample
t-tests. Although, the test of normality results nlad provide enough evidence that the
“Experience in similar projects” key factor is sampled from a normal distribution, the Q-Q Plot
results show a straight data dispersion, therefaekiby factor is also treated as a normally

distributed data set.
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4.4.4 Equal Variances of the Groups

One of the assumptions of the One-Way Anova Ted{lavo-Sample t-tesis that the
different groups have equal variances. The equal vasaofcthe contractor classification groups
are tested and the corresponding p-values for eaclp greugiven in Table 42. The red
highlights show that the p-values are greater tharreference probability value, which is 0.05.
Therefore, the groups, which have p-values greater @05, have equal variances and are
suitable for parametric statistical tests.

Table 412 Estimated P-values to Test Equal Variances Assumption of @aWay Anova
Test and Two-Sample t-test for Each Key Factor under Eac@ontractor Classification

Group
Key Factors Contractor Contractor Contractor
Type Sector Size
Current workload 0.0134 0.0024 0.5409
Experience in similar 0.3632 0.0504 0.3752
projects
Availability of equipment,
materials and human 0.6267 0.8629 0.5339
resources
Financial ability 0.0001 0.8404 0.3293
Need for work 0.4883 0.5518 0.2954
Technical knowhow 0.1771 0.5854 0.4903
Compliance with the 0.0725 0.0013 0.2253
business plan
Project size 0.0017 0.7669 0.4131
Project duration 0.0001 0.3874 0.3329
Location of the project 0.4238 0.5816 0.0086
Project type 0.0243 0.5628 0.6113
Contract conditions and 0.1235 0.535 0.746
type of contract
Owner identity 0.361 0.0128 0.2424
Competition 0.0858 0.5445 0.6237

*The red highlighted cells show the p-values greater than 0.05.
4.4.5 Deciding Which Statistical Test to Use for the Arsid
In deciding which test to use for each key factat aontractor classification groups,
three assumptions of the One-Way Anova Test and-Jample t-tests are considered. The test

selections for each key factor situation are givehable 413.
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Table 413 Determined Statistical Tests for Key Factor Analysis

Key Factors Contractor Contractor Cont(actor
Type Sector Size
Current workload Wilcoxon Rank | Kruskal Wallis Krgskal
Sum Test Test Wallis Test
Experience in similar | Two-sample t- One-Way One-Way
projects test Anova Test Anova Test
':‘Vsi'lab'““t/ of terial Two-sample t- One-Way One-Way
quipment, materiais test Anova Test Anova Test
and human resources
Financial ability Wilcoxon Rank | Kruskal Wallis Krgskal
Sum Test Test Wallis Test
Two-sample t- One-Way One-Way
Need for work test Anova Test Anova Test
Technical knowhow Wilcoxon Rank | Kruskal Wallis KrL_JskaI
Sum Test Test Wallis Test
Compliance with the | Wilcoxon Rank | Kruskal Wallis Kruskal
business plan Sum Test Test Wallis Test
Project size Wilcoxon Rank | Kruskal Wallis Krgskal
Sum Test Test Wallis Test
Project duration Wilcoxon Rank | Kruskal Wallis Krgskal
Sum Test Test Wallis Test
Location of the Wilcoxon Rank | Kruskal Wallis Kruskal
project Sum Test Test Wallis Test
Project type Wilcoxon Rank | Kruskal Wallis Krgskal
Sum Test Test Wallis Test
Contract conditions Wilcoxon Rank | Kruskal Wallis Kruskal
and type of contract Sum Test Test Wallis Test
Owner identity Two-sample t- | Kruskal Wallis One-Way
test Test Anova Test
Competition Wilcoxon Rank | Kruskal Wallis Krgskal
Sum Test Test Wallis Test

4.5 The Differences in Contractors’ Valuation of Key Factors

Taking the contractor type, sector, and size classifins into the consideration: the
differences in the contractors’ valuation of the bid/no bid decision-making key factors are
investigated. For this purpose, the hypotheses ofheh¢he means of given weights to the key

factors by various contractors are same or at leasvioie means are different are tested.
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A total of 14 different analyses were conducted fahedemographic classification (i.e.,
Contractor Type, Contractor Sector and Contractor Size)e&ah analysis, 0.05 is set as the
reference probability level and used to compare thighestimated p-values. The estimated p-
values, which are the results of Two-sample t-#&&icoxon Rank Sum Test, One-Way Anova,
and Kruskal-Wallis tests, are presented in Talld,A able 415, Table 416 and Table 4.7.
The highlighted cells in the tables show the p-galless than 0.05 reference probability value.
Considering that the weights given to the overathfielated-internal factors and overall
project related-external factors are already distethwn the key factors, any statistical analysis
were not conducted at the aggregate level for vieeadl firm related-internal factors and overall
project related-external factors.

Table 414 Two-Sample t-test Results

Variables Contractor Type
Experlence in similar 0.4451
projects
Availability of equipment,
materials and human 0.5331
resources
Need for work 0.8960
Owner identity 0.5344

Table 415 Wilcoxon Rank Sum Test Results

Variables Contractor Type

Current workload 0.8884
Financial ability 0.4983
Technical knowhow 0.3192
Compliance with the business pla 0.0428
Project size 0.6047
Project duration 0.1746
Location of the project 0.0107
Project type 0.119
Contract conditions and type of 01811
contract

Competition 0.8473
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Table 416 One-Way Anova Test Results

. Contractor Contractor
Variables :
Sector Size
Experlence in similar 0.3099 0.9181
projects
Availability of
equipment, materials 0.9386 0.3392
and human resources
Need for work 0.9091 0.6151
Owner identity 0.289

Table 417 Kruskal Wallis Test Results

. Contractor | Contractor
Variables :
Sector Size
Current workload 0.9566 0.6268
Financial ability 0.3467 0.1028
Technical knowhow 0.7291 0.6839
Compliance with the
business plan 0.3319 0.0356
Project size 0.7456 0.8164
Project duration 0.3818 0.0862
Location of the project 0.6129 0.2157
Project type 0.8858 0.4098
Contract conditions and typ
of contract 0.8693 0.3679
Owner identity 0.9977
Competition 0.5885 0.9829

Table 418 Estimated P-values Based on the Analysis between tieights of the Key

Factors and Contractor Classification

) Contractor | Contractor | Contractor
Variables .
Type Sector Size
Current workload 0.8884 0.9566 0.6268
Experience in 0.4451 0.3099 0.9181
similar projects
Availability of
equipment, 0.5331 0.9386 0.3392
materials and
human resources
Financial ability 0.4983 0.3467 0.1028
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Need for work 0.896 0.9091 0.6151

Technical knowhow 0.3192 0.7291 0.6839
Compliance with the SSSgigA58 03319 | 0.0356
business plan

Project size 0.6047 0.7456 0.8164
Project duration 0.1746 0.3818 0.0862
Location of the 0.0107 06129 | 02157
project

Project type 0.119 0.8858 0.4098

Contract conditions
and type of contract

Owner identity 0.5344 0.9977 0.289
Competition 0.8473 0.5885 0.9829

0.1811 0.8693 0.3679

Table 418 summarizes the results given in Table4Table 4.15, Table 416 and Table
4.17. As seen in Table 48, the compliance with the business plan and lonatfdhe project
factorswere found statistically significantly different for the “Contractor Type” classification.

The p-values (0.0428 and 0.0107) give the informaitian there is enough evidence to conclude
that the weight of importance given to the complendth the business plan and location of the
project factors by general contractors and subcontiate statistically significantly different
from each other.

The “Contractor Sector” classification group includes ten subgroups which were
determined based on the company revenues: Resijgddimmercial, Industrial, Heavy,
Residential-Commercial, Residential-Commercial-IndulstR@sidential-Commercial-Heavy,
Residential-Commercial-Industrial-Heavy, Commerciatlstrial, Commercial-Industrial-
Heavy Construction. Based on both One-Way Anova angk&u/Vallis test results, none of the

contractor sector groups are statistically digant from each other; evidently, the results didn’t
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provide enough evidence to support the hypothegighnwis at least one of the groups, is
significantly different (see Table1B).

The “Contractor Size” classification group is also investigated in the same manner. The
respondents are divided into four groups as shown iteT3aB. Based on the results, the
compliance with the business plan factor was fouatissically significantly different for the
“Contractor Siz€’ classification. To determine, which of the groupsthe “Contractor Size”
differ from each other; the Bonferroni correction/adjustimeultiple testing procedure was
performed. However, even though the compliance thighbusiness plan key factor was found to
be statistically significantly different fahe “Contractor Size” group as indicated by the Kruskal
Wallis test results, the different groups were notwagal by the adjusted multiple testing
procedure because of the conservativeness of the Bomifeorrection method.

4.6 Group AHP results

The weights given to the key factors from the cattes are combined into one final
judgment for each subgroup under contractor type, adotraector and contractor size
classifications. The Group AHP results are calcdlatging Group AHP approach, which is
explained in Chapter 3, section 3.4A3 was mentioned before, making a decision coulthee
responsibility of a committee instead of individudlgerefore, combining judgments
considering contractor type, contractor sector andraotdr size classifications enables
performing analyses at the aggregate level as egpwsindividual level and provide an
overview of contractors as to how they value/weigh fieetors based on their similar attributes.
The combined judgments of the respondents are givéable 419, Table 420, Table 421 and
Table 422. Number of the combined judgments and consistenoys&br firm related-internal

and project related-external factors are also providl¢de tables.
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Table 419 The Group AHP Results When All Companies Included irthe Analysis

Key Factors All Companies Included
Level 1
Overall Firm Related-Internal Factors 0.602
Overall Project Related-External Factors 0.398
Level 2-A Firm Related Internal Factors Consistency Ratio 0.69%
Current workload 0.069
Experience in similar projects 0.082
Availability of equipment, materials and human resources 0.093
Financial ability 0.073
Need for work 0.120
Technical knowhow 0.075
Compliance with the business plan 0.090
Lev_el 2-B Project Related External Factors Consistency 0.38%
Ratio
Project size 0.025
Project duration 0.019
Location of the project 0.039
Project type 0.054
Contract conditions and type of contract 0.101
Owner identity 0.100
Competition 0.061
Number of Respondents 48
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Table 420 The Group AHP Results Based on the Contractor Type Chsification

Key Factors Contractor Type
General Contractor | Subcontractor

Level 1

Overall Firm Related-Internal Factors 0.621 0.526
Overall Project Related-External Factors 0.379 0.474
I(_:?)\;]es!iszt (;An E;lrgal‘;glated Internal Factors 0.75% 2 63%
Current workload 0.066 0.080
Experience in similar projects 0.090 0.055
,rbévsagluarlzgéy of equipment, materials and huma 0.096 0.079
Financial ability 0.074 0.067
Need for work 0.116 0.131
Technical knowhow 0.078 0.061
Compliance with the business plan 0.102 0.053
If:%\aesli SZI—GI"BnE;on{Z%tOReIated External Factors 0.67% 1.95%
Project size 0.023 0.027
Project duration 0.016 0.028
Location of the project 0.031 0.086
Project type 0.048 0.077
Contract conditions and type of contract 0.093 0.124
Owner identity 0.107 0.069
Competition 0.060 0.063
Number of Respondents 38 10
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Table 421 The Group AHP Results Based on the Contractor Sector @ssification

Contractor Sector

Key Factors Residential- | Residential- Commercial- | Residential-

Residential Commercial Industrial Heavy/Highway Re3|dent|;_a| Commercial- | Commercial- Commer_mal Industrial- Commermal
; f - . Commercial ) Industrial Industrial-
Construction Construction Construction Construction ; Heavy Industrial . Heavy
Construction . . Construction . Heavy
Construction | Construction Construction Construction

Level 1

Overall
Firm

Related- 0.691 0.650 0.846 0.535 0.695 0.833 0.546 0.504 0.543 0.558
Internal
Factors

Overall
Project
Related- 0.309 0.350 0.154 0.465 0.305 0.167 0.454 0.496 0.457 0.442
External
Factors

Level 2-A
Firm Related
Internal
Factors
Consistency
Ratio

9.47% 2.64% 6.04% 6.19% 3.12% 5.71% 5.08% 1.56% 3.18% 9.39%

Current

workload 0.113 0.063 0.235 0.038 0.061 0.133 0.054 0.066 0.046 0.062

Experience in
similar 0.037 0.087 0.064 0.037 0.098 0.027 0.119 0.083 0.085 0.083
projects

Availability of
equipment,
materials and 0.075 0.106 0.112 0.104 0.147 0.111 0.050 0.068 0.070 0.049
human
resources

Financial

ability 0.116 0.062 0.093 0.167 0.092 0.041 0.040 0.045 0.031 0.100

Need for work 0.241 0.087 0.233 0.101 0.091 0.147 0.113 0.105 0.102 0.136

Technical

0.066 0.071 0.074 0.047 0.094 0.029 0.066 0.061 0.156 0.041
knowhow

Compliance
with the 0.043 0.174 0.034 0.041 0.112 0.345 0.105 0.076 0.052 0.086
business plan
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Level 2B
Project
Related
External
Factors
Consistency
Ratio

8.14%

2.10%

4.71%

1.59%

4.28%

14.65%

3.49%

0.54%

4.60%

6.08%

Project size

0.030

0.023

0.005

0.024

0.011

0.007

0.055

0.032

0.025

0.029

Project
duration

0.016

0.022

0.005

0.022

0.008

0.003

0.036

0.026

0.013

0.019

Location of
the project

0.060

0.038

0.062

0.043

0.024

0.011

0.045

0.038

0.020

0.064

Project type

0.054

0.048

0.018

0.062

0.044

0.008

0.062

0.075

0.029

0.066

Contract
conditions and

type of
contract

0.032

0.111

0.019

0.105

0.073

0.024

0.118

0.128

0.131

0.124

Owner
identity

0.082

0.076

0.021

0.115

0.108

0.062

0.095

0.110

0.121

0.083

Competition

0.035

0.032

0.025

0.093

0.038

0.052

0.044

0.087

0.117

0.057

Number of
Respondents

12
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Table 422 The Group AHP Results Based on the Contractor Size Ciaification

Contractor Size

Small Size Small- Medium- Large Size
Key Factors : Medium Size | Large Size .
Construction . : Construction
Company Construction | Construction Company
Company Company

Level 1
Overall Firm Related- 0.565 0.718 0.544 0.557
Internal Factors
Overall Project Related-| ) ;55 0.282 0.456 0.443
External Factors
Level 2-A Firm Related
Internal Factors 5.07% 1.78% 0.96% 0.91%
Consistency Ratio
Current workload 0.075 0.095 0.060 0.041
Experience in similar 0.040 0.095 0.089 0.100
projects
Avalilability of
equipment, materials anc 0.128 0.105 0.063 0.073
human resources
Financial ability 0.101 0.102 0.036 0.061
Need for work 0.137 0.121 0.124 0.082
Technical knowhow 0.047 0.092 0.066 0.084
Compliance with the 0.037 0.108 0.106 0.115
business plan
Level 2-B Project
Related External 1.03% 1.92% 1.16% 1.72%
Factors Consistency
Ratio
Project size 0.030 0.016 0.030 0.023
Project duration 0.033 0.011 0.023 0.014
Location of the project 0.062 0.024 0.047 0.031
Project type 0.079 0.035 0.059 0.050
Contract conditions and 0.067 0.078 0.121 0.142
type of contract
Owner identity 0.097 0.070 0.106 0.124
Competition 0.068 0.047 0.070 0.059
Number of Respondents 11 13 12 12
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Based on the results given in in Tabl&3} Table 420, Table 421 and Table £2, it was
found that the given importance to the weights &dberall firm related-internal factors are
higher than the weights given to the overall projetated-external factors for each subgroup.
This result supports the idea that the firm relatetofs are more influential on bidding
decisions than the project related factors regasddeany contractor classifications.

In Table 419, when all companies are included in the analysisragardless of the
contractor classification, it was seen that the need/@ok key factor has the highest weight
value, while the project duration and project sizg feetors have the lowest weights.

Similarly, for the general contractors and subcontradieee Table 20), the need for work key
factor maintains its’ highest importance and the project duration and project size key factors have
the lowest weights. The owner identity key factos tize second highest weight for the general
contractors. For the subcontractors, it was foundttreatontract conditions and type of contract
key factor has the second highest weight and compealyato the general contractors, the owner
identity key factor does not have an important placehe subcontractors.

As can be seen in Table?4, the subgroups under contractor sector classificakionot
show a pattern for the higher weights given to thefeejors. However, again the project
duration and project size key factors have the lowesghts for all contractor sectors. It could
be seen from the Level 2-A firm related internal anddl-B project related external factors
hierarchies, most of the higher weights are aggregatddr firm related internal factors and the
lower ones are formed under project related extercébifa hierarchies. Only Residential-
Commercial-Industrial Construction, Commercial-Indus@anstruction, Commercial-

Industrial-Heavy Construction and Residential-Commaéiadustrial-Heavy Construction
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sectors make an exception by putting higher impogaacthe contract conditions and type of
contract and owner identity key factors.

In the contractor size classification (see Takhk2y} most of the contractors under
different classification groups put more importancéhmneed for work key factor. The large
size construction companies put the highest impogao thecontract conditions and type of
contract key factor, which is also an important decisinaking criteria for medium-large size
construction companies. It could also be seen twavailability of equipment, materials and
human resources key factor is a very important ketpfado make bidding decisions for small
size construction companies. In a similar manner thiehcontractor type and contractor sector
groups, the lowest importance weights belong tgtiogect duration and project size key factors.
4.7 The Validation Process of the Bid/No Bid Decision-Makig Tool

As was mentioned in Chapter 3, section 3.5, & giloup, which includes five
construction companies was selected for the validgiwpose of the decision-making tool.
Those five companies were contacted for the secamaldnd provided with the hypothetical
case studies and bid/no bid decision-making tool.

Out of five, only two companies submitted their fibalding decisions for the first step
of the validation process, which asked the participants’ bidding decisions on the four-
hypothetical case study conditions without using d@cision-making tools.

In the second step of the validation process, theseompanies were provided with the
bid/no bid decision-making tool and were askedive their final decisions, again baken the
four-hypothetical case study conditions, but tmsetiusing the bid/no bid decision-making tool
itself. One company, who did provide the weight&®key factors by using the pairwise

comparison tool in Phase 11- Step 1 (see sectiona®@ the final decisions for the hypothetical
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case study comparisons (without using any decisiakimg tools or statistical approaches) in
Phase I, Step 2 (see section 3.5), found the w#id@rocess very complicated, and did not
complete the final step of the validation procedsich asked to make a bidding decision using
bid/no bid decision-making tool. Therefore, this gamy was excluded from the validation of
the decision-making tool process. As a result, @nlg company provided adequate information
that could be used towards the validation procesasidering the fact that, one participant may
be insufficient to validate a tool in a research giahother company outside of the pilot group,
was requested to participate in the validation pgec&herefore, two different companies are
included in the validation of the bid/no bid deoisimaking tool and the results for each
company are provided below. In order to maintaincithrafidentiality of the personal identifiers,
the results are provided by using aliases as Coyngaand Company Y.
4.7.1 The Results for Company X
4.7.1.1 Phasell, Step-1: Estimated Weights of the Key Factors Using Pairwise Comparison
Tool

The given weights to the key factors are colleetét the pairwise comparison tool and

estimated in accordance with the AHP methodolodpe @stimated weights based on the

preferences of Company X are given in Tabi&34.
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Table 423 Estimated Weights of the Key Factors Using Pairwise Congpison Tool Based
on the Preferences of Company X

Estimated

Key Factors Weights
Overall Firm Related-Internal Factors 0.875
Overall Project Related-External Factors 0.125
Lev_el 2-A Firm Related Internal Factors Consistency 18.02%
Ratio
Current workload 0.071
Experience in similar projects 0.181
Availability of equipment, materials and human 0.118
resources
Financial ability 0.118
Need for work 0.114
Technical knowhow 0.190
Compliance with the business plan 0.082
LeveI_Z-B PrOJec_t Related External Factors 8.02%
Consistency Ratio
Project size 0.004
Project duration 0.003
Location of the project 0.026
Project type 0.031
Contract conditions and type of contract 0.038
Owner identity 0.014
Competition 0.010

Based on the results given in Tabl23} experience in similar projects and technical
knowhow key factors have the highest weights, wpitgect size and project duration have the
lowest weights in the key factors list. As can bersfrom the overall weights given to the firm
related-internal and project related-external factoixyuld be concluded that Company X put
more value on to the firm related-internal factorsitttee project related-internal factors. The
consistency ratio of the firm related-internal fastexceeded the 0.1 reference value, while the
consistency ratio for project related-external factersained under the acceptable limit. The
estimated weights of the key factors is implemeimndtie bid/no bid decision-making tool in

order to rank four hypothetical case studies and thatsesill be explained in section 4.7.1.3.
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4.7.1.2 Phasell-Sep 2: Comparison of the Hypothetical Case Studies without Using Any
Decision-Making Tools

In the Hypothetical Case Studies document (see App@&)dthe participants were
asked to give their final bidding decision by ramkthe four provided hypothetical case studies
by considering the project and firm-related condisioln addition, they were also asked to
comment for each case study whether they would birebbbid on. For the confidentiality
purposes, the participants’ willingness to give permission to share the comments in this study
were asked and Company X agreed to share his/her enotanThe comments of Company X for
each case study are given in Tabl@4lbelow.

Table 424 The Comments of Company X on the Hypothetical Case Stieb

Company X | would bid on this project | would bid not on this
Responses because project because
Hypothetical Case | Workload, Contract, Client, Competition
Study 1 Resources, Experience,

Business Plan
Hypothetical Case | Competition, Resources Client, Experiece
Study 2

Hypothetical Case | Client, Resources, Experienci Competition, Contract
Study 3
Hypothetical Case | Competition, Workload, Duration ties up resources to
Study 4 Business Plan, Experience | long, Difficult Client, Little
technical Knowledge,
Contract, Resources

It can be seen from Table24.that the current workload, contract conditions ane typ
contract, availability of equipment, materials ananlam resources, experience in similar
projects, compliance with the business plan, cortipetiowner identity key factors are
important factors for Company X for bidding on a praj&milarly, the owner identity,
competition, experience in similar projects, cont@otditions and type of contract, project

duration, technical knowhow and availability of gguient, materials and human resources key
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factors also have important places for Company X tocato bid on a project. On the contrary,

the project type, project size, location of the propnd financial ability key factors were not

mentioned in the notes. Even though the Likertesaplproach was implemented for the financial

ability key factor, it can be seen that this keydaevas not found as a reason by Contractor X to

bid or not to bid on a project. The final bidding dgan of the Company X is given in Table

4.25.

Table 425 The Final Bidding Decision of the Company without Using Any Decision-
Making Tools

The first choice
(Bidding decision)

The second choice
(Bidding decision)

The third choice
(Bidding decision)

The fourth choice
(Bidding decision)

Hypothetical Case
Study3

Hypothetical Case
Study?2

Hypothetical Case
Studyl

Hypothetical Case
Study4

4.7.1.3 Phasell-Sep 2: Comparison of the Hypothetical Case Studies Using Bid/No Bid

Decision-Making Tool

In Phase Il, Step 2, the pilot study participants veesteed to compare the case studies

under each key factor. For instance, considering thjegirsize conditions of the case studies,

the case studies were pair wisely compared with edtedr and this process was repeated for

each key factor. In order to complete the bid/nod&dision-making tool, Contractor X

completed 84 pairwise comparisons. The weights diwehe key factors were included from

Phase II-Step 1 of the study and provided a basihécase study selections (see Tal28)y4.

The given weights to the case studies are estini@teed on the preferences of Contractor X

using AHP methodology and presented in Talik6.4.
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Table 426 Estimated Weights of the Case Studies Using Bid/No Bid Dision-Making Tool Based on the Preferences of

Company X
_ Availability _ Contract
Case Experience of Need Compliance Location conditions
Study/ | Current in equipment, | Financial Technical with the Project Project Project Owner i,
i h p for . - - of the and type . - Competition
Key workload similar materials ability knowhow business size duration . type identity
. work project of
Factor projects and human plan contract
resources

Case 1 0.124 0.162 0.524 0.434 0.071 0.158 0.070 0.250 0.185 0.250 0.078 0.395 0.375 0.137
Case 2 0.094 0.062 0.151 0.291 0.192 0.502 0.160 0.250 0.172 0.250 0.078 0.368 0.125 0.306
Case 3 0.163 0.194 0.244 0.127 0.179 0.274 0.160 0.250 0.579 0.250 0.261 0.123 0.375 0.090
Case 4 0.619 0.581 0.081 0.148 0.559 0.065 0.609 0.250 0.064 0.250 0.583 0.114 0.125 0.467

To determine which the bidding priority for projects @ompany X, the estimated weights for key factors i(#isalts of the

pairwise comparison tool, see Tabl23).and case studies (the results of bid/no bid decisiaking tool, see Table26) were

multiplied and the results were summed for eack sagly following the AHP methodology. The resutes shown in Table 27.
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Table 427 Estimated Weights of the Key Factors under Each Case Sty Based on the Preferences of Company X

Availability

Case . of Compliance . Contr'act

Experience . . . Need ’ . . . Location . conditions
Study/ Current A equipment, Financial Technical with the Project Project Project Owner -

in similar h - for . ; - of the and type ) ) Competition Sum

Key workload . materials ability knowhow business size duration . type identity
projects work project of
factor and human plan
contract
resources

Case 1 0.009 0.029 0.062 0.051 0.008 0.030 0.006 0.001 0.001 0.006 0.002 0.015 0.005 0.001 0.227
Case 2 0.007 0.011 0.018 0.034 0.022 0.096 0.013 0.001 0.001 0.006 0.002 0.014 0.002 0.003 0.230
Case 3 0.012 0.035 0.029 0.015 0.020 0.052 0.013 0.001 0.002 0.006 0.008 0.005 0.005 0.001 0.204
Case 4 0.044 0.105 0.010 0.017 0.064 0.012 0.050 0.001 0.000 0.006 0.018 0.004 0.002 0.005 0.339

The bid/no bid decision-making tool results shola the project represented in Case Study 4 is tie suitable to bid on

based on the preferences of Contractor X and the ralgk & given by following:

Case 4>Case2>Case 1>Case 3

When we compare Phase II, Step 1 and Step 2 reisuids be seen that Case 3 and Case 4 changed witteesach other,

while Case 2 and Case 1 remained in the same orderréddult might point out a failure of the decisiomkimg tool in providing

accurate results. One possible but unverifiable expianas that the Contractor X might get confused anddase 3 instead of Case

4 mistakenly.
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4.7.2 The Results of the Company Y

Different from Company X, a meeting was scheduled ®mpany Y and all study
phases (Phase II- Step 1 and Phase II-Step 2) werdemaon the same day. Before
completing the study documents, the researcher ghxiefeexplanation on how to complete the
tools, however did not interrupt the decision-malqingcess. Given the fact that the participants
are able to comprehend which case study is benlgficiad on in step 1, a different approach
was held in an attempt to prevent bias in step&gffore step 2 documents were provided before
completing step 1 documents.
4.7.2.1 Phasell, Sep-1: Estimated Weights of the Key Factors Using Pairwise Comparison

Tool

The given weights to the key factors are colleetét the pairwise comparison tool and
estimated in accordance with the AHP methodolodne &stimated weights based on the
preferences of Company Y are given in Tabi84.

Table 428 Estimated Weights of the Key Factors Using Pairwise Congpison Tool Based
on the Preferences of Company Y

Key Factors Estimated Weights
Overall Firm Related-Internal Factors 0.857
Overall Project Related-External Factors 0.143
LeveI_2-A Firm R_elated Internal Factors 28 79%
Consistency Ratio
Current workload 0.044
Experience in similar projects 0.054
Availability of equipment, materials and humar 0.187
resources
Financial ability 0.390
Need for work 0.083
Technical knowhow 0.079
Compliance with the business plan 0.021
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LeveI_2-B Prolec_t Related External Factors 42 95%
Consistency Ratio

Project size 0.006

Project duration 0.004

Location of the project 0.005

Project type 0.022

Contract conditions and type of contract 0.031

Owner identity 0.052

Competition 0.025

According to the results given in Tabl@8.the financial ability key factor has the
highest weight, while the project duration key fadtas the lowest importance based on the
estimated weights. The comparison of the weightsrgie the overall firm related-internal and
project related-external factors shows that firmteglanternal factors are more important than
the project relateexternal factors according to Company Y’s preferences. It is also important to
discuss that both Level 2A and Level 2B consistaatiyps exceed the AP’s recommended
10% value. However, considering the low participatiate for the validation process, the results
were included.
4.7.2.2 Phasell-Sep 2: Comparison of the Hypothetical Case Studies without Using Any

Decision-Making Tools or Statistical Approaches

As was mentioned before, the participants were reduw give their final bidding
decision by ranking the four hypothetical case studissidering project conditions. The final
bidding decision of the Contractor Y is given in T@8R9.

Table 429 The Final Bidding Decision of the Company Y without Usig any Decision-
Making Tools

The first choice
(Bidding decision)

The second choice
(Bidding decision)

The third choice
(Bidding decision)

The fourth choice
(Bidding decision)

Hypothetical Case
Study3

Hypothetical Case
Studyl

Hypothetical Case
Study2

Hypothetical Case
Study4

120




4.7.2.3 Phasell-Sep 2: Comparison of the Hypothetical Case Studies Using Bid/No Bid
Decision-Making Tool
The given weights to the case studies are estinteteeld on the preferences of

Contractor Y using AHP methodology and presented inlel'430.
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Table 430 Estimated Weights of the Case Studies Using Bid/No Bid Bision-Making Tool Based on the Preferences of

Company Y
Availability ‘ Contract
Case Experience .Of . ’ Need . Cor_npllance . . Location . conditions
Current AL equipment, | Financial Technical with the Project | Project Project Owner -
Study/Key in similar . i for . ; - of the and type | . A Competition

workload . materials ability knowhow business size duration . type identity

factors projects and human work lan project of
P contract
resources

Case 1 0.266 0.219 0.134 0.265 0.188 0.176 0.246 0.291 0.547 0.250 0.177 0.233 0.125 0.134
Case 2 0.095 0.280 0.189 0.119 0.135 0.288 0.125 0.115 0.259 0.250 0.108 0.441 0.125 0.598
Case 3 0.573 0.443 0.592 0.560 0.561 0.464 0.558 0.533 0.137 0.250 0.561 0.221 0.625 0.179
Case 4 0.067 0.057 0.085 0.056 0.116 0.073 0.071 0.061 0.058 0.250 0.153 0.104 0.125 0.089

To estimate which case study is beneficial for Corgparthe estimated weights of the key factors (#mutts of the pairwes
comparison tool, see Table28) and case studies (the results of bid/no bid detisiaking tool, see Table3D) were multiplied and

the results were summed for each case study. Thiksrase given in Table 31.

Table 431 Estimated Weights of the Key Factors under Each Case Sty Based on the Preferences of Company Y

Availability
Case Experience of Need Compliance Contract
Study/ Current -Xpere equipment, Financial Technical with the Project Project Location of Project conditions Owner .
in similar ) - for . B - . . . Competition Sum
Key workload roiects materials ability work knowhow business size duration the project type and type of | identity
factors proJ and human plan contract
resources
Case 1 0.012 0.012 0.025 0.103 0.016 0.014 0.005 0.002 0.002 0.001 0.004 0.007 0.006 0.003 0.211
Case 2 0.004 0.015 0.035 0.046 0.011 0.023 0.003 0.001 0.001 0.001 0.002 0.013 0.006 0.015 0.177
Case 3 0.025 0.024 0.111 0.218 0.046 0.036 0.011 0.003 0.000 0.001 0.012 0.007 0.032 0.004 0.533
Case 4 0.003 0.003 0.016 0.022 0.010 0.006 0.001 0.000 0.000 0.001 0.003 0.003 0.006 0.002 0.077
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The results of the analysis show that Case studyf&i most suitable to bid on based on
the preferences of Company Y and the case study @rdeven by following:
Case 3>Casel>Case 2>Case 4

The comparison of the section 4.7.2.2 and sectif2 8 results show the exact case
study order and it can be concluded that the biidalecision-making tool provides accurate
results for the Company Y’s preferences.

The overall purpose of the validation process i®$b the accuracy of the decision-
making tool, which provides precise results in differdeidding situations regardless of different
demographic backgrounds of decision-makirshis study, the validation of the decision-
making tool is analyzed based on two pjletticipants’ submittals. The results showed that
Company Y’s results validated the bid/no bid decision-making tool; while CompaXig results
failed in providing accurate results. Based on tisalts provided, it can be concluded that the
validation of the bid/no bid decision-making toohist accomplished because of a lack of extra
data poins. However, these mixed results point out the needuftiner research to validate the

tool by including more data points.
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Chapter 5. Discussion

5.1 Summary of the Research

In today’s competitive business environment, bidding decisions are vital for construction
companies to preserve their existence in the inguSiven the fact that a new project is the life-
blood of a company, the bidding decisions shouldhbée attentively, yet very strategically. To
date, more than 100 factors, which are influemtiabidding decisions, have been identified in
the literature. However, considering the complex stmeatd decision-making process and
human’s bounded rationality for comparing multiple factors at once, a simple and accurate
solution was deemed necessary.

In this research, a bid/no bid decision-making teareated as a tool for decision-makers
to select the most appropriate projects to bidnoidding situations. Analytic Hierarchy Process
is used as the methodology of the research and fotinecloasis of the framework. For the
purpose of this research the following steps are taken:

1. Aliterature review was conducted to determine tlstnsommonly identified and

utilized factors when making bid/no bid decisioAs.a result, a total of 14 key factors

were determined and grouped under two hierarchiesrag@lated and project-related

factors, those are:

Firm Related (Internal) Factors

e Current workload
e Experience in similar projects
e Availability of equipment, materials and human resesr

¢ Financial ability
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e Need for work
e Technical knowhow
e Compliance with the business plan
Project Related (External) Factors
e Project size
e Project duration
e Location of the project
e Project type
e Contract conditions and type of contract
e Owner identity
e Competition
2. Based on the participants’ preferences, the weights of importance given to the key factors
were evaluated by using the AHP methodology foheamstruction company. In
addition, the demographic information of the partioijgawas collected and used to sort
the construction companies based on:
e Contractor type
o General contractor
o Subcontractor
e Contractor sector
o Residential Construction
o Commercial Construction
o Industrial Construction

o Heavy/Highway Construction
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o Residential-Commercial Construction

o Residential-Commercial-Heavy Construction

o Residential-Commercial-Industrial Construction

o Commercial-Industrial Construction

o Commercial-Industrial-Heavy Construction

o Residential-Commercial-Industrial-Heavy Construction
e Contractor size

o Small Size Construction Company

o Small-Medium Size Construction Company

o Medium-Large Size Construction Company

o Large Size Construction Company

3. Based on the Group AHP methodology, the judgmentseparticipants were combined
under each contractor type, sector and size subgroups.

4. To validate bid/no bid decision-making tool, a pigpoup, which consists of five
construction companies, was selected. In the fiegt sf the validation process, the
respondents were asked to make their bidding desisiased on the four hypothetical
case study conditions without using any decisiokingatools or statistical approaches.
In the next step, the decision-making tool was preditb the participants and they were
asked to make a decision with using the tool. Coueetly, the results of the two
approaches were compared and the accuracy of theatemaking tool was reported.

5.2 Concluding Remarks
A practical bid/no bid decision-making tool was depeld to assist decision-makers to

decide which project(s) to bid on given a few candigaojects. The validation of the bid/no bid
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decisionmaking tool was performed based on two participants’ responses and the tool provided
accurate results for one of the evaluations. Becalisesufficient response rate to the validation
process, it cannot be concluded that the bid/na@bdaision-making tool is validated, however
the participants’ results point out the need for further research.

One of the advantages of the bid/no bid decismaking tool is thait reflects decision-
makers’ subjective preferences and the results are unique for each individual. For thésoa and
due to its practicality, the decision-making tooh ¢ee completed by any individual without
requiring specific training-or example, in case of decision-making dilemmassdicision-
making tool enables decision-makers to run theitw#pendently; therefore, individuals can
compare their results with each other and make timail bidding decisions.

It was observed that the comparison of the hypothletase studies using bid/no bid
decision-making tool took less time than the congmariof the hypothetical case studies without
using any decision-making tools (based on observatibthe researcher). In this sense, the
bid/no bid decision-making tool is practical for caampg many factors simultaneously aihd
provides a list of factors to be compared to bid @nagect.

Theestimated weights of the key factors and the participants’ demographic information
were also analyzed concurrently in this study. OngrWaova Test, Kruskal Wallis (Non-
parametric alternative of -Way Anova), Two-Samplest;tand Wilcoxon Rank Sum (Non-
parametric alternative of Two-Sample t-test) testevparformed in order to test the hypothesis
of whether the given importance to the key factgrsdrious groups of contractors are
significantly different or not. The results showed ttiet compliance with the business plan and
location of the project factonsere found statistically significantly different for the “Contractor

Type” classification. On the contrary, none of the key factors was found statistically significantly
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different for the “Contractor Sector” groups. For the “Contractor Siz€’ classification, the
compliance with the business plan factor was fouatistically significantly different. In an
attempt to determinehich of the groups in the “Contractor Size” differ from each other; the
Bonferroni correction/adjustment multiple testing mrdere was employed. However, the
different groups were not captured by the adjustediphelitesting procedure because of the
conservativeness of the Bonferroni correction methed Ghapter 4 for a more detailed
explanation of the results of this research).

The Group AHP approach also allows construction congs to come with a combined
bidding judgment instead of using the tool indivatly. An important finding of this studig that
the contractors grouped under each construction fitagsns (i.e., Contractor Type, Contractor
Sector and Contractor Size) put more value on theatiiem related-internal factors than the
overall project related-external factors based orGeup AHP results. It is also found that
project duration and project size key factors haeddiwest weights for all contractor
classification groups.

A limitation of this study was the small responsi (n=49), however, in spite of the
small sample size, the results provided sufficiefdgrimation that statistically significant
differences exist in the weights of importance givethe bid/no bid decision-making key
factors based on the contractor type and contracterctassifications and point out the need for
further research. On the contrary, the results did rotigee enough evidence to support if there
is a significant difference on the valuation of tley Kactors based on the contractors’ sector.

Another limitation of the study was that the coteisy ratios of the respondents
exceeded the recommended value for AHP studies. Agaisidering the small response rate,

all of the evaluations, except fonecompany’s, were included in the analyses.
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This research contributes to the construction erging and management body of
knowledge by providing a practical decision-makiagltto assist decision-makers to select most
beneficial project(s) to bid. Additionally, thisugly introduces Group AHP approach to combine
importance weights of the construction professiondls have different demographic
background (e.g., sector, size, type). Lastly, thiessilly significant differences between
different groups of construction companies in how mivelue weight they put on a bid/no bid
decision factor are identified in this study.

5.3 Future Research

To expedite research process, the key factors wateerdined from the literature review;
therefore, investigation of the potential key fasttirat might affect bidding decisions is beyond
the scope of this project. However, to better reprietbe current condition of the ever-changing
construction industry, conducting a questionnairé ithzestigates new key factors or having
faceto-face interviews with construction professionalssisammended.

As was mentioned before, most of the consistencygsatxceeded the recommended
upper limit of 0.10 improved AHP results could beiagbd by encouraging participants to
review their selections while making their decisidagithermore, informative notification
systems could be added to the decision-makingttoewarn the user when the consistency ratio
exceeds the recommended limit.

Since, this study solely provided an overview feg tompanies in the U.S., additional
research is also recommended to include decisionmmakeéhe study who work for construction
companies in other countries. This attempt wouldrassessing how differently construction
companies in the world value the key factors thataremonly identified to make bid/no bid

decisions.
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Appendix A

Pairwise Comparison Tool

Theobjective of thistool is to collectinformation fromconstruction companies on their decision making practidtssrespecto bidding on projects
Thisinformation willenablethe CSU reseah teamto prioritizethe factorshatwere developed to answer to the questions of (i) whether to bid or
on a projectnd (i) which projects) to bid on given a fewandidate projectdhis tool will help us detemine howimportant one factor isompaed to
othas based on your company's feeences This survey isa pat of astructured techniqué\nalytic Hierarchy Process (AHP), which will be used tc
assign a quantitative valueg(j, a veight) to each factowe will, then, useheseweightsto develop the Bid/No Bid Decision Making tasith the
ultimate purpose of minimizing the risks bidding decisionsnd selecting thenostappropriate projectso bid on.

Instructions: Please perform paiise compaisons between the factaisown belowin columns Aand B by consideng your company's pferences
with respecto bidding on projectsTo seethe explanations of the factors pleaséereto theDefinitions of Factorsvorksheet. In making patise
compaisons, fist you need to identify which factor isore importantto consider than the other (in making a bid decision) and inditatteelection
in the"More Importantactor” column. Then, you need to daténe howmuch moreimportantthat factor is over the other oaed indicatethat
selection in théScale"column. Table-1 providemformation on thescaleto be used for thosempaisons There are 16 factors resulting in 43
pairwise compaisons. Itis estimated thatompleting thesurvey will takeapproximately 25 minutes. If you haeay questionsvith respecto this
survey, pleaseontactthe graduate resesh assistantDuygu Akalp (d.akalp@colostagelu).

Table-1 Pairwise Comparison Scale
Intensity of Definition Explanation
importance
. Two criteria contribute equally to the . . Y
1 Equal importaice objective Only input data in the red fields!
3 Moderate importaice Experience and judgment slightly favor onef
element over aothe
5 Strong Importance Experience and judgment strongly favor
oneelement over aothe
An actity is favorel very strongly over
7 Very strong importance anothe, its domnaneis denondrated in
ractice
Theevidence favoring onesctivity over
9 [Extreme importance anothe is of the highest possible order of
affirmation
More
Levels Factors Important Scale
Factor
A B AorB 1-9
Level 1 Firm Related-InternafFactors Project Related-fernal Factors
Current workload Experiencein similar projects
Current workload Availability of equipment, mateials
and human resources
| Current workload Finandal ability
[Current workload Need for work
| Current workload Technical knowhow
Current workload Conpliance with the busness plan
: [ . Availability of equipment, mateials
Experiencein similar projects and human resources PI h k d )
|Experiencein similar projects Fiandal ability ease chec your g
Experience in similar projects Need for work H r
Level 2-A  [Experiencein similar projects Tewical knowhow ensuri ng al I req mm
Firm Related [Experience in similar projects Cojpliance with the bushess plan "
Tabity of : cells ae completed
Internal :L/;alanhlrlg ;Jrigzl pment, materialsand Finandal abilty p
Factors | labiy of qu s and all the red cell§
Need for work
human resources _ t d t r n |
yof e Technical knowhow areturne 0 g een:
human resources
ilability of equi falsand ) ) .
human resources Compliance with the bushess plan
Finandal ability INeed for work
Finandal ability [Technical knovhow
Finandal ability Compliance with the bushess plan
Need for work Tebnical knowhow
Need for work Corpliance with the bushess plan
Technical knowhow Compliance with the bushess plan
Projectsize Project duratin
Projectsize Location of he project
Projectsize Project
. Contract conditionsand type of
Projectsize
contract
i Owner idenity
Conpetition
Project durabn Location of he project
Project duratin Proj
. . Contract conditionsand type of
Level 2ot Contac When you complete
rojec Project duratin Owner idenity -
Related  [Projectduratn Conpefiion please save your filg
External [Location of heproject Projectype
" . Contract conditionsand type of and send tO
Factors  [Location of heproject contract
L ocation of he project Ovwner identty d . ak8.| p @ COI OState .e
L ocation of he project Conpetition
. Contract conditionsand type of
Projecttype contract
Projecttype Owner idenity
Projecttype Compdition
[Contract conditionsand type of contract Owner idenity
[Contract conditionsand type of contract Conpetition
[Owner idenity Competition

135



Appendix B

Company Profile Questionnaire

Please respond in the red highlighted cells below. All responses will remain fully confidential and
will only be used for company classification purposes during the analysis of data.

No. Questions Insert or select value from here

1 |[Title or position of herepondent

2 |Years of experience of herepondent

3 |In wha year was your@mpany foundel?

Type of Contactor (primaily). Pleaseselect fromthe
drop-down menu.

5 |Numbe of enployees

Wha was your fim’s gross reenuein 20147Pleasespecify the amounts according to hie market
categgories bebw.

Total

6.1 [Residental Constuction (Homesand gatments)

Commecial Constuction (Office buiblings gores,

6.2 schools, libraries ec.)

Indugrial Constuction (Manufecturing plants,
6.3 [refineries, hgh-tech facilitieslike laboraoriesand
hosptals etc.)

Heary/Highway Constuction (Highways, dams
6.4 |wata/wastewaterreatment plants, raifoads, bridges,
tunnds, etc.)

Please continue to the "Pairwise Comparison Tool" worksheet!
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Appendix C

Bid/No Bid Decision Making Tool

beween the

the column# and B

below by conidering the given prajctcondtions.To review the @sestudy condtions peaserefer to the ‘Hypotheical
CaseStudies"word docunent. In meking parwise compaisons, first you need to conider the key fattor that you are
compaing the progctsunde (To seethe exphnations of the fators, peaserefer to the Definitions of Facbrs &b).
Next, you need to identfy which projecthas more atractive condtions to bid on than the othenebased on the key
factor and indeatetha selectbn in the More Attractive Rroject” column.Then, you ned to déermine how much mor
atractive tha projectis over the othe oneand indtatethat selecton in the 'Scale"column. Table-1 provides
information on the ealeto be usd for thos compaisons. There are 14 factors reulting in 84 parwise compaisons. It
is estimatel that compkting the survey il take approxmatey 30 minutes If you have any quations with respect to
this survey, pleasecontctthe gradute reseach assistat, DuyguAkalp (d.akdp@colostateedu).

Table-1 Pairwise Comparison Scale
Intensity of Definition nation i i '
N Equal _[Two aiteria contibute equally 10 the Only input data in the red fields!
importance |objective
B Moderate [Experience and judgirent slightly favor one
importance element over aother
S Experience and judgient strongly favor one
Importace lelement over mother
ey strong |1 3Gty iS favorl very strongly over
7 ¥ SO lonotha, its domnaneis denonrated i
importance
Extreme_|THe eVIdeNG avoring onectvity over
9 lanothe is of the highest possible order of
importance
Jafirmation
. More Attractive S
Project . Scale
Levels Project
A B AorB (1-9)
Case Case
Case ase
Current Case ase
workload Case Case
Case “ase
Case Case
ase ase
Case “ase
Experiencein [ Case ase
similar projects [ Case “ase
ase ase
ase ase
of | _Case Case
Case Case
materials and [—Case] { Case
Case Case
human Case Case
resources Case Case
Case Case
Case Case
Financial abil Case Case
AT Case Case
Case Case
Case Case
Case Case
Case “ase
Need for work —coc e
ase ase
ase ase
ase ase
Case Case
Casel | Case
Technical Case Case
Case Case
Case Case
Case Case
Case Case
C Case Case
. Case Case
with the Case Case
business plan Case Case
Case Case
ase ase
‘ase ase
Project size e e
ase ase
‘ase ase
ase ase
Case Case
Case Case
Project Case Case
duration Case Case
Case Case
Case Case
Location of the
project
ase ase
Case Case
. ase ase
Project type ase ase
‘ase ase
Case “ase
Case Case
Contract Case Case
" Case Case
and S, 5,
Case Cased
type of contract [ Cage Case
Case Case
Case Case
Case Case
Owner identity [—<2¢1 | Case
Y [ Case Case
Case Case
Case Case
Case ase
Case Case
c ase ase
ase ase
“ase “ase
ase ase
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Appendix D
Hypothetical Case Studies

In this second and the last phase of our study, weédnie you to give your bidding decision
(i) whether to bid on a project or not and (ii) whiclojpct(s) to bid based on the information
given in the four-hypothetical case studies hetdypothetical case studies were created by
considering the key factors that affect bid/no bid decisions and are defined in the “Definitions of
Factors” document (please refer to the excel file).

Hypothetical Case Study 1

A four-story, 52,000 SF commercial office buildingMae built 60 miles away from your
headquarters in a suburban area, within the anteglparoject duration of 15 months. The
building will be fully fitted out with interior finishs. This project was requested by the
client/owner XYZ; and you have been somewhat diskatl with this client in your previous
projects. Based on your market research, you have figurethat it is difficult to get this
project by looking at the status of the potential competitors. Your company’s current workload is
moderately suitable to bid on this project; and youmpany thinks that getting this project is
slightly important for the continuity of employmenttbe workforce in your company.

You also notice that your company’s financial status is highly suitable to bid on this project; and
the contract conditions are very easy to modify aexilile. You also assess that your company
has all of the equipment, materials and human ressuequired by this project. The project
slightly fits your company’s business plan and you have moderate experience with thisoype
projects. The project requires special technicalmmw; and your company has some of that
technical knowhow to be able to execute this pttojec

I would bid on this project because:

I would not bid on this project because:

Hypothetical Case Study 2

A two-story, 50,000 SF commercial athletics centdrlve built 65 miles away from your
headquarters in a suburban area, within the antezigaroject duration of 16 months. The
building will be fully fitted out with interior finisks. This project was requested by the
client/owner ABC; and you have been mostly dissatisivith this client in your previous
projects. Based on your market research, you have @gurethat your company can easily get
this project by looking at the status of the patdrntompetitors. Youcompany’s current
workload is slightly suitable to bid on this projeghd your company thinks that getting this
project is moderately important for the continuityemiployment of the workforce in your
company.

You also notice that your company’s financial status is moderately suitable to bid on this project;
and that the contract conditions are easy to modidyfexible. You also assess that your
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company has some of the equipment, materials andhuesources required by this project.
The project moderately fits your company’s business plan and you have low experience with this
type of projects. The project requires for special nezdi knowhow; and your company has all
of that technical knowhow to be able to executs finoject.

I would bid on this project because:

I would not bid on this project because:

Hypothetical Case Study 3

A single-level, 65,000 SF commercial big box stark be built 55 miles away from your
headquarters in a suburban area, within the antegigaroject duration of 12 months. The
building will be fully fitted out with interior finishs. This project was requested by the
client/owner PQR; and you have been somewhat satisitbdhis client in your previous
projects. Based on your market research, you have figurethat it is very difficult to get this
project by looking at the status of the potentiahpetitors. Yourcompany’s current workload is
very suitable to bid on this project; and your comptmyks that getting this project is
somewhat important for the continuity of employmeirth@ workforce in your company.

You also notice that your company’s financial status is slightly suitable to bid on this project. On
the other hand, the contract conditions are difficuiiodify and not flexible. You also assess
that your company has most of the equipment, mddeaiad human resources required by this
project. The project somewhat fits your company’s business plan and you have moderate
experience with this type of projects. The projectnex for special technical knowhow; and
your company has most of that technical knowhow talile to execute this project.

I would bid on this project because:

| would not bid on this project because:

Hypothetical Case Study 4

A three-story, 60,000 SF commercial real estate ethigilding will be built 75 miles away from
your headquarters in a suburban area, within theipated project duration of 18 months. The
building will be fully fitted out with interior finisks. This project was requested by the
client/owner MNO; and you have been completely disBad with this client in your previous
projects. Based on your market research, you have @gurethat your company can very easily
get this project by looking at the status of theeptial competitors. Youcompany’s current
workload is extremely suitable to bid on this prgjectd your company thinks that getting this
project is highly important for the continuity of empiognt of the workforce in your company.
You also notice that your company’s financial status is somewhat suitable to bid on this project.
On the other hand, the contract conditions are vigfigudt to modify and not flexible. You also
assess that your company has only a few of the egqunipmmaterials and human resources
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required by this project. The project highly fits your company’s compliance with the business

plan even though you have extreme experience wighype of projects. The project requires for
special technical knowhow; and your company hatla bf that technical knowhow to be able
to execute this project.

I would bid on this project because:

I would not bid on this project because:

Final Decision

Please rank the projects in order to bid. (Please put aumber 1 to 4 in the determined area
below by X).

The first choice
(Bidding decision)

The second choice
(Bidding decision)

The third choice
(Bidding decision)

The fourth choice
(Bidding decision)

Hypothetical Case
StudyX

Hypothetical Case
StudyX

Hypothetical Case
StudyX

Hypothetical Case
StudyX

Please share your ideas on the key factors that &ffdding decisions that could be considered
to improve Bid/No Bid Decision-Making Tool.

To indicate your willingness to give permission to sha your comments as a part of the
final report, please check the box below:

Yes

No
*Please note that your personal identifiers willdept as confidential and will not be shared with
third parties and other companies. When we repertta, it will be published anonymously.
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