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Abstract

ABSTRACT

THESIS TITLE: Reducing the Bias in Contractor 
Prequalification Using Data Envelopment 
Analysis

DEGREE: Master of Applied Science
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AUTHOR: Joseph Ramani

DEPARTMENT: Department of Civil Engineering

UNIVERSITY: University of Toronto

Data Envelopment Analysis (DEA) is a linear program m ing tool that can 

handle multiple inputs and outputs in a non-parametric fashion. DEA provides 

an unbiased analysis of Decision Making Units (DMUs). It can provide a more 

sophisticated alternative to prequalification systems as well as eliminate any 

subjectivity from the decision-maker. A three-stage model, employing an 

output-oriented variable retums-to-scale DEA model, is proposed and compared 

against an established model. The three stages involve receiving a letter of 

required bonding, followed by the DEA analysis, and ending by reducing the 

am ount of prequalified contractors to a predeterm ined am ount, referred to as 

shortlisting. The DEA model produced average efficiencies between 70 and 85 

percent for the seven contracts evaluated. Many of the top and bottom  

contractors received similar rankings in each of the two models. DEA should be 

a welcomed addition to the construction industry.
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Introduction

1.0 INTRODUCTION

This introductory chapter will present an outline of this thesis report. 

Along with presenting an outline, it will serve as an  introduction to many of the 

major issues that will be covered in this report. General principles will be 

discussed here as well as reasons for the undertaking of such a topic and w hy 

there may be such an interest in a new system for contractor prequalification. 

The main objectives as well as corresponding solution methodologies are also 

presented. Finally, the end of the chapter will provide a breakdown for the 

organization for the remainder of this report.

l
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Introduction 2

1.1 Background

The construction industry today is the largest industry in the United 

States of America (Carty, 1995). It is a highly competitive industry w ith a 

trem endous am ount of risk. Most aspects of life that involve a large am ount of 

risk and uncertainty are often accompanied by large rewards when carried out 

successfully. Such is not always the case in the construction industry. With 

profit to sales ratios in the range of 2 to 5 percent (Pilateris, 2000), the reward 

may sometimes not seem w orth the risk of entering the tendering process. 

However, it is this competitive nature of the construction industry that drives 

companies to tighten budgets, fast track schedules, and increase productivity. It 

is this competition that can be indirectly related to advances in the technological 

sector of the construction industry. Companies are forced to become innovative 

to remain in the market. Cheaper and more efficient solutions are constantly 

being sought to become the lowest bidder, while still making a profit.

The aw arding of contracts by an ow ner often goes to the lowest bidder, 

especially in publicly funded contracts. The bidding system has a set of rules 

that have been established over a num ber of years to maintain credibility and 

integrity. To be able to subm it a tender on a particular project, contractors often 

go through a prequalification stage. It is this prequalification stage that is the 

focus of this report.

The prequalification process selects contractors based on their 

qualifications and allows them  to move to the next stage of tender preparation

Reducing the Bias in Contractor Prequalification Using DEA Joseph Ramani
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and submission. However, this process is often carried out by one individual or 

a small like-minded group, which makes it very difficult to eliminate biases in 

the selection process. W hen a contract is being issued by an owner, the ow ner or 

their consultant will set out a bunch of guidelines as well as request certain 

materials that are deem ed necessarv to carrv out the oreaualification stage. After 

the closing date, the prequalification contracts will be assessed and the 

prequalified contractors will be notified to prepare a tender on the particular 

project.

Owners and project managers often employ different prequalification 

systems. Some systems are based on the contractor's historical track record with 

the particular owner or project manger, while others may be based on the special 

characteristics of the project involved. For instance one would not want a 

company bidding on a hydroelectric dam  if they have not built one before. Some 

projects are so enorm ous that few contractors would be able to handle them.

Contractor prequalification is one of the earliest stages of the tendering 

process and an aspect of the system that has always been under heavy scrutiny. 

Prequalification is a process that identifies the contractors that are believed 

incapable of completing the project on time, on budget, and according to 

specifications, and prevents them from subm itting a tender. It involves a wide 

range of criteria for which information supplied by the contractors is often 

qualitative, subjective, and imprecise. The process remains largely an art where

Reducing the Bias in Contractor Prequalification Using DEA Joseph Ramani
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subjective judgm ent, based on the individual's experience, becomes an essential 

part of the process (Russell and Skibniewski, 1988).

The prequalification system developed in this research will attem pt to 

eliminate the subjectivity from the process. This is made possible through a 

relativelv new  analvsis tool known as Data Envelopment Analvsis (DEA). DEA* «* i  * x ’

was created in 1978, and has been gaining popularity ever since. It has the ability 

to handle multiple inputs and m ultiple outputs, which makes it a very versatile 

tool and one that is gaining m om entum  especially in the Information Technology 

Sector. By entering in all the inputs and outputs into a given model, DEA will 

compute the efficiency of any given Decision Making Unit (DMU) using a 

complex ratio analysis. The DMUs, in our case the contractors, are compared to 

one another and the most efficient ones are used as a threshold. Inputting 

contractor data, based on real figures and experiences, into DEA will help in 

eliminating the subjectivity or the bias from the prequalification process.

All prequalification systems have the same basic steps. Figure 1.1 shows a 

flow chart of a typical prequalification process. The evaluation criteria will differ 

from one project manager to another, causing concern for m any contractors in 

the industry. Factors such as experience, track records, bondability issues, safety 

records, and staff available are often looked at in most prequalification systems. 

These factors are often placed in a weighted-score system to evaluate and 

compare the contractors.

Reducing the Bias in Contractor Prequalification Using DEA Joseph Ramani
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Figure 1.1: Flow Diagram of Contractor Prequalification Process (Russell and
Skibniewski, 1988).

Reducing the Bias in Contractor Prequalification Using DEA Joseph Ramani
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1.2 Research M otivations

The construction industry is one of the largest global industries as it 

makes up a significant fraction of the Gross National Product (GNP) in Canada 

(Gong, 1999). The area of owner-contractor prequalification has received a 

minimal am ount of attention by the industry in the past. This lack of attention 

has resulted because owners have neglected contractor prequalification, relying 

instead on the surety companies that bond contractors, to prequalifv contractors 

(Russell, 1994). The prequalification process was put in place in hopes that it 

w ould benefit the contractor as much as the owner. The owner will hopefully 

weed out the contractors that may be incapable of carrying out the contract 

properly, while on the other hand, contractors will not have to waste their time 

and money preparing a tender if they are not prequalified.

1.3 Objectives

The prim ary objective of this research is to develop a contractor 

prequalification model using DEA that may be used in the construction industry. 

The second objective is to introduce DEA to the construction research 

com m unity and to the construction industry. The third objective is to determ ine 

w hether DEA may also be used as a shortlisting tool to limit the num ber of 

contractors bidding on a contract.

Reducing the Bias in Contractor Prequalification Using DEA Joseph Ramani
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1.4 Solution Approach

The prequalification model system presented here is a three-stage 

approach, which involves 1) bonding, 2) DEA, and 3) shortlisting. Contractor 

prequalification data were obtained from seven contracts. The ranking of the 

DEA and the ow ner's weighted score were compared to determine how the two 

methods compare.

1.5 Thesis Contributions

The main contributions of this research are:

• This is the first study that uses Data Envelopment Analysis to evaluate the 

efficiency of contractors in the construction industry, in particular the 

prequalification stage of the tendering process.

• The developm ent of an autom ated prequalification model that will produce 

similar results to an established model.

• A three-stage model that can be used in any prequalification situation.

Reducing the Bias in Contractor Prequalification Using DEA Joseph Ramani
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1.6 Thesis Organization

The structure of this thesis will be presented in the following chapters as

described below:

• Chapter 2 is a review  of literature on the tendering process in the construction 

industry. In particular the prequalification system will be looked at and the 

benefits and disadvantages of such a system  will be examined. A discussion 

of prequalification versus postqualification will also be looked at from both 

an owner's perspective as well as a contractor's perspective. The chapter will 

also discuss the total cost of the tendering process and the importance of 

including a prequalification system.

• Chapter 3 will discuss several of the m odels that are currently described in 

the literature as well as other m odels that are currently in use in the 

construction industry.

• Chapter 4 will present the background information on Data Envelopment 

Analysis (DEA). A technical discussion will be presented on the two major 

models employed in this report. All related terminology associated with 

DEA will also be presented.

• Chapter 5 will present the three-stage m odel proposed for prequalification, 

which will attem pt to eliminate any subjective judgment from the system as 

well as an established model which is currently being used in industry. The 

first stage of the new  model deals w ith  the ability of the contractor to obtain 

the proper am ount of bonding or not. The second stage will involve a DEA

Reducing the Bias in Contractor Prequalification Using DEA Joseph Ramani
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model that will rank the contractors based on productive efficiency scores. 

The third stage will discuss a concept known as "shortlisting", which 

involves selecting a predeterm ined num ber of contractors once again based 

on the top efficiency scores.

• ChaDter 6 Drovides a detailed analvsis of the results of both models Dresentedi i  « i

and will compare the two models. The measure of comparison will be the 

ranking systems from each model. Some statistical work will also be done on 

the DEA model presented in order to ensure a good correlation am ong the 

data presented.

• Chapter 7 provides conclusions for the report as well as offers 

recommendations for future work to be performed in the same field.

Reducing the Bias in Contractor Prequalification Using DEA Joseph Ramani
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ConteactorPrej^ialificado^

2.0 CONTRACTOR PREQUALIFICATION

This chapter provides a comprehensive overview of the prequalification 

phase of the tendering process in the construction industry. The chapter will 

discuss the pertinent issues along with the benefits and shortcomings associated 

with the prequalification stage. Competitive bidding is also discussed along 

with the advantages and disadvantages of aw arding any contract to the lowest 

bidder. A discussion on prequalification versus postqualification, surety 

bonding, and alternative financing is also presented. The chapter concludes w ith 

a discussion on prequalification criteria currently in use in the industry.
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2.1 Contractor Prequalification

Contractor Prequalification is a process used to determine a candidate's 

competence or ability to m eet the specific requirements for the performance of a 

task (Russell and Skibniewski, 1990). The process of contractor prequalification 

involves the analvsis of Quantitative and Qualitative data bv an individual or a
i  i  -

group of individuals. Due to the subjective and resource intensive nature of the 

process, the task is usually reserved for one individual in senior managem ent 

w ith many years of experience in the construction industry.

2.1.1 Publicly Funded Projects Versus Private Oivnership

The contract aw ard  procedures used on publicly and privately funded 

projects are often significantly different. Privately funded projects are governed 

by rules established by the owner and the consultant. The private owner 

generally has full discretion over the tendering process and may choose to adopt, 

modify, or waive the public bidding system. Public owners, on the other hand, 

m ust follow strict guidelines in the aw ard of contracts to avoid accusations of 

favouritism with public funds (Rankin et al., 1996). Large-scale privately funded 

projects more often than not will also employ some sort of prequalification 

process since in any given area there are not too m any contractors that will have 

the experience or the capacity to handle such a large project. Prequalification 

systems for governm ent funded projects may vary considerably from region to 

region or from project to project if they are used at all.
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Public projects involving expenditure of taxpayers' money require that the 

contractor obtain appropriate surety contract bonds. There are several types of 

bonds that m ay be required for a contractor to proceed on a project. Surety 

bonding functions as a risk-transt'er mechanism that protects labour and material 

suppliers on public and private projects in addition to the general public 

(Russell, 1994). It also protects the ow ner from liens. Public agencies need to be 

accountable for decisions that will affect the outcome of a project. Contract 

failure or a breach of a contract leading to litigation often brings to the forefront 

the importance of screening contractors from the beginning.

An inexperienced owner may make a rash decision and decide to skip the 

prequalification stage of the tendering process and simply select the low bidder 

in an attempt to cut the budget. However, such decisions may end up costing 

more if the low bidder proves to be incompetent and cannot or will not carry out 

the contract successfully. At the sam e token, it is not uncommon for quality and 

safety to be sacrificed by a contractor who suddenly realizes that their low bid 

will not make a profit. This situation will create tension between the contractor 

and the owner and will almost always lead to disputes or even litigation, which 

will prove m ore costly than having a qualified contractor. One advantage that a 

private owner m ay have over a public owner is that a private owner, even after 

prequalifying, does not necessarily have to select the lowest bidder.
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2.2.2 The Loivest Bid Aw ard System

In the Lowest Bid Award System, tenders are received from contractors 

and are analyzed by an owner or project manger to determ ine the contractor 

with the lowest bid. The Lowest Bid Award System is the cornerstone of the 

North American construction industry. It encourages competition among 

contractors so that they may be aw arded the contract and it indirectly drives 

technological changes in the industry. Contractors are always looking for more 

efficient ways to increase productivity or to somehow gain that edge over 

another contractor in order to reduce costs so that they may be awarded the 

contract.

This system is supposed to be advantageous to an ow ner but such is not 

always the case. There are also many negative impacts associated with the 

Lowest Bid Award System. Gong (Gong, 1999) lists seven major factors that 

should concern those associated with the system, especially the owners. The 

seven factors cited by Gong are described next. It should be noted that these 

circumstances do not always occur, but occur often enough to make many 

owners cautious.

2.1.2.1 Inadequate Assumptions

The Lowest Bid Award System is intended to drive competition in the 

construction industry and ultimately provide an owner with the best possible 

value available in the market. One of the downfalls to this norion is the
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assum ption that all contractors bidding will have the capacity, resources, and 

experience to see that the contract is carried out properly. Inexperienced 

contractors may win the bid and may even complete the job on time and on 

budget. However, the quality of work or materials may not always meet 

specifications. Sometimes portions of the work are overlooked to allow the 

contractor to meet the specified budget and still make a profit. Situations like 

this can lead to delays or costly litigation.

2.1.2.2 Too Many Bidders

A large number of bidders on any contract will undoubtedly drive the 

competition up amongst contractors, which should be beneficial to the owner. 

This will generally occur on smaller scale projects since there are more small to 

medium sized contractors than large contractors in any given area. The 

downside for the ow ner is that it may drive away some of the better contractors, 

since they may not w ant to waste time or the effort for such a competitive 

contract. Some contractors may subm it bids that are extremely high so they are 

not awarded the contract. This may be done as a polite gesture to the owner 

from the contractor to indicate to the owner that they are still interested in future 

work but may be currently overloaded. The consequence is that there may be 

only a few serious contractors left, some of who may be inexperienced or not 

qualified for the job. The contractor that will be aw arded the contract in such a 

scenario will probably stand to make a minimal profit m argin or no profit at all.
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Contractors m ay initiate many change orders in an attem pt to recover their 

profit. Contractors know that they have the owners at their mercy and that this 

is their opportunity  to make a profit since the owner is not going to kick them off 

the site and bring in a new contractor. A lot of contractors rely on these change 

orders for their profit.t

2.1.2.3 Too Fezo Bidders

The flip side to the problem of having too many bidders is having too few 

bidders. An ow ner will generally have a good estimate of the project cost, from a 

private consultant or its own team of architects and engineers. As a result of the 

absence of com petition, an owner may receive tenders that are significantly 

higher than expected.

2.1.2.4 Cost o f the Tendering Process

To maximize the likelihood of being aw arded a contract, it is not 

uncommon for contractors to bid on almost every contract that they can. Success 

rates of being aw arded a contract are often in the range of 10 percent or less. 

Contractors are seldom com pensated for their efforts during the tendering 

process. On large-scale design-build projects such as the SkyDome in Toronto, 

Ontario, the three losing contractors were given an honorarium  of about 

$750,000.00 for their efforts, which is still only a fraction of the cost of tendering. 

The cost of tendering is unavoidable; however one can realize the repercussions
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of consistently not being awarded a contract. The cost is often higher than the 

profit margins in the construction industry.

2.1.2.5 Legal Aspect

The legal aspects of the Lowest Bid Award System are more applicable to 

the open bidding process where any and all contractors are allowed to submit a 

bid. In some jurisdictions in North America, owners are legally bound to select 

the lowest bid. If they do not, there will be legal implications and consequences, 

unless there are specific clauses in the contract stating otherwise. In the case of 

Ron Engineering vs. the Ministry of the Environment, Ron Engineering was the 

lowest bidder. However they had m ade a $750,000.00 mistake in their bid price; 

they tried to revoke their tender. The case went all the way to the Supreme 

Court of Canada where it was ruled that they had forfeited their tender deposit 

once they w ithdrew  their bid. This re-emphasizes the concept that the lowest 

bidder may be a mistaken bidder and not always the m ost appropriate choice 

since their bids may sometimes be low due to oversights or omissions.

2.1.2.6 Contractor's Failure

The Lowest Bid Award System may sometimes bring about unrealistic 

estimates from contractors to win the contract. Contractors may overestimate the 

productivity of a particular activity, which may end up costing more in the end. 

Labour is the most risky aspect of construction. If overzealous estimators are
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consistently optimistic in their anticipated productivity rates then this may lead 

to cost overruns on a project and to eventual contractor failure due to 

bankruptcy- This can result in irreversible financial dam ages to an owner.

2.2.2.7 Unilateral Owner's [Decision

In the Lowest Award Bid System, the contract is aw arded to the contractor 

with the lowest bid and not necessarily the lowest responsible bid. The ow ner 

has not assessed the contractor's experience or reviewed references from 

previous projects. Prequalifying contractors w ould reduce or eliminate 

incompetent, underfinanced, and inexperienced contractors from consideration. 

On the contractor's side, it works as a form of external auditing and recognition 

of the contractor's ability (Bubshait and Al-Gobali, 1996).

2.12.8 Summary

The seven factors are all contributing factors to a recognition that 

implementation of some sort of screening process of the contractors is needed. 

This is w here a prequalification system can complement the Lowest Bid Award 

System in an  open bidding process. Competitive b idding will be looked at in the 

next section, followed by a discussion on the prequalification system. 

Advantages and disadvantages from an owner's perspective as well as a 

contractor's perspective are also considered.
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2.1.3 Com petitive Bidding

Competitive bidding is an approach widely used to obtain and select 

contractors for construction projects. It is a hallmark of the free-enterprise 

system. Through the competitive-bidding process, private and public owners 

attem pt to maximize competition to attain the best value for their money. 

Competitive bidding has been criticized for placing emphasis on award to the 

lowest bidder, which frequently generates disputes and litigation (Russell, 

1990b). Russell (Russell, 1990b) defined the term lowest responsible bidder to 

include both bid responsiveness and b idder responsibility. This definition or 

criteria for selecting a contractor on any given contract makes sense theoretically, 

however it may still cause problems since an element of subjectivity on behalf of 

the owner is being introduced. This may lead to a protest of the contract aw ard 

from either a contractor or a taxpayer.

2.1.3.1 Concerns 'with Competitive Bidding

Concerns and disputes often arise from the competitive bidding process 

w hether dealing with a public owner or a private owner. Russell (Russell, 1990b) 

grouped these concerns into six distinct categories, which are described below. 

All six categories can be summarized w ith the term lowest responsible bidder, 

which Russell also talked about.
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2.1.3.1.1 Rejection of Bidders

The ow ner can exercise the right to reject some or all bids for w hatever 

reason believed appropriate. The ow ner's justification for rejecting some or any 

of the bids will always be a topic of great debate, especially in areas where they 

are legally bound to accept the lowest bid.

2.1.3.1.2 Mistake in Contractor's Bid

Errors m ade by the contractor in the preparation of the bid submittal can 

lead to problems when awarding the contract. This was exactly the case that 

occurred in Ron Engineering vs. the Ministry of the Environment. An ow ner 

cannot legally accept a tender knowing that there is an error in it, as this is one of 

the main clauses that constitute a legally bound contract.

2.1.3.1.3 Responsive Bid

Disagreement as to whether the bid conforms to the requirements 

outlined in the solicitation is often a topic of lengthy debate. An ow ner can 

disqualify a tender if he or she feels that it is does not follow the specifications 

that were outlined in the owner's proposal. If the tender pu t forth by the 

contractor does not meet the scope nor the schedule that is outlined, an ow ner 

can choose to not accept the contract, even though it may be lowest bid.
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2.1.3.1.4 Responsible Bidder

There may be disagreement of whether the contractor has the resources 

and capability necessary to perform the required work. If a contractor has bid on 

a job that they may not be familiar with in terms of size or scope then an owner 

can reject the tender. For instance, if a contractor is the lowest b idder on a 20 

million-dollar project, but has never completed a project worth m ore than one 

million dollars, there is a higher probability that the contractor will have major 

problems on such a contract. Another scenario can arise if a contractor who 

specializes in excavation wins a contract involving the design and construction of 

a bridge. There will once again be a higher probability of failure or producing 

sub-standard work in such a case.

2.1.3.1.5 Protest of Contract Award

The contractor or taxpayer may object to the contract award process. This 

can occur if others feel that a contractor has been awarded a contract unjustly, 

maybe because they know the owner or the ow ner owes them a favour. This will 

create tension among the contractors who were not awarded the contract 

especially if it is felt that the contractor may be incapable of carrying out the 

contract properly.
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2.2 Existing Approaches

This section presents a comparison of prequalification against three other 

systems that have been used in the construction industry. Prequalification will 

be compared against postqualification as well as surety bonding and alternative 

financing.

2.2.1 Prequalification Versus Postqualification

Postqualification is an open bidding process w hereby the qualification of 

the bidders is evaluated after the submission of tenders. Any contractor can use 

the drawings and specifications to prepare and submit a tender. All tenders are 

reviewed and the lowest bid is evaluated to make sure it has been prepared 

correctly and responsibly. The owner m ust have confidence in the contractor 

that the project can be completed on time and on budget according to the 

specifications and scope of the project. If there is serious doubt, then the next 

lowest bid will be evaluated and the same procedure repeated until the owner or 

the project manger feels that they are satisfied with their selection. Russell 

(Russell, 1994) prepared a table com paring the two contractor evaluation 

methods. The com parison can be seen in Table 2.1.
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Table 2.1: Comparison Between Prequalification and Postqualification
(Russell, 1994).

Criteria Prequalification Postqualification

Timing of Analysis Early Late
Time Available for Analysis More Less
Impact on Field Construction Starting Date T

L . U V V Higii
Potential Impact on Contractor Reputation Positive Negative
Impact on Competition Positive Possibly Negative
Disqualification Complicated by Knowledge of 
Who is the Low Bidder No Yes

Depth of Analysis Extensive Extensive
Amount of Owner's Effort and Required Resources Large Small
Burden of Proof (Data Collection) Owner Contractor
Efficient use of Contractor's Resources Yes No

Efficient use o f Owner's Resources Yes May or May not

Early timing of analysis means that prequalification is typically performed 

three weeks to three months before bids are submitted. Late timing means 

analysis is perform ed after contractor bids have been subm itted. More time 

available means one week to several months. Less time available means several 

hours to several days. Low impact on the starting date of construction means that 

the evaluation of all bidders must be performed before the invitation to bid is 

issued. High impact on the starting date of construction m eans that a potential 

delay from evaluating each low bidder's qualification can occur, particularly 

when the low bidder is not qualified. Negative impact on a contractor's 

reputation means it can possibly lead to embarrassment if the low bidder is 

disqualified. A positive impact on competition means if all contractors are qualified 

to perform  the w ork  associated w ith the project, then more qualified contractors
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are likely to participate in the bidding process. A negative impact on competition 

means that qualified contractors m ight not participate if unqualified bidders are 

involved in the bidding process. A yes in the "Disqualification complicated by 

knowledge of who is the low bidder" column m eans the question of 

responsibility may be decided in a more favourable m anner w ith ample time for 

consideration and investigation of contractor claims. Depth of analysis depends 

upon construction type, project complexity, expertise of owner's staff, and 

resources available. A Large am ount of effort and required resources from the 

owner refer to high costs including a prequalification engineer, maintenance of 

prequalification records, processing of information, issuing of prequalification 

certificates (for public owners), and office-storage space. Efficient use of 

contractor’s resources means that unqualified contractors are spared the costs of 

preparing a bid that may have ultimately been rejected. Inefficient use of 

contractor’s resources means that disqualified contractors have expended valuable 

resources in preparing their bids. Efftcient use of owner's resources means that 

resources expended early in the contract awarding process can contribute to 

successful construction execution by minimizing potential disputes and 

disagreements. May or may not be means that the ability of the project owner to 

ensure that the contractor has the qualification to perform  the work is 

diminished (Russell, 1994).

In a postqualification system, contractors invest a lot of time and money in 

preparing a tender. If there are tw enty contractors b idding on the same project,
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then the likelihood of being aw arded the contract decreases dramatically based 

on probability since each would have a 5 percent chance of obtaining the 

contract. A prequalification system would reduce the overall cost of the 

tendering process as well as adm it only qualified contractors to submit a bid. 

Although postqualification is often done, it is very difficult to turn down the 

lowest bid and accept a higher price because of performance doubts.

2.2.2 Prequalification Versus Surety Bonding

Surety bonds are different from insurance coverage. Surety companies do 

not expect to pay out against bonds. The bonding company simply acts as a 

guarantor that the project will be completed. The owner is acquiring protection 

from the bonding company in the event that the contractor cannot live up to the 

contract. If this occurs and the surety completes the contractual obligations 

using their ow n funds then the bonding company will expect the contractor to 

pay the money back. In essence, it is like an insurance scheme since when a 

contractor defaults to the owner, they usually default to the bonding company as 

well. Gong (Gong, 1999) identified eight different types of bonds, which are 

presented below.

2.2.2.1 Bid Bond

Bid Bond guarantees the good faith of the Principal (contractor) when 

bidding on a tender or contract for a specific job. If the contractor is awarded a

Reducing the Bias in Contractor Prequalification Using DEA Joseph Ramani

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



www.manaraa.com

Contractor Prequalification 25

project, the bid bond states that the contractor will enter into a contract within 

the specified time frame. If the contractor refuses to do so, then the surety will 

pay the owner the difference between the contractor's low bid and the next 

lowest bid.

2.2.2.2 Consent of Surety or Agreement to Bond

Consent of Surety or Agreem ent to Bond is also used w hen a Principal is 

bidding on a tender or contract. It is used as a promise or agreem ent that if the 

Principal is aw arded the contract, the Surety will issue the required Bonds to the 

Obligee on behalf of the Principal within the time frame designated.

2.22.3 Performance Bond

Performance Bond guarantees the actual performance of the contract to 

the Principal, in accordance with its specified terms, conditions and specification 

for the price as stated by the principal. Often this will include a maintenance 

period after substantial completion of the job.

2.22.4 Labour and Material Payment Bond

Labour and  M aterial Paym ent Bond guarantees claimants as defined in 

the bond w ording, are paid for both labour and materials used on the contract if 

the Principal defaults. The claimants nam ed are usually subcontractors and 

suppliers.
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2.22.5 Supply Bond

Supply Bond guarantees the supply of m aterials or services as named in 

the contract by the Principal to the Obligee. As stated, this Bond is for supply 

only, which differs from the Performance bond.

2.2.2.6 Maintenance Bond

M aintenance Bond guarantees m aintenance of a contract for faulty 

w orkm anship and defective materials after final acceptance of the performance 

of the contract between the Principal and the Obligee. The time frame is noted 

w ithin the format of the Bond.

2.2.2.7 Release of Lien Bond

Release of Lien Bond is a financial guarantee, which is executed on behalf 

of the Principal and filed in the Provincial Court to guarantee that the funds are 

available to the claimants if the court deems the lien valid.

2.2.2.5 Release of Holdback Bond

Release of H oldback Bond is a financial guarantee in the am ount of the 

holdback as specified in the contract by the Obligee. It protects the Obligee 

against lien claimants after the early release of holdback to the Principal.
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Bonding companies rely more on quantitative financial analysis as 

opposed to prequalification, which relies on an individual's judgm ent and 

experience in the construction industry- An experienced decision maker is often 

more valuable than a bunch of numbers from a surety company. Surety 

companies do their research on the industry and on individual contractors, 

which is why owners often feel that this can take the place of a good 

prequalification system.

2.2.3 Prequalification Versus A lternative Financing

Alternative financing is defined as the substitution of cash, certificates of 

deposits, letters of credit, governm ent securities or personal suretyship for 

corporate surety bonds (Gong, 1999). This approach is not as popular nor as 

common as surety or postqualification. Instead of receiving a third party 

guarantee of the financial stability of the contractor, the contractor is achieving 

the same thing on their own. By putting money up front or providing credit 

from a financial institution, the contractor is showing they can support the 

contract.

2.3 Benefits and Shortcomings to the Prequalification Process

The main benefit to the prequalification process is to ensure that the 

contractors that bid are qualified and have the capacity to do the work. An 

additional benefit is the reduction of the number of contractors that are allowed
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to submit a tender. The aim of the prequalification system is to eliminate all 

unqualified contractors as well as those that may be perceived as not capable of 

performing the task on time, budget, and scope. However, a prequalification 

system requires time to develop and research, which incurs an extra cost. Most 

prequalification systems, if not all, have a high degree of subjectivity, which 

brings about controversy and creates tension in the industry. The most common 

prequalification system is usually created using some form of a weighted factor 

system, which introduces subjectivity when trying to decide the weights and the 

scores. Contractors not accepted during the prequalification stage will save 

themselves the cost and time of preparing a tender. Russell (Russell, 1994) 

presented a list of benefits and shortcomings to the prequalification process from 

both the owner's perspective as well as the contractors'. These issues are 

presented in the next section.

2.3.1 Benefits from  an Owner's Perspective

Prequalification provides an opportunity to screen contractors that do not 

have sufficient qualifications or experience to execute the contract to the 

satisfaction of the owner. Quality is a huge issue in the construction industry, 

and usually ow ners or project m angers will have some sort of quality assurance 

program present in the project. There is a difference between a contractor being 

able to complete a project and being able to complete the project to an industry 

standard.
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An owner is able to identify contractors who are willing to submit a bid or 

proposal. The screening process of the prequalification system will also help to 

minimize the probability of large delays or contractor failure in the project. 

Another benefit of obtaining only the eligible bidders is that now the owner's 

team will have fewer tenders to evaluate, which can save a lot of time and 

money, allowing the field construction of the project to begin sooner than 

otherwise might occur. Any savings in the tendering process can be 

advantageous to the owner in the end.

2.3.2 Shortcomings from  an Owner's Perspective

The cost of developing, implementing, and evaluating objective contractor 

prequalification criteria and evaluating contractors is an added expense to the 

tendering process. It may be worthwhile to note that, w ithout the 

implementation of a contractor prequalification system, a contract may end up 

costing an owner much more in claims and litigation if an unqualified contractor 

is selected. The difficulty is of developing quantifiable criteria, applicable for a 

given project circumstance that allows accurate, sound, and consistent decisions 

to be made. Many systems have been developed over the years, differing from 

area to area and project to project.

W hen the num ber of bidders are reduced and competition is restricted, a 

higher project m ark-up can be the consequence. As a result the owner m ay incur 

a higher project cost. There is a perception (albeit not proven) that there is an
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inverse relationship between the num ber of contractors bidding on a job and the 

m ark-up that contractors will charge for the project.

2.3.3 Benefits from  the Contractor's Perspective

Contractors are assured that projects will maintain a realistic relationship 

to sound engineering and construction practices as well as economic conditions, 

when an ow ner undertakes prequalification. This will help prevent unqualified 

contractors from introducing uncertainty into the bidding process. Bidders will 

be spared the expense of preparing the estimate or proposal and the 

em barrassm ent of disqualification in postqualification. Such a situation can give 

a contractor a bad name or reputation in the industry.

A contractor may not be prequalified if the owner or project m anger feels 

that they are incapable of carrying out the project due to capacity reasons. This 

protects the contractor from being aw arded contracts that may be too large for 

them to handle. The qualified contractors that are left will also benefit because 

there will be fewer contractors bidding on the same project, thus reducing the 

am ount of competition.

2.3.4 Shortcomings from  the Contractor's Perspective

The biggest shortcoming of the prequalification system m ay not be the 

theory behind it, but rather the implementation of the system. The element of

Reducing the Bias in Contractor Prequalification Using DEA Joseph Ramani

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



www.manaraa.com

Contractor Prequalification 31

subjectivity has always been a cause for concern as some contractors may feel 

that the potential of introducing biases into the bidding process is too high.

Some companies feel that they have an added expense in trying to 

im prove public relations as well as the companies' image to gain subjective 

points in the prequalification process and secure themselves a spot in the bidding 

process. Unfortunately this is the reality of the prequalification process or any 

system that has a hum an element of decision making involved.

2.4 Prequalification Criteria

Prequalification criteria vary from model to model and are usually owner 

specific in every project. However, the most im portant criteria appear in most 

models in some form. One of the most im portant steps of the prequalification 

process is the actual data  collection technique. Russell (Russell, 1994) illustrated 

a normalized distribution of owner-contractor prequalification data collection 

techniques, which is show n in Figure 2.1. Contractor questionnaires tend to 

dom inate the data collection techniques as the preferred approach. It is also 

probably one of the easiest to conduct. The reviewer must assume that all the 

information is correct. This can be overcome by the request for references, which 

also seems to be standard  practice.
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Data Collection Techniques
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Figure 2.1: Normalized Distribution of Owner-Contractor Prequalification 
Data Collection Techniques (Russell, 1994).

Russell (1994) also broke dow n the major factors that were contained 

within the questionnaires since it was the most popular approach. He came up 

with six major factors, which also incorporate many other minor factors. A 

normalized distribution of factors which owners collect data can be seen in 

Figure 2.2. Contractor stability and  experience seem to be the two most 

prominent factors that owners are concerned about.
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Figure 2.2: Normalized Distribution of Factors Which Owners Collect Data
(Russell, 1994).

Russell broke dow n these factors into several more specific requirements. 

Gong (1999) also presented and discussed ten similar prequalification criteria in a 

heuristic manner. Holt et al. (1994) presented 5 major categories, which were 

further subdivided to produce a total of 21 specific categories. Holt's divisions 

will be used here to present the criteria that are often used in a prequalification 

questionnaire. A prequalification questionnaire called CCDC 11 from the 

Canadian Construction Document Committee (CCDC 1996) is shown in 

Appendix A.
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2.4.1 Contractor's Organization

Elements of the contractor's organization will often show the stability of 

any reputable company. This category has been broken down into six specific 

characteristics, which are discussed next.

2.4.1.1 Size o f Organization

There is usually a correlation between the size of a contracting 

organization and its resource capability (Holt et al., 1994). Size is an im portant 

parameter that should be looked at by owners, since it is important to determine 

whether or not a company has the resources or the capacity to complete the 

project to the specifications of the owner. Factors such as maximum financial 

capability as well as a company's average annual value of construction are 

measures of the size of a company. Num ber of employees is also an im portant 

factor, which will be looked at separately.

2.4.1.2 Age of Organization

Age used to be a major indication of a company's success. It was felt that 

if a company has survived a great num ber of years that they will have dealt with 

economic booms as well as recessions. Age was also associated with experience 

and a contractor’s knowledge in the industry. Such is not the case in the industry 

any more. In today's industry, it is not uncommon for companies, such as 

Canadian Highw ays International Corporation in Southern Ontario, to be set up
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for specific projects. However, the employees, especially the principals, 

themselves may have tremendous experience in the industry. It is still im portant 

for a company to have tested the current company for a m inimum period. Three 

years is a respectable yardstick that is often used.

2.4.2.3 Image of Organization

It is im portant to spend money on public relations to increase their 

company's image. Image is a subjective area, which is w hy companies will go 

great measures to ensure a healthy company image. Memberships in local and 

national associations will often aid in enhancing a company's image. It is a 

general fact that local owners will have an idea of who m ay be capable of doing 

the job correctly based on the image, reputation, and word of m outh in the 

industry.

2.4.1.4 Quality Control Policy

Implementation of a quality control policy is voluntary in many areas. A 

company that has adopted a quality control policy will more than likely gain 

favourable points w ith an owner. This exhibits that a company is genuinely 

interested in achieving consistent, industry standard quality. A com pany with 

such a policy has invested the time and m oney to produce and implement such a 

document. This can give a company a slight edge over o ther competitors.
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2.4.1.5 Health and Safety

Companies w ith poor safety and health records are often frowned upon in 

the industry. No one would like to deal w ith a company that is renowned for 

causing bodily injury as well as not providing a safe environment for their 

employees to work in and carry out every day activities. In Ontario, an ow ner 

can be charged under the Ontario Health and Safety Act if a construction worker 

is killed on their site. Therefore it is prudent for an ow ner to be concerned about 

this issue.

2.4.1.6 Litigation Tendency

A corporate tendency for litigation is difficult to assess, since it is not 

always known if the contractor is the defendant or the plaintiff. It is also difficult 

to actually assess the truth in all claims and disputes. Perhaps a contractor 

worked for an ow ner who placed a lot of claims, it should not be held against 

them. In general, if there are a lot of claims submitted by a contractor and it is a 

repeated occurrence, it may say something about the contractor. Some 

contractors rely solely on claims and change orders to make a profit on a project, 

which may not be favourable w ith an owner. Cost overruns are often associated 

w ith litigation tendencies as well.
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2.4.2 Financial Considerations

There are three specific points that may be associated w ith financial 

considerations. In general, financial stability of a com pany is imperative to the 

success of a company. A company's ability to pay its bills on time, as well as a 

company's reputation with their financial institution are iust some of the things 

that m ust be considered when evaluating any company.

2A.2.1 Ratio Analysis

Assets to liabilities and o ther financial ratios are factors that are 

considered in this section. Interest cover is the am ount of interest a company has 

to pay on its long and short-term loans as a ratio of its pretax profits. A ratio of 

less than 2.0 for interest cover is a danger sign (Holt et al., 1994). This is not a 

very popular criterion in Canada bu t is implemented in Great Britain. An 

analysis of assets and liabilities w ould probably be a quick look approach to 

analyze a company's financial situation.

2A.2.2 Bank Reference

A contractor's relationship in a financial institution is im portant for them 

to establish credit and capacity, which is essential in the construction industry. 

Three years w ith a financial institution is often used as a guideline in terms of 

developing a respectable reputation. A contractor who is constantly switching 

banks or surety companies is probably not gaining the confidence of such

Reducing the Bias in Contractor Prequalification Using DEA Joseph Ramani

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



www.manaraa.com

Contractor Prequalification 38

institutions. Banks will have detailed financial standings of a contractor and can 

provide a reference at any time for a contractor.

2.4.2.3 Supplier and Manufacturer References

Three years can be used a measuring stick in terms of a contractor's 

history with the suppliers and manufacturers. The suppliers are the people that 

provide all the necessary material for the construction industry. Unsettled 

accounts and outstanding balances would not be looked on as favourable from 

an owner's perspective. A good relationship with the suppliers can prove to be a 

necessity. O utstanding balances can delay the delivery of building m aterial to 

future projects until accounts from past projects are closed, which can cause 

delay in the project.

2.4.3 M anagement Resource

The efficiency of management to assess a situation and make quick 

educated decisions can help a company thrive. Four key elements are looked at 

in this section. M anagement procedures as well as experience and the ability to 

communicate with others are all favourable attributes to have.

2.4.3.1 Qualification of Company Owners

Smaller companies will often have owners involved in the management 

and operation of the company. Larger companies will tend to have shareholders
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as owners who will not have an interest in day to day operations. Owners who 

are involved in the day to day operations of the company have a vested interest 

in the success in the company and will probably spend a lot more time and 

energy insuring the company's success.

2.4.32 Qualification of Kexj Personnel

Site management is viewed as being crucial to a successful project 

outcome, particularly the profitability of the contract (Holt et al., 1994). 

Technical expertise is important in management for the success of a company. 

Knowledge can be acquired through a formal institution or knowledge can be 

em bedded through experience. Either method can produce similar results. It is 

im portant for management to understand the specifications of the job as well as 

procedures that can optimize labour activities.

2.4.3.3 Key Personnel: Years ivith Company

Experience is the single most im portant attribute a company can have 

based on its most important employees. Employees who stay many years w ith 

the same company are a benefit to a company compared to someone with the 

same am ount of experience but spread out over a num ber of companies. The 

former will understand the company's structure and organization as well as 

procedures a lot better than a new employee of the company will. Experience is 

not something that becomes more valued as it increases. O lder employees may
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not be as flexible in changing com pany policies and younger employees may just 

not have enough exposure to be considered self-sufficient. Somewhere in the 

m iddle of these two extremes is generally regarded as most desirable.

2.4.3.4 Formal Training ReflateO  O

It is important for m anagem ent to adopt a formal training regime to pass 

on to employees. It is im portant to keep everyone in the company working 

together so that operations will run smoother in the field as well as at 

m anagem ent levels. It can be a great benefit to mangers to encourage field and 

office m anagers to take courses and seminars to keep management tools and 

techniques current with the rest of the industry.

2.4.4 Past Experience

Past experience can determ ine whether a contractor will be qualified to 

bid or not. Most contractors will rank similarly in prequalification systems with 

the exception of past experience and size. Types of projects are all factors to be 

considered here. There are three key points that are discussed in this section to 

illustrate this notion.

2.4.4.2 Type of Projects Completed

Similar projects w ith respect to nature, scope, and size, are integral parts 

of the prequalification criteria that can determ ine whether a contractor is
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qualified for this project. Some contractors have a specialty in the field of 

construction such as excavation, foundations, industrial buildings, or high-rise 

buildings. Some contractors will only use a specified contractual method as 

construction such as design build, which may not be desirable for the particular 

owner on that project.

2.4.4.2 Size of Projects Completed

This particular category can be associated with the capacity of a contractor 

to be able to handle the size of the project. It may also mean a contractor's ability 

to handle the smaller scale projects and not just the larger ones to fit the needs of 

the project being looked at. It demonstrates a contractor's experience and ability 

to allocate and spread its resources in an effective manner.

2.4.4.3 National or Local Experience

A contractor should be familiar with the local by-laws as well as any 

national legislation that may affect the specifications of a project. Some owners 

may also w ant a particular contractor to em ploy local labour as part of the 

contract. A contractor who is not familiar with area trades may find it difficult to 

deal w ith local issues. Contractors who are flexible and willing to adapt will 

prove to be a great asset to the owner.
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2.4.5 Past Performance

Past performance is also another indication of a contractor's capability. 

References from previous jobs can prove to be the single most important 

param eter in this category. There are four specific points that will be looked at 

here to evaluate this criterion.

2.4.5.1 Failure to have Completed a Contract

Contracts can end prem aturely w ithout default by either party. This is 

known as frustration in legal terms (Marston, 1996) and can occur if a contractor 

was building an extension on a school and the school burned dow n for some 

unforeseen reason. This is not anyone's fault. Ideally it would be important to 

know that a contractor has fulfilled all of his or her obligations in completing the 

contract as specified and agreed upon. Frequent incomplete contracts by a 

contractor would not be looked on favourably by an owner.

Z.4.5.2 Schedule Overruns

Sometimes factors such as w eather or unforeseen ground conditions can 

cause schedule overruns, which are not the fault of the contractor. A contractor 

can provide all the information on schedule overruns and the person conducting 

the prequalification can evaluate the reasons for their validity and circumstances.
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2A.5.3 Cost Overruns

Cost overruns can often be associated with schedule overruns, since it can 

be said that time is money in the construction industry. Once again, reasons for 

cost overruns should be provided and evaluated by an experienced individual in 

the industrv. No contractor is in business to lose money, so it can be safe to 

assume that a contractor who is consistently losing money on contracts may be 

doing something wrong in the office or the field.

2A.5A Quality of Work

Quality of work can be determ ined from references from owners provided 

by the contractor. Generally speaking, if a previous client is satisfied with the 

work that they received from the contractor, he or she will probably be willing to 

provide a good reference. Inspecting completed projects can also show actual 

quality achieved. This is a cumbersome process, and most prequalification 

systems will probably rely on references.

2.5 Summary

All the criteria just described in Section 2.4 came from a prequalification 

system developed by Holt et al. (1994). The prequalification system can be seen 

in Appendix B of this report. This system was used to present the different 

criteria, which may be in the prequalification system. As stated earlier, most 

systems will involve some version of these criteria. The only other major issue
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that may be missing from these criteria for a North American system would be 

the issue of bonding. The surety industry is highly regarded in North America, 

as some owners will simply use this criterion as a sole means of prequalifying 

contractors. Chapter Three will present a num ber of prequalification models. 

These models have been found in the literature and may or may not have been 

implemented in industry.
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3.0 CONTRACTOR PREQUALIFICATION MODELS

This chapter presents a review of contractor prequalification models 

found in the literature a n d /o r  in industrial practice. The m odels ranged from 

weighted systems to neural networks. Benefits as well as shortcomings of the 

models are discussed. The last two m odels will provide a prelude to DEA since 

they are m ore concerned with efficiency.

45
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3.1 Dimensional Weighting Procedure - Qualifier-1

Russell and Skibniewski (1990) developed a model, which incorporates a 

dimensional weighting procedure. The model parameters are based on the factor 

analysis results, which were obtained from a questionnaire. Two terms are 

essential in the model: composite decision factor (CDF1 and decision factor (DF1.
L '  '

A CDF represents a single underlying construct made of interrelated DF. A DF 

can be defined as a criterion that could be used to evaluate candidate contractors. 

The linear prequalification model is formalized by Equation 3.1:

.=1
I k K )
;=l

(3.1)

where ARk is the aggregate weighted rating of candidate contractor k; 

n is the number of composite decision factors (CDF);

W, is the weight of the CDF i, described on a scale from 0.0 to 1.0 for i = 1,

2,3, to n;

nit is the number of DF describing the CDF i;

Wij is the weight of the decision factor (DF) j, describing the CDF i on a 

scale from 0.0 - 1.0, w here the summ ation of zu„ = 1.0 for j  = 1, 2, 3, to nu  

and for / = 1 ,2 ,..., n;

and Rjk is the rating of the DF j  describing the CDF i on a scale from 1.0 -

10.0 (1.0 is unsatisfactory, 10.0 is excellent) for candidate contractor k.
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The weights of the CDFs for public owners and private ow ners or 

construction mangers are shown in Tables 3.1 and 3.2. They were determ ined 

from the data obtained from the questionnaires.

Table 3.1: Weights of CDFs for Public Owners (Russell, 1990).

Weights of CDFs for Public Owners

CDF Name CDF Index Weight (Wi)
Financial Capability 1 0.21
Performance 2 0.16
Type of Contractor 3 0.16
Third-Party Evaluation 4 0.15
Capacity for Assuming New Projects 5 0.14
Percentage of Work Performed 6 0.13
Location 7 0.05

Table 3.2: Weights of CDFs for Private Owners (Russell, 1990).

Weights of CDFs for Private Oil 

CDF Name

mers /  Construction 

CDF Index

Managers 

Weight (Wi)
Financial and Experience 1 0.14
Failed Performance 2 0.13
Performance 3 0.13
Capacity for Assuming New Projects 4 0.12
Management 5 0.11
Bonding 6 0.11
Location 7 0.09
Resources 8 0.09
Safety 9 0.08
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The higher the rating the contractor obtains, the higher the chance of 

qualifying for the bidding process. The weights were developed using linear 

program m ing, and represent an average. It is the intentions of the authors that 

the program  will reduce the effort required to perform this analysis and the 

subjectivity involved in the decision making process.

Russell and Skibniewski state a few shortcomings of this model. First, the 

model is dependent upon the user's ability to process the contractor data. 

Second, a low score in one section can be offset with a high score in another 

section. Third, the Qualifier - 1 model suffers from an inability to adequately 

represent the risk profile of the decision maker and the uncertainty associated 

with the data collected on candidate contractors (Russell and Skibniewski, 1990). 

Finally, the model has combined criteria with dissimilar units of m easure, which 

is not favourable since it is a difficult task for the individual perform ing the 

analysis. Due to these shortcomings in this prelim inary research, the authors 

im proved the model to compensate for these drawbacks.

3.2 H ierarchical D im ensional W eighting of Decision Factors - Q ualifier-2

Qualifier-2 attem pts to answer the shortcomings of Qualifier-1 (Russell et 

al., 1990b). The program  consists of three prim ary decision points:

1. In itial prequalification decision - an evaluation of the candidate's 

references, reputation, and failed contract history.
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2. Second prequalification System - comparison of the candidate's 

ability to perform relative to the subject project requirements.

3. Decision based on the CDF for financial stability  - to evaluate the 

financial condition and longevity of the candidate contractor (Russell, 

1990b).

The model is based on decisions that are formulated in a linear fashion, 

each one dependent on the other, hence the term decision hierarchy. Contractors 

must meet the decision criteria to proceed to the next step of the model. Another 

im portant change in this model is the ability of the owner or the project manager 

to assign the weights of the CDFs and DFs. These can change from project to 

project and will be a reflection of the importance on criteria for that project.

Like Qulaifier-1, Qualifier-2 also calculates an aggregate score for the 

contractors and ranks the contractors based on this score. The major 

improvement on  Qualifier-1 was the addition of a knowledge-based expert 

system, which has made this system a success after trials were run in industry.

A stochastic decision model has also been developed by randomizing the 

variable AR, instead of making it a fixed num ber (Russell et al., 1990a). A normal 

distribution is then used to describe the AR.
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3.3 Fuzzy Set Prequalification Model

Even with the success of Qualifier-1 and Qualifier-2, there is still the 

element of not being able to include uncertainties. Fuzzy set theory was applied 

to address such uncertainty and enhance the contractor evaluation process (Elton 

et al., 1994). Prequalification systems often involve two types of uncertainty. 

The first may be seen in the form of descriptive references or qualitative criteria 

from contractors. The second can be seen as the uncertainty of the data provided 

by the contractor. For instance, a contractor who had a cost overrun on a 

previous project may have a different reason for this than the one that may be 

presented by the owner of that particular project. There is also a degree of 

uncertainty associated w ith the decision-makers involved in such a system. The 

use of fuzzy sets seems like a logical choice for contractor prequalification 

systems since they can handle ambiguous qualitative information, which 

dominates the prequalification process.

The fuzzy num ber ~7 (read as "about T )  can be said to be an average of a 

range of numbers. It can be called the most likely num ber in the range or the 

num ber that a majority of people would assign to the issue.

A bounded bell-shaped function, referred to as a rc-curve, was used in 

Elton et al.'s (1994) analysis since it was felt that this best represented the 

industry. This was combined with Monte Carlo Simulation to establish the 

prequalification model. The weights were all given relative values as 

dem onstrated earlier, while assuring that their total came to unity. The fuzzy set
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was established and the procedure was repeated many times through Monte 

Carlo Simulation. A utility model for comparing fuzzy numbers was developed 

by Juang et al. (1987) and was therefore used in this prequalification process. 

Equation 3.2 represents the model:

CPRI = + (3.2)

where CPRI is a non-fuzzy utility, entitled the Contractor Prequalification 

Ranking Index, A l is the area bounded by the universe and to the left of the 

membership function of the resulting fuzzy set and A r is the area bounded by 

the universe to the right of the membership function. The results produce CPRI 

that range from 0 to 1, where a higher score indicates an increased desire to 

prequalify the contractor.

In theory, fuzzy logic makes tremendous sense and w ould seem to be the 

logical choice for any prequalification system. It resembles the hum an decision 

making process since it includes a certain degree of uncertainty and distributes 

the weights accordingly. It provides a consistent methodology, which aids the 

prequalification process. The major drawback to this model is the num ber of 

parameters as well as a mathematical background needed to run the analysis. It 

may be too technical for some and as a result has not gained w idespread 

acceptance in the industry.
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3.4 C luster Analysis

The principal task of cluster analysis is to reduce an original set of data 

into a series of smaller classes. By analyzing these sub-sets, one can establish 

contractor sets with sim ilar attributes. The best sub-set established will then be 

given an invitation to tender (Holt, 1996). The method considers contractor 

attribute scores for the entire original set and uses an algorithm to group them. 

The ou tpu t of the analysis is a tree diagram (a dendogram ), this being a graphical 

"structure" showing contractors that are similar to each other in the hierarchical 

tree as distinct branches. Hence one is able to detect the distinct clusters 

(branches) being sought and  interpret them. The most straightforward way of 

establishing degree of difference (distance) between contractors is to compute 

Euclidean distances via Equation 3.3:

where D;, is the distance betw een two points i and j; x,* is the value of the kth 

variable for the /th  entity, and p is the num ber of variables (attributes) considered 

(Holt, 1996). Cluster Analysis can handle a large num ber of data points and 

groups similar sub-sets together, which seems like a good idea for a 

prequalification system. This graphical approach will allow for an easy 

interpretation of the results.
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3.5 Hypertext Decision Support Prequalification Model

AbouRizk and Chehayeb (1995) developed this model primarily to help 

decision makers in the weight assigning process for the different criteria. Using 

m ultiattribute decision making method (MADM) decision-makers will find it 

easier to compare two factors with respect to each other in terms of importancel i  i

rather than give an importance weight to a larger num ber of factors. This will 

eliminate biases and present a more structured approach for determining the 

relative weights of im portance (AbouRizk and Chehayeb, 1995). All the previous 

models discussed in this section as well as many others involve the decision 

maker to assign the weight values to the different criteria used in the process. 

This model allows one to assign weights based on the adjacent factor.

The comparison of criteria is achieved in a square matrix n x n. Factor / 

would be compared to factor j, its adjacent factor, and subsequently a value is 

assigned that reflects the importance of one to the other. After developing the 

matrix, the weight of each factor is com puted against all the other factors in the 

system using eigenvectors. The aggregate weight of a contractor is developed 

from the initial n x n matrix and the importance of the individual factors in the 

whole system. The total score of an interested contractor is calculated as a 

percentage of all the possible factors. This allows for easy comparison of one 

contractor to another.

Computer software was also developed to ease the calculations involved 

in this process. The software can convert existing text into hypertext, therefore
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making it user friendly. The software also has the ability to store, retrieve, 

analyze, as well as categorize all the prequalification contracts from a database.

This system also provides a structured system to prequalification and 

does indeed reduce the amount of bias present in the system; however, there is 

still a certain degree of bias that can be associated with the weight assignments 

when com paring one factor to another.

3.6 Contractor Prequalification Process (CPP)

Contractor Prequalification Process (CPP) is a user-friendly personal 

computer program  that was created by Gong (1999) at the University of Toronto. 

It is a three-stage model that applies the hierarchical framework discussed in 

Qualifier-2 and uses fuzzy logic as its basis for its mathematical calculations. 

This program  makes it easy to enter information as well as store it in a database 

to use for future reference. One shortcoming of the program is the use of an 

external equation solver to calculate eigenvectors and eigenvalues. The software 

will otherwise perform all necessary steps needed after the information is 

inputted. The software was tested with a large degree of success against a 

manual m ethod of prequalifying contractors.
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3.7 Neural Network Prequalification Model

H anna et al. (1997) created a neural network prequalification model and 

prototype software. Neural networks are systems that have a learning ability, 

which is w hy they are often termed artificial intelligence. They can learn from 

historical data and will hone their knowledge with the input of more data, a 

process referred to as training or learning.

The biggest disadvantage to neural networks is that a large historical 

database is required. Due to the reluctance of many contractors to give up data, 

it is often difficult to obtain enough quality data to train a system. If the data 

were stored in a database from particular projects and then used again in the 

future, there may be a larger degree of success for this type of model.

3.8 Ratio Analysis

Simple ratios have historically been used to perform efficiency 

measurements, especially when com paring identical inputs and outputs to one 

another. It is easy to say that one machine producing 30 units an hour is half as 

efficient as a machine that is producing 60 units an hour; however, other 

relevant factors are overlooked such as capital costs and maintenance costs. If 

the efficiency were measured as units produced per dollar of maintenance of 

capital investment, the other machine m ay appear more efficient, but again other 

im portant factors such as time will be left out of the analysis. The obvious 

solution to this problem is to amass m any ratios for the problem. However, this
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will result in some machines proving more efficient than other machines 

depending on different ratios and scenarios. This am biguity makes ratio analysis 

ineffective in efficiency evaluations (Sexton, 1986).

Another problem that may not be accounted for in the ratio analysis is the 

fact that comparing costs from different geographical areas is very unfair and 

will skew  the analysis. This shortcoming, unlike the previous one, can be 

com pensated for by making certain adjustments such as including multipliers or 

weights.

3.9 Multiple Regression

Multiple regression analysis to model the output level of a particular 

problem as a function of various inputs addresses the shortcoming of ratio 

analyses by allowing several input variables to be included in the model. Such 

an analysis produces an estimated relationship that can be used to compute the 

predicted output level of a particular unit, given its input levels (Sexton, 1986). 

Any data that lies above the relationship that has been established will be 

deem ed relatively efficient, since it is producing m ore output than the model 

predicts given the particular set of inputs. Following the same logic it can be 

said that any data below the established relationship will be deem ed relatively 

inefficient since it is producing less output than the input levels lead us to 

believe. In this analysis, the efficiency of a problem  can easily be tied to the 

residuals of a particular dilemma (Sexton, 1986).
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As w ith ratio analysis, m ultiple regression analysis has its problems. 

Although there are multiple inputs, the analysis can only handle one output. 

This drawback is a major reason for the creation of DEA, since it can handle 

multiple outputs and inputs. A nother major issue w ith multiple regression 

analysis is that it measures efficiency relative to average performance rather than 

the best performance. Hence it provides little direct information concerning the 

magnitude of efficiency gains that are possible at various production units within 

the sample. Thirdly, and finally, regression analysis requires the parametric 

specification of a production function, that is, an equation detailing how inputs 

are combined to produce outputs. Due to the specification of this technique, an 

important source of error is introduced into the analysis, which weakens the 

model. As a result, multiple regression analysis is often inadequate for the 

analysis of efficiency (Sexton, 1986).

Due to the shortcomings of the previous m entioned tools for analyzing 

efficiency, researchers developed a new  tool known as DEA to handle the 

problem.
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3.10 Summary

This chapter presented a look at nine models found in literature concerning 

prequalification. Most of the models are trying to achieve the same goal in 

providing an unbiased system to the industry.

There are common elements in all models, such as the evaluation criteria 

and need for accurate data as well as the need to establish weights for the 

different criteria being used. The idea of such systems is to reduce the bias that is 

present, as well as to minimize the amount of subjectivity that can be injected 

into a system from a decision-maker.

The next chapter will introduce the basic concepts associated w ith Data 

Envelopment Analysis (DEA) and will provide some background information on 

how the concept has been developed.
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4.0 BACKGROUND ON  DATA ENVELOPMENT ANALYSIS (DEA)

This chapter will cover the basic concepts of Data Envelopment Analysis 

(DEA). A brief history of DEA will be presented, followed by a description of the 

overall concept of DEA. More detail will then be explored, as a few existing 

models will be presented along with a technical discussion on each one. Input- 

oriented and output-oriented models will be explained along w ith the different 

possible types of envelopm ent surfaces that are currently being used. 

Translation of data is also briefly discussed.

59
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4.1 W hat DEA Is

DEA stands for Data Envelopment Analysis. It is a non-parametric linear 

program m ing tool or technique, w hich creates virtual weights to calculate the 

efficiency of a particular process or operation to convert inputs to outputs. DEA 

optimizes on each observation w ith the objective of calculating a discrete 

piecewise frontier determined by the data. In a param etric analysis, the single 

optimized regression equation is assum ed to apply to each data point (Chames 

et al., 1994).

DEA does not introduce any bias into the system, which is the prim ary 

focus of this study. DEA has not yet been applied in the construction industry to 

the knowledge of the author; however, it is being investigated for this purpose 

at the University of Toronto. It is felt that with proper modeling and testing that 

DEA prequalification can become an industry standard. DEA relies heavily on 

the accuracy of its data, which seems like a simple concept. However, it is often 

difficult to collect all the data from contractors. This is a simple issue that could 

cause a problem in any prequalification system. Since DEA is a complex ratio 

analysis, dividing by zero is not an option, which makes it difficult to enter 

values for contractors whose inform ation is not complete. If the criteria were 

subjective, then the individual can make assessments of the contractor based on 

his or her prior experiences with the contractor. The idea behind DEA would 

require a thorough job by contractors in preparing their documents as well as the 

omission of those that are not willing to provide all the data needed for the
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analysis. DEA may not be the answer to all the problems associated with 

prequalification but it may be a step in the right direction to eliminating 

subjectivity in the process. The absence of such a system in the construction 

industry provides an ideal research opportunity to explore the possibilities of 

eliminating subjectivity as well as introducing the construction world to a 

wonderful data analysis tool known as Data Envelopment Analysis.

4.2 H istory of DEA

A paper written by Farrell (Farrell, 1957) has often been credited with 

laying the foundation for DEA. Farrell established a model that was able to 

measure the technical efficiency of a single inpu t/ou tpu t. Although a significant 

breakthrough in terms of m easuring technical efficiency, the m odel was not 

w ithout limitations. Most situations in life that require analysis or some sort of 

comparison between data involve more than one input and output. In order to 

handle this shortcoming, Cham es, Cooper, and Rhodes (Chames et al., 1978) 

generalized Farrell's model to allow it to handle the analysis of multiple inputs 

and outputs. The model was named the CCR model after the initials of its 

authors and quickly became known as the first model developed and the first 

paper w ritten on the subject of DEA.

One of the major advantages of DEA is that it focuses on the individual 

observations as represented by the "n" optimizations (one for each observation) 

required in DEA analysis. This is in contrast to the focus on the averages and
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estimation of parameters that are associated with single-optimization statistical 

approaches (Chames et al., 1994).

Since the inception of the CCR model, many models have followed and 

m any articles have been written. Such rapid growth and w idespread (and 

almost immediate) acceptance of the m ethodology of DEA is testimony to its 

strength and applicability (Seiford and Thrall, 1990). Since the CCR, the most 

significant model established has been the BCC model (Banker et al., 1984), 

nam ed after its authors Banker, Chames, and Cooper. This model was 

developed in 1984 and it introduces a new separate variable which makes it 

possible to determine w hether operations were conducted in regions of 

increasing, constant or decreasing returns to scale (in multiple input and 

m ultiple output situations).

Along with the BCC model there have been two other notable models that 

have been established. They are the Additive Models and the Multiplicative 

Models. The CCR and BCC models will be discussed in detail while the Additive 

and Multiplicative models will be mentioned briefly. An explanation of all 

technical and relevant terms involving DEA will also be presented.
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4.3 Term inology and Acronyms in DEA

There are many acronyms and related terminology encountered in the 

study of DEA that need to be clearly defined. The aim of this section is to relieve 

the reader of any ambiguity that may exist w ith  any terms mentioned.

DMU. A DMU is a decision-making unit. This is the unit variable that is being 

analyzed. The inputs and outputs of each unit are determined to create a 

working model. In this report, the contractors will become the DMU's. Many 

tenders will be looked at but the DMU will always be the contractors that are 

bidding on the job. The inputs and outputs will come from the contractors and 

these will be used to set up the necessary models.

Efficiency. The efficiency of a production unit is a comparison between observed 

and optim al values of its ou tpu t and input. The comparison can take the form of 

the ratio of observed to maximum potential ou tput obtainable from the given 

input, o r the ratio of m inim um  potential to observed input required to produce 

the given output, or some combination of the two (Lovell, 1993).

Productivity. The productivity of a production unit is the ratio of its ou tpu t to its 

input. Productivity varies due to differences in production technology, 

differences in the efficiency of the production process, and differences in the 

environm ent in which production occurs (Lovell, 1993).
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Technical Efficiency. Technical efficiency can be defined as a contractor's ability to 

maximize their outputs from the given set of inputs or to use minimal inputs for 

an allotted amount of outputs. This, of course, can be generalized to any DMU, 

but for the purpose of this report, it will be defined in a contractor context. Weiss 

defines a firm (or DMU) as technically inefficient if it uses excessive inputs or 

produces too little outputs with the inputs used. Technical efficiency can further 

be decomposed into pure technical efficiency and scale efficiency. A firm is scale 

efficient if inputs and outputs are not allocated in proportion to the correct input 

and output ratios (Weiss, 1991).

Envelopment Surfaces. The initial task of DEA is to determ ine which of the set of 

DMUs, as represented by observed data, form an empirical production function 

or envelopment surface. Each of the various models for data envelopment 

analysis (DEA) seeks to determine which of the n decision-making units 

determ ine an envelopm ent surface. This envelopment surface is referred to as 

the empirical production function or the efficient frontier (Ali and  Seiford, 199).

4.4 DEA Theory and M ethodology

The concepts and models that will be presented throughout this section 

are taken from Cham es et al., 1994. This section will also present the guiding 

principles in each of the BCC and CCR models.
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4.4.1 Theoretical and Empirical Production Frontier

The production function determines the relationship between the 

consumption of resources (inputs) and the production of outputs w ithin a DMU. 

It forms a boundary for the maximum or ultimate production possibility set, also 

referred to as the production or theoretical frontier as shown in Figure 4.1 (Vela, 

2000). Assuming that this theoretical frontier is known or can be established, 

then it is possible to measure the efficiency of a production unit. More often than 

not, these theoretical relationships are not well defined or readily available and 

as a result observational data become heavily relied upon. These observational 

data can then be transformed into an empirical frontier or envelopm ent surface 

to estimate the efficiency of a DMU. Figure 4.1 illustrates this concept in the two 

dimensional case. DEA can handle more than two dimensions, but graphical 

representation becomes difficult.

Unfeasible
Production

Theoretical Frontier

Empirical Frontier

Outputs

Production 
ai Possibility Set

Inputs

Figure 4.1: Theoretical and Empirical Production Frontiers.
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One can define absolute efficiency as the distance from the production 

unit to the theoretical frontier show n in Figure 4.1 as ai/fai+ai+aa). Relative 

efficiency can be defined as the distance from the production unit to the 

empirical frontier as shown in Figure 4.1 as ai/fai+ai). Any production unit on 

the empirical frontier is considered 100 % relative efficient. In a multiple 

dimensional analysis DEA becomes a performance ratio of weighted outputs to 

weighted inputs. The idea of the empirical frontier ensures that all observed 

units will have an efficiency either equal to or less than one.

4.4.2 Components o f Efficiency Evaluation

Two essential components comprise efficiency evaluation in Data 

Envelopment Analysis. These components provide a framework for classifying 

the various DEA models with respect to (i) the form of envelopm ent surface, and 

(ii) the orientation or projection path of inefficient units to the envelopment 

surface (Vela, 2000).

There are two envelopment surfaces upon which three of the four major 

DEA models are based. They are known as constant retums-to-scale (CRS) and 

variable retums-to-scale (VRS) surfaces. The CCR m odel employs a CRS 

envelopm ent surface, which assumes that an increase in inputs results in a 

proportionate increase in the ou tpu t levels. The BCC m odel and the Additive 

model produce a VRS envelopment surface, which assumes that an increase in 

inputs will result in either an increase or decrease in outputs not necessarily
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proportional to the increase in inputs. Therefore, these two models can be said to 

relax the constant retums-to-scale assumption. Figure 4.2 below illustrates the 

tw o envelopm ent surfaces. Once again this example is restricted to the two- 

dim ensional case or the single input-single output model, however, the concepts 

can be applied to a multidimensional case.

CRS
Envelopm ent
Surfaces

NW
VRSOutput

Input

Figure 4.2: DEA Envelopm ent Surfaces.

Two movements that can be found in either the CCR model or the BCC 

m odel are described as being input-oriented or outpnt-oriented. The other 

m ovem ent is simply a combination of these two movements and can be observed 

in the A dditive model. Input-oriented models strive to maximize the
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proportional decrease in input variables while at the same time remaining in the 

envelopment surface. In other words, input-oriented models are trying to 

achieve a "westerly" movement towards the envelopment surface in order to 

become efficient. By contrast, the output-oriented model is trying to maximize 

the proportional increase in the output variables while once again remaining in 

the envelopment surface. Once again this model is trying to achieve a 

"northerly" movement towards the envelopment surface in order to become 

efficient. Lastly, the additive model is a combination of the input-oriented and 

the output-oriented models. It simultaneously performs a reduction in the 

inputs and an increase in the outputs all in the direction of the envelopment 

surface. The Additive model selects the point on the envelopm ent surface that 

maximizes the distance in the "northwesterly" direction (Chames et al., 1994). 

However, the Additive model is only restricted to the Variable retums-to-scale 

(VRS) case, whereas the input-oriented and the output-oriented are not. A 

graphical representation of the three projection movements can be seen in Figure

4.3. Since the additive model can only support a VRS envelopment surface, the 

illustration on the next page utilizes a VRS envelopm ent surface.
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VRS

O utpu t O rien ted
O utpu t Additive

Input O riented

Input

Figure 4.3: Projection Paths to a VRS Envelopm ent Surface.

4.4.3 Scale and Translation Invariance

The basic DEA models exhibit the properties of scale and translation 

invariance, both of which influence the m anipulation of input and output values 

for DEA analysis (Ali and Seiford, 1990). Since only the relative scores of all the 

DMUs are measured, scaling all the variables proportionally will not affect the 

efficiency rating of any particular DMU. This is what is know n as scale invariance. 

W hen dealing with input-oriented or output-oriented models, a translation of the 

inputs or the output by any coefficient should not have any affect on the 

efficiency ratings of any particular DMU. This is often referred to as translation 

invariance. The CCR m odel is only scale invariant while the BCC model is both 

scale and translation invariant.
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4.5 Mathematical Formulation, Notation, and Models

This next section will deal with the different types of models and their 

mathematical formulation.

4.5.2 The BCC Model

The BCC model was created in 1984 and is a slight variation of the CCR 

model. Like the CCR model the BCC model can either be used as an input 

oriented or an output oriented model.

4.5.1.1 Input Oriented BCC Model

The dual linear program s for the BCC model with an input orientation are 

given below.

min = 6  -  e  • 1 s '  -  e  ■ 1 s '  (4.1)
t f .  < i, .i , i

s .t.  Y A - s ' = Y t)

6X0 - X A - s '  = 0

T/i > i

A. s ' . s~ > 0

The above equation is said to be in its primal form or as it is m ore commonly 

known its envelopment form. The (scalar) variable 0 is the (proportional) 

reduction applied to all inputs of DMUo (the DMU being evaluated) to improve 

efficiency. This reduction is applied simultaneously to all inputs and results in a 

radial movement towards the envelopm ent surface. The variable e is a non-
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Archimedean (infinitesimal) constant whose presence in this prim al objective 

function effectively allows the minimization over 0 to pre-empt the optimization 

involving the slacks, which are the variables s+ and s- in Equation 4.1. These two 

slack variables are associated with the outputs and the inputs respectively. As a 

result, the optim ization process can be viewed as a two-stage process that begins 

w ith the maximal reduction of the inputs. The second stage involves the 

m ovement onto the efficient frontier, which is achieved by the slack variables. 

The vector X identifies the reference set of efficient DMUs, w here all units are 

com pared and contrasted.

It is also possible to formulate and solve the same problem in linear 

program m ing via a dual problem. The solution to the dual problem  will provide 

the same information as the primal m odel. The dual model, which is more 

commonly known as the multiplier form, is constructed by assigning a dual 

variable, as the name implies, to each constraint in the envelopm ent form and 

constructing a new model on these variables. The multiplier form of the input- 

oriented BCC model is presented in Equation 4.2.
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max
/ l . V

w 0 = M TY o + “o

v t X q = I 

j u r Y - v r X  + u ° 7  < 0

(4.2)

- / /T < -£  ■ 1 

- V T < - £ ■  1

«o f r e e

The dual problem yields an  alternative geometric interpretation. In this problem 

one is searching for the closest supporting hyperplane, i.e., jiYo + ho = wo with 

maximal wo. |i and v are the sets of input and output weights or m u l t i p l i e r s ,  

respectively, that will produce the normal vector to the supporting hyperplane. 

The variable no is an indicator of scale economies, w here uo > 0 identifies 

decreasing retums-to-scale, uo < 0 identifies increasing retums-to-scale, and uo = 

0 w ould indicate a constant retums-to-scale which is m ore characteristic of the 

CCR model.

For a DMU to be deem ed technically efficient, the optim al values of both 

the prim al and dual objective m ust satisfy the condition wo = zo = 1. 9 = 1 is 

necessary, however not sufficient, for a DMU to be technically efficient. The 

slacks s+ and s', must be zero, i.e., 9 = 1, XX = xo, YX = yo. The linear program is 

repeated for each DMU in the sample to identify two subsets of units: DMUs, 

which are technically efficient and form the VRS envelopm ent surface and those 

which are deemed inefficient and enveloped by the previously determined
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surface. The radial projection of the inefficient point onto the frontier is 

estim ated as (8 xo, yo).

DMUs 1 through 4 have established the VRS envelopment surface in 

Figure 4.4 and are therefore deemed technically efficient. DMU 7 is obviously 

inefficient w ith 9 (efficiency) < 1 and output slacks of 0. To make this unit 

efficient, it requires both a proportional decrease in input and an increase in 

ou tpu t which is equivalent to the slacks Si and So shown in Figure 4.4. DMU 5 

and DMU 6 are also inefficient and require a proportional decrease in their 

inputs to become efficient. This time no increase in outputs is required since 

there are no slacks associated with those DMUs.

VRS

Output

Input

Figure 4.4: Envelopment surface for the BCC Input-Oriented Model.
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4.5.1.2 Output Oriented BCC Model

Input oriented models focus on the reduction of the input of a DMU while 

holding the output constant until it reaches the envelopm ent surface. An output- 

oriented model attem pts the converse by focusing to increase the output of a 

DMU w ithout affecting the input to make the unit efficient. The envelopm ent 

form of the linear program  of the BCC output oriented model is as follows:

The m ultiplier form or the dual problem of the above linear program in equation

4.3 can be seen in Equation 4.4:

max
A . 5 '. i

t  Co =  0  +  f  - 1 X ' + £ ■  I S
. s

s.t. 0Y{)- n - s '  = 0  

XX + s ' = X n

(4.3)

1 / 1  =  1 
T. s ’. s ' > 0

min ô =  v'r ^ o +v’o (4.4)

s.t. = 1

- jj.rY + vrX  + v() T > 0

H x >£ \ 

v T > £ ■ \
v’0 free
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The biggest difference between the input oriented BCC and the output oriented 

BCC is that the linear program  now maximizes on 0 to achieve a proportional 

ou tpu t increase. The output oriented model (Equation 4.4) attem pts via 0 to 

achieve as much expansion of Yo as the constraints will allow. In the dual 

problem the objective is to find a supporting hyperplane (i.e., a hyperplane that 

lies on or above all the DMUs) that minimizes the vertical distance from the 

hyperplane to the DMU being analyzed. A two-dimensional graphical 

representation of the BCC output oriented model can be seen in figure 4.5. DMU 

1 through DMU 4 lie on the envelopm ent surface and are therefore considered to 

be technically efficient. DMU 5 and DMU 6 are inefficient b u t have no slacks 

which means that only an increase in outputs will project them onto the 

envelopm ent surface and make them efficient. DMU 7 is inefficient with 0 > 1 

and an input slack. Consequently, it will require a proportional augm entation in 

ou tpu t followed by a reduction in input by an amount that is equivalent to the 

input slack to become efficient.
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VRS

Output

Input

Figure 4.5: Envelopm ent surface for the BCC O utput-O riented Model.

One other point of note is that a DMU is characterized as efficient with an output 

orientation if and only if it is characterized as efficient with an input orientation 

applied to the same data.

4.5.2 CCR Ratio Form

The essential characteristic of the CCR ratio construction is the reduction 

of the m ultiple-output-m ultiple-input situation (for each DMU) to that of a single 

"virtual" output and a single "virtual" input. For a DMU, the ratio of this single 

virtual output to single virtual input provides a m easure of efficiency that is a 

function of the m ultipliers (Chames et al., 1994). According to Chames et al.
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(1978), the measure of the efficiency of any DMU is obtained as the maximum of 

a ratio of weighted outputs to weighted inputs subject to the condition that the 

similar ratios for every DMU be less than or equal to unity. In mathematical 

terms,

• V>7I" -'
max/ln = ^  • (4-5)

X>vI - 1

subject to:

< 1.0 :

.v'x„= 1

which has variable constraints of:

j  = I  n.

ur .\\ > 0 :
r = I .....

i — I  rn.

In this particular equation, which is the foundation of subsequent DEA models, 

yq and Xij (all positive) are the known outputs and inputs respectively of the j,h 

DMU and the u r and Vi are the variable weights determined by the solution of 

this problem (Chames e t al., 1978).
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A DMU is deem ed efficient relative to all other units in the group if, and 

only if, zo is equal to one. All other DMUs will be deemed inefficient. For an 

inefficient unit, the solution identifies corresponding efficient units (i. e. efficient 

with the same weights), which are said to form a peer group for the inefficient 

unit (Boussnfiane et al., 1991).

4.5.3 The CCR model

The formulation of the BCC model is very similar to the CCR model. As a 

result the formulation of the CCR model will not be explained in great detail in 

this section. Instead the major differences will be noted.

The CCR and BCC models can be used as an input-oriented model or an 

output-oriented model. The major difference between the two models is the 

shape of the envelopm ent surface. The CCR model uses a constant retums-to- 

scale (CRS) envelopm ent surface, while the BCC model, uses a variable retums- 

to-scale (VRS) envelopm ent surface, which is probably more applicable to the 

construction industry.

As mentioned, the input-oriented and output oriented CCR models have 

similar formulations to that of the BCC models. The input-oriented CCR model 

is obtained by rem oving the convexity constraint, seen in Equation 4.6, from the 

primal form and the variable no from the m ultiplier form of the BCC linear 

program.
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1 A = 1 (4.6)

The absence of the convexity constraint creates the CRS envelopment surface and 

therefore produces a linear relationship w ith the efficient DMUs, which always 

begins at the origin. Tnere is no longer a convex combination of the efficient 

DMUs, which is characteristic of the VRS envelopm ent surface. Generally 

speaking, the CRS envelopm ent surface will generate a larger production 

possibility set but will tend to produce less efficient DMUs as well as lower 

efficiency scores for the inefficient units. The VRS envelopment surface is often 

said to "envelop the data more tightly."

The same features that distinguish the input-oriented CCR to the input- 

oriented BCC also distinguish the output-oriented CCR from the output-oriented 

BCC. Once again the convexity constraint in equation 4.6 is removed from the 

envelopm ent form and the variable uo is removed from the multiplier form. 

Figure 4.6 illustrates the differences between the CCR and the BCC m odel as 

represented in a two-dimensional graph.
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CRS

VRS
Output

Input

Figure 4.6: Com parison of the BCC and CCR M odels.

In an input-oriented BCC model, a VRS envelopm ent surface w ould be 

em ployed and DMU 5 would be projected onto the VRS envelopment surface at 

point (A, E). However, if the model were output-oriented then DMU 5 w ould be 

projected at point (B, F). If a CCR w as being utilized for the analysis, then a CRS 

envelopm ent surface would be em ployed and for an input-oriented CCR model 

DMU 5 w ould be projected onto point (A, D). For an output-oriented CCR 

model DMU 5 w ould be projected onto point (C, F).

The next stage in understanding and interpreting DEA results is the 

calculation of the efficiency scores. Efficiency may be broken down into three 

different categories: pure technical efficiency, which is for the BCC model,
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overall technical efficiency, which is for the CCR model, and scale efficiency 

which is a ratio of the CCR model over the BCC model. The calculations of these 

efficiencies based on Figure 4.6 are presented in Table 4.1 for both the input- 

oriented and output-oriented models.

Table 4.1: Determ ination of Efficiency Scores.

Efficiency Input O rientation O utpu t O rientation

Pure Technical (BCC) O E /O F OB /O A

Overall Technical (CCR) O D /O F O C / O A

Scale (CCR/BCC) OD /O E OC /  OB

An inefficient DMU is always com pared to the set of closest efficient 

DMUs on the envelopment surface. The efficient DMUs that are directly in front 

of and behind the inefficient DMU are referred to as the peer group for that 

particular DMU. Of course these will change depending on the orientation of the 

model. Referring to DMU 5 in Figure 4.6, the peer group for that particular 

DMU in the input-oriented BCC model w ould be DMU 1 and DMU 2. For the 

output-oriented BCC m odel the peer group for DMU 5 would be DMU 2 and 

DMU 3.

The CCR model and the BCC model, along w ith their two orientations are 

the four most predom inant models that are used in DEA. These four models
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have also laid the foundation for which any future models have or will be 

developed. The next two models, the additive and the multiplicative, will not be 

discussed here since they will not be used in this report.

Like all software in the market, DEA requires the input of data to produce 

an analysis. There are four basic requirements that ensure the proper use of 

DEA. They are:

♦ A set of similar DMUs. In this research, the DMUs are different 

contractors bidding on the same tender.

♦ A set of inputs from each DMU.

♦ A set of outputs from each DMU.

♦ A sufficient num ber of DMUs to appropriate degrees of freedom. This 

is probably the most im portant step. A sufficient am ount is equal to 

three times the total num ber of inputs and outputs together.

This last criterion can be met by controlling the number of outputs and 

inputs, or by controlling the total num ber of DMUs available. Since it is unlikely 

that there will be more than 15 or 20 contractors bidding on the same contract, 

the total num ber of outputs and inputs for any given model is limited to 

approximately 4 or 5. This will be discussed in Chapter 5 when the models are 

discussed in much more detail. Once a model has been established, the 

technique will identify efficient DMUs by maximizing a given set of outputs for a 

given set of inputs, or vice versa by minimizing inputs for a given combination of 

outputs.
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The next chapter will present two models: an established model, as well 

as a three-stage model proposed in this research involving Data Envelopment 

Analysis. The two models will be presented w ith all their criteria. The data from 

the established model will be used in the proposed model in order to compare 

the two and see if comparable results are achievable. The ranking system s from 

each model will be used as the measuring stick for both models when com paring 

them. C hapter six will present the analysis as well as a discussion on any 

anomalies between the two systems. It is hoped that comparable results will be 

achieved from the new unbiased, non-objective, proposed model.
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5.0 ESTABLISHED AND PROPOSED MODELS

This chapter will present the two prequalification models that will be used 

for the analysis of the data. The tw o models will be referred to as the established 

m odel and the proposed model. The established model is currently being used 

in practice, while the proposed m odel is the three-stage DEA model that was 

developed in this research. Both models will be discussed in this chapter, along 

w ith their criteria, advantages, and  disadvantages. The analysis of both models 

will be discussed in the next chapter.

84
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5 . 1  T h e  E s t a b l i s h e d  M o d e l

The established m odel is based on a score out of 50 and allots a certain 

am ount of points for each category. In essence, this is a weighted system since 

the criteria that were felt to be more im portant were allotted more points than 

other criteria. This is very much like making every category out of the same 

score and then m ultiplying it by some weight, which is consistent with many of 

the models that were found in literature. The owner or the project manger from 

the established model requested from interested contractors a list of five specific 

items to be submitted w ith their prequalification packages. The list included the 

following five items:

1. A completed Canadian Standard Form of Contractor's Qualification 

Statement (CCDC Form 11), which includes a list of similar projects, 

completed in the last five years, with client and consultant references. 

The CCDC Form 11 can be found in Appendix A.

2. Resumes of supervisory personnel to be assigned to the project.

3. A letter from Bonding Com pany stating the contractor's capacity to 

obtain Bid, Performance, and Payment Bonds with a m inimum 

established bonding capacity.
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4. A Certificate of Clearance from the W orkplace Safety and Insurance 

Board (WSIB, formerly the WCB).

5. A current CAD-7 Calculations Safety Record from the WSIB (a 

measure used in Ontario, which will be explained later).

After the closing date, the decision-maker w ould extract the necessary 

data for input to the 50 point weighted score system. The contractors that were 

prequalified were then allowed to submit tenders. The criteria of the system 

follow along with the points allotted per section.

5.1.1 Type o f  Company (4 points)

Four points were aw arded to an incorporated company, three to a 

partnership, and two to an individual or registered com pany (sole-proprietor). 

The existence of a corporation as separate and apart from its shareholder-owners, 

and the basic premise that a corporation's liabilities are its ow n and not those of 

it shareholders, has long been recognized by the courts. This separate existence 

provides a strong incentive for individuals to incorporate rather than carry on as 

sole proprietors or as partners, as the personal assets of sole proprietors and 

partners remain vulnerable to business creditors (M arston, 1996).
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5.1.2 Average Annual Value o f  Construction (6 points)

Six points are aw arded to a company that produces an average of at least 

5 million dollars worth of construction over the last five years. Four points are 

aw arded to a company that produces anyw here on average betw een three and 

five million dollars worth of construction over the last five years. One point is 

aw arded to a company that produces on average between two and three million 

dollars w orth of construction over the last five years. Finally no points are 

aw arded to a company that has produced an average of less than two million 

dollars w orth of construction over the last five years.

O wners want to make sure that a com pany has the capacity to carry out 

such a contract. These values can change from contract to contract, depending 

on the size of the contract. If the contract were w orth 20 million dollars, then the 

owners w ould probably increase the values accordingly. The idea is to 

determ ine who has the resources and the capacity to carry o u t such a project 

successfully.

5.1.3 Financial References (4 points)

This section aims at understanding a company's financial standing and 

their references. Four points are allotted for a company providing a bank as its 

financial reference, whereas three points are allotted to a com pany that has a 

bonding company as its financial reference. Most companies have both a bank 

and a bonding company as a financial reference and will provide both in their
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prequalification contracts. No points are aw arded to those contractors that fail to 

provide any financial references at all. This category almost cancels itself out 

since everyone will more than likely attain full marks. It is very difficult to 

conduct business w ithout the aid of a banking institution. With the way pay 

schedules run in the construction industry, one needs credit lines from a bank.

5.2.4 Completed Projects in the Last Five Years (3 points)

Contractors who have not had recent work may not be familiar with the 

methods utilized in the construction industry and as a result may produce 

unreliable bid prices. This information is requested in the CCDC Form 11. 

CCDC 11 only has room for four entries. Some contractors keep a database of 

their completed projects and can print out the list to include it w ith their 

prequalification packages. It is sometimes difficult to compare one contractor to 

another when one contractor submits four completed projects while another 

submits twenty. There is nothing stopping a contractor from providing more 

information and such contractors should not be penalized. So the contractors 

that keep a database of contracts will normally reflect higher marks especially in 

the experience category. Even still, a contractor who fills all four spots of the 

CCDC Form 11 will receive the maximum of three points in this category.

A contractor who has only completed anywhere between one and three 

contracts will receive one point. A company that has not completed any projects 

over the last five years will receive a score of minus four. This is one of a few
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categories in this prequalification system that penalizes contractors for 

unfavourable submissions. This is unique to this system since not m any other 

prequalification systems discussed will remove points from a contractor.

5.2.5 Related Projects (W ith References, 10 points)

This is among the most im portant criterion in any prequalification system. 

This can be seen by the num ber of points aw arded to contractors who attain full 

marks. Contractors may receive any value between zero and ten. The points are 

decided upon by the decision maker that is carrying out the process. Contractors 

w ith good experience and references could be awarded a m aximum of ten 

points, which is tw enty percent of the total points awarded in this system. 

Contractors with some experience will be aw arded five points. The points are 

based on references as well as the similarity of completed projects in the past. A 

contractor who provides no information or has no experience will receive a value 

of minus ten, which would almost eliminate them from being prequalified 

altogether.

Experience is one of the most tell tale signs of a contractor's capability and 

competence. Examining whether a contractor has completed the jobs on time 

and on budget are im portant param eters in estimating a contractor's experience.
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5.1.6 Key Personnel Assigned to Projects (5 points)

A maximum of five points can be aw arded in this category. Values can 

range from zero to five. Key personnel can be entered in the CCDC Form 11 or 

resumes can be provided. Once again this category involves a high level of 

subjectivity and can introduce a bias into the system, although num ber of years 

of service is objective. Positions within the company are evaluated when dealing 

with key personnel assigned to the project. A company should have a few 

leading people in the com pany entered in this section. This sixth section of this 

prequalification system concludes the part of this system where data can be 

obtained from the CCDC Form 11.

5.1.7 Personnel Resumes (2 points)

This criterion is a simple decision that can be regarded as a Boolean 

decision. A contractor w ho supplies resumes of their personnel will receive two 

points. Those that do  not provide resumes will not receive any score in this 

section. Resumes are im portant in assessing an individual's experience, which 

the contractor has assigned to the particular project. A decision m aker can get a 

feel for the type of experience the few key individuals assigned to the project 

have. This category does not involve any sort of subjective decisions to be 

carried out.
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5.1.8 Letter o f  Required Bonding (10 points)

Along with experience, this is the most im portant criterion that a 

contractor meets to be prequalified to bid. A contractor who submits a letter 

from a bonding company with the appropriate am ount will receive ten marks, 

which is also once again a total of twenty percent of the maximum score. 

Contractors who submit letters from bonding companies with insufficient 

amounts will receive a grade of zero. A contractor who does not subm it any 

letter or information at all concerning bonding will receive a grade of m inus 5.

Bonding companies often have a prequalification system of their own to 

issue bonds to qualified contractors. Bonding company systems usually involve 

financial data. Owners and project mangers will often use bonding companies to 

prequalify contractors for the project. A contractor failing this category will 

almost undoubtedly have no chance of being prequalified.

5.1.9 WSIB Clearance Certificate (2 points)

This category is also a Boolean decision. A contractor who provides a 

WSIB Clearance Certificate will receive two points. Contractors who fail to do so 

for whatever reason will receive a m ark of zero. Contractors with poor safety 

ratings or unpaid premiums m ay find it difficult to obtain the Certificate. 

Sometimes contractors simply forget to provide them and will not be aw arded 

the two points.
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5.1.10 CAD -  7 Report (4 points)

The Workplace Safety and Insurance Board (WSIB) issues what is called a 

CAD-7 Experience Rating for Ontario construction contractors. The system looks 

at a num ber of different factors such as the size of the company, number of man- 

hours per vear, and the num ber of time-loss iniurv claims per vear. The report
4 > '  * I •  I

produces two basic numbers. The first is the rating factor, which is indicative of 

the size of the company. This num ber will range from 0.15 -  1.00. The second 

num ber is the firm performance index, which is indicative of a com pany's safety 

rating. This number can range from -2.000 to 1.000, where 1.000 is the best 

rating. Figure 5.1 illustrates the range of values and their associated qualitative 

values for the Firm Performance Index.
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FREQ ^ P E R R
+ INDEX + 2 =

+1.000 +1.000 +1.000 Best
+0.800 +0.800 +0.800
+0.600 +0.600 +0.600 Better Than
+0.400 +0.400 +0.400 Average
+0.200 +0.200 +0.200

0.000 0.000 0.000 Average

-0.200 -0.200 -0.200
-0.400 -0.400 -0.400
-0.600 -0.600 -0.600
-0.800 -0.800 -0.800 Worse Than
-1.000 -1.000 -1.000 Average
-1.200 -1.200 -1.200
-1.400 -1.400 -1.400
-1.600 -1.600 -1.600
-1.800 -1.800 -1.800
-2.000 -2.000 -2.000 W orst

Figure 5.1: Range of V alues for Firm Perform ance Index (CSAO, 2000).

Com panies with a firm performance index between 0 and 1 will receive a 

rebate, while those with a value between 0 and -2.000 will be levied a surcharge.

Companies in good standing with the decision maker will receive a 

maximum of four points. Those with an average standing will be assessed a 

score of 2, while those in poor standing or providing no information at all will 

receive a score of 0. It should be noted here that the good, average, and poor 

standings assessed in this section by the decision maker do not necessarily reflect 

those presented in Figure 5.1. Safety is an  im portant issue while on site.
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Responsible contractors will often take extra precautions as well as establish an 

internal safety procedure to ensure a safe w orking environment for their 

workers. Table 5.1 shows a summary of the criteria used in the established 

model.

Table 5.1: Summary of Criteria from Established Model.

EVALUATION CRITERIA

___________________ CRITERIA______________
Type of Company_________________________
Corporation (4), Partnership (3), Individual (2)

Average Annual Value of Construction 
Over 5 M (6), 3 - 5 (4), 2 - 3  (1), less than 2 (0)

Financial References____________
Bank (4), Bonding Co. (3), None (0)

Completed Projects in Last Five Years 
4 or more (3), 1 to 3 (1), or NIL (-4)

Related Projects (with references)________
Good Experience (10), some experience (5) 
or NIL experience or no info provided (-10)

Key Personnel Assigned to Projects (5 Max)

Personnel Resumes 
Resumes (2), None (0)

Letter of Required Bonding________
Yes (10), Not Sufficient (0), None (-5)

WCB Clearance Certificate 
Yes (2), No Information (0)

CAD - 7 Report_______________________________
Good Standing (4), Average (2), Poor or no info. (0)
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5.2 University of Toronto Contractor Prequalification M odel (UTCPM)

UTCPM is a three-stage m odel that is based on Data Envelopment 

Analysis (DEA). This model tries to m irror the established m odel presented in 

the previous section. The criteria are  similar, except that scoring is not used i.e. 

real values are extracted from the data that the contractors Drovided. ForL

example, the actual monetary value of all projects completed in the last five years 

is used instead of assigning it a relative grade value. A graphical representation 

of the model can be seen in Figure 5.2.

NO

D isqualified

YES

O utputs 1. RE 

► 2. AV

+  3. EE

Inputs 1. CAD-7

EFFICIENCY

Stage 1 
Bonding 
Capacity

Stage 2 
DEA

Stage 3 
Rank and 

Shortlisting

Figure 5.2: Graphical Representation of UTCPM (RE = R elevant Experience, 
AV = Average Annual Value of C onstruction, and EE = Em ployee Experience).
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All the data used in this model were taken from the established model's 

prequalification contracts. A total of seven contracts were used for testing since 

that is all that was available from the project manager on the established model. 

The two models will then be tested against one another and their ranking 

systems will be compared.

5.2.2 Stage I -  Letter o f Required Bonding

Instead of allotting ten points for a contractor's ability to receive the letter 

of required bonding, UTCPM will simply disqualify any contractor who is 

unable to receive the appropriate bonding am ount for the project. If a contractor 

cannot be get a bond, then the surety does not feel that the contractor can carry 

out the project successfully. Many owners use this as their sole means of 

evaluating prequalification packages submitted by contractors.

5.2.2 Stage II -  Data Envelopment Analysis (DEA)

The second stage of this model is the implementation of a DEA model to 

rank the remaining contractors. Many combinations of inputs and outputs have 

been tried for this model through a trial and error procedure as well as 

discussions with industry experts. The final model involves one input and three 

outputs. DEA has one limiting parameter. The num ber of DMUs required for 

any given model m ust be equal or more than the sum of all inputs and outputs 

m ultiplied by three. Since the lowest num ber of contractors in any of the seven
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contracts is thirteen, it was decided to restrict the number of inputs and outputs 

to four. The four criteria chosen as well as the ones not chosen are explained in 

the following section.

5.2.2.7 CAD-7 Revorti

Safety is a major issue on any project. The combination of the WSIB 

Clearance Certificate and the CAD -  7 report were allotted a total of six points on 

the established system and so once again it was felt that it was important. The 

measure that was used here was the com pany's Firm Performance Index 

Number, since it is the most indicative of safety records. Instead of using values 

between 1.000 and -2.000, the values were simply increased by a factor of 3 to 

range from 1.000 to 4.000. This was done to accommodate DEA since it cannot 

handle zeros due to its ratio analysis calculations. Instead of 4.000 being the best 

rating, 1.000 was given the best rating to minimize this factor and make it an 

input.

52.2.2 Average Annual Value of Construction

This num ber was used due to its im portance in reflecting capacity as well 

as experience in the field. If a company has not been in operation for five years, 

then the projects in years presented were averaged. This time the actual 

monetary value is used in the analysis. A nother major reason for the selection of 

this criterion is because it was allotted a relatively high w eight of six points out
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of fifty or 12% in the established system. This value was used as an output, since 

it should be maximized.

5.22.3 Related Experiences

This category was chosen for its importance, which can also be seen in the 

established system since it was given a total of 10 points. This is probably the 

most im portant param eter that can be evaluated in a prequalification system. 

The sum of all project values that are related to the project in question were 

totaled to one monetary value, which was also used in the DEA analysis as an 

output, since it is a factor that should be maximized.

5.2.2.4 Employee Experience

This criterion was chosen because it is key in a project's success. The 

combination of key personnel assigned to project and personnel resumes account 

for seven points in the system, which is also a significant amount. The total 

number of years of experience by a com pany's employees was added up  to 

produce a single value, which was used in the analysis. This factor too was an 

output since it is felt that total experience should be maximized when looking at 

the whole company.
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5.22.5 Factors Not Used

The type of com pany was not used since it is difficult to quantify and 

almost every contractor evaluated was a corporation, which w ould cancel out 

each other in the analysis. The same can be said about financial references. It is 

difficult to quantify, and every single contractor received the maximum score in 

this category, which m ade it a non-issue. Completed projects in the last five 

years was only allotted three points in the established model and it was felt as 

though this value was close to five times the average annual value of 

construction. Personnel resumes can be incorporated in the same category as the 

experience since that is where the information came from. Most companies had 

no trouble in being awarded these two points anyway. Letter of required 

bonding was taken care of in Stage I. The Clearance Certificate was only allotted 

two points and once again most contractors did not have trouble with this. The 

CAD-7 was more indicative of safety and indirectly can be grouped with the 

Clearance Certificate since they are issued from the same agency.

5.22.6 Model Used

The model used was a BCC m odel with three outputs and one input. It 

was felt that the variable-retums-to-scale was more indicative of the construction 

industry. Both input-oriented and output-oriented results of the BCC and CCR 

m odel were looked at for the analysis.
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5.2.3 Stage III -  Shortlisting

Shortlisting is a term often used by decision makers that assists them in 

reducing the num ber of prequalified contractors. The decision maker should 

determ ine the num ber of contractors that he or she wants to bid on the particular 

project. This will cut the cost of the tendering process., from both the owner's 

perspective and the shortlisted contractors' perspective. For example if the 

predeterm ined number of contractors to place a bid is set at five, then only the 

top five contractors plus ties in the DEA analysis will be allowed to place a bid. 

This will reduce the time spent in analyzing tenders submitted by prequalified 

contractors.

5.3 Summary

This chapter presented the two models that will be used in the analysis 

and comparison in the next chapter. All contractor data can be seen in Appendix 

C of this report. There are seven contracts that are used in the analysis. A project 

manager performed the established model analysis, while the DEA analysis is 

performed by the author. The analysis of the established model with its criteria 

broken dow n can be seen in Appendix D of this report, while the ranking system 

of the established model can be seen in Appendix E of this report. Chapter Six 

will present the results of the analysis and the comparison as well as discuss the 

pertinent issues associated w ith the interpretation of the results.
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6.0 RESULTS AND ANALYSIS

This chapter presents the results of the DEA analysis. The results from the 

established model can be found in Appendix D of this report. A project manager 

in the Southern Ontario Region carried out the analysis on the established model. 

The ranking systems of each model will be com pared to the o ther and any 

notable differences will be discussed. Some contractors could not be p u t through 

the DEA analysis due to missing information. The BCC input and  output- 

oriented models will be looked at as well as the CCR input and output-oriented 

model. All four are presented so comparisons can be made.

_
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6.1 DEA Results and Statistical Analysis

Seven contracts were evaluated using the DEA analysis. This was all the 

data available from the project manager. The project m anager initially evaluated 

the seven contracts. Data were then extracted from the contracts submitted and 

run through a DEA analysis. A program  called ProDEAe was used for the 

analysis. This software was created at the Centre for M anagem ent of Technology 

and Entrepreneurship at the University of Toronto. The num ber of contractors 

ranged from twelve to nineteen in each of the seven contracts, and many were 

the sam e for each contract. Special codes were developed to protect the 

contractor's privacy-

A few key notes should be made concerning the data at this time. 

Contractors that did not have all their data present were not included in the 

analysis, except for contractors that were missing their CAD-7 Reports. 

Contractors who were missing the CAD-7 report were given a score of 4.000, 

which is the worst possible safety rating for the DEA Analysis. A few 

contractors had contracts that w ere in American dollars. These contracts were 

m ultiplied by a value of 1.5 to transform  it into Canadian dollars.
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6.1.1 Contract A

The results from contract A are presented in Table 6.1.

Table 6.1: DEA Analysis of Contract A.

i l l I M p
ffe^Efpetenete

1 0.351 2.083 0.189 5.299
2 0.994 2.490 0.343 2.914
3 1.000 1.500 0.210 4.760
4 0.257 2.129 0.134 7.453
5 0.495 2.045 0.266 3.761
6 1.000 1.000 0.316 3.160
7 0.893 1.207 0.796 1.257
8 1.000 1.000 1.000 1.000
9 0.253 1.563 0.175 5.702

10 1.000 1.000 1.000 1.000
11 0.539 1.253 0.487 2.052
12 1.000 1.000 0.869 1.151
13 1.000 1.000 0.570 1.755
14 0.988 1.052 0.755 1.325
15 0.251 5.779 0.052 19.179
16 0.989 1.075 0.614 1.628

M ean 0.751 1.698 0.486 3.962
S tandard Deviation 0.324 1.197 0.320 4.507

Max 1.000 5.779 1.000 19.179
M in 0.251 1.000 0.052 1.000

# of Efficient DMUs 6 5 2 2
% of DMUs 37.5 31.25 12.5 12.5
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To refresh the reader, BCC analyses variable retums-to-scale, w hereas 

CCR models constant retums-to-scale. The BCC model is believed to be more 

representative of the construction industry because of its variable retum s-to scale 

production frontier. One can notice by looking at Table 6.1 that the CCR 

generated fewer efficient units, which was expected since it is not felt that the 

relationships in the model follow a linear relationship. In input-oriented BCC 

model, the average overall efficiency of the candidate contractors is 75.1%. This 

number implies that the group of contractors could have produced their ou tpu t 

with approximately 24.9% less input if they are operating on the variable retum s- 

to-scale envelopm ent surface.

The BCC output-oriented model was chosen as the model that is going to 

be used in the ranking comparison. O utput-oriented models maximize the 

proportional increase in the output vector while remaining w ithin the 

envelopment surface. This was done because the model was dom inated by 

outputs, which normally have the greatest affect on whether or not a contractor 

will be prequalified.

Table 6.2 shows a comparison of the established model with UTCPM. In 

this particular contract, two contractors produced the same exact ranking while 

eight others w ere within three ranks of one another. The orange in the chart 

symbolizes an exact match, while the blue denotes that a contractor was w ithin 

three ranking positions in each system. This convention will be used throughout 

this chapter. This particular contract was very interesting since there were m any
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contractors tied with 44 points in the established system causing a seven w ay tie 

for third place. As a result tw o other contractors would fall within three ranking 

points of one another.

Table 6.2: C om parison of Ranking for Contract A.

CONTRACT A

Established UTCPM

ID NUMBER Mark / 50 Rank DEA Efficiency R ank

A -  8 48 1.000

A -  9 45 1.563 11

A -1 5 44 5.779 16

A -1 4 44 1.052

A -1 3 44 1.000

A - 1 0 44 1.000

A - 1 1 44 1.253

A -12 44 1.000

A -  7 44 1.207 8

A -  6 43 1.000

A -  5 43 2.045

A - 4 42 2.129

A -  3 42 1.500

A - 16 41 14 1.075

A - 2 39 2.490

A -1 37 2.083
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6.1.2 Contract B

The results from contract B are presented in Table 6.2.

T able  6.3: DEA A nalysis of Contract B.

± - - - - - ^  ^

SPllilt ?:'K. C h ttp u ^  ̂
1 0.880 1.061 0.623 1.605
2 0.327 2.049 0.285 3.509
3 0.917 1.041 0.810 1.235
5 1.000 1.000 0.639 1.565
6 1.000 1.000 1.000 1.000
7 0.239 1.289 0.165 6.045
9 1.000 1.000 1.000 1.000
10 0.536 1.437 0.408 2.448
11 0.364 1.202 0.239 4.186
12 0.927 1.050 0.636 1.571
13 0.499 1.033 0.298 3.352
14 0.734 1.412 0.705 1.419
15 1.000 1.000 1.000 1.000
16 0.455 2.787 0.337 2.966
17 1.000 1.000 1.000 1.000
18 0.453 2.146 0.373 2.681

M ean 0.708 1.344 0.595 2.286
Standard Deviation 0.287 0.529 0.302 1.437

Max 1.000 2.787 1.000 6.045
M in 0.239 1.000 0.165 1.000

# of Efficient DMUs 5 5 4 4
% of DMUs 31.25 31.25 25 25
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In this particular contract, the BCC model produced one more efficient 

unit and demonstrated a stronger relationship than the CCR model. This 

reiterates the fact that the BCC model is more indicative of the construction 

industry. Table 6.4 shows the comparison of the BCC output oriented model 

with the established system.

This particular contract produced three exact matches and nine others that 

w ere within three ranks in each system. Two contractors were not used in the 

analysis due to incomplete submitted information. 75% of contractors fell w ithin 

three spots of one another in each system, which shows a good correlation 

between the two systems. Contractors 6 and 17 were given a three out of ten for 

experience by the decision maker, however, the DEA analysis showed them  as 

efficient units based on UTCPM. In this case the two systems yielded completely 

different results. Based on experience, the decision maker felt that the 

contractors did not have the proper experience to carry out the job. According to 

the data submitted by the contractor and inputted into DEA, they were deem ed 

efficient. This is one instance where the two systems do  not agree.
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Table 6.4: Comparison of Ranking for Contract B.

■..■■.‘11,.̂ ';:-̂  -IU1' i-V vT: ■

Established UTCPM

ID NUMBER M ark  / 50 Rank DEA Efficiency Rank

B - 4 50

B -  5 50 1.000

B - 9 50 1.000

B -  3 49 1.041

B -1 5 49 1.000

B -1 3 48 1.033

B -1 6 48 2.787 16

B -1 4 47 1.412 12

B -  8 44

B -  6 41 10 1.000

B -1 7 41 10 1.000

B - l

B -1 2

B -1 8

B - 2

B -1 0

B -1 1

B -  7

40

40

40

39

39

37

35

1.061

1.050

2.146

2.049

1.437

1.202

1.289
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6.1.3 Contract C

The results from UTCPM for contract C are presented in Table 6.5. The 

BCC model produced more efficient units again, including over half of the 

DMUs on the input-oriented model. Note that contractor 5, 6, and 8 were 

efficient in all of the analysis.

Table 6.5: DEA Analysis of Contract C.

: ri

'I f  f■ 'v'-* .’L-V1’vX''.." • '

zdtttrac^G ^ifi IMpEfffcienctei § ® i t i 3 s r &
I p I i K i i i

m *
1 0.253 4.765 0.097 10.351
2 1.000 1.703 0.226 4.424
3 1.000 2.180 0.109 9.140
4 0.379 3.907 0.179 5.598
5 1.000 1.000 1.000 1.000
6 1.000 1.000 1.000 1.000
7 0.651 2.418 0.389 2.572
8 1.000 1.000 1.000 1.000
9 0.963 1.094 0.596 1.678

10 0.486 3.544 0.249 4.014
11 0.572 3.289 0.304 3.293
12 1.000 1.000 0.352 2.841
13 1.000 1.149 0.367 2.724
14 1.000 1.000 0.548 1.823

M ean 0.807 2.075 0.458 3.676
Standard Deviation 0.277 1.303 0.326 2.918

Max 1.000 4.765 1.000 10.351
M in 0.253 1.000 0.097 1.000

# of Efficient DMUs 8 5 3 3
% of DMUs 57.1 35.7 21.4 21.4
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Table 6.6: Com parison of Ranking for C ontract C.

j b m m w i m p
rr«fê sr; Ift̂ MSfeiSi

Established UTCPM

ID NUMBER M ark  / 50 Rank DEA Efficiency Rank

C -  6 50 1.000

C -  8 50 1.000

C - 9 48 1.094

C -1 2  

C - 3  

C -  4 

C -  2 

C -1 0  

C -  7 

C - 5  

C - l l  

C - l  

C -1 3

C -1 4

48

42

41

40

40

38

37

35

32

32

30

- b S S K H
m M bB S B

10

12

14

1.000

2.180

3.907

1.703

3.544

2.418

1.000

3.289

4.765

1.149

1.000

13

12

The com parison of ranking systems for contract C can be seen in Table 6.6. 

Contractors 5 and 14 were given a poor rating in the experience section as well as 

the section on key personnel assigned to the project, yet w ere deemed efficient 

through UTCPM. In this particular contract this seems to be an anomaly.
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Contractor 14 w as also penalized for not producing 2 million dollars worth of 

construction a year. It lost six points in the established system and therefore was 

not given a good score in the experience section. DEA results show this 

contractor is efficient and because of the VRS envelopment surface, it did not 

discriminate against size, which the established system did.

6.1.4 Contract D

The results for contract D are presented in Table 6.7. Over half of the 

DMUs in the BCC input oriented model were deemed efficient, which is double 

the number of efficient units that were produced using the CCR model. The 

means of the four analyses shown in Table 6.7, appear to be higher than the 

previous contracts, indicating that the contractors are relatively similar. A 

comparison of UTCPM and the established system is shown in Table 6.8.
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Table 6.7: DEA Analysis of Contract D.

W$hrffi3F ̂Siî iSslfSSS&mexi
P P iiilESMiffl

1 1.000 1.000 1.000 1.000
2 0.994 1.332 0.642 1.558
3 1.000 1.000 1.000 1.000
4 1.000 1.000 0.940 1.064
5 0.515 2.264 0.419 2.385
6 0.363 2.660 0.246 4.065
7 1.000 1.000 0.691 1.447
8 0.868 1.023 0.850 1.177
9 0.849 1.313 0.681 1.468
10 0.689 2.011 0.490 2.043
11 0.493 2.753 0.287 3.489
12 1.000 1.000 1.000 1.000
13 1.000 1.000 0.997 1.003
14 1.000 1.019 0.305 3.281
15 1.000 1.000 1.000 1.000

Mean 0.851 1.425 0.703 1.799
Standard Deviation 0.224 0.652 0.291 1.035

Max 1.000 2.753 1.000 4.065
M in 0.363 1.000 0.246 1.000

# of Efficient DMUs 8 7 4 4
% of DMUs 53.3 46.7 26.7 26.7
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Table 6.8: Com parison of Ranking for Contract D.

Established UTCPM

ID NUMBER Mark /  50 Rank DEA Efficiency Rank

D -1 3 50 1.000

D -  4 50 1.000

D -  9 50 1 1.313 10

D -  2 50 1 1.332 11

D -  5 48 5 2.264 13

D -  8 48 5 1.023 9

D -1 2 48 5 1.000 1

D -1 1 48 5 2.753 15

D -  3 46 9 1.000 1

D -1 5 46 9 1.000 1

D -  7 44 11 1.000 1

D - 6 42 2.660

D -1 4 42 12 1.019 8

D - 10 41 m 2.011

D - l 40 15 1.000 1

This particular contract d id  not do well in the com parison of systems at 

first glance. All the contractors scored 40 or more in the established system and 

eleven of them  scored extremely well in the DEA analysis. Even though
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contractors nine and two did not appear to do especially well in UTCPM, they 

are not very far from becoming efficient and achieving a number one ranking. In 

the established system, contractors 3 and 15 ranked ninth with scores of 46 out of 

50. This is very close to perfect, which is w hat they got from UTCPM. 

Contractor 3 lost all its marks in the established svstem  from the CAD-7 reoort.« i.

which means they probably did not submit one. With good standing, they 

would have received a perfect grade. Contractor 15 did not submit resumes and 

lost 2 points for this and another two points for key personnel, which can be said 

to be related. If they had submitted their resumes, they may have also got a 

perfect score, which is why UTCPM deemed them efficient.

6.1.5 Contract E

The UTCPM analysis for contract E can be seen in Table 6.9. Over 30% of 

the DMUs in the BCC models were deemed efficient. This number drops to half 

for the CCR models. The averages are also high, which shows a strong 

relationship between the data. Contractors 1, 3, and 11 are efficient throughout 

the analysis.
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Table 6.9: DEA A nalysis for Contract E.

lllijfipsps
1 1.000 1.000 1.000 1.000
2 1.000 1.000 0.921 1.086
3 1.000 1.000 1.000 1.000
4 0.500 2.066 0.276 3.620
5 0.752 2.000 0.382 2.614
6 1.000 1.000 0.986 1.014
7 1.000 2.274 0.440 2.274
8 1.000 1.000 0.751 1.331
9 0.999 1.619 0.618 1.619
10 0.751 1.952 0.508 1.967
11 1.000 1.000 1.000 1.000
12 0.567 1.815 0.416 2.404
13 0.677 1.603 0.456 2.191
14 0.809 2.428 0.409 2.442
15 0.772 1.798 0.447 2.235
16 0.700 1.885 0.483 2.069
17 0.700 1.649 0.580 1.723
18 0.497 2.685 0.190 5.276
19 0.863 1.343 0.643 1.556

Mean 0.820 1.638 0.606 2.022
Standard D eviation 0.181 0.537 0.262 1.052

Max 1.000 2.685 1.000 5.276
Min 0.497 1.000 0.190 1.000

# of Efficient DM Us 7 6 3 3
% of DMUs 36.8 31.6 15.8 15.8

A com parison of ranking betw een the established system and UTCPM for 

contract E can be seen in Table 6.10.
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Table 6.10: Com parison of R anking for Contract E.

Established UTCPM

ID NUMBER M ark / 50 Rank DEA Efficiency Rank

E - 2 50 1.000

E - 3 50 1.000

E - 6 50 1.000

E - 8 50 1.000

E -10 50 1 1.952 14

E - 12 50 1 1.815 12

E -14 50 1 2.428 18

E -15 50 1 1.798 11

E -11 49 9 1.000 1

E -17 49 i S S B 1.649

E -1 47 l i 1.000 i

E -13 m i - i w m m
E -16 47 w m im 1.885 —

E -18 46 14 2.685 19

E -19 45 15 1.343 7
i

E - 5 1 43 1 K 3 9 2.000

E - 9 43 16 1.619 9

E -  7 42 2.274

E - 4 40 i M K m 2.066 B K i B
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Over half of the contractors were within three ranks of one another 

between the two systems. Contractor 11 received a ninth ranking in the 

established system even though it received a score of 49 ou t of 50. It lost the one 

point based on key personnel assigned to the project, however, UTCPM deemed 

it efficient and gave it a num ber one ranking. Although they seem far apart, they 

actually are not. A pattern can be noticed in the comparison of rankings. There 

are several matches tow ard the top and bottom  of the list, which seems to occur 

in most contracts. The middle contractors, when examined more carefully can 

often be justified for mismatches in ranks. Usually it comes dow n to the 

subjectivity of the decision maker.

6.1.6 Contract F

The DEA Analysis for contract F can be seen in Table 6.11. Five out of 

twelve contractors were deemed efficient through the BCC model as opposed to 

two using CRS envelopm ent surface. Contractors 1 and 6 are efficient in all 

analyses. The com parison of ranking from UTCPM and the established system 

can be seen in Table 6.12. 33% of the contractors placed within three ranks 

between the two systems. Contractors 10 and 6 lost all their marks in the 

established system through experience and key personnel assigned to the project, 

which are two highly subjective categories. If not for these two judgm ent calls, 

they w ould receive a perfect score and UTCPM's efficiency rating w ould easily
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justifiable. This contract had the lowest number of matching ranking between 

the two systems.

Table 6.11: DEA Analysis for Contract F.

aaB gas^ies^g@F3SS$SSf̂£9WtiSt̂ S?û'.

1 1.000 1.000 1.000 1.000
2 1.000 1.000 0.775 1.290
3 0.465 4.758 0.149 6.725
4 0.667 2.087 0.383 2.610
5 1.000 1.000 0.976 1.025
6 1.000 1.000 1.000 1.000
7 0.400 1.676 0.280 3.573
8 0.932 1.292 0.617 1.621
9 0.904 1.327 0.740 1.352

10 1.000 1.000 0.292 3.424
11 0.636 3.937 0.240 4.160
12 0.434 2.102 0.275 3.641

M ean 0.786 1.848 0.561 2.618
Standard D eviation 0.248 1.249 0.327 1.758

Max 1.000 4.758 1.000 6.725
Min 0.400 1.000 0.149 1.000

# of Efficient DMUs 5 5 2 2
% of DMUs 41.7 41.7 16.7 16.7

Reducing the Bias in Contractor Prequalification Using DEA Joseph Ramani

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



www.manaraa.com

Results and Analysis 119

Table 6.12: Comparison of R anking for MBP Contract.

I'.-' 1/:’..:'*' r '■ M . - ■'' . ... j:- . v ... '■ - ‘ ■ . ' - ■

Established UTCPM

ID NUMBER M ark  / 50 Rank DEA Efficiencies Rank

F - 1 50 1.000

F - 8 50 1 1.292 6

F - 2 48 I B S M 1.000 M S B H

F - 4 48 3 2.087 9

F - 9 48 3 1.327 7

F -1 2 47 6 2.102 10

F - 3 46 7 4.758 12

F - 5 46 7 1.000 1

F - 6 44 9 1.000 1

F - 10 40 10 1.000 1

F -  7 38 n u n 1.676 M C T W

F - 13 36 12

F - 11 26 3.937
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6.1.7 Contract G

The DEA results for contract G can be seen in Table 6.13. Almost half of 

the contractors were scored as efficient in the BCC model as opposed to just over 

10% in the CCR model. An average of 80% for the BCC input oriented can be 

compared to the 51% generated from the CCR input-oriented model.

Table 6.13: DEA A nalysis for Contract G.

mm
JKBisr.Jn^exU

i 1.000 1.000 1.000 1.000
2 1.000 1.000 0.620 1.613
3 0.832 1.865 0.524 1.908
4 0.999 1.024 0.371 2.695
5 1.000 1.000 1.000 1.000
6 0.657 1.322 0.561 1.783
7 1.000 1.000 0.938 1.066
8 0.337 2.966 0.143 6.971
9 0.254 2.281 0.141 7.103
10 0.681 1.667 0.477 2.098
11 1.000 1.000 0.320 3.128
12 1.000 1.000 0.440 2.274
14 0.460 2.119 0.274 3.649
15 1.000 1.000 0.920 1.087
18 1.000 1.038 0.235 4.256
19 0.591 2.724 0.270 3.705
20 0.599 1.809 0.404 2.475

M ean 0.789 1.518 0.508 2.812
Standard Deviation 0.263 0.667 0.294 1.875

Max 1.000 2.966 1.000 7.103
M in 0.254 1.000 0.141 1.000

# of Efficient DMUs 7 7 2 2
% of DMUs 41.2 41.2 11.8 11.8
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Table 6.14: Com parison of Ranking for Contract G.

Established UTCPM

ID NUMBER M ark  /  35 Rank
L

DEA Efficiencies Rank

G -1 35 1.000

G -  7 35 1.000

G - 5 35 1.000

G - 2 35 1.000

G -1 1 35 1.000

G - 4 35 1 1.024 8

G -  6 35 1 1.322 10

G -10 35 1 1.667 11

G -18 35 1 1.038 9

G -19 35 1 2.724 16

G - 20 HQH 1.809

G - 3 iSESl 1.865 [ J E W

G - 9 31 K39 b o b
G -12 31 13 1.000 1

G -15 31 13 1.000 1

G -16 31 13

G -17 31 13

G - 8 29 2.966

G -1 4 28 19 2.119 14

G -1 3 25 20
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The comparison of the two ranking systems for contract G can be seen in 

Table 6.14. The established ranking was not carried out in its entirety and as a 

result was scored out of 35 instead of 50, which produced a lot of ties. Contractor 

13 was ranked 20 in the established model and lost all of its 10 points because it 

did not submit the required bonding. This eliminated this contractor from 

UTCPM since this is the first stage of the model. This contractor was otherwise 

perfect and as a result was deem ed efficient in a trial run and would have been 

prequalified had they submitted the required bonding. In UTCPM, such a 

contractor is not permitted past step 1 without the proper required bonding. 

Contractor 15 lost four points in the established system because it did not submit 

their CAD-7 which would have otherwise given them a perfect score like they 

received in UTCPM.

It can also be seen that for the BCC output-oriented model, the num ber of 

efficient DMUs ranged from 31.3% to 46.7%. These numbers may seem high but 

can be anticipated due to the num ber of decision making units that are present in 

the analysis. The total number of DMUs for any contract ranged from 12 to 19 

contractors, which is not a lot of data points by DEA standards. Having said 

that, it is also representative of the situation that occurs in the construction 

industry- A nother way of looking at the data is to score the difference in ranks 

between the two models.
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6.2 Prequalifying Contractors and Shortlisting

The third stage of UTCPM involves shortlisting a n d /o r  selecting the 

num ber of prequalified contractors allowed to submit a tender for the project. In 

the established system, the cut-off for prequalification varies from one contract to 

another. It will not always be a set num ber. It will depend on the num ber of 

contractors in the analysis and the range of scores obtained. It is much easier to 

set a mark in UTCPM, such as 1.5 in the output-oriented BCC model. Any 

contractor with an efficiency of less than 1.5 would be prequalified. The top 

eleven contractors in contract D and the top eight contractors in contract F were 

prequalified in the established system. The remaining five contracts are 

estimated in Table 6.15 along with the num ber of contractors that would be 

shortlisted in UTCPM based on an efficiency of 1.5 or less. The prequalified 

contractors in the established model were decided upon by judgm ent based on 

the range of scores except for the two green boxes, which were actual results. 

The results are fairly similar although it is im portant to note that the contractors 

that would be prequalified in each system are all the same. The biggest 

difference came in contract E where the 7 contractors that w ould be prequalified 

were all deemed efficient. The next best score was larger than 1.5. The 

established system may have yielded twice the am ount of contractors allowed to 

subm it a tender. Establishing a benchmark before the analysis is performed in 

UTCPM is critical in eliminating any subjectivity in the whole process. It might 

be better to determine the num ber of contractors that will be prequalified, which
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is closer to the shortlisting process. Allowing the contractors know how  many 

will be shortlisted will encourage them to participate.

Table 6.15: Recom m ended Prequalified Contractors in Both Systems.

Contract Total DMUs
Prequalified

in
Establishedi 

System

Percent of 
DMUs(%)

Prequalified
inUTCPM

Percent of 
DMUs(%)

A 16 12 75.0 10 62.5

B 18 9 50.0 13 72.2

C 14 8 57.1 7 50.0

D 15 73.3 11 73.3

E 19 15 78.9 7 36.8

F 13 61.5 7 53.8

G 20 12 60.0 10 50.0

6.3 Sum m ary

As mentioned the biggest shortcoming concerning DEA and the 

prequalification of contractors is the number of DMUs as well as the fact that it is 

a relative procedure. All the contractors in the group may be awful but still 

receive efficiency scores of 1.0. This cannot be overcome since these are real 

situations in the construction industry and low num bers of participants may 

surface in any contract. Typical DEA studies involve hundreds to thousands of 

DMUs and as a result the concern of limiting the num ber of inputs and outputs is
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a non-issue. Limiting the inputs and outputs in this project was a major concern. 

Com paring two systems while being allowed a certain num ber of inputs and 

output required severely limiting the criteria selected, which would otherwise 

not be necessary. These may not necessarily have been the best criteria for 

prequalification, but they were the best criteria to meet the established model.

Table 6.16 summarizes the results of section 6.1. Contractors that were 

within three spots in the two systems varied from 26.7% to 75%. It is quite 

difficult to develop a non-biased system that matches exactly a biased system, so 

the results are encouraging. It is hoped that UTCPM will be a basis upon which 

future non-biased systems may be developed.

Table 6.16: Summary of Rank Comparison.

Contract Total DM U s Exact M atches W ith in  3 Spots Tota l Percent

A 16 2 8 10 62.5

B 16 3 9 12 75.0

C 14 3 5 8 57.1

D 15 2 2 4 26.7

E 19 4 6 10 52.6

F 12 1 3 4 33.3

G 18 6 3 9 50.0
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The results of four different DEA evaluation algorithms were presented 

but only the BCC output-oriented model was used for the comparison to the 

industry system. The average efficiency for each model ranged from 70 to 85 

percent in the BCC input-oriented model, which shows a strong relationship 

between the DMUs, i.e. that they have relatively similar qualifications.

The main reasons why ranks were different between the two 

prequalification systems (the established and UTCPM) were discussed. 

Contractors w ho cannot get the appropriate bonding for the specified contract 

are not put through the DEA analysis in this proposed model. The established 

model produced many ranking ties since one is dealing with a discrete scoring 

system out of 50. DEA produces ties only in its number one ranking since these 

are all efficient units on the frontier. After the num ber one ranking, the efficiency 

scores are a continuous variable so it is highly unlikely that ties will be produced.

Application of the DEA model was successful, especially since it was not 

expected that the two systems w ould produce exactly similar results. UTCPM 

produces a non-subjective, unbiased system, which will hopefully be looked 

upon favourably in the construction industry.
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7.0 CONCLUSIONS AND RECOMMENDATIONS

Tnis chapter concludes the main findings from this research as well as 

suggests the direction that future research may be carried out. The main findings 

of the three-stage proposed model will be discussed with its many advantages 

and disadvantages. The comparison of the two models will also be discussed 

and finally the chapter will end w ith a discussion on the future of DEA models 

and DEA in general in the construction industry. Prequalification may not be the 

only place that DEA may be of use in the construction sector since there are 

many decisions that are subjective in nature and may be deem ed biased.

_
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7.1 Conclusions

A comprehensive overview of the owner-contractor prequalification 

system was presented along with its advantages and disadvantages as well as 

alternative measures. The system was looked at from an ow ner's perspective as 

well as a contractor's perspective and weighed the benefits with the 

shortcomings. A set of criteria that is often used in the construction industry was 

also presented to understand all the factors that go into a prequalification 

decision. Every single criterion will not be found in every prequalification model 

available in industry as well as literature but most of them will frequently arise 

in manv of the models.

This work also provided a look at other current models discussed in 

literature, and im plem ented in the industry. Models range from systems 

subjectively assigning weights to different criteria to others developing a 

weighting methodology. Fuzzy logic was introduced as an alternative to 

definitive weighting, while neural networks were used to train a system on 

historical data. All models are striving for the same ultim ate goal, to assist the 

decision maker.

An extensive literature review was also carried out on  the subject of Data 

Envelopment Analysis (DEA) and its possible role in the construction industry. 

Three types of models were discussed: the BCC model, the CCR model, and the 

Additive model. The different envelopment surfaces and orientations were also 

discussed.
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This research successfully dem onstrated an alternate m odel for assessing 

the prequalification process of contractors using current data in the construction 

industry. Contractor prequalification can be seen as an im portant factor to the 

success of a project. A lthough it initially consumes resources, it may save an 

ow ner a great deal of money and resources when carried out properly. It may 

also save contractors time and money by discouraging unqualified contractors 

from preparing and submitting a bid. There is an obvious need for contractor 

prequalification in the construction industry, however, it is difficult to find a 

system  that is acceptable to everyone since there is usually a high degree of 

subjectivity associated w ith any system. To address this concern a three-stage 

m odel involving the use of Data Envelopment Analysis was presented as an 

alternative to traditional prequalification weighted scoring systems.

The University of Toronto Contractor Prequalification M odel (UTCPM) 

w as proposed as an alternative to the traditional established system. The first 

stage requires contractors to submit the surety 's letter of prequalification. The 

second stage is the DEA analysis involving one input and three outputs that 

w ere decided upon by com paring the m odel to an established m odel. The third 

stage involves a concept known as "shortlisting", where the decision maker 

reduces the number o r prequalified contractors down to a predeterm ined 

num ber. This model was compared to an established 50 point weighted model 

developed by a project m anger in the Southern Ontario region.
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The DEA analysis of the seven contracts produced averages of between 70 

and 85 percent efficiencies with the number of efficient decision making units 

ranging from 31 to 47 percent on the BCC output-oriented model. The ranking 

systems of both models produced many similar results especially at the top and 

the bottom of the ranking lists, which suggests that these contractors are in the 

correct place. The results in the middle are sometimes fuzzier and can often be 

explained by looking at both systems. The num ber of contractors that were 

within three ranking points in each system ranged from 27 to 75 percent 

depending on the contract. The results seemed to get better as the number of 

contractors prequalifying for the project increased.

This is the first time DEA is being introduced to the construction industry 

and can said to have a successful introduction although there is still much 

needed work. DEA has 3 disadvantages. First, one requires data (Number of 

contractors) that is at least three times the sum  of all the inputs and outputs. In 

construction, the num ber of contractors will generally govern this relationship. 

This can be offset by the fact that DEA will produce the most non-subjective, 

unbiased decision in the prequalification process. The second disadvantage is 

that the analysis is a batch process, i.e. all contractors are analyzed as a group. If 

a late prequalification submission is received, then the entire analysis will have 

to be rerun. Thirdly, the analysis is relative only to the group, and a contractor's 

score may change if it is combined into a different group. It may be possible to
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establish a false set of ideal contractors to use in the model that can then set a 

standard level.

7.2 Recom m endations

As this work unveils trends and recent developments in the 

prequalification process, it also illustrates the need and desire by industry to 

develop an unbiased system. This research also highlights the need for 

additional work on DEA in the construction industry. The following research 

areas are recommended to increase the value and worth of DEA in the 

construction industry:

• A DEA model should be developed w ithout trying to com pare it any 

system exactly, instead criteria should be developed through expert 

opinion and literature.

• The importance of quality data in any DEA analysis is crucial. 

Interpretations often had to be made concerning ambiguities that were 

presented by contractors.

• A special standard package should be developed for the 

prequalification process. Any contractor not providing all the 

necessary data or not adhering to the guidelines should automatically 

be disqualified.

• More data needs to be investigated and perhaps other systems used as 

reference points.
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• Decision makers will not w ant to run through DEA manually, and 

although there is a num ber of different software to handle DEA, one 

should be developed, perhaps through Visual Basic, that is user 

friendly and specific to the construction industry.

• A database of all the information used in the DEA analysis should be 

maintained to look for improvements in selecting different criterion as 

well as ways to im prove existing models. This would be an excellent 

way to test and refine objective indicators and compare scores on 

actual projects. This can lead to acceptance in the industry.

Reducing the Bias in Contractor Preejualification Using DEA foseph Ramani

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



www.manaraa.com

References

REFERENCES

AbouRizk, Simaan M., and Chehayeb, N ader N., (1995), "A Hypertext Decision 
Support Model for Contractor Prequalification", Microcomputers in Civil 
Engineering, Vol. 10, pp. I l l  -121 .

Ali, Agha Iqbal, and Seiford, Lawrence M., (1993), "The Mathematical 
Programming Approach to Effciency Analysis", in The Measurement of Productive 
Efficiency: Techniques and Applications, Fried, H., Lovell, C. A. Knox, and 
Thore, Sten (editors), Oxford University Press, London, pp. 120 -159.

Assaf, S., and Jannadi, M. Osama, (1994), "A Multi-Criterion Decision-Making 
Model for Contractor Prequalification Selection", Building Research and Information, 
Vol. 22, No. 6, pp.

Banker, Rajiv D., Chames, A., and Cooper, W. W., (1984), "Some Models for 
Estimating Technical and Scale Inefficiencies in Data Envelopment Analysis", 
Management Science, Vol. 30, No. 9, pp. 1078 -1092.

Boussofiane, A., Dyson, R. G., and Thanassoulis, E., (1991), "Applied Data 
Envelopment Analysis", European Journal of Operational Research, Vol. 52, pp. 1 -  
15.

Bowlin, William F., Chames, A., Cooper, W. W., and Sherman, H. David, (1985), 
"Data Envelopment Analysis and Regression Approaches to Efficiency Estimation and 
Evaluation", Annals of Operations Research, Vol. 2, No. 1, pp. 113 -138 .

Bubshait, Abdulaziz A., and Al-Gobali, Kamal H., (1996), "Contractor 
Prequalification in Saudi Arabia", Journal of M anagement in Engineering, Vol. 12, 
No. 2, pp. 50 -  54.

Carty, Gerard ]., (1995), "Construction ", Journal of Construction Engineering and 
Management, Vol. 121, No. 3, pp. 319 -  328.

CCDC, (1996), “Standard Construction Document -  CCDC U -  1996", Canadian 
Construction Documents Committee, Ottawa, Ontario, KIP 6A4.

Chames, A., Cooper, W. W., and Rhodes, Edwardo L., (1978), "Measuring the 
Efficiency of Decision Making Units", European Journal of Operations Research, 
Vol. 2, No. 6, pp. 429 -  444.

133

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



www.manaraa.com

References 134

Chames, A., Cooper, W. W., Lewin, A. Y., and Seiford, L. M., (1994), "Introduction 
and Basic DEA Models", in Data Envelopment Analysis: Theory, M ethodology 
and Applications, Chames et al. Editors, Kluwer Academic Publishers, pp. 3 -4 7 .

Coelli, Tim J., (1996), “A Guide to DEAP Version 2.1: A Data Envelopment Analysis 
(Computer) Program", CEPA W orking Paper No. 8/96, Centre for Efficiency and 
Productivity Analysis, Department of Econometrics, University of N ew  England, 
Armidale, pp. 1 -  49.

CSAO, (2000), "CAD-7 Experience Rating for Ontario Construction", Construction 
Safety Association of Ontario, third revised edition, Etobicoke, Ontario, M9W 
5M7.'

Elton, David J., Juang, C Hsein, and Russell, Jeffrey S., (1994), “Contractor 
Prequalification Using Fuzzy Sets", Civil Engineering Systems, Vol. 11, pp. 1-17.

Farrell, M. J., (1957), "The Measuremettt of Productive Efficiency”, Journal of the 
Royal Statistical Society, Series A, Vol. 120, Part 3, pp. 253 -  290.

Gong, Xiaodong, (1999), "Contractor Prequalification Process", M. Eng. Project, 
Department of Civil and Environmental Engineering, University of Toronto.

Hanna, Awad S., Russell, Jeffrey S., Taha, M ahmoud A., and Park, Sang C., 
(1997), "Application of Neural Netivorks to Owner-Contractor Prequalification", in 
Artificial Neural Networks for Civil Engineers: Fundamentals and Applications, 
ASCE, N ew  York, NY, pp. 124 -  136.

Holt, Gary D., Olomolaiye, Paul O., and Harris, Frank C., (1994), "Evaluating 
Prequalification Criteria In Contractor Selection", Building and Environment, Vol. 
29, No. 4, pp. 437 -  448.

Holt, G ary D., (1996), "Applying Cluster Analysis to Construction Contractor 
Classification", Building and Environment, Vol. 31, No. 6, pp. 557 -  568.

Jaselskis, Edward J., and Russell, Jeffrey S., (1992), "Risk Analysis Approach 
Selection of Contractor Evaluation Method", Journal of Construction Engineering 
and Management, Vol. 118, No. 4, pp. 814 -  821.

Juang, C. H., Burati, J. L., Kalindindi, S. N., (1987), "A Fuzzy System for Bid 
Proposal Evaluation Using Microcomputers", Civil Engineering Systems, Vol. 4, pp. 
124-130.

Reducing the Bias in Contractor Prequalification Using DEA Joseph Ramani

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



www.manaraa.com

References 135

Lovell, C. A. Knox, (1993), "Production Frontiers and Productive Efficiency", in The 
M easurement of Productive Efficiency: Techniques and Applications, Lovell et 
al. Editors, N ew  York Press, pp. 3 -  67.

Marston, D. L., (1996), "Law for Professional Engineers: Canadian and International 
Perspectives", Third Edition, McGraw-Hill Ryerson Limited, New York.

Nguyen, Van Uu, (1985), "Tender Evaluation by Fuzzy Sets", Journal of 
Construction Engineering and Management, Vol. I l l ,  No. 3, pp. 231 -  243. 
Pilateris, Peter, (2000), "Contractor Performance Evaluation Using Data Envelopment 
Analysis", M. A. Sc. Dissertation, Departm ent of Civil and Environmental 
Engineering, University of Toronto.

Rankin, Jeff H., Champion, Stephen L., and W augh, Lloyd M., (1996), "Contractor 
Selection: Qualification and Bid Evaluation", Canadian Journal of Civil
Engineering, Vol. 23, pp. 117 -  123.

Russell, Jeffrey S., and Skibniewski, Miroslaw J., (1988), "Decision Criteria in 
Contractor Prequalification", Journal of M anagement in Engineering, Vol. 4, No. 2, 
pp. 148 -164 .

Russell, Jeffrey S., (1990a), "Model for Oivner Prequalification of Contractors", 
Journal of M anagement in Engineering, Vol. 6, No. 1, pp. 59 -  75.

Russell, Jeffrey S., (1990b), "Surety Bonding and Owner-Contractor Prequalification: 
Comparison”, Journal of Professional Issues in Engineering, Vol. 116, No. 4, pp. 
360-374.

Russell, Jeffrey S., and Skibniewski, Miroslaw J., (1990), "QUALIFIER -  1: 
Contractor Prequalification Model", Journal of Com puting in Civil Engineering, 
Vol. 4, No. 1, pp. 77 -  90.

Russell, Jeffrey S., Benson, Craig H., and Fox, Patrick J., (1990a), "A Stochastic 
Decision Model for Contractor Prequalification", Microcomputers in Civil 
Engineering, Vol. 5, No. 4, pp. 285 -  297.

Russell, Jeffrey S., Skibniewski, Miroslaw J., and Cozier, David R., (1990b), 
"QUALIFIER -  2: Knowledge-Based System for Contractor Prequalification", Journal 
of Construction Engineering and Management, Vol. 116, No. 1, pp. 157 -1 7 1 .

Russell, Jeffrey S., and Jaselskis, Edward J., (1992), "Quantitative Study of 
Contractor Evaluation Programs and Their Impact", Journal of Construction 
Engineering and M anagement, Vol. 118, No, 3, pp. 612 -  624.

Reducing the Bias in Contractor Prequalification Using DEA Joseph Ramani

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



www.manaraa.com

References 136

Russell, Jeffrey S., (1994), "Oioner-Contractor Prequalification", in Construction 
Contractor Analysis (Draft), University of Wisconsin-Madison, pp. 1 -  68.

Seiford, Lawrence M., and Thrall, Robert M., (1990), "Recent Developments in 
DEA: The Mathematical Programming Approach to Frontier Analysis", Journal of 
Econometrics, Vol. 46, No. 1-2, pp. 7 -  38.

Sexton, Thomas R., (1986), "The Methodology of Data Envelopment Analysis", in 
M easuring Efficiency: An Assessment of Data Envelopment Analysis, Silkman, 
R. H. (editor), Publication No. 32 in the series New Directions for Program 
Evaluation, A Publication of the American Evaluation Association, San Francisco, 
Jossey Bass, pp. 7 -  29.

Vela, Sandra, (2000), "Canadian Life and Health Insurance Productivity Evaluation 
Using Data Envelopment Analysis", M. A. Sc. Dissertation, D epartm ent of 
Chemical Engineering and Applied Chemistry, University of Toronto.

Weiss, M. A., (1991), "Efficiency in the Property-Liability Insurance Industry", 
Journal of Risk and Insurance, Vol. 58, pp. 452 -  479.

Reducing the Bias in Contractor Prequalification Using DEA Joseph Ramani

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



www.manaraa.com

Appendix A

S T A N D A R D  C O N S T R U C T I O N  

D O C U M E N T  -  C C D C  1 1  - 1 9 9 6

137

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



www.manaraa.com

• 3  1 ;—  Standard Construction Document -  CCDC 11 -  1996
i I  i  •I

CONTRACTOR’S QUALIFICATION STATEMENT

This document is intended to provide information on the capacity, skill, and experience of the Contractor. Applicant 
may supplement information requested with additional sheets if required.

Project Number: _____________________

Project Title and Location:_________________________________________________________________

1. Submitted to:

Firm Name:____________________________________________________________

Address:______________________________________________________________

Phone: ________________________  Fax:_____________________  E-mail:

2. Submitted by:

Firm Name:___________________________________________________________

Address: ______________________________________________________________

Phone:________________________  Fax:   E-mail:

3. Legal Structure of Contractor:

Year Established:_____  Joint Venture _

Corporation _  , Partnership __ , Registered _  , Sole Proprietor _  , Other:____

Names and Titles of Officers. Partners. Principal:___________________________

4. Financial References

a. Bank Name:________________________________________________________

Location:___________________________________________________________

Contact Person(s):___________________________________________________

Phone:_____________________  Fax:_______________________  E-mail:

b. Bonding Company:__________________________________________________

Location:___________________________________________________________

Contact Person(s): _________________________________________________ _

Phone:   Fax: E-mail:

CCDC 11 -  1996 File 00130
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5. Annual value of construction work for the past five years 

Year Value Year Value

S ____________________________ S

Year Value

S

  s _______________ ________ s _______________

6. Principal projects completed in the past five years. Listed in Appendix A.

7. Similar or related projects completed. Listed in Appendix B.

8. Major construction projects underway this date. Listed in Appendix C.

9. Key office personnel proposed for the project, attach resume of qualifications and experience: 

(e.g. Principal in Charge, Project Manager. Estimator, etc)

Name Title . Position

10. Key site personnel proposed for the project, attach resume of qualifications and experience: 

(e.g. Project manager. Superintendent. Foreman, etc)

Name Title Position

[ declare that the information provided is true and correct to the best of my knowledge.

name and title o f  contact person date

CCDC II -  1996 File 00130
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Principal projects completed in the past five years. APPENDIX A

Project Title and Location:

Description: Project Value: S

Owner: Date Completed:

Refer to: Phone: Fax:

Consultant:

Refer to: Phone: Fax:

Project Title and Location:

Description: ______________________________________  Project Value: S

Owner: ____________________________________________ Date Completed: ___________

Refer to: ___________________________________________ Phone:   Fax:

Consultant: _____________________________________________________________________

Refer to: ___________________________________________ Phone:   Fax:
‘ l —- -  ~ I  II —  - -  ■■------- — » — i ' — - S —

Project Title and Location: _______________________________________________________

Description: ______________________________________  Project Value: $

Owner: ____________________________________________ Date Completed: ___________

Refer to: ___________________________________________ Phone:   Fax:

Consultant: _____________________________________________________________________

Refer to: ___________________________________________ Phone:   Fax:

Project Title and Location: _______________________________________________________

Description: ______________________________________  Project Value: S

Owner   Date Completed:

Refer to: __________________________________________ Phone:   Fax:

Consultant: _____________________________________________________________________

Refer to: Phone: Fax:

CCDC 11 -  1996 File 00130 Page _  of _
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Similar or related projects completed. APPENDIX B

Project Title and Location:

Description: Project Value: S

Owner: Date Completed:

Refer to: Phone: Fax:

Consultant:

Refer to: Phone: Fax:

Project Title and Location:

Description: __________________________________________  Project Value: S

O w n e r :_____________________________________________   Date Completed:

Refer to: Phone: Fax:

Consultant:

Refer to: Phone: Fax:

Project Title and Location:

Description: Project Value: S

Owner: Date Completed:

Refer to: Phone: Fax:

Consultant:

Refer to: Phone: Fax:

Project Title and Location:

Description: __________________________________________  Project Value: S

Owner: Date Completed:

Refer to: Phone: Fax:

Consultant:

Refer to: Phone: Fax:

CCDC II -  1996 File 00130
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Major construction projects undenvav as of the date of submission. APPENDIX C

Project Title and Location:

Description: Project Value: S

Scheduled Com pletion Date: 

Owner:

Percent Com pleted: %

Refer to: Phone: Fax:

Consultant:

Refer to: Phone: Fax:

Project Title and Location:

Description: __________________________________________  Project Value: S

Scheduled Completion Date: Percent Completed: %

Owner:

Refer to: Phone: Fax:

Consultant:

Refer to: Phone: Fax:

Project Title and Location:

Description: Project Value: S

Scheduled Completion Date: Percent Completed: _ %

Owner

Refer to: Phone: Fax:

Consultant:

Refer to: Phone: Fax:

Project Title and Location:

Description: Project Value: S

Scheduled Completion Date: Percent Completed: %

Owner

Refer to: Phone: Fax:

Consultant:

Refer to: Phone: Fax:
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P R E Q U A L I F I C A T I O N  A N A L Y S I S  

S H E E T S  ( H O L T  E T  A L . ,  1 9 9 4 )
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PREQUALIFICATION ANALYSIS SHEETS.

NB. ^  = descriptive insertion required by practitioner. a  = numeric 
insertion required by practitioner.

V I SIZE.
(A) Approx. maximum required financial commitment by contractor to 

proposed project = 2 x [contract sum /con tract period (months)].
(B) Approx. contractor capacity = (current assets -  current liabilities + one half 

non-current assets [exc goodwill] -  non-current liabilities) x 50%
Is (A) equal to, or less than (B) for contractor? YES: then score 1.0 NO: then 
score zero

Total V I score **____________
V2 AGE.
Has the company been trading under the same company nam e within the 
construction sector for at least three years? YES: then score 1.0 NO: then 
score zero

Total V2 score **____________
V3 IMAGE.
Has the contractor supplied details of com pany membership of specialist trade 
associations? Award 0.5 for each m em bership (maximum score = 1) for which 
such membership is considered by the practitioner as com plim enting this 
contractors' image. (No m em bership = no score).
V3a. Association 1. (score worth 0.5) ...................................... score:**....................
V3b. Association 2. (score worth 0.5)  score:**.

Total V3 score **____________
V4 QUALITY CONTROL POLICY.
V4a). Does the company have appropriate QA registration to B.S. 5750? If 
answer is YES: then V4 score = 1.0 and go to V5. If answ er is NO: go to V4b; 
V4b). Does the company state that it intends to apply for appropriate QA 
registration to BS 5750 within the next six months? If answ er is YES: then V4 
score = 0.5 and go to V5. If answer is NO: score zero

Total V4 score **____________
V5 HEALTH AND SAFETY POLICY.
NB. FOR QUESTIONS V5a to V5h; YES = 0.1 & NO = ZERO
V5a. Has the company formulated an  internal safety policy in accordance with
section 2(3) of HASW A1974?
score:**....................
V5b. If so are the company's' H&S objectives clearly
laid dow n within? score:**..................
V5c. Does the document state that H&S are to be given
the highest priority in all aspects of the works? score:**..................
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V5d. Does the document describe duties of employees 
and m anagem ent with regard to H&S?
V5e. Does the company have a perm anent H&S

score: **

Debt/?
score:« .....................
V5f. If so have its' representatives the power to stop 
dangerous activities? 
score: .....................
V5g. Do directly employed operatives receive H&S
awareness or first aid training? score:**..........
V5h. Do site m anagem ent receive H&S awareness
or first aid training? score:**..........

NOTE CHANGE IN SCORE VALUES: FOR QUESTIONS V5j & V5k; YES = 
ZERO & NO = 1.0.

V5j. Has the company been served w ith an improvement or prohibition
Notice by the HSE over the last 5 years (Yes = zero No = 0.1) score:**.........
V5k. Has the company had a fatal accident on any site 
under its' control within the last 5 years (Yes = zero No = 0.1) 
score:**.....................

V6. LITIGATION TENDENCY.
What point on the following scale best represents the contractors litigation 
tendency? See comments relating to scale;

Total V5 score **

Point on scale. 
1.0.

Comments.
The contractor is involved with multiple 
legal actions and observation of V20 
indicates that the contractor has a strong 
claims consciousness.
The contractor has a current legal action 
with an employer and observation of 
both references under V20 indicates up 
to 50% cost overrun due to contractor 
claims.
The contractor has NO current legal 
actions and observation of V20 shows 
NO indication of cost overrun due to 
claims by the contractor.

5.0.

10.0.
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1......... 2 ......... 3 ..........4 ......... 5 ......... 6..........7 ..........8... ..... 9 ..........10

N.B. V6 score = point on scale divided by 10 ie., 8 /10  = 0.8

Total V6 score **
V7; RATIO ANALYSIS OF ACCOUNTS.
V7a.* Is current ratio score above critical limit
of 1.0?... (Yes; 0.167 No; zero)....... score: **....................
V7b. If answer is yes to V7a; has current ratio remained
stable or exhibited im provem ent over last 3 years
figures?...(Yes; 0.167 No; zero).... score:**....................

V7c.* Is N A /C L ratio score above critical limit of
1.0?....... (Yes; 0.167 No; zero).... score:**....................
V7d. If answer is yes to V7c; has N A /C L ratio remained
stable or exhibited im provem ent over last 3 years
figures?... (Yes; 0.167 No; zero).... score:**....................

V7e.* Is interest cover above critical limit of
2.0?....... (Yes; 0.167 No; zero).... score:**....................
V7f. If answer is yes to V7e; has interest cover remained
stable or exhibited im provem ent over last 3 years
figures?... (Yes; 0.167 No; zero).... score:**....................
* figures extracted from last fid l years trading accounts.

Total V7 score **

V8; BANK REFERENCE.
V8a. Has the company been w ith its bank for a minimum 3 years? If No score
zero and go to V9. If YES go to V8b;
V8b. M irror the contractor's Bank reference on the following scale where; 1
represents a poor reference and  10 represents an excellent reference.

The en d  o f  the scale reflects p oor Score o f 5 reflects The en d  o f the scale
reference, ie., on e that does n ot m edian  response; represents reference
instil con fidence in the contractor neither excellent n or poor w hich  instils confidence
co m p a n y  in the contractor

1......... 2......... 3 ..........4 ......... 5 ......... 6..........7..........8.. .......9 ......... 10

N.B. V8 score = point on scale divided by 10 ie., 8 /10  = 0.8
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Total V8 score » __________

V9; TRADE REFERENCE.
V9a. M irror the contractor's trade reference (Nr. 1) on the following scale 
where; 1 represents a poor reference and 10 represents an excellent reference.

The end of the scale reflects poor Score of 5 reflects The end of the scale
reference, ie., one that does not median response; represents reference
instil confidence in the contractor neither excellent nor poor which instils
confidence
company in the contractor

1......... 2 ......... 3 ......... 4 ..........5 ......... 6..........7......... 8......... 9 .......... 10

V9b. M irror the contractor's trade reference (Nr. 2) on the following scale 
where; 1 represents a poor reference and 10 represents an excellent reference.

The end of the scale reflects poor 
reference, ie., one that does not 
instil confidence in the contractor 
confidence 
company

Score of 5 reflects The end of the scale
median response; represents reference

neither excellent nor poor which instils

in the contractor

1. .10

Point on scale 9a**.................A dded to Point on scale9b**..................Equals sub
total **............. Sub total divided by 20 equals V9 score.

Total V9 score **_________

V10; TURNOVER HISTORY.
V10a. Has the company shown turnover contraction during
the ^period?..........................................(Yes = zero No = 0.25).... score:**..............
VIOb. Has the company fallen below the critical limit Of 
1.0 (current ratio) during the ^period? (Yes = zero No = 0.25).... 
score:**....................
VIOc. Has the company show n a decline in ROCE on 
any previous year for the *period?....(Yes = zero No = 0.25).... 
score:**....................
VIOd. Has the company held the critical limit of 50% 
capital gearing during the *period?...(Yes = zero No = 0.25)....
score:**....................
*period = last 3 trading years

Total V10 score **_________
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V ll; QUALIFICATION OF COMPANY OWNERS.
Insert the variable (performance) scores as indicated, then add & divide by four 
to establish mean.
V ila . Turnover (From V10 score) ex..............
V llb . Time (From V19 score) ex..............
V ile. Cost (From V20 score) ex..............
V IId. Quality (From V21 score!______
ex....................

Sub to ta ls .....................
Sub total divided by 4 = V ll score

Total V ll  score ex____________

V12; QUALIFICATION OF KEY PERSONNEL.
V12a. W hat %* of contractors' key personnel hold
a construction related Degree?...................... ex.......... % x 0.25 =
ex....................
V12b. W hat %* of contractors' key personnel are
between the age of 30 -  40 years old?  » .......... % x 0.25 =

......................
V12c. W hat %* of contractors' key personnel are
corporate members of the CIOB or the ICE? ex...........% x 0.25 =
ex....................
V12d. W hat %* of the contractors' key personnel have
overseas construction managem ent experience? a  % x 0.25 =
ex....................
*expressed as a decimal.

Total V12 score ex_________
V13; YEARS WITH COMPANY -  KEY PERSONNEL.
V13. W hat percentage of m anagem ent have been with the company since 
leaving school and remained in the com pany's employ for between 12 and 22 
years? (Percentage expressed as a decimal equals variable score).

Total V13 score a _________

V14; FORMAL TRAINING REGIME.
V14a. Does the company operate a formal training regime (internal or external) 
to prom ote academic qualification of its managers? (Yes = 0.5 No = zero) 
score: ................
V14b. Does the company operate an internal system of inter-departm ental
experience to its m anagers?  (Yes = 0.5 No = zero)
score: ex..............
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Total V14 score a ____________

V15; EXPERIENCE -  TYPE OF PROJECTS.
V15. Has the contractor provided details (to the satisfaction of the practitioner) 
of a contract com pleted within the last 2 years for each of the (broad) work types 
V15a -  V15d described by the practitioner below? Practitioners choice of work 
types
shown ( ^ ) ;
V15a. .........................................(Yes = 0.25 No = zero)  score:-**....................
V15b. ......................................... (Yes = 0.25 No = zero)  score:**....................
V15c. ......................................... (Yes = 0.25 No = zero)  score:**....................
V15d. ......................................... (Yes = 0.25 No = zero)  score:**.....................

Total V15 score **____________

V16; EXPERIENCE -  SIZE OF PROJECTS.
V16a. Has the contractor experienced execution of a contract of similar size () to 
the proposed project within the last 3 years? (Yes = 0.5 No = zero)....

score:**.....................
V16b. Is the proposed project of a size ( )  most often undertaken by the
contractor com pany?................................................(Yes = 0.5 No = zero)...

score:**.....................

Total V16 score **____________

V17; NATIONAL OR LOCAL CATCHMENT.
Has the contractor supplied the address of one contract (min. contract period 2 
months & executed within the last 2 years) which falls within any of the 
following regions? (regions defined by the counties each encompasses).
V17a. Scottish R egion...........................  (Yes; 0.1 No; zero)..
**.......................
V17b. N orthum brian Region. Northumberland, Tyne and 
Wear, Durham, Cleveland, North Yorkshire (Yes; 0.1 No; zero)..
* * .......................
V17c. North W est Region. Cumbria, Lancashire, Greater
Manchester, M erseyside, Cheshire................(Yes; 0.1 No; zero)..
«*.......................
V17d. Yorkshire Region. West Yorkshire, Humberside, South
Yorkshire, Derbyshire (Yes; 0.1 No; zero)..
* * .......................
V17e. Welsh Region. Gwynedd, Clwyd, Dyfed, Powys,
W est Glamorgan, Mid Glamorgan, South Glamorgan,
G w ent......................................................... (Yes; 0.1 No; zero)... **....................
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V17f. Severn Trent Region. Shropshire, Staffs, Notts, Leics, W est Mids,
Hereford & W orcestershire Warwickshire (Yes; 0.1 No; zero)...
*3.......................
V17g. Anglian Region. Lincolnshire, Cambridgeshire, Norfolk,
Northam ptonshire, Suffolk, Bedfordshire, Essex......................(Yes; 0.1 No;
zero)... **.....................
V17h. South West Region. Cornwall,
Devon.........................................................(Yes; 0.1 No; zero)... » .....................
V17j. Wessex Region. Gloucestershire, Avon, Wiltshire,
Somerset, Dorset......................................(Yes; 0.1 No; zero)...
« .......................
VI7k. Thames & Southern Region. Oxfordshire, Bucks, Herts, Greater 
London, Berkshire, Kent, Surrey, Hamps,
W. Sussex, E. Sussex............................... (Yes; 0.1 No; zero)... *3.....................

Total V17 score ««____________

V18; FAILURE TO HAVE COMPLETED A CONTRACT.
Has the contractor ever failed to complete a contract (ie., achieve termination by 
performance) w ithout having just reason, such as frustration or m utual 
agreement? If answ er is N o : score 1.0 If answer is Yes: score zero and go to 
V19

Total V18 score *3____________

V19; OVERRUNS-TIME.
V19a. (reference No' 1). From analysis of the information supplied by Referee Nr.
1 did the contractor complete the contract by the completion date? IF YES THEN 
SCORE 0.5 AND GO TO V19c IF NO TFIEN SCORE ZERO AND GO TO V19b. 
V19b. (reference N o' 1 continued). From analysis of the information supplied 
was the time overrun; i) Entirely due to contractor's fault = zero, ii) Only partly 
due to contractor's fault = 0.25, iii) Not in any way attributable to contractor 
then score 0.5

score:« ......................
V19c. (reference No' 2). From analysis of the information supplied by Referee Nr.
2 did the contractor complete the contract by the completion date? IF YES THEN 
SCORE 0.5 then add  total score for this variable. IF NO THEN SCORE ZERO 
AND GO TO V19d.
V19d. (reference N o' 2 continued). From analysis of the information supplied 
was the time overrun; i) Entirely due to contractor's fault = zero, ii) Only partly 
due to contractor's fault = 0.25, iii) N ot in any w ay attributable to contractor 
then score 0.5

score:« .....................

Reducing the Bias in Contractor Prequalification Using DEA Joseph Ramani

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



www.manaraa.com

Total V19 score a

V20; OVERRUNS -  COST.
V20a. Referee no ' 1. Did the contract overrun on cost ie., cost m ore than the 
original contract sum? If answer is no then score the contractor 0.5 and go to 
V20b....................................................................................... score:« ............... .

If A nsw er is yes then;
w hat approx. percentage of the overrun was attributable to the contractor 
making contractual claims?
(a ).............%
Now deduct (a) (as a decimal) from 1.0 and multiply by 0.5 = score:« ................... .
V20b. Referee no ' 2. Did the contract overrun on cost ie., cost more than the 
original contract sum? If answer is no then score the contractor 0.5 and add up 
V20 total.
If A nsw er is yes then;
w hat approx. percentage of the overrun was attributable to the contractor 
making contractual claims?
(b ).............%
Now deduct (b) (as a decimal) from 1.0 and multiply by 0.5 =score:*a...................

Total V20 score «

V21; PAST PERFORMANCE -  QUALITY ACHIEVED.
V21a. (Referee No' 1) What was the rating given by referee num ber 1 regarding 
the quality of finished product?

The end of the scale represents A score of 5 represents This end of the scale
a poor quality product in terms acceptable quality of represents outstanding
of workmanship. workmanship. quality of
workmanship.

1......... 2 ..........3 .........4 ......... 5 ..........6..........7......... 8 ..........9 ..........10

V21b. (Referee N o' 2) W hat was the rating given by referee num ber 2 regarding 
the quality of finished product?

The end of the scale represents A score of 5 represents This end of the scale
a poor quality product in terms acceptable quality of represents outstanding
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of workmanship. workmanship. quality of
workmanship.

1.........2 ..........3 ......... 4 ......... 5..........6 ..........7.........8......... 9 .......... 10

Point on scale 2 1 a «  Added to Point on scale 2 1 b «  Equals sub
total-a..........
Sub total divided by 20 equals V21 score.

Total V21 score a _______
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Company ID A -1 A - 2 A - 3 A - 4 A - 5 A - 6
Type of Company Corporation Corporation Corporation Corporation Corporation Corporation

Annual Value of Construction 
Over Five Years 

($ x 106)

5 1.8 1.2 8 2.4 1.8
6 1.06 1.6 10 4.3 2.1
9 2.4 2.55 10 5.2 3

7.9 1.6 12 11 3.5
9.7 1.8 10 9.5 3.9

Sum 37,6 8.66 5.35 50 32.4 14.3
Average 7.52 1.732 1.783333333 10 6.48 2.86

Related Work ($ x 106) 3.400647 1.82159666 0.56 14.69 9.23 5.67

Current Workload ($ x 106) 1.663 1.77762261 2.15 6.587 3.05 3.9178

Last Five Years ($ x 106) 4.011 2.60409216 2.08 10.84 9.23 5.196

Employee Experience (years) 120 81 48 113 121 72

Bank / / / / / /
Bonding Company / / / / / /

Letter of Required Bonding / / / / / /

WCB Clearance Certificate / / / / /
Rating Factor 1.000 0.326 0.150 N /  P 0.798 0.150
Firm Performance Index -0.901 0.994 1.000 N / P -0.046 1.000
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Company ID A - 7 A - 8 A - 9 A -10 A -11 A -12
Type of Company Corporation Corporation Corporation Corporation Corporation Corporation

Annual Value of Construction 
Over Five Years 

($ x 106)

70 7 7 116 30 32.61528
61 3 6.5 140 25 27.035898
69 3.5 6 185.8 27 25.378465

69 1.7 6 183 24 34.745785
60 3.687108 5 211 23 18.248612

Sum 329 18.887108 30,5 835.8 129 138,02404
Average 65.8 3.7774216 6.1 167.16 25.8 27.604808

Related Work ($ x 106) 47.9 11.75 1.9 252.9033713 2.178 14.165

Current Workload ($ x 106) 22.2 3.11 9.5 1022 10.531191 11.99353

Last Five Years ($ x 106) 43 16.095 4.8 149 32.595 99.806515

Employee Experience (years) 159 238 160 119 196 250

Bank / / ✓ ✓ ✓ /
Bonding Company / / / / / /

Letter of Required Bonding / / / / / /

WCB Clearance Certificate / S ✓ / / /
Rating Factor 1.000 0.218 N /  P 1.000 1.000 1.000
Firm Performance Index 0.579 0.995 N /  P 0.298 -0.036 0.587
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Contract A

Company ID A -13 A -14 A -15 A -16
Type of Company Registered Corporation Registered Corporation

Annual Value of Construction 
Over Five Years 

($ x 106)

3 60.298 7.5 2.815147
3 49.431 4.5 2.379408

6.3 42.368 3.9 1.69478
5 44.452 3.2 4.746158

2.5 42.584 2.9 4.357059
Sum 19,8 239,133 22 15.992552
Average 3.96 47.8266 4.4 3.1985104

Related Work ($ x 106) 3.63348376 104.248546 2.925 60.5034
Current Workload ($ x 106) 4.497187 62.869683 6.65 0.5
Last Five Years ($ x 106) 2.8712566 94.239982 3.07 16.2404

Employee Experience (years) 132 117 43 105

Bank / y y y
Bonding Company / / y y

Letter of Required Bonding / / y y

WCB Clearance Certificate / / y y
Rating Factor 0.431 1.000 N /  P 0.168
Firm Performance Index 0.998 0.712 N /  P 0.841
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Contract B

Com pany ID B -1 B - 2 B - 3 B - 4 B - 5 B - 6

Type of Com pany Corporation Corporation Corporation Corporation Corporation Corporation

Annual Value of Construction 
O ver Five Years 

($ x 106)

2.815147 5.9 131 N /  P 20 9.861035
2.379408 5.6 127 N /  P 20 5.689798
1.69478 5.1 149 N /  P 17.5 5.456062

4.746158 3.956 150 N /  P 15 5.068872
4.357059 3.845 111 N /  P 9

Sum 15.992552 24.401 668 81.5 26.075767
Average 3.1985104 4.8802 133.6 16.3 6.51894175

Related W ork ($ x 106) 60.8484 9.877 27.75 N /  P 28.2 11.8

Current W orkload ($ x 106) 1.4 2.082959 8.855 16.27 4.9 4.9

Last Five Years ($ x 106) 16.5854 7.746 20 54.675 30.1 11.8

Employee Experience (years) 105 61 89 67 125 70

Bank / / / / / /
Bonding Com pany / ✓ / / / /

Letter of Required Bonding / ✓ / / / /

WCB Clearance Certificate / / / ✓ / /
Rating Factor 0.168 0.746 1.000 1.000 0.294 0.150
Firm Perform ance Index 0.841 0.994 0.784 0.210 1.000 0.671
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Com pany ID B - 7 B - 8 B - 9 B -10 B -11 B -12

Type of Com pany Corporation Corporation Corporation Corporation Corporation Corporation

A nnual Value of Construction 
O ver Five Years 

($ x 106)

4 23 140 6.235 9.5 18
3.1 25 202 5.343 11 13
3.8 16 134 5.673 5.2 11

3.1 11 84 5.57 4.3 10
2.5 23 79 5.94 2.4 8

Sum 16.5 98 639 28.761 32.4 60
Average 3.3 19.6 127.8 5.7522 6.48 12

Related Work ($ x 106) 4.03 N /  P 199.8 0.917 9.23 44.1

C urrent W orkload ($ x 106) 5.34 43.661538 13 3.33 5.35 4.8

Last Five Years ($ x 106) 5.81 166.82659 199.8 3.414 9.23 49

Employee Experience (years) 97 81 61 87 104 109

Bank / / / / / /
Bonding Com pany / / / / / /

Letter of Required Bonding / / / / y /

WCB Clearance Certificate S y ✓ y y y
Rating Factor 0.634 1.000 1.000 1.000 0.798 0.150
Firm Perform ance Index -0.756 0.572 0.355 0.999 -0.046 0.981
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Com pany ID B -13 B -14 B -15 B -16 B -17 B -18

Type of Com pany Corporation Corporation Corporation Corporation Registered Corporation

A nnual Value of Construction 
Over Five Years 

($ x 106)

3.975 123.6 23 115 202 19
5.938 83.6 18 105 220 16
7.856 75.2 18 75 234 14

7.724 68.8 25 55 253 9
7.665 43 32 45 235 12.5

Sum 33.158 394.2 116 395 1144 70.5
Average 6.6316 78.84 23.2 79 228.8 14.1

Related Work ($ x 106) 6.697488 130.9 166.350423 16.25 30.8 35

C urrent W orkload ($ x 106) 5.935 107.018 6.478 23.401 51.9 34.8

Last Five Years ($ x 106) 3.925 130.9 18 26.8 1272 16.9

Employee Experience (years) 121 33 35 13 69 43

Bank / / / / / /
Bonding Com pany / / / / / /

Letter of Required Bonding / / / / / /

WCB Clearance Certificate / / / /
Rating Factor 1.000 1.000 1.000 1.000 1.000 N /  P
Firm Perform ance Index 0.094 0.500 0.986 0.571 0.686 1.000
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Com pany ID C - l C - 2 C - 3 ■u

C - 5 C - 6
Type of Com pany Corporation Corporation Corporation Corporation Corporation Corporation

A nnual Value of Construction 
O ver Five Years 

($ x 106)

5.4 3.969763 1.10371 0.5 116 21.2
5.2 5.526237 1.116776 1.1 140 26.5
5.3 4.922975 1.248337 1.4 185.8 25.9
5.2 4.991317 1.427819 1.8 183 16.1
6.3 4.285493 1.492541 3.6 211 15.5

Sum 27.4 23.695785 6.389183 8.4 835.8 105.2
Average 5.48 4.739157 1.2778366 1.68 167.16 21.04

Related Work ($ x 106) 7.1548 0.52 0.605 3.806 352.614334 7.2
C urrent W orkload ($ x 106) 2.3412963 0.265 0.329 0.345 115.2 10.395
Last Five Years ($ x 106) 22.775208 21.265 0.605 3.806 1068.2 43.78

Employee Experience (years) 81 46 24 103 113 409

Bank ✓ y y y y y
Bonding Com pany / y y y y y

Letter of Required Bonding / / y y y y

WCB Clearance Certificate / ✓ y y y y
Rating Factor N /  P 0.842 0.150 0.163 1.000 1.000
Firm Perform ance Index N /  P 1.000 1.000 -0.651 0.298 0.146

A
ppendix 

C
 

160



www.manaraa.com

R
eproduced 

with 
perm

ission 
of the 

copyright 
ow

ner. 
Further 

reproduction 
prohibited 

w
ithout 

perm
ission.

Contract C
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Com pany ID C - 7

00■U O'■U

C -1 0 C - l l C -12

Type of Com pany Corporation Corporation Corporation Corporation Corporation Corporation

A nnual Value of Construction 
O ver Five Years 

($ x 106)

12.5 36 4.952435 7.8 7.92194551 6
13.5 41 2.022617 4.7 4.7114922 12
15.1 42 1.06854 5.6 1.68709029 12

17.2 42 0.962684 8.6 4.3775083 10
18.5 32.6 0.091051 7.024 7.832805.43 10

Sum 76.8 193.6 9.097327 33.724 18.6980363 50
Average 15.36 38.72 1.8194654 6.7448 4.674509075 10

Related W ork ($ x 106) 2.2 132.903385 1.069 8.352 20.181913.59 0.728

Current W orkload ($ x 106) 2.05 12.325 1.114 3.875 0.405062.41 0.997

Last Five Years ($ x 106) 2.633 6.77 8.525 13.331 11.69091645 0.728

Employee Experience (years) 128 221 147 110 108 67

Bank / / / / / /
Bonding Com pany / / / / / /

Letter of Required Bonding / / / / / /

WCB Clearance Certificate / / / / ✓ /
Rating Factor 1.000 1.000 1.000 1.000 1.000 0.150
Firm Perform ance Index 0.341 0.565 0.882 -0.088 0.186 1.000
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Company ID C -13 C -14
Type of Company Corporation Sole Proprietor

Annual Value of Construction 
Over Five Years 

($ x 106)

2.55 2.85
1.6 1.534
1.2 1.46

0.66
0.29

Sum 5.35 6.794
Average 1.783333333 1.3588

Related Work ($ x 106) 1.2 1.4355
Current Workload ($ x 106) 0.62 1.737675
Last Five Years ($ x 106) 2.08 2.385

Employee Experience (years) 81 121

Bank / /
Bonding Company / /

Letter of Required Bonding / /

WCB Clearance Certificate / /
Rating Factor 0.150 0.150
Firm Performance Index 1.000 1.000
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Contract D
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I
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fta
3aa

Company ID D -1 D - 2 D - 3 1Q

D - 5 D - 6

Type of Company Corporation Corporation Corporation Corporation Corporation Corporation

Annual Value of Construction 
Over Five Years 

($ x 106)

2.815147 14.5 71 131 25 4
2.379408 11.3 82 127 20 3.1
1.69478 10.6 103 149 24 3.8

4.746158 9.3 110 150 22 3.1
4.357059 9.4 108 111 19 2.5

Sum 15.992552 55.1 474 668 110 16.5
Average 3.1985104 11.02 94.8 133.6 22 3.3

Related Work ($ x 106) 60.8484 0.03 10 34.141402 2.153 4.247

Current Workload ($ x 106) 1.4 6 25.7 8.855 4.9 5.34

Last Five Years ($ x 106) 16.5854 1.905 42.75 22.4 7.4 6.11

Employee Experience (years) 105 80 232 78 100 86

Bank / / / / / /
Bonding Company / / / / / /

Letter of Required Bonding / / / / / /

WCB Clearance Certificate / / / / / /
Rating Factor 0.168 1.000 1.000 1.000 N /  P 0.634
Firm Performance Index 0.841 0.986 -0.046 0.784 0.010 -0.756
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Contract D
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Com pany ID D - 7 D - 8 D - 9 D -10 D -11 D -12
Type of Com pany Corporation Corporation Corporation Corporation Corporation Corporation

Annual Value of Construction 
O ver Five Years 

($ x 106)

6.235 80 97 24.9 16 7.2
5.343 75 74 24.6 12 3.958037
5.673 75 54 15.962 10 4.037952
5.57 70 24 12.81 8 4.105722
5.94 70 40 12.85 6 2.597869

Sum 28.761 370 289 91.122 52 21.89958
Average 5.7522 74 57.8 18.2244 10.4 4.379916

Related W ork ($ x 106) 0.917 27.775996 38.9827965 4.65 9.75 11.9
Current W orkload ($ x 106) 3.33 20.616 85.42158 10.8 4.7 3.5387
Last Five Years ($ x 106) 3.5064 11.4 69.644443 36.625 7.7 8.001

Employee Experience (years) 87 173 45 87 69 127

Bank / / / / / /
Bonding Com pany S / y / / /

Letter of Required Bonding / / / / / /

WCB Clearance Certificate / / / / / /
Rating Factor 1.000 1.000 1.000 1.000 0.798 0.150
Firm Perform ance Index 0.999 0.092 0.648 0.522 -0.046 1.000
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Company ID D -13 D -14 D -15
Type of Company Corporation Corporation Registered

Annual Value of Construction 
Over Five Years 

($ x 106)

191 5.5 202
217.5 5 220
295 4.5 234

266.5 4 253
324.5 2.5 235

Sum 1294.5 21.5 1144
Average 258.9 4.3 228.8

Related Work ($ x 106) 11 7.567 30.8
Current Workload ($ x 106) 15.32 3.92 51.9

Last Five Years ($ x 106) 74 7.567 1277

Employee Experience (years) 57 34 69

Bank / / /
Bonding Company / / /

Letter of Required Bonding / / /

WCB Clearance Certificate / ✓
Rating Factor 1.000 0.150 1.000
Firm Performance Index 0.509 1.000 0.686
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Contract E
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Company ID E -1 E - 2 E - 3 E - 4 E - 5 E - 6

Type of Company Corporation Corporation Corporation Corporation Corporation Corporation

Annual Value of Construction 
Over Five Years 

($ x 106)

131 20 176 20.07 5.068872 116
127 20 123 21.36 5.456062 140
149 17.5 111 18.009 5.689798 185.8

150 15 119 20.64 9.861035 183
111 9 109 22.887 211

Sum 668 81.5 638 102.966 26.075767 835.8
Average 133.6 16.3 127.6 20.5932 6.51894175 167.16

Related Work ($ x 106) 14.61 19.041489 634.4 22.7 11.8 221.0878943

Current Workload ($ x 106) 8.855 1.834 N /  P 29.922 4.9 115.2

Last Five Years ($ x 106) 25.59 28.4 4.35 22.7 11.8 90.4

Employee Experience (years) 92 124 52 67 70 129

Bank / / / / / /
Bonding Company / / / / / /

Letter of Required Bonding / / / / / /

WCB Clearance Certificate / / / / / /
Rating Factor 1.000 0.294 1.000 1.000 0.150 1.000
Firm Performance Index 0.784 1.000 0.891 -0.020 0.671 0.298
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Contract E
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Company ID E - 7 E - 8 E - 9 E -10 E -11 E -12
Type of Company Corporation Corporation Corporation Corporation Corporation Corporation

Annual Value of Construction 
Over Five Years 

($ x 106)

0.8 68 6.235 97 10.5 32
1.5 81 5.343 74 10 45
2 86 5.673 54 9 65

3.5 100.3 5.5 7 24 8 73
79 5.94 40 7 76

Sum 7.8 414.3 28.761 289 44.5 291
Average 1.95 82.86 5.7522 57.8 8.9 58.2

Related Work ($ x 106) 0 18.325 0.917 106.033301 6.3 149.101405

Current Workload ($ x 106) 1.94586 55.69 3.33 85.42158 18.5 21.15

Last Five Years ($ x 106) 2.638264 27.78 3.414 67.704293 9.6 22.558

Employee Experience (years) 62 55 87 59 141 66

Bank / / / / / /
Bonding Company / / / / / /

Letter of Required Bonding / / / / / /

WCB Clearance Certificate / / / / / /
Rating Factor 0.150 1.000 1.000 1.000 0.150 1.000
Firm Performance Index 1.000 1.000 0.999 0.648 1.000 0.197
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Contract E

Company ID E -13 E -14 E -15 E -16 E -17 E -18
Type of Company Corporation Corporation Corporation Corporation Corporation Corporation

Annual Value of Construction 
Over Five Years 

($ x 106)

24.9 100 2.5 115 45 4.5
24.6 75 4.5 105 65 6

15.962 50 9.8 75 65 7

12.81 30 18.3 55 70 6
12.85 25 17.4 45 80 4

Sum 91,122 280 52.5 395 325 27.5
Average 18.2244 56 10.5 79 65 5.5

Related Work ($ x 106) 9.75 64.02 10.981915 18.021 6.9 11.578215
Current Workload ($ x 106) 10.8 69.2 9.163 13.6 49 6.353475

Last Five Years ($ x 106) 35.6 71.912 17.4035 10.415 39.5 12.01306

Employee Experience (years) 87 36 78 35 81 52

Bank / / / ✓ / /
Bonding Company / / / / / /

Letter of Required Bonding / / / ✓ / /

WCB Clearance Certificate / / / / / /
Rating Factor 1.000 1.000 1.000 1.000 1.000 0.846
Firm Performance Index 0.522 0.754 0.704 0.571 0.555 -0.012
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Company ID E -19
Type of Company Corporation

Annual Value of Construction 
Over Five Years 

($ x 106)

2.815147
2.379408
1.69478

4.746158
4.357059

Sum 15.992552
Average 3.1985104

Related Work ($ x 106) 4.156
Current Workload ($ x 106) 1.4
Last Five Years ($ x 106) 22.5604

Employee Experience (years) 105

Bank /
Bonding Company /

Letter of Required Bonding /

WCB Clearance Certificate /
Rating Factor 0.168
Firm Performance Index 0.841

Contract E
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Contract F
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Company ID F -1 F - 2 F - 3 F - 4 F - 5 F- 6
Type of Company Corporation Corporation Corporation Corporation Corporation Corporation

Annual Value of Construction 
Over Five Years 

($ x 106)

192 469 40.3 595.644 70 1747.828
205.9 527 32.5 623.134 68 1828.632
172.2 668 31.7 738.8 65 1712.805

89.8 720 34.5 766 63 1310.816
55 605 23.5 753 50 1132.147

Sum 714.9 2989 162.5 3476.578 316 7732.228
Average 142.98 597.8 32.5 695.3156 63.2 1546.4456

Related Work ($ x 106) 544.04 404.413 17.5 63.8 18.382278 107.085981

Current Workload ($ x 106) 212.2 623.9 15.2 318.2 43.376424 282

Last Five Years ($ x 106) 2029.9 1132.8 49.6 608.7 148.143787 654.67364

Employee Experience (years) 248 181 52 88 215 179

Bank / / y / / /
Bonding Company / / y / / y

Letter of Required Bonding / / y / / y

WCB Clearance Certificate / / / / / y
Rating Factor 1.000 1.000 1.000 1.000 1.000 1.000
Firm Performance Index 0.448 0.043 -0.192 0.205 0.621 0.573
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Contract F

Company ID F - 7 F - 8 F - 9 F -10 F -11 F -12
Type of Company Corporation Corporation Corporation Corporation Corporation Corporation

Annual Value of Construction 
Over Five Years 

($ x 106)

200 42.584 70 23 23.579563 7.92194551
149 44.452 61 22.5 16.378132 4.7114922
210 42.368 69 21.2 12 1.68709029

144 49.431 69 20.8 12.42 4.3775083
136 60.298 60 6.8 12 7.83280543

Sum 839 239.133 329 94.3 76.377695 26.53084173
Average 167.8 47.8266 65.8 18.86 15.275539 5.306168346

Related Work ($ x 106) 299.346 104.248546 64.5 21.86504197 13.40838526 37.74526347

Current Workload ($ x 106) 502.9495 62.869683 22.2 9.123374 5.76865 1.60727375

Last Five Years ($ x 106) 614.8 94.239982 42.9 21.9614579 28.06143993 18.00307467

Employee Experience (years) 114 127 168 47 63 118

Bank / / y y y /
Bonding Company y y y y y y

Letter of Required Bonding y y y y y y

WCB Clearance Certificate / y y y y y
Rating Factor 1.000 1.000 1.000 0.635 1.000 0.978
Firm Performance Index -1.286 0.712 0.579 0.993 0.360 -0.689
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Company ID F -13
Type of Company Corporation

Annual Value of Construction 
Over Five Years 

($ x 106)

40
36
28
35
24

Sum 163
Average 32.6

Related Work ($ x 106) 1.763253
Current Workload ($ x 106) 26.62686
Last Five Years ($ x 106) 30.112245

Employee Experience (years) N /  P

Bank /
Bonding Company /

Letter of Required Bonding /

WCB Clearance Certificate /
Rating Factor 1.000
Firm Performance Index 0.518

Contract F
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Contract G
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Com pany ID G -1 G - 2 G - 3 G - 4 G - 5 G - 6

Type of Com pany Corporation Corporation Corporation Corporation Corporation Corporation

A nnual Value of Construction 
Over Five Years 

($ x 106)

123 12 27 5.068 116 30
192 14 29 5.456 140 30

205.9 14 26 5.689 185.8 25

172.2 18 28 9.861 183 27
89.8 18 26 14.5 211 24

Sum 782.9 76 136 40.574 190 136
Average 156.58 15.2 27.2 8.1148 167.16 27.2

Related W ork ($ x 106) 20.56 7.35 6.6 18.04 301.892867 2.178

C urrent W orkload 1$ x 106) 191.2 1.2 0 2.3 115.2 15.5145

Last Five Years ($ x 106) 1025.08 8.4 6.6 18.04 1068.2 52.451

Employee Experience (years) 267 131 136 70 110 202

Bank / / / y / /
Bonding Com pany / / y y y y

Letter of Required Bonding y y y y y y

WCB Clearance Certificate / y y y y y
Rating Factor 1.000 0.866 1.000 0.150 1.000 1.000
Firm Perform ance Index 0.724 0.990 0.760 0.995 0.583 0.279
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Contract G
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Company ID G - 7 G - 8 G - 9 G -10 G -11 G -12
Type of Company Corporation Corporation Corporation Corporation Corporation Corporation

Annual Value of Construction 
Over Five Years 

($ x 106)

32.399533 48.5 18 65 18.5 6.2
32.61528 41 10 70 23 3.9

27.035898 28 12 61 22.5 3.5

25.378465 24 10 69 22.2 3
34.745785 21 10 69 20.8 2.1

Sum 152,174961 162.5 60 334 107 18.7
Average 30.4349922 32.5 12 66.8 21.4 3.74

Related Work ($ x 106) 13.906777 23.12 16.3 36 21.865041 5.67

Current Workload ($ x 106) 0 13.3 5.487 14.3 1.31824 1.3

Last Five Years ($ x 106) 121.807413 27.225 12.383 66.9 21.961457 9.3424

Employee Experience (years) 232 81 113 147 56 92

Bank / / / / / /
Bonding Company / / / / / /

Letter of Required Bonding / / / / / /

WCB Clearance Certificate / / / / / /
Rating Factor 1.000 0.823 N /  P 1.000 0.669 0.200
Firm Performance Index 0.818 -1.056 N /  P 0.369 0.996 1.000
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Contract G
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Com pany ID G -13 G -14 G -15 G -16 G -17 G -18

Type of Com pany Corporation Corporation Corporation Corporation Registered Corporation

A nnual V alue of Construction 
O ver Five Years 

($ x 106)

16 9.5 70 40 202 10.5
11 11 68 40 220 11
17 5.2 65 36 234 12.5

21.5 4.3 63 38 253 13.775
24 2.4 50 35 235 12.8

Sum 89.5 32,4 316 189 1144 60.575
Average 17.9 6.48 63.2 37.8 228.8 12.115

Related W ork ($ x 106) 21.3 9.23 N /  P 17.117952 30.8 8.67

C urrent W orkload ($ x 106) 7.6 1.16 41.707304 16.14855 51.9 0.22

Last Five Years ($ x 106) 31.9 9.23 1056.715242 30.112245 1272 8.54

Employee Experience (years) 103 126 231 N /  P 86 46

Bank ✓ ✓ ✓ / / /
Bonding Com pany / / / / / /

*

Letter of Required Bonding / / / / /

WCB Clearance Certificate / ✓ / / / /
Rating Factor 0.150 1.000 1.000 1.000 1.000 1.000
Firm Perform ance Index 1.000 -0.197 0.557 0.360 -0.026 0.998
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Company ID G -19 G -20
Type of Company Corporation Corporation

Annual Value of Construction 
Over Five Years 

($ x 106)

40 42
27 35
25 29.8
25 28.7
25 31

Sum 142 166.5
Average 28.4 33.3

Related Work ($ x 106) 7 14.209
Current Workload ($ x 106) 8.235 18.245
Last Five Years ($ x 106) 19.4 19.125

Employee Experience (years) 98 146

Bank / /
Bonding Company / /

Letter of Required Bonding / /

WCB Clearance Certificate / /
Rating Factor 1.000 1.000
Firm Performance Index 0.265 0.251
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Contract A
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EVALUATION CRITERIA A -1 A - 2 A - 3 A - 4 A - 5

CRITERIA
Type of Company
Corporation (4), Partnership (3), Individual (2) 4 4 4 4 4

Average Annual Value of Construction
Over 5 M (6), 3 - 5  (5), 2 - 3 (1), less than 2 (0) 6 0 0 6 5

Financial References
Bank (4), Bonding Co. (3), None (0) 4 4 4 4 4

Completed Projects in Last Five Years
4 or more (3), 1 to 3 (I), or NIL (-4) 3 3 3 3 0

Related Projects (with references)
Exc. Experience (8 -10), G. Contractor experience (5 - 7) 8 8 9 9 10
or NIL experience or no info provided (-10)

Key Personnel Assigtted to Projects (5 Max) 0 2 4 4 4

Personnel Resumes
Resumes (2), None (0) 0 2 2 2 2

Letter of Required Bonding
Yes (10), Not Sufficient (0), None (-5) 10 10 10 10 10

WCB Clearance Certificate
Yes (2), No Information (0) 2 2 2 0 2

CAD - 7 Report
Good Standing(4), Average (2), Poor or no info. (0) 0 4 4 0 2
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Contract A
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EVALUATION CRITERIA A - 6 A - 7 A - 8 A - 9 A -10

CRITERIA
Type of Company
Corporation (4), Partnership (3), Individual (2) 4 4 4 4 4

Average Annual Value of Construction
Over 5 M (6), 3 - 5 (5), 2 - 3 (1), less than 2 (0) 1 6 5 6 6

Financial References
Bank (4), Bonding Co, (3), None (0) 4 4 4 4 4

Completed Projects in Last Five Years
4 or more (3), 1 to 3 (1), or NIL (-4) 3 3 3 3 3

Related Projects (with references)
Exc. Experience (8 - 10), G. Contractor experience (5 - 7) 9 5 10 10 5
or NIL experience or no info provided (-10)

Key Personnel Assigned to Projects (5 Max) 4 4 4 4 4

Personnel Resumes
Resumes (2), None (0) 2 2 2 2 2

Letter of Required Bonding
Yes (10), Not Sufficient (0), None (-5) 10 10 10 10 10

WCB Clearance Certificate
Yes (2), No Information (0) 2 2 2 2 2

CAD - 7 Report
Good Standing(4), Average (2), Poor or no info. (0) 4 4 4 0 4
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EVALUATION CRITERIA A -11 A -12 A -13 A -14 A -15

CRITERIA
Type of Company
Corporation (4), Partnership (3), Individual (2) 4 4 2 4 4

Average Annual Value of Construction
Over 5 M (6), 3 - 5  (5), 2 - 3  (1), less than 2 (0) 6 6 5 6 5

Financial References
Bank (4), Bonding Co. (3), None (0) 4 4 4 4 4

Completed Projects in Last Five Years
4 or more (3), 1 to 3 (1), or NIL (-4) 3 3 3 3 3

Related Projects (ivith references)
Exc. Experience (8 - 10), G, Contractor experience (5 - 7) 5 5 10 5 10
or NIL experience or no info provided (-10)

Key Personnel Assigned to Projects (5 Max) 4 4 2 4 4

Personnel Resumes
Resumes (2), None (0) 2 2 2 2 2

Letter of Required Bonding
Yes (10), Not Sufficient (0), None (-5) 10 10 10 10 10

WCB Clearance Certificate
Yes (2), No Information (0) 2 2 2 2 2

CAD - 7 Report
Good Standing(4), Average (2), Poor or no info. (0) 4 4 4 4 0
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EVALUATION CRITERIA A -16

CRITERIA
Type of Company
Corporation (4), Partnership (3), Individual (2) 4

Average Annual Value of Construction
Over 5 M( 6 ) , 3 - 5  (5), 2 - 3 (1), less than 2 (0) 5

Financial References
Bank (4), Bonding Co. (3), None (0) 4

Completed Projects in Last Five Years
4 or more (3), 1 to 3 (1), or NIL (-4) 3

Related Projects (with references)
Exc. Experience (8 - 10), G. Contractor experience (5 - 7) 9
or NIL experience or no info provided (-10)

Key Personnel Assigned to Projects (5 Max) 0

Personnel Resumes
Resumes (2), None (0) 0

Letter of Required Bonding
Yes (10), Not Sufficient (0), None (-5) 10

WCB Clearance Certificate
Yes (2), No Information (0) 2

CAD - 7 Report
Good Standing(4), Average (2), Poor or no info. (0) 4
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EVALUATION CRITERIA B -1 B - 2 B - 3 B - 4 B - 5

CRITERIA
Type of Company
Corporation (4), Partnership (3), Individual (2) 4 4 4 4 4

Average Annual Value of Construction .
Over 5 M (6), 3-5(4) ,  2 -  3 (1), less than 2 (0) 4 4 6 6 6

Financial References
Bank (4), Bonding Co. (3), None (0) 4 4 4 4 4

Completed Projects in Last Five Years
4 or more (3), 7 to 3 (I), or NIL (-4) 3 3 3 3 3

Related Projects (with references)
Good Experience (10), some experience (5) 6 3 9 10 10
or NIL experience or no info provided (-10)

Key Personnel Assigned to Projects (5 Max) 3 3 5 5 5

Personnel Resumes
Resumes (2), None (0) 0 2 2 2 2

Letter of Required Bonding
Yes (10), Not Sufficient (0), None (-5) 10 10 10 10 10

WCB Clearance Certificate
Yes (2), No Information (0) 2 2 2 2 2

CAD - 7 Report
Good Standing(4), Average (2), Poor or no info. (0) 4 4 4 4 4
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Contract B

EVALUATION CRITERIA B - 6 B - 7 B -8 B - 9 B -10

CRITERIA
Type of Company
Corporation (4), Partnership (3), Individual (2) 4 4 4 4 4

Average Annual Value of Construction
Over 5 M (6), 3-5(4) ,  2 - 3  (1), less than 2 (0) 6 4 6 6 6

Financial References
Bank (4), Bonding Co. (3), None (0) 4 4 4 4 4

Completed Projects in Last Five Years
4 or more (3), 1 to 3 (1), or NIL (-4) 3 3 3 3 3

Related Projects (with references)
Good Experience (10), some experience (5) 3 3 5 10 3
or NIL experience or no info provided (-10)

Key Personnel Assigned to Projects (5 Max) 3 3 4 5 3

Personnel Resumes
Resumes (2), None (0) 2 2 2 2 0

Letter of Required Bonding
Yes (10), Not Sufficient (0), None (-5) 10 10 10 10 10

WCB Clearance Certificate
Yes (2), No Information (0) 2 2 2 2 2

CAD - 7 Report
Good Standing(4), Average (2), Poor or no info. (0) 4 0 4 4 4
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Contract B

EVALUATION CRITERIA B -11 B -12 B -13 B -14 B -15

CRITERIA
Type of Company
Corporation (4), Partnership (3), Individual (2) 4 4 4 4 4

Average Annual Value of Construction
Over 5 M (6), 3-5(4) ,  2 - 3  (V, less than 2 (0) 6 6 6 6 6

Financial References
Bank (4), Bonding Co, (3), None (0) 4 4 4 4 4

Completed Projects in Last Five Years
4 or more (3), 1 to 3 (1), or NIL (-4) 3 3 3 3 3

Related Projects (with references)
Good Experience (10), some experience (5) 3 3 10 10 9
or NIL experience or no info provided (-10)

Key Personnel Assigned to Projects (5 Max) 3 2 5 4 5

Personnel Resumes
Resumes (2), None (0) 2 2 2 2 2

Letter of Required Bonding
Yes (10), Not Sufficient (0), None (-5) 10 10 10 10 10

WCB Clearance Certificate
Yes (2), No Information (0) 2 2 2 0 2

CAD - 7 Report
Good Standing(4), Average (2), Poor or no info. (0) 0 4 2 4 4
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Contract B

EVALUATION CRITERIA B -16 B -17 B -18

CRITERIA
Type of Company
Corporation (4), Partnership (3), Individual (2) 4 4 4

Average Annual Value of Construction
Over 5 M (6), 3 -  5 (4), 2 - 3 (1), less than 2 (0) 6 6 6

Financial References
Bank (4), Bonding Co. (3), None (0) 4 4 4

Completed Projects in Last Five Years
4 or more (3), 1 to 3 (1), or NIL (-4) 3 3 3

Related Projects (with references)
Good Experience (10), some experience (5) 10 3 5
or NIL experience or no info provided (-10)

Key Personnel Assigned to Projects (5 Max) 3 3 2

Personnel Resumes
Resumes (2), None (0) 2 2 2

Letter of Required Bonding
Yes (10), Not Sufficient (0), None (-5) 10 10 10

WCB Clearance Certificate
Yes (2), No Information (0) 2 2 0

CAD - 7 Report
Good Standing(4), Average (2), Poor or no info. (0) 4 4 4
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EVALUATION CRITERIA C - l C - 2 C - 3 C - 4 C - 5

CRITERIA
Type of Company
Corporation (4), Partnership (3), Individual (2) 4 4 4 4 4

Average Annual Value of Construction
Over 5 M (6), 3 - 5 (4), 2 - 3 (1), less than 2 (0) 6 4 0 0 6

Financial References
Bank (4), Bonding Co. (3), None (0) 4 4 4 4 4

Completed Projects in Last Five Years
4 or more (3), 1 to 3 (1), or NIL (-4) 1 1 No Dates No Dates 3

Related Projects (with references)
Good Experience (10), some experience (5)
or NIL experience or no info provided (-10)

Key Personnel Assigned to Projects (5 Max)

Personnel Resumes
Resumes (2), None (0) 2 2 2 2 2

Letter of Required Bonding
Yes (10), Not Sufficient (0), None (-5) 10 10 10 10 10

WCB Clearance Certificate
Yes (2), No Information (0) 2 2 2 2 2

CAD - 7 Report
Good Standing(4), Average (2), Poor or no info. (0) 0 4 4 0 4
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Contract C

EVALUATION CRITERIA C - 6 C - 7 C - 8 C - 9 C -10
CRITERIA
Type of Company
Corporation (4), Partnership (3), Individual (2) 4 4 4 4 4

Average Annual Value of Construction
Over 5 M (6), 3 - 5 (4), 2 - 3 (I), less than 2 (0) 6 6 6 0 6

Financial References
Bank (4), Bonding Co. (3), None (0) 4 4 4 4 4

Completed Projects in Last Five Years
4 or more (3), I to 3 (1), or NIL (-4) 3 3 3 3 3

Related Projects (with references)
Good Experience (10), some experience (5)
or NIL experience or no info provided (-10)

Key Personnel Assigned to Projects (5 Max)

Personnel Resumes
Resumes (2), None (0) 2 2 2 2 2

Letter of Required Bonding
Yes (10), Not Sufficient (0), None (-5) 10 10 10 10 10

WCB Clearance Certificate
Yes (2), No Information (0) 2 2 2 2 2

CAD - 7 Report
Good Standing(4), Average (2), Poor or no info. (0) 4 2 4 4 2
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EVALUATION CRITERIA e - i i C -12 C -13 C -14

CRITERIA
Type o f Company
Corporation (4), Partnership (3), Individual (2) 4 4 4 2

Average Annual Value of Construction
Over 5 M (6), 3 - 5 (4), 2 - 3 (1), less than 2 (0) 6 6 0 0

Financial References
Bank (4), Bonding Co. (3), None (0) 4 4 4 4

Completed Projects in Last Five Years
4 or more (3), 1 to 3 (1), or NIL (-4) 3 No Dates 3 3

Related Projects (with references)
Good Experience (10), some experience (5)
or NIL experience or no info provided (-10)

Key Personnel Assigned to Projects (5 Max)

Personnel Resumes
Resumes (2), None (0) 2 2 2 2

Letter of Required Bonding
Yes (10), Not Sufficient (0), None (-5) 10 10 10 10

WCB Clearance Certificate
Yes (2), No Information (0) 2 2 2 2

CAD - 7 Report
Good Standing(4), Average (2), Poor or no info. (0) 2 4 4 4
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EVALUATION CRITERIA D -1 D - 2 D - 3 D - 4 D - 5

CRITERIA
Type of Company
Corporation (4), Partnership (3), Individual (2) 4 4 4 4 4

Average Annual Value of Construction
Over 5 M ( 6 ) , 3 - 5  (4), 2 - 3 (1), less than 2 (0) 4 6 6 6 6

Financial References
Bank (4), Bonding Co. (3), None (0) 4 4 4 4 4

Completed Projects in Last Five Years
4 or more (3), 1 to 3 (1), or NIL (-4) 3 3 3 3 3

Related Projects (with references)
Good Experience (10), some experience (5) 6 10 10 10 10
or NIL experience or no info provided (-10)

Key Personnel Assigned to Projects (5 Max) 3 5 5 5 5

Personnel Resumes
Resumes (2), None (0) 0 2 2 2 2

Letter of Required Bonding
Yes (10), Not Sufficient (0), None (-5) 10 10 10 10 10

WCB Clearance Certificate
Yes (2), No Information (0) 2 2 2 2 2

CAD - 7 Report
Good Standing(4), Average (2), Poor or no info. (0) 4 4 0 4 2
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Contract D

EVALUATION CRITERIA D - 6 D - 7 D - 8 D - 9 D -10

CRITERIA
Type of Company
Corporation (4), Partnership (3), Individual (2) 4 4 4 4 4

Average Annual Value of Construction
Over 5 M (6), 3 - 5 (4), 2 - 3 (1), less than 2 (0) 4 6 6 6 6

Financial References
Bank (4), Bonding Co. (3), None (0) 4 4 4 4 4

Completed Projects in Last Five Years
4 or more (3), 1 to 3 Cl), or NIL (-4) 3 3 3 3 3

Related Projects (with references)
Good Experience (10), some experience (5) 8 7 10 10 3
or NIL experience or no info provided (-10)

Key Personnel Assigned to Projects (5 Max) 5 4 5 5 3

Personnel Resumes
Resumes (2), None (0) 2 0 2 2 2

Letter of Required Bonding
Yes (10), Not Sufficient (0), None (-5) 10 10 10 10 10

WCB Clearance Certificate
Yes (2), No Information (0) 2 2 2 2 2

CAD- 7  Report
Good Standing(4), Average (2), Poor or no info. (0) 0 4 2 4 4
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Contract D

EVALUATION CRITERIA D -11 D -12 D -13 D -14 D -15

CRITERIA
Type of Company
Corporation (4), Partnership (3), Individual (2) 4 4 4 4 4

Average Annual Value of Construction
Over 5 M (6), 3 - 5 (4), 2 - 3 (V, less than 2 (0) 6 4 6 4 6

Financial References
Bank (4), Bonding Co. (3), None (0) 4 4 4 4 4

Completed Projects in Last Five Years
4 or more (3), I to 3 (1), or NIL (-4) 3 3 3 3 3

Related Projects (with references)
Good Experience (10), some experience (5) 10 10 10 7 10
or NIL experience or no info provided (-10)

Key Personnel Assigned to Projects (5 Max) 5 5 5 4 3

Personnel Resumes
Resumes (2), None (0) 2 2 2 2 0

Letter of Required Bonding
Yes (10), Not Sufficient (0), None (-5) 10 10 10 10 10

WCB Clearance Certificate
Yes (2), No Information (0) 2 2 2 0 2

CAD - 7 Report
Good Standing(4), Average (2), Poor or no info. (0) 2 4 4 4 4
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EVALUATION CRITERIA E -1 E - 2 E - 3 E-4 E - 5

CRITERIA
Type of Company
Corporation (4), Partnership (3), Individual (2) 4 4 4 4 4

Average Annual Value of Construction
Over 5 M (6), 3 - 5 (4), 2 - 3 (I), less than 2 (0) 6 6 6 6 6

Financial References
Bank (4), Bonding Co. (3), None (0) 4 4 4 4 4

Completed Projects in Last Five Years
4 or more (3), 1 to 3 (1), or NIL (-4) 3 3 3 3 3

Related Projects (with references)
Good Experience (10), some experience (5) 8 10 10 5 5
or NIL experience or no info provided (-10)

Key Personnel Assigned to Projects (5 Max) 4 5 5 4 3

Personnel Resumes
Resumes (2), None (0) 2 2 2 2 2

Letter of Required Bonding
Yes (10), Not Sufficient (0), None (-5) 10 10 10 10 10

WCB Clearance Certificate
Yes (2), No Information (0) 2 2 2 2 2

CAD - 7 Report
Good Standing(4), Average (2), Poor or no info. (0) 4 4 4 0 4
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Contract E

EVALUATION CRITERIA E - 6 E - 7 E - 8 E - 9 E -10

CRITERIA
Type of Company
Corporation (4), Partnership (3), Individual (2) 4 4 4 4 4

Average Annual Value of Construction
Over 5 M (6), 3 - 5 (4), 2 - 3 (1), less than 2 (0) 6 0 6 6 6

Financial References
Bank (4), Bonding Co. (3), None (0) 4 4 4 4 4

Completed Projects in Last Five Years
4 or more (3), 1 to 3 (I), or NIL (-4) 3 3 3 3 3

Related Projects (with references)
Good Experience (10), some experience (5) 10 9 10 5 10
or NIL experience or no info provided (-10)

Key Personnel Assigned to Projects (5 Max) 5 4 5 3 5

Personnel Resumes
Resumes (2), None (0) 2 2 2 0 2

Letter of Required Bonding
Yes (10), Not Sufficient (0), None (-5) 10 10 10 10 10

WCB Clearance Certificate
Yes (2), No Information (0) 2 2 2 2 2

CAD- 7  Report
Good Standing(4), Average (2), Poor or no info. (0) 4 4 4 4 4
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EVALUATION CRITERIA E -11 E -12 E -13 E -14 E -15

CRITERIA
Type of Company
Corporation (4), Partnership (3), Individual (2) 4 4 4 4 4

Average Annual Value of Construction
Over 5 M (6), 3-5(4) ,  2 - 3  (1), less than 2 (0) 6 6 6 6 6

Financial References
Bank (4), Bonding Co. (3), None (0) 4 4 4 4 4

Completed Projects in Last Five Years
4 or more (3), 1 to 3 (1), or NIL (-4) 3 3 3 3 3

Related Projects (with references)
Good Experience (10), some experience (5) 10 10 9 10 10
or NIL experience or no info provided (-10)

Key Personnel Assigned to Projects (5 Max) 4 5 3 5 5

Personnel Resumes
Resumes (2), None (0) 2 2 2 2 2

Letter of Required Bonding
Yes (10), Not Sufficient (0), None (-5) 10 10 10 10 10

WCB Clearance Certificate
Yes (2), No Information (0) 2 2 2 2 2

CAD- 7  Report
Good Standing(4), Average (2), Poor or no info. (0) 4 4 4 4 4
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Contract E

EVALUATION CRITERIA E - 16 E -17 E -18 E -19
CRITERIA
Type of Company
Corporation (4), Partnership (3), Individual (2) 4 4 4 4

Average Annual Value of Construction
Over 5 M (6), 3 - 5 (4), 2 - 3 (1), less than 2 (0) 6 6 6 4

Financial References
Bank (4), Bonding Co. (3), None (0) 4 4 4 4

Completed Projects in Last Five Years
4 or more (3), 1 to 3 (1), or NIL (-4) 3 3 3 3

Related Projects (with references)
Good Experience (10), some experience (5) 8 10 10 8
or NIL experience or no info provided (-10)

Key Personnel Assigned to Projects (5 Max) 4 4 5 4

Personnel Resumes
Resumes (2), None (0) 2 2 2 2

Letter of Required Bonding
Yes (10), Not Sufficient (0), None (-5) 10 10 10 10

WCB Clearance Certificate
Yes (2), No Information (0) 2 2 2 2

CAD - 7 Report
Good Standing(4), Average (2), Poor or no info, (0) 4 4 0 4
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EVALUATION CRITERIA F -1 F - 2 F - 3 F - 4 F - 5

CRITERIA
Type of Company
Corporation (4), Partnership (3), Individual (2) 4 4 4 4 4

Average Annual Value of Construction
10 - 1 5 M (2), 5 - 1 0 M  (1), less than 5 M (0) 2 2 2 2 2

Financial References
Bank (4), Bonding Co. (3), None (0) 4 4 4 4 4

Completed Projects in Last Five Years
4 or more (3), 1 to 3 (I), or NIL (-4) 3 3 3 3 3

Related Projects (with references)
Good Experience (14), some experience (5) 14 14 12 12 12
or NIL experience or no info provided (-10)

Key Personnel Assigned to Projects (5 Max) 5 5 5 5 3

Personnel Resumes
Resumes (2), None (0) 2 2 2 2 2

Letter of Required Bonding
Yes (10), Not Sufficient (0), None (-5) 10 10 10 10 10

WCB Clearance Certificate
Yes (2), No Information (0) 2 2 2 2 2

CAD - 7 Report
Good Standing(4), Average (2), Poor or no info. (0) 4 2 2 4 4
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Contract F

EVALUATION CRITERIA F - 6 F - 7 F - 8 F - 9 F -10

CRITERIA
Type of Company
Corporation (4), Partnership (3), Individual (2) 4 4 4 4 4

Average Annual Value of Construction
10 - 15 M (2), 5 - 1 0 M  (1), less than 5 M (0) 2 2 2 2 2

Financial References
Bank (4), Bonding Co. (3), None (0) 4 4 4 4 4

Completed Projects in Last Five Years
4 or more (3), 1 to 3 (1), or NIL (-4) 3 3 3 3 3

Related Projects (with references)
Good Experience (14), some experience (5) 8 8 14 12 6
or NIL experience or no info provided (-10)

Key Personnel Assigned to Projects (5 Max) 5 3 5 5 3

Personnel Resumes
Resumes (2), None (0) 2 2 2 2 2

Letter of Required Bonding
Yes (10), Not Sufficient (0), None (-5) 10 10 10 10 10

WCB Clearance Certificate
Yes (2), No Information (0) 2 2 2 2 2

CAD - 7 Report
Good Standing(4), Average (2), Poor or no info. (0) 4 0 4 4 4
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Contract F
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EVALUATION CRITERIA F -11 j F - 12 F -13

CRITERIA
Type of Company
Corporation (4), Partnership (3), Individual (2) 4 4 4

Average Annual Value of Construction
10- 15 M (2), 5 - 1 0 M  (1), less than 5 M (0) 2 1 2

Financial References
Bank (4), Bonding Co. (3), None (0) 4 4 4

Completed Projects in Last Five Years
4 or more (3), 1 to 3 (1), or NIL (-4) 3 3 3

Related Projects (with references)
Good Experience (14), some experience (5) 3 14 5
or NIL experience or no info provided (-10)

Key Personnel Assigned to Projects (5 Max) 2 5 2

Personnel Resumes
Resumes (2), None (0) 2 2 0

Letter of Required Bonding
Yes (10), Not Sufficient (0), None (-5) 0 10 10

WCB Clearance Certificate
Yes (2), No Information (0) 2 2 2

CAD - 7 Report
Good Standing(4), Average (2), Poor or no info. (0) 4 2 4
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Contract G

EVALUATION CRITERIA G -1 G - 2 G - 3 G - 4 G - 5
CRITERIA
Type of Company
Corporation (4), Partnership (3), Individual (2) 4 4 4 4 4

Average Annual Value of Construction
Over5 M (6), 3 - 5  (4), 2 -3  (1), less than 2 (0) 6 6 6 6 6

Financial References
Bank (4), Bonding Co. (3), None (0) 4 4 4 4 4

Completed Projects in Last Five Years
4 or more (3), 1 to 3 (1), or NIL (-4) 3 3 ? 3 3

Related Projects (with references)
Good Experience (10), some experience (5)
or NIL experience or no info provided (-10)

Key Personnel Assigtied to Projects (5 Max)

Personnel Resumes
Resumes (2), None (0) 2 2 2 2 2

Letter of Required Bonding
Yes (10), Not Sufficient (0), None (-5) 10 10 10 10 10

WCB Clearance Certificate
Yes (2), No Information (0) 2 2 2 2 2

CAD - 7 Report
Good Statiditig(4), Average (2), Poor or no info. (0) 4 4 4 4 4
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Contract G

EVALUATION CRITERIA G - 6 G - 7 G - 8 G - 9 G -10

CRITERIA
Type of Company
Corporation (4), Partnership (3), Individual (2) 4 4 4 4 4

Average Annual Value of Construction
Over 5 M 16), 3 - 5  (4), 2 - 3 (I), less than 2 (0) 6 6 6 6 6

Financial References
Bank (4), Bonding Co. (3), None (0) 4 4 4 4 4

Completed Projects in Last Five Years
4 or more (3), 1 to 3 (1), or NIL (-4) 3 3 1 3 3

Related Projects (with references)
Good Experience (10), some experience (5)
or NIL experience or no info provided (-10)

Key Personnel Assigned to Projects (5 Max)

Personnel Resumes
Resumes (2), None (0) 2 2 2 2 2

Letter of Required Bonding
Yes (10), Not Sufficient (0), None (-5) 10 10 10 10 10

WCB Clearance Certificate
Yes (2), No Information (0) 2 2 2 2 2

CAD - 7 Report
Good Standing(4), Average (2), Poor or no info. (0) 4 4 0 ? 4
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Contract G
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EVALUATION CRITERIA G -11 G -12 G -13 G -14 G -15

CRITERIA
Type of Company
Corporation (4), Partnership (3), Individual (2) 4 4 4 4 4

Average Annual Value of Construction
Over 5 M (6), 3 - 5 (4), 2 - 3 (1), less than 2 (0) 6 4 6 6 6

Financial References
Bank (4), Bonding Co. (3), None (0) 4 4 4 4 4

Completed Projects in Last Five Years
4 or more (3), 1 to 3 (1), or NIL (-4) 3 3 3 ? 3

Related Projects (with references)
Good Experience (10), some experience (5)
or NIL experience or no info provided (-10)

Key Personnel Assigned to Projects (5 Max)

Personnel Resumes
Resumes (2), None (0) 2 0 2 2 2

Letter of Required Bonding
Yes (10), Not Sufficient (0), None (-5) 10 10 0 10 10

WCB Clearance Certificate
Yes (2), No Information (0) 2 2 2 2 2

CAD - 7 Report
Good Standing(4), Average (2), Poor or no info. (0) 4 4 4 0 7
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Contract G
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EVALUATION CRITERIA G -16 G -17 G -18 G -19 G - 20

CRITERIA
Type of Company
Corporation (4), Partnership (3), Individual (2) 4 2 4 4 4

Average Annual Value of Construction
Over 5 M (6), 3 - 5  (4), 2 - 3 (1), less than 2 (0) 6 6 6 6 6

Financial References
Bank (4), Bonding Co. (3), None (0) 4 4 4 4 4

Completed Projects in Last Five Years
4 or more (3), I to 3 (I), or NIL (-4) 3 3 3 3 3

Related Projects (with references)
Good Experience (10), some experience (5)
or NIL experience or no info provided (-10)

Key Personnel Assigned to Projects (5 Max)

Personnel Resumes
Resumes (2), None (0) 0 2 2 2 2

Letter of Required Bonding
Yes (10), Not Sufficient (0), None (-5) 10 10 10 10 10

WCB Clearance Certificate
Yes (2), No Information (0) 0 2 2 2 2

CAD - 7 Report
Good Standing(4), Average (2), Poor or no info. (0) 4 2 4 4 2
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C O N T R A C T  A

Number Contractor ID Number M ark / 50 Rank

1 > I 00 48 1

2 A - 9 45 2

3 A -15 44 3

4 A -14 44 3

5 A -13 44 3

6 A -10 44 3

7 A - 11 44 3

8 A -12 44 3

9 A - 7 44 3

10 A - 6 43 10

11 A - 5 43 10

12 > i 4
- 42 12

13 A - 3 42 12

14 A -16 41 14

15 A - 2 39 15

16 A - 1 37 16

Reducing the Bias in Contractor Prequalification Using DEA Joseph Ramani
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C O N T R A C T  B

Number Contractor ID Number M ark  / 50 Rank

1 B - 4 50 1

2 B - 5 50 1

3 B - 9 50 1

4 B - 3 49 4

5 B -15 49 4

6 B -13 48 6

7 B -16 48 6

8 B -14 47 8

9 B - 8 44 9

10 B - 6 41 10

11 B -17 41 10

12 B - l 40 12

13 B -12 40 12

14 B -18 40 12

15 B - 2 39 15

16 B -10 39 15

17 B -11 37 17

18 B - 7 35 18

Reducing the Bias in Contractor Prequalification Using DEA Joseph Ramani
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C O N TR A C T C

Number Contractor ID Number M ark 150 R ank

1 C - 6 50 1

2 00■U

50 1

3 C - 9 48 3

4 C - 12 48 3

5 C - 3 42 5

6 C - 4 41 6

7 C - 2 40 7

8 C -1 0 40 7

9 C - 7 38 9

10 C - 5 37 10

11 C - l l 35 11

12 C - l 32 12

13 C -13 32 12

14 C -14 30 14

Reducing the Bias in Contractor Prequalification Using DEA Joseph Ramani
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C O N T R A C T  D

Number Contractor ID Number M ark 150 Rank

1

<N*Q

50 1

2 D - 4 50 1

3 D - 9 50 1

4 D -13 50 1

5 D - 5 48 5

6 D - 8 48 5

7 D -12 48 5

8 D -11 48 5

9 D - 3 46 9

10 D -15 46 9

11 D - 7 44 11

12 D - 6 42 12

13 D -14 42 12

14 D -10 41 14

15 D - 1 40 15

Note: Top Eleven Contractors were Prequalified.

Reducing the Bias in Contractor Prequalification Using DEA Joseph Ramani
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C O N T R A C T  E

Number Contractor ID Number M ark  / 50 R ank

1 E -2 50 1

2 E - 3 50 1

3 E -6 50 1

4

0
0t

U
J 50 1

5 E -10 50 1

6 E -12 50 1

7 E - 14 50 1

8 E -15 50 1

9 E -11 49 9

10 E -17 49 9

11 E -1 47 11

12 E -13 47 11

13 E -16 47 11

14 E -18 46 14

15 E - 19 45 15

16 E - 5 43 16

17 E - 9 43 16

18 E - 7 42 18

19 E - 4 40 19

Reducing the Bias in Contractor Prequalification Using DEA Joseph Ramani
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C O N T R A C T  F

Number Contractor ID Number M ark /  50 Rank

1 F -1 50 1

2 F - 8 50 1

3 F - 2 48 3

4 F - 4 48 3

5 F - 9 48 3

6 F -12 47 6

7 F - 3 46 7

8 F - 5 46 7

9 F - 6 44 9

10 F - 10 40 10

11 F - 7 38 11

12 F -13 36 12

13 F -11 26 13

Note: Top Eight Contractors were Prequalified.

Reducing the Bias in Contractor Prequalification Using DEA Joseph Ramani
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C O N T R A C T  G

Number Contractor ID Number M ark 135 Rank

1 G - l 35 1

2 G - 4 35 1

3 G - 5 35 1

4 G - 2 35 1

5 G - 6 35 1

6 G - 7 35 1

7 G -10 35 1

8 G -11 35 1

9 G -18 35 1

10 G - 19 35 1

11 G - 20 33 11

12 G - 3 32 12

13 G - 9 31 13

14 G - 12 31 13

15 G -15 31 13

16 G -16 31 13

17 G -17 31 13

18 G - 8 29 18

19 G -14 28 19

20 G -13 25 20

Reducing the Bias in Contractor Prequalification Using DEA Joseph Ram ani
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