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Abstract: Effective decision-making process is the basis
for successfully solving any engineering problem. Many
decisions taken in the construction projects differ in their
nature due to the complex nature of the construction pro-
jects. One of the most crucial decisions that might result in
numerous issues over the course of a construction project
is the selection of the contractor. This study aims to use the
ordinal priority approach (OPA) for the contractor selection
process in the construction industry. The proposed model
involves two computer programs; the first of these will be
used to evaluate the decision-makers/experts in the con-
struction projects, while the second will be used to formu-
late the OPA mathematical model. The experts’ interview
was used to identify the criteria of evaluation process of the
decision-makers/experts, while Delphi survey with princi-
pal component analysis (PCA) was conducted to identify
the required selection criteria of the construction projects
contractors. The results illustrate that there are 20 criteria
for selecting the construction contractor, and 7 criteria for
evaluating the decision-makers/experts in the construction
projects. Finally, the proposed model has been applied in a
real construction project, and showed good results.

Keywords: contractor selection, decision-making, Delphi
survey, experts’ evaluation, multi-criteria, ordinal priority
approach

1 Introduction

A project owner makes a variety of decisions that have
substantial effects in the construction project. Among the
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most important decisions made by the owner is the selec-
tion of the contractor for implementing the construction
project, in a way that would meet the client’s expecta-
tions the closest (Plebankiewicz 2014). Contractor selec-
tion is one of the main decisions required on the part of
the owner of a construction project (Cheng and Li 2004).
Choosing the right contractor increases the chances
of reaching the goals of the project, including, first of
all, preserving the cost, time and quality as planned
(Plebankiewicz 2014). Since the bid price is unquestion-
ably a key factor in choosing a contractor, Brauers et al.
(2008) claim that the majority of building contracts are
awarded to the lowest bidders. The selection of a con-
tractor is an important issue in the construction field
that determines the success or failure of a project, and it
is usually influenced by the quality of the contractor. The
methods used in selection of contractors were examined,
and the results found that some of the procedures are
biased and non-exhaustive, and that there are few pos-
sibilities to assess a contractor’s abilities while meeting
time, price, quality and security requirements (Fong and
Choi 2000). So, the model for selecting contractors must
be able to meet the owner’s expectations as part of the
hiring procedure for construction firms (Zagorskas and
Turskis 2006).

Multi-criteria decision-making (MCDM) approaches
were used to establish a trade-off between criteria ena-
bling an assessment of what the best decision would be
(Jahan and Edwards 2013; Cheng and Li 2004). There
are many causes that lead to uncertainty in MCDM pro-
cesses, and some of these uncertainties are related to
human error; data collection instrument and method-
ology; the collected data; data analysis tool and meth-
odology; and the interpretation of results (Javed et al.
2020). Ataei et al. (2020) have stated that many issues
exist in some MCDMs, and that these could result in
inaccuracies in the process of decision-making and,
as a result, a loss of confidence in the decision-making
outcomes. The present study will propose a model for
enhancing the decision-making process in construction
projects by using a modern method of MCDM called

3 Open Access. © 2023 Alkaabi and Mahjoob, published by Sciendo. This work is licensed under the Creative Commons

Attribution 4.0 License.



§ sciendo

ordinal priority approach (OPA) to overcome the prob-
lems characterising the traditional MCDM methods.
Figure 1 describes the common problems that are asso-
ciated with the traditional MCDM methods. Also, this
study will conduct an experts’ interview to identify the
key criteria and sub-criteria for evaluating the decision-
makers/experts in a construction project. Additionally,
for the identification of the selection criteria applicable
to the construction project contractor, the same pro-
cedure that was presented in the study of Alkaabi and
Mahjoob (2022, 2023), which used the Delphi survey
with principal component analysis (PCA), will also
be used in the proposed model. Finally, the proposed
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Fig. 1: Common problems associated with some of the MCDM
methods. (Mahmoudi et al. 2020). MCDM, multi-criteria
decision-making.
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model will be applied in a real construction project for
verification and to extract conclusions.

2 Literature review

2.1 Contractor selection

The contractor can be defined as a person or firm who
handles the construction project, and ensures the exe-
cution of tasks planned for implementation at the con-
struction site by directly communicating with other staff
in the site, and involving them in the needed day-to-day
activities whose performance is needed for the project’s
ultimate fulfilment. The conventional roles of a contrac-
tor are known — such as responsibility for preparing and
handling the subcontractor’s work with other personnel
in a construction project (CITB 2015). Before a construc-
tion project commences, the contractor and the client
are bounded through contracts that have been signed by
both parties; and thus, to fulfil the client’s requirements,
the contractor needs to use his experience and knowl-
edge pertaining to construction activity and organise all
the necessary resources (Yongtao 2008). There are many
crucial factors that must be considered during the con-
tractor’s evaluation and selection process, and these exer-
cise a significant influence on project implementation.
Fong and Choi (2000) identified eight ‘uncorrelated’ crite-
ria for contractor selection, namely the following: tender
price; financial capability; past performance; past experi-
ence; resources; current workload; past relationship; and
safety performance. These are intended for application
in contractor selection. According to numerous studies
comprised in the literature (Cheng and Li 2004; Lam et al.
2005; Elazouni 2006; Brauers et al. 2008; Mitkus and
Trink@niené 2008; El-Sayeg 2009; Mohamed and Majeed
2016), there are several criteria commonly used for con-
tractor evaluation in the construction industry, namely
the following: financial standing, technical ability, man-
agement capability, health and safety, and reputation.
Many researches (e.g. Zavadskas and Kaklauskas
1996; Ginevicius and Vaitkanaité 2006; Zavadskas and
Vilutiene 2006) have pointed out that in construction it
is essential to be able to consider the impacts of cultural,
social, moral, legislative, demographic, economic, envi-
ronmental, governmental and technological change, as
well as impacts of changes in the business world on inter-
national, national, regional and local real estate markets,
when selecting a contractor. The evaluation of contractors
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based on multi-attributes is becoming more popular and
is, in essence, largely dependent on the uncertainty inher-
ent in the nature of construction projects and subjective
judgement of decision-makers. As we have identified
through our literature review, there are many methods
and techniques that have been used in contractor selec-
tion processes, as illustrated and summarised in Table 1;
some of these methods are based on a pairwise compari-
son, decision matrix, averaging and normalisation proce-
dures, and ideal solutions.

2.2 OPA method

The OPA is a new method of objective decision-making
that can be used to handle situations involving numerous
attributes. It is a cutting-edge method for solving MCDM
issues using a linear mathematical model. OPA uses an
easy method to determine the weights of alternatives,
experts and attributes all at once. Ataei et al. (2020) sug-
gested OPA as a solution for the tackling of MCDM issues
that may be constructed using ordinal relationships
while also addressing the shortcomings of some MCDM
approaches. Ataei et al. (2020) demonstrated the effective-
ness of OPA over similar decision-making approaches by
using various arguments, as presented below:

Tab. 1: Some of the contractor selection methods from the literature
review.

No. Contractor selection methods Authors

1. MOORA method Brauers et al. (2008)

2. Afuzzy neural network approach Lam et al. (2010)

3.  TheANP Cheng and Li (2004)

4,  The AHP Razi et al. (2019)

5.  AHPand TOPSIS model Othoman et al. (2013)

6. The PCA method Lam et al. (2005)

7. BWM and Fuzzy-VIKOR techniques  Naghizadeh Vardin
etal. (2021)

8.  Anevidential reasoning approach  Sénmez et al. (2001)

9.  SAW-G and TOPSIS GREY techniques Zavadskas et al. (2010)

10. ThePIPS Kashiwagi and Byfield
(2002)
11. COPRAS-G Zavadskas et al. (2009)

12. The Fuzzy Sets theory Plebankiewicz (2014)

AHP, analytical hierarchy process; ANP, analytic network

process; BWM, Best-Worst Method; COPRAS-G, complex
proportional assessment of alternatives with grey relations;
MOORA, Multi-objective optimization based on ratio analysis;

PCA, principal component analysis; PIPS, performance information
procurement system; SAW-G, Simple Additive Weighting with

grey relations; TOPSIS, Technique for Order of Preference by
Similarity to Ideal Solution; VIKOR, Vise Kriterijumska Optimizacija |
Kompromisno Resenje.
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(a) Instead of a pairwise comparison or a decision matrix,
the OPA method requires the order of attributes and
alternatives.

(b) The OPA method uses a mathematical model to solve
MCDM problems.

(c) The weights of experts, attributes and alternatives are
all outputs of the OPA method at the same time.

(d) Since the OPA technique simply employs the order as
input data, it does not require normalisation.

(e) The OPA technique does not require any averaging
and instead uses a mathematical model to aggregate
expert opinions.

(f) In the OPA technique, experts can choose not to
comment on specific attribute alternatives.

(g) Normalisation procedures, as well as negative and
positive ideal solutions, are not required for OPA. Fur-
thermore, OPA can deal with decision-making issues
using partial data. Experts are allowed to dismiss part
of the alternatives relating to a specific attribute when
lacking the necessary expertise or relevant experi-
ence in the judgement process. This feature improves
the precision of the final results as well as decision-
making efficiency.

OPA was used to resolve project selection issues in the
context of project management with huge and partial data
sets (Mahmoudi et al. 2020). Additionally, to address the
uncertainty in practical situations, OPA was expanded in
fuzzy and grey settings (Mahmoudi et al. 2021a, 2021b).
There are several studies (e.g. Mahmoudi and Javed 2021;
Quartey-Papafio et al. 2021; Sadeghi et al. 2021; Shajedul
2021) offering a confirmation of the soundness of OPA for
solving MCDM problems objectively, flexibly and effec-
tively, as well as in the absence of there needing to be con-
cerns with regard to pairwise comparisons and normalisa-
tion and completeness of data.

The core idea of the OPA technique is to build a
comprehensive model that accounts for all aspects of
decision-making challenges, including experts, criteria
and alternatives. The experts offer an unbiased opinion
based on the importance of the criteria and alternatives.
As a result, (I * j) rankings are produced for each of the
(k) current choices. The sets, parameters and variables
employed in the OPA method’s mathematical model are
listed in Table 2.

where k alternatives will be based on the stages below:

(a) Experts rank the attributes.

(b) Theranking carried out by the experts would be based
on experience, educational level, background, organ-
isational chart and other factors.
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Tab. 2: Sets, indices and variables for the OPA method (Ataei et al.
2020).

Sets

| Set of experts Vie |

) Set of attributes Vj e |

K Set of alternatives Vk e K

Indices

] Index of the experts (1,..., p)

] Index of preference of the attributes (1,..., n)

K Index of the alternatives (1,..., m)

Variables

z Objective function

w' Weight (importance) of kth alternative based on jth
i attribute by ith expert at rth rank

Ai'jk The kth alternative based on attribute j by expert i at

rank r

OPA, ordinal priority approach.

(c) Each expert ranks the alternatives based on each
criterion.

As a result, the following are the main steps of the

OPA method (Ataei et al. 2020):

1. Specification of the criteria

2. Identifying and ranking experts

3. Ranking of the criteria, carried out by each expert

4. Specifying the priorities of alternatives in each crite-
rion

5. Using the OPA model to determine experts, criteria
and the alternative’s weights

Ataei et al. (2020) stated that the linear model (Eq. [1])
should be created based on the data acquired in the pre-
vious steps.

Objective function = Max Z 6))]
S.t.,

zsi(j(r(wijk - W, ’“))) Vi,j,kandr

z< iij,-;km Vi,jand k

w,, 20 Vi,jandk
where Z is unrestricted in sign.

Egs, (2)—(4) can be used to solve the model and deter-
mine the expert(s), criterion and alternative weights.
Eq. (2) will be applied to obtain the weights of the
alternatives.

p n
w, =2 W Vk @)

ijk
i=1 j=1
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In order to determine the weights of criteria, Eq. (3)
will be employed.

Vi 3

M =

P
“f

i

~
I

1

In order to calculate the weights of experts, Eq. (4)
will be utilised.

W= YW, Vi (4)

j=1 k=1

2.3 Delphi survey

As a research method, the Delphi survey tries to generate

a ‘consensus opinion of a panel of specialists through a

recurrent exercise in which participants have the option

to adjust their opinions without being forced through
the appropriate management of controlled feedback
from the coordinator’ (Hasson and Keeney 2011). Even
when the participants know each other, without fear of
collusion or coercion, the Delphi method is an excellent
research instrument for tackling difficult problems in the
engineering sector (Ogbeifun et al. 2016). Practically, the
Delphi approach is the only study method that allows
participants to react with one other’s viewpoints without
being forced to do so, alter their positions as needed and
maintain anonymity. Three or four rounds are commonly
involved in a Delphi study (Welding 2013). The approach
has various advantages, including the following (Ralitsa

et al. 2005):

(@) It offers the ability to carry out research in a geograph-
ically distant setting without physically bringing the
participants together.

(b) Time and cost-effectiveness are both important con-
siderations.

(c) Issues of a broad and complicated nature are dis-
cussed.

(d) Participants will have enough time to synthesise their
thoughts.

(e) Participants can answer whenever they choose.

(f) There is a record of the group’s activities that may be
seen in further detail.

(g) The anonymity of the participants allows them to
openly share their thoughts and positions.

(h) The method has been demonstrated to work in a
variety of fields.

There is no consensus on panel size for Delphi inves-
tigations, nor is there a clear definition of ‘small’ or ‘big’
samples. There could be as few as 3 people on a Delphi
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panel or as many as 80. It is rare to find a Delphi research
with less than 10 participants (Malone et al. 2005). It is
important to select people who are knowledgeable in the
field of study and are willing to commit themselves to
multiple rounds of questions or interactions on the same
topic (Grisham 2009). Wainwright et al. (2010) and Crane
et al. (2017) stated that in Delphi exercises, a minimum of
12 respondents is generally considered to be sufficient to
enable consensus to be achieved; larger sample sizes can
provide diminishing returns regarding the validity of the
findings.

2.4 PCA

PCA is the most widely used multivariate analysis tech-
nique, with applications in practically every scientific
field. One of the main uses of PCA, which has been widely
used by academics in a range of domains, is dimension-
ality reduction (Preetha and Vinila 2020). As its name
implies, instead of studying every aspect of a problem,
the PCA can help with some of the most crucial aspects
and identify key components. In fact, the PCA extracts the
attributes with a factor pattern coefficient greater than
0.3 that are the most valuable (Ringnér 2008; Lever et al.
2017).

3 Research method

The goals of the present study are:

1. To propose a suitable evaluation system for experts/
decision-makers in construction projects, in order
to ensure the selection of suitable experts and their
ranking in the decision-making process;

2. To identify the key selection criteria needing to be
used for selection of the contractor in construction
projects by using the same approach that was adopted
by Alkaabi and Mahjoob (2022, 2023) (the Delphi tech-
nique with PCA);

3. To enhance the decision-making process for contrac-
tor selection by using the OPA method.

The literature review, Delphi survey, PCA and experts’
interviews were used to collect the required data. XLSTAT
software: https://www.xlstat.com/en/ was used in the sta-
tistical analysis process to which the collected data were
subject; and Visual Basic software, MATLAB software and
LINGO software: https://www.lindo.com/ were used for
the building and solving of the OPA mathematical model.
A proposed model for enhancing the decision-making

§ sciendo

process in construction projects was created in the present
study and applied in one Iraqi construction project to
select the best bidder/contractor for implementing the
project.

4 Results and discussions

4.1 Identification of the main criteria/
attributes for selecting the contractor in
the construction project

A review of the literature and field visits to the related
government directorates in Iraq (e.g. The Housing Direc-
torate, Buildings Directorate, National Center for Engi-
neering Consultancy and Al-Mansour General Engineer-
ing Company) were conducted to collect the related data
about the criteria that will be used in the decision-making
process for selecting the contractor of the construction
project. The Delphi survey with 12 experts was performed
to identify the selection criteria/attributes. All the selected
experts are working in the planning and management of
construction projects and possess an experience of more
than 15 years; additionally, they also have a willingness to
participate in this process. Figures 2—-4 show the working
sector, the academic degrees and the specialisation for the

Private
Sector 25%
Public
Sector...
Fig. 2: Experts’ work sector.
B.Sc.,
5% 2
H. Dipl., M.Sc,
8.30% 66.70%

Fig. 3: Experts’ academics degree.

Architecture

Mechanical
Eng., 8%

Eng,; 17% \

t Civil Eng., 75%

Fig. 4: Field of specialisation for experts.
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Tab. 3: The occupational information pertaining to experts’ sample in the Delphi survey.

Experts’ names Institution name

Work sector Current position

1) A.). Buildings Directorate

2 s.). Al-Mansour General Engineering Company
3) H.M.J. Al-Arabia Company for Engineering Technologies and Contracting
(4) A.M.). The General Company for Iraqi Railways

(5) A.A.A National Center for Engineering Consultancy
6) M. Ww. Buildings Directorate

7)) K.w. Debajeh Engineering Consulting Office

(8) H.S. Buildings Directorate

9 A.M Al-Khwarizmi Engineering Consulting Office
(10) H.H. X-Line Engineering Office

(11) A.S. Office Of Externally Funded Projects

(12) S.V. Buildings Directorate

Public sector
Public sector
Private sector
Public sector
Public sector
Public sector
Private sector
Public sector
Private sector
Private sector
Public sector
Public sector

Planning Engineer
Division Manager
Project Manager
Project Manager
Depart. Manager
Planning Engineer
Project Manager
Division Manager
Project Manager
Project Manager
Division Manager
Division Manager

selected sample; and Table 3 lists occupational informa-
tion pertaining to the experts’ sample in the Delphi survey.

The form’s questions of the first round of the Delphi
were formulated. Similar to the approach adopted in the
studies of Al-Agele and Al-Kaabi (2016) and Mohammed
and Jasim (2018), and as indicated in Table 4, the Likert
5-scale with weighted value (WV) was utilised.

The 12 experts were asked to rank the importance of
the 40 selection criteria included in the questionnaire
form; the participants had the option to add more crite-
ria if they felt the need to do so. Face-to-face interviews
were conducted with each participant in the first round to
ensure that the format of the round’s questions was clear.
After Delphi’s first round, the responses and recommen-
dations of the selected experts were thoroughly examined
and statistically analysed using XLSTAT software, using
which were computed the mean (M), the standard devi-
ation (SD) and the Cronbach’s alpha (o). The mathemat-
ical formula for determining the Cronbach’s alpha (o) is
shown in Eq. (5) (Al-farra 2009):

" L[l_ZSjZ] “

T K-1 st

where K represents the number of elements in the group,
si the element variance and st the variance of the total
score of the elements.

The results of the analyses showed that the mean of
Cronbach’s alpha (o) for all questions was more than (0.7).
In the second round of the Delphi survey, the criterion
with an average value less than (3.4) will be excluded. In
addition, a number of criteria were incorporated or can-
celled based on the opinions of the participants. There-
fore, the list of criteria/attributes used in the decision to
select the best bidder or contractor in the implementation
of a construction project include 23 criteria at the end of

Tab. 4: WV of descriptive frequencies (Jeleva et al. 2017;
Mohammed and Jasim 2018).

Descriptive frequency a wv
Very low 1<Cl<1.8 1
Low 1.8<(Cl<2.6 2
Medium 2.6<Cl<3.4 3
High 3.4<Cl<4.2 4
Very high 4.2<Cl<5 5

Cl, class interval; WV, weighted value.

the first round. These selection criteria/attributes that
resulted from the first round will be used in the second
round of the Delphi survey. In the second Delphi round,
experts were asked to rank a list of 23 selection criteria
that resulted from the first round of Delphi. Statistical
analysis of expert responses in the second Delphi round
showed an average Cronbach’s alpha (o) value equal
to (0.97), and there were 20 criteria having an average
value above (3.4); accordingly, only three criteria will be
excluded.

In the third round of the Delphi procedure, the
selection criteria from the second round will be applied.
The same appointed experts were asked to re-evaluate
the relative weight of the selection criteria that had
passed from the second Delphi round. The results of the
statistical analysis of the third round showed that all
criteria/attributes of the selection process for the best
bidder/contractor for the implementation of the con-
struction project obtained an average value of more than
(3.4) (high-very high, an important degree in the deci-
sion-making process), with a Cronbach’s alpha (o) of
(0.959), as illustrated in Figure 5. Therefore, the results
of the third round, as presented in Table 5, demonstrate
lack of need for a fourth round, because the responses of
the experts were consistent.
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4.2 Applying the PCA

It is necessary to complete the Kaiser—Meyer—Olkin
(KMO) test before performing the PCA. KMO is capable

The Results of Delphi Survey for Identifying the Selection Criteria for the
bidder/Contractor of the Contruction Project

Input Process

First
40 Criteria 23 Criteria
a=0.945

23 Criteria 20 Criteria

a*0.97

Third

t___1

20 Criteria 20 Criteria

a=0.959

Fig. 5: A summary of the Delphi survey for identifying the selection
criteria.
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of determining whether the data are appropriate for per-
forming the PCA. It is not acceptable to conduct the PCA
if the KMO is smaller than (0.5) (Mahmoudi et al. 2020).
Kaiser (1974) developed the equation of the KMO calcula-
tion, as shown in Eq. (6):

Ziz#irﬁz
DIDIMADIPINL

where R = rij is the correlation matrix and U = [uij] is the
partial covariance matrix.

The KMO value was calculated using XLSTAT soft-
ware. The results showed that the specific criteria/attrib-
utes that were used to select the best bidder/contractor

KMO =

(6) (Kaiser 1974)

for the implementation of the construction project had a
KMO value of (0.672). Also, the PCA value showed that 20
criteria/attributes are the most valuable, and there is no
way to reduce them because they all have factor pattern
parameter values of more than (0.3). Table 5 shows the
final results of the selection criteria/attributes of the best
provider/contractor for the implementation of the con-
struction project.

Tab. 5: The final main criteria/attributes of selection of the best bidder/contractor for the implementation of the construction project that

resulted from the Delphi survey and PCA third round.

Third round analysis results

PCA results

No. Criteria Mean SD KMO Factor pattern coefficient
1. The technical expertise of the contractor’s current team 4,5833 0.66856 0.759 0.810
2. Previous experience in the project field (similar projects) 4.5000 0.90453 0.725 0.776
3. Contractor bid price 4.5000 0.67420 0.775 0.727
4, Collaboration with other designers and contractors 4.4167 0.51493 0.661 0.815
5. Contractor’s cash flow 4.4167 0.90034 0.585 0.691
6. General experience of the contractor 4.3333 0.65134 0.792 0.774
7. History of legal disputes 4.3333 0.77850 0.675 0.856
8. Technical bid quality and organising 4.3333 0.88763 0.598 0.526
9. Number of failed projects in the contractor’s record 4.2500 0.86603 0.579 0.679
10. Technical approach and work progress program 4.2500 0.96531 0.771 0.847
11. Number and status of the contractor’s current projects 4.1667 0.38925 0.661 0.757
(under construction)
12. Financial stability of the contractor 4.1667 0.71774 0.674 0.770
13. Complete projects within the specified time 4.0833 0.79296 0.672 0.784
14. Financial obligations and debts 4.0833 0.90034 0.729 0.867
15. Willingness to offer advice and suggest construction 4.0000 0.60302 0.546 0.322
methods

16. Quality systems and cost control 4.0000 0.73855 0.695 0.803
17. Availability of construction equipment and tools 3.9167 0.51493 0.708 0.560
18. The occupational safety program 3.9167 0.79296 0.668 0.765
19. Relationship with the employer or his representative 3.7500 0.62158 0.548 0.455
20. Record of accidents during previous years 3.7500 0.62158 0.607 0.371
Total 0.672

KMO, Kaiser—-Meyer—0lkin; PCA, principal component analysis; SD, standard deviation.
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4.3 The proposed experts’ evaluation system

The decision-maker/expert plays a valuable role in the
success of construction projects. The process of select-
ing a decision-maker needs to be helmed by a person or
a team themselves having the requisite qualifications,
because, otherwise, the result would be the choice of an
unsuitable person to play the role of the decision-maker.
So, in identifying this problem and establishing a means
for its prevention or rectification, we are able to suitably
address one of the main reasons underlying the failure
of construction projects. It is proposed that the experts’
evaluation system can be implemented to overcome this
problem, and the following steps were performed in that
regard:

(a) Identifying the main criteria and sub-criteria of selec-
tion of the decision-makers/experts in the construc-
tion projects by conducting face-to-face interviews
with a group of experts;

(b) Developing the flowchart for the proposed evaluation
system based on the rank and weight of the main cri-
teria and the weight value of the sub-criteria;

(c) Building the proposed evaluation system program by
using Visual Basic software.

Information about the criteria to be employed for
selection of experts/decision-makers in construction pro-
jects was gathered by reviewing the related literature and
visiting the related government directorates, as well as
private and public construction companies. Then, to iden-
tify the main criteria and sub-criteria that would need to
be applied for the selection and evaluation of the experts/
decision-makers, face-to-face interviews were conducted
with a group of experts possessing more than 15 years
of experience in construction projects’ management.
After analysing the experts’ opinions, a list of the main
criteria and sub-criteria has been formulated. The arith-
metic mean was used to rank and calculate the weight
value of each main criterion, while using the expert-
suggested weights values for the sub-criteria as presented
in Table 6. Depending on the results presented in Table 6,
the flowchart of the proposed experts’ evaluation system
was developed as shown in Figure 6. Then, the proposed
evaluation system program was created by using Visual
basic software; and, to enable the obtaining of the engi-
neer’s acceptance for taking on the role of an expert/
decision-maker in construction projects, the final output
degree of the proposed experts’ evaluation system must
be not less than a score of 50.

Finally, the present study stated that the sub-criterion
for each expert should be evaluated by the company’s top
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management based on the recorded history of the expert
under consideration.

4.4 Applying the OPA method for selecting
the contractor of the construction
project

The multi-criteria attribute is regarded as a defining char-
acteristic of the decision-making involved in the selection
of a bidder/contractor for implementing the construction
project; accordingly, the present study uses the developed
proposed model to enhance decision-making with regard
to the process involved in the selection of a contractor in
the construction project, as illustrated in Figure 7.

A rest house construction project in Dhi Qar
Governorate was selected as a case study for the pro-
posed model’s application, so as to ascertain its efficacy
in enhancing the decision-making process involved in
construction projects. This project is one of the projects
of the Iraqi Ministry of Construction and Housing, which
is subject to the instructions for implementing Iraqi
government contracts. The owner aims to select the best
contractor to implement this project from among four
bidders. Three experts were assigned to participate in
the model application in collaboration with the owner’s
crew. In order to rank, and ascertain the degree of suita-
bility of, the selected experts concerning participation in
the decision-making process, the proposed expert evalu-
ation system was applied. According to the qualifications
of each expert, shown in Table 7, the results of the pro-
posed expert evaluation system showed that the rank and
degree of each expert’s evaluation are as follows:

(a) Exp.1with a score of (75.12)
(b) Exp. 2 with a score of (64.98)
(c) Exp. 3 with a score of (61.39)

Based on the evaluation results, all the appointed
experts have been found suitable concerning the assump-
tion of a role in the decision-making process, and the
rank of each of them will be used when applying the
OPA model. The bidder/contractor selection criteria that
resulted from the Delphi survey and PCA were adopted in
this case study. The appointed experts were then asked to
rank these selection criteria for the best bidder/contractor.
The final ranking of the selection criteria was collected,
as shown in Table 8, and will used in applying the OPA
model. The qualifications of the four competing contrac-
tors were collected, the experts were asked to rank the
four contractors according to their criteria. The results
of the competing contractors’ ranking are summarised
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Tab. 6: The main criteria and sub-criteria of selection and evaluation of experts/decision-makers and their weights.

The main criteria AM SD Weight % Sub-criteria Weight value
(1) Years of practical 4.476 0.75 16.2362 - 10<EX<15 0.25
experience in the field of - 15<EX<20 0.5
specialisation - 20<EX<25 0.75
- 25<EX 1
(2) Personal relationships 4.142 0.91 15.0247 - Has a good relationship with the senior 0.25
management?
— Has not had discounts or problems with the work 0.25
team?
— Has acceptability and the ability to deal with different 0.25
cultures?
— Has good relations with other parties outside the 0.25
organisation?
(3) Good conduct and 4 1 14.5096 — Has not had an administrative penalty for the past 5 0.25
confidence years?
— Has had at least five certificates of thanks and 0.25
appreciation during the past 5 years?
— Has a good professional history characterised by 0.25
integrity and impartiality?
— Has arecommendation certificate from a previous 0.25
job?
(4) The ability to communicate  3.857 0.91 13.9909 - Has had no communication and coordination 0.25
and coordinate between problems in his last three projects?
parties — Has the ability to use communication and 0.25
coordination programs?
— Has a high level of negotiation and persuasion skills? 0.25
— Participation in previous committees in resolving and 0.25
settling disputes?
(5) Capability for researchand  3.761 1.09 13.6426 — Participation in workshops or training courses in the 0.25
development in the field of specified field?
specialisation — Has good experience from previous similar work? 0.25
— Has knowledge and ability to use engineering 0.25
programs?
— Has published research in the selected field? 0.25
(6) Employment years 3.761 1.22 13.6426 - 10<E<15 0.25
- 15<E<20 0.5
- 20<E<25 0.75
- 25<E 1
(7) Academic degree (BSc., 3.571 1.08 12.9534 - BSc. 0.25
MSc., Ph.D.) — High diploma 0.5
- MSc. 0.75
— Ph.D. 1

AM, Arithmetic Mean; SD, standard deviation.

in Table 9. As for formulation of the OPA mathematical
model, MATLAB software was used for the realisation of
the present study’s proposal of a computerised program
for formulating the OPA mathematical model; Figure 8
shows the interface of this computerised program. So,
the research applied the proposed computerised program
to formulate the OPA mathematical model for selecting
the best bidder/contractor. Once the OPA mathematical
model for selecting the best bidder/contractor was for-
mulated, the research used the LINGO software to solve

the mathematical model of this problem. Based on the
results from the LINGO software, the research calcu-
lated the weight of each alternative, the weight of each
criterion and the weight of each expert by solving Eqs
(2), (3) and (4), respectively. The results showed that the
weights of Exp. 1, Exp. 2 and Exp. 3 are (0.589), (0.262)
and (0.148), respectively, as shown in Table 10; and the
weight of each criterion has been calculated as illustrated
in Table 11. Finally, the weights of the contractors ‘R’,
‘F’, ‘A and ‘B’ are (0.234803), (0.312379), (0.249111) and
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Fig. 6: The flowchart of the proposed experts’ evaluation system.

(0.203858), respectively, as shown in Table 12. Further, all
weights of alternatives are more than the Z value (0.0249)
that resulted from solving the OPA mathematical model.
According to the mentioned results, the best contractor for
implementing the rest house building in Thi-Qar Governo-
rate is the contractor ‘F’, followed by ‘A’, ‘R’ and ‘B’.

For comparison, when the principle of the lowest
bid was applied in the selection of the best contractor for
the project of construction of the rest house building in
Thi-Qar Governorate, together with the applicability of the

bid amounts for each contractor as illustrated in Table 13,
the results showed that the contractor ‘B> was the best
alternative, followed by ‘A’, ‘F’ and ‘R’.

In the real world, the traditional method, involving
the usage of the weighting form that is based on an aver-
aging method (stated in the instructions for implement-
ing Iraqi government contracts), was applied to select the
best contractor for the project of construction of the rest
house building in Thi-Qar Governorate, by a new group of
the experts (not the same experts of the case study; and
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these experts were chosen without making an assessment
of their attributes); the results showed that the contractor
‘F’ was the best alternative, followed by ‘R’, ‘A’ and ‘B’, and
the scores of alternatives in this application are illustrated
in Table 14. For this case study, the final rank of contrac-
tors from using the proposed framework for enhancing

Identify the problem that necessitates
decision-making

Assign a suitable experts

v

Evaluating each expert by using the
proposed evaluation experts system

Y

Is the expert
Exclude this evaluation score 2
expert 50?

No

Does not need a
more expert?

Yes

Ranking the passed experts according
to their scores

Fig.7: Continued.
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the decision-making process differs in the second rank
from using the traditional method and differs in all ranks
from using the principle of the lowest bid. The validity and
usefulness of the proposed framework for enhancing the
decision-making process are thus well indicated by these
results.

Mo
 Havethe selection .
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‘ previos studies N\ determined for this
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v
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|
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v
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v
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v
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software (Copy-Paste)

v
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v
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resulted from the outputs report

v
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value as a optimal solution for the selected problem

End
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Fig. 7: The proposed framework flowchart for enhancing the decision-making in construction projects. OPA, ordinal priority approach; PCA,
principal component analysis.
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Tab. 7: The qualifications of the selected experts in the case study.

§ sciendo

No. The element of evaluation Experts’ qualification
Exp.1 Exp. 2 Exp. 3
1. 10<EX< 15
155EX<20 V
20<EX<25 V V
25 <EX
The Experience Years 23 21 17
2. Has a good relationship with the senior management? \ \ \
Not have discounts or problems with the work team? \ \
Has acceptability and the ability to deal with different cultures? \ \
Has good relations with other parties outside the organization? \ \
3. Has not had an administrative penalty for the past five years? \ \ \
Has at least five certificates of thanks and appreciation for the past five years? \ \ \
has a good professional history characterized by integrity, impartiality? J \/ J
Has a recommendation certificate from a previous job? \ \
4, Has no communication and coordination problems in his last three projects? \ \ \
Has the ability to use communication and coordination programs? \ \ \
Has a high level of negotiation and persuasion skills?
participation in previous committees in resolving and settling disputes? \ \
5. participation in workshops or training courses in the building evaluation? J \/ J
Has good experience from previous similar work? \ \
Has knowledge and ability to use engineering programs? \
Has published research in the selected field?
6. 10<E<15
15<E<20 J
20<E<25 J
25<E V
The Employment Years 25 23 18
7. BSc. J V
High diploma
MSc. \
Ph.D.
Tab. 8: The experts’ answers on the rank of selection criteria employed for ascertaining the best bidder or contractor.
The experts
No. Selection criteria of the design consultant Exp. 1 Exp. 2 Exp. 3
Rank
C1. The technical expertise of the contractor’s current team 3 1 3
C2. Previous experience in the project field (similar projects) 2 2 2
3. Contractor bid price 1 3 1
C4. Contractor’s cash flow 4 3 4
C5. Collaboration with other designers and contractors 11 4 10
Ce. General experience of the contractor 3 5 3
C7. History of legal disputes 3 8 4
cs. Technical bid quality and organising 11 4 11
Co. Number of failed projects in the contractor’s record 2 6 2
c1o0. Technical approach and work progress program 5 5 7
Cc11. Number and status of the contractor’s current projects (under construction) 2 2 5
C12. Financial stability of the contractor 1 3 3
C13. Complete projects within the specified time 2 1 2

(continued)



s sciendo Alkaabi and Mahjoob, Application of ordinal priority approach in contractor selection =—— 151

Tab. 8: Continued.

The experts

No. Selection criteria of the design consultant Exp. 1 Exp. 2 Exp. 3
Rank
C14. Financial obligations and debts 4 4 8
C15. Quality systems and cost control 7 7 9
C1e. Willingness to offer advice and suggest construction methods 8 9 12
C17. Availability of construction equipment and tools 6 6 6
c1s. The occupational safety program 9 5 10
C19. Relationship with the employer or his representative 6 10 7
C20. Record of accidents during previous years 10 9 13

Tab. 9: The experts’ answers on the rank of the competing contractors in the case study.

The selection criteria

Exp. Alter. C1 C2 C3 C4 C5 C6 C7 (8 (C9 (Ci0 C11 C12 (C13 Ci4 (C15 Cié C(C17 Ci18 (19 (20

RANK

Exp. 1 R 2 1 2 2 2 3 1 3 2 4 2 2 4 1 2 2 2 2 4 4
F 2 1 2 2 1 2 1 2 2 3 2 1 3 1 1 1 2 1 4 3

A 1 2 2 2 3 1 1 1 1 1 3 3 1 2 2 4 1 3 4 2

B 3 3 2 1 4 1 1 1 4 2 1 3 2 3 2 3 2 4 4 1

Exp. 2 R 2 1 3 2 2 3 1 3 1 1 2 1 3 1 2 2 2 2 4 4
F 1 2 3 2 1 4 1 2 1 2 2 2 3 1 1 1 2 1 4 3

A 3 3 3 2 3 2 1 1 2 4 3 3 2 3 2 4 1 3 4 2

B 4 4 3 1 3 1 1 1 2 3 1 4 3 2 3 3 2 4 4 1

Exp. 3 R 3 1 3 3 2 2 1 4 3 4 2 2 3 2 2 2 3 2 4 4
F 2 1 3 2 1 1 1 1 1 3 2 1 3 2 1 1 3 1 4 3

A 1 2 3 4 3 4 1 2 2 1 3 3 1 1 2 4 2 3 4 2

B 4 3 3 1 4 3 1 3 4 2 1 4 2 3 3 3 3 4 4 1

. OPAformuiate © bt

The purpose of this program is to formulate the OFPA mathmatical model by four experts as amaximum limit, and in
order to solve the OFPA model It is require to copy the ro;&n; from this program and paste it in the screen of LINGO
software.

This program was developed by:

jad Al Mahmood Alkaabi™
As a part of requirement of achieving the Ph.D degree in civil engineering / construction management.

Start

Fig. 8: The main interface of the program proposed in the present study for the formulation of the OPA model subject. OPA, ordinal priority
approach.
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Tab. 10: The final weights of each expert in the case study.

Expert name Weight

Exp. 1 0.589135
Exp. 2 0.262262
Exp. 3 0.148754

Tab. 11: The final weights of the selection criteria in the case study.

Selection criteria Weight
Cc1 0.092762
c2 0.10515
c 0.0666
C4 0.039449
c5 0.022768
cé6 0.061125
c7 0.0478
c8 0.029022
9 0.0685
C10 0.034672
C11 0.077974
C12 0.110802
C13 0.08656
C14 0.044946
C15 0.021029
C16 0.020759
c17 0.021233
C18 0.024357
C19 0.006592
C20 0.018051

Tab. 12: The final weight of each alternative in the case study.

Contractor name Weight

R 0.234803
F 0.312379
A 0.249111
B 0.203858

4.5 Sensitivity analysis for the proposed
framework in the case study

Every decision-making process can benefit from a sen-
sitivity analysis. The consequences of any modifications
to the input data are often of interest to project managers

§ sciendo

Tab. 13: The rank of each alternative in the case study according to
bid amount.

The rank
Contractor name Bid amount (ID) Rank
R 2,908,346,500 4
F 2,563,811,500 3
A 2,022,069,000 2
B 2,001,704,000 1

Tab. 14: The scores of each alternative from applying the traditional
method in the case study.

The traditional method (weighted form)

Contractor name Score
R 80.56
F 83.36
A 77.6

B 68.61

and decision-makers. So, another approach to assess the

effectiveness of the OPA model will be executed using a

sensitivity analysis, by adjusting the priority of experts,

criteria and alternatives. Three scenarios for sensitivity
analysis will be applied as follows:

(a) First scenario: The ranks of experts that are used in
this scenario are the same ranks that are obtained
from applying the proposed experts’ evaluation
system, as mentioned in the case study, and as follow:
(Exp.1 > Exp.2 > Exp.3); this scenario is called ‘Basic
or Original’.

(b) Second scenario: The ranks of experts that are used
in this scenario are equal, as follow: (Exp.1 = Exp.2 =
Exp.3).

(c) Third scenario: The ranks of experts that are used
in this scenario are opposite to the first scenario, as
follow: (Exp.1 < Exp.2 < Exp.3).

After formulation of the OPA mathematical model for
each scenario in the construction project under study and
solving them with the use of LINGO software, the results
showed that the weight of each alternative was affected in
each scenario as shown in Figure 9. Moreover, the weight
of alternative ‘F’ is the highest and followed by the weight
of alternative ‘A’ in the first and second scenarios, while
in the third scenario the weight of alternative ‘F’ stayed
the highest but was followed by the weight of alternative
‘R’. The sensitivity analysis result indicates a possibility
for there being an effect on the final decision resultant
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to changes taking place in the rank of experts. Also, the
weight of each criterion was affected in each scenario, as
shown in Figure 10, where the weight of criterion ‘C12’ was
the highest weight and followed by the weight of criterion
‘C2’ in the first and second scenarios, while in the third
scenario the weight of criterion ‘C2’ was the highest and
followed by the weight of criterion ‘C1’. So, this result indi-
cates the possibility for there being an effect on the final
decision resultant to changes taking place in the rank of
experts.

Finally, the proposed computerised programs were
sent to experts with the questionnaire form and the flow-
chart of the proposed framework, to evaluate their perfor-
mance. The evaluation process was conducted through
14 experts, all of them possessing greater than 20 years’

Basic: exp.1>exp.2>exp.3>exp.4

exp.1=exp.2=exp.3=exp.4

exp.1<exp.2<exp.3<exp.4

Fig. 9: The weights of alternatives of case study from each scenario.

Tab. 15: The evaluation questions and their answers.

Alkaabi and Mahjoob, Application of ordinal priority approach in contractor selection = 153

experience in planning, consulting and construction man-
agement. According to the experts’ answers, as shown
in Table 15, the research concluded that the proposed
framework and the computerised program have a high
applicability in construction projects and provide a high
contribution in enhancing the decision-making process.
Moreover, it has a high degree in the organisation, suita-
bility and easily in use, and accuracy in outputs.

5 Conclusion

The literature review showed that there are many problems
that may arise when using traditional MCDM methods in
the decision-making process, and thus there is a need to
use a modern method, such as the OPA method, to over-
come these problems. To apply the OPA method, 20 major
selection criteria for selecting the best contractor on a con-
struction project were determined using a Delphi survey

C11

Fig. 10: The weights of criteria of case study from each scenario.

Answers

The questions V. high (5) High (4) Medium (3) Low(2) V.low(1) @AM Degree of importance

(1) Isthe proposed framework applicable to 3 8 3 - - 4 High
construction projects?

(2) Isthe sequence of issues in the proposed 2 11 1 - - 4.07 High
framework suitable?

(3) Based on your opinion, does the proposed 1 7 6 - - 3.64 High
framework contribute towards enhancing
decision-making in construction projects?

(4) What do you think about the importance of the 1 6 3 4 3.28 Medium
proposed framework for your workplace?

(5) Does the proposed framework deal well with 3 4 5 2 3.57 High

changes and updates?

AM, Arithmetic Mean.
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and verified with the use of PCA. These selection criteria
will assist decision-makers in future projects.

Most of the previous studies relied on two or three
components in the expert assessment process while the
present study suggested seven components for the con-
struction expert assessment system program, and the
results showed a more comprehensive and accurate
assessment process with validity for use in the construc-
tion sector. The process of formulating the OPA math-
ematical model in the previous studies was performed
manually, which required a long time, while the results
of applying the proposed program to formulate the OPA
model in the construction project showed high applicabil-
ity with simple operating procedures and high accuracy
while saving time. The proposed model for enhancing
decision-making has shown a high sensitivity to changes
in the ranks of alternatives, criteria and experts, and this
fact, seeing that its discovery serves as a potential benefit
of research conducted along these lines, requires consid-
eration when using a larger number of scenarios in future
studies. Finally, since the core of the proposed OPA model
focusses on rank, the proposed model can help deci-
sion-makers to enhance decision-making in all construc-
tion planning decisions in public procurement and not
just for contractor selection.
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