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Abstract:

This research is aimed at evaluating two different scenarios, firstly, appraising
the impacts of employing the concepts of Total Quality Management (TQM) to the
construction projects in Saudi Arabia. The results of the study were obtained through
utilization of a descriptive analytical approach, where 300 questionnaires were
distributed to engineering firms and companies with a response rate of 200
questionnaires, hence achieving the study sample for this research. The data gathered
was analyzed by applying the Statistical Package for Social Science (SPSS) program
and calculating the Relative importance index (RIl) and the mean values. From the
research conducted, the outcomes showed that the management’s ability to commit
using TQM while applying BIM obtained a relative importance of (0.717), while the
relative importance for the management’s ability to commit using TQM without the

application of BIM is (0.552). The results showed that construction projects in Saudi
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Avrabia still sustain setbacks from applying TQM concepts and suffer from the lack of
administrative, scientific and technical applications. In a second scenario, a
hybridized support vector regression (SVR) Harris-hawks optimization (HHO) (i.e.,
SVR-HHO) were used to predict the TQM. The performance accuracy of the models
was checked through three different evaluation metrics namely; mean square error
(MSE), correlation co-efficient (CC) and Nash-Sutcliffe efficiency (NSE). the
hybridized emerging SVR-HHO outperformed the other two data driven approaches
in both the training and testing stages based on the employed evaluation metrics.
Overall, the obtained results showed that both the machine learning and metaheuristic

approaches were capable of predicting TQM.

Keywords: Total Quality Management, construction projects, Saudi Arabia, Harris-

hawks optimization, support vector regression

1. Introduction

For the past ten years, the construction industry in Saudi Arabia has endorsed
a significant development. Construction developments are globally considered the
most productive venture phases of any nation. Aside from the focus of construction
projects on traditional endowments, currently, the focus has been extended into
quality, cost-efficiency, cutback in cost, time management and investment [1]-[3].
Presently, construction projects face many developments and enhancements, which
makes maintaining the projects more difficult and incomprehensible. This is
particularly true for the construction projects in Saudi Arabia [4]. Contractors
encounter several conflicts when planning and executing construction works such as

uncoordinated drawings, specifications, absent pertinent information and overdue
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delivery of design material. As a result, the majority of the regions, in Saudi Arabia,
were required to apply and implement innovative techniques and principles in project
management and execution. Additionally, they needed to increase the qualifications,
requirements such as skills and highly developed technology, and properties of the
projects. The application of such approaches enhances production that is more
accurate, offer simpler implementing tactics and eases operations. In turn, contractors
will become more attentive and contribute in the application of quality insights

throughout the entire duration of the project’s construction [5], [6].

The growing complications of projects has resulted in many developments
within the construction industry. Information and Communication Technology (ICT)
is one of the few matters that has developed and evolved at a rapid rate. Over the past
decade, the construction industry observed a significant transformation in ICT, which
is the initiation of Building Information Modelling (BIM). BIM was developed as a
modern prototype for Computer Aided Design (CAD) to be implemented within
industrial and academic services [6]. Currently, BIM is recognized to be the ultimate
general compellation for an innovative approach in managing the design, construction
and maintenance of a project/structure. One definition of BIM is “an array of
interrelating guidelines, developments, and tools creating an approach to administer
the fundamental structure design and project information in a digital system
throughout the structure’s life-cycle”. Generally, theoretical progressions within BIM
implies that, besides its assistance in geometric display of the structure’s
implementation, it also aids the management and functional quality employment of a

construction project[6].

Depending on research in several fields, it revealed that TQM and BIM

convey association in execution and productivity of institutions, which also
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speculated that advanced information would eventually lead to advanced outcomes of
quality throughout the construction works [7][8][9], [10]. Accordingly, to determine
whether the implementation of TQM concepts within the construction projects in
Saudi Arabia can be accomplished, this research will study the evaluation of tangible
BIM application. A comparison of the TQM will also be made regarding the
outcomes of the project when BIM is applied or disregarded. The results will be
obtained by conducting researches, applying evaluation/assessment utilities and the
method used to comprehend the outcomes while acknowledging the primary features
of the project that is represented by time and cost and are incorporated to acquire the

vital quality.

However, the knowledge of Artificial Intelligence (Al) entails developing
machine elements that analyze the thinking made by a human and translate that
thinking into real situations. It can be seen in recent times that artificial intelligence
applications have the potential to play a vital role within civil engineering and other
branches of engineering. The methods used to perform many construction and civil
engineering activities during construction such as the pouring of concrete and
bricklaying have remained the same for many years. Therefore, there is a need to
provide new methods in construction and civil engineering practice using technology
like Al. This technology has more sophisticated applications in areas of civil
engineering including design, construction management, quality control as well as
risk control [11]-[15] Thus, it has become necessary for construction managers and
civil engineers to further their knowledge of Al to provide beneficial advantages to

their careers.
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2. Literature Review

The application of Building Information Methodology (BIM) in the
construction industry can be viewed as a method in employing Information
Technology (IT), which represents the analyzation, enhancement, structuring,
maintenance and processing computer-based data systems[16]. The concept of BIM
was initially publicized in 2003 by Autodesk. It was developed as an innovative and
sophisticated approach for structure design, building, and management. All over the
world, the BIM has been able to transform the method followed by the industrial
professionals in anticipating the impact of employing technology for structure design,
building and management. Ever since BIM has appeared, the modeling and
documentation of structure projects have endorsed exploitation of a modern approach
[16]. Building Information Modelling (BIM), as a term was originally formulated to
disengage the customary Computer Aided Design (CAD) that has been primarily
focused on the drawing production of structures from the previous IT and CAD
generations. BIM can be identified as the enhancement and processing of structural
statistics by an interoperable and viable method. Therefore, BIM is recognized as a
systematic process or a set of systematic processes that lets operators to integrate and
retrieve structural information and domain data throughout the structure’s life cycle

[17].

Many definitions have been associated to the Building Information Modeling
(BIM) approach. The American Institute of Architects (AlA) defined BIM as a
“model-based machinery associated with a databank of project statistics” (AIA,
2010). The National Building Information Model Standard (NBIMS) stated that the
BIM is viewed as an “automated interpretation of substantial and efficient aspects of a
facility”” [18]. They also claimed that BIM is “a communal information source for data

5
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on the facility, establishing a dependable foundation for assessments during the
facilities life-cycle; or in other terms from the initial origin up to the demolition of the

facility” [18].

BIM has been implemented in the execution of large and high-scale projects.
An example of such projects includes the recently constructed London 2010 Olympic,
6,000 seating, Velodrome cycle track and the 225 meters high, 48 floors, Leadenhall
Building “The cheese grater”. BIM is not only implemented within massive projects;
it also is processed in smaller scale projects on particular components throughout the
project. One example of smaller scale projects with BIM application is the new bus
post located in Slough, UK. It was opened in 2011 of June, in which BIM was utilized
to model and install the modular stairs [19]. Due to the anticipated compensations
from BIM employment, with respect to the cutbacks of operation costs and smaller
chances of error, the UK government declared that all contracts as of 2014 will
compel source chain partners to work jointly by utilizing the “fully collaborative 3D”
BIM [20]. The three-dimensional BIM insinuates all resource information, data and
records of all projects in a programmed method. In the United States, both the public
and private sectors are collaborating to validate the application of the BIM method

[21], [22].

On the contrary, there have been several evaluations that claim that the
application of BIM has not yet proven or justified it to be completely effective [23].
Succar provided a definition on BIM that emphasizes its entire aspect, which consists
of a software that involves arithmetical Modeling and input of information, as well as

the utensils and procedures coupled with Project Management (PM). Hence,
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observing BIM in its complete complexion undeniably classifies it within the
structure of the Project Management domain. Structural project managers are capable
of employing BIM to develop the involvement among investors, in which the duration
needed for documentation is reduced resulting in profitable project results. From
previous literature works on BIM features, some incorporated the detailed record of
BIM application on specific project conditions such as the Heathrow Terminal 5 [24]

and the Walt Disney Concert Hall [25].

In second scenario, some knowledge of Al seen in artificial neural networks
(ANN) has proven to be a useful measure for risk control as they can interpret a
collection of construction information. This neural network was also used in
predicting the compressive strength of a high strength self-compacting concrete, a
normal concrete, and high-performance concrete with a high volume of fly ash at 28
days. Also, the durability prediction of some construction materials was made using
an Al-based technique (neuro-fuzzy). These techniques can also be applied in
investigating problems that occur in concrete. Nowadays, Al-based models play a
significant role and demonstrate a desirable capability in the modeling and simulation
of random phenomena and non-linear time-series patterns. Thus, the Al-based model
uses a data intelligent algorithm efficiently, controlling the experimental time series
associated with the problem, particularly, the black-box model and any other
prediction models. Many types of research have been conducted using Al-models and
have revealed the successful application of their predictive capability in construction

and material engineering projects. For example, [26]-[29]
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3. Proposed Research Methodology

As stated above the proposed research methodology contained two different
scenarios, the first includes appraising the impacts of employing the concepts of TQM
to the construction projects in Saudi Arabia. However, the second scenario involves
coupling of hybridized support vector regression (SVR) Harris-hawks optimization

(HHO) (i.e., SVR-HHO) were used to predict the TQM (see, Fig. 1).
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3.1 Conventional Modeling

The objective of this research was obtained by employing the descriptive and
analytical method to analyze the data collected. The data was collected through the
distribution of 100 questionnaires to engineering organizations and construction
companies that apply BIM concepts and another 100 questionnaires were sent to firms
and companies that do not apply BIM in their work, which totals to 200
questionnaires. The sample size was determined by using a sample size calculator

found online. The mathematical equation to determine the sample size is as follows:

Z2+p+(1-p)

n=N x e2 1)

Z%xp+(1-p)
[N-1+=—>—]

In which n signifies the sample size, N represents the population size, Z is the
confidence level, p denotes the sample proportion and e represents the margin of
error. For the following study the population size is 412, the confidence level is 95%,
the margin of error is 5% and the sample proportion is 50%, which resulted in the
sample size of 200. This census was acquired from the Saudi Engineers Association,
which was based on the targeted research sample. To assess the information gathered
from the questionnaires, the SPSS program (statistical package for social sciences),
the Relative Importance Index and mean values methodologies were employed. The
detail analysis of Relative Importance Index (RII), data and questionnaire
measurement, validity of the structure, Kolmogorov-Smirnov test, and Cronbach

alpha test are presented in Appendix A.

3.2 Hybridized Computational Models

3.2.1 Support vector regression (SVR)
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The support vector machine (SVM) concept was first discovered by [30], which is
considered as an observer-based learning technique. This method was recently
employed in diverse areas of chemistry such as spectroscopy, chromatography,
synthesis and spectrometry successfully. Generally, SVM is categorized into two; the
Support Vector Regression (SVR), which composed of prediction analysis and the
Support Vector Classifiers (SVC) that deals with classification issues[31]. SVR can
be denoted using

fG)=wXd(x)+b )

Whereby, w is denoted as the weight of the vector shown in the feature space, the
transfer function is denoted using ¢, and b is considered as the bias. In order to

present SVR function f (x), the issue of regression can be demonstrated as:

Minimize §||w||2 +CYN (& +E) ®3)

yi —f(x) e+
Subject to the condition: fx)—y; <e+ ¢ 4)
§&,§=20,i=1,2,3,...,N
where, C, &; and &/ are penalty parameter and two slack variables, respectively, and €

is the . By utilizing the Lagrangian functions, the solution of the non-linear regression

function can be given based on the optimization as follows:

fO) =E (@i —a)) K(x,x) + b (®)

where; K (x, x;), a;, ; are kernel function and dual variables, respectively, and C, «;
and a; > 0. There are several kernel functions like linear, sigmoid, polynomial, and

radial basis function (RBF). Among them, the RBF kernel is considered as the most

10
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popular kernel used in the literature. Therefore, the RBF kernel was adopted for this
research. The RBF kernel is defined as [32], [33].

K (x,x;) = exp (=yllx; — x[1) (6)
where, v is the kernel parameter, which means C, vy, and ¢ are three parameters that are
responsible for SVR performance. A detailed description of SVR and SVM can be
found in [34].

3.2.2 Harris Hawks Optimization (HHO)

Harris Hawks Optimization (HHO) is considered as a novel algorithm, which is
developed through mimicking the hawk’s hunting procedure (Heidari et al. 2019).
The technique was used successfully for solving various intricate problems in
engineering and science in the recent years [36], [37]. Mostly, the hawks used to work
alone but the Harris hawks used to chase and hunt through working and co-operating
together. Therefore, the HHO technique resembles the co-operative mechanism and
hunting behavior of the natural Harris hawks. The mechanisms involved during HHO
hunting consists of tracing, encircling, approaching, and attacking. Which involve
three main steps viz; exploration, a transition from exploration to exploitation and

exploitation (Fig.2). The first stage involves the exploration, which is demonstrated as

follows:

_ Xrand(t) - r1|Xrand(t) - erX(t)l if q = 0.5
X@t+1) = {mebit(t) —X,(t) —=7r5(LB +1,(UB—LB)) if ¢ < 0.5 (7)
Xa(t) =~ 2V X,(t) ®)

Whereby X, (t) is defined as the mean location of the Harris hawks, while the no. of

Harris hawks was denoted using N, X(t + 1) is the location of the hawks in the

11
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following iteration t+1, X;(t) is the position of the current Harris Hawk at iteration t,
X,qna(t) is a randomly selected hawk, X,,,p:: (t) is the location of the rabbit (prey);
LB and UB are the lower and upper bands, respectively, and q, r;, r», r3 and r, are
random values varying between 0 and 1.

The second phase is considered as a transition from exploration to exploitation, if the
energy of the hawks is minimized during the hunt. The energy used for escaping the
hunt can be shown as follows:

E =2Ey(1-7) ©)
Whereby, E, is indicated as the original energy used during every progression (E, €
(=1, 1)), while T is the maximum size of iterations.

The exploitation stage is regarded as the third phase, and its planned predominantly
for improving local solution in the recent solutions. During this phase, the hawks
quickly attack the prey identified in the past stage based on the prey escape and hawk
hunting. Based on both values of E and r, the besiege type to catch the rabbit is
selected; the hard one is taken when |E| < 0.5 and the soft one is taken when |E| =
0.5. The HHO algorithm has four strategies to mimic the attacking stage; soft besiege,
soft besiege with progressive rapid dives, hard besiege, and hard besiege with

progressive rapid dives (Fig.2) [14], [35].

12
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Fig. 2: Different stages of Harris Hawks Optimization[35], [37]-[39].

3.3 Evaluation Criteria of the Models and Data Normalization

In order to ensure and maintain that similar attention and priority was given to both
the independent as well as the dependent variables and to equally minimize their
dimensions. The data set employed in this work is scaled and normalized into a range
of 0-1 based on equation 1. One of the main application of data normalization prior to
Al modelling is to minimize the redundancy of the data and to reduce the larger

numerical errors [40][31], [41]-[43].

y =0.05 + (o.95 X (M)) (10)

Xmax~Xmin
In any data driven approach, the performance criteria is checked using different
indices through comparing the experimental result with the predicted results [44]. The
data driven algorithms (SVR, SVR-PSO and SVR-HHO) developed in both the

calibration and verification phases were checked for their prediction ability using

13
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three performance indicator metrics Mean square error (MSE), correlation co-efficient

(CC) and Nash-Sutcliffe efficiency (NSE)

1
MSE = I Z%V=1(Yobsi - Ycomi)z (11)

N 5 5
NSE — Zi=1(Yabs Yobs)(Ycom Ycom) (12)

N v N v
J2i=1(yabs_yobs)2 Zi=1(ycom_ycom)2

S [ obs, i~V com ]

Z?’:ll(y)obs,j_(_ﬁobs,j]z

cC=1-

(13)

3.4 Proposed Modelling Procedures

In order to enhance the performance accuracy of SVR, the parameters of the
model should be defined carefully. Its accuracy depends on selecting various
appropriate conditions in order to attain the optimum state. It is paramount to
determine the global optimum solution, which can lead to achieving the best
performance. Therefore, the coupling of SVR technique with the nature-inspired
algorithms (HHO) lead to the birth of the SVR-HHO. The nature-inspired algorithms
were employed in order to find the three major parameters of the SVR model (C, v,
and ¢.). Based on Fig. 3, the flowchart illustrates the hybrid SVR-HHO model used in
this article. For the purpose of this current study, single and hybrid data driven
algorithms models were utilized in the prediction of TQM in order to understand their
activity as well as their structural behavior. The data involved in this study was
derived from the existing work in this stud. Currently, the novel Al-based techniques
(both hybrid and simple models) are now becoming interestingly popular in the field

of construction and civil engineering materials.
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‘

| Training of SVR Model

Mz - \
Iteration . | Evaluate SVR Model |
reached? |

Final Eval. Basedon
Optimum Results

Fig. 3: Flowchart of the proposed hybrid support vector regression models

For effective modeling and forecasting, external or internal validation
techniques are paramount. In Al-based models, validation is generally done in order
to fit the model into the given data set according to the employed indicators with the
aim of achieving a reliable result for the prediction of the unknown data set. Due to
problems such as over fitting, satisfactory calibration performance is not usually in
agreement with the testing performance. In the validation approach, various kinds of
validation methods can be utilized including cross-validation (CV), (also known as k-
fold cross-validation), holdout and leave-one-out etc. Holdout technique is generally
regarded as the simplest form of k-fold, where by the data is randomly categorized
into two sets called the training/calibration data and the verification/testing data. One
of the main advantages of this method is that in each single round, the training and

validation sets are independent of one another[45]-[47]. This leads to a sound
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foundation in the model optimization. In this research the data is divided into two

parts as stated above, 70% for training phase and 30% for testing phase.

4. Results and Discussion

As stated above the main objective of this study are presented in two different
scenarios namely, (i) appraising the impacts of employing the concepts of TQM to the
construction projects in Saudi Arabia, (ii) second scenario involves coupling of
hybridized support vector regression (SVR) Harris-hawks optimization (HHO) (i.e.,

SVR-HHO) were used to predict the TQM.

4.1 Result of Conventional Modeling

Occupation of the participants in the questionnaire are conducted using the
responses gathered, 35% of the participants are site engineers with a frequency of 69,
29% are site mangers with a 58 frequency and 37% of the participants are company
managers with a frequency of 73. Table 1 illustrates the results of occupation of
participants in the questionnaire. Fig. 4a further illustrates the results obtained in a pie
chart. From the graph shown, it can be concluded that the participants whom are
company managers have the higher percentage, followed by the site engineers and site
managers. In an Experience of Participants, the questionnaires showed that the
participants have a 26% of “1-5 years” with a frequency of 52, 34% have “5-10” years
of experience and a frequency of 67, and 41% of the participants have more than “10”
years of experience with a frequency of 81. The results are shown in Table 2 and Fig.

4b illustrates the results in a pie chart.
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Table 1. Frequency and Percentage of Participants Occupation

Job Frequency  Percent
Company Manager 73 37%
Site Manager 58 29%
Site Engineer 69 35%
Total 200 100%

Table 2. Frequency and Percentage of experience of participants

Experience Frequency Percent
1-5 years 52 26%
5-10 years 67 34%
More than 10 years 81 41%
Total 200 100%

From the Fig. 4b, it can be seen that the participants with more than ten years
of experience are the highest percentage at 41%, followed by participants with “5-10”
years at 34% and with the lowest percentage are participants with “1-4 years”
experience at 26%. However, the organization of Participants From the responses
collected, 22% of the respondents are employed in government organizations and the
frequency is 43, 33% are employed in consultant organizations with a frequency of 66
and 46% of the respondents are employed in contractor organizations with a
frequency of 91. The results are shown in Table 3 and Fig. 4c illustrates the results in
apiegraph. Fig. 4c shown, the participants whom are part of contractor
organization had the highest rate at 46%, where 33% were part of consultant

organizations and only 21% were part of government organizations.
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Table 3. Frequency and Percentage of organization of participants

Organization Frequency Percent
Government 43 2204
Consultant 66 33%
Contractor 91 46%
Total 200 100%
Site Engineer Company Morethan 10 years

1-5 years

Manager (b)
(a)

SitelManager 5-10 L/ears

Contractor Government
(c)

Colsultant

Fig. 4 (a) Occupation of Participants (b) experience of participants (c) organization of

participants

The higher management’s ability to applying TQM concepts when the
organization does not use BIM is also explained. The following table, Table 4,
illustrates the mean of the field “The higher management’s ability to commit to
applying TQM concepts when the organization does not use BIM”. It can be seen that
the mean of all the items in this field have a total value of (2.76). Moreover, the

proportional mean is found to be (55.16%); the relative importance is equal to
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(0.552); the test value is (-2.404); and the p-value was found to be (0.201) wherein the
value is greater than the significance level o = 0.05. When compared to the theoretical
value of (3), the mean value calculated for this field is insignificantly different,
including the relative importance value that is less than 0.7. From the questionnaires,
the responses showed that the participants were either uncertain or neutral in their

judgements for this field.

Table 4. The values of the Means and Test quantity for “The higher management’s

ability to commit to applying TQM concepts when the organization does not use

BIM”.

c S o
. c 'E % 02) % c—:; % ~ X
S Item s S g g€ > T2 5

Z o - O > wm

2 o3 g2 8 a>—

T E
1 What is your assessment on the performance of 2.76 55.16%  0.552 -2.537 0.105 3

the higher management of engineering projects
in Saudi Arabia in applying the concepts of
TQM?

2 What is your assessment on the performance of 2.79 55.81% 0558 -2.031 0.125 1
the higher management of engineering projects
in adhering to time schedule for engineering
projects?

3 What is your assessment on the performance of 2.75 55.00% 0550 -2.544 0.355 4
the higher management of engineering projects
in seeking to enhance project implementation?

4 What is your assessment on the performance of 2.72 54.35% 0544 -2.781 0322 5
the higher management of engineering projects
in seeking to cut back on expenses?

5 What is your assessment on the performance of 2.77 55.48%  0.555 -2.128 0.098 2
the higher management of engineering projects
in seeking to satisfy the client?

All items of the field 2.76  55.16% 0.552 -2.404 0.201
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Fig. 5 indicates that the questions that obtained the highest mean and relative
importance values, which resulted in question 2 with a mean value of 2.79 and
relative importance of 0.558. It also shows that the higher management’s ability to
commit to utilizing the conceptions of total quality management is extensively smaller
than the theoretical value (3) for the mean and smaller than 0.7 for relative

importance.

5.00
4.00
3.00

2.85 2.87 2.94 2.93 2.83
2.00
1.00 566 570 582 581 562
0.00 =1 i i =1

(Question 1) (Question 2) (Question 3) (Question 4) (Question 5)
@ Mean ERII

Fig. 5 Mean and relative importance values of “The higher management’s ability to

commit to applying TQM concepts when the organization does not use BIM”

Yet, from the research conducted and based on the majority of the
respondent’s judgments, the results prove that there is weak implementation of Total
Quality Management concepts for delivering construction projects. The results
showed that the higher management’s ability to commit to utilizing the conceptions of
total quality management is extensively smaller than the theoretical value (3) for the
mean, which was calculated at 2.76, and smaller than 0.7 for relative importance,
which was calculated to be 0.552. This reflects on how much of an influential factor
TQM concepts can be on the duration, cost and customer satisfaction in construction
projects in Saudi Arabia, wherein not applying TQM concepts can negatively affect a
project. Furthermore, this research advocates that when enhancing the activities of the

company’s quality systems; the administrative work display inadequacy. The presence
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of inefficiency in setting methods and techniques for reaching a critical observation
could assist in guaranteeing that TQM is manipulated in construction projects. All of
the aforementioned results prove that the higher management is unable to commit to
manipulating the conceptions of total quality management when they do not utilize

BIM in construction projects.

The following Table 5, illustrates the mean of the field “The higher
management’s ability to commit to applying TQM concepts when the organization
uses BIM”. The results in the table shows that the mean of all the items in this field
have a total value of (3.59). Additionally, the proportional mean is calculated to be
(71.71%); the relative importance is found to be (0.717); the test value is (0.860); and
the p-value was calculated to be (0.402) wherein the value is greater than the
significance level a = 0.05. By observing the test value, it is seen that the value was a
positive integer, that means the average of this field is significantly greater than the
theoretical value (3) and is larger than the relative importance value. From the
questionnaires, the responses showed that the participants were fond and accepted the
field “The higher management’s ability to commit to applying TQM concepts when

the organization uses BIM”.
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Table 5. The values of the Means and Test quantity for “The higher management’s

ability to commit to applying TQM concepts when the organization uses BIM”

e v 8 2 Ry
S Item S 2 S % g S % E
= > 8t T3 B = %
S re 2 g
a — a8
6.  What is your assessment that BIM 356 71.13% 0711 568 571 5
application assists the higher management
of engineering projects in Saudi Arabia by
applying TQM?
7. What is your assessment that BIM 3.60 7210% 0.721 1.080 .282 2
application assists the higher management
of engineering projects to commit to
projects schedule?
What is your assessment on BIM 357 7145% 0.715 .736 463 4
application in assisting the higher
8. management of engineering projects to
improve project performance?
What is your assessment on BIM 361 7226% 0723 1126 .262 1
application in assisting the higher
9. management of engineering projects in
seeking to cut back on expenses?
What is your assessment on BIM 358 7161% 0.716 .792 430 3
10 application in assisting the higher

management of engineering projects in
pursuing customer satisfaction?

All items of the field 359 71.71% 0.717 .860 402

Moreover, Fig. 6 illustrates the questions that obtained the highest and lowest
values of mean and relative importance. Based on the figure it is concluded that the
question with the largest values is question 9 with a mean of 3.61 and relative
importance of 0.723. The question that has the lowest values is question 6, with a
mean value of 3.56 and relative importance value of 0.711. Furthermore, it depicts

that the mean and relative importance of “The higher management’s ability to commit
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to applying TQM concepts when the organization uses BIM” is significantly greater

than the theoretical value (3) for mean and greater than 0.7 for relative importance.

5.00
4.00

3.00
2.0

) 2.84
2.81 2.66 2.50 2.52
H Mean
' ERII
) .557 .528 .563 496 .501
oo MH W L » w

1.0
(Question 6) (Question 7) (Question 8) (Question 9) (Question 10)

o

o

Fig. 6. Mean and relative importance values of “The higher management’s ability to

commit to applying TQM concepts when the organization uses BIM”

The results showed that a large part of the respondents support the question of
the engineering department’s ability to apply the concepts of TQM when utilizing
BIM in their companies. The question with the highest value is question 9: “What is
your assessment on BIM application in assisting the higher management of
engineering projects in seeking to cut back on expenses?”” which acquired a mean of
3.61 and relative importance of 0.723. In addition, the results proved that the
companies that applied BIM were capable of adhering to project schedule, cost and
customer satisfaction unlike those companies that do not apply BIM in their projects.
Moreover, all the results gathered from this study prove that the higher management is
unable to commit to applying TQM concepts when BIM is not used in the
construction projects. Hence, the mean and relative importance of “The higher
management’s ability to commit to applying TQM concepts when the organization
uses BIM” is considerably higher than the theoretical value (3) for the mean that is

3.59 and higher than 0.7 for the relative importance which is 0.717.
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4.2 Result of hybridized optimization Modeling

Prior to the model simulation, pre-processing of data was carried out using
various methods including normalization, and reliability analysis. For computational
analysis (time series data), understanding the effect of individual inputs is crucial in
determining the robustness of the predictive models. Hence stationery and reliability
analysis were conducted for all the study areas using Cronbach’s alpha method and
unit root test (i.e., using Augmented Dickey-Fuller (ADF)). It should be noted that for
any time-series, the preliminary analysis of single parameter or input is quite
significant for the reason that their prediction accuracy could potentially add to the
performance efficiency of the models. As reported in literature [48], [49], the internal
consistency of the parameter can be a positive impact if the Cronbach's alpha values
exceed the threshold of 0.7 (see, Table 6). According to Dickey et al., (2012), in order
to obtain reliable and valid outcomes that safeguard the stationarity of all the
parameters the ADF test is paramount. The experimental data used in the present

work qualified all the aforementioned criteria.

Table 6. Cronbach Alpha value for the individual field of the survey

No. Subject Cronbach’s
Alpha
1. The higher management’s ability to commit to applying TQM 0.988

concepts when the organization uses BIM

2. The higher management’s ability to commit to applying TQM 0.970
concepts when the organization does not use BIM

All items of the questionnaire 0.979

As described in the literature section, the modelling was conducted using

MATLAB 9.3 (R2020a). The best architecture of SVR model was optimized and
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selected using the trial-and-error technique. The results of the simulation were
checked and evaluated using NSE and CC to check for the fitness between the
experimental and predicted values, while MSE was employed in order to determine
the error depicted by the models in both the training and testing stages. Based on
model combinations, the simulated results in terms of quantitative assessment are

presented in Table 7.

From the results it can be observed that the predictive modeling approaches
have achieved different adequacy in accordance with evaluation criteria. Besides, the
overall results demonstrated that SVR-HHO served as the best simulation in term of
performance criteria. Although it is difficult to rank the models in accordance with the
achieved accuracies, nevertheless the HHO approach relatively showed the best
predictions accuracy which attained more than 90% with regards to goodness of fit.
However, the comparative visualization of the model combination are presented in
scatter plots (see, Fig. 7). A scatter plot shows the level of agreement between the
observed and predicted load for the overall goodness-of-fit. It is obvious from the
scatter plot that the SVR-HHO model show higher accuracy in comparison to the

SVR model.

Table 7. Results of evaluation criteria for SVR, SVR-HHO and SVR-POS model

Training Testing
NSE cC MSE NSE CcC MSE
SVR 0.8343 0.9134 0.0235 0.8775 0.9368 0.0021
SVR-HHO 0.9381 0.9686 0.0031 0.9601 0.9798 0.0021
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Fig. 7: Scatter graphical representation for (a) SVR (b) SVR-HHO

This also justified the capability of HHO model in handling the chaotic
system. In addition, MSE and MAE is more natural measure of average error, and
(unlike RMSE) is wunambiguous. It is amodel evaluation metric used
with regression models [51]. The mean absolute error of a model with respect to a test
set is the mean of the absolute values of the individual prediction errors on over
all instances in the test set. Fig. 8 also proved merit with regards to error values, as
indicated by several researcher lowest values of MSE or MAE indicate the best result
and vice-versa. It is evident that the superiority of the SVR-HHO model can be
attributed to the fact that hybrid model has been proving to be promising results than
single model. It is very important to report how reliable Al-based models are in the
fields of both science and engineering (Gaya et al.,2014; Jang, 1993; Solgi et

al.,2017).
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Fig. 8. Comparative performance of the models using MSE-values

Moreover, the overall comparison between the best SVR model and the two
hybrid SVR algorithms (SVR-HHO) is provided using two-dimensional Taylor
diagram, as presented in Fig.9. The Taylor diagram highlights and summarizes several
statistical indices such as correlation coefficient (R), RMSE, and standard deviation
between the observed and computed values (Ghorbani et al., 2018; Taylor, 2001). The
Taylor diagram has been utilized in various fields such as water engineering, climate
and hydrological modeling. Interestingly, to the best of the author’s knowledge, this
research serves as the first to use this diagram in forecasting load demand. Also, this
diagram has the ability to highlight the goodness of fit of various models in
comparison with one another, therefore the diagram can be seen as a series of points
on a polar plot. Detailed explanation and discussion on the Taylor diagram are given
in literature (Taylor, 2001). From Fig. 9, it can be observed that the SVR-HHO
achieved better goodness of fit in all the four states with the value of R = 0.9798 in
the testing phase. The results lead to the conclusion that for both training and testing,
SVR-HHO is capable of capturing the complex nonlinear patterns between the load

demand variables.
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Fig. 9. Two-dimensional plot in terms of Taylor diagram of the models in both
calibration and verification

5. Conclusion

Total Quality Management (TQM) represents the management method for
continuous success through client satisfaction. By applying the concepts of TQM,
operators or project owners are able to adhere to time schedule, meet all the clients’
demands, increase revenues, minimize expenses, and accomplish safety protocols.
Moreover, they are able to maintain management and reliability within the
fundamental constraints, which are time, cost and quality of a project. The results
collected were dependent on the dominance of the respondent’s judgements and
showed that applying the TQM concepts when implementing construction projects is
inadequate and incomplete and the higher management cannot commit to applying
TQM concepts within projects. The majority of the respondents judged that within the
construction divisions, accomplishing the administrative, scientific and technical
abilities while applying TQM is weak and insufficient. This study proposes that the
organizations lack a sufficient committee to manipulate the TQM concept. The aim of

this research was to focus on the significance and assess the influence of TQM
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application within the construction industry. This was completed by using descriptive
and analytical approaches, as well as the SPPSS program, the Relative Importance
and the mean values. The results were gathered by distributing questionnaires to
engineering organizations and companies, which discussed the significance of TQM
concepts on construction projects in Saudi Arabia. In second scenario, a multi-model
data-driven approach using Al-based model (SVR) with a metaheuristic method
including; HHO (SVR-HHO) were employed for predicting the TQM. The simulation
methods have achieved various performances based on the evaluation metrics; NSE,
CC and MSE. The SVR-HHO indicated lowest MSE value and higher goodness-of-fit
in terms of NSE and CC in both the calibration and verification stages. Overall, the
outcome of this study illustrates the impact of the metaheuristic approaches indicating
that both the single and hybrid models resulted in obtaining more precise, accurate
and robust results as compared with employing the traditional single models. The
results equally suggested that the use of other hybrid models, optimizing methods,
ensemble machine learning approaches and other metaheuristic algorithms can be
used to improve the prediction ability of the chromatographic properties of the

mycotoxins.
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