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ABSTRACT

Selection of the best contractor to implement a project on time, within a reasonable cost and
with an acceptable level of quality is a key factors for project success. The most
appropriate solution to avoid contractor failure is to integrate technical and financial factors
to select appropriate contractor.

The most dominant way of awarding contracts in construction projects in Gaza strip is the
lowest bid method. This methodolgy has made many problems in the implementation of

construction projects between parties and that affected the efficiency & quality of works.

This study aims at improving the awarding policies in construction projects in the Gaza
Strip by using the Artificial Neural Network (ANN) to develop a model for selecting the

best contractor.

This research has been conducted through literature review of the topics related to
contractors selection methods and criteria, followed by a field survey. Fifty four engineers
were asked to fill a questionnaire that covers topics related to the selection of contractors
methods practiced in Gaza Strip to identify the importance of these factors for the contractor

selection.

The weights of factors affecting selection of contractors indicated that the price of the bid is
50%, the experience is 13.26%, the technical ability is 12.92%, the financial stability is
12.08%, and the management capabilities is 11.74%. The results shows that, the dominant
part of respondents (91%) confirmed that the current awarding method "the lowest bid

price" is considered one of the major problems of the construction sector.

Ninety-one tenders were used to train and test the ANN model. Neurosolution software was
used to train the models. The results of the trained models indicated that neural network
reasonably succeeded in selection the best contractor with 95.96% accuracy. The performed
sensitivity analysis showed that the profitability and capital of company are the most
influential parameters in selection contractors, so the contractor has higher profitability and

capital, the chance of winning the tender is greater.

The results of this resarch recommended that there is a need to develop and modify the
current low bid awarding system and to set up a new awarding system that set a balance
between technical and financial criteria. All parties involved in construction industry are

encourged to pay more attention for developing ANN in selection of the best contractor.
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CHAPTER 1
INTROUDUCTION

1.1 Background

The local procurement in general, and particularly in the Gaza strip, has many
problems. The aggressive competition and low prices may be considered as the main
causes of these problems. The construction industry and awarding authorities, have
begun to explore ways to improve the process of selecting general contractors. It is
important for the concerning authorities or agencies to improve the lowest bid award
contracting method by considering other factors in the evaluation process and selection
suitable contractor, other than the lowest bid. ‘Right’ selection of suitable contractor is
critical for achieving good project performance and overall success in construction

projects (Lam and Palaneeswaran, 2008).

Project owners in the public sector put out to tender construction projects of buildings,
roads, drainage, and waterworks as well as formation of sites. Contractors play a major
role in such projects, which is why contractor selection constitutes a critical decision for
project owners. The selection process should embrace investigation of contractors’
potential to deliver a service of acceptable standard, on time, and within budget (Topcu,
2003).

The selection based on the low price basis can be one of the reasons for project
completion delays, poor quality and/or financial losses, etc. An offered bid price is
undoubtedly an important factor in choosing a contractor, but there are many other
important issues playing a vital role in project implementation that have to be

incorporated in the contractor’s evaluation process (Darvish and Saeedi, 2009).

Emphasis directed towards encouraging lowest bid price should be redirected towards
establishing contractor’s ability for achieving project owner’s satisfaction by supplying
high project performance (time) and high quality of completed product. The outcome of
a construction project can be measured in terms of cost, time, and quality achieved,
hence they can be regarded as the three main concepts for contractor selection
procedure. Based on these main concepts, a list of criteria can be generated. These
criteria are utilized at contractor’s prequalification, that is another frequently used
procedure of selecting contractors (Topcu, 2003).
1
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1.2 Problem Statement

The selection of contractors often encounters problems, such as the selection of
inappropriate contractors, difficulty in the management of contractor and out-of control
of quality, time, budget, and safety (Holt et al., 1998 ).

Due to lowest bid contracts award methodology, the following problems have arise in

the last few years (Jesen and Donald, 2001):

- Low profit margins in high-risk industry.

- Reduction of trained craftspeople in the subcontracting area.
- Performance issues.

- Dispute issues.

The competitive bidding process in Gaza Strip is the most importance of its kind in the
construction industry than in other sectors. It is more closely a pure competition. The
most dominant way of awarding contracts in construction projects in Gaza strip is the
lowest bid method. There was many problems in implementation as for the relationship

between parties of projects and the efficiency & quality of works.

Therefore, it is important to investigate the awarding policies and practices in projects in
the Gaza Strip to select of suitable contractor for achieving good project performance

and overall success in construction projects.

1.3 Research Aim and Objectives
The aim of this research is to improve the awarding policies in construction projects in
the Gaza Strip. The general aim in this research is achieved throughout the following

objectives:

To review the current method of contract awarding systems in construction projects.

To investigate the contractor selection criteria used in Gaza strip.

www.manaraa.com



To identify the importance of selection criteria through creating weights to all
criteria, and evaluate the impact of criteria to the contractor's selection and its

relationship to the price of tender.

To develop of awarding system for construction contractors in Gaza strip using
Artificial Neural Network (ANN).

1.4 Research Methodology

This research is designed to develop awarding system for construction contractors in
Gaza strip using Artificial Neural Network (ANN). A field survey study is planned to
investigate the awarding policies in construction projects in the Gaza Strip. The research

was conducted in following main stages.

1. Identifying and defining the problems and establishment of the aim & objectives of

the study and development of research plan.
2. literature review of awarding systems in construction projects.

3. A field survey to identify most significant factors that should be considered during

the awarding process.

4. Evaluation of the questionnaire design, through the pilot study, where experts from
local clients and consultants were contacted. The purpose of the pilot study was to prove
that the questionnaire questions are clear to be answered in a way that help to achieve
the objectives of the study.

5. Questionnaire distribution to local clients and consultants who participated in projects

in Gaza Strip.
6. Data analysis and discussion.

7.Collection of case studies from previous projects to establish relevant data to build
the ANN model.

8. Propose a model for awarding process of projects in the Gaza Strip.
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1.5 Tentative Table of Contents of The Thesis
Chapter 1: Introduction

An introductory chapter defines the problem statement, the objectives of this study, the

methodology and an overview of this study.

Chapter 2: Literature review
Presents a literature review of traditional and present efforts that are related to the
selection of contractor, and application of Artificial Neural Network (ANN) model in

related field with its characteristics and structures.

Chapter 3: Methodology including (Field survey, Pilot study)
The adopted methodology in this research was presented in this chapter including the
data-acquisition process of influential factors that relate to selection of contractor that

necessary for the proposed model.

Chapter 4: Questionnaire, results and discussions
Presents statistical analysis for questionnaire surveying. It also presents the adopted
influential factors in this study and the encoded data for model implementation.

Chapter 5: Model Building
Presents the selected application software and type of model chosen and displays the
model implementation, training and validation. As well, the results of the best model

with a view of influence evaluation of the trained ANN model are showen.

Chapter 6: Conclusion and Recommendations
Presents conclusion and recommendations outlines for future work.
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CHAPTER 2
LITERATURE REVIEW

This chapter focuses on subjects that are available in literature and related to the
awarding process in construction projects. The main topics that are included in the
chapter are contractors selection process, selection criteria, selection models, artificial

neural network (ANN) method and awarding System In Gaza Strip.

2.1 Contractor Selection Process
Construction industry is the main indicator of the economic growth of the country
throughout the world. Construction industry is the significant contributor in the
economic growth of any country. In developed countries, the construction industry
incorporates the GDP growth of 7-10% whereas in developing countries the percentage
is only 3-6% (Mugeem and Idrus, 2011).

The construction industry plays an important role in providing employment
opportunities and enhancing economic development, especially in developing countries.
However, the industry has a poor record for project success in terms of cost, time,
quality, etc. Construction contractors are responsible for the actual production work
involved (cost management, schedule management, quality management, etc.) in
projects and so their performance is critical to the success of projects. Furthermore,
replacing a contractor with another during project execution is very costly. It is
therefore important to understand the factors influencing contractor selection (Skitmore
etal., 2013).

Tender evaluation and contractor selection continues to be an area of significant
importance and interest to organizations responsible for delivering project outcomes, it
is perhaps one of the most critical undertakings performed by clients, the effectiveness

of which is directly related to project success (Watt et al., 2010).

Project owners in the public sector put out to tender construction projects of buildings,
roads, drainage, and waterworks as well as formation of sites. Contractors play a major
role in such projects, which is why contractor selection constitutes a critical decision for

project owners. The selection process should embrace investigation of contractors’
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potential to deliver a service of acceptable standard, on time, and within budget (Topcu,
2003).

‘Right’ selection of suitable contractors is critical for achieving good project
performance and overall success in construction projects In general, selecting eligible
bidders/proponents is regarded as a vital safeguard for construction clients, especially in
major/high value projects. The generic benefits of contractor selection process include
healthy competitions, minimized risks, and improved quality potentials. (Lam and
Palaneeswaran, 2008).

Contractor evaluation and selection is a difficult and challenging task plagued with
many uncertainties. It is a complex multi-attribute decision problem that requires
individuals to make judgments and trade-offs between competing objectives and limited
resources (Watt et al., 2009).

The fundamental rationale behind competitive tendering is free market competition, i.e.
genuine competition should achieve best value for money for the client, this has been
the underlying philosophy of contractor selection for hundreds of years. However, it is
often implemented to the extreme-some client organizations are obligated to accept

lowest bid whether from a competent operator or not (Holt and Harris, 2001).

2.2 Risks of the Lowest Price and Contractors Selection Deficiencies

The practices and procedures for selecting contractors and awarding contracts in the
construction industry are based on those used in the public sector and have remained
relatively unchanged since the 1940s, These involve systems of bid evaluation
dominated by the principle of acceptance of the lowest price. Many now believe that the
public sector system of bid evaluation, concentrating as it does solely on bid price, is
one of the major causes of project delivery problems, Contractors, when faced with a
shortage of work, are more likely to enter low bids simply to stay in business in the
short term and in the hope of somehow raising additional income through “claims” or
cutting costs to compensate. This implies also that the automatic selection of the lowest
bidding contractor is also risky a fact that is seldom appreciated by construction clients.

Changing this process, however, is not easy (Hatush and Skitmore, 2000).
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The selection based on the low price basis can be one of the reasons for project
completion delays, poor quality and/or financial losses, etc. An offered bid price is
undoubtedly an important factor in choosing a contractor, but there are many other
important issues playing a vital role in project implementation that have to be

incorporated in the contractor’s evaluation process (Darvish and Saeedi, 2008).

Most clients, especially those in the public sector, necessarily have to be accountable for
their decisions and this becomes more difficult when selecting bidders other than the
lowest. This has led researchers to look for techniques for contractor selection which
utilise information concerning client objectives and contractor capabilities as well bid
price as objectively and transparently as possible as a means of achieving the best value
for money (Hatush and Skitmore, 2000).

Improper selection of contractors might lead to many problems during work progress.
These include bad quality of work, and delay in project duration. The main objectives of
the contractor selection process are to reduce project risk, maximize the quality and
maintain strong relationships between project parties, Some owners regard the cost as
the most important criteria to base the contractor selection process on; however,
research recommends that a multi-criteria selection process should be further taken into

consideration (Marzouk et al., 2013).

The contractor selection procedure also suffers from two other deficiencies. First, the
selection process does not attach any importance to the past work performance of
contractors. Having won a contract, a contractor, with a poor record of past work
performance, is very likely to deliver work with poor standard. For example, found the
contractors to be unreliable when their past work performance was not considered in the
selection process. Second, a contractor can bid for any number of projects at the same
time. Because procurement auctions take place in a decentralized manner in government
departments, it is quite possible that a contractor wins the award of multiple projects.
Such a contractor often fails to handle all the projects satisfactorily due to his limited
resources and exceeds the planned schedule and cost and, consequently, compromises
on quality (Padhi et al., 2009).
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2.3 General Contractor Selection Process Around the World

Today’s growing numbers of contractor selection methodologies reflect the increasing
awareness of the construction industry for improving its procurement process and
performance researchers and practitioners have realized that lowest-price is not the
promising approach to attain the overall lowest project cost upon project completion«

multi-criteria selection becomes more popular (Darvish and Saeedi, 2008).

Different countries use different procedures to select the contractor. All these
procedures are aimed at selecting a qualified contractor on a competitive basis, but in
reality a decision is usually based on a single criterion for instance. In Australia
contractor selection is based on different criteria and the process is implemented in two
stages: first, the contractor’s experience is evaluated and then comes bargaining for a
price. In Saudi Arabia, the lowest bidder is selected provided that the bid is not less than
70% of the owner’s cost estimate. In Turkey, a two stage procedure is used, but at the
end, the lowest price determines the selection. In Canada and the USA, especially in the
public sector, the ‘“lowest bidder” is selected, but a bid bond in an amount equal to 10%
of the bid price also has to be provided. In Lithuania, the “‘lowest bidder” is selected as
in Canada and the USA. In Iran, the ‘‘lowest bidder” is selected but the selection is
based on different criteria and two stage process, first the pre-qualification of all
contractors is evaluated and then the lowest price mechanism works. Hence, it may be
concluded that price criterion is decisive in contractor selection. Lately the “‘lowest bid”
selection practice has been criticized because it involves high-risk exposure of the client
(Darvish and Saeedi, 2008).

Marzouk et al.(2013) illustrate the different approaches for contractor’s selection in
different countries as shown in Table 2.1.
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Table 2.1: Approaches for contractor’s selection (Marzouk et al., 2013)

No. Country Decision making approach
1 Rejecting the highest two and the lowest two and selecting the
Denmark ]
contractor that offers a price closest to the average
2 ltaly, Portugal, | Rejecting the highest one and the lowest one and selecting the
South-Korea contractor that offers a price closest to the average
3 France Rejecting the contractor that offers an abnormally low price
4 The process is implemented in two stages: first, evaluating the
Australia contractor’s experience; second, bargaining for a price then
occurs
S ) ) The lowest bidder is selected provided that the bid is not less
Saudi-Arabia )
than 70 percent of the owner’s cost estimate
6 Turkey The lowest price determines the selection
! Canada, USA The lowest bidder is selected
8 Lithuania The lowest bidder is selected
9 The lowest bidder is selected. The process occurs in two
Iran stages: first, the contractor’s pre-qualification is evaluated;
second, the lowest price mechanism works

2.4 Awarding Procedures

Government departments in India follows a three-stage procedure to award a work
contract. In the first stage, the applicants are evaluated on the basis of their registration
details. Registration details indicate the class to which a contractor belongs. Normally, a
contractor is registered with the government as B-, A-, special-, or super-class
contractor on the basis of physical resources, qualified manpower, and past experiences
available. A B-class contractor is eligible to bid for small projects costing less than or
equal to Indian rupees of five million, whereas a super-class contractor can bid for
projects of all sizes. In the second stage, the department evaluates the applicants and

scores them with respect to three main pre-qualification
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attributes of their technical bids: (1) Quantum of similar work done in the past, (2)
Availability of physical resources, and (3) Financial status (liquid assets) of the
contractor. The department shortlists the three highest scoring bid participants for the
second stage of evaluation. In the third stage, the contractor, quoting the lowest bid

price, is declared as the winner (Padhi et al., 2009).

The correct choice of construction contractor(s) is a critical function of either the client
or the client’s consultant/ project manager, that usually has a significant impact on the
success or otherwise of a project, Figure 2.1 illustrates the commonly pursued

alternative routes to contractor selection (Kumaraswamy, 2003).

Q ({) @
REGISTRATION
¥
PREQUALIFICATION
v ¥ :
SHORTLISTING
¥ ¥ ¥ v
ELIGIBLE TENDERERS
Negotiate with one or Evaluate Tenders based on Evaluate Tenders based on Price
more selected tenderets Price only and Capabilities Past-Performance
v ¥ ¥

SELECTED CONTRACTOR

Figure 2.1: Routes to contractor selection (Kumaraswamy, 2003)

In the last two decades, there has been a steady increase in the range of methods used
for the procurement of construction work. Despite this, however, there has been no
commensurate improvement in the “success” rate of construction projects. Instead, there
have been extensive delays in the planned schedule, cost overruns, serious problems in
quality and an increased number of claims and litigation. To improve this situation, still
further methods are being sought to improve current tendering procedures and

contractor selection (Hatush and Skitmore, 2000).
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Medoukh (2008), summarized some of the used awarding methods in construction

projects based on wide study of the previous research in this regard as follows:

= Nearest to the Average of All Bids Received
In this system, once the owner has received all offers, he or she performs a simple
mathematical calculation to find the Average Bid Value (ABV): all of the participants’

offers are summed and divided by the total number of bids received.

ABV = (SUM of offers / number of bids). To award the contracts, the owner looks for
the nearest offer to ABV and selects this bid.

= The Danish System

A simple formula to select the most reasonable offer from the competitive bids received.
It rejects the two extreme offers (highest and lowest); a new highest and lowest offer,
and consequently a New Average (NA), thus exist. The remaining offers are considered
in relation to the New Highest offer (NH). The New Lowest offer (NL) and the Average
(A) of all of the offers are calculated. The new average (NA), which helps in selecting

the successful bidder, is calculated as follows:
NA= (NL+4A+NH) /6

The offer that is ranked first above this new average is then treated as realistic and

acceptable.

= A Negotiated Offer
When an owner negotiates a contract with a pre-selected contractor or group of
contractors, the competitive process is eliminated entirely, and the contractor is chosen

on the basis of reputation and overall qualifications to do the job.

Negotiated contracts are normally limited to privately financed work because
competitive bidding is a legal requirement for most public projects except under
extraordinary or unusual application of negotiated contracts across the board in the
private sector. This can only be interpreted as a sign that owners are increasingly

finding that such arrangements are in their best interest.
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2.5 Selection Criteria

Awarding a construction contract to the lowest bidder without considering other factors
can result in problems such as fraud, cost over-runs, delays, and poor performance.
Therefore, contractors are often evaluated with multiple criteria including past quality
performance, safety, cost, schedule, and relationship with owners (Gaojun and Yan,
2006).

Given the complexities and underlying issues surrounding contractor selection, and the
variety of criteria available, how then do clients choose suppliers and what is the
relationship between the criteria used in an evaluation? Which criteria influence choice?
Is price a more important criterion than experience, capability, expertise, or
performance? Does the relative importance vary as a function of industry, position,
experience or project complexity? These questions form the basis of our continuing
research to investigate which factors influence the actual choice of a contractor for
major projects and the relative importance of the criteria used. Despite its importance,
this aspect of contractor selection remains largely unexplored, as evidenced by the very
few studies reported (Watt et al., 2010).

Where clients have an identified single criterion, such as a fixed price or fixed
completion date, several criteria relating to contractors’ likely performance (such as
technical experience, structure of the organisation, financial stability, past performance
and safety records) need to be considered in selecting contractors (Hatush and Skitmore,
2000).

Selection criteria for contractor selection process are characterized by the co-existence
of both quantitative and qualitative data. The qualitative data is non-linear, uncertain,
and imprecise. In addition, subjectiveness and the lack of experience and knowledge
within the process make the task challenging (EI-Sawalhi et al., 2007).

Knowing the evaluation criteria is essential in the bid decisions. To have a good sense
of what are the main criteria that owners/ clients tend to have in evaluating auctioneers,
the preferred criteria for evaluating tenders are “past project performance, technical
expertise and cost are the most important criteria in an actual choice of contractor with
organizational experience, workload, and reputation being the least important.” quality

of product was the most important criterion of contractor selection. Notably, this
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criterion was consistent in all industries. Based on their research, bidding price is not the
main evaluation criterion. In fact, on average it is only around 15% important. So it is
important to consider non-monetary criteria in making either one of the bidding
decisions. They also observed that past project performance is the most important
evaluating factor; about 30% of the relative importance of evaluating bids is assigned to
it (Watt et al., 2010).

Criteria for selecting the best contractor are introduced such as: ‘‘history of reasonable
bid price submissions’’; ‘‘a work history that indicates specialization and quality of
workmanship in a particular construction skill; ““contractor’s degree of quality control’’;
“‘decorum, conduct and non-disruptiveness of contractor staff and subcontractors
‘‘coordination of operations that will cause noise, vibrations, dust, odors, safety
concerns and other activities’’; “‘responsiveness to warranty issues’’; “‘Flexibility and
cooperation when resolving delays’’; and ‘‘ability to meet project schedule’’. Abiding
by such criteria, or on others depending on the situation, leads to the right selection of
the best alternative, which has many benefits for all parties in the construction project;
such as high quality finishing, meeting deadlines based on the estimated time, as well as
abiding by the estimated cost (Marzouk et al., 2013).

To select the best contractor should taking into consideration the following criteria of
selection: technology and equipment, management, experience and knowledge of the
technical staff, financial stability, quality, being familiar with the area or being
domestic, reputation, and creativity and innovation. Despite setting several contractor
selection criteria, the final decision should consider both; the criteria set and the

competitiveness of the price (Marzouk et al., 2013).

Four essential criteria for choosing a contractor; “‘price, technical know-how, quality
and cooperation.”’ In order to determine the relative importance of each criterion, the
mean, median and standard deviation were calculated. The four criteria are considered
essential ones. Usually, maximizing profits and minimizing costs come as crucial
objectives of a contractor. Consequently, setting price as one of the criteria of choosing

a contractor is essential (Marzouk et al., 2013).
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Investigated the perceived importance of criteria that influenced a client’s choice of
supplier. The conclusion drawn from that specific study found that criteria, such as,
experience in projects of similar size and type, current workload, management
qualifications, and time of year were considered important. Other studies suggested
selection criteria that provide a measure of a supplier’s capability in terms of
organizational structure, management skills, banking arrangements, cash flow,

management qualifications and experience, and past performance (Watt et al., 2009).

Investigated various contractor selection criteria to determine the importance of the
“lowest price” wins philosophy. The study showed that ‘‘lowest price” is not
necessarily the principal discriminator, and clients are tending toward broader
evaluations that include more categories of criteria when selecting suppliers. That is,
clients base evaluations and decisions on value rather than cost through the use of
Multi-Criteria Selection (MCS), Specific reported categories of criteria include
contractor organisation, financial considerations, management resources, past
experience, past performance and a number of project specific criteria (Watt et al.,
2009).

In a quest to identify a universal set of criteria suggested a suite of criteria to support
contractor selection. These included managerial capability, financial soundness,
technical personnel and their ability, past performance, experience, financial status,
project management organization, and capacity to undertake or support the intended
scope of work. In a subsequent article, Hatush and Skitmore reported a multi-criteria
approach to contractor selection. Criteria included technical ability, health and safety,

reputation, management capability, and bid amount (cost) (Watt et al., 2009).

Selection of contractors for construction projects in government departments (including
those in India) is usually based on the consideration of a number of attributes. They are
listed below (Padhi et al., 2009).

a. Bid price quoted by a contractor: It is the price quoted by a contractor to get the
project work. The government prefers the contractor who quotes the lowest bid.

b. Financial status of the contractor: It is the minimum liquid assets that a contractor

must have (30% of reserve price) to get the project work.
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c. Total amount of similar work done by the contractor: The criterion of total amount of
similar work done by the bidding contractors is important because it gives an idea to the
government department about the contractor’s experience in handling work of similar

quality specifications and costs.

d. Physical resources available with the contractor: The government department asks the
bid participants to submit the details of available physical resources that they can

expend for the project.

In Turkish public sector, there is a two-stage process for the selection of contractors that
have passed through mandatory requirements filter: contractor prequalification and
determination of lowest bidder among prequalified applicants, at the first stage,
applicants are evaluated and scored with respect to four main prequalification criteria:
“ability to timely complete projects”, “organizational expertise”, “availability of
experienced technical staff’, ‘“availability of resources such as machinery and
equipment”. Contractors having a score less than a threshold value (75 from 100 points)
are screened out as illustrated in Table 2.2 . The average value of the scores of the
remaining applicants are calculated. Contractors having a score greater than or equal to
95% of the average value prequalify for the second stage. At the second stage, bid

prices are taken into account. The lowest bidder wins the contract. (Topcu, 2003).

Table 2.2: Selection criteria & their (point, weight) boundaries in Turkey (Topcu, 2003)

No Main Criteria Sub-Criteria Weight (%) | Point
Ability to timely Financial status 70
1 20- 40
complete projects Workload 30
Length of time in
10
construction industry
2 | Organizational expertise | Similar projects 80 40- 60
Fraudulent activity & 10
failed contract
3 | Availability of experienced technical staff 0-10
4 | Availability of resources 0-10
Total 100
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In Chinese public sector, the bid evaluation is made based on six important criteria: (1)

Degree of response to the bid document; (2) Construction organization design; (3)

Firm’s honour and competence; (4) Bid prices and the amounts used of three materials

(steel, cement and lumber); (5) Range for reducing cost; and (6) Comprehensive

evaluation and examination. All the bidders should be evaluated by all the

commissioners based on the above criteria as illustrated in Table 2.3. The bidder with

the maximum points is awarded the construction project. Bids are opened, evaluated and

selected under supervision of the Administration Office for Inviting and Submitting

Bids for Construction Projects of Beijing (Lai and Wang, 2004).

Table 2.3: Selection criteria & their point boundaries in China (Lai and Wang, 2004)

No Main Criteria Sub-Criteria Point
. Degree of response to the bid | Quality standard 50
document Time 50
Construction scheme 45
Quality guarantee system and its 20
measures
Safety measures 10
2 | Construction organization design Plans for labour force and the
amounts used of main equipment 10
and materials
Construction scheduling plan and 15
its guarantee measure
Level of qualification 30
Honour title(s) for project(s) 20
3 | Firm’s honour and competence earned by the firm
Level of qualification of project 15
manager
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Table 2.3: Cont.

Experience in similar projects 10
Quialified and excellent
_ percentage of projects in recent 15
3 | Firm’s honour and competence
two years
Percentage of keeping time 10
promise
. Bid prices and the amounts used of | Bid price 90
three materials Amounts used of three materials 10
5 | Range for reducing cost 3
6 | Comprehensive evaluation and examination 5

In the Qatari Committee for the reconstruction of the Gaza Strip, the bid evaluation is

made based on nine important criteria: (1) financial capacity; (2) technical capacity; (3)

managerial capacity; (4) previous experience; (5) past performance; (6) the company's

reputation; (7) health and safety; (8) claims; and (9) current workload . All the bidders

should be evaluated by all the commissioners based on the above criteria as illustrated

in Table 2.4, after calculating points for bidders introduce of these offers on a

mathematical equation containing the value of bids, to bring out the best offers

financial and technical for awarding. Bids are opened, evaluated and selected under

supervision of the Qatari Committee Office for inviting and submitting bids for

reconstruction projects of Gaza (Qatari Committee, 2013).

17

www.manaraa.com



Table 2.4: Criteria of evaluation & their point boundaries in Qatari Committee (Qatari
Committee, 2013)

No Main Criteria Sub-Criteria Point
Current Ratio 10
Debt Ratio 2
1 | Financial capacity Profitability 2
Capital 3
Bank facilities 3
Technical staff experience 8
Number of crew technical 3
2 | Technical capacity Number, type and condition of the
equipments °
Cash for equipments 2
The structure of the company 6
3 | Managerial capacity Administrative staff qualifications 4
System monitoring and follow-up 2
Number of similar projects 4
Type of projects implemented 2
4 | Previous experience
Size of projects implemented 2
Number of projects implemented 2
Compliance with the contractual terms 5
5 Compliance with specifications 4
Past performance
Record of company response 2

18

www.manaraa.com



Table 2.4: Cont.

Compliance with contractual duration 2
The company's relationship with the .
_ current owner
6 | The company's reputation
The company's relationship with the ”e
previous owners '
Rating company 2.5
Policy health and safety 3
The company's history in the field of
7 | Health and safety 1
safety
Safety training programs 2
Response to resolve claims and disputes 3
8 | Claims and disputes Tendency to raise the claims 15
Number of claims in previous projects 15
Number of projects under 5
9 | Current workload implementation
Size of projects under implementation 2

2.6 Selection Models

In practice, a contractor selection issue can be described as a two-stage process. First, a
large number of contractors are invited to tender and then a short list of contractors is
drawn based on a set of pre-determined criteria (prequalification stage). In the second
stage, a contractor is selected from the short list to execute the project (final contractor
selection stage) (Al Wahaidi, 2012). The methods used for selecting contractors in order
to award public projects in the construction industry are generally based on the principle
of acceptance of the lowest bid price. However, the evaluation on lowest price basis is
one of the major causes of project delivery problems. On the other hand, as project

owners in the public sector are held accountable for their decisions, explaining the

19

www.manaraa.com



rationale of the selection is more difficult when they select a contractor other than the
lowest bidder (Topcu, 2003).

By far the most frequently used method of selecting construction contractors is
competitive bidding. Investigations into contractor selection and evaluation methods
have more recently expanded. These methodologies include : multi-criteria decision-
making (MCDM), bespoke approaches (BA), multi-attribute analysis (MAA), data
envelopment analysis (DEA), multi-attribute utility theory (MAUT), multiple regression
(MR), cluster analysis (CA), fuzzy set theory (FST), multivariate discriminate analysis
(MDA), cash flow techniques, multi-parameters evaluation bidding system, qualifier-1
and qualifier-2 or contractor pre-qualification, highlight optimum legitimate tender
(HOLT) selection techniques, program evaluation and review technique (PERT)
approach, decision support systems for contractor pre-qualification — an artificial neural
network approach (ANN), and analytic hierarchy process (AHP) (Darvish and Saeedi,
2008).

Many studies have recognized the importance of, and the associated difficulties in,
multi-attribute scoring of contractors. Consideration of multiple attributes in
procurement auction is important, but setting their priority in a bid evaluation process is
difficult.

multi-attribute procurement scenario in government sectors, a number of modeling

To overcome these weaknesses and evaluate construction contractors in a

approaches have been proposed in the literature, Table 2.5 shows a few selected
modeling approaches and the contractor selection attributes used in these approaches.
(Padhi et al., 2009).

Table 2.5: Modeling approaches and the contractor selection attributes (Padhi et al.,
2009)

No. Author Country Selection attributes used Modeling
approach
Financial status, technology Performanc
Kumaraswamy offered, and experience in
1 Hong Kong _ o e-based
(1996) handling  similar  types of _
; scoring
projects
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Table 2.5: Cont.

Quoted cost, quality of work,
L Cluster
2 | Holt (1998) UK and completion time
analysis
Quoted bid price, financial Multi-
Hatush and soundness, technical ability, attribute
3 ) UK e
Skitmore(1998) management capabilities, safety utility
performance, and reputation. theory
Quoted cost, technical
) capability, services and Fuzzy-
4 | Deng (1999) Australia
references of the government AHP
officials.
Experience in handling similar
types of projects, financial
5 | Al-Harbi (2001) UAE stability, quality performance, AHP
manpower resources, equipment
resources, and current workload.
Quoted cost, quality of work,
6 | Topcu (2004) Turkey o AHP
and completion time
Contractor organization
structure, firm honor and Multi-
7 | Lai etal. (2004) China competence, quoted bid price, | attribute
and amount analysis
of materials used.
) Integer
Missbauer and
8 Austria Bid price programmi
Hauber (2006)
ng
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At cluster analysis (CA) method, the nature of the problem under consideration in this
method involves a theoretically infinite range (set) of contractors, albeit this will be a
function of tendering arrangement employed. The principal task therefore, is one of
reducing this original set into a series of smaller, manageable sub-sets of like character.
By analyzing these sub-sets, the quality (i.e. attributes) of contractors therein may be
observed and the best subset(s) identified for subsequent tender invitation if
prequalification is being performed. Alternatively, the characteristics of sub-set
membership would help in assigning contractors to standing lists (e.g. specific work

types or, project sizes) (Medoukh, 2008).

El-Sawalhi et al. (2007) summarized all the used models in the contractor selection

process based on wide study of the previous research in this regard as follows:

= Dimensional weighting aggregation (DWA)

This model adopted by Russell and Skibniewski (1990), it is considered simple to apply
do not need special knowledge to understand, but it has some of disadvantages, it
depends on the subjective judgment of the decision makers, a low score in one section
can be compensated by a high score in another, did not consider the risks associated
with the inconsistency of contractor data, the risks inherent with different decision
maker’s opinion are not considered and cannot accommodate different criteria with

dissimilar units of measurements.

In (DWA) a contractor’s aggregate rating is calculated as the weighted sum of rating the
overall decision parameters. Decision makers are asked to evaluate contractors on a 1 to
10 scale, 1 being unsatisfactory and 10 being satisfactory. Then, a contractor’s score is

calculated as a weighted sum of ratings over all decision criteria, (i.e., scores x weights).

= Knowledge based system (KBS)

Adopted by Russell et al. (1990), it gives a chance for heuristic decision rules to be used
for better expectations, but it has some of disadvantages, the limitation encountered in
the model is the implicit treatment of the uncertainties inherent with heuristic

knowledge.

QUALIFIER-2, this program was based on an aggregated weighing for each contractor

obtained through the input rating for each decision criterion, it is a Knowledge based
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system in which the decision of selection is made by the model user using the decision
rules, not the calculated scores. The model is a compilation of engineering judgment
and experience. The owner evaluates the input data using heuristic decision rules that
suggests selection decision (If . . . then) rules.

= Multi-attribute analysis (MAA)

Adopted by Holt et al. (1994), MAA is a simple scoring model. Because of its
simplicity, it is frequently used by decision makers, but it has some of disadvantages,
the input variable is often a very subjective measure used by practitioners, the model
fails to incorporate systematic checks on the consistency of judgment, it does not
consider the non-linearity between the decision criteria and contractors attributes and

the uncertainty of the contractor data is not taken into consideration.

MAA is a quantitative approach which facilitates the consideration of multiple
attributes. Options being evaluated may be rated against the client’s objectives.
Preferences may be incorporated by assigning weights which then combined to yield the

highest score indicating the optimal.

= Fuzzy set (FST)

Adopted by Nguyen (1985), it Can deal with qualitative and quantitative data Work
with group membership Deals with uncertain data, but it has some of disadvantages,
difficulties associated with the formulation of the membership functions for selection
criteria and the number of parameters and the complexity of the framework, and the
user should acquire extensive mathematical background to understand and run the

analysis.

(FST) theory resembles human reasoning in its use of approximate information and
uncertainty to generate decisions. It was specifically designed to mathematically
represent uncertainty and vagueness and provide formalized tools for dealing with the
imprecision intrinsic to many problems. Since knowledge can be expressed in a more
natural by using fuzzy sets, many engineering and decision problems can be greatly
simplified. Fuzzy set theory implements classes or groupings of data with boundaries
that are not sharply defined (i.e., fuzzy).
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= Program Evaluation and Review Technique (PERT)

Adopted by Hatush and Skitmore (1997), it incorporates multiple ratings permitting the
uncertainty in contractor data to be evaluated, but it has some of disadvantages, the
subjective nature of judgment on the aspiration levels, the technique is not able to
handle the inherent non-linear relationship between contractor’s attributes and their

corresponding selection decisions.

PERT is a planning method which takes the probability of the criteria into account. It
was used to assess and evaluate contractor data against client goals, namely time, cost,

and quality.

= Analytical hierarchy process (AHP)

Adopted by Munaif (1995), Al-Harbi (2001), Mahdi (2002), Topcu (2004), it's
advantages are: allows group decision-making It transfers subjective judgment into
meaningful weights and ratios on which to base decisions, diverse judgments by
decision makers can be accommodated by this technique which synthesizes that
judgment into a representative outcome and pinpoints inconsistencies made in the
Judgments, but it has some of disadvantages, subjective nature of letting the decision
maker decide on the weight which will effect the final decision, the scale used is not
apparent , there is the possibility of rank reversal occurrence and the comparison

between two criteria is represented by two different scales .

AHP design problem by breaking it down into a hierarchy of interrelated decision
elements, decision criteria and sub criteria; After the decision problem is modeled in a
hierarchical fashion, the decision maker must develop a set of comparison matrices that
numerically define the relative preference of each decision alternative with respect to
each criterion and also the relative importance of each criterion.

= Multi-attribute utility (MAU)

Adopted by Hatush and Skitmore (1998), it's advantages are: permits different types of
contractor capabilities to be evaluated and deals with uncertain data Incorporates the
risk of the decision maker, but it has some of disadvantages, it is hard to retrieve the
public client’s preference via utility function, it require to provide exact probability

values so that the utility function can be derived, the decision making process takes a

24

www.manaraa.com



long time and becomes tedious if there are numerous criteria, needs very good

knowledge of probability theory and no ability to deal with multiple decision makers
Simultaneously.

In (MAU) all decisions involve choosing one, from several, alternatives. Typically,
each alternative is assessed for desirability on a number of scored criteria. What
connects the criteria scores with desirability is the utility function. The most common

formulation of a multi-criteria utility function is the additive model.

= Case-based reasoning (CBR)

Adopted by Ng (2001), it's advantages are: a practical solution can be produced even
when knowledge about a particular selection system is weak and the solutions obtained
from previous cases can be modified to meet the current situation through the adaptation
functions provided in the system, but it has some of disadvantages, the model needs
input of large a number of cases when initially operated which may be difficult to
achieve in practice, in cases where there is no similar or approximate solution, the
system will give a negative solution, and the system is not an adaptive one that can learn

and predict new solutions.

CBR is an artificial intelligence technology that solves new problems by adapting
solutions that were used to solve old problems. Reasoning by reusing or modifying
experience is a frequently applied paradigm for human problem solving. This is
particularly the case when the domains are not completely understood or when the
concept is open-ended.

2.7 Artificial Neural Network (ANN)

An Artificial Neural Network (ANN) is a computational model that is inspired by the
structure and functional aspect of biological neural network. The feature that makes the
neural network more flexible and powerful is its ability to learn by example. The neural
network has multi-disciplinary applications which include neurobiology, philosophy,
economics, finances, engineering, mathematics and computer science, etc.. The first
artificial neuron was produced in 1943 by the neurophysiologist Warren McCulloch and
the logician Walter Pits. But the technology available at that time did not allow them to
do too much (Kumar et al., 2014).
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An artificial neural network (ANN) is a system derived from neurophysiological
models. In general, this type of model consists of a collection of simple, nonlinear
computing elements, whose inputs and outputs are linked to form a network . However,
one disadvantage of ANNs, which is an impediment to their more widespread
acceptance, is the absence of any capability to inform the user as to how the network
arrives at a particular decision, in a form that is easily comprehensible. These networks
are also unable to give details of the knowledge that is encoded within the black box
(Kuo et al., 2014)

Artificial neural network (ANN) is a computational structure with artificial neurons
performing a nonlinear function of their inputs. It has the advantage of modeling
complex data by means of a training algorithm without priori assumption, and has the
ability to handle multivariable problems, learn highly non- linear relationship and
approach any nonlinear systems and adjust the models dynamically by altering the net-
work weights when new training data were put in. The advantages of using ANN are
that they could be fitted to any kind of data set and did not require model assumptions
(Dong and Zhao, 2014).

Since neural networks (NNs) were first proposed by McCulloch and Pittsin1943, they
have been successfully applied to different areas. Multilayer feed forward NNs are
theoretically universal approximates. Due to the strong approximation capacity and
learning ability, NNs are suitable for prediction and regression problems, There are
numerous applications, such examples include, transportation systems and financial

price forecasting (Quan et al., 2014).

Artificial neural networks consist of a large number of artificial neurons that are
arranged into a sequence of layers with random connections between the layers. it can
be arranged in different layers: input, hidden, and output. The hidden layer has no
connections to the outside world because they are connected only to the input and
output layers. Due to strong adaptive learning and fault tolerance capabilities many
researchers have used neural network as prediction model in the field of construction

management (Mugeem and Idrus, 2011).

Acrtificial neural networks (ANN), Adopted by Taha (1994), Khosrowshahi (1999), and
Lam et al.(2000), it's advantages are: data-driven self-adaptive methods in that there are
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few a-priori assumptions about the models for problems under study, the statistical
distribution of the data need not be known, non-convergence in the data is implicitly
accounted for by the internal structure of the ANNS, suitable for analyzing the non-
linear relationship between the output variables, ANNs results can be generalized
capable of making both calculations and inferences on a complex combination of the
quantitative and qualitative data, and uncertainties and inaccuracies were reduced to the
lowest level, but it has some of disadvantages, it is hard for a neural network model to
give an explanation as to why a candidate contractor was qualified or disqualified, the
ANN are often criticized for exhibiting a low degree of comprehensibility, the ANN
model suffers from the difficulties in the acquisition of training pairs for the private
client’s projects, and the ANN requires a large amount of historical data for training (El-
Sawalhi et al., 2007).

2.7.1 Basics of ANN

ANNs are data-driven self-adaptive methods in that there are few a-priori assumptions
about the models for problems under study. It is a massively parallel processor made up
of simple processing units, which has a natural propensity for storing experiential
knowledge and making it available for use. The procedure used to perform the learning
process is called the learning algorithm. It has a large number of nodes and connections.
Each connection points from one node to another and is associated with a weight (El-
Sawalhi et al., 2007).

2.7.2 Structuring of ANN

Neural network structure plays a significant role in model accuracy, generalization and
over fitting is directly related to the architecture used in the neural network to model the
data, since training iterations and the number of hidden units are key elements during
the training of the network, and adjusting these elements could lead to great

improvements in the networks modeling capability (Dindar, 2004).

Bouabaz & Hamami (2008), demonstrated that there is a number of factors for selecting
the neural network structure and rules, such as the nature of the problem, data
characteristics, complexity of data and the number of sample data. The network
architecture refers to the number of hidden layers and the number of nodes within each

hidden layer. As a matter of fact, there are two questions in designing a neural network
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that have no specific answers because they are mainly depend on application; the first is
the required data to train a network, and the best number of hidden layers and nodes to
be used. Generally, the more data and the fewer hidden layers and hidden nodes that can
be used, is the better. There is a subtle relationship between the number of facts and the
number of hidden layers/nodes. Having too few facts or too many hidden layers/nodes
can cause the network to "Memorize". When this happens, it performs well during

training but tests poorly (EISawy et al., 2011).

The main building elements of ANNSs are neurons or nodes and the links connecting
between them. Each link has a weight parameter associated with it. These nodes or
neurons are assorted into three categories, which are input, output, and hidden neurons.
Each neuron receives stimulus from the neighboring neurons connected to it, processes
the information and produces an output. There are different ways in which information
can be processed by a neuron, and different ways of connecting the neurons to one
another. In general, different neural network structures can be constructed by using
different neurons or nodes and by the specific manner in which they are connected
(Cengiz et al., 2005).

The ANN structure consists of three layers are illustrated in Figure 2.2 , an input layer
which receives data; an output layer which sends computed information; and one or
more hidden layers to link input and output layer, All or a fraction of the neurons in a
layer are connected with all or a part of neurons of the previous and the next layer
(Cengiz et al., 2005).

Hidden
Input
Output

Figure 2.2: Layers of ANN (Cengiz et al., 2005)
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2.7.3 Architecture of neural networks

= Feed-forward networks

Feed-forward ANNSs allow signals to travel one way only, from input to output. There
is no feedback (loops) i.e. the output of any layer does not affect that same layer. Feed-
forward ANNs tend to be straight forward networks that associate inputs with outputs.
They are extensively used in pattern recognition. This type of organisation is also

referred to as bottom-up or top-down ( Chen et al., 2014).

» Feedback networks

Feedback networks can have signals travelling in both directions by introducing loops in
the network. Feedback networks are very powerful and can get extremely complicated.
Feedback networks are dynamic; their 'state’ is changing continuously until they reach
an equilibrium point. They remain at the equilibrium point until the input changes and a
new equilibrium needs to be found. Feedback architectures are also referred to as
interactive or recurrent, although the latter term is often used to denote feedback

connections in single-layer organizations (Chen et al., 2014).

Chen et al., (2014) summarized the structure and mathematical model for ANN, the
ANN structures can be grouped into two major categories; feed forward and feedback
(recurrent) network. In the feed forward network no loops are formed by the network
connections which are strictly in one direction from one layer to another. One or more
loops may exist in feedback networks. Furthermore, multilayer perception (MLP) are
the most common type of feed forward networks and the back propagation algorithm, a
gradient descent algorithm is the most commonly adopted algorithm for training the
multilayer perception. The hidden layer neurons are the processing unit. The activation
function of the processing unit acts as a squashing function such that the output of a
neuron in a neural network is between certain values usually 0 and 1 or -1 and 1,

mathematically, From this model the interval activity of the neuron can be shown to be:

Vk: ij Xj ................................................................................ (1)
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The output of the neuron, yk, would therefore be the outcome of some activation

function on the value of vk. This process is described in the Figure 2.3.

Fixed input xp =+ 1

o
Xp O N\:‘ .'.-9’ Wi = bf (bias)

NSl
\ Activation
Function

s O~ - Wi} —
0nO N\ A./r\\\ N\ Vi Output
< : \ Yk
~ L > (pi.l R Vi
. N
Summing
Junction
"3 o
X
O—p{ Wip O
p ) .
Input Synaptic Threshold

signals Weights

Figure 2.3: Structure and mathematical model for ANN (Chen et al., 2014).

2.7.4 Activation functions

Nygren (2004), demonstrated that the activation function performs a mathematical
operation on the signal output. Depending upon the type of input data and the output
required. Over the years, the researchers tried several functions to convert the input into
output, various mathematical functions have been used as activation functions, These
functions can take many forms: Linear, Logistic, and tangent, etc. Most commonly used
are threshold function, sigmoid function, tanh function, and Bias function, etc.

As mentioned previously, the activation function acts as a squashing function, such that
the output of a neuron in a neural network is between certain values (usually 0 and 1, or
-1 and 1). In general, there are three types of activation functions, denoted by ®(V) .
First, there is the Threshold Function which takes on a value of 0 if the summed input is
less than a certain threshold value (v), and the value 1 if the summed input is greater

than or equal to the threshold value.

o -{t 1120

Secondly, there is the Piecewise-Linear function. This function again can take on the
values of 0 or 1, but can also take on values between that depending on the

amplification factor in a certain region of linear operation.

30

www.manaraa.com



1 V=05
(V) =4V —05>V =05
0 V=0

Thirdly, there is the sigmoid function. This function can range between 0 and 1, but it is
also sometimes useful to use the -1 to 1 range. An example of the sigmoid function is
the hyperbolic tangent function.

——
o(V) = tanh @ _ 1 . Z-V .................................................................. 4)

Attal (2010), the ability of ANNs to adapt different types of problems based on
activation functions represents a critical flexibility. These functions experimentally
change based on the placed independent variables in model and expected outputs. The
mathematical activation functions used in ANNSs to interpret the data between layers and
input-output placed in Table 2.6.

Table 2.6: Common activation functions in ANNSs (Attal, 2010)

Activation Functions Definitions Range
Linear x (-oo , +o0)
Si id ! (0, 1)
S1gmol _— N
Cmoic (1-e =
e¥ —e™*
Hyperbolic m (-1. 1)
Exponential e * (0, ao)
e—.\’
Softmax (0, 1)
Xi Xy
Unit S a (0, 1)
'mit Sum s
2 X
Square root Vx (0, o)
Sine Sin(x) (0, 1)
1, x= -1
Ramp Ex.—l {xill (-1, 1)
l,x=1
. 0,x <0
Step [1.x>0 (0, 1)
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2.7.5 Types of Artificial Neural Networks

There are several types of ANNs which can be classified according to their connection
geometries or by the algorithms used in the training process, such as Feed forward
network, Radial basis function networks (RFB), self-organizing map (SOM),.. etc.
(Cengiz et al., 2005). The following paragraph classifies the most common ANN types,

which are:

= Single-Layer Feed Forward Networks

It is the simplest form of a layered network, which consists of a single layer of weights,
where the inputs are directly connected to the outputs by series of weights. Such a
network is called a single-layer network, with the designation "single layer" referring to
the output layer of computation nodes (neurons). The input layer of source nodes is not
counted because no computation is performed there (Al-Najjar, 2005), figure 2.4 shows

the single layer feed forward network.

Figure 2.4: Single layer feed forward network (Al-Najjar, 2005)

= Multilayer Perceptron (MLP)
The most popular type of neural network in use currently is multilayer perceptron

(MLP) which is commonly used in regression and classification problems. They are
capable of modeling many functions but require a large amount of time, epochs, and
nodes (Weckman et al., 2010).

In (MLP), neurons are organized in several layers: the first is the input layer (fed by a

pattern of data), while the last is the output layer (which provides the answer to the
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presented pattern). Between input and output layers there is one or more hidden layers
which are comprised of the nodes chosen in the design phase. Each node of these takes
the input values, associated weights, and runs them through the chosen function. The
chosen function affects how and how well the network is able to learn. The node then
uses a transfer function to produce a weight-associated output. The hidden node values
and weights are run through the output node (layer) algorithm, and a final output value
is calculated (Dowler, 2008). Figure 2.5 shows (MLP) network.

Inputs

Input Layer Cutput Layer

Hidden Lazer

Figure 2.5: Multilayer Perceptron (Christian et al., 2000)

= General Feed Forward (GFF)

GFF networks are a special case of MLP such that connections can jump over one or
more layers, The GFF networks often solve the problem much more efficiently. A
classic example of this is the two-spiral problem. Without describing the problem, it
suffices to say that a standard MLP requires hundreds of times more epochs of training
than the generalized feed forward (for the same size network) (Principe et al., 2010).

See Figure 2.6
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Hidden layers

Figure 2.6 : General Feed Forward networks structure (Principe et al., 2010)

= Recurrent Networks

A recurrent neural network distinguishes itself from a feed forward neural network in
that it has at least one feedback loop. Recurrent neural networks (RNN) have a closed
loop in the network topology. They are developed to deal with the time varying or time-
lagged patterns and are usable for the problems where the dynamics of the considered

process is complex and the measured data is noisy (Al-Najjar, 2005).

2.7.6 Why ANN?

Contractor selection process often involves much inexact, uncertain and incomplete
information therefore it is very difficult to measure, especially, the judgments and
preferences of decision makers. The uncertainty is due mainly to the fuzziness and
randomness associated with contractor performance, decision-maker experience,
selection criteria and the qualitative judgments. These substantial uncertainties and
subjectivities have hampered the applicability of many methods which have been used

widely in selection process problems and require high quality data (Morote, 2012).

El-Sawalhi et al., (2007) said that the model that gives the best results should be able to
meet the specific characteristic of the selection problem. The critical characteristics of

the selection process are:

= selection process is a multi-criteria problem. The proposed model should do

analysis of the criteria on a simultaneous basis.
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= selection process contains risks inherited from different decision maker’s

opinion.

= selection process includes noisy and uncertain date given by different

contractors.
= selection process contain subjective judgment made by decision makers.

= selection process include non-linear relationships between contractor’s attributes

and their bid pricing with selection decisions.

= The model should be able to adapt the results to suite changes associated

between different contractors.
= |tshould be able to deal with qualitative as well as quantitative data.

To investigate the suitability of the published models to meet these characteristics, the
specific abilities of historical models used for contractors selection are illustrated in
Table 2.7.

After extensive investigation of the published selection models, it is found that the
Neural Network (ANN) is the most relevant model to cope with the above mentioned
characteristics, also it can perform tasks that a linear program cannot. When an element
of the neural network fails, it can continue without any problem by their parallel nature.
A neural network learns and does not need to be reprogrammed. It can be implemented
in any application. It can be implemented without any problem. Due to all above
reasons, this study select a neural network method to develop a model for awarding

system for construction projects in the Gaza Strip.
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Table 2.7: Comparisons between the published models abilities (EI-Sawalhi et al., 2007)

Models

NO. (DWA) | (KBS) | (MAA) | (FST) | PERT | (AHP) | (MAU) | (CBR) | (ANN)
critical characteristi

1 | Groupdecision | ---- | mmeem | emeem | emeem [ eeee- T | -—--- T T
Deal with subjective

A e e T | - | - T T T
judgment

3 | Non-linear behavior | ----- | ----- | ----- T | —- | —- | -—-- T T
Uncertainty and

4 | R i I B T T | ----- T T T
risks considered
No needs training of

5 T T T T | T T T | |
the system
Ability to interpret

6 T T T T T T T | |
the results
Understanding the

7 | mathematical T T T T T T T | - | -
behavior

8 | Adaptive model | ----- | memem | e | memem | e | e | - T T
Multiple criteria

I T B e B T T T T T T
simultaneously
Not acquire high

10 | knowledge to T T T | === | ==--- T | == | == T
implement
Qualitative and

11 R R T T T T T T
guantitative data
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2.8 The Bid Awarding System in Gaza Strip

The owners and implementing agencies in Gaza Strip performed their bidding process
more or less through similar or comparable steps, the investigation about the process
used in many implementing agencies, donors, and local public institutes such as :
Palestinian Economic Council for Construction and Development (PECDAR),
Kreditanstalt Fir Wiederaufbau (KFW), Ministry of Health (MOH), Ministry of Local
Government (MOLG), United Nation Relief and Works Agency (UNRWA) and others
organization lead to the following finding (Medoukh, 2008) :

1. All bidders are informed through at least one public announcements in the local

newspaper, or through a private invitation in the case of limited bidding.

2. At least three classified contractors in the required class are invited to submit their
bids.

3. The classification of the Palestinian Contractors Union (PCU) is required and

acceptable to all agencies and owners.

4. The time between invitation and bid submission is variable from 10 days to 30 days

depend on the nature and size the project.
5. The offers are opened on the date announced by the envelope-opening committee.

6. All offers must be checked by the bids opening committee. A record of bid opening,
identifying all the bids received, the bid prices including alternative bids if any, and the
presence or absence of the requisite bid security, read out at the public opening of bids,
and should be formally prepared. All discounts offered, modifications, and withdrawals
should also be recorded. All members of the bid opening committee or persons

responsible for bid opening should sign the record of the bid opening.

7. All offers must be evaluated by the bids evaluation committee, and then awards the
contract to the lowest bidder who satisfies the contract conditions and specifications.
8. The implementing agency should always ensure that the bidder whose bid has been

evaluated as the lowest evaluated substantially responsive bid has the financial and

technical capability to execute the contract satisfactorily. If this is determined as
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positive, the contract shall be awarded to the bidder which submitted the lowest

evaluated substantially responsive bid.

Emphasis directed towards encouraging lowest bid price should be redirected towards
establishing contractor’s ability for achieving project owner’s satisfaction by supplying
high project performance (time) and high quality of completed product. The outcome of
a construction project can be measured in terms of cost, time, and quality achieved
(Topcu, 2003).

2.9 Summary

According to previous studies, the following is a summary of the most important results:

1. Contractor selection is a process to evaluate candidate contractors’ ability to complete

a contract satisfactorily before awarding process.

2. The selection based on the low price basis can be one of the reasons for project

completion delays, poor quality and/or financial losses, etc.
3. A large number of contractor selection models and criteria were identified.

4. A brief overview of the contractor selection practices worldwide was taken to

illustrate the different systems of contractor selection being used.
5. Detailed explanation of ANN as decision-making tool indicating its importance in
contractor selection process.

6. Today’s growing numbers of contractor selection methodologies with different
criteria  reflect the increasing awareness of the construction industry for improving its
contractor selection process, So Institutions operating in the Gaza Strip must develop

methods of selection of contractors.
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CHAPTER 3
Research Methodology

This chapter discusses the methodology used in this research. The adopted methodology
to accomplish this study used historical data analysis as the base of providing a relation

between the factors affecting on contractor selection process.

It provides the information about the research strategy, population and sample size,
questionnaire design and contents, pilot study, process of data analysis, case studies to
establish relevant data to build the model, and developing and evaluating of the model

validity are presented

3.1 Research Strategy

Research strategy in general means a plan of action by which the research objectives
can be questioned. This research is concerned about finding a more accurate and
suitable technique to choose the most competent bidder to execute a project through
selection process. To achieve this, the researcher adopted a strategy that consists of five
phases as shown below:

Phase 1: Topic selection and thesis proposal phase
Selection of the topic, problems are defined, objectives are established, and research

plan is developed.

Phase 2: Literature review phase
A summary of literature review regarding the criteria used in the selection process and

summary of used models were reviewed.

Phase 3: Data collection and questionnaire design phase

Data was collected quantitatively by the study survey instrument which was the
prepared and piloted questionnaire. Collection of data from the study population sample
in the field took about fifteen days. The average time for filling a questionnaire was

about 15 minutes.
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The researcher found that ANN technique is applicable and adaptable model among
other used models in the selection process. The researcher determined the criteria of the
selection process and its relevant factors that used in the design of the questionnaire.
The questionnaire focused on two parts. The first part was general questions and the
second part was regarding the main criteria and the relevant factors that affect the
contractor selection. In this questionnaire, the most important factors were determined
based on the relative importance index. Then based on the results of the questionnaire,
the weights of the selection criteria are determined.

A structured questionnaire was used in this research to identify the main parameters
affecting awarding process in construction projects in Gaza Strip. For the need of many
data to develop the neural network model, many historical projects that were done
between 2010 and 2012 in Gaza Strip were collected from municipalities, government
ministries, engineering institutions, contractors and consultants in this period especially
due to resumption of implementing construction projects in those years after several

interruption years because of the Israeli blockade.

It is to be noted that the questionnaire is prepared in “Arabic Language” in order to
avoid any misunderstanding of its topics. A copy of the English questionnaire and an
Arabic version of it are attached in Annex 1 and Annex 2 respectively. As most of the
studied population can not use English, a translator carried out the translation. An
academic expert also reviewed the Arabic version in order to achieve accuracy as much

as possible.

Phase 4: Developing and evaluating the model

Developed simple model based on ANN approach that can be used in the selection of
the contractors in Gaza Strip. This model is flexible and the user can enter any criteria
that fit his requirements. The model was developed by using NeuroSolution 5.07.
Accordingly, the best model was tested and the sensitivity analysis have been assessed

by variation in the cost of projects.

Phase 5: Conclusion and recommendation phase
In this stage, the content of the research was written and the research chapters were

covered. Moreover, the research was summarized in the conclusion section with many
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recommendations. Figure 3.1 shows the methodology flowchart, which leads to achieve

the research.

Topic Selection & Setting Research Objectives

A

y

Literature Review of Contractor’s Selection

A

y

Data Collection & Analysis

Questionnaire . Data
(Pilot Study-Tests) Data Collection Analysis
\ 4
Model Building
Model Im Ig/lrr?e(}jnetlation Training & Results
Design P Testing Discussion

A

y

Sensitivity Analysis

A

y

Conclusion and Recommendations

Figure 3.1: The methodology flow chart
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3.2 Questionnaire content validity
The researcher assessed the content validity and reliability of the questionnaire by two

ways are as follows:

A) Arbitrating the questionnaire

Distributing the questionnaire to a group of arbitrators containing three experts who
have wide experience in subject of the research. The researcher has modified, deleted,
and added the necessary parts of the questionnaire in response to the group's

suggestions.

B) Pilot study

After the preliminary testing, a pilot study was conducted to evaluate the questionnaire,

the researcher distributed the questionnaire to a sample of 10 persons which considered
as experts in their organizations and with more than 15 years expert in the evaluation of
contractor's bids, most of them are members of officials evaluation committees, project
managers, donors representatives, or professional consultants. Generally speaking, it
appeared that respondents had no difficulty in understanding the items or the
instructions to complete the questionnaire. Based on the comments of the experts some
modifications in the text of the questionnaire are performed. The modifications are
discussed with the supervisor and then the questionnaire is finalized. The researcher has
tested the internal concurrence of the questionnaires by calculating the correlation

coefficients between each item and the related items of the field.

3.2.1 Questionnaire statistical validity
In order to ensure the validity of the questionnaire and to be sure that the objective of
each paragraph is to achieve the main aim of the questionnaire , two statistical tests

should be applied :

A) Criterion- related validity
Internal consistency of the questionnaire has been checked through measuring the

correlation coefficients between each section and the whole questionnaire.

Statistical Package for Social Science (SPSS) software has been used to find Pearson

correlation coefficient. If significance level (P-value) for statment within a group is
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found to be less than (0.01-0.05), this means the correlation coefficient is significant at

x = 0.05 and then the statment is consistent and valid to measure what is set for. On the

other hand, if P-value is less than or equals 0.01, this means the correlation coefficient

is significant at x = 0.01 and the paragraph is valid to measure its objective. The

following table shows such computations :

Table 3.1 : Correlation coefficients between items and their related section

Main Factor Sub Factor Pearso_n Significance
Correlation
level
Capital of the
Company
Liquidity 0.833 0.00%*
Financial stabilit
Y Debt Volume 0.819 0.00**
Banking Facilities 0.842 0.00%*
Profitability 0.746 0.00%*
Organizational
g 0.857 0.00%*
Structure
Policy of health and
y 0.847 0.00**
safety
Experience of the
P _ 0.908 0.00%*
managerial staff
Management Auvailability of
o .. 0.909 0.00**
capabilities training system :
Use of
computerized 0.916 0.00%*
systems
Availability of
monitoring,
tracking, and 0.862 0.00**
evaluation system
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Table 3.1 : Cont.

Number of projects
implemented from 3
years

0.929**

0.00**

Amount of projects
implemented from 3
years

0.925

0.00**

Experience

The amount of
similar projects
implemented from
3 years

0.946

0.00**

The adherence to
the contractual
period from 3 years

0.887

0.00**

Volume of
equipment and

machinery

0.908

0.00**

Number of the
technical staff

0.956

0.00**

Technical ability

Experience of the
technical staff

0.941

0.00**

Technological
means used

0.855

0.00**

Classification of
company

0.796

0.00**

**Correlation is significant at the 0.01 level.

B) Structure validity

Structure validity is the second statistical test that used to test the validity of the

questionnaire structure by testing the validity of each field and the validity of the whole

questionnaire. It measures the correlation coefficients between the field (a field is part
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of group and consists of many paragraphs) and the whole fields of the questionnaire that

have the same level of likert scale. Table 3.2 shows the Structure Validity.

Table 3.2 : Validity of each field and the validity of the whole questionnaire

Main Eactor CPearlscEp Significance
orrelation level
Financial stability 0.914 0.00
Management capabilities 0.932 0.00
Management capabilities 0.946 0.00
Technical ability 0.941 0.00

3.3 Questionnaire reliability

Reliability means the capacity to repeat a result, and is a measure of the instrument used
in the research. A research instrument is anything that produces information, from a
tape measure to a questionnaire. Reliability is generally measured by means of statistics.
A reliable research instrument is one that produces the same result, within reasonable
boundaries. A questionnaire that produces substantially the same responses each time it
is administered to a certain group of people is a reliable measuring instrument. The
researcher conducted two tests on the pilot study sample to measure the questionnaire
reliability, the two test are Split-Half Coefficient and Alpha- Cronbach's Method.

A) Split-Half Coefficient method

Significance levels of exploratory sample have been used to compute questionnaire
reliability using Split-half model. The method randomly divides the measurement
instrument into two halves. Each of the two sets of items is treated as a separate
instrument form and is scored as such. The two sets of scores are correlated, and this is
considered to be an estimate of the measure of reliability. Then, correcting the Pearson
correlation coefficients can be done by using Spearman Brown correlation coefficient of
correction. Table 3.3 shows that the questionnaire had a highly degree of validity.
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Table 3.3 : Split-Half Coefficient method

Main Factor Pearson Correlation | Spearman- Brown Coefficient
Financial stability 0.654 0.769
Management capabilities 0.853 0.921
Management capabilities 0.876 0.934
Technical ability 0.858 0.926
Total 0.895 0.944

B) Cronbach’s Coefficient Alpha

Researcher has used another method to compute reliability of questionnaire where alpha
coefficients value for each section and the total average of the questionnaire have been
computed . The normal range of Cronbach’s coefficient alpha value is between 0.0 and

+1.0 where higher values reflect a higher degree of internal consistency.

Table 3.4 shows Alpha- Cronbach Coefficients, the results were ranged from 0.866 and

0.944, which means that there are significance and highly validity coefficients.

Table 3.4 : Reliability Cronbach's Alpha

Main Factor Cronbach's Alpha
Financial stability 0.866
Management capabilities 0.944
Management capabilities 0.941
Technical ability 0.934
Total 0.937

3.4 Importance of factors
The factors that influence the awarding process in Gaza Strip were categorized into four

groups; financial stability, management capabilities, experience, and technical ability.
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The respondents were asked to provide their opinions on the identification of awarding
criteria for contractors in the construction sector in Gaza Strip. Likert scale at scores

from 1 to 5, where "1" represent very low and "5" the very high.

Analysis of questionnaire quantitative data was done by using relative importance index
(RIl) as a statistical tool. Relative importance indices were calculated using the
following formmula:
i=5
Zi xn,
=1

w4
Relative importance index (RII) = Z =, (1)
AN 5N

Where w is the weight given to each factor by the respondent, ranging from 1 to 5,
n5 = number of respondents for Very Important,

n4 = number of respondents for Important,

n3 = number of respondents for Medium Importance,

n2 = number of respondents for Low Importance,

nl = number of respondents for No Importance.

A is the highest weight (i.e.5 in the study) and N is the total number of samples. The RII
equals ranges from 0 to 1.
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CHAPTER 4
Data Collection and Results

In fact, one of the most significant keys in building the neural network model is
identifying the factors that have real impact on the awarding process. Depending on this
great importance of selecting these factors, several techniques were adopted carefully to
identify these factors in Gaza Strip construction projects; as reviewing literature studies,

and a questionnaire survey.

In this chapter, the results of the field survey are presented and discussed. This chapter
illustrates and discusses the characteristics of the study population. The factors affecting

the bid awarding are presented.

4.1 Questionnaire analysis

Seventy questionnaires were distributed to various engineering institutions. Fifty four
questionnaires, as a response rate 77% of the total number of questionnaires, have been
correctly answered and submitted. These questionnaires were cleaned, and some of
them were omitted due to incomplete data. More details and analysis are discussed in

the following section.

4.1.1 Population characteristics
The characteristics of study population comprise of type of organization, types of
implemented projects, value of implemented projects, job title, years of experience,

contractors Union classification.

4.1.1.1 Description of respondent organization
Table 4.1 shows the type of organizations and the sample size for the study population.

In addition, it shows number of valid respondents of each organization.
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Table 4.1: Distribution of questionnaire according to organization type

No. Description Frequency | Percent (%)

1 Public Owner 18 33

2 Donor 3 6

3 | NGOs 10 18

4 Implementing agency 8 15

5 Consultant 6 11

6 Other organizations 9 17
Total 54 100

As outlined in Table 4.1, the sample size respondents number consists of 33% as public

owners, 6% as donors, 19% as NGOs, 15% as implementing agencies, 11% as

consultants and 17% as other organizations. The majority of the respondents are

involved in awarding process and this strengthens the results and recommendations.

4.1.1.2 Types of implemented projects

Table 4.2 shows that 15% of the implemented projects is housing, 24% is public

buildings, 26% is roads, 7% is water and wastewater projects, 4% of the implemented

projects is private buildings and 24% is others.

Table 4.2 : Types of implemented projects

No. Description Frequency | Percent (%)

1 | Housing 8 15

2 | Public buildings 13 24

3 | Roads 14 26

4 | Water and Wastewater 4 7

5 | Private buildings 2 4

6 | Others 13 24
Total 54 100
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As outlined in Table 4.2, The participants in the questionnaire varied between several

areas of expertise, and this gives added strength to the analysis of the questionnaire.

4.1.1.3 Value of implemented projects

Table 4.3 shows that 34% of the implemented projects got an average annual value
(=>10) million dollars, 9% of the implemented projects value is between (=5 m to <10
M) dollars. As well 17% of the implemented projects values is between (=2 M to <5 M)
dollars, 15% of implemented projects value is between (=1M to <2M) dollars, and 25%

of implemented projects value is less than 1M dollars.

Table 4.3 : Average annual value of the implemented projects

No. Item Frequency Percent (%)
1 |=>10M 18 34
2 |=5M-<10M 5 9
3 |=2M-<5M 9 17
4 | =1M - <2M 8 15
5 | <1IM 13 25
Total 54 100

As outlined in Table 4.3, over the past five years, 43 % of executed projects are over 5
million dollars. The results show that about half of the implemented projects by the
respondents of value more than 5 M dollars, which means that the total value of the
projects implemented is relatively high.

4.1.1.4 Respondent's occupation

Table 4.4 shows that 17% of the respondents occupation in their organization is project
manager, 24% of the respondents occupation is construction supervisor, 20% of the
respondents occupation is other positions. In addition 20% of the respondents
occupation is head of department, 11% of the respondents occupation is office
engineers, and 8% of the respondents occupation is procurement specialists. The
researcher is satisfied with the level of importance the respondents in general give to

fill this questionnaire.
50

www.manaraa.com



Table 4.4 : Respondent's occupation

No. Item Frequency | Percent (%)

1 Project Manager 9 17

2 Construction Supervisor 13 24

3 Head of Department 11 20

4 Office Engineer 11 20

5 Procurement Specialist 6 11

6 Others 4 8
Total 54 100

4.1.1.5 Respondent's experience

Table 4.5 shows that 17% of the respondents experiences is more than 15 years, 33%of

the respondents experiences is between 10 to 15 years, 24% of the respondents

experiences is between 5 to 10 years, and 26% of the respondents experiences is less

than 5 years. The result shows that 50% of respondents have more than 10 years of

experience, which gives the research more confidence in the results.

Table 4.5 : Respondent’s experience

No. Description Frequency | Percent (%)
1 | More than 15 years 9 17
2 | 10-15 years 18 33
3 | 5-10 years 13 24
4 | Less than Syears 14 26
Total 54 100

4.1.1.6 Dependence on the Palestinian Contractors Union (PCU) classification

Table 4.6 shows that 24% of the respondents' organization always depends on PCU

classification, 46% often depends on PCU classification, 9% sometime depends on PCU
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classification, 8% rarely depends on PCU classification, while 13% never depends on

PCU classification. These results indicate the significance of PCU classification.

Table 4.6 : Adopt of classifying of the contractors union

No. | Description | Frequency | Percent (%0)
1 | Always 13 24
2 | Often 25 46
3 | Sometimes 5 9
4 | Rarely 4 8
5 | Never 7 13
Total 54 100

4.1.1.7 Awarding to the lowest price
Table 4.7 shows that 32%o0f the responses is always bid are awarded to the lowest price,

48% of the responses is often, 11% of the responses is sometimes, 7% of the responses

is rarely, and 2% of the responses is never .

Table 4.7 : Awarding to the lowest price

No. | Description | Frequency | Percent (%)
1 | Always 17 32
2 | Often 26 48
3 | Sometimes 6 11
4 | Rarely 4 7
5 | Never 1 2
Total 54 100

The results shows that 32% of the respondents' organizations always awarding on the
contractor with the lowest, and 48% often awarding on the contractor with the lowest.

The results show high tendency toward awarding on the contractor with the lowest.
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4.1.2 Factors influencing the awarding process in Gaza Strip
4.1.2.1 The factors related to the financial stability

Table 4.8 shows the respondents' opinion regarding the factors related to the financial
stability of the company. The factors' relative importance index (RII) is as the
following: "The liquidity of the company" with RII equals 0.83 and rank equals 1, "The
capital of the company" with RII equals 0.77 and rank equals 2, "The banking facilities
provided by the company"” with RII equals 0.70 and rank equals 3, “The profitability”
with RII equals 0.65 and rank equals 4, and "The debt volume of the company" with RII
equals 0.64 and rank equals 5. The results indicate the extent of significance of the
financial stability in the awarding process. The contractor's financial stability is an
indication of his ability to execute the project and to meet financial obligations where it
is considered as one of the most important criteria for evaluating the capability of

general contractors.

The relative importance index of the liquidity of the company equals 0.83, which
indicates its highest importance. Same thing is valid for the capital of the company and

the banking facilities.

Table 4.8: The factors related to the financial stability of the company

Factor RIl | Rank
The liquidity of the company 0.83 1
The capital of the company 0.77 2
The banking facilities 0.70 3
The profitability 065 | 4
The debt volume of the company 0.64 5

4.1.2.2 The management capabilities
Table 4.9 shows the respondents’ opinion regarding the factors related to the
management capabilities of the company. The factors' RIl is as the following: "The

experience of the managerial staff of the company" with RI1I equals 0.79 and rank equals
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1, "The existence of an appropriate organizational structure for the company" with RII
equals 0.71 and rank equals 2, "The availability of monitoring, tracking, and evaluation
system of the company” with RIl equals 0.70 and rank equals 3, "The existence of
policy for the company in the field of health and safety standards to control the work"
with RIl equals 0.69 and rank equals 4, "The availability of training system for
managerial staff in the company™ with RIl equals 0.67 and rank equals 5, and "The use
of computerized systems in the management™” with RII equals 0.66 and rank equals 6.
The existence of an appropriate experience of the managerial staff for the company and
the organizational structure of the company are with high RIl 0.79 and 0.71
respectively, which reflects their importance in the awarding process. The appropriate
organizational structure shows how the information and decision-making processes
move between different levels. The factors related use of computerized systems in the
company has low RIl compared with the other factors. The researcher refers that to the
nature of most companies, which considered relatively small and locally competitive

and rarely depends on computerized systems to develop its performance.

Table 4.9: Factors related to the management capabilities

Description RII Rank
Experience of the managerial staff 0.79 1
Organizational structure 0.71 2

Availability of monitoring, tracking, and

evaluation system 0.70 3
Policy of health and safety 0.69 4
Availability of training system 0.67 5
Use of computerized systems 0.66 6
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4.1.2.3 The Factors related to the experience
Table 4.10 shows the respondents' opinion regarding the factors related to the
experience of the company. The factors' RI1 is as the following:

"The amount of projects implemented by the company from 3 years " with RIl equals
0.80 and rank equals 1, " The amount of similar projects implemented by the company
from 3 years " with RIlI equals 0.79 and rank equals 2, "The number of projects
implemented by the company from 3 years" with RII equals 0.78 and rank equals 3, and
"The adherence to the contractual period in the implementation of projects from 3 years

" with RII equals 0.77 and rank equals 4.

The experience is an essential criterion to ensure that the contractors have the skills to
implement the project in terms of time, quality, and cost. The amount of projects
implemented by the company from 3 years has been ranked in the first position. This
indicates the high tendency of the owners to select the contractors who have this volume

of experience in order to guarantee the success of their projects.

Table 4.10: Factors related to the experience of the company

No. Description RII Rank
1 | Amount of projects implemented 0.80 1
2 | The amount of similar projects implemented 0.79 2
3 | Number of projects implemented 0.78 3
4 | The adherence to the contractual period 0.77 4

4.1.2.4 Technical ability
Table 4.11 shows the respondents' opinion regarding the factors related to technical

ability of the company. The factors' RIl is as the following:

"The experience of the technical staff* with RIl equals 0.81 and rank equals 1, "The
volume of equipment and machinery” with RII equals 0.79 and rank equals 2, "The
number of the technical staff" with RIlI equals 0.77 and rank equals 3, "The

classification of company" with RIl equals 0.76 and rank equals 4, and "The
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technological means used by the company in the implementation of projects™ with RII

equals 0.70 and rank equals 5.

The results indicate the importance of the technical ability of the company to enable the
contractors to demonstrate that it has the technical capacity to perform the work for
which it is seeking selection for specific project. The first two factors related to "the
experience of the technical staff* and "the volume of equipment and machinery" have
high relative importance index, which show the importance of the experience of the
technical staff as well as the availability of the equipments and machinery.

Table 4.11: The factors related to the technical ability

No. Description RIl | Rank
1 | Experience of the technical staff 0.81 1
2 | Volume of equipment and machinery 0.79 2
3 | Number of the technical staff Q.77 3
4 | The classification of company 0.76 4
5 | Technological means used 0.70 5

4.1.2.5 The main factors
Table 4.12 and Figure 4.12 show the respondents’ opinion regarding the selection
groups of the contractors. The groups' R1l is as the following:

"Experience of the company" with RII equals 0.79 and rank equals 1, "Technical ability
of the company" with RIl equals 0.77 and rank equals 2, "Financial stability of the
company" with RII equals 0.72 and rank equals 3, and "Management capabilities of the
company" with RII equals 0.7 and rank equals 4.
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Table 4.12: The main factors groups

No. Description RIl | Rank

1 | Financial stability 0.72 3

2 | Management capabilities | 0.70 4

3 | Experience 0.79 1

4 | Technical ability 0.77 2

4.1.3 Awarding Stage
4.1.3.1 Consideration of selection criteria in the bid awarding decision

Five alternatives about contractor's awarding methods are presented in this section in
order to select the more appropriate one according to the respondents opinions. Table
4.13 shows that "consider the selection criteria as qualification criteria only, and then
award the bid to the lowest evaluated bid price” obtained 17% of the respondents
opinion, "consider the selection criteria as qualification criteria only, and then award the
bid to the closest bid to average of evaluated bid price" represented 4% of the
respondents opinion, "award the bid to the highest weight after combination of the
technical and financial scores” represented 50% of the respondents opinion.
Furthermore, "consider the technical criteria as a qualification criteria only, and award
the bid to the closest bid to project estimation™ got 13% of the respondents opinion, "
provide score to technical criteria, and award the bid to whom with the high total score"

composed 13% of the respondents opinion and 1% for others .

The opinion of majority of respondents considered the technical criteria in the selection
of contractors, so this opinion eliminated the single effect of the price in awarding bids,
this reflects relative interest considered by the evaluators to apply a new awarding

system which balances between the technical criteria and the financial ones.
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Table 4.13 : Consideration of selection criteria in the bid awarding decision

No. Description Frequency | Percent (%)

Consider the selection criteria as qualification criteria

1 | only, and then award the bid to the lowest evaluated 9 17
bid price
Consider the selection criteria as qualification criteria

2 | only, and then award the bid to the closest bid to 2 4
average of evaluated bid price

3 Award the bid to the highest weight after ”7 -
combination of the technical and financial scores
Consider the technical criteria as a qualification

4 | criteria only, and award the bid to the closest bid to 7 13
project estimation

. Provide score to technical criteria, and award the bid o 15
to whom with the high total score

6 | Others 1 1

Total 54 100%

4.1.3.2 Award the bid to the highest weight after combination of the technical and
financial scores

Table 4.14 shows that 6% of the responses is 80% technical and 20% financial, 29% of

the responses is 70% technical and 30% financial, 20% of the responses is 60%

technical and 40% financial, 33% of the responses is 50% technical and 50% financial,

and 12% of the responses is others.
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The result shows that, 33% of respondents believe that the importance of the price
factor completely equal to the importance of other factors to select the best among

applicants contractor

Table 4.14 : Combination of the technical and financial scores

No. Description Frequency | Percent (%)
1 | 80% technical and 20% financial 2 6
2 | 70% technical and 30% financial 8 29
3 | 60% technical and 40% financial 5 20
4 | 50% technical and 50% financial 9 33
5 | Others 3 12
Total 27 100

4.1.3.3 Lowest price is one of the main problems plaguing the construction sector

Table 4.15 shows that 91% of the respondents' organization think that the method of
award of tenders at the lowest price is one of the main problems plaguing the
construction sector, while 9% think that the lowest price is not of the main problems
plaguing the construction sector. The results indicated the existence of many problems
in the local construction sectors, the dominant part of respondents confirmed that the
current awarding method i.e. "the lowest bid price” considered as one of the major
problems of the construction sector. This outcome indicated the trends and ability of
construction clients and project owners to apply new awarding methods in order to
overcome the encountered problems related to contractor's selection based only on
consideration of financial criteria and negligence of other significant criteria.
Therefore, it is necessary to convert to new ways of awarding process other than

awarding depend on lowest price.
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Table 4.15 : Lowest price is one of the main problems

No. | Description | Frequency | Percent (%)
1 | Yes 49 91
2 | No 5 9
Total 54 100

4.1.3.4 Awarded the tender to the lowest price and select the best contractor for the
project implementation

Table 4.16 shows that 9% of the respondents’ organization think that way awarded the
tender to the lowest price able to identify the best contractor for the project
implementation, 19% of the responses is often, 24% of the responses is rarely, and 48%

of the responses is never.

The result got in Table 4.15, which shows that 91 % of the answers ensured that most of
problems of the construction sector in Gaza Strip are awarding the bids to the lowest
bid, confirmed also the result of Table 4.16. The output of Table 4.16 shows that 72%
(48%, 24%) of the respondents assured that the current awarding methods are unable or
rarely enable them to select the most suitable contractor, the results achieved
demonstrated the importance of this research and enhance the necessity to apply a new

multi-criteria awarding system in Gaza Strip.

Table 4.16 : Lowest price and select the best contractor

No. | Description | Frequency | Percent (%)
1 |Yes 5 9
2 | Often 10 19
3 | Rarely 13 24
4 | No 26 48
Total 54 100
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4.1.3.5 Award committees and the estimated cost of the project
Table 4.17 shows that 31% of the respondents’ organization think that Award
committees take the estimated cost of the project in awarding process, 28% of the

responses is often, 24% of the responses is rarely, and 17% of the responses is never.

To ensure that there is inaccuracy in the current awarding system, the results illustrated
in Table 4.17 showed that 41% (24%, 17%) agreed that the bids awarding committees
don’t take or rarely take into consideration the cost estimate of the project when

awarding the bids to the contractors.

Table 4.17 : Award committees and the estimated cost of the project

No. | Description | Frequency | Percent (%o)
1 Yes 17 31
2 Often 15 28
3 Rarely 13 24
4 No 9 17
Total 54 100

4.1.3.6 Reasons for adopting lowest price awarding method

Table 4.18 shows that 35% of the responses is speed and ease of decision awarding, 9%
of the responses is do not need a specialized team in the process of awarding, 26% of
the responses is transparency and fairness in the process of awarding, and 30% of the
responses is others such as (donor restrictions, desire of organization for saving cost,

and to benefit from the grant from donor as much as possible).

The result shows that, 35% of respondents believe that Speed and ease of decision
awarding Is the main reason for the adoption of awarding a lower price system, but the
speed of the decision certainly does not mean that the decision is right and the project

may be facing big problems, especially during the implementation.
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Table 4.18: Reasons for adopting lowest price awarding method

No. Description Frequency | Percent (%)
1 | Speed and ease of decision awarding. 19 35
2 | Do not need a specialized team 5 9
3 | Transparency and fairness 14 26
4 | Others 16 30
Total 54 100

4.1.3.7 Impediments to the use of other methods in the process of awarding in the
construction sector

Table 4.19 shows that 28% of the responses is Lack of awareness of the dangers of

awarding a lower price, 19% of the responses is inability of institutions (technically and

financially) to work on the development of the process of awarding a special form, 43%

of the responses is considering the price factor is the most important factor in the

awarding process, and 11% of the responses is others. The result shows that, the parties

to the project should be further sensitized to the importance of other factors and to

clarify the disadvantages of awarding the lowest prices.

Table 4.19: Impediments to the use of other awarding methods

No. Description Frequency | Percent (%)
1 | Lack of awareness 15 28
Inability of institutions (technically
2 ) ) 10 19
and financially)
3 | Factor is the most important factor 23 43
4 | Others 6 11
Total 54 100
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4.2 The criteria weights

The selection criteria and sub-criteria have been identified based on the statistical
analysis results of the questionnaire to be the base for establishing the selection model
in order to determine its weights by based on Relative Importance Index (RII), obtained
here represent the opinion of professionals interviewed in this study. The weight for

each factor was calculated using the following formula :

Weight for each factor = RIl /SUM (RI1).

4.2.1 The main factor weights for contractor’s selection

Table 4.20 illustrates the weights assigned to the four main factors by used the previous
formula and the rank of each main factor used in the selection of contractors during the
bidding stage. The weight of the Experience equals 26.51% and occupied the first rank,
the weight of the Technical ability equals 25.84% and occupied the second rank, and the
weight of the Financial stability equals 24.16% and occupied the third rank. Finally, the
weight of Management capabilities equals 23.49 % and occupied the last rank.

Table 4.20: Weights for main factors

No. Description Weight (%) | Rank

1 Financial stability 24.16 3

2 Management capabilities 23.49 4

3 Experience 26.51 1

4 Technical ability 25.84 2
Sum 100

The results indicated that the major decision criteria include financial stability; technical
ability; management capabilities; and experience. Thus, it is concluded that these four
criteria-also the price of bid are important and should be applied when performing
contractor selection practice. It could be argued that the participants have put the
experience factor as a more influential factor among the technical factors they did not

face financial problems with contractors and perhaps political projects in the Gaza Strip
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enables contractors extract more from a financial payment, which provides for the

contractor financial liquidity
It is also obvious from the findings that the financial stability obtained a reasonable

weight of 24.16% that nearly to some extent with previous studies conducted by Al
Wahaidi(2012) with weight 33%, the difference between the results because of differ in

some of sub criteria of the item.

The management capabilities has also considerable weight in this research reaches
related 23.49% and that agreed with Wahaidi(2012) where its weight was 20% Hence,
the management capabilities are considered as milestone criterion in the selection
process. The technical ability of the contractor is also has weight equals 25.84% which
indicates to the extent of its importance in the whole process and agreed also with
Wahaidi(2012) where its weight was 30%. It is noticed that the experience has a
satisfactory weight equals 26.51% that less than the results of Wahaidi(2012) where its
weight was 17%. The researcher refers the relatively high weight of the experience to
the necessity for performance of contractors in order to implement the projects and
avoid all kinds of risk has negative impact on the success of the project.

Finally, these results represent the opinion of the professionals (procurement analysts,
project managers, and consultants) who were interviewed in this study to calculate the

weight used RII.

4.2.2 Weights for contractor’s selection (Sub-Factors)

Table 4.21 illustrates the weights assigned to the 20 sub-factors used in the selection of
contractors during the bidding stage according to the respondents opinions. Column 1 of
Table 4.21 shows the weight of the main factors, column 2 shows the fractional weight
of each factor within the same class, and column 3 shows the factor’s weight, which
was calculated by multiplying the results in column 1 and 2 by each other, the results in
this column represent the weight of each factor within the whole factors. The weight
associated to each factor reflects its importance in the selection of contractors during the

evaluation stage.
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Table 4.21: Weights for Sub- Factors

Management

capabilities

11.74

The profitability

1) (2) Fractional _
Class (Main | Class’s Sub-Factors weight of (3%:&&),(82)
0)
(%) the class (%0) weight (%)
The capital of the 21.44 259
company
The liquidity of the 2311 279
company
Financial
12.08
The debt volume of the
stability 17.82 2.15
company
The banking facilities 19.49 2.36
18.10 2.19

Organizational structure 16.82 1.98
Policy of health and 16.35 1.92
safety

Experience  of  the 18.72 2.20
managerial staff

Availability of training 15.87 1.86
system

Use of computerized 15.63 1.84
systems

Availability of

monitoring,  tracking, 16.58 195

and evaluation system
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Table 4.21: Cont.

Number of projects

contractual period

Volume of equipment

24.84 3.29
implemented
Amount of projects o5 47 3.38
implemented

Experience 13.26 The amount of similar 25 15 3.33

projects implemented
The adherence to the

24.52 3.25

_ 20.62 2.66
and machinery
Technical Number of the technical
- 12.92 20.10 2.60
ability staff
Experience  of  the
) 21.14 2.73
technical staff
Technological  means
18.27 2.36
Technical used
- 12.92
ability The classification of
19.84 2.56
company
Total 50 50

4.3 Data Collection

In fact, the process of collecting information that is related to awarding process
problems is a difficult task especially in Gaza Strip, because such information is the
property of each organization. However, great effort and time were exposed to collect
adequate account of projects to establish appropriate data for neural network model. The
methodology for collecting these data was based on personal contacts with institutions

across Gaza Strip.
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4.4 Data Results and RE-evaluation

In this section, a detailed analysis of data and results is presented and elaborated by
using frequency analysis. The data used in this study was collected from 91 bids (13
projects) from 2010-2012. A data sheet was prepared and used to extract all useful
information from each project for all contractors. Table 4.22 presents the main sources
of data and the number of projects that have been obtained from these sources and Table

4.23 presents the number of contractors based on classification of projects.

Table 4.22: Data resources

Data Resources No. of bids | Percentage (%)
United Nations Development Programme
27 30
(UNDP)
Municipal Development & Lending Fund (MDLF) 44 48
Ministry of local government (MOLG) 20 22
Total 91 100

Table 4.23: Bids based on classification of projects

Project Type No. of bids | Percentage (%)
Roads 53 58
Buildings 10 11
Water & Wastewater 28 31

Total 91 100

The researcher re-evaluates all contractors depend on a multi procedures as follow:

- Technical re-evaluation: The output of this stage is determination of technical scores
of the submitted bids (Ts).

- Financial re-evaluation: The output of this stage is determination of financial scores
(Fs) of the submitted bids.
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- The best contractor: The final cumulative score (CS) of the bids proposals will be
computed for both technical scores (Ts) and financial scores (Fs), based on a pre-
defined formula .The bid will be awarded to the Contractor whose proposal achieves the
highest (Cs).

The weights assigned to the selection criteria by the researcher is too close to the
weights assigned by the respondents through the field investigation, the total weight of

all criteria still equal to 100.

The Financial scores in re-evaluation process shall be computed based on the following

criteria:

The Lowest evaluated Financial Proposal (Fm) shall be given a maximum "Financial

Score" (Fs) of 100 points. Then, the financial scores of the other Financial Proposals
shall be computed based on the following formula:

Fs=100x Fm/F

In which;

Fs = Financial scores of the Financial Proposal under consideration.

Fm = Amount of lowest Financial Proposal.

F = Amount of the Financial Proposal under consideration.

The Final Cumulative Score (CS) of the proposals will be computed for both the
technical scores (Ts) and financial scores (Fs), based on the following formula:

Cs = (Ts * 50% + Fs * 50%)/100

The contract will be awarded to the contractor whose proposal achieves the highest
score. The researcher reevaluates some of management capabilities factors,
Organizational structure, Policy of health and safety, Experience of the managerial staff,
and Training system which have values between excellent and passable as in Table
4.24 .
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Table 4.24: Requirements for some of management capabilities factors

No. Factor Description Requirements
General Manager+  Financial
Manager+ managerial Manager+
Excellent
secretary+ Accountant+
managerial employee
1 Organizational structure _ _
General Manager+  Financial
Good
Manager+ Accountant
Accountant + Management
Passable
employee
Excellent Plan+ training+ safety engineer
Policy of health and
2 Good Plan
safety
Passable Safety procedures
Excellent General manager > 20 years
Experience of  the 10 years < General manager > 20
3 _ Good
managerial staff years
Passable General manager < 10 years
Excellent Plan+ previous training
4 Training system Good previous training
Passable workshops

All contractors are reevaluated based on the weights of main and sub main factors. This

process conducted through three steps. The first step is determining the weights of main

and sub-criteria wich is calculated by using RIl. The second step is collected all

necessary information for all contractors with respect to the main and sub-criteria. The

third step is determining the overall weight of all the contractors in order to select the

best contractor. Table 4.25 presents this process.
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Table 4.25: Re-evaluation for contractors

Factor’s Order
] Lowest
Pr,gjeCt Contractors | evaluated bid weight. based on The best
0. rice _ contractor
P (CS) (%) re-evaluation
I 0.795 O
1.2 | - 0.786 T
13 | - 0.736 /2 R ———
1.4 v 0.809 Y E——
1
15 | e 0.810 3 | -
i T (—— 0.964 1 \
1.7 | e 0.869 2 | eeemmeee-
1.8 | - 0.734 - T p—
21 | e 0.590 s —
2.2 \ 0.955 1 \
23 | - 0.840 . 2
2
24 | e 0.844 2 | emmmemee-
25 | e 0.828 Y R ——
26 | - 0.634 L I e —
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Table 4.25: Cont.
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Table 4.25: Cont.
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4.5 Conclusion

From the results obtained, analyzed, and discussed, the researcher concludes that:
v Regarding the part of organization profile:

- It is clear that the building constitutes 51% of the implemented projects, waters and
wastewater are 7%, and roads are 26%. On the other hand, the other projects constitute
4%.

- Over the past five years, 43 % of executed projects are over 5 million dollars.

- The results indicate the importance of the respondents to enrich the survey in order to

achieve the objective of this research.

- Respondents of the questionnaire are long-experienced in construction business where

50% of them have been in this field for more than 10 years.

- Hence, this result indicates that PCU classification is essential for all the targeted
organizations in Gaza Strip where 24% stated they always depend on it while 46%
stated they often depend on it.

- The results shows that 32% of the respondents' organizations always awards on the
contractor with the lowest price, and 48% often awarding on the contractor with the
lowest. The results show high tendency toward awarding on the contractor with the

lowest.
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v Regarding the part of the selection criteria, the criteria were ranked from the

highest to lowest according to the relative importance index as follows:

- "The experience of the company" has been ranked in the first position with relative
importance index 79% and this agreed with the previous studies conducted by Alfred
(2006), Ng and Skitmore (1999), and Bubshait and Al-Gobali (1996).

- "The technical ability of the company" has been ranked in the second position with
relative importance index 77%. The result indicates the importance of technical abilities

of the company.

- "The financial stability of the company" has been ranked in the third position with
relative importance index 72%. This result agreed with several previous studies such
that conducted by Alfred (2006) in 15 African countries, 4 Asian countries, and 2 South
American countries; Tarawneh (2004) in Jordan; Ng and Skitmore (2000) in UK.

- "The management capabilities of the company" has been ranked in the fourth position
with relative importance index 70%. This result agreed with previous studies conducted
by Ng and Skitmore (2000).

- "The price of bid" with weight equal 50%, "The experience” with weight equal
13.26%, "The technical ability" weight equal 12.92%, "The financial stability” weight
equal 12.08%, and "The management capabilities” weight equal 11.74%.
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CHAPTER 5
Model Development

A Neural Network training program, NeuroSolution, was used as a standalone
environment for Neural Networks development and training. Moreover, for verifying
this work, a plentiful trial and error process was performed to obtain the best model

architecture.

The following sections present the steps performed to design the artificial neural
network model, the limitation of adopted model, and finally the discussion and analysis

of results.

5.1 Model Limitations
In spite of great accuracy of using ANN in selection of the best contractor, it has a
considerable defect, as it depends mainly on historical data; this dependency has several

disadvantages as the following;

e Diversity of variables for effective factors is limited to what available in

collected data.
e Data should contain sufficient projects for each variable.
e New variables which was not included in adopted model will not be handled.

Therefore, in this study the most important project variables used in Gaza Strip were
included. After analyzing the collected data, it is found that some limitations on input
parameters should be assigned to give the best output. Table 5.1 illustrates the available
range of input data in ANN model such as; price of bids has a range between 142000 —
454110 $ (100%-67.4%). The capital of the company ranges from 80000 up to 1500000
$ (100%-6.5%) Amount of projects implemented from 3 years ranges from 57500 up to
2333000 $ (100%-9.2%) and experience of the technical staff also ranges from 7 to 30
years (100%-30%).
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Table 5.1: Limitations of input factors
Models numeric Maximum Maximum Minimum Minimum
variables value Percentage(%o) value Percentage(%)
Bid price 454110 $ 100 142000 $ 67.4
Capital of  the
1500000% 100 80000% 6.66
company
Liquidity 1400000% 100 26667% 2.3
Debt volume 15000% 100 800% 6.66
Banking facilities YES 100 NO 0
Profitability 484618% 100 4800% 2.8
Organizational
Excellent 100 Passable 33.33
structure
Policy of health and
Excellent 100 Passable 33.33
safety
Experience of the
_ Excellent 100 Passable 33.33
managerial staff
Availability of
o Excellent 100 Passable 33.33
training system
Use of computerized
YES 100 NO 0
systems
Availability of
monitoring, tracking,
) YES 100 NO 0
and evaluation
system
Number of projects
implemented from 3 23 100 1 7.6
years
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Table 5.1: Cont.

Amount of projects
implemented from 3 | 3500000% 100 120000% 9.2

years

The amount of
similar projects
) 2333000% 100 57500% 9.2
implemented from 3

years

The adherence to the
contractual  period YES 100 NO 0

from 3 years

Volume of
equipment and | 678000% 100 13500% 1.9
machinery
Number  of the

8 100 1 12.5
technical staff
Experience of the

30 100 7 32
technical staff
Technological means

YES 100 NO 0
used
Classification of

First 100 Fifth 33.33

company

5.2 Data Encoding

Acrtificial networks only deal with numeric input data. Therefore, the raw data must
often be converted from the external environment to numeric form (Kshirsagar &
Rathod, 2012). This may be challenging because there are many ways to do it and
unfortunately, some are better than others for neural network learning (Principe, et al.,

2010). In this research data were converted to numeric form as shown in Table 5.2.
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Table 5.2: Inputs/output encoding

NO. Input Factors Encode (%) Code
<65 1
>=65-<75 2
1 Bid Price >=75-<85 3
>=85-<95 4
>=95-<=100 5
<5 0
>=5-<20 1
>=20-<40 2
Capital of the
>=40-<60 3
Company
>=60-<80 4
>=80-<90 5
>=90-<=100 6
2
<5 0
>=5-<20 1
>=20-<40 2
Liquidity >=40-<60 3
>=60-<80 4
>=80-<90 5
>=90-<=100 6
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Table 5.2: Cont.

Debt VVolume

<5

>=5-<20

>=20-<40

>=40-<60

>=60-<80

>=80-<90

>=90-<=100

2 Banking facilities

0

100

Profitability

<5

>=5-<20

>=20-<40

>=40-<60

>=60-<80

>=80-<90

>=90-<=100

Organizational

structure

<35

>=35-<75

>=75-<=100
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Table 5.2: Cont.

Policy of health and
safety

<35

>=35-<75

>=75-<=100

Experience of the

managerial staff

<35

>=35-<75

>=75-<=100

Availability of

training system

<35

>=35-<75

>=75-<=100

Use of
computerized

systems

100

Availability of
monitoring,
tracking, and

evaluation system

100

Number of projects
implemented from 3

years

<5

>=5-<20

>=20-<40

>=40-<60

>=60-<80

>=80-<90

>=90-<=100
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Table 5.2: Cont.

<5 0

>=5-<20 1

Amount of projects >=20-<40 2

implemented from 3 >=40-<60 3

years >=60-<80 4

>=80-<90 5

>=90-<=100 6

<5 0

4 >=5-<20 1

The amount of >=20-<40 2
similar projects

_ >=40-<60 3
implemented from

3 years >=60-<80 4

>=80-<90 5

>=90-<=100 6

The adherence to 0 0
the contractual

period from 3 years 100 !

<5 0

>=5-<20 1

Volume of >=20-<40 2

5 equipment and >=40-<60 3

machinery >=60-<80 4

>=80-<90 5

>=90-<=100 6
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Table 5.2: Cont.

<5 0
>=5-<20 1
>=20-<40 2
Number of the
_ >=40-<60 3
technical staff
>=60-<80 4
>=80-<90 5
>=90-<=100 6
<30 1
>=30-<40 2
5 Experience of the >=40-<60 3
technical staff >=60-<80 4
>=80-<90 5
>=90-<=100 6
Technological 0 0
means used 100 1
<35
1
Classification  of >=35-<75 ,
company >=75-<=100
3
No. Output Parameter Encode Code
1 The Best Contractor percentage 1
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5.3 Model Building

There are several types of ANNs softwares are used to predict the future values based
on the past data like SPSS, MATLAB, NeuroSolution ...etc. Many researchers used
NeuroSolution application in building their neural networks that it achieved good

performance (Wang et al., 2012).

The developed model in this research based on NeuroSolution 5.07 for Excel program.
It was selected for its ease of use, speed of training, flexibility of building and executing
the NN model. In addition, the modeler has the flexibility to specify his own neural
network type, learning rate, momentum, activation functions, number of hidden
layers/neurons, and graphical interpretation of the results. Finally, It has multiple

criteria for training and testing the model.

5.4 Data Organization

Initially, the first step in implementing the neural network model in NeuroSolution
application is to organize the Neurosolution excel spreadsheet. Then, specifying the
input factors that have been already encoded, which consist of 21 factors; Bid price,
Capital of the company, Liquidity, Debt volume, Banking facilities, Profitability,
Organizational structure, Policy of health and safety, Experience of the managerial staff,
Availability of training system, Use of computerized systems, Availability of
monitoring, tracking, and Evaluation system, Number of projects implemented from 3
years, Amount of projects implemented from 3 years, The amount of similar projects
implemented from 3 years, The adherence to the contractual period from 3 years,
Volume of equipment and machinery, number of the technical staff, experience of the
technical staff, technological means used, classification of company. The desired

parameter (output) which is (the best contractor).

5.5 Data Set

The available data were divided into three sets namely; training set, cross-validation set
and test set. Training and cross validation sets are used in learning the model through
utilizing training set in modifying the network weights to minimize the network error,
and monitoring this error by cross validation set during the training process. However,

test set does not enter in the training process and it hasn’t any effect on the training
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process, where it is used for measuring the generalization ability of the network, and

evaluated network performance (Arafa & Algedra, 2011).

In the present study, the total available data is 91 exemplars that were divided logical
randomly, into three sets with the following ratio:

-Training set (includes 60 exemplars =~ 66%).
-Cross validation set (includes 16 exemplars ~ 18%).

-Test set (includes 15 exemplars = 16%).

5.6 Building Network
Once all data were prepared, then the subsequent step is represented in creating the
initial network by selecting the network type, number of hidden layer/nodes, transfer

function, learning rule, and number of epochs and runs.

An initial neural network was built by selecting the type of network, number of hidden
layers/nodes, transfer function, and learning rule. However, before the model becomes
ready, a supervised learning control was checked to specify the maximum number of
epochs and the termination limits, Figure 5.1 presents the initial network of Multilayer

Perceptron (MLP) network that consists of one input, hidden, and output layer.

Figure 5.1: Multilayer Perceptron (MLP) network

5.7 Model Training

The objective of training neural network is to get a network that performs best on
unseen data through training many networks on a training set and comparing the errors
of the networks on the validation set (Dindar, 2004). Therefore, several network
parameters such as number of hidden layers, number of hidden nodes, transfer functions
and learning rules were trained multiple times to produce the best weights for the

model.
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As a preliminary step to filter the preferable neural network type, a test process was
applied for most of available networks in the application. Two types Multilayer
Perceptron (MLP) and General feed Forward (GFF) networks were chosen to be
focused in following training process due to their good initial results.

It is worthy to mention that, previous models that have been applied in the field of
selection of the best contractor by neural networks used earlier two types of networks

because of giving them the best outcome.

Figure 5.2 shows the procedures of the model training, which starts with selecting the
neural network type either MLP or GFF network. For each one, six types of learning
rules were used, and with every learning rule eight types of transfer functions were
applied, and then 3 separate hidden layers were utilized with increment of hidden nodes
from 1 node up to 30 nodes in each layer. All this to obtain the best model having the

best weight and minimum error percentage.

* Select the type of neural network

* Apply six learning rule for each

“ * Apply eight transfer Functions for each

* Increase number of hidden layers from one up to three
hidden layers

* Increase number of Hidden Nodes in each layer from
one up to thirty

The Best Model

Figure 5.2: Procedures of the model training
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By another word, three thousand trials contains 30 variable hidden nodes for each were
executed to obtain the best model of neural network. Figure 5.3 clarifies training
variables for one trial. It compromises of number of epochs, runs, hidden nodes, and

other training options.

Vary A Parameter ]
QOutput Location

Trial Name: Trainl
Training Options

Number of Epochs: 1000
Number of Runs: 3

W' Use Cross Validation

Cross Validation Termination

[ Terminate after 100 epochs wjo improvement

I For Classification problems, make dasses evenly weighted

Parameter Options
Component. Action:
| hidden 1Axon.setRows ﬂ

Start Value: Increment: # of Variations:
[ 1 [ 1 Y

Descriptive Name: | Hidden 1 PEs

Figure 5.3: Training options in Neurosolution application

Three runs in each one 1000 epochs were applied. A run is a complete presentation of
1000 epochs, each epoch is a one complete presentation of all of the data (Principe, et
al., 2010). However, in each run, new weights were applied in the first epoch and then
the weights were adjusted to minimize the percentage of error in other epochs.

To avoid overtraining for the network during the training process, an option of using
cross-validation was selected, which computes the error in a cross validation set at the

same time that the network is being trained with the training set.

The model was started with one hidden layer and one hidden node in order to begin the
model with simple architecture, and then the number of hidden Processing Elements

(PE) was growing up by one node up to 30 hidden nodes.

5.8 Model Results
As mentioned above, the purpose of testing phase of ANN model is to ensure that the
developed model was successfully trained and generalization is adequately achieved.

The best model that provided more accurate selection of the best contractor without
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being overly complex was structured of Multilayer Perceptron (MLP) includes one
input layer with 21 input neurons and one hidden layer with (30 hidden neurons) and
finally one output layer with one output neuron (the best contractor) as in figure 5.4.
However, the main downside to using the Multilayer Perceptron network structure is
that it required the use of more nodes and more training epochs to achieve the desired

results. Table 5.3 summarizes the components of the model as number of hidden

layer/nodes, type of network and transfer function.
Hidden Nodes
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Figure 5.4: Network Architecture
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Table 5.3: Components of the model

Transfer Update ]
Model Type _ Gradient Search
Function Methods
Multilayer Perceptron SigmoidAxon Batch Momentum
No. of PEs in

No. of hidden layer

No. of PEs in the

input layer

the 1st Hidden

layer

No. of PEs in the

output layer

21

30

5.9 Results Analysis

The testing dataset was used for generalization that is to produce better output for

unseen examples. Data from fifteen bids were used for testing purposes.

A Neurosolution test tool was used for testing the adopted model accordingly to the

weights adopted. Table 5.4 presents the results of these fifteen bids with comparing the

real result of tested project with estimated result from neural network model, and an

absolute error with both price and percentage are also presented.

Table 5.4: Results of neural network model at testing phase

Bid No. Recommended Estimated Absolute | Absolute Percentage

bid Error AE Error (%)
1 0 0.01987141 0.019871 1.987141
2 0 0.02241828 0.022418 2.241828
3 0 0.04367968 0.04368 4.367968
4 0 0.00737893 0.007379 0.737893
5 0 0.00133661 0.001337 0.133661
6 1 0.7511902 0.24881 24.88098
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Table 5.4: Cont.

7 0 0.0004668 0.000467 0.04668

8 0 0.00113442 0.001134 0.113442

9 0 0.04301872 0.043019 4.301872
10 0 0.14319484 0.143195 14.31948
11 0 0.00422406 0.004224 0.422406
12 0 0.0080163 0.008016 0.80163
13 0 0.05867468 0.058675 5.867468
14 0 0.0012155 0.001216 0.12155
15 0 0.0030539 0.003054 0.30539

v Performance Measures of the model
- The Mean Absolute error (MAE) for the presented results in Table 5.4 equals
(0.0404), difference between an estimated and the actual value of the projects is small.

- The mean absolute percentage error of the model is calculated from the test cases as
shown in Table 5.4, which equals 4.04%, this result can be expressed in another form by
accuracy performance (AP) according to Wilmot and Mei, (2005) which is defined as
(100-MAPE) %.

AP=100% - 4.04% = 95.96%

That means the accuracy of adopted model in conceptual phase is 95.96%. It is a good

result especially when no details are available.

- Regression analysis was used to ascertain the relationship between the estimated and
the recommended out put. The results of linear regressing are illustrated graphically in
Figure 5.5. The correlation coefficient (R) is 0.96, indicating that; there is a good linear

correlation between the actual value and the estimated neural network at tested phase.
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Figure 5.5: Linear regression of actual and estimated results

The results of performance measures are presented in Table 5.5, where the accuracy

performance of adopted model is 94%. In which the average error is 6%.

Table 5.5: Results of performance measurements

MAE MAPE AP R
o o
=4 B8 0.0404 4.04% 95.96 0.96
=z S

Figure 5.6 describes the actual output comparing with estimated out put for cross For
test dataset . It is noted that there is a slight difference between two lines.
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Desired Output and Actual Network Output
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Out put
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Figure 5.6 Comparison between desired and actual output for test dataset

Sensitivity analysis was carried out by Neurosolution tool to evaluate the influence of
each input parameter to output variable for understanding the significance effect of
input parameters on model output. Figure 5.7 presents the sensitivity analysis results for
each input parameter.

Sensitivity About the Mean

B Out put

Figure 5.7: Sensitivity about the mean
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The increase of Standard Deviation refers to the strength influence of this parameter on
the overall selection process, Figure 5.7 shows that the Area of profitability has the

highest rate of influence on the selection process.

Capital of the company has also a very significant influence, while the other parameters
have a considerable gab of influence on selection of the best contractor.

The results show, the contractor has higher profitability in projects and capital of the
company, the chance of winning the tender is greater.

93

www.manharaa.com




CHAPTER 6
Conclusion and Recommendations

This study aimed at developing a new technique to improve the awarding policies in
construction projects in the Gaza Strip, through developing a model that is able to help

parties involved in construction projects in selection the best contractor.

The selection based on the low price basis can be one of the reasons for project

completion delays, poor quality and/or financial losses, etc.

6.1 Conclusion
Respondents of the questionnaire have long-experience in construction business where
50% of them have experience of more than 10 years, and 34% of the implemented

projects got an average annual value exceeds 10 million dollars.

It was found that PCU classification is essential for all the targeted organizations in
Gaza Strip where 24% of the contractors are always depend on it, while 46% of them is

often depend on it.

The results showed that 32% of the respondents’ organizations are always awarding to
the contractor with the lowest price, and 48% are often awarding to the contractor with
the lowest price. The results show high tendency toward awarding on the contractor

with the lowest price.

The main factors for selection the best contractor are weighted as follows: "the price of
bid" is 50%,"the experience" is 13.26%, "the technical ability" is 12.92%, "the financial
stability” is 12.08%, and "the management capabilities” is 11.74%. It was interaction

between the financial and technical capacity to select the best contractor.

The results showed that 50% of the respondents considered that the suitable awarding
system is to award the bid to the highest weight after combination of the technical and
financial scores, this helps in the introduction to develop a model to award the contracts

other than the lowest prices.

The causes for adopting lowest price awarding method, the results show 35% of the

respondents consider the cause is speed and ease of decision awarding, this is referred to
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necessity of training & awareness to the project parties about another ways of the

awarding process to select the best contractor.

The results showed 43% of the respondents considering the price factor is the most

important factor in the awarding process.

Ninety one contracts were used to develop ANN model. The actual bids were collected
from Gaza Strip organizations were divided randomly into three sets as training set (60
bids), cross validation set (16 bids), and testing set (15 bids).

The best model that provided more accurate selection of the best contractor without
being overly complex was structured of Multilayer Perceptron (MLP) includes one
input layer with 21 input neurons and one hidden layer with (30 hidden neurons) and
finally one output layer with one output neuron (the best contractor) .

The accuracy performance of adopted model in conceptual phase is 95.96%. It is a good

result especially when no details are available.

Sensitivity analysis was performed using Neurosolution tool. The test revealed that, the
profitability and capital of company had the highest influence, so the contractor has

higher profitability and capital, the chance of winning the tender is greater.

6.2 Recommendations

The current research showed very promising results in predicting the the best contractor,
and this approach will continue to make impressive gains especially in civil engineering
field. However, some recommendations should be presented for decision-makers in the
construction sector and future studies to support the findings of this study;

All construction parties are encouraged to be more aware about contractor selection
development by conducting more studies and workshops to obtain maximum advantage
of this new approach, and pay more attention for using this developed technique in

contractor selection.

The implementing agencies is recommended to establish comprehensive and database
regarding contractors who dealt with them with respect to their financial abilities,
experience, performance etc. in order to be used as the base of any selection process in

future.
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The implementing agencies are recommended to establish awarding committee
consisting from all the parties that interested in the implementation of the specific

projects.

Encouraging the implementing agencies to use ANN in the selection process and
helping them to understand and apply ANN approach by initiating training and

workshops.

In order to achieve the aims of a construction project, contractors must be selected for
implementation of construction works through a rigorous evaluation system based on
evaluation criteria which should be clearly defined in the bidding documents to the

contractors before the bid submission.

The ultimate aim of contractor selection should identify the “best bidder”, and not the

“lowest bidder”,.

6.3 Proposed Further studies

The factors weights need to be carefully examined to set commonly acceptable standard
or range. It is recommended to conduct a future study to identify the suitable criteria
and their weights separately for each sector (public buildings projects, rods projects,

and sewage projects).

The relationship between a contractor selection approach and project’s success factors

is important to conducted and enhanced in future study.
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Annex 2
English Questionnaire
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Part 1: General Information

1- What is the proper description of your organization?

Gc_)ver_nm_ental Donor NGO Consultant !Exe_c uting
Institution Institution
Others, Please Specify
2- Specify the types of projects implemented by your organization?
Housing Public Roads Water & Privet
construction buildings Sewage buildings

Others, Please Specify

3-Specify the average annual value for the projects implemented through your
organization over the past five years?

Lessthan1 | 1-2Million | 2-5Million | 5-10 Million | M% 2N 10
Million Dollars Dollars Dollars Dollars
Dollars
Others, Please Specify
4- Which is the best description of your occupation in your organization?
Project Manager Supe_rwsor Head of Consultant Procur_ement
Engineer Department Specialist
Others, Please Specify
5- Specify the number of years of your practical experience
Less than 5 years 5- Less than10 10- Lessthanld | o6 thanis years
years years

6- Does your organization depend on the classification of the Contractors Union as an
alternative to the prequalification process?

(1 Always [ Frequently [] Sometimes [1 Rarely [] Never

7- Have your organization ever practiced awarding the contractor with the lowest
prices?
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[1 Always L[] Frequently [] Sometimes

[l Rarely [J Never

Part 2: Identification of the factors that affect the prequalification process of the

contractors:

Please specify the importance of the factors that affect the process of selection of

contractors by marking "\" in the box to reflect its importance.

Number (1) indicates that no impact of this factor, while indicating the number (5) that
the most influential factor in the process of selecting contractors and awarding them.

Group (1): The factors related to the financial stability of the company

NO.

Affecting Factor

1

2

3

4

5

1

The capital of the company

The banking facilities provided
by the company

The liquidation of the company

The debt volume of the
company

The profitability

Group (2):The factors related to the management capabilities of the company

NO.

Affecting Factor

1

2

3

4

5

1

Organizational structure

Qualifications of the
managerial staff

Availability of training
system for managerial staff

The use of computerized systems
in the management

The availability of monitoring ,
tracking, and evaluation system
in the company

The existence of policy
in the field of health and safety
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Group (3): The factors related to the experience of the company

NO.

Affecting Factor

1

2

3

4

The number of projects
implemented last 3 years

The amount of projects
Implemented last 3 years

The number of similar projects
implemented last 3 years

Obligation to the conditions in
the implementation of projects
last 3 years

Group (4): The factors related to the technical ability the company

NO.

Affecting Factor

1

2

3

4

The volume of equipment
and machinery

The number of the
technical staff

The experience of the
technical staff

The technological means
used by the company

Classification of company
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Part 3: Awarding Stage

1- After you have rated the significant level of main criteria and their sub-criteria
mentioned above, please specifies how can it be taken into consideration in the bid
awarding decision:

[] To consider the criteria as a qualification criteria only, and award the bid to the
lowest evaluated bid price.

[] To consider the criteria as a qualification criteria only, and award the bid to the
average evaluated bid price.

[] To consider the criteria as a qualification criteria only, and award the bid to the
closest bid to project estimation.

[J To provide grade to each main criteria, and award the bid to whom with the high
total grade.

[] To assign weights to the technical and financial proposals, and award the bid to the
highest weight after combination of the technical and financial scores .

(] Others method, Please SPeCify, ..........cooiuiiniriii e

2- In the event of your choice for a way to integrate financial and technical
presentations according to specific mathematical equation, how do you see that the
percentage be among them during the evaluation process for the award of the
Contractors:

[] 20% of the financial offer, and 80% Technical offer.
[ ] 30% of the financial offer, and 70% Technical offer.
[] 40% of the financial offer, and 60% Technical offer.

[ ] 50% of the financial offer, and 50% Technical offer.

3- Do you think that the current local awarding method used in the contractor’s
selection is one of the major problems in the construction sector?

[J Yes [INo

Please Specify your justifications, ............covviiiiiiiiiiiiiiiie e,
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4- Do you think that the methods used currently for bid awarding are capable of
identifying the most suitable contractor:

(] Yes [1No
[1 Frequently [IRarely
Please Specify your justifications, .............ccooeiiiiiiiiiiiiiiiiiineenn,

5- Do you think the awarding committee takes into consideration the project “cost
estimate” prepared by the designer :

(] Yes [1No
1 Frequently [Rarely
Please Specify your justifications, .............ccooeiiiiiiiiiiiiiiiiiiiieenn,

6- What are the causes of the most of institutions in the Gaza Strip adopt awarding
depend on a lower price as method to select the contractor ?

[1 Quick and easy decision to award.

1 Do not need a specialized team and coach in the award process.

[1 Transparency and fairness in the award process.

(@] 10T g =T 0] P

7- What are the main obstacles to use of other methods in awarding way other lower
price ?

(1 Lack of awareness of the dangers of awarding a lower price.

[ inability of institutions (technically and financially) to work on the development of
the process of awarding a special form.

[J price factor is considered the most important factor in the award process.
L@ 10T =T 0]

8- Kindly, add your comments or recommendations related to the selection process &
awarding method for the construction contractors :
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Annex 3
Collected Projects
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No. [ 1* | 2* | 3* | 4* | 5* | 6* | 7* | 8% |9* | 10* | 11* | 12* | 13* | 14* | 15* | 16* | 17* | 18* | 19* | 20* | 21*
114|332 |1]1(3|3|3]| 2 1 1 3 3 3 1 4 4 5 1 3
2 (413122133 ]3]3 1 0 1 3 3 3 1 3 2 4 1 3
3 (5|11 6 |1|2|2]|2]|2 1 0 1 2 2 2 1 1 2 3 1 2
4 |5 |54 12 |1|3|2]|2]|2 1 0 1 3 3 3 1 2 2 3 1 2
5 (513|212 |1|2|3|3|3]| 2 1 1 2 2 2 1 3 4 4 1 3
6 |5|6|4|1|1|6|3|3|3]| 3 1 1 6 6 6 1 6 6 6 1 3
7 141416214323 2 1 1 4 4 4 1 3 4 5 1 3
8 |42 |1 3 |1|3|2]|2]|2 1 1 1 3 3 3 1 2 2 3 1 2
9/3|]1,1}6|2 11|11 1 0 0 1 1 1 1 0 1 2 1 1

1054|611 |6 3|23 2 1 1 6 6 6 1 5 5 6 1 3
11|56 |4 |1|1|4|2]|2]|2 1 0 1 4 4 4 1 3 3 4 1 2
12 | 5|32 2|12 3|3 |3]| 2 1 1 2 2 2 1 6 6 5 1 3
13(4 3|2 |1|1|3|3|3|3] 2 1 1 3 3 3 1 4 5 6 1 3
14141161111 1 1 0 0 1 1 1 1 1 1 2 1 1
5(5}]2|1|6|1|1|3|3|3]| 2 1 1 3 3 3 1 3 5 4 1 3
6| 5|6 |6 2|16 3|33 2 1 1 5 5 5 1 6 6 5 1 3
17| 5|3|2 5|10 (3|3|3]| 2 1 1 6 6 6 1 3 4 6 1 3
841|106 |12 |1]2]|2)2 1 0 0 3 3 3 1 1 2 3 1 2
199|533 |]2|1|2(3|2|3)| 2 1 1 6 6 6 1 3 4 5 1 3
2014|6611 |6|3|3|3]| 3 1 1 3 3 3 1 6 6 6 1 3
215|323 |1(0|3|3|3]| 2 1 1 6 6 6 1 3 4 6 1 3
22 (412|161 |1]|2]|2]|2 1 1 1 3 3 3 1 1 2 3 1 2
235|214 |1|13|3|3]| 2 1 1 3 3 3 1 3 5 4 1 3
244 15|66 |2|1|6|3|3|3]| 3 1 1 5 5 5 1 6 6 5 1 3
25513121103 |3|3]| 2 1 1 3 3 3 1 3 4 5 1 3
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26

27

28

29

30

31

32

33

34

35

36

37

38

39

40

41

42

43

44

45

46

47

48

49

50

51

1 [ 21
6 | 6 | 1
5 6 | 1
2 | 3|1
6 | 6 | 1
4 |5 [ 1
3| 41
3|41
3 41
341
3 a1
3| 41
5 6 | 1
341
3| 41
4 |5 |1
3| 41
4 6 | 1
2 [ 6 [ 1
6 | 6 | 1
4 |4 1
341
3 41
6 | 6 | 1
4 |4 |1
4 |4 1
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52

53

54

55

56

57

58

59

60

61

62

63

64

65

66

67

68

69

70

71

72

73

74

75

76

77

3 4 1
5 6 1
3 4 1
3 4 1
4 5 1
6 6 1
3 4 1
3 6 1
3 6 1
3 4 1
3 4 1
3 4 1
5 6 1
1 4 1
6 6 1
3 4 1
3 6 1
2 3 1
3 4 1
6 5 1
5 4 1
3 4 1
3 3 1
2 3 1
3 4 1
3 4 1
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78

79 2213|333 1 1 1 3 3 3 1 3 3 6 1
80 1 ,3|1|3|2|2]|2 1 0 1 2 2 2 1 3 3 4 1
81 1/5|1,1]1|1 1 1 0 0 1 1 1 1 1 2 3 1
82 6 (11,6 3|3|3]| 2 1 1 6 6 6 1 4 4 4 1
83 1,312 ]|2]|2]|2 1 0 1 2 2 2 1 1 2 3 1
84 13|12 ]2]|2)|2 1 0 1 2 2 2 1 1 2 3 1
85 2214|222 1 0 0 4 4 4 1 3 2 4 1
86 3|11|1}5|3|3]|3]| 2 0 1 4 4 4 1 6 6 5 1
87 1,411 ]|1|1]|1 1 0 0 1 1 1 1 1 2 2 1
88 1,312 |3|3|3]| 2 0 1 2 2 2 1 3 2 4 1
89 212|11(3|3|3|3]| 2 1 1 3 3 3 1 2 5 4 1
90 1411|122 |2]|2 1 0 1 2 2 2 1 2 2 3 1
91 1,6 |1|2|2]|2]|2 1 0 1 2 2 2 1 2 2 3 1

1* Bid Price, 2* Capital of the Company, 3* Liquidity, 4* Debt Volume, 5* Banking
Facilities, 6* Profitability, 7* Organizational structure, 8* Policy of health and safety,
9* Experience of the managerial staff, 10* Availability of training system, 11* Use of
computerized systems, 12* Availability of monitoring, tracking and evaluation system,
13* number of projects implemented from 3 years, 14* amount of projects implemented
from 3 years, 15* The amount of similar projects implemented from 3 years, 16* The
adherence to the contractual period from 3 years, 17* volume of equipment and
machinery, 18* number of the technical staff, 19* experience of the technical staff, 20*
technological means used, and 21* classification of company.
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