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Abstract: Construction contractors significantly contribute to the progress and success of projects.
Contractor prequalification grants tendering rights only to competent contractors. The bidding
process is one of the most critical phases in the construction industry. The project leader must assess
the general, technical, and financial information of the contractors to prepare an accurate proposal
and select the best contractor. In this study, contractor prequalification is considered, along with
the complex relationships between various criteria. ISM is a computational method that involves a
qualitative and interpretive approach to solving complex problems based on structural mapping of
the connections between attributes and their subsequent transformation into a multilevel structural
model. Using ISM, we establish a seven-level hierarchy for various contractor prequalification criteria,
which are then grouped into four clusters based on their driving power and dependence power. The
result of this study shows that ISM can be used to rank complex contractor prequalification criteria
and help managers select a qualified contractor in the construction project bidding process during
the strategic planning phase.

Keywords: contractor prequalification; interpretive structural modeling; construction project

1. Introduction

Various participants are involved in the construction process, including clients, con-
tractors, and technical supervisors. A project develops according to the achievement of
goals that considers the requirements of the client and also ensures the qualifications of
the chosen contractor and suppliers. A successful project requires appropriate contractor
selection. Failing to select an adequate contractor often leads to price changes, a delayed
project schedule, and substandard quality. However, the prequalified bidding process is
the only step to regulate the selection of the qualified contractor, and each client conceives
the evaluation criteria differently.

Most project leaders in construction underestimate and neglect the importance of the
contractor selection process [1,2]. It is challenging to analyze a wide variety of uncertainties
presented by conditional considerations in decision making. Problems in selecting con-
tractors include insufficient time for execution, complex procedures, and poor information
channels [3]. The evaluation is usually performed by the general contractor’s management
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based on intuition and experience [4]. In most cases, a selection process called “prequalifi-
cation” is used to screen out contractors with inferior skills, leaving the contracting officer
to select only from the remaining qualified bidders.

The prequalification process attempts to identify a group of eligible contractors after
bids are received to avoid wasting resources evaluating contractors. In the current literature,
prequalification is defined more generally [5–9], according to which the process includes
contractor registration and project-specific prequalification. Registration may include
an initial evaluation and periodic updates to higher-level labor categories from a list of
registered contractors according to their capabilities [10].

Therefore, it is essential for contractors to implement a systematic mechanism to
improve the performance of the bidding process for construction projects. A multicriteria
approach solves this problem by allowing contractors to be evaluated on their financial and
technological aspects, quality standards, technical performance, and other tangible and
intangible characteristics. This helps to reduce the number of unsuccessful tenders [11],
integrates prequalification in the selection of candidates, introduces a second standard to
study contractors, and generates a final evaluation, taking into account the total tender cost
to propose the best bidder [12]. In this study, a new contractor selection model is proposed
for owners that extends beyond the traditional contractor management model.

The remainder of this paper is organized as follows: Section 2 reviews the literature
on contractor evaluation models and the prequalification criteria. Section 3 describes the
interpretive structural modeling methodology for solving the problem. Section 4 reveals
the implementation of the proposed approach to identify the key criteria in contractor
prequalification. Sections 5 and 6 analyze and discuss the results, respectively. Finally,
Section 7 draws conclusions.

2. Literature Review

Many studies have established evaluation models to appraise and supervise construc-
tion contractors in the bidding process. This section discusses the evaluation models and
prequalification criteria for selecting qualified contractors.

2.1. Contractor Selection Models

The contractor selection is indeed a multicriteria problem. Many studies on contractor
selection dedicated their efforts to analyzing prequalification criteria and the weighting
factors and describing the palpable applications. Several methodologies are involved in
the prequalification process. Holt [13] presented a thorough methodology review in both
stages of the contractor selection process, shown in Table 1.

Other methodologies have also been suggested in the literature, such as multicriteria
decision making (MCDM) [14], case-based reasoning (CBR) [15], and graph theory (GT) [16].
Most of these models are built on schematic conceptions. Russell and Skibniewski [17]
developed a dimensional weighting aggregation model where the input rating of each deci-
sion criterion can generate an aggregated weighting for each contractor. Russell et al. [18]
employed decision rules when choosing the contractor prequalification by constructing
a knowledge-based expert system. Hatush [6] used the program evaluation and review
technique (PERT) considering the probabilities of the criteria to assess contractor data as
opposed to client goals (time, cost, and quality). Zavadskas et al. [19] presented a multiat-
tribute analysis applicable to many economic, managerial, and constructional problems.
They studied global bridge and road quality management by examining investment support
tools, such as cost–benefit analysis and multiattribute analysis. Huang et al. [20] appraised
contractor financial capacities as financial prequalification using a cash flow-based (CFB)
credit model.

Linguistic assessments are often used in contractor selection instead of numerical
values. The fuzzy set theory helps address decision making with unspecific and general
terms. It can suggest decisions based on preliminary data [21]. Nguyen [22] proposed
a bidder selection procedure considering three criteria: cost, bidding presentation and
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experience, and client preferences. Plebankiewicz [23] presented a two-staged contractor
prequalification schema: on a standing list and per project. The author described a per-
project evaluation model employing the fuzzy set theory. Palaneeswaran and Yu [24]
developed an SVM prequalification model.

Table 1. Summary of contractor selection methodologies (Adapted from Holt (Holt 1998)).

Methodology
Principal Characteristics

Known Usage Degree of Subjectivity

Bespoke methods Profile amongst industry practitioners Input and output very subjective

Multiattribute analysis Simple scoring models used by industry, some
usage by academia Input reliant upon subjective evaluation of attributes

Multiattribute utility theory Evidence of academic usage Input converts qualitative data to quantitative

Multiple regression Evidence of academic usage Achieving interval data prone to
subjective evaluation

Cluster analysis Limited None of the raw multivariate data are used

Fuzzy set theory Evidence of academic usage Scope for development of attribute profiles

Multivariate discriminant analysis Previous usage Quantitative

General performance model Evidence of academic usage but in other areas Combines subjective inputs and
empirical information

2.2. Prequalification Criteria

Contractor selection research often focuses on developing methods and tools similar
to supplier selection. In these types of studies, emphasis has been placed on investigating
clients’ criteria in contractor prequalification and selection. Doloi et al. [25] established a
hierarchical structural model attempting to understand the preemptive qualification criteria
and their links to contractor performance. Their model adopts 29 technical attributes
over five confirmatory factors according to structural equation modeling: overall project
success (OPS), past performance (PP), quality performance (QP), planning and control
(PC), and soundness of business and workforce (SBW). Alarcon and Mourgues [26] stated
that contractors’ quality performance is typically gauged by safety, query response time,
quality assurance programs and quality control, safety records, tender timeliness, and
tender quality. Ko et al. [27] developed a framework based on 12 criteria to evaluate sub-
contractor performance. Hatush and Skitmore [5] found substantial variation in contractor
selection criteria expression and classified the criteria into five categories: reputation, safety,
managerial capability, technical ability, and financial soundness.

A wide variety of criteria have been proposed based on the literature (Table 2). Al-
though contractor prequalification has common characteristics, distinct projects can exhibit
different criteria. The following 12 criteria are most considered in prequalification:

• Financial stability (C1): The general financial situation and performance of a contractor
must be known to the contracting authority;

• Credit rating (C2): A credit rating indicated the probability that a company or govern-
ment entity will become insolvent. It is usually performed by a credit rating agency;

• Engineering experience (C3): The contractor must demonstrate previous participation,
especially in similar bidding projects;

• Personnel qualification (C4): The qualification of personnel requires adequate knowl-
edge of the technical principles underlying the nondestructive tests to be performed;

• Engineering ability (C5): Engineering ability is a professional discipline that addresses
the designing, planning, construction, and managing of infrastructure;

• Performance and quality (C6): Quality affects project performance. Defects or failures
in constructed facilities require reconstruction and can result in degraded operations
and high costs;

• Project management organization (C7): This ensures that required tasks are completed
in a timely manner and reports a company’s business requirements and staffing levels;
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• Management knowledge (C8): This is the process of gathering, developing, sharing,
and effectively using corporate information;

• Safety (C9): This includes promoting the organization and maintenance of risk man-
agement systems for employee safety and health;

• Management accountability (C10): This sets expectations for sound management
practices and performance in the public sector;

• Breach of contract (C11): A breach of contract by either obstructing another party’s
obligations or failing to meet its contractual obligations;

• Past client–contractor relationships (C12): The customer needs to understand the
contractor’s relationships with other parties.

Table 2. Contractor evaluation criteria.

Criteria A B C D E F G H

Financial stability (C1) v v v v v
Credit rating (C2) v v v v

Engineering experience (C3) v v v v v v v
Personnel qualification (C4) v v v v v

Engineering ability (C5) v v v v
Performance and quality (C6) v v v v v v v

Project Management organization (C7) v v
Management knowledge (C8) v v v

Health and safety (C9) v v v v v
Management accountability (C10) v v v

Breach of contract (C11) v
Client–contractor relationships (C12) v v v v

A: Ref. [28]; B: Ref. [11]; C: Ref. [29]; D: Ref. [30]; E: Ref. [31]; F: Ref. [32]; G: Ref. [33]; H: Ref. [25].

3. Methodology

The ISM methodology is based on graph theory. Its mathematical development can
be found in [34,35]. ISM has been used for criteria or factor analysis in various fields,
such as sustainable supply chain management [36,37], supplier selection [38], supply chain
risk analysis [39], Industry 4.0 implementation [40], Building Information Modeling (BIM)
implementation [41], total quality management implementation [42], and service quality
improvement [43].

The concept of ISM is to build a hierarchical relational structure model based on
complex element relationships. After analyzing the relational structure model using ex-
perts’ professional knowledge to describe the contextual relationships between elements, a
directed graph is plotted. ISM identifies and analyzes the relationships between specific
variables describing a problem, topic, system, or area of study in a carefully designed
pattern that includes graphs and words. After a pairwise comparison of the variables,
a structural self-interaction matrix (SSIM) is created and transformed into a reachability
matrix whose transitivity is checked. When the transitivity embedding is completed, a
matrix model is obtained. The steps of the ISM method are listed below.

Step 1 List the elements that are relevant to the system;
Step 2 Develop the contextual relationship between the elements identified in Step 1;
Step 3 Use the pairwise comparison between the elements to develop an SSIM;
Step 4 Generate a reachability matrix based on the SSIM and check the transitivity of

the matrix;
Step 5 Divide the matrix into different levels;
Step 6 Draw a relational graph according to the reachability matrix in Step 3 and remove

the transitive links;
Step 7 Replace transitive nodes with statements to convert the directed graph obtained

in Step 6 into an ISM model;
Step 8 Check the conceptual inconsistency of the ISM model and modify the model

if necessary.
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Figure 1 illustrates the process of ISM modeling.

Figure 1. Flow diagram for preparing ISM.

4. Implementation of the Proposed Approach

This section presents an application of the model conducted for the construction
industry to validate the proposed approach for analyzing issues of qualified contractors.
Lacking effective selection approaches, this focus grants us better insights into developing
a qualified contractor in the construction industry. The methodology steps and qualified
contractor analyses are shown below.

4.1. Step 1: Collecting and Defining the Selection Criteria

The first step is to gather and establish evaluation criteria for selecting a qualified
contractor. Our team asked five construction managers and experts in the field for their
opinions on the issues they face. This was carried out through emails, phone inquiries, and
face-to-face meetings. We also examined the existing literature from respected journals
such as Springer, Elsevier, and Emerald. Finally, with the help of experts from the field and
the literature, we identified important issues in contractor selection.

4.2. Step 2: Questionnaire Development Based on the Evaluation Criteria

A questionnaire was designed and circulated to construction managers to decide the
effect and priority of various criteria. All industrial manager contacts were accomplished
through e-inquiries and meetings. According to the replies received, we assembled the
most prominent factors in the qualified contractor process and began to compare them.
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4.3. Step 3: Analyzing the Qualified Contractor Using the ISM Approach

The implementation steps of the ISM are as follows:

1. Development of the SSIM

ISM is an interactive learning process involving different and directly related variables.
The model can explicitly characterize the structure of a complicated problem. The first
stage of the ISM method builds the contextual relationship among all factors through expert
opinions. Four symbols were used to indicate the relationships among the criteria: V, A, X,
and O. We can produce the following assessments considering I and j as the criteria:

A: Criterion j causes criterion i;
V: Criterion i causes criterion j;
X: Criterion i causes criterion j, and criterion j causes criterion i;
O: Criteria i and j are not related.
One factor “causes” another indicates one leads to another. An SSIM is built on expert

comments on the relationship between two factors. The experts certify the inclusion of
crucial agile factors pivoting on their relationship and elucidating their intent. This process
ends when all the experts approve the listed relations. In this study, the experts formed
pairwise comparisons. After the pairwise comparisons were formed, we constructed the
SSIM, as shown in Table 3.

Table 3. Structural self-interaction matrix.

Criteria C12 C11 C10 C9 C8 C7 C6 C5 C4 C3 C2 C1

Financial stability (C1) C1 V O O O O O O O O O V -
Credit rating (C2) C2 V A O O O O O O O O -

Engineering experience (C3) C3 V O O V O O O V O -
Personnel qualification (C4) C4 O O A O A V O O -

Engineering ability (C5) C5 V O O V A O V -
Performance and quality (C6) C6 V X A A A A -

Project Management organization (C7) C7 O O O V A -
Management knowledge (C8) C8 O O O V -

Health and safety (C9) C9 V O O -
Management accountability (C10) C10 O O -

Breach of contract (C11) C11 V -
Client–contractor relationships (C12) C12 -

• Reachability matrix

The SSIM is transformed into the initial reachability matrix, a binary matrix, by
substituting 1 and 0 for V, A, X, and O, respectively. The rules for substituting 1 s and 0 s
are shown in Table 4. The resulting initial reachability matrix is given in Table 5. The final
reachability matrix is generated by Equations (1) and (2).

M = S + I (1)

MR = Mk = Mk+1, k > 1 (2)

where I represents the identity matrix, k symbolizes the powers, MR denotes the reachability
matrix, and Mk is the stable reachability matrix. The reachability matrix is calculated based
on the addition law and Boolean multiplication (i.e., 1× 1 = 1, 1× 0 = 0× 1 = 0, 1+ 1 = 1,
1 + 0 = 0 + 1 = 1, and 0 + 0 = 0). The transitivity checks from the criteria in the ISM
approach yield the final reachability matrix in Table 6.



Appl. Sci. 2022, 12, 3726 7 of 13

Table 4. The transforming rules for the substitution.

(i,j) Entry in SSIM
Entry in the Reachability Matrix

(i,j) (j,i)

V 1 0
A 0 1
X 1 1
O 0 0

Table 5. Initial reachability matrix.

Criteria C1 C2 C3 C4 C5 C6 C7 C8 C9 C10 C11 C12

C1 1 1 0 0 0 0 0 0 0 0 0 1
C2 0 1 0 0 0 0 0 0 0 0 0 1
C3 0 0 1 0 1 1 0 0 1 0 0 1
C4 0 0 0 1 0 1 1 0 1 0 0 0
C5 0 0 0 0 1 1 0 0 1 0 1 1
C6 0 1 0 0 0 1 0 0 0 0 1 1
C7 0 0 0 0 0 1 1 0 1 0 1 1
C8 0 0 0 1 1 1 1 1 1 0 1 1
C9 0 0 0 0 0 1 0 0 1 0 1 1

C10 0 0 0 1 0 1 1 0 0 1 1 1
C11 0 1 0 0 0 1 0 0 0 0 1 1
C12 0 0 0 0 0 0 0 0 0 0 0 1

Table 6. Final reachability matrix.

Criteria C1 C2 C3 C4 C5 C6 C7 C8 C9 C10 C11 C12 Driving Power

C1 1 1 0 0 0 0 0 0 0 0 0 1 3
C2 0 1 0 0 0 0 0 0 0 0 0 1 2
C3 0 0 1 0 1 1 0 0 1 0 0 1 5
C4 0 0 0 1 0 1 1 0 1 0 0 0 4
C5 0 0 0 0 1 1 0 0 1 0 1 1 5
C6 0 1 0 0 0 1 0 0 0 0 1 1 4
C7 0 0 0 0 0 1 1 0 1 0 1 1 5
C8 0 0 0 1 1 1 1 1 1 0 1 1 8
C9 0 0 0 0 0 1 0 0 1 0 1 1 4

C10 0 0 0 1 0 1 1 0 0 1 1 1 6
C11 0 1 0 0 0 1 0 0 0 0 1 1 4
C12 0 0 0 0 0 0 0 0 0 0 0 1 1

Dependence power 1 4 1 3 3 9 4 1 6 1 7 11

2. Level partitions

By continuously evaluating the reachability and prior sets for each criterion, a partition
of the reachability matrix was created. The reachability set included the reachable criteria.
The antecedent set included the criteria and the others that could contribute to their
fulfillment. The intersection of these sets was created for all criteria. The criteria could
be categorized in the first level of the ISM hierarchy if they gravitated toward both the
reachability set and intersection set in the same fashion. The criteria cannot be used to
determine the others above their level. The next level criteria were identified through the
same process. Table 7 exhibits the criteria, their levels, intersection set, antecedent set, and
reachability set.
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Table 7. Level partitions for the factors’ iterations.

Criteria Reachability Set Antecedent Set Intersection Set Level

1 1, 2, 12 1 1 III
2 2, 12 1, 2, 6, 11 2 II
3 3, 5, 6, 9, 12 3 3 VII
4 4, 6, 7, 9 4, 8, 10 4 VI
5 5, 6, 9, 11, 12 3, 5, 8 5 VI
6 2, 6, 11, 12 3, 4, 5, 6, 7, 8, 9, 10, 11 6, 11 III
7 6, 7, 9, 11, 12 4, 7, 8, 10 7 V
8 4, 5, 6, 7, 8, 9, 11, 12 8 8 VII
9 6, 9, 11, 12 3, 4, 5, 7, 8, 9 9 IV
10 4, 6, 7, 10, 11, 12 10 10 VII
11 2, 6, 11, 12 5, 6, 7, 8, 9, 10, 11 6, 11 III
12 12 1, 2, 3, 5, 7, 8, 9, 10, 11, 12 12 I

Formation of the ISM Model

Using the data listed in Table 7, a model of the importance of various criteria in the
contractor selection process of the construction industry in Taiwan is presented in Figure 2.

Figure 2. ISM-based influence diagram for the contractor prequalification criteria.

4.4. Step 4: Analyzing a Qualified Contractor Using the ISM Approach

The results acquired were substantiated through inquiring field experts and industrial
managers and reviewing the published literature. Complications in feedback results can be
further analyzed for the cause of the complication. The cross-impact matrix multiplication
applied to classification (MICMAC) method [44] was used for response simplification. The
calculations are shown in Table 6, and the results are illustrated in Figure 3.
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Figure 3. Driving power and dependence power diagram.

5. MICMAC Analysis

A number of previous studies integrated ISM and MICMAC to assess the criteria of
multicriteria decision-making problems in construction-related fields, to rank the alterna-
tives or select the most suitable alternative [45–47]. MICMAC was proposed to handle
complicated problems [35]. It comprises four clusters according to two factors: driving
power and dependence power. A variable shows driving power if its action might drive
the variables before it and significantly impact the system. Meanwhile, if the action of a
variable depends on other variables, this variable presents dependence power. The fourth
cluster contains independent factors having hefty driving power but weak dependence.
The driving power-dependence matrix discloses the following results:

1. Cluster I (autonomous): The variables are autonomous variables and have weak
dependence and weak driving power in cluster I. These variables can be tackled
autonomously throughout the intervention and have a lower influence on the overall
system. Thus, few direct linkages have been found throughout the system.

2. Cluster II (dependent): The variables have high dependence power and low driving
power in cluster II and are dependent variables. They are lower priorities to be
addressed since they are weak drivers.

3. Cluster III (linkage): Cluster III includes linkage variables with high dependence and
high driving force. These variables are unstable; they influence the other variables
and receive feedback from them.

4. Cluster IV (independent): The variables have weak dependence power and strong
driving power in cluster IV. They influence the system significantly and drive the vari-
ables above them. Early intervention helps establish a solid foundation for addressing
the remaining variables.

6. Discussion

Figure 2 illustrates that engineering experience (C3), management knowledge (C8),
and management accountability (C10) play significant driving roles in developing a quali-
fied contractor, and they form the base of the ISM hierarchy. Therefore, these variables help
management increase know-how, develop trust between business associates, and minimize
the aversion to change. This also helps in improving personnel qualifications (C4) and
engineering ability (C5). Meanwhile, client–contractor relationship (C12) and credit rating
(C2) illustrate the significant dependence on other variables for contractors’ development.
These variables situate close to the top of the hierarchy. A credit rating (C2) for a qualified
contractor is enhanced as a result of an excellent reputation.

Health and safety (C9) are achieved with higher levels of engineering ability (C5) and
the project management organization (C7). Raising financial stability (C1), performance
and quality (C6), and breach of contract (C11) help management concentrate on increasing
the credit rating of the contractor. Credit rating provides better trust, which results in an
improved client–contractor relationship (C12). ISM also illustrates that, while searching
for a qualified contractor, top management should deploy strategies for sufficient man-
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agement knowledge (C8) and management accountability (C10) and raise engineering
experience (C3).

In this study, we analyzed the characteristics of a qualified contractor using the ISM
approach. Based on the MICMAC analysis (Figure 3), financial stability (C1), engineering
ability (C5), and project management organization (C7) exhibit both feeble dependence
and driving power in cluster I. These autonomous variables can mostly be handled in-
dependently during the intervention and affect the overall system moderately. However,
the inclusion of financial stability (C1) indicates that this variable is important but has
few direct linkages throughout the system. Financial stability has notable effects on any
intervention’s credit rating (C2) and client–contractor relationship (C12), and the variable’s
location in the influence diagram testifies to its importance.

The issues of credit rating (C2), performance and quality (C6), health and safety (C9),
breach of contract (C11), and client–contractor relationship (C12) in cluster II participate
in interrelationships and show strong dependence and weak driving power. They should
have lower priorities than the variables on which they depend. Later intervention perks up
the organization’s performance by forming strong foundations.

No issue is depicted in cluster III even if the elements are unstable. None of them
has both strong dependence and strong driving power, which means that the action of all
12 variables and their feedback do not affect others.

Engineering experience (C3), management knowledge (C8), and management account-
ability (C10) are the issues in cluster IV that dominate the bottom portion of the diagram
(Figure 2). As indicated by the MICMAC analysis (Figure 3), these independent variables
significantly drive the variable above them and affect the system. Early intervention pro-
duces a sturdy foundation and boosts contractor performance due to their low dependence
and high driving power. For example, management knowledge depends on a few of the
other variables but drives personnel qualification, engineering ability, project organization,
health and safety, etc.

7. Conclusions

This study has searched for suitable criteria to evaluate contractors in a construction
project prequalification process. The criteria presented in this paper can be used to evaluate
the impacts of various capabilities and management activities to monitor the performance
of firms in the construction industry. The objective was to accurately and thoroughly assess
the contractor prequalification criteria in the construction project bidding process to help
project managers understand the relationships between critical criteria and facilitate the
decision-making process. Moreover, experts have commented on the merits and drawbacks
of the proposed solutions. As it does not depend on structural equation models and
statistical approaches, the ISM method does not resemble the traditional hierarchical model
due to its complex dependence relations. It is superior in hierarchical modeling and
dependence solutions, thus providing more valuable information for selective strategies.
The central contributions of this research cover the following observations:

First, we attempted to identify the significant criteria for contractor prequalification
in a contractor prequalification process as a framework. Several studies are available on
contractor prequalification criteria, but no study has examined the interactions between
major criteria. There is also no model development study on contractor prequalification
criteria that could help us understand the relationship among the criteria. The ISM model
assists practitioners and project managers of contractor prequalification in understanding
the kernel of the relationships. Hence, this research seizes importance in this context.

Second, this study’s key finding is that engineering experience, management knowl-
edge, and management accountability are significant variables. The ISM model implies
higher driving power for these three variables in the lower hierarchy. Therefore, project
managers should focus on these three variables during contractor prequalification.

Third, there are several criteria responsible for credit rating and client–contractor
relationship. These contractor prequalification criteria have been studied with regard to
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their dependence and driving powers. Among these criteria, those with high driving
power in ISM must be carefully prioritized, for they greatly affect the credit rating and the
client–contractor relationship.

Finally, the proposed approach of criteria identification for contractor prequalifica-
tion can provide project managers and practitioners with a more sensible depiction of
the construction project bidding process. One major contribution developed by this re-
search is the contextual relationships among various distinguished criteria for contractor
prequalification using a single systemic framework.

In this study, 12 widely considered criteria were identified for construction projects,
and a systematic framework was proposed for evaluating the criteria. However, the
scope of construction projects includes road projects, bridge projects, building projects,
etc. Therefore, additional criteria and expert opinions should be introduced into the ISM
model according to the form and characteristics of the construction projects under study.
The contractor prequalification criteria were analyzed with the resulting model, and the
comparative significance and relationships amidst the criteria were illustrated in the driver
dependence diagram. This method relies on the feedback opinions from experts and may
generate some bias. Moreover, the numerical validation of the model is yet to be carried
out. One may consider the analytical network process (ANP) to appraise the consistency
ratio and consistency index. In fact, a linear structural relationship approach, also called
structural equation modeling, can be used to validate hypothetical models. Hence, the
validation and enhancement of this framework can be the subject of future research.
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