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Abstract: The quality performance of contractors in sustainable construction projects is a major
concern for the industry. Over the past decade, studies on measurements, factors, and indicators
for assessment of the professional conduct of construction companies are to be found in the sustain-
able construction management literature. There is adequate evidence over the last decade that an
increasing number of construction professionals have adopted the measurement of the professional
conduct of contractors as a tool to support their future decisions. The method of the Analytical
Hierarchy (AHP) process has been deployed to identify the major factors and sub-factors involved
in sustainable construction in Saudi Arabia. Using several governing factors, including quality of
document submittals (QDS), quality system implementation (QSI), and quality of construction works
(QCW), a working framework was developed by using the pair-wise comparison method. The results
show that proper accountability and keen consideration of factors that could hinder sustainable
construction by contractors contribute to the development of a better perspective on quality issues.
After a critical analysis, a Performance Quality Index was developed, and a benchmark value was
obtained. The benchmark value of PQI will assist project managers and owners in the sustainable
construction sector as a reference for future improvement in the quality performance of contractors.

Keywords: quality performance index; construction management; contractor’s performance;
sustainable construction

1. Introduction

In the construction sector, quality is of essential importance to final users. The problems
of quality in the construction sector began to be analyzed in the times of the Code of
Hammurabi (1750 BC), where the consequence of the death of a construction object user
caused by improper construction was the death of the builder [1]. In executing construction
projects, achieving quality is a major objective for all stakeholders. Quality can be described
as meeting specifications and approved standards agreed upon by stakeholders and is a key
factor in achieving organizational success and business growth [2]. Expenditures related to
quality constitute almost 1–5% of the total cost of construction projects [3]. Major projects
worldwide suffer from poor quality, which is a crucial issue and results in considerable
waste of resources. Many researchers around the globe have made several efforts to explore
the factors affecting quality performance in all phases of sustainable construction projects.
One study stated that the attributes of the local construction industry that impact the
quality of construction projects are the competence of the project manager, top management
support, and project participant feedback [4–6]. Another study conducted in Hong Kong
showed that factors impacting quality are related to project owner requirements, project
environment, project manager, project methods, and project management [7]. Thus, having
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a framework to better address these factors would go a long way in the building industry
to increase the quality of deliverables and thus quality of construction.

Sustainable construction projects entail a lot of management in their various phases.
When managing construction projects, managers struggle to balance project achievements
in terms of time, cost, and quality which is referred to as the iron triangle [8]. Attaining the
time and cost objectives are usually the main aspects on which project management focuses.
As a result, project quality is sometimes overlooked in the trade-off of other elements of the
iron triangle. Despite the importance of quality, a further study stated that quality aspects
are sacrificed for the sake of attaining temporary goals such as handing over a critical part
of the project [9]. Withal, various professionals emphasize that quality in construction
projects should be managed similarly to the time and cost aspects.

Most researchers refer only to the manufacturing industry when discussing quality
performance in construction projects. In manufacturing, processes are designed so that
products are produced according to specific standards to achieve customer satisfaction
and value on investment. Similarly, sustainable construction projects need to be finished
according to quality levels as in any other industry. The main aspect of a successful
construction project is to be finished within the contracted cost and time, per specifications,
and end-user satisfaction [10]. Most of the literature cited in this article discusses sustainable
construction practices. The presented article also discusses sustainability in terms of
construction processes and not in terms of construction materials. Only quality work can
be considered to be sustainable when it helps save finances, time, and various direct and
indirect resources of a construction project.

Commonly, the understanding of quality in construction projects satisfies the client’s
requirements. In construction projects, a quality management system may be asserted to be
functioning effectively if the project is completed according to owner requirements [11].
The quality system includes the execution of all processes conforming to the ISO 9000
standard series. ISO standards help to make the construction industry more effective and
efficient by establishing internationally agreed design and manufacturing specifications
and processes. They cover virtually every part and process of the construction project,
from the soil it stands on to the building roof [2]. The ISO 9000 series is specifically
a quality management standard that presents guidelines intended to increase business
efficiency and customer satisfaction. The goal of the ISO 9000 standard series is to embed
a quality management system within an organization, increasing productivity, reducing
unnecessary costs, and ensuring the quality of processes and products [2]. Nevertheless,
there are claims by several researchers that it is difficult to precisely define quality in
construction projects [12], with the reason being the complexity of construction processes,
and that the theories of quality in manufacturing and other industries cannot be applied
to construction projects [13]. Quality management in construction is to fulfill end-user
or client requirements rather than controlling the construction processes. Because of the
lack of a precise definition of quality in construction, the industry has limited empirical
data to study quality performance, although many attempts have been made to figure
out how quality is perceived in construction projects. There are five definitions of quality
in construction, as reported [12] which are: as follows: 1. fulfilling client expectations;
2. decreasing the number of defects and reworks; 3. repeat customers; 4. compliance with
quality standards; 5. finishing the project within schedule and budget.

Quality is one of the main measures of construction project performance (QPP). Con-
struction phases follow a standard mutually agreed upon by project participants. Withal,
the parties involved in the construction project share distinctive perspectives about quality.
Thus, construction quality varies based on the place of the study.

There are factors impacting quality that are related to project owner requirements,
project environment, project manager, project methods, and project management [7]. Var-
ious studies have shown different factors that influence quality and mention various
performance indicators as discussed below.
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In Taiwan, eight factors were identified that influence the quality of sustainable con-
struction projects, which are: labor skills, compliance with codes and specifications, com-
pliance with client’s requirements, satisfying design requirements, schedule compliance,
cost compliance, and constructability [14]. In India, a study investigated the attributes
of the Indian construction industry that impacts the quality of construction projects with
55 attributes indicating that; competence of project management, top management support,
and project participant feedback are among the most impacting success factors [6]. On the
other hand, conflict of interests, aggressive working environment, bad climate conditions,
and project management ignorance are the most critical failure factors. The affirmation of
the role of project manager qualification and top management involvement to achieve the
quality performance goals in construction projects is similar to that which the construction
industry has with the manufacturing industry. In Switzerland, the impact of various factors
affecting the quality of construction projects was examined [15]. The findings showed
that the major issues impacting quality performance were related to contractor skills and
site supervision. Moreover, adequate scheduling and planning, and labor skills are also
important issues affecting quality.

In a broader view of issues affecting construction projects, 26 factors having the most
impact on time, cost, and quality of completing construction projects were analyzed to
determine whether the time, cost, and quality were affected by the same factors or if they
were different [16]. The findings showed that the most influential factor for the time was
lack of funding; for the cost, errors in construction material; and for quality, errors in
construction work. The main finding of this study was that time, cost, and quality are
affected significantly in different ways. Therefore, the project management team could
not assume that schedule, budget, and quality were equally affected especially when
dealing with critical issues. In Pakistan, the effect of poor quality on owner satisfaction
in Pakistani public projects using partial least squares structural equation modeling (PLS-
SEM) was investigated [17]. The results showed that variations in the desired quality
have a significant effect on owner satisfaction. The main factors that impact the quality of
building construction projects in the Gaza Strip were identified [18,19] The results showed
that the most important factors were site layout, the experience of site staff, consistency
of design documents, the financial power of the contractor, availability of construction
materials, subcontractors, political environment, and the control systems used. In Jordan,
the most significant factors impacting quality in construction projects were examined
based on the perceptions of architects and contractors [20]. The most influencing factors
were human resource management, customer satisfaction with uses of technology and
supplier management. However, differences have been reported between contractors and
architects regarding the use of the technology factor. In various studies related to Saudi
Arabia, researchers explored the challenges in the sustainable construction industry using
various analytical techniques [21–26]. Another study was conducted to determine the key
attributes of effective quality management systems in construction [27]. Findings indicated
that substantial improvement can be achieved by utilizing Total Quality Management
(TQM) in construction organizations to meet quality requirements.

Despite the availability of a literature review regarding construction project quality,
there is a lack of an integrated framework to monitor and assign scores to various contrac-
tors, consultants, and other parties involved in the construction phases to be able to achieve
quality products at the end of sustainable construction projects. Contractors and owners
need to utilize a unified system to determine the quality level achieved during the execution
of the project. The key performance indicators for quality and their impacts are not well
defined for these projects and therefore have many inputs based on an unstructured expert
judgment which creates much disagreement between owners and contractors. A structured
and well-defined method is required to determine the impact of quality factors on project
performance. Such a method would aid decision-makers during the planning stage to
minimize their effect. Owners need clear performance historical data of all previous projects
to support them in decision-making during the bidding stage. A performance quality index
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(PQI) framework needs to be developed which will help decision-makers to assess the
performance of contractors in the sustainable construction area during the construction
phase of the projects.

To address the study’s primary goal, the following research questions were formulated:

RQ-1: What are the major factors and indicators that reflect the performance of contractors
on a construction project?
RQ-2: What could be the priority order of the factors which affect the performance of
contractors and how they can be weighed in terms of percentage?
RQ-3: How can a benchmark or an index be created to help assess the professional conduct
and performance of contractors on sustainable construction projects?

2. Research Methodology

The methodology and steps followed to complete the research are shown in Figure 1.
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Figure 1. The methodology followed for the research.

To achieve the main goal of this paper, related literature on construction projects
was reviewed. Factors affecting quality were identified with the help of a questionnaire
survey. The questionnaire was designed in English and Arabic as English is the common
international language in Saudi Arabia and respondents could read and understand the
questions. The questions were required to be responded to using a Likert scale structured to
five scales, that are, 1 = No Effect; 2 = Low Effect; 3 = Moderate Effect; 4 = Strong Effect; and
5 = Very Strong Effect. The factors impacting the construction performance were ranked
following similar studies and via a pilot study from experts, according to their severity
index. After ranking each of the factors, the statistical results from the questionnaire survey
were used to calculate the corresponding weight for each indicator. The pairwise technique
is a commonly used systematic procedure to capture experts’ opinions on a specific subject.
This method is used when there is a lack of empirical evidence or to ensure the validity of
results by preserving the heterogeneity of the participants [28,29]. It has been commonly
applied in the field of construction management research. Thus, adopting this technique
in this study was considered appropriate as it can address the problem of subjectivity in
selecting the most important factors for developing the PQI framework. The extraction of
the weighting framework included various estimations and examination of the information.
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It is likewise critical in decision-making processes to know how dependable and substantial
those choices are.

2.1. Analytical Hierarchy Process

Analytical Hierarchy Process (AHP) was deployed to evaluate the scenario. AHP
is a method for organizing and analyzing complex decisions, using mathematics and
psychology. It was developed by Thomas L. Saaty in the 1970s and has been refined since
then [28]. This process contains three major parts: the ultimate goal or problem which is
required to be solved, all of the possible solutions called the alternatives and the criteria
on which the alternatives are analyzed. AHP provides a rational framework for a needed
decision by quantifying its criteria and alternative options and relating those elements to
the overall goal. The AHP is most useful when finding decisions for complex problems
with high stakes. It stands out from other decision-making techniques as it quantifies
criteria and options that traditionally are difficult to measure with hard numbers. Rather
than prescribing a correct decision, AHP helps decision-makers find one that best suits
their values and their understanding of the problem. The basic workflow of an AHP is
shown in Figure 2 below.
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While using AHP, first the scenario is decomposed into a hierarchy of more easily
comprehended sub-problems, each of which can be analyzed independently. The elements
of the hierarchy can relate to any aspect of the decision problem, carefully measured or
roughly estimated, well or poorly understood, and anything at all that applies to the
decision at hand considering all the possibilities.

Once the hierarchy is built, the decision makers evaluate its various elements by
comparing them to each other two at a time, concerning their impact on an element above
them in the hierarchy. In making the comparisons, the decision makers can use concrete
data about the elements, and they can also use their judgments about the elements’ relative
meaning and importance; this is generally done through expert opinions and survey ques-
tionnaires. It is the specialty of the AHP that not only the available information is used but
human judgment is also given significant weighting in performing the evaluations which in-
creases the reliability of the technique and makes it stand out among other decision-making
tools. The AHP then converts the evaluations to numerical values that can be processed
and compared over the entire range of the problem. A numerical weight or priority is
derived for each element of the hierarchy, allowing various and often incommensurable
elements to be compared to one another rationally and consistently. In the final step of
the process, numerical priorities are calculated for each of the decision alternatives. These
numbers represent the alternatives’ relative ability to achieve the decision goal, so they
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allow a straightforward consideration of the various courses of action. The criteria are
pairwise compared against the goal for importance. The alternatives are also pair-wise
compared against each of the criteria for preference. Saaty’s 9-point scale was used for the
process of pair-wise comparison of all the factors for ranking them [28]. The comparisons
are processed mathematically, and priorities are derived for each node.

The whole AHP analysis can be summarized in the following major steps.

1. Decide an objective or goal.
2. Identify the criteria and all the alternatives.
3. Assign the appropriate weights to each criterion and alternative based on the

expert’s opinions.
4. Compare each alternative with each criterion by pair-wise comparison.
5. Determine the numerical value of each alternative in order of preference.

2.2. Mathematical Validation of AHP

For any logical analysis, it is also important to validate its reliability through a math-
ematical procedure. In AHP, the general consistency of judgment is estimated through
the Consistency Ratio (CR) which is the ratio of the Consistency Index (CI) and Random
Consistency Index (RCI) whose value is fixed for a particular set of criteria. For a set of
five criteria involved in an AHP solution, RCI is taken as 1.12 [28]. The consistency ratio is
derived to determine the level of logical inconsistencies in the decision-makers’ decisions.
As Saaty states, a CR value under 0.1 is adequate [28,29].

The value of CR can be calculated by the following equation [28].

CR =
CI

RCI
(1)

where CI can be calculated by the following equation [28].

CI =
λmax − 1

n− 1
(2)

where λmax is the average of the ratios of Weighted Sum and Criterion Weight for all criteria
and n is the number of criteria involved in the pairwise comparison process.

3. Results and Discussions
3.1. Identification of Major Factors and Sub-Factors

The survey responses from 60 experts were analyzed. All experts were in senior and
management positions in their respective construction companies having an experience of
at least 10 years in the industry. As per the developer of the AHP analysis, Thomas L. Saaty,
the number of required experts cannot be fixed. He says that even one expert could be
sufficient for a specific scenario given that he has practical experience and knowledge about
the subject [30]. Hence, the opinion of 60 experts is considered sufficiently reliable. The
responses of the experts through the questionnaire survey and literature review were made
through the identification of the major factors and the criteria involved in the performance
quality of a project. Three major factors identified were the quality of the document submit-
tals (QDS), the quality system implementation (QSI), and the quality of the construction
work (QCW).

Various sub-factors, the alternatives, were also listed under each major factor. The
factors from the pilot study affecting the quality and performance of the construction
project were categorized into three segments, each bearing sub-attributes, as shown in
Figure 3 below.
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3.2. Pair Wise Comparison

From the experts’ survey for a typical construction project in Saudi Arabia, a compar-
ison of one criterion with others was done to determine the level of preferences of each
pair as shown in Table 1 below. The first pair comprised main factors followed by sub-
factors. The number of required comparisons can be determined by using Equation (3) [28]
as follows:

Cp =
n(n− 1)

2
(3)

Table 1. Pair-wise comparison of alternatives in all three criteria.

1
Quality of Document Submittals—QDS

Weight
A B C D E

A = CQS A 5
B = QMR A/1 B 3
C = LAIS A/1 B/1 C 3

D = CNCR A/1 D/1 C/1 D 3
E = FDR A/1 E/B C/E D/E E 4

2 Quality System Implementation—QSI

A = DTDC A 5
B = ITP A/1 B 3
C = RV A/1 C/B C 4

D = MRI A/1 B/1 C/1 D 2
E = QPA A/1 E/B C/1 D/E E 4

3 Quality of Construction Works—QCW

A = CWA A 5
B = EIWA A/B B 5
C = MWA A/C C/B C 5
D = TWA A/D B/1 C/1 D 5
E = CCA A/E E/B C/E D/E E 3

Where Cp is the number of comparisons required and n shows the number of criteria.
In this study three major factors and criteria were identified, hence, by using Equation (3) it
can be found that there is a minimum of three comparisons required in this step.
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3.3. Validation of Analysis

For the validation of the pairwise comparison process, a consistency check was per-
formed. After assigning the weights to all the criteria, the value of λmax turned out to be
3.19. Using Equation (2), the Consistency Index (CI) value was obtained to be 0.095 which
resulted in a Consistency Ratio of 0.085 obtained by using Equation (1). This CR value
is well within the limits of 0.1 which shows that the weights provided to the factors and
sub-factors are consistent enough to be reliable and can be carried forward for further
processing. With CR above 0.1 or 10%, it indicates that the pair-wise comparisons should
be revisited or reversed [31,32].

3.4. Development of PQI Framework

Through the questionnaire response, the percentage weight of each major factor
was calculated which was further used to score the sub-factors of QDS, QSI, and QCW
respectively using weighted averages. Analytically it can be shown as follows:

PQI = 100% ⇒ QDS + QSI + QCW = 100%

But QDS 6= QSI 6= QCW

Based on the pair-wise comparison of all three major factors, the factor involving the
quality of the construction works obtains the highest weighting standing at 43%, followed
by the quality of construction works and quality of document submittals, respectively, as
shown in Figure 4.
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This implies that while assessing the performance quality of a contractor, his quality
of construction work would play a major role and it would be given the highest priority.
The second important factor comes out to be the quality system implementation with 32%
weighting which is based on document control, inspections, and designated staff to control
the quality at the site. The quality document submittals scored 25% of the weighting.

The framework developed for the building projects in Saudi Arabia is shown in
Figure 5. The preference scores and rated scores are provided to each sub-factor based
on the responses of the experts on the questionnaire survey on a scale of 1 to 5. For each
major factor, the Criteria Weight (CW) can be determined by the sum of the products of the
preference score and the rated score of each sub-factor. It can be shown mathematically as
Equation (4):

CW =
n

∑
i=1

(SPi SRi) (4)

where SPi and SRi are the preference scores and rated scores of all the sub-factors i involved
in a major factor respectively.
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Finally, the Performance Quality Index (PQI) can be obtained by the sum of the
products of Criteria Weight and the Weighting of each major factor. It can be shown
mathematically as Equation (5):

PQI =
n

∑
j=1

(
CWj Wj

)
(5)

where CWj and Wj are the criteria weight obtained through Equation (4) and weighting
mentioned in Figure 4 of major factors j.

By using the above procedure, the value of PQI comes out to be 92.71. This value
shows the minimum score of PQI calculated for any building construction project based on
the opinion of the experts and it can serve as a benchmark. Any contractor of a building
construction project to be declared as having quality work must score at least 92.71 of PQI.

Evaluating the performance and quality of a contractor in its sustainable construction
project is important. This framework will facilitate quality control of sustainable construc-
tion projects by taking into consideration the direct and indirect factors that define quality.
The outcome of this framework can be used to indicate the quality level of the contractor’s
performance which can be used to facilitate communication and future improvements.
The owners can use this number to evaluate contractors for future projects at the bidding
stage. In addition, contractors can use the indicators identified in this model to plan for
improvements regarding their quality performance.

4. Conclusions and Recommendations

In the construction sector, many firms and consulting companies are attempting to
adopt quality as a tool for continuous improvement. Under the current levels of competition,
projects are being implemented in complex, dynamic, and uncertain environments. As
project management is becoming more integrated, performance measurement of projects
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is expanding to include more aspects of performance. In this study, a framework for PQI
was developed to rank the various factors affecting construction quality with the help of a
questionnaire study and by using the Analytical Hierarchy Process including the pair-wise
comparison method; thus, helping to formalize ways by which contractors evaluate projects
and assist project managers in controlling projects concerning quality. QCW occupies 43%
in terms of the quality of the project. Many companies emphasize the QCW to rate the
quality and pay less attention to the QSI and QDS which respectively weights 32% and
25% to the current study. The mathematical validation of AHP analysis was proven by
calculating the Consistency Ratio for the scenario which came out to be 8.5% which is well
within the range of the suggested 10% value. Based on the weights obtained through the
AHP, all the alternatives and criteria were worked out to eventually obtain a PQI value of
92.71. This PQI value can serve as a benchmark. It is recommended that any contractor
must obtain this minimum score to be acknowledged as having maintained acceptable
quality at his construction project.

This index can be used to indicate the quality level and professional conduct of the
contractor’s performance to facilitate communication and future improvements. With the
use of this index, managers can see a significant decrease in corrective and preventive
actions which will also gain them more time. It is important to mention here that the PQI
developed in the study is not dependent on the size of the project. It is equally applicable
for a small building to a very large building considering that the factors listed in this study
are all involved in construction activity. The method of calculating PQI in this research
can also be modified and enhanced based on the available parameters for any project
where the scenario is different or for any future research and extension of the study. The
owners can also utilize this method of evaluating contractors for sustainable projects at the
bidding stage.
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