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Abstract

Value Management (VM) is a structured method for enhancing the effectiveness of building projects, yet adoption in
Jordan remains limited. The study identifies the principal barriers to VM adoption in Jordan’s building sector and ranks
them to inform policy and practice. A survey of 101 industry stakeholders captured 19 Likert-type indicators. Exploratory
factor analysis (EFA) reduced the indicators to coherent barrier clusters; partial least squares structural equation modeling
(PLS-SEM) then validated a reflective measurement model and tested links with VM adoption. An artificial neural network
(ANN) with k-fold cross-validation quantified predictor importance and assessed out-of-sample error. EFA produced three
clusters—standardization and organizational practices, workshop design and participation, and culture and industry
environment—explaining approximately 73% of total variance. PLS-SEM supported reliability and convergent/
discriminant validity and indicated that workshop-related and standardization barriers exert the strongest adverse effects
on VM adoption. ANN results corroborated these patterns and highlighted workshop dynamics as the most influential
predictor. This work presents the first integrated EFA-SEM-ANN analysis of VM adoption barriers in Jordan. The multi-
method evidence yields actionable priorities: institutionalize standardized VM procedures, strengthen VM workshop
design and participation, and address organizational culture to accelerate VM uptake.

Keywords: Barriers; Value Management; Construction; EFA; SEM; ANN.

1. Introduction

Building projects significantly influence culture, the environment, and the economy throughout their entire life cycle
[1, 2]. Buildings consume more than 40% of global energy and account for about 30% of total greenhouse gas (GHG)
emissions in both developed and developing nations [3]. Over 40% of the total energy use in Europe and the USA is
attributed to buildings [4, 5]. In developing countries, the sustainability of building projects is often secondary [1]. These
countries have experienced rapid development; therefore, the building industry plays a crucial role in providing basic
living infrastructure [6]. The success of this sector is typically measured by the quality, cost, and time performance of
construction projects [7]. Furthermore, in many developing countries, the building industry has undergone significant
changes to meet national economic objectives [8]. It has been reported that financial systems in most developing
countries are still undergoing improvement [9].

Building projects in these contexts frequently face numerous challenges, including failure to meet required targets,
schedule delays, cost overruns, and inadequate sustainability performance [10, 11]. In addition, studies addressing the
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social costs of building projects in urban residential sectors remain limited [12, 13]. Weak initiatives in developing
countries have led to issues such as projects completed within budget but behind schedule, or projects being suspended
or abandoned due to funding shortages [11, 14]. Overall, the construction industry in many developing countries fails
to meet the expectations of governments, clients, and sustainability goals, and thus lags behind other sectors both
domestically and internationally [15].

This situation has emphasized the need for “sustainable buildings,” which are environmentally friendly and resource-
efficient throughout their development processes [1]. Lewis et al. [16] defined sustainability as meeting present needs
without compromising the ability of future generations to meet their own needs. Kibert [17] described sustainable
construction as the creation of a healthy built environment based on ecological principles and efficient use of resources.
Sustainable construction is generally viewed as a process that begins before project execution and continues even after
construction professionals leave the site [18]. Wolstenholme et al. [19] emphasized that the construction industry should
be modernized through the adoption of effective, integrated, innovative, and sustainable practices. Enhancing
sustainability awareness at the earliest stages of a building project is strongly recommended to guide its development
effectively [1]. Value Management (VM) can incorporate sustainability considerations during the early planning and
design phases of project delivery [20]. The Society of American Value Engineers (SAVE) [21] has recognized VM as a
proven mechanism for improving the sustainable value of projects.

VM is an effective tool for managing planning, design, and performance in different building project components
[22]. VM originated in the United States post-World War 11 when Lawrence D. Miles developed it at General Electric
[23]. Initially applied in the industrial sector, it was introduced to the construction sector in the early 1960s. The scarcity
of certain materials due to the war prompted the search for alternative methods to achieve component characteristics
without relying on specific materials [24]. This led to the development of affordable products without sacrificing
efficiency. Post-war, this approach was used to eliminate and reduce unnecessary product costs, laying the foundation
for value engineering based on functional analysis [25].

VM, also known as Value Assessment (VA) or by the U.S. Value Engineers Association (SAVE), is a
multidisciplinary, team-oriented, systematic analytical process to deliver maximum value to the consumer throughout
the design and construction phases. It spans the entire project lifecycle, promoting efficient construction techniques [26].
VM is crucial for sustainable development and budget conservation, as it helps cut unnecessary costs. Government
policies often focus on improving construction sector efficiency and reducing building costs [27].

VM is a process that ensures the highest value in design and construction through consumer awareness. This is vital
for successful building techniques throughout a project's lifecycle. VM can stimulate and cut unnecessary expenses
while incorporating sustainable development into programs and budgets [27]. Given that the government is a major
client in construction projects, VM's ability to enhance efficiency and reduce costs aligns with governmental objectives.
Chilakamarri et al. support that VM maximizes performance and efficiency without compromising value [28]. Globally,
VM is recognized as a strategy for achieving value for money and higher productivity. Ellis et al. found that applying
VM at an early project stage could reduce capital expenditures by 10-25 per cent, with previous studies indicating a 5—
10% reduction in project building costs [29].

VM is common in many countries but less so in developing nations. For instance, VM adoption is still in its infancy
in China and Malaysia, and its application is limited in South-East Asia and South Africa. Malla concluded that VM
adoption in construction is slow in Myanmar and Nigeria and only recently introduced in Nepal [30]. There is a lack of
systematic research on VM knowledge and application in Jordan. Most Jordanian stakeholders lack sufficient VM
knowledge, hindering its implementation. Practitioners sometimes compromise performance and basic functions to cut
costs, and uncoordinated teams fail to provide innovative solutions. The Jordan building sector reflects issues common
to many developing countries [31, 32]. VM was widely used in established building industries in the USA, UK, Hong
Kong, China, and Australia in the 1970s, with significant improvements in its implementation. In developing nations,
however, weak project supply sectors lead to client dissatisfaction [33]. Since VM aims to achieve cost value by
controlling costs and eliminating unnecessary resources, processes, and times, it is a crucial strategy for success.

Although previous studies discussed VM benefits, activities, and technological efficiency in several developed
countries, few efforts have been made to determine VM implementation in developing countries [1]. Therefore, VM
methods have not received comparable coverage in the majority of developing countries, including Jordan. Despite the
advice to embrace VM and the growing awareness among building professionals, VM adoption remains limited, and it
was found that while small VM seminars were well-run, research on virtual obstacles in developed and globalized
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nations is still ongoing [34]. Identifying factors hampering VM implementation is essential for overcoming obstacles
and promoting VM techniques in the industry [1].

The existing literature on VM implementation largely focuses on developed countries, leaving a significant gap in
understanding the barriers developing countries face, particularly in the Jordanian construction industry. This gap is
critical, as developing countries' socio-economic and cultural contexts can differ markedly from those of developed
nations, leading to unique challenges and obstacles not addressed in the current body of research. To fill these research
gaps, the following research questions are framed:

e What are the primary barriers to VM implementation in the Jordanian construction industry?
o How can these barriers be categorized and analyzed to understand their underlying structure?
o What are the relationships between these barriers, and how do they impact VM implementation?
¢ How can the impact of these barriers on VM implementation be predicted?
To fill this gap, the objectives of this study are:
¢ To identify barriers to VM implementation through a comprehensive literature review.
e To analyze these barriers, Exploratory Factor Analysis (EFA) was used to uncover their underlying structure.
o To examine the relationships between these barriers through Structural Equation Modeling (SEM).
o To predict the impact of these barriers on VM implementation using Artificial Neural Networks (ANN).

This study contributes significantly by comprehensively analyzing the barriers to VM implementation within the
Jordanian construction industry, an area underrepresented in existing research primarily focusing on developed
countries. Utilizing a multi-method approach involving EFA, SEM, and ANN, this research offers a nuanced
understanding of the complex factors impeding VM adoption. The findings enhance theoretical knowledge by
uncovering unique challenges in a developing country context and delivering practical insights for stakeholders to devise
targeted strategies and policies. By addressing these barriers, the study aims to improve project efficiency, effectiveness,
and sustainability in Jordan's construction sector, ultimately advancing construction practices and infrastructure
development in similar socio-economic environments. The remainder of this article is organized as follows. Section 2
reviews the relevant literature and develops the research questions. Section 3 describes the methodology, including
instrument design, sampling, and data analysis procedures (EFA, PLS-SEM, and ANN). Section 4 reports the empirical
results. Section 5 discusses implications for policy and practice, as well as theoretical contributions and limitations.
Section 6 concludes and outlines directions for future research.

2. Literature Review

Subjects of sustainability have been stressed by countless studies [35, 36]. Transforming strategic sustainability
targets and strategies for projects is a complicated procedure [37]. Balance essentials to be generated among the
social sustainability, economic, and environmental aspects [35, 38]. The emergence of sustainability in
the building industry has led to a search for practical ways to infuse this concept into existing working
environments [20]. The need for sustainable improvement and the innovative corporate social responsibility ethic
implemented through companies are drivers that could also encourage VM's massive use at the primary strategic
phases [39, 40]. VM is conventionally established as an organized and analytical procedure designed to improve
value for money by delivering the required functions with the least cost in line with the quality and sustainability
required [41]. Applying VM has attracted increasing interest among most experts, researchers, and building
industry practitioners [42-44].

Over the past ten years, VM has evolved using generally accepted tools and approaches into an established method.
VM to maximize project efficiency using proprietary, advanced software intended to address issues and a disciplined
framework for development [45]. From the project's start to its conclusion, the need for a disciplined methodology,
multidisciplinary study, and functional analysis was highlighted [32]. SAVE International defines VM as a cross-
disciplinary, systemic endeavor to investigate projects offering the most important benefit at the lowest cost [46]. VM
is a sensible strategy that could help to lower life cycle and capital expenses. While consumers often demand cost cuts,
Abidin & Pasquire pointed out that VM keeps improving capital investments, quality, profitability, and market image
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[20]. Ma & Hao said VM's main concentration is planning structured seminars. These seminars aim mainly to unite
several stakeholders' opinions to satisfy the project's needs effectively. SAVE plans these seminars in stages:
information, function analysis, creativity, evaluation, and development. These seminars help team members to improve
the project and create a reasonably affordable model. VM enhances project performance without sacrificing goals rather
than only cost control [47].

Because of the great advantages seen in industrialized nations, VM is common in many of them and attracts interest
in developing countries. While earlier studies on VM concentrated on awareness and preparation in underdeveloped
nations, more recent studies have examined implementation difficulties. Several obstacles to VM adoption include lack
of information, standards, historical data, time, comprehension, and client obligations [48]. Critical elements preventing
VM deployment in Malaysia include ignorance, official government backing, and local policies. Stressing resistance to
change and contradicting project goals are primary challenges in VM seminars. Similar lack of skilled personnel,
problems in workshops, and ignorance of and lack of application records [48]. Kissi et al. [49] looked at 22 VM problems
in Ghana and found important elements causing challenges to VM deployment. When Luvara & Mwemezi evaluated
VM adoption in Tanzania, they discovered major obstacles, including inadequate information, poor procurement
practices, and insufficiently trained staff [50].

Aduze underlined the main hurdles of VM deployment in Nigeria: lack of government legislation, poor client
reception, and insufficient VM knowledge [51]. Ezezue discovered that the program's success suffers from adequate
attention and orientation toward VM values [52]. Shen pointed out other problems like inadequate government support,
VM professionals, and poor implementation dedication. Shen examined VM understanding and application in Hong
Kong and discovered that major obstacles were lack of expertise, confidence, and time [53]. Cheah & Ting found that
in China, lack of knowledge and technological standards are the biggest challenges to virtual machine implementation
[54]. With issues including a lack of standard methods, industry marketing, and knowledge on VM benefits, VM is
somewhat new in Sri Lanka [55]. Fard et al. [56] examined VM in Iran and found obstacles to out-dated norms,
conventional wisdom, negative attitudes, lack of local direction, and ownership changes. Emphasizing contractual
agreements, top management support, team formation, and implementation time, Malla offered recommendations for
VM applications in Nepal [30].

Latief & Vincentius Untoro [57] researched VM in the Department of Public Works in Indonesia, noting elements
influencing VM preparedness included the number of competent workers, implementation strategy, workforce makeup,
technology, management awareness, and training. Examining VM in Western Australia's engineering industry, Whyte
& Cammarano [58] discovered that workshop success suffered from time limits, ignorance, and team engagement.
According to several studies, lack of expertise, government and management backing, and customer readiness to pay
extra expenses are significant obstacles to VM adoption in poor nations. Notwithstanding these obstacles, VM's possible
advantages emphasize the necessity of increased knowledge, education, and assistance to enable its acceptance and
application.

2.1. Research Gap

Despite the increasing recognition of VM as a pivotal practice for enhancing project efficiency and effectiveness,
its implementation within the Jordanian construction industry remains fraught with challenges. Existing literature
predominantly addresses VM in broader contexts or other regions, leaving a significant gap in understanding the
specific barriers in Jordan. Current research often overlooks the unique socio-economic, cultural, and regulatory
factors that impede VM adoption in Jordanian building projects. Furthermore, integrating advanced analytical
techniques such as EFA, SEM, and ANN to examine these barriers is limited. This gap underscores the need for
comprehensive studies that leverage these methodologies to identify, quantify, and model the complex, interrelated
obstacles to VM implementation, thereby providing tailored strategies to foster its adoption in Jordan’s construction
sector.

3. Research Methodology

This study examines the obstacles to VM deployment in Jordanian construction projects. Three rounds of inquiry
were conducted to compile Jordanian experts' data and identify these obstacles. As Figure 1 shows, the investigation
was conducted in several stages.
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Figure 1. Research Framework

3.1. ldentification of Barriers

This work compiled a rapid scoping review. Burnham [59] notes a scoping review as a first evaluation of the current
VM research output volume and scope under publication. When a body of research is broad, complicated, varied, or not
thoroughly studied, and it would be impractical to offer a more targeted and comprehensive analysis, scoping
assessments are advised. This review was deemed essential for this study since it revealed the obstacles to VM
implementation in Jordanian building projects. Examining every obstacle's relevance to VM deployment in Jordanian

construction projects. The current argument revolves around the variations in the factors influencing success between
the two and incentives.
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Caponecchia et al. [60] defined a scoping review as usually comprising several phases: timetable establishment,
formulation of research questions, identification of sources and search strategies, selection of relevant studies, optional
assessment of the selected studies, synthesis of findings, and optional expert consultation. The present work should be
underlined as an independent study project rather than a publication compiling past research. Over 21 years, from 2014
to 2023, the literature was searched on the obstacles to using VM in the building sector. Given that the time range
provided the required data for their investigation, the researchers took it into account (see Table 1), adopted from Kineber
etal. [42]. "What are the barriers to VM implementation in building projects within the Jordanian construction industry?"
asked the main question guiding the search for these literary sources. A more comprehensive range of search engines,
including Scopus, Emerald Insight, Google Scholar, and similar tools, was consulted to remove the obstacles to VM
implementation in Jordanian building projects. The search yielded a few scholarly research articles, reports, books, and
other material about VM. The most remarkable ones were decided to be used for this research. The extra pertinent
material found throughout the search was divided among numerous areas of the literature review, including Table 1,
which summarizes the primary strategies applied in this research adopted from Kineber et al. [42].

Table 1. List of barriers to VM implementation in building projects adopted from Kineber et al. [42]

) ) References
Categories Code Barriers
1 2 3 4 5 6 7 8 9
B1l Resistance to accept new innovations * * *
B2 Lack of active involvement of clients and stakeholders * * * *
B3  Difficulty to establish mutual project objectives by stakeholders * *
Cu!ture and B4  Lack of commitment to implement VM * * *
environment
B5  Client's inability to communicate requirements and needs to the design team * *
B6  Self-justifying attitude of the original design team * * *
B7  Client’s unwillingness to fund VM exercise * *
B8  The procurement and contract strategies are inappropriate for implementing VM * * *
B9 VM workshop incurs additional cost * * *
B10 Difficulty in conducting analysis and evaluation of functions and alternatives * * * *
Workshop
dynamics B11 Lack of time to conduct VM studies * * * *
B12 Difficulty in Selecting of an inappropriate approach or method of VM * * * *
B13 Problem of technological advancement in employing technology integration in * * * *
VM approach
B14 Lack of VM awareness among the clients * * * *
B15 Absence of local VM guidelines and legal framework * * * *
o B16 Lack of encouragement on the part of government * * * *
Standardization
B17 Lack of legislation which provides VM application in the construction industry. * * *oox
B18 Lack of readiness to adopt VM in the industry * * * *
B19 Lack of contract provisions for implementation VM between owners * * * *

* Note: 1=[32]; 2=[34]; 3=[34]; 4=[61]; 5=[62]; 6=[26]; 7=[48]; 8=[25]; 9=[63].

3.2. Data Collection

A questionnaire can assess behaviour, attitudes, organizational norms, links among several components, and cause-
and-effect relationships [64]. The questionnaire was supposed to be an evaluation tool. Fellows & Liu [64] argued for
assessing a questionnaire's accuracy, adaptability, and possible power and highlighted numerous circumstances that call
for study and surveys. The poll findings mostly reflect assumptions regarding architects, engineers, quantitative auditors,
contractor degrees of involvement, and their contributions to building projects. The survey covers every employee
working in construction—including managers, general engineers, heavy equipment operators, contractors,
subcontractors, construction workers, and supervisors.

A pragmatic sampling approach was used to compile data from the target population with the involvement of multiple
stakeholders. Moreover, this paper looks at obstacles to VM deployment in Jordanian construction projects. The study
guaranteed an excellent supply of easily accessible samples and allowed every professional in the country a fair
opportunity to choose using a random sampling approach [65].

The first utilized to assess the appendix survey samples with a 101-person sample size was exploratory factor analysis
(EFA). Reviewing a brief and generally agreed-upon set of responses, the researchers performed the required statistical
tests [66]. Using multiple categories, the initial portion of the questionnaire gathered participant demographic data.
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Using a 5-point Likert scale, the second component assesses difficulties in VM whereby 5 indicates a very high level
and 1 a relatively low one. The following studies have used this measure [66-68]. Table 2 shows the professional

demographic data.

Table 2. Demographic details of the experts

Years of experience Frequency
10 to 15 years 26
15 to 20 years 23
510 10 years 23

Less than 5 years 14
More than 20 years 15
Professional field

Avrchitecture 14
Civil Engineer 36
Construction Manager 24
Design Engineer 1
Electrical 6
Project Manager 2
Quantity surveying 16
Resident Engineer 2
Current position
Design Engineer 24
Director 9
General Civil Engineer 2
Lead Electrical Engineer 1
Manager 33
Quantity Surveyor 5
Senior Manager 25
Site engineer 2
Organization function
Client/Developer 16
Consultant 50
Contractor 33
Telecom operator 1
Third party 1
Level of education
Bachelor’s degree 75
Master’s degree 20
PhD 6
Level of awareness
Not Familiar 7
Familiar 54
Moderately Familiar 22
Totally Familiar 18
Perception of VMor Value engineering
A concept 49
A Technique 37
A profession 15
Training on VM
No 62
Yes 39
Participated in any VM Workshop or study
No 23
Yes 78
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3.3. Data Analysis
3.3.1. One Sample t-Tests and EFA

Input the questionnaire data using IBM SPSS Statistics 24, a statistical analysis tool. Program SPSS was used for
descriptive statistical research, including frequency, mean, and standard deviation (SD) computations and inferential
statistical tests like one-sample t-tests and EFA. Using a reliability analysis, the precision of the gathered data was
assessed to find any components that had a minimal impact on its general accuracy. Any object needs to be removed
from the EFA should it turn unreliable for whatever cause. A Cronbach alpha test helped determine the instrument's
trustworthiness. Given a Likert scale questionnaire, as in this study, this test is essential. Tan et al. [69] argue that this
method aids in determining the internal consistency of the instrument and the dependability of the acquired data. Inside
the interval 0 to 1, one can obtain the Cronbach alpha coefficient. According to Tan et al. [69], a score higher than 0.7
indicates a noticeable degree of data coherence; a value higher than 0.8 implies significant internal consistency. Table
3 displays for the three components the Cronbach's alpha coefficients of 0.932, 0.827, and 0.678 dependability study
findings. Table 3 reveals the voter's remarkable internal consistency in their values. These tests reveal rather solid
internal consistency.

Table 3. One sample t-test for barriers to implementing VM

95% Confidence Interval

Barriers N Mean Rank De\?it;jfion esrtr%r t df (Z—f;ﬁéd) (l—f;ﬁéd) Dif'\f/leerae?mce ofthe Difference

Lower Upper
B1 101 4366 1 0.913 0001 48037 100 0 0 4.366 4.186 4547
B2 101 3931 15 0.816 0081 48436 100 0 0 3.931 3.770 4,002
B3 101 4208 2 0.898 0089 47094 100 0 0 4.208 4,031 4.385
B4 101 3871 12 0.924 0002 42119 100 0 0 3871 3.689 4.054
B5 101 4059 6 1.038 0103 39321 100 0 0 4,059 3.855 4.264
B6 101 3980 7 0.980 0097 40834 100 0 0 3.980 3.787 4.174
B7 101 4119 3 1.023 0102 40478 100 0 0 4119 3.917 4321
B8 101 382 14 0.895 0089 43016 100 0 0 3.832 3.655 4,008
B9 101 4079 5 0.880 0088 46608 100 0 0 4,079 3.906 4.253
B10 101 4089 4 0.950 0095 43270 100 0 0 4.089 3.902 4277
B11 101 3802 16 0.825 0082 46322 100 0 0 3.802 3.639 3.965
B12 101 3931 8 0.840 0084 47042 100 0 0 3.931 3.765 4,096
B13 101 3911 9 0.928 0002 42334 100 0 0 3911 3.728 4,004
B14 101 3911 9 0.884 0088 44447 100 0 0 3911 3.736 4,085
B15 101 3525 18 0.955 0095 37095 100 0 0 3525 3.336 3.713
B16 101 3801 10 0.747 0074 52349 100 0 0 3.801 3.744 4,039
B17 101 3653 17 0.741 0074 49567 100 0 0 3.653 3.507 3.800
B18 101 381 13 0.708 007 54848 100 0 0 3.861 3.722 4,001
B19 101 3881 11 0.898 0089 43454 100 0 0 3.881 3.704 4,058

Analyzing the sample means that the T-test is a statistical method used in past research [70]. The study assessed the
statistical relevance of the sampled population about a given ability using a one-sample t-test. The null hypothesis (HO:
U5U0) evaluates the obstacles to VM applications in Jordanian construction projects. Conversely, the alternative theory
proposed that these issues are significant (Ha: U>UQ), in which case UO, the average population value, was calculated
as 3.5 based on the results of Nunkoo & Ramkissoon [71]. The five-point Likert rating system identifies a skill as
substantial if its average score is notably over 3.5, demonstrating agreement on the worth of the talent. The vast range
of skills required in this study was to apply EFA (Exploratory Factor Analysis) to improve the final analysis. Using
exploratory factor analysis (EFA), the main obstacles to VM deployment in Jordanian building projects were discovered.
Although the sample size was small—just 101 individuals—the exploratory factor analysis (EFA) was sufficient.
According to Field [72], statisticians cannot agree on the suitable sample size for factor analysis. As such, some
guidelines—like the 5:1 ratio—have been implemented. According to Bello et al. [66], a primary component analysis
calls for a minimum sample size of 100 or five times the number of characteristics.
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Pinheiro et al. [73] suggested that, over several criteria, sample size did not affect stability. Still, the importance is
in the specific sample dimensions and component saturation level. Gandini et al. [74] suggested that one should consider
the whole sample size and the strength of the factor loadings even while assessing the fit of a factor solution. In their
study, Wagar et al. [75] demonstrated that even with minor biases present, exploratory factor analysis (EFA) can produce
consistent results even in cases of less than 50,000 sample size. Although there have been continuous discussions on the
appropriateness of the sample size, the exploratory factor analysis (EFA) performed using the data acquired in this study
shows that a sample size of 101 was favourable. Bartlett's test of sphericity and the Kaiser-Meyer-Olkin (KMO) sample
adequacy [76] helped to assess the appropriateness of the data.

3.3.2. SEM Analysis and Model Development

Combining the viewpoints of econometrics and psychometrics, structural equation modeling (SEM) is a statistical
technique [77]. SEM has been extensively applied in several academic fields, including construction management [78],
management, organizational behavior [79], etc. SEM deftly integrates multiple regression modeling with factor analysis.
Researchers can replicate the relationships between hidden variables (constructs) generated by observable variables
(measurement items) using a fundamental approach [78]. SEM is commonly used to find and assess modeling and
computational errors and investigate several linked relationships.

As such, the computed measurable variables were acquired, and a thorough assessment of data assumptions
concerning methodological and substantive/theoretical problems was performed. SEM lets researchers develop a model,
evaluate its applicability, and investigate the several relationships and linkages in the data [79]. A similar term is PLS-
SEM for the component-based approach. Mostly employed for the generation of hypotheses and abstract ideas,
exploratory research by use of partial least squares (PLS) structural equation modeling (PLS-SEM), one can decrease
the necessity to enforce limited assumptions necessary for a thorough evaluation of the most likely hypotheses [80]. The
fundamental concepts of sustainability have attracted significant attention [81].

Changing the strategic sustainability targets and the project plan could provide difficulties [82]. There is a need to
reach a harmonic and balanced condition between environmental issues, economic viability, and social sustainability.
The growing focus of the building industry on sustainability has driven the search for sensible solutions to include it in
contemporary workplaces. Companies dedicated to sustainable development and implementing a creative corporate
social responsibility approach choose virtual machines even in their planning stages. Dadhich & Hiran [83] contend that
the social, financial, and environmental elements of sustainability resemble the part of VM performed in the building
process. Expert interviews let us classify six main types of implementation-related challenges. Importantly, these groups
align with the ideas and evaluation processes detailed in Perno et al. [84].

Furthermore, this study revealed that the adoption of VM in the building sector was evaluated using the SEM
technique in order of influence. SEM studies the interactions of several elements fully. The results show that every
hypothesis corresponds with the given measures. According to Ye et al. [85], the approach comprises adjustable
components and constraints connected to the structure [86] and is grounded on mathematical equations [87]. Claim that
Structural Equation Modelling (SEM) is becoming increasingly appreciated for non-experimental research.

Moreover, they noticed that the approaches of hypothesis analysis lacked consistent and strict oversight. One looked
at the relationship between elements and mitigating problems in virtual machine environments. This was accomplished
using the formative and reflecting qualities of the Partial Least Squares (PLS) model. Still, this work conducted the PLS-
SEM analysis using three important evaluations: the common method variance, the structural model, and the
measurement model. PLS-SEM is commonly used for structural equation modeling, which helps build links between
dependent and independent components [87].

e Sample Size

It is recommended that the determination of sample size be grounded on objective methodological and statistical
analysis [64]. Chandio [88] concurred that the magnitude of the sample size needed increases with the complexity of the
statistical analysis. The relationship between the sample size and the selected statistical methodology is a crucial
consideration for any given research study [64]. As a result, the determination of sample size requirements was based
on the selected statistical analysis methodology for the creation of the VM implementation model.

As with other statistical methods, the acquisition of consistent estimations in SEM necessitates a suitable sample
size [89]. According to Gorsuch [90], it is recommended a sample size of at least 100 individuals for any data analysis
whereas Ali et al. [91] recommended a sample size of at least 100.

Given the utilization of a PLS-SEM methodology for model development in this study, the survey was distributed
to 150 individuals. From this distribution, 101 responses were received, resulting in a response rate of approximately
73.85%. This rate of return was deemed suitable for the specific aims of this research endeavor [92, 93].
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e Common Methods Variance (CMV)/ Measurement Model

Derived from the radiation known as the CMV [94]. The CMB aims to clear the error analysis results since the data
collecting techniques could provide challenges [94]. Complete awareness of these problems and difficulties depends on
CMV. Thus, a methodical and thorough study of a particular ingredient was conducted [87]. The measuring model helps
one to grasp the relationship between the measures and their underlying idea. One might consider the validation process
of the measurement model as the inspection and evaluation [86]. PLS keeps an ongoing database of related ideas and
evaluates the appropriateness of specific sets of policies. Examining the reflective model (first order) by assessing
composite reliability (c-r), average variance extracted (AVV), and discriminant validity would help one to evaluate the
dependability of indicators [95]. Often referred to as the coefficient of consistency or dependability [96], Cronbach's
alpha measures the degree to which a series of questions fairly evaluates a single, unidimensional idea. The mathematical
formula for Cronbach's alpha (a) is given in Kaewkungwal [97].
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Whereas "N" denotes the overall count of objects, the variable "r" shows the average correlation between the items.
Considering the known differences in Cronbach's alpha's precision, measuring dependability calls for a confirmatory
strategy [95]. Alhamami et al. [98] indicated that composite dependability (p.) is a more accurate assessment. Whereas
0.6 is considered a suitable threshold for exploratory studies, Chambers et al. [99] argue that a minimum value of 0.7
for p, is required for all kinds of research. Chambers et al. [99] calculate composite reliability using the following
equation:

_ (EA)?
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In this case, 1 less the square of lambda (4,) corresponds to the variance of the error term &;. Whereas p, indicates
the general dependability score of a composite, A; represents the loading of every item on a latent component. Cronbach's
alpha is computed ignoring the factor loadings of individual items. Composite dependability exceeds Cronbach's alpha
using the item loadings recorded in the theoretical model [100].

Moreover, latent variable convergent validity [101] was assessed using the average found in AVE. With the
universally used AVE metric, one might demonstrate the convergent validity of the many elements of the model. AVE
follows a formula like this:

— Y
AVE = Z)\iz+2var(si) (3)

The average variance extracted is shortened as AVE. The equation var(g;) = 1 — A, reflects the variance of the error
term while | am reflecting the loading of every item onto a latent construct. Moreover, research has been carried out to
confirm the discriminant's validity. Every construction is studied theoretically [101]. The goal is to verify if the
investigated idea is empirically unique.

e Model Structural

The structural model was first proposed as a basic approach for concurrently analyzing complex links between
objects. Similarly, Aibinu & Al-Lawati [102] built a structural model evaluating VM problems. Two primary approaches
form the foundation of the structural model used in this work:

According to Chambers et al. [99], the primary goal of a collinearity analysis is to ascertain the extent to which other
variables could forecast or account for the changes of a given variable. The main concern is that collinearity can cause
the significant indicator weight measurements to be shown slanted. Furthermore, collinearity can significantly raise the
error probability when bootstrapping standard errors. The measure of the degree to which several indicators of the same
construct contribute to the variance of a single indicator is the variance in inflation factor (VIF). It is often used to
evaluate the collinearity present. According to Durdyev et al. [6], the Variance Inflation Factor (\VIF) should not exceed
the designated level of 5.0 to produce the test report for the Partial Least Squares (PLS) method in Smart PLS 4.0
software.

Unlike reliance on parametric assumptions, the bootstrapping method generates the variability of data points inside
sub-samples. A resampling analysis is sometimes achieved using bootstrapping. Usually presented as structural or
regression coefficients, the method divides an extensive dataset into smaller groups and evaluates a limited number of
statistical variables. This study revealed a causal relationship between factors influencing VM in the building industry
acceptability. Consequently, the internal relationship in this case—more significantly, the link between the variables $,
i, and €1 in the structural model—may be stated as a linear equation as shown below [103]:
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Residual variance (€1) and path coefficient (8) are noteworthy. Standardized and multiple regression studies have
the same weight then.

3.3.3. ANN Analysis

Using learning mechanisms and providing a helpful perspective on the synapse and neuron functioning of the brain,
artificial neural network analysis improves knowledge acquisition [103]. ANN analysis, among other machine learning
methods, lets researchers forecast the significance of antecedents [104]. Furthermore, helping researchers validate and
improve Partial Least Squares Structural Equation Modelling (PLS-SEM) data is ANN. Dadhich & Hiran [83] provide
a method to address construct non-linearity and linearity. The authors propose a grading system based on sensitivity
assessments [105] and a hierarchical arrangement of the constructions. The mathematical forms of activation functions
are shown here:

Distinctiveness (Linear) (x) = x (5)

Hyperbolic Tangent tanh(x)f, = —— — 1 (6)

1+e2X

e Q)

Sigmoid factor f, = o

Moreover, studies have revealed that ANNs beat multi-step regressions or structural equation models (SEMs)
on the accuracy and dependability of the outputs. Thus, it is reasonable to conclude that completing research using
PLS-SEM and ANN advantages both techniques [105]. Furthermore, there have been ideas that ANNs replicate
human brain information transmission. ANNs comprise three constituents: the learning technique, network
architecture, and transfer function [106]. Apart from subcategories comprising feed-forward multilayer perceptrons,
recurrent networks, and radial basis networks [107], these features also cover Combining three-layer structure—
which includes inputs, outputs, and hidden neurons—with feed-forward multilayer perceptrons (MLPs)—allows
researchers to independent variables usually coincide with the input layer. These components compile unprocessed
data and transfer it as synaptic weights to hidden neurons. An output neuron provides a model depending on
representing other variables' parameters.

Furthermore, thorough research has been done on the activation and sigmoid functions [108]. Moreover, multilayer
neural network models are highly praised for their dependability and durability since they can effectively manage
complex problems in higher-order models—the selected method used multilayer perceptron neural networks for training
and testing.

4. Results
4.1. One sample Test Analysis

Using a value of 3.5, a one-sample t-test was conducted to find whether the respondents considered a given ability
or performance at least "important." This would mean one can consider abilities and competences scoring higher than
3.5 noteworthy. Based on the results (p = 1-tailed), the one-sample t-test analysis reveals variations in the perceived
contributing factors to cloud-based computing adoption in the Saudi Arabian construction sector. See Table 3 for the
three objects with the highest mean ratings: B1, B3, and B7. Over the course of the study, these scores have been
relatively consistent. The results show that specific barriers caught out clearly among the multiple elements evaluated.
With a mean score of 4.366, for example, "Resistance to accepting innovations™ (B1) rated highest, closely followed by
"Difficulty to establish mutual project objectives by stakeholders" (B3), with a mean score of 4.208. Each scored notably
above 3.8 on average; other noteworthy hurdles included "Client's unwillingness to fund VM exercise" (B7), "Difficulty
in conducting analysis and evaluation of functions and alternatives" (B10), and "Lack of VM awareness among the
clients" (B14). These results highlight the widespread nature of cultural, financial, and procedural difficulties impeding
the efficient application of VM in the Jordanian building industry.

4.2. Exploratory Factor Analysis (EFA)

Applying EFA aimed to find the factors that might fairly evaluate different components of the same occurrence
and establish the relationships between others. This study sought to remove obstacles to adopting VM in the building
sector. Table 4 shows the results of the EFA exploratory factor analysis. With a significance level of 0.000, Bartlett's
test of sphericity yielded a value for the given data of 304.744. Based on the facts, the correlation matrix appears to
be not an identity matrix [108]. The sample is suitable for factor [109] since the KMO value 0.734 exceeds the
required level of 0.50 for factor analysis. These two results show that one can classify the elements entirely using
factor analysis.
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Table 4. EFA results

Communalities Initial Eigenvalues Extraction Sums of Squared Loadings Component
Barriers Initial  Extraction  Total V:fi :rfmce Cum(;! ative Total Vz)i;rice Cum(;! ative 1 2 3
B1 1 0.786 11.393 59.961 59.961 11.393 59.961 59.961 0.66  -0.233 0.543
B2 1 0.595 1.459 7.681 67.643 1.459 7.681 67.643 0.744 -0.198 0.036
B3 1 0.851 1.005 5.288 72.931 1.005 5.288 72931 0.821 -0.246  0.343
B4 1 0.761 0.842 4.43 77.361 0.831 -0.221 -0.148
B5 1 0.8 0.765 4.025 81.386 0.837 -0.214 -0.233
B6 1 0.842 0.616 3.244 84.630 0.851 -0.261 -0.225
B7 1 0.774 0.505 2.657 87.287 0.786  -0.35 0.181
B8 1 0.777 0.454 2.388 89.675 0.776  -0.245 -0.339
B9 1 0.645 0.378 1.988 91.663 0.774 -0.216  0.009
B10 1 0.688 0.341 1.796 93.459 0.819 0.059 0.118
B11 1 0.666 0.249 1.309 94.769 0.772  0.109 -0.24
B12 1 0.74 0.207 1.088 95.856 0.785 0222 0.272
B13 1 0.798 0.202 1.061 96.917 0.645 0564 0.253
B14 1 0.638 0.151 0.793 97.711 0.762 0.218  0.099
B15 1 0.778 0.126 0.661 98.372 0.713 0491 -0.168
B16 1 0.745 0.117 0.616 98.989 0.83 0.232  0.053
B17 1 0.581 0.089 0.467 99.455 0.62 0.421 -0.14
B18 1 0.733 0.068 0.358 99.813 0.845 -0.006 -0.139
B19 1 0.658 0.036 0.187 100.000 0.788 0.108 -0.162

The factor analysis produced some critical new understanding of the obstacles in the way Jordan's building sector
may apply VM. His study revealed three separate elements that explain the variation in barrier perception. The first
component prominently influenced by barriers such as "Resistance to accept new innovations" (B1), "Difficulty to
establish mutual project objectives by stakeholders” (B3), and "Client's unwillingness to fund VM exercise" (B7),
accounted for 59.961% of the variance. The second component, characterized by barriers like "Lack of commitment to
implement VM" (B4) and "Client's inability to communicate requirements and needs to the design team" (B5), explained
an additional 7.681% of the variance. The third component included barriers such as "Difficulty in conducting analysis
and evaluation of functions and alternatives” (B10) and "Lack of readiness to adopt VM in the industry” (B18),
contributing 5.288% to the total variance.

4.3. SEM analysis
4.3.1. Common Method Bias

A single-component analysis of the proposed model revealed the variance of the traditional method [110]. Studies
have shown that if the overall variance of the variables is less than fifty percent [111]. The averages process bias does
not affect the acquired results. The common method variance is below 50% [112]. The initial components explained
that 38.43% of the variance cannot be modified.

4.3.2. Measurement Model Assessment
4.3.2.1. Convergent Validity Analysis

The measuring model evaluates the degree of consistency and agreement among several (barriers) of the same
concept [69]. To evaluate concept validity, one applies the measurement model. Using the following tests in parallel
with PLS-SEM, Cruz-Jesus et al. [95] suggest assessing the convergent validity of the proposed constructs: "composite
reliability scores (p.), Cronbach's Alpha (a), and Average Variance Extracted (AVE)", Table 5, based on Kin et al.
[113], revealed elements influencing VM had's acceptance had a composite reliability of > 0.60, thereby showing
acceptance. Table 5 reports a Cronbach Alpha value of 0.60.
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Table 5. Measurement model of barriers to implementing VM

Categories Code Outer loading Cronbach's Alpha o Composite Reliability ~AVE
B1 0.774
B2 0.853
B3 0.866
Culture and environment B4 0.84 0.93 0.943 0.71
B5 0.714
B6 0.793
B7 0.781
B8 0.874
B9 0.723
B10 0.856
Workshop dynamics 0.886 0.913 0.64
B11 0.866
B12 0.771
B13 0.885
B14 0.841
B15 0.862
B16 0.865
Standardization 0.902 0.923 0.668
B17 0.872
B18 0.744
B19 0.757

El Barachi et al. [114] show a modest to high degree of dependability in their results. With the AVE, the convergent
validity of the idea variables was assessed. Suprapto et al. [115]. Table 5 demonstrates that each research component's
expected AVE values exceed 50%. The measuring model was revealed to be convergent as well as internally stable.

Moreover, this implies that the measuring elements completely overlooked any other construct and evaluated the
construct in the study model. According to Lei et al. [79], the perfect external load score is 0.70. Still, if the study
provides a strong case, scores of 0.50 or above are appropriate. The outside loads from the SEM model are shown in
Table 5 and Figure 2.
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Figure 2. SEM Model

4.3.3. Discriminant Validity Assessment

Research applying SEM [87] makes growing use of discriminant validity assessment. This seeks to identify the
singularity or pragmatic distinction of the notion [95]. This study used the Hetrotrait-Monotrait Criterion Ratio (HTMT),
cross-loadings, and the Fornell-Larcker criteria to assess discriminant validity. The data in Table 4 reveals how the
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Fornell and Larcker method is applied to establish and validate the discriminant validity of the elements influencing the
acceptance of VM [116]. Construct indicators and variable correlation must be more than the square root of the AVE.
A third method for evaluating discriminant validity in variance-based SEM is the HTMT criteria ratio.

Under proper measurement, the HTMT method links two constructions. Fu et al. [81] assessed distinctive validity
with variance-based SEM employing. They applied the HTMT approach for this purpose. The two theories differ when
the score falls between 0.85 and 0.90. Should there be similar ideas, the score should be less than 0.90; it should not be
less than 0.85. Table 6 presents the under-study component HTMT values. The statistics suggest that discriminant
validity exists. A cross-loading method was used to assess the discriminant validity of the factors influencing VM
acceptability. This approach is utilized by El Barachi et al. [114] to determine whether a variable has a larger cross-
loading than any other variable on a latent construct created from many thoughts. Table 7 presents the design with
loadings higher than the different buildings.

Table 6. Discriminant validity (HTMT)

Constructs Construction Industry  Culture and environment ~ Workshop dynamics ~ Standardization

Construction Industry

Culture and environment 0.337
Workshop dynamics 0.319 0.847
Standardization 0.442 0.870 0.890

Table 7. Cross loadings results

Items  Construction Industry  Culture and environment ~ Standardization =~ Workshop dynamics

B1 0.365 0.774 0.525 0.579
B2 0.372 0.745 0.746 0.853
B3 0.45 0.649 0.718 0.866
B4 0.387 0.685 0.751 0.84
B5 0.262 0.462 0.681 0.714
B6 0.279 0.642 0.793 0.74
B7 0.205 0.516 0.781 0.713
B8 0.272 0.717 0.874 0.771
B9 0.116 0.478 0.723 0.53
B10 0.302 0.76 0.856 0.764
B11 0.317 0.655 0.866 0.734
B12 0.188 0.771 0.656 0.627
B13 0.26 0.885 0.69 0.725
B14 0.259 0.841 0.682 0.796
B15 0.273 0.862 0.732 0.736
B16 0.249 0.865 0.76 0.738
B17 0.319 0.872 0.634 0.701
B18 0.28 0.724 0.683 0.744
B19 0.244 0.741 0.645 0.757

4.3.4. Structural Model Assessment
4.3.4.1. Collinearity Analysis

Although ‘workshop dynamics’ and ‘standardization’ are related, they capture different levels of practice: workshop-
level facilitation/participation versus organization-level procedures/guidelines. Measurement checks support
distinctiveness: each indicator loads highest on its intended construct with no cross-loading exceeding its primary
loading; the square roots of AVE exceed inter-construct correlations; and all HTMT values remain below conventional
thresholds (<0.85). These results indicate adequate discriminant validity between the two constructs. Although the
concepts of the VM-based challenges were similarly formative, the formative assessment models reveal an astonishingly
high correlation between measures. Every VIF value came out less than 3.5. Each of these theories was reasoned as the
cause of VM's issues. Table 8 lists the main route coefficient § for VM subscales: Culture and environment,
Standardization, and Workshop dynamics.
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Table 8. Formative constructs analysis

Paths B SD P-Values VIF
Culture and Environment — Construction Industry ~ -0.007 0.148 0 1.791
Standardization — Construction Industry -0.184 0.222 0 1.731
Workshop dynamics — Construction Industry 0.612 0.293 0 1.893

4.3.4.2. Bootstrap Analysis Evaluation

Validating the planned research hypothesis was one of the fascinating aspects of the project. Bootstrapping lets one
assess [115]. The model hypothesis's relevance denoted by the value of every road [95], the route coefficient measures
the degree of influence one road has on another. To calculate the coefficient errors for Confirmatory Factor Analysis
(CFA), the most recent SmartPLS program, 4.0.9.9, has included a bootstrapping method. Examining the proposal, the
t-statistics [95] were computed using 5000 subsamples. In the PLS Model, a single structural equation—equation 1—
explores the fundamental connections among the constructions. Moreover, this equation provides a way to overcome
VM-related problems.

Consequently, considerable focus was placed on the standardized p-values for the endogenous idea and the
importance of grasping the bootstrapping analysis results [86]. Refer to Table 9 to find that the results revealed
significant and positive influence (B = 0.169, p = 0.000) on obstacles to implementing virtual machines. The paper
centers on the major challenges to virtual machine implementation.

Table 9. Path analysis

Paths B SD P-Values VIF

Barriers to implementing VM — Construction Industry ~ 0.169 0.093 0 1.464

4.3.4.3. The Structural Model's Explanatory Power (R2)

In PLS-SEM, a critical assessment is performed to determine the R2 for the virtual machine [117]. Being the
dependent variable, the study found that the exogenous construct explained 19.8% of the variance in barriers to
deploying the VM. This is shown by the R2 and corrected R2 values of 0.017. These results indicate that the degree of
issues in VM is judged appropriate and has a minimal impact [114].

4.4. ANN Analysis

Following a similar approach as Lo et al. [105], this work used the SEM-PLS route analysis's basic components as
the ANN model's input neurons. ANNs allow one to extract extensive information, including complex nonlinear
correlations, efficiently. Before adding ANNS, one must minimize the data and identify necessary variables using linear
techniques. Artificial neural networks (ANNSs) improve prediction and classification accuracy by spotting trends that
linear approaches could overlook. In the early stages of data processing, pertinent variables must first be found using a
linear approach before ANNs are applied. ANNs were investigated in challenging interactions following essential
element recognition. ANNSs can be used in nonlinear interactions between the exogenous and endogenous variables in
absent, non-regular data distribution cases.

Great opposition against ANNSs exists due to short sample sizes, noise, and outliers. The model might control non-
compensatory models, which mimic compensatory models because they do not depend on one element to offset a
decrease in another. Specially designed with IBM's SPSS neural network module, we utilized an artificial neural
network (ANN). Unlike their conformability to a normal distribution, artificial neural networks (ANNS) let one
identify and explore linear and nonlinear interactions. Although the feed-forward-backward-propagation (FFBP)
approach uses training to forecast errors in the reverse direction, concurrently dispersing inputs in the forward
direction helps estimate the completion of an investigation. Both hidden and input layers were constructed using a
multilayer perceptron with a sigmoid activation function. Many learning runs help to increase forecast accuracy and
reduce mistakes. Two groups were formed from the surviving samples: one for training and another with 90% set for
testing. The researchers calculated the root mean square error (RMSE) through ten-fold cross-valuation, reducing
overfitting [117]. To assess the projection accuracy of the model, we looked at the root mean square error (RMSE) of
the training and testing datasets together with the mean and standard deviation. For further details, kindly find Figure
3. The ANN model was evaluated using 10-fold cross-validation. For each fold, we trained the network on 90% of
the data and tested on the remaining 10%. We report the root-mean-square error (RMSE) for training and test sets,
averaged over all folds (with SD). In addition, the coefficient of determination R2 for the ANN predictions was
calculated [107] to quantify variance explained.
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Figure 3. Model Prediction

The training and testing procedures produce root mean square error (RMSE) values of 0.764 and 0.768. Table 10
shows fairly little numbers. We have shown that the model fits reality. Using the method of Singh et al. [107] to evaluate
the R2 value of the artificial neural network (ANN) model, the investigation of this research resulted with a 100%
accuracy rate and revealed that the model precisely predicted factors affecting the acceptance of VM.

Table 10. RMSE values of the training and testing

Model Input: barriers to implementing VM; Output: Construction Industry

Neural network Training Testing

RMSE RMSE
ANN1 0.760 0.689
ANN2 0.732 0.689
ANN3 0.732 0.734
ANN4 0.716 0.738
ANN5 0.750 0.666
ANNG 0.689 0.747
ANN7 0.764 0.717
ANNS 0.725 0.679
ANN9 0.688 0.768
ANN10 0.723 0.670
Mean 0.727 0.709
SD 0.046 0.058

Analyzing every input neuron's capacity to forecast events helped to evaluate them. We ascertain the normalized
significance of each input neuron by dividing their relative relevance by the maximal value [115]. About all the
predictors, VM-related issues have a normalized relevance score of 100%.

5. Discussion
5.1. Findings

Using a combination of EFA, SEM, and ANN, this study delves into the barriers to implementing VM in the
Jordanian construction sector. The analysis identifies three primary categories of barriers: culture and environment,
workshop dynamics, and standardization, each significantly impacting VM adoption.

376



Civil Engineering Journal Vol. 12, No. 01, January, 2026

Categories 1: Culture and Environment

Cultural and environmental factors emerged as substantial barriers, with outer loadings ranging from 0.714 to 0.866.
The highest loadings were associated with difficulties creating mutual project objectives among stakeholders (0.866)
and a lack of active involvement from clients and stakeholders (0.853). These findings are consistent with prior research
by Othman et al. [34] and Kineber et al. [42], which identified cultural resistance and environmental constraints as
critical challenges to implementing innovative management practices in the MENA region. Additional factors, such as
resistance to accepting new innovations (0.774), lack of commitment to VM implementation (0.840), and the client's
inability to effectively communicate requirements to the design team (0.714), further underscore the pervasive nature of
these barriers. The reluctance of clients to fund VM exercises (0.781) and the self-justifying attitude of the original
design team (0.793) highlight entrenched cultural norms that hinder VM adoption, aligning with global findings by [42,
43, 70].

The findings align with those of Tanko et al. [100], which pointed out that participants in value management (VM)
recognize and categorize the sustainability and functions of construction projects through a structured, team-oriented
approach that focuses on problem-solving within the 'environment' factor. This method has significantly improved value
practices in the construction industry [118].

However, the Malaysian construction sector has identified cultural resistance to change as a major hurdle to adopting
VM [119]. To move forward, those involved in this strategy should be open to new ideas and improvements [118]. This
perspective is supported by Othman et al. [34], who found that cultural barriers to implementing VM were notably
greater than the average score of 3 on their scale, highlighting the importance of addressing these cultural challenges.

Categories 2: Workshop Dynamics

Workshop dynamics also present significant challenges, with outer loadings ranging from 0.723 to 0.885. The
highest loading was observed for the problem of technological advancement and integrating technology into the VM
approach (0.885), emphasizing the need for practical VM workshops. The importance of well-organized and interactive
workshops is further highlighted by high loadings for factors such as improper procurement and contract methods
(0.874) and the lack of time allocated for VM studies (0.866). These findings align with the work [61, 120], emphasizing
the need for structured and engaging workshops to achieve successful VM outcomes. Poor workshop management often
leads to inadequate communication and reduced stakeholder engagement, which are critical for the successful
implementation of VM. Additional barriers within this category include the added costs of conducting VM workshops
(0.723), difficulties in analyzing and assessing functions and alternatives (0.856), and challenges in selecting the correct
VM strategy or method (0.711), which are consistent with findings [46, 68].

This finding aligns with the work of Mohamad Ramly et al. [121], who highlighted that the work plan and structured
process reflect the core principles of value management (VM), setting them apart from other management approaches.
Tanko et al. [122] recommended that regular VM workshops be introduced in the construction sector as a way to build
capacity and clearly demonstrate the importance of VM to construction professionals and stakeholders involved in its
application. Similarly, another study [123] emphasized that implementing VM in construction should be based on formal
workshops.

Additionally, the creativity phase is crucial within the VM workshop [118]. This phase enhances projects by
introducing new ideas, as creativity involves reimagining existing concepts in innovative and sustainable ways [124]. It
has also been suggested that technological advancements should be integrated into VM activities, as digital tools can
enhance accessibility and connectivity [125]. To ensure the success of VM workshops, it’s essential to implement a
technological approach to counteract valuation analysis [126].

Categories 3: Standardization

Barriers related to standardization are also significant, with outer loadings ranging from 0.744 to 0.872. The absence
of laws supporting VM application in the construction industry (0.872) and the lack of governmental encouragement
(0.865) were the most critical barriers identified, underscoring the importance of consistent policies for VM adoption.
These findings align with research by [34, 62], which noted that the lack of standardized policies is a primary obstacle
to VM's consistent and effective use. The need for standardized VM processes is further emphasized by barriers such as
the lack of VM awareness among clients (0.841), the absence of local VM guidelines and legislative frameworks (0.862),
and the reluctance within the industry to embrace VM (0.744). The lack of contract provisions for VM implementation
between owners (0.757) further highlights the challenges in ensuring consistency and coherence across projects, a point
stressed [68, 120, 127].

Based on past studies, the obstacles found in the Jordanian construction sector are part of more general worldwide
problems. However, given other socioeconomic and political elements, the degree and influence of these obstacles could
be more noticeable in developing nations. For instance, the results on cultural resistance and environmental problems
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match [26, 128], while the critical function of well-run seminars reflects the conclusions of [48, 129]. Likewise, the
value of standardizing VM processes is well known; [33, 63] stress the requirement of consistent policies to overcome
discrepancies and inefficiencies.

The findings align with those of Tanko et al. [100], which highlighted that awareness of relevant information and
experience is essential for effectively implementing the value management (VM) approach. Consequently, construction
workers need training on the various aspects of VM. It’s unrealistic to expect clients to adopt VM in their projects if
they collaborate with professionals who lack the necessary facilitation skills [34]. Efficient resource allocation has been
identified as a crucial factor influencing the success of a project and the implementation of the program, which also
applies to VM. Sufficient resources must be allocated to ensure the successful execution of the VM program. The
project's outputs and resources should be considered together, as each variable directly impacts the other [130].
Therefore, active involvement and support from the client in adopting VM practices in modern construction are vital
[122]. Client support can provide essential assistance, such as financial incentives and necessary guidelines to meet
sustainability requirements [118]. As a result, progress will be documented throughout the VM implementation process
[118]. Additionally, it is important to educate clients and policymakers about the benefits and potential of using VM in
construction projects [34].

5.2. Implications

This research has ramifications for the barriers to VM application in the Jordanian construction sector regarding
several theoretical, practical, and policy implications.

5.2.1. Theoretical Implications

By offering a sophisticated knowledge of the particular barriers to VM implementation within the framework of the
Jordanian construction sector, this study adds excellent value to the body of current knowledge. Previous studies mainly
concentrated on VM techniques in rich countries, hence lacking knowledge of the difficulties experienced in
underdeveloped nations like Jordan. Through identifying and analyzing these obstacles, this study broadens the focus
of VM research to include developing countries, where cultural and socioeconomic elements greatly influence the
acceptance of management techniques. Furthermore, the combination of EFA, SEM, and ANN provides a thorough
methodological framework that may be used in the subsequent investigations to investigate intricate interactions and
project results in VM and other management approaches. This multi-method approach improves the analytical rigour
and offers a solid basis for more theoretical advancement in construction management.

5.2.2. Practical Implications

This study underlines how urgently improved stakeholder involvement and communication are needed to remove
environmental and cultural obstacles impeding virtual machine adoption. Building companies should prioritize creating
a cooperative environment whereby every participant—including clients, designers, and contractors—is actively
engaged in the VM process. Structured training courses and digital tools enabling efficient communication and
teamwork will help accomplish this. Furthermore, the paper underlines the need to optimize VM seminars' dynamics.
Companies can thus invest in the training of facilitators who can more successfully run seminars, guaranteeing that they
are well-organized, participatory, and focused on addressing critical issues such as procurement challenges, time
restrictions, and technology integration. Using cutting-edge technology such as VM (VR) and simulation tools can help
these seminars be more exciting and compelling, producing improved results. Moreover, the research emphasizes
implementing uniform virtual machine tools throughout projects. This covers the creation of templates, rules, and
established processes guaranteeing consistency and coherence in virtual machine applications, improving project
productivity, lowering variability, and enabling more seamless implementation over several projects.

5.2.3. Policy Implications

This research emphasizes how urgently supportive regulations and legal frameworks that enable the general
acceptance of VM machines in the building sector must be developed. Legislators should consider passing laws requiring
VM in public and private sector projects so that its advantages are acknowledged and included in accepted building
techniques. Policies could consist of the creation of legal requirements for VM application in project planning and
execution as well as incentives for companies who embrace VM methods, including tax breaks or money for VM training
and implementation. Furthermore, government-led campaigns are significant and are meant to increase awareness
among industry players of the benefits of virtual machines. Public campaigns, seminars, and instructional programs
intended to raise knowledge and respect for VM's ability to improve project efficiency, lower costs, and raise general
quality could be part of these activities. Targeted policies and laws addressing the highlighted obstacles in this study
have great potential to change the Jordanian building sector, thereby increasing its competitiveness, efficiency, and
sustainability. This strategy helps local businesses establish standards for other developing nations dealing with similar
issues, supporting more general attempts to enhance world-building standards and infrastructure development.
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6. Conclusion

This study investigated the obstacles to Value Management (VM) adoption in Jordan’s building sector using a
multi-method design that integrated EFA, PLS-SEM, and ANN. Findings identify three barrier clusters—standardization
and organizational practices, workshop design and participation, and culture and industry environment—uwith workshop
dynamics exerting the strongest adverse effect on adoption. Convergence between SEM paths and ANN importance
ranks supports the conclusion that improving workshop structure and participation, alongside the formalization of
organizational procedures, provides a high-leverage route to near-term gains. Methodologically, the study contributes
an evidence-triangulation framework that couples measurement validity with predictive assessment, strengthening
external relevance for decision-makers.

Several limitations should be acknowledged. The data are cross-sectional and self-reported, which may affect causal
interpretation and introduce common-method bias; the sampling frame centers on building projects, limiting
generalizability to other subsectors. Future work should employ longitudinal designs, broaden sectoral coverage, and
evaluate the barrier taxonomy across different MENA contexts. Additional predictive experiments (e.g., gradient
boosting, SHAP-based explanations) could complement ANN results and provide richer sensitivity analysis. For
practice, the results motivate three priorities: institutionalize standardized VM processes; enhance workshop facilitation,
attendance, and timing within project decision gates; and support culture-aware capability building through training and
guidance. Taken together, these steps offer a pragmatic roadmap for accelerating VM adoption and realizing value
outcomes in the region.

6.1. Future Research

Subsequent work should incorporate contextual moderators to clarify when and where the identified levers are most
effective. In particular, indicators of government procurement systems (e.g., tendering rigidity, prequalification rules,
approval cycles, payment timelines) and economic constraints (e.g., budget volatility, inflationary pressure, financing
terms) can be measured and tested as moderators of the relationships between standardization/organizational practices,
workshop design and participation, and VM adoption. Moderation can be assessed within PLS-SEM using the product-
indicator or two-stage approach, and—where regimes are distinct—through multi-group analysis after establishing
measurement invariance (MICOM). Given the sample size requirements for interaction effects, future studies should
plan for larger samples and consider multi-wave or longitudinal designs to strengthen causal interpretation and track the
impact of policy or market shifts on adoption dynamics. Collecting minimal procurement descriptors (e.g., public vs
private, procurement method, average approval time) and basic economic strain indicators (e.g., cost overrun pressure)
would enable a systematic test of these contextual influences and help tailor policy and managerial sequencing—for
example, pairing guideline roll-outs with culture-aware training in rigid procurement environments, or prioritizing
workshop improvements where economic pressure constrains extensive standardization.
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