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Abstract

The construction industry is a major contributor to socio economic development and an extensive
user of energy and natural resources; therefore, its engagement is fundamental to sustainability.
This research prioritizes investment spending in the construction sector in Saudi Arabia to meet
sustainable development. This research uses integrated structure equation modeling (SEM) and
analytical hierarchy process (AHP) as a solution approach for prioritizing the alternatives for the
decision maker. Experts and decision makers have been interviewed to define the main and subcriteria
and the corresponding pairwise comparison matrix. Economic, environmental, and social (EES) criteria
were considered, including 8, 8, and 5 subcriteria, respectively. SmartPLS applying the partial least
squares structural equation modeling (PLS-SEM) method and expert choice for AHP were used to
rank investment in the construction sector in Saudi Arabia in order to attain sustainable development.
The SEM results revealed that the influencing factors are 5 economic, 5 environmental, and 3 social
subcriteria in sustainable development. The results indicated that building projects ranked first at 13.9%,
followed by water and sanitation activities at 11.2%, and by electrical works business at 10.8%. Road
work ranked fourth at 8.6%, accompanied by mechanical activities at 6.4%. The electronic works
category ranked sixth at 6.2%, and then landscaping works at 4.8%. The dams category ranked eighth
at 3.3%; city cleaning and waste disposal achieved a percentage of 3.1%, and the remaining categories
achieved percentages of between 0.07% and 1.9%. The recommendations were that the Saudi government
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should provide an investment preference in any future development plan for activities that received

the highest priority in the AHP model.

Keywords: multicriteria decision making,

statistical analysis

Introduction

Sustainable development (SD) requires considering
economic, environmental, and social (EES) aspects of
industrial activities as key factors for development [1,2].
Industrial investment, especially investment spending
on the construction sector, is one of the main pillars
of economic development. Any industrial activity is
accompanied by air emissions, which are suspended
particles or hazardous/normal wastes that affect the
internal working and external environment. Investment
in industrial activities must be ensured for sustainability
to ensure profitable and safe industrial development.
The fundamental problem is the lack of an estimate of
basic SD dimension weights for EES criteria to assess
the importance of industrial activities [3—6].

The construction sector is one of the most influential
sectors in the economy for the rest of the world [7].
This sector is a vital pillar upon which many economic
activities rest, and an important one to contribute to
developing income levels, increasing the growth rate
and diversifying the economic base. The sector plays
a key role in generating jobs and addressing social and
environmental issues resulting from rapid population
growth and increasing urbanization, reflecting its
significant impact on SD. The importance of the
construction sector in the Kingdom of Saudi Arabia
(KSA) is reflected in its position in the national economy.
In 2012, the sector’s contribution to gross domestic
product (GDP) at constant prices was 7.15%, and its
total number of employment was 18.8% [8]. The sector
has a great deal of interest from the state represented
by the volume of its spending on infrastructure projects
in order to maintain pace with societal and economic
development. In financial year 2017/2018, the general
budget expenditure was estimated at 820 billion Saudi
riyals (SRs) and revenue of SR 285 billion, representing
more than 38% of the total estimated budget expenditure
[9].

The KSA has experienced an unprecedented rise
in construction projects during the last 20 years [10].
A massive amount of waste (municipal/industrial/
communal) is generated by the construction industry,
and the KSA government issued a decree that requires
construction firms to meet new consumption standards
in order to decrease the impact of waste in their
construction activity [11]. The growing demographics of
KSA urges strong and sustainable demand, and with 66
percent of the population under the age of 25, the demand
for social and economic sustainability will continue. In
this research work, 29 construction sectors were chosen:
buildings, electrical works, water and sanitation works,

environmental sustainability, construction industry,

roads, mechanical works, electronic works, landscaping,
city cleaning and communal waste disposal, dams,
maintenance and operation of industrial works,
communication technology, maintenance of buildings,
catering for medical centers, maintenance of roads,
maintenance of landscaping, maintenance and operation
of electrical works, maintenance and operation of water
and sanitation works, maintenance and operation of
mechanical works, industrial works, maintenance and
operation of marine works, catering for individuals,
maintenance and operation of electronic works, marine
works, maintenance of health centers, maintenance and
operation of slaughterhouses, slaughterhouses, well
drilling, maintenance and operation of communication
technology, and maintenance and operation of dams (for
a total of 18,573 companies) [12]. Economic growth,
social equity, and ecological awareness can be achieved
through public participation toward sustainability
[13]. Government involvement and support are further
considered important for enforcing the adoption of
sustainable improvement.

In this research work, the EES sustainable factor
weights are calculated in addition to their subfactor
weights. The research data are reinforced with
information distilled from interviews conducted
with managers and experts working in construction
companies. The ranking is based on the multicriteria
decision-making approach; hence, it highlights a clear
view on the most effective priority factors. The SEM
approach is used to define the effective factors in an SD
evaluation. In the literature, the majority of the work
done concentrates on using a multicriteria decision-
making (MCDM) technique to prioritize the most
effective factors in an SD evaluation without considering
the effectiveness of these factors in SD. SmartPLS [14]
and Expert Choice [15] software were used in this
research to evaluate the correlation between the main
factors and subfactors to determine the importance of
construction industry sector categories.

Based on the reported research, we noticed that
no research existed to determine the weights of the
main and subcriteria for SD, which determines the
investment spent in the construction industry sector.
Most of the work done used the AHP method of the
MCDM approach to address sustainability research.
The objective of this research is to define a priority
weight for each main criterion and the subcriteria SD
dimension in KSA to guide the decision maker to divide
investment spending on each construction industry
category. To achieve this objective, an SEM concept was
applied to determine the affecting factors that contribute
to a sensible change in SD in addition to an AHP model
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for prioritizing the investment spending proportion for
each construction category.

The main question that arose in the minds of
researchers is which construction sector industry is
the most suitable choice to obtain SD for investing in
the construction sector and what are the main and
subcategories that affect the selection process and their
weights? By assuming that a relationship between the
major criteria does not exist, we tested whether the
hypothesis of the EES criteria will influence SD for the
construction industry sector. Currently, the construction
industry is one of the main tools for allocating capital to
productive activities. The importance of the construction
industry is very high, such that this activity is one
of the most important indices of economic growth.
This research is highlighted to determine the value of
allocating the general budget of KSA according to the
weights of the major and subcriteria for SD and using
it to determine priorities of investment spending on the
construction industry in Saudi Arabia. The objective is
to ensure that governmental and private sectors work in
an SD environment.

Data required to define the SEM and AHP
models were gathered from governmental and private
companies functioning in 29 construction sector
categories in KSA. The following methods were used to
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collect information: “face-to-face interviewing”, “postal
surveys”, “telephone surveys”, “direct observation”, and
the “internet” via questionnaires and conducted with
managers and experts working in medium and large
firms in 13 regions of the KSA. The data were collected
during summer 2018 by 50 students in the Industrial
Engineering Department, College of Engineering, King
Khalid University. The sample was composed of 210
males only due to the social nature of the Saudi working
environment. The next sections of the article review the
literature, describe the solution method, summarize the
results, and provide a conclusion and recommendations
for future work.

Recently, SD has become an important issue in KSA,
especially after adopting the Vision 2030 plan. KSA
has set great ambitions for achieving SD to develop the
capabilities of citizens, achieve their aspirations, meet
their needs, and improve the standard of living as the
highest goals of SD in the Kingdom, as well as to expand
the scope of development to include all EES sectors in
all regions. Construction activities are increasing in the
current decade; therefore, it is an effective sustainability
development topic. This study is focused on this matter
because of the importance of SD on this issue.

This research is conducted in five important
sections. In section 2, the literature is reviewed. The
methodologies of the PLS-SEM and AHP models are
illustrated in the third section. The fourth section applies
the solution methodology to prioritize investment in
the construction sector in Saudi Arabia based on the
opinion and judgement of local experts. Finally, section
5 provides the conclusion and future work.

Literature Review

Multicriteria assessment is a tool for sustainability
development decision making encompassing a wide
choice of decision criteria [17] and risk assessment [18],
and life cycle assessments [19] — which are essential
tools for assessing alternatives. The sustainability
research work is done in the fields of engineering
[20], environmental science and ecology [21], health
technology [22], construction building technology
[23], material selection [24], business economics [25],
and mathematics [26]. A hybrid MCDM based on
step-wise weight assessment ratio analysis and complex
proportional assessment compose a unified framework
regarding environmental sustainability for establishing
a five-star hotel in Tehran, Iran [27]. In this research,
the stepwise weight assessment ratio analysis produces
criteria values, and complex proportional assessments
are used to rank decision alternatives. An AHP-
based sustainability evaluation framework for mid-
rise residential buildings based on a broad range of
environmental and socioeconomic criteria is discussed
in [28]. The researchers studied a cradle-to-grave life
cycle assessment technique to find, classify, and assess
triple bottom line sustainability performance indicators
of buildings. Then, the AHP was applied to aggregate
the impacts into a unified sustainability index. The
researchers show the framework through a case
study to investigate two six-story structural systems
in Vancouver, Canada. The results indicate that the
environmental performance of a building in Canada
depends on service life energy more than structural
materials. Also, an AHP sustainability assessment
method that includes the main sustainability factors for
consideration in industrial building construction, as well
as other factors that greatly influence the conceptual
design of the building, was provided as a tool for
sustainability improvement in the construction industry.

The social sustainability of infrastructure was
addressed by [29]. The authors reviewed the state of
multicriteria infrastructure assessment studies that
include social aspects. The review includes an analysis
of the social criteria, participation and assessment
methods. The results identify mobility and access, safety
and local development among the most frequent criteria.
The AHP and simple additive weighting methods are
the most frequently used. However, treatments of equity,
uncertainty, learning and consideration of the context
are not properly analyzed yet. A weighting system for a
refurbishment building assessment scheme in Malaysia
was developed through the AHP approach to rank
assessment themes and identify the priorities of the
study’s participating stakeholders [30]. The outcome is
the Malaysian refurbishment assessment scheme, which
includes a set of weightings and a classification system
for the selected assessment themes and subthemes. The
methods and findings can be adapted for use by other
practitioners to develop building assessment schemes
to pursue the goals of SD through refurbishment.
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An indicator-based approach is used to evaluate
sustainability along different stages of petroleum
refinery industry projects [31]. In addition, a multilevel
hierarchy of criteria decision making was defined by
using AHP, combined with fuzzy set theory to enhance
the reliability of the results.

A hybrid MCDM model was proposed to evaluate the
construction projects of hotels regarding environmental
sustainability [32]. Stepwise weight assessment ratio
analysis and complex proportional assessment compose
a unified framework. A private construction project
is supposed as a case study. The project is based on
establishing a five-star hotel in Tehran, Iran. In this
research, a stepwise weight assessment ratio analysis
produces criteria weights and complex proportional
assessment that will rank decision alternatives. A
sustainability index was proposed that provides
companies with information regarding their level of
EES sustainability, showing their performance at both
the individual and supply chain levels using AHP
methodology [33]. The authors concluded that there is
a low level of sustainability and more focus needs to
be given to the social and environmental dimensions to
affect future changes in behavior.

An AHP-fuzzy inference system model was
presented to aid decision-makers in the risk assessment
and mitigation of overseas steel-plant projects [34].
Through a thorough literature review, the authors
identified 57 risks associated with international steel
construction, operation, and transference of new
technologies. Pairwise comparisons of all 57 risks
by 14 subject-matter experts resulted in a relative
weighting. Furthermore, to mitigate human subjectivity,
vagueness, and uncertainty, a fuzzy analysis based on
the findings of two case studies was performed. From
these combined analyses, weighted individual risk
scoring resulted in the following top five most impactful
international steel project risks: procurement of raw
materials, design errors and omissions, conditions of raw
materials, technology spill prevention plan, investment
cost, and poor plant availability and performance. Risk
mitigation measures are also presented, and risk scores
are re-assessed through the AHP-fuzzy inference
system analysis model depicting an overall project risk
score reduction.

An AHP methodology was proposed to customize
an adapted weighting system that prioritizes the Saudi
environmental assessment method categories [35].
Expert choice software was the main tool to analyze
the input data. This research instrument involves the
participation of a number of leading global experts in the
field of environmental and SD, as well as professionals
and highly informed local experts from government,
academia, and industry. The results reveal that well-
known environmental assessment methods are not fully
applicable to the Saudi built environment, as reflected
in the resulting categories, criteria and weighting
system of Saudi environmental assessment method. The
application of 22 different MCDM methods belonging

to this discipline in various areas of the construction
industry was reviewed and clustered in 11 categories
[36]. The most significant methods are briefly discussed,
noting their principal strengths and limitations.
Furthermore, the data gathered while writing this paper
are statistically analyzed to identify different trends
concerning the use of these techniques. The review
shows the method’s usefulness in characterizing very
different decision-making environments, highlighting
the reliability acquired by the most pragmatic and
widespread methods and the emergent tendency to
use some of them in combination. The sustainability
assessment methodology was tested using the integrated
value model for sustainable assessment, applied to
industrial buildings [37]. In addition to traditional
requirements, this  noncommercial methodology
involves other aspects of sustainability that are also
important for establishing a means of evaluation.
The methodology reliability is tested here through its
application to three case studies. The integrated value
model for a sustainable evaluation is an AHP-based
MCDM methodology that can be applied in any field.
In this study, the methodology’s specific focus is on
improvements to sustainability in construction.

System dynamics, AHP, utility theory, and fuzzy
logic methodologies were combined to develop an
assessment model for the green innovation of contractors
[38]. System dynamics can be used to estimate the future
trends for the overall industrial structure and is useful
for predicting competitive advantage in industry. The
AHP and utility theory focus on the customer’s attitude
toward risk and are useful for comprehending changes
in objective requirements in the environment. Fuzzy
logic can simplify complicated intrinsic and extrinsic
factors and express them with a number or ratio that
is easy to understand. The proposed assessment model
can be used as a reference to guide the government in
examining the public construction that qualified green
contractors participate in.

Most of the work done addressing sustainability-
related judgment focuses on solving the problem with
multicriteria decision-making using AHP or Fuzzy AHP.
This research applies an integrated approach combining
SEM and AHP. SEM defines the affecting factors in
the decision-making process, and AHP defines the
alternative weights. This investigation uses SmartPLS
and Expert Choice software to design and analyze
the collected data from Saudi experts working in
construction industry categories. The results of the SEM
analysis are applied in the AHP model. Expert Choice
designed the AHP model that calculates the consistency
ratio for judgments and values of the criteria and
subcriteria of the total weights of alternatives.

Materials and Methods

This methodology supports the main idea of this
study about prioritizing investment spending in the
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construction industry to attain SD in a specialized
manner for KSA.

Population and Sample Size

The target population for this research was obtained
from construction industry companies working in
Saudi Arabia. Table 1 lists the construction industry
field of applications and the number of companies
working in the Kingdom. Various sampling methods
are available; however, the stratified sampling technique
under nonprobability sampling has been used in this
paper. The number of questionnaires collected from
each construction industry category is the first number
illustrated between the two parentheses in Table 1 for
SEM; the second number illustrates the sample taken
from each construction industry sector category for
AHP. The study was conducted in December 2018
among 100 experts working in 29 construction industry
categories in Saudi Arabia. Participation in the survey
was completely voluntary. A total of 210 questionnaires
were handed out at the beginning of the study and were
subsequently collected. A total of 150 questionnaires
were returned, at least partly completed. A total of
100 data records remained after discarding incomplete
questionnaires. The table shows that a sample size of
100 for SEM and a sample size of 166 for AHP were
used.

Table 2 lists the subcriteria of the problem. Table
shows the 8 economic subcriteria coded ECOI1 to
ECOS8, 8 environmental criteria coded ENVI to ENVS,
and 5 social criteria coded SOCI to SOCS. To test the
model, a survey was conducted to investigate the main
and subcriteria of the theoretical model. A sample of

100 interviewees was sampled to determine the most
important subcriteria for the main SD with respect to
EES criteria. The survey consisted of a questionnaire
developed from material discussed and tested previously.
The subcriteria for each main criterion are listed in
Table 2.

Theoretical SEM Model

The theoretical framework used in this research
is based on the sustainability definitions and concepts
that focus not only on the environmental aspect but also
on the economic and social aspects. The framework is
a development of three interdependent and integrated
dimensions within an interactive framework that
is precisely characterized by the organization and
rationalization of materials [39]. It is decided that
the problem has three main criteria that are EES.
Furthermore, each criterion has a set of subcriteria.
The economic criterion includes ECOI to ECOS8. The
environmental criterion includes ENVI1 to ENVS8. The
social criterion includes SOCI to SOCS. The theoretical
SEM model is defined in Fig. 1.

The collected data were analyzed using partial
least squares (PLS) [40] modeling to assess the scales’
validity and test the hypotheses. This analysis was
done using SmartPLS software. PLS is a component-
based structural equation modeling technique that has
minimal demands on measurement scales, sample size,
and residual distributions [41-44]. We choose PLS
because of its minimal requirements regarding sample
size and prediction capability [45]. The number of cases
is sufficient to detect relationships of a medium effect
size with a power of 95% (n = 100). This statistical

ENV1

| ENV2

ENV3

ENV4

ENV5 ENVG | | ENV7 ENV8

SOC1

SOC2

SOC3

Environmental criterion

SPDI1

SOC4

Social criterion

Economic criterion

SPDI2

Y

SPDI3

SOC5 Sustainable
development
indicators
ecor || Eco2 || Eco3 || Ecoa || Ecos || Ecos || Eco7 || Ecos

Fig. 1. SmartPLS representation of the initial model.
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power is regarded as sufficient because the hypotheses
were previously tested in other contexts. Therefore, it
is likely that small effect sizes were discovered. The
PLS is a 2-step procedure concerned with building and
testing the measurement model and building and testing
of a structure model. The first outer measurement model
is concerned with measuring the convergent validity by
individual item reliability (>0.700), composite reliability
(>0.700), and average variance extracted (AVE>0.500).
In addition, in this model the discriminate reliability
was measured in terms of cross loading, and variable
correlations are evaluated. The second inner structure
model is concerned with the coefficient of determination
(R?), effect size (f?), predictive relevance (q*), goodness
of fit of the model, and hypotheses testing.

AHP Hierarchy

The results of SEM analysis were used as an input
to the AHP model. The stages proposed by [46, 47]
for using the AHP method were as follows. The AHP
model will be developed by deleting the non-significant
subcriteria from the initial model. There are three main
phases in the AHP model methodology: structuring the
problem, comparative judgments, and priority analysis.

Fig. 2 depicts the general AHP model for prioritizing
investment in the construction industrial sector in KSA.
At the top of the hierarchy, Level 1, is the goal of the
model’s decision-making process. In Level 2, the main
criteria directly related to Level 1 are highlighted, and
their relative priorities are stipulated. It is possible
to observe that, in Level 2, important criteria are
considered in the decision-making process. To evaluate
the main criteria and to clarify all the criteria, the
decision makers considered some of the more important
criteria. Then, in Level 3, the subcriteria were used as a
direct reference for evaluating the decision alternatives
as described, remembering that these subcriteria are
pairwise numerical comparisons. It is important to note
that the subcriteria in Level 3 will serve as a foundation
for evaluating each of the 29 decision alternatives, as
presented in Fig. 2, which, in turn, presents the set of
criteria that will help in the decision-making process.
Once all the criteria have been considered and presented
in the hierarchical tree in a structured manner, in order
to achieve the objective proposed in the model it is time
for the next phase of the AHP Fig. 3 depicts the adopted
modeling procedure in the research. First, the AHP
model was developed in Expert Choice software; then,
data collection was done for primary and secondary

Prioritizing Construction Industrial Sector in Saudi Arabia

A 4

4

Economic criteria

Goal

. - Environemental i
Social Criteria e Main
criteria -

criteria

Improving the
employment
situation (SOC1)

diversification of the

Promoting economic |||
economy (ECO2)

growth (ECO1)
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and regulations
(ENV1)

>

Environmental
impact (ENV2)

Distribution of

Increase productivity
and improve quality
(ECO4)

Adequate use of
financial and human
resources (ECO3)

Improve quality of
life and achieve
well-being (SOC3)

Waste management
(ENV3)

exploitation in the
production process
(ENV4)

Suub-criteria

Creating new jobs (ECO5)

Intensity of utilization of available natural
resources (ENV5)

Water & sanitation

works Marine works

Electronic works

Mechanical works Dams Roads

> <

Industrial works Electrical works
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operation of
industrial works

Buildings Slaughterhouses

Maintenance health
centers

Catering for

individuals Landscaping

Communication technology Well drilling

Maintenance and
operation dams

Maintenance of
Landscaping

Maintenance roads

Catering for medical
centers

Maintenance
buildings

Alternatives

Maintenance and operation of water &
sanitation works

Maintenance and operation of marine works

City cleaning & wastes disposal

Maintenance and operation of mechanical
works

Maintenance and operation of
slaughterhouses

Maintenance and operation of
communication technology

Maintenance and operation of electronic
works

Maintenance and operation of electrical works

Fig. 2. General AHP model.
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Literature survey —
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General Authority for
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Data Collection
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v
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the relative importance of sub-

Saudi Industrial
Development Fund (http://
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v

Fourth questionnaire to compare

Ministry of Commerce
and Development, KSA

Synthetization

the relative importance of sub-
criteria with respect to social
criteria

(https://mci.gov.sa/) *

Consistency test

Fifth questionnaire to compare
the relative importance of sub-

Fig. 3. AHP solution methodology.

data. The primary data were collected using four related
questionnaires for comparing the relative importance
of the main criteria with respect to the goal, comparing
the relative importance of the economic subcriteria with
respect to economic criteria, comparing the relative
importance of the social subcriteria with respect to social
criteria, and comparing the relative importance of the
environmental subcriteria with respect to environmental
criteria. In addition, the research depends on secondary
data available as per governmental reports, a literature
survey, and the data available on the electronic
website of the Saudi General Authority for Statistics
[9], the Saudi Industrial Development Fund [48], and
the Ministry of Commerce and Investment [8]. The
investment proportion for each construction industry
type does not have a model for evaluating the priority
of investment to achieve the SD in KSA. Hence, this
proportion is determined empirically by construction
managers who have a considerable length of service
time leading the construction organizations. Thus, the
AHP is presented such that it can be used as an efficient
method for the decision-making process, identifying
the best option among the proposed alternatives. Thus,
according to the above, the hierarchical structure of the
criteria [49] is presented in Fig. 1.

At each node of the hierarchy, a matrix is designed to
collect the pairwise comparisons of the decision-maker.

All judgement
are consistent?

All levels are
compared?

criteria with respect to
environmental criteria

Yes—p» Develop overall priority ranking

In this article, the relative importance had been done
with respect to the goal with the criteria, and the relative
preference was done with respect to the subcriteria.
AHP uses a ratio scale, in contrast to methods using
interval scales [50], which requires no units in the
comparison. The pair judgment scale was used for
these comparisons; therefore, the preferences for each
element were determined. Having obtained these values,
comparison matrixes were generated for the subcriteria;

166 participants were interviewed in order to define the

following pairwise comparisons:

— Pairwise comparison matrix for the main criteria
with respect to the goal (one questionnaire).

— Pairwise comparison matrix for the subcriteria with
respect to the economic criteria (one questionnaire).

— Pairwise comparison matrix for the subcriteria with
respect to the social criteria (one questionnaire).

— Pairwise comparison matrix for the subcriteria
with respect to the environmental criteria (one
questionnaire).

— Pairwise comparison for alternatives with respect to
the subcriteria (15 questionnaires, 5 questionnaires
for each subcriterion).

One of the AHP’s strengths is the possibility of
evaluating quantitative as well as qualitative criteria
and alternatives on the same preference scale of nine
levels. These scales can be numerical (1, 2....9), verbal
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Table 3. Summary of items and results of measurement model — Table 4. Cross loadings — discriminate validity.
convergent validity Latent variable
Results of convergent validit :
Item - £ Y Item Economic Env1rorll- Social SDPI
Construct Final model criterion cIrIilfeI;tiZn criterion s
Code | Loading | CR o AVE
ECOI1 0.709 0.584 0.426 0.407
ECO1 0.709
ECO2 0.783 0.526 0.490 0.642
| Eco2 [ 0783 ECO3 0.822 0.527 0.540 0.560
Economic
criteria ECO3 0.822 0.902 | 0.864 | 0.649 ECO4 0.857 0.560 0.404 0.578
ECO4 0.857 ECO5 0.847 0.493 0.419 0.488
ECO5 | 0847 ENVI 0.424 0.749 0.606 0.434
ENVI 0.749 ENV2 0.521 0.721 0.394 0.530
ENV3 0.445 0.760 0.514 0.426
ENv2 0721 4 0.462 0.718 0.4 0.399
: ENV. . .7 457 .
Environmental | g3 10760 | 0.856 | 0.793 | 0.542
criteria ENVS5 0.553 0.732 0.501 0.609
ENV4 | 0.718 SOCl 0.441 0.588 0.767 0.491
ENVS5 0.732 SOC2 0.452 0.465 0.772 0.457
SOCl1 0.767 SOC3 0.459 0.531 0.836 0.511
Social criteria | SOC2 | 0772 | 0.835 | 0.703 | 0.628 SPDII | 0449 | 0449 | 0470 | 0761
S0C3 0.836 SPDI2 0.451 0.414 0.444 0.738
SPDI3 0.655 0.665 0.524 0.844
SPDI1 0.761
SDPIs SPDI2 0.738 0.825 1 0.701 | 0.612
SPDI3 | 0.844 survey analysis, the elements of the questionnaire were

(extreme, very strong, strong, and equal) or graphical
in a chart, as available input alternatives in Expert
Choice software. The eigenvalue method was used as
a priority derivation method in the model [46, 47]. An
inconsistency ratio of 10% was adopted in this research.
The additive aggregation was used in the Expert Choice
distributive mode. Expert Choice allows different
sensitivity analyses, where the main difference is the
various graphical representations.

Results and Discussion

Since the research used an integrated methodology
of SEM and AHP and these methods were applied
sequentially, each with a different statistical sample
and analysis, the results of the application of the two
methods will be presented in this section.

SEM Sample Characteristics and Results
SEM Sample Characteristics

A questionnaire was developed that contains ECOI
to ECO8, ENV1 to ENVS, and SOCI1-SOC5 with
sustainability performance indicators (SPDI1, SPDI2,
and SPDI3). The participants rated a particular criterion
based on the effect of the indicator, and to complete the

rated on a Likert scale. SmartPLS was used to model the
collected data as a structure equation model to assess
the measurement and structural models. To define
the main and subcriteria for the problem, a sample
of 100 participants from all construction industry
employees, including top and middle level managers
and specialist engineers who had more than 10 years
of experience. A total of 100% of participants in the
SEM questionnaire were male due to the special nature
of Saudi society. Only 52% of the members of the
sample were higher diploma holders; some were factory
owners and members of industrial associations. Of the
sample, 41.1% of the sample had a bachelor’s degree
qualification, and 18.9% of the sample had master’s and
higher degrees. In addition, 1% of the respondents had
less than a year experience; 22.5% of the sample had 5
to 10 years of experience, and 72.5% of the respondents
had more than 10 years of experience. Of the sample,
45.0% of respondents worked in the public sector and
22.5% of the sample worked in the private sector.
Furthermore, 7.5% worked in international institutions,
while the percentage of sample members who worked in
educational institutions was 25.0%.

Measurement and Structural Model Assessment

The measurement assessment can be achieved
by evaluating the indicator reliability >0.500 [51],
Cronbach’s alpha, 0>0.700 [51], convergent reliability,
internal consistency [52], and discriminant validity.
The parameter setting for SmartPLS was a path for a
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| Envi || Env2 || ENv3 || ENv4 ENS || Enve | | ENvZ || Enve |

Environmental criterion

0.211

Social criterion

Economic criterion

Sustainable
0b® development
indicators
—— e 4 —_—
| Eco1 || Eco2 || Eco3 || Ecos Ecos || Ecoe || Eco7 || Ecos |

Fig. 4. SmartPLS representation of the initial model.

weighting scheme, 300 maximum iterations, and 107
as a stopping criterion. For analyzing the initial model
depicted in Fig. 1, SmartPLS was run with sitting
parameters defined previously; the results are shown
in Fig. 4. The composite reliability of constructs is
shown in Fig. 4, indicating that the composite reliability
of all constructs was above the 0.700 threshold value,
which demonstrates high levels of internal consistency
and reliability for constructs except for factors ECO6,

ECO7, ECOS8, ENV6, ENV7, ENVS, SOC4, SOCS, and
SOC6, which achieved loading <0.700. These factors
will be deleted for further development of the final
model. By deleting the factors one by one with outer
loadings <0.700 from the initial model, a new model
is obtained, which should be investigated as shown in
Fig. 5. The figure shows that the path coefficients for
EES constructs are 0.368, 0.279, and 0.220, respectively,
which reflect the causality effect of constructs. Table 3

Caw | [

0.749 0.75,

0.760»

Environmental criterion

|

o 0732

0-279

SOC2 <—0.772 0.220

Social criterion

Economic criterion

26 Sustainable

0- development

indicators
o~

0.709 01%3 & 0.8s, 0.847.
o
Y
ECO1 | Eco2 | | Eco3 | ECO4 ECO5

Fig. 5. SmartPLS representation of the final model.
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Table 5. FL criterion and HTMT ratio — discriminate validity.
Economic Environmental Social SDPIs
Latent variable
FL HTMT FL HTMT FL HTMT FL HTMT
Economic 0.805
Environmental 0.664 0.792 0.736
Social 0.569 0.727 0.668 0.894 0.792
SDPIs 0.678 0.840 0.670 0.855 0.615 0.879 0.782
Table 6. Hypothesis testing: bootstrapping direct effect results.
Hypothesis Relationship lgte(:a }Esri(j).r T-value | Decision 2 q C915 ;f’L C91510§)L
H, Economic criteria—SD 0.369 0.085 | 4.346** | Supported | 0.170 0.055 0.228 0.502
H, Environment criterion—SD 0.278 0.103 | 2.713** | Supported | 0.084 0.014 0.111 0.446
H, Social criterion—SD 0.224 | 0.095 | 2.309** | Supported | 0.051 0.016 0.073 0.383

**P<0.010, *P<0.050 R*(SD=0.571)

Effect size impact indicator are according to [49], f2 values:0.350 (large), 0.150 (medium), and 0.020 (small) g*> (SD = 0.314), pre-
dictive relevance (q?) of predictor exogenous latent variables as according to [50], g2 values: 0.350 (large), 0.150 (medium),

and 0.020 (small)

measures the convergent validity of the final model in
terms of construct outer loadings in column 4, composite
reliability in column 5, and Average Variance Extracted
(AVE) in column 6. The table shows outer loadings
>0.700, o>0.700, CR>0.700, and AVE>0.500. Table 4
shows that all indicators’ individual loadings were found
to be higher than their respective cross-loadings in order
to validate the discriminant validity of the model.

Table 5 lists the values of the Fornell-Larcker
criterion (FL) [53] AVE > squared correlations and
a Heterotrait-Monotrait (HTMT) ratio of correlation
<0.9 [44], as measured for the discriminant validity
for constructs. The hypothesis developed for this study
was tested by running a bootstrapping procedure with a
resample of 5000, as suggested by [44], Bias-corrected
and accelerated bootstrap two-tailed with a significance
level of 0.050, with selection of the individual sign
changes option. Table 6 depicts that the relationship
between EES criteria to SD is supported by H,, H,, and
H, at the 0.010 level of significance. The coefficient of
determination for the multivariate regression model (R?)
is equal to 0.571, indicating a good fit, with the effect
size (f?) being medium for H , H,, and H,. The predictive
relevance (q?) is medium, small, and small.

AHP Sample Characteristics and Results
Sample Size

100% of participants in the first questionnaire
were male (due to the special nature of Saudi society).
Only 52% of the members of the sample were diploma
holders. Some of the sample were factory owners and

members of industrial associations; 41.1% of the sample
had a bachelor’s degree qualification, and 18.9% of
the sample had higher degrees. In addition, 1% of the
respondents had less than a year of experience; 22.5% of
the sample had 5 to 10 years of experience, and 72.5%
of the respondents had more than 10 years of experience.
A total of 45.0% of the sample of respondents worked
in the public sector; 22.5% of the sample worked in the
private sector. Another 7.5% worked in international
institutions, while the percentage of sample members
who worked in educational institutions was 25.0%.

Comparative Judgement

For the next phase of the AHP model, paired
comparisons were made between the subcriteria on the
same level. The pair judgment scale was used for these
comparisons, and the preferences for each element were
determined. Having obtained these values, comparison
matrixes were generated for the criteria as shown in
Fig. 6, with an inconsistency ratio of 0.070 as given by
Expert Choice. Figs 6 to 9 are the questionnaires sent
to the participants. A number rating was framed as
1 = equal, 2 = moderate, 5 = strong, 7 = very strong,
and 9 = extreme and applied for evaluating the relative
importance of EES criteria. The scale is graded based
on the benefit priority level (either as a blue color on
the left side benefit criteria level or a red color on the
right-side benefit criteria level), and the numerical
value is assigned. Figs 7 to 9 show the ratings for the
questionnaire comparing the relative importance of
subcriteria of the EES dimension of SD. Fig. 10 shows
the survey questions of the questionnaire to rate the
relative importance of ECO1 with respect to alternative
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Economic 918|7|6|5]|14]|3]|2 2 4 Environmental
Economic 9187|654 41516789 Social
Environmental | 9 |8 |76 |5 |4 4151617189 Social
Fig. 6. Comparison of the relative importance of the EES criteria with the goal.
1 ECOI1 9 18| 7|6 |5]|4]3 |2 1 2 13141516 7]|8]9 ECO2
2 ECO1 9 | 8| 7|16 | 5|43 |2 1 {2 (34|56 |7]|8]09 ECO3
3 ECOI 9 18| 7|6 |5]|4]3 |2 1 2 13141516 7]|8]9 ECO4
4 ECO1 9 | 8| 7|6 | 5|43 ]2 1 {23456 |7]|8]09 ECO5
5 ECO2 918 |7 |6 |5|4]3 |2 1 2 13141516 7]|8]9 ECO3
6 ECO2 918 | 7|6 |5]4]3 |2 1 2 131415167819 ECO4
7 ECO2 9 18| 7|16 |5 |43 ]2 1 {2 (34|56 |7]|8]|09 ECO5
8 ECO3 91 8|7 |6 |5]|4]3 |2 1 2 13141516 7]|8]9 ECO4
9 ECO3 9 18| 7|16 |5 |43 |2 1 {23456 |7]|8]|09 ECO5
10 ECO4 9 18| 7|6 |5]|4]3 |2 1 2 13141516 7]|8]9 ECO5
Fig. 7. Comparison of the relative importance of the subcriteria of economic criteria.
1 ENV1 9 18| 7|6 |5]|4]3 |2 1 213141516 7|8]9 ENV2
2 ENV1 9 18| 7|6 |5]|4]3 |2 1 21314516 |7]8]|09 ENV3
3 ENV1 918 | 7|6 |5]|4]3 |2 1 213141516 7|8]9 ENV4
4 ENV1 9 18| 7|6 |5]|4]3 |2 1 21314516 |7]8]09 ENVS5
5 ENV2 9 18| 7|6 |5]4]3 |2 1 21314516 |7]8]09 ENV3
6 ENV2 918 |7 |6 |5]|4]3 |2 1 213141516 7]|8]9 ENV4
7 ENV2 9 18| 7|6 |5]|4]3 |2 1 21314516 |7]8]09 ENVS5
8 ENV3 918 |7 |6 |5]|4]3]|2 1 213141516 7|8]9 ENVA4
9 ENV3 9 18| 7|6 |5]|4]3 |2 1 2 1314|516 7]|8]9 ENVS5
10 ENV4 9 18| 7|6 |5]|4]3 |2 1 213141516 7]|8]9 ENVS5
Fig. 8. Comparison of the relative importance of the subcriteria of environmental criteria.
SOCl1 9 81716 |5 |4]|3 2 2 4 6 9 SOC2
SOCl1 9 8|1 716 |5 |41|3 2 2 4 SOC3
3 SOC2 9 8171654 2 4 SOC3

Fig. 9 Comparison of the relative importance of the subcriteria of social criteria.

combinations (406 combinations). Even the 406 EES
subcriteria combinations for evaluating the questionnaire
expose the SD.

AHP Results

Expert choice software automatically calculates the
consistency ratio for judgements to ensure that it will
not exceed 10% according to AHP theory [46, 47].

Comparison of Criteria Results

Pairwise comparison of criteria: Fig. 11 shows
that economic criteria are the most important criteria
for the participants with a weight of 0.614, followed
by environmental criteria with a weight of 0.268, and
social with a weight of 0.117. The inconsistency ratio
of 0.070 is considered “acceptable” to continue the
AHP analysis [46]. The lower priority of the social
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1 Water & sanitation works 9187|6543 2(1[2]|3[4]|5|6|7|8]9 Electronic works
2 Water & sanitation works 918|716|5[43|2|1|2[3[4|5|6|7[8]|9 Marine works
3 Water & sanitation works 918|716|5[43|2|1|2[3[4|5|6|7[8]|9 Industrial works
4 Water & sanitation works 9187165432 1|2[3|4|5|6|7[8]|9 Electrical works
5 Water & sanitation works 918|716|5[43|2|1|2[3[4|5|6|7[8]|9 Mechanical works
6 Water & sanitation works 918|716|5[43|2|1|2[3[4|5|6|7[8]|9 Dams
7 Water & sanitation works 918765432 1[2]|3[4]|5(/6|7|8]9 Roads
8 Water & sanitation works 918765432 1[2]|3[4]|5(/6|7|8]9 Buildings
9 Water & sanitation works 918|716|5[43|2|1|2[3[4|5|6|7[8]|9 Slaughterhouses
sor | Mt oneionol o s [7] o] s[4 32| 1] 2] 4] 5|67 [0 “himemnes sderemins
405 Mai“te;‘lfl‘lcgehf;i;f:;:ti‘)“ of lglg|7]6|5|4l3|2|1]2]3]4|5|6|7|8|9| Citycleaning & wastes disposal
406 Mai“te;z?l"gif;i(‘)’f:;:ﬁ"n oflolgl7]6|s5|4]3|2]1|2]3]4|5]6|7|8]0 City cleaning & wastes disposal

Fig. 10. Comparing the relative importance of alternatives combinations relative to ECO1.

criteria can be explained by the weak correlation of according to AHP theory) [46, 47]. Fig. 11 illustrates the
its subcriteria with the economic and environmental pairwise comparison results for the main criteria using
subcriteria. The stability ratio for the comparison is Expert Choice.

0.070, which is less than 0.100 (the permissible ratio

Economic criterion 0.614 |
Environmental criterion  0.268 |
Social criterion o117 [

Inconsistency = 0.07
with 0.000 missing judgments.

Fig. 11. Pairwise comparison results for the main criteria using Expert Choice.

ECO1 0385 [
ECO2 0302 |
ECO3 0.149 |
ECO4 0.103 |
ECOS 0062 [ ]

Inconsistency = 0.04
with 0.000 missing judgments.

Fig. 12. Pairwise comparison results for economic subcriteria using Expert Choice.

ENVI 0428 |

ENV2 0241 [

ENV3 0.130 |

ENV4 0.112 [ |
ENV5 0.090 | ]

Inconsistency = 0.06
with 0.000 missing judgments.

Fig. 13. Pairwise comparison results for environmental subcriteria “ECO1” using Expert Choice.

SOC1 0.594 [ ]
SOC2 0.249 | ]
SOC3 0.157 [ ]

Inconsistency = 0.05
with 0.000 missing judgments.

Fig. 14. Pairwise comparison results for social subcriteria using Expert Choice.
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Comparison of Subcriteria Results

Pairwise comparisons of subeconomic criteria: As
shown in Fig. 12, the subeconomic criterion that has
the highest importance among the others is “Promoting
economic growth and contributing to gross domestic
product” at 38.5%, accompanied by “Contribute to
the diversification of economy and effects on other
sectors” at 30.2%, followed by 14.9% for “Efficient
use of financial and human resources”, 10.3% for
“Increase productivity and improve quality”, and 6.2%
for “Creating new jobs”. The stability ratio for the
comparison is 0.040, which is less than the allowable
ratio of 0.100 [46, 47].

Pairwise comparisons of sub environmental criteria:
As shown in Fig. 13, the sub environmental criterion
that has the highest importance among the others is
“Applicable environmental rules and regulations” at
42.8%, accompanied by “Environmental impact” at
24.1%, followed by 13.0% for waste management”,
11.2% for “Intensity of energy exploitation in the
production process”, and 9.0% for “Intensity of
utilization of available natural resources”. The stability
ratio for the comparison is 0.060 less than the allowable
ratio of 0.100 [46, 47].

Pairwise comparisons of subsocial criteria: As
shown in Fig. 14, the subsocial criterion that has the
highest importance among the others is “Improving
the employment situation” at 59.4%, followed by “The
distribution of incomes is equal” at 24.9%, and finally
15.7% for “Improved quality of life and wellbeing”. The
stability ratio for the comparison is 0.050, which is less
than the allowable ratio of 0.100 [46, 47].

Table 7 summarizes the earlier figures, illustrating
the weights of criteria, local subcriteria, and global
subcriteria of the AHP model.

Total Weight of Alternatives

Table 7 lists the results of pairwise comparisons of
the total weights of alternatives using Expert Choice. In
the first column is the SD’s criteria. Column 2 provides
the weight of the criteria. Column 3 names the code for
subcriteria. Columns 4 to 33 provide the priority of the
construction industry categories as calculated by Expert
Choice.

The table shows that the most important activity is
building construction. The industry attains a preference
of 13.9%. The industry’s addition to the domestic
economy and ability to generate job opportunities for
various disciplines and at diverse levels might explain
this. According to data of the General Authority
for Statistics in Saudi Arabia, the buildings sector
accommodates 1,147,194 jobs and ranks third after
trade/accommodations/food and industrial activity [9].
The water and sanitation works industries ranks second
at 11.2%, which shows the importance of this industry
to the other remaining industries since this is considered
the main request of other industries. The electrical

activity industry represented 10.8%, which is close to
the weight of the water and sanitation works industry. In
fourth place in the ranking is the road construction
industry at 8.6%; the researcher attributed the leading
rank of this activity to the civic development witnessed
in the Kingdom.

Mechanical works, electronic works, and landscaping
are ranked fifth, sixth and seventh with weights of 6.5%,
6.2%, and 4.8%, respectively, and are considered to form
important industries that fenhance the availability of job
opportunities for a large number of workers. The dams
industry is ranked eighth with a weight of 3.3%, while
city cleaning and waste disposal and communication
technology industries ranked ninth and tenth with a
priority 3.1%. The maintenance building industry is
ranked 11th with a weight of 2.8%. The catering for
medical centers industry is ranked twelfth with a weight
of 2.5%, while maintenance roads and landscaping
industries are ranked 13" and 14", respectively, with
a weight of 2.1%. The findings from this research are
consistent to some extend with the work done in Saudi
Arabia and globally by [54-56].

The remaining industries achieve weights between
0.07% and 1.9%. It is worth noting that the building,
water and sanitations works, mechanical works,
roads, and electronic works construction industry
categories achieve the first rank in general due to the
nature of these industries, providing a large number of
employment opportunities, which also benefits social
stability and influences the daily social activities of
Saudi people’s lives. The various maintenance activities
were ranked in the lowest positions from the perspective
of the experts involved in the research.

Conclusions and Future Work

This research investigates the criteria and indicators
of the construction industry sector in Saudi Arabia
in order to evaluate sustainability development. The
major result is the evaluation of the priority value of
the EES criteria for appraising the SD of KSA and
the preference rank of investment alternatives in the
economic activities of the construction business,
which consists of 29 industrial activities. The level
of importance for the 13 subcriteria is based on the
pairwise comparisons conducted by professionals
practicing in the construction sector. While scientists
focused on sustainability of the environment, green and
transport technology, urban land use, energy planning,
and modeling, they did not concentrate on investigating
the SD of different industrial tasks or measuring the
relative importance of their EES criteria.

Most of the work done addressing sustainability-
related judgment-making focused on the issue as a
multicriteria decision-making problem using AHP and
fuzzy AHP. This research is applying an integrated
approach combining SEM and AHP; it applies the SEM
to define the affecting factors in the decision-making
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process. This investigation uses SmartPLS and Expert
Choice software to design and analyze the collected
data from Saudi experts working in construction
industry categories. The results of SEM analysis were
applied in the AHP model. Expert Choice designed the
AHP model, which calculates the consistency ratio for
judgments and values of criteria and subcriteria total
weights of alternatives.

SmartPLS defines and analyzes the measurement
and structural equation models based on 3 main
criteria and 8 economic subcriteria, 8 environmental
subcriteria, and 5 social subcriteria that are defined by
experts working in the Saudi construction industry.
Based on the analysis of the measurement model,
a reliable structural model was designed to include
5 economic subcriteria, 5 environmental subcriteria, and
3 social subcriteria. Expert Choice formulates the AHP
model to define the weights of the criteria, subcriteria,
and preference percentage for alternatives. The results
indicated that building projects ranked first at 13.9%,
followed by water and sanitation activities at 11.2%,
and then electrical works business at 10.8%. Road work
ranked fourth at 8.6%, followed by mechanical activities
at 6.4%. The electronic works category ranked sixth at
6.2%, and then landscaping works at 4.8%. The dams
category ranked eighth at 3.3% percent; city cleaning
and waste disposal achieved 3.1%, and the remaining
categories achieved between 0.07% and 1.9%.

SEM and AHP techniques offer the most suitable
sustainability criteria and subcriteria ranking procedure,
which fills the gap of defining the AHP model based
on affecting factors. In the case of sustainability
development, the existing literature neglects the
sustainability model definition in both theory and
practice and does not provide a method to help decision-
makers understand the relative importance of subfactors
to the main criteria. The results obtained by this
research work coincide with the work done by these
referenced authors as in Saudi Arabia and globally
[54-56].

The natural expansion of this research is to determine
the correlations between the main and subcriteria based
on the SEM technique. The work of sustainability model
development for KSA is an open research area. Further
investigation may focus on integrating the uncertainty
of criteria weights into an MCDM application. In
addition, it is important to note that the combination
of different dimensions of sustainability performance
remain questionable in terms of their compensability.
The assignment of criteria weights, which represent
their intensity of preference or importance, implies
compensatory measures and trade-off among criteria,
while this might be unacceptable for certain cases of
SD.
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