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Abstract: This study addresses the under-
examined challenge of enhancing construction
readiness for Building Information Modeling (BIM)
in developing nations, with Jordan serving as a
representative case. Three key contributions are
made to bridge critical gaps in existing literature and
practice. First, a BIM Adoption Model for
Developing Countries is proposed, uniquely
structured as a multi-dimensional framework that
integrates strategic, contextual, and adoption
factors to tackle systemic barriers, such as
fragmented policies, limited digital literacy, and
infrastructural deficits. Second, novel empirical
validation is achieved through the statistical
analysis of 171 industry responses, which combines
Relative Importance Index (RII) rankings with
Pareto and Fishbone diagrams to rank region-
specific barriers (e.g., high initial costs, RII = 0.93)
and success factors (e.g., standardized workflows,
RII = 0.93). Third, the framework’s scalability is
demonstrated through comparative case studies in
Egypt and Lebanon, offering a replicable
methodology for nations transitioning from
traditional practices to BIM-enabled workflows. By
resolving the technical challenge of aligning global
standards (e.g., ISO 19650) with localized
constraints, such as compatibility between legacy
tools and BIM platforms, this research provides
policymakers and industry leaders with actionable
strategies to reduce process variations by 35%,
accelerate digital transformation, and foster
sustainable growth in resource-constrained
construction sectors.
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1. INTRODUCTION

The growing complexities of contemporary
construction projects have heightened the need
for innovative tools and methodologies that
improve project efficiency, effectiveness,
predictability, and control. One such tool is
Building Information Modeling (BIM), which
serves as a digital representation of a facility’s
physical and functional attributes. BIM is
revolutionizing the construction sector by
providing a significant enhancement in
efficiency, especially as this industry has
experienced a decline in productivity over the
past quarter-century [1-4]. While BIM adoption
has surged within the construction landscape, it
has also gained traction in developing
countries. Nevertheless, the BIM sector in
Jordan has yet to meet the standards set by
developed nations, primarily due to entrenched
practices within the local industry [5]. The
implementation of BIM practices in Jordan
faces various barriers. These constraints have
led to minor inefficiencies in BIM projects.
Readiness for BIM implementation is
considered a critical aspect of BIM projects.
Studies on the dynamics of BIM project
conception, adoption factors, and BIM barriers
highlight the need for a more structured
approach to enhancing construction readiness
for implementing BIM in projects in Jordan [7].
This paper explores some uncharted territories
as  practices become more critical.
Consequently, this paper examines practical
strategies for boosting readiness for adoption
assessment in construction conception using
BIM. Jordan was chosen as the base platform to
address the current strategies related to this
region’s experiences with building industry
project experiences [6-7]. Building Information
Modeling (BIM) has revolutionized the
construction sector in developed nations by
enhancing collaboration, reducing costs, and
improving project outcomes [8]. However, in

developing countries like Jordan, BIM adoption
remains fragmented due to entrenched
practices, limited resources, and regulatory
gaps [9]. While prior studies have identified
generic barriers to BIM adoption, such as high
costs and skill shortages [10]. They often
overlook the context-specific interplay of
economic, cultural, and infrastructural factors
that define readiness in resource-constrained
environments. Accordingly, the present study
advances a comprehensive and empirically
validated BIM Adoption Model, specifically
tailored to the exigencies of developing
countries, with Jordan serving as a
representative case. This model seeks to
address the readiness deficit by integrating
contextual, strategic, and adoption-related
factors, thereby providing a replicable
framework for overcoming systemic barriers
and enabling sustainable digital transformation
in construction industries operating under
resource constraints.

1.1.Literature Review

The construction sector is universally
acknowledged as a critical driver of national
development; yet, in many developing
countries, including Jordan, it continues to
exhibit structural deficiencies in embracing
advanced digital methodologies [11-12].
Building Information Modeling (BIM),
recognized as a transformative paradigm in
global construction practice, has demonstrated
its capacity to enhance efficiency, reduce costs,
and improve project outcomes through multi-
dimensional  applications  encompassing
scheduling, cost control, facility management,
and sustainability [13-16]. Despite these
documented advantages, the diffusion of BIM
within Jordan remains partial and inconsistent,
primarily due to entrenched practices,
inadequate technical infrastructure, prohibitive
financial costs, and a demonstrable shortage of
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skilled professionals [17-18]. The rationale
behind choosing the objectives below of this
research stems from the absence of accessible
databases or a clear methodology for gathering
and tracking the adoption of BIM processes
within the Jordanian construction market, a
situation mirrored in many other local
construction sectors. It is essential to acquire
data that reveals the actual readiness of
construction industry professionals and other
project stakeholders to begin implementing
BIM in their construction endeavors.
Additionally, there is a need for insight into how
many graduates from local, Middle Eastern, or
international universities in construction-
related fields are adequately prepared to pursue
careers in BIM [19-21]. Only when data are
tabulated in this way can the correct steps be
taken to plug the necessary holes and gaps,
ensuring the best outcome for the successful
integration of BIM in Jordan and on an
international scale within the region [22-24].
Building projects constitute a major component
of technological and economic infrastructure in
today’s technologically driven world. Building
information modeling is a recent digital
collaborative tool that facilitates the
conceptualization and visualization of a project
as if it has already been constructed or
implemented effectively [25]. This definition
suggests that BIM should not be confined to 3D
technology, but rather extended to 4D
(planning), 5D (cost control), 6D (facilities
management), and 7D (sustainability) (Sood
and Laishram, 2024). BIM represents a
continuous and central digital process that
enables professionals to achieve significant
improvements in construction techniques,
ultimately enhancing the performance of
construction projects [26]. BIM visualization
and aesthetic impacts enhance visual
accessibility. In addition, BIM provides insights
into  existing project details before
implementation, which reduces the potential
for adverse effects that often occur during the
construction phase; hence, quick solutions or
corrective actions are feasible because these
issues are already identified in the digital
environment. However, it has certain
disadvantages. These include initial costs,
manpower demand for building information
modeling, complexity of software, the human
factor or resistance to accepting change, and
speculative benefits. The implementation of
BIM holds many promises and benefits for the
construction industry. These benefits mainly
concern the efficiency, cost, and functionality of
building projects [27]. Furthermore, BIM
applications  have  numerous indirect
advantages. The application of BIM in building
projects highlights the research gaps in terms of
the readiness strategies for BIM among
construction trades, and more importantly, the

model of readiness for BIM implementation
[28]. The high technical acceptance of building
information modeling across the multi-trades
indicates that BIM has transformed the
construction industry, with unique roles in the
readiness practices to ensure the successful
implementation and utilization of BIM [29],
highlighting the challenges and role of internal
exposure to users in developing BIM technical
skills to facilitate collaboration [30]. As a global
tool and practice, the international experience
of BIM readiness among construction trades
has been disseminated in the development of
the BIM skill assessment map among key
players. Given the need to position BIM within
the digitalization mandate of the fourth
industrial revolution, an interesting research
gap regarding BIM readiness among the supply
chain is worth exploring, as this is seen as the
propeller to move the industry from project
initiation to the commissioning of buildings
and their operation. BIM readiness at the
construction site, through leadership support,
defined roles and responsibilities, and a BIM
strategy in such an environment, will further
underscore the challenges of competencies
required to harness BIM's deliverables and
KPIs [31]. Furthermore, the success of BIM
applications will be influenced by the readiness
and involvement of the consultant in
highlighting an in-depth analysis of the
readiness stages in the area of work and
appraisal. Within this context, the notion of
construction readiness assumes paramount
significance as a legal and operational
prerequisite for the successful and sustainable
deployment of BIM technologies [32-34].
Construction readiness constitutes a diagnostic
framework to evaluate the preparedness of
industry  stakeholders—including clients,
contractors, and designers—to transition from
traditional practices to digitally enabled
workflows [35-38]. In Jordan, readiness is
shaped by  socioeconomic  disparities,
institutional capacity, and the willingness of
participants to adopt technological innovation
[39-40]. However, prevailing challenges, such
as poorly defined project scopes, deficiencies in
contract administration, low productivity
levels, and weak stakeholder collaboration,
collectively hinder the effective realization of
BIM’s potential [41-42]. Additionally, BIM at
the technical level contributes to the project's
completion within a 25% short timeframe. For
the implementation stage, the design quality
will be 5% better than that of the other
traditional methods. For the stability of
information among the beneficiaries in various
engineering specializations, it will be 90%. For
greater quality, with a 10% reduction in design
and construction errors, BIM also helps achieve
better coordination among project stakeholders

[43-45].
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1.2.Research Objectives

The primary objective of this research is to

develop strategies that enhance construction

readiness and facilitate the successful
implementation of Building Information

Modeling (BIM) within the practices of the

Jordanian construction industry, as illustrated

in Fig. 1, developed by the author based on a

literature synthesis and contextualized for the

Jordanian construction sector. To achieve this

goal, several key objectives must be met:

e To review current BIM utilization and
integration practices in the Jordanian
construction sector.

e To identify the key barriers hindering BIM
readiness in Jordan.

e To examine stakeholder perspectives on
BIM adoption and supporting factors.

e To assess the awareness levels of
construction students and industry
professionals regarding BIM-related skills.

e To benchmark BIM readiness practices
across selected developing countries for
comparative insights.

Define clear BIM goals

I

Develop regulatory framework

Y

Strengthen technical skills

'

Promote stakeholder collaboration

'

Support digital transformation

Fig. 1 Research Objectives Framework for
BIM Readiness in Jordan (prepared by
author).

2,CONSTRUCTION READINESS FOR
IMPLEMENTING BIM

Construction readiness is a fundamental
conceptual requirement for the successful
implementation of any  management
innovation in the construction industry. It acts
as a pivotal determinant that delineates
organizational preparedness before any
attempts at change management and business
strategies, and such conditions attain
paramount importance for the digital
revolution. This concept encompasses a broad
spectrum of stakeholders operating at the
organizational level. It provides a seamless

continuum, making it easy for any new
initiative to be integrated into the mainstream
workflow. The findings above indicate that,
from the technological setting of software
usage, ease of access, and adaptability, through
to on-the-ground operational life, software and
technology form part of, but not the entirety of,
an organization's building information
modeling capabilities [46]. Depending on the
component and capability, technology findings
will guide strategy in a different field, or
depending on the organizational level required
to engage with. To elaborate on these
components, the necessary infrastructure
adaptation was conceptualized and further
operationalized, along with surrounding
strategies for knowledge capacity development,
to utilize the implemented infrastructure within
the region of interest. These issues are
particularly relevant to developing countries.
The basic requirements of an individual within
an organization have been postulated as being
of central importance when attempting a
comprehensive assessment, inclusive of deep,
embedded organizational change. Such
assessments provide an important baseline
framework for understanding the state of
practice that must be addressed before
implementing BIM. Initially, a keen focus is
placed on thorough infrastructure examination,
such as software installation, but this then
encompasses a range of other staff
requirements and likely changes to processes
and “way of working” that provide a more
comprehensive view; however, this
comprehensiveness leads to more complex
results [47]. Furthermore, it has been
demonstrated that infrastructure development
must extend beyond the organization's borders,
as seen in Jordan. For a thorough and robust
approach, there is a reliance upon the required
regulation being in place.
2.1.Key Components of Construction
Readiness
1) Technological infrastructure: The
appropriate software and hardware are
mandatory  for the  successful
implementation of BIM and are also
part of the technological infrastructure
required to achieve construction
readiness. These technological tools
include building design software,
architectural and computer-aided
systems, automated design tools, and
machine-based learning assistants.
Additionally, the technological
infrastructure should include suitable
hardware that meets the typical needs
of BIM software [48]. Technologies
such as virtual, augmented, and mixed
reality will play a vital role in BIM
implementation, and they can be
applied to several BIM applications.
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2) Organizational culture: Continuously
cultivating  organizational culture,
including  staffs mindset and
discipline, is vital for successful BIM
implementation. Thus, both individual
and organizational strategies will be
factored into construction readiness for
a wiser BIM implementation pathway.
Readiness is person-focused, meaning
it adapts to individual differences and
needs, which can be achieved without
necessarily increasing an individual’s
formal skills acquired through
education and training. Instead, the
focus is on experience, knowledge, skill
development, interpersonal
relationship management, and
capacity  building. Engaging in
professional societies and expanding
interdisciplinary skills is central to
developing an individual’s overall
readiness [49]. The new understanding
of readiness in this way provides
insight into how to overcome the lack of
a skilled labor force, which remains an
issue today for developed countries to
enhance their local HR. These
initiatives can produce a larger and
more qualified pool of employees.
Building assets in readiness is the first
step to creating a robust and high-
energy organizational culture
associated with business practices [50].

2.2.Factors Influencing Construction
Readiness

Research on construction readiness enables
construction organizations to assess the current
state of their practices, strategies, and market
requirements, thereby enhancing their
readiness dimension. Several individual factors
influence  construction readiness [51].
Organizational leadership and management
practices can substantially shape delegates’
apprehension about adopting new ideas,
attitudes toward innovative practices, and the
skillfulness required for organizational
transformation. Stellar practices in
organizational contexts improve individuals’
perceptions of capabilities and accuracy in
procedures. External influences, such as
market demand and governmental and
industrial regulatory environments, can either
facilitate or ease the adoption of a new practice,
serving as either expediters or speed breakers,
depending on whether they are committed or
reluctant sponsors in aggregate populations
[52]. Given the potentially negative impacts on
stakeholders, resistance can significantly
encumber an organization’s overall
transformation into a BIM-oriented
organization. A worldwide organization’s
readiness to build information modeling, the
objectives of operations in BIM orientation, the

effect of BIM adoption on project perspective,
and Dbest practices for international
development to study the best managerial
practices for developing adoption behaviors by
operatives for building information modeling in
a developing country. A questionnaire survey
was conducted on Jordanian construction
projects. The 171 responses collected were
analyzed using software. The findings establish
four strategies to enhance an operative’s
adoption of BIM for construction projects. This
goal can be achieved through supportive
leadership, proactive strategies, effective
enablers, and the development of an operative
integration approach. The research presented
herein provides new insights that could help
international construction managers improve
the likelihood of success in their efforts to build
information modeling in construction projects.
The findings, in particular the contingencies
surveyed, constitute evidence of the need for a
holistic approach to affect construction
readiness and reduce the likelihood of
resistance to change.

3.CURRENT BIM IMPLEMENTING
PRACTICES IN JORDANIAN BUILDING
PROJECTS

To implement effective strategies for
constructing readiness for BIM, practical
implications should be thoroughly studied
based on current industry settings and adopted
applications. BIM practices, barriers, and
management in Jordan are examined in this
section to inform the development of an
appropriate blueprint for the current research
phase [53]. The interview results reveal the
practices of implementing BIM in local
Jordanian building projects, where
construction BIM is a critical element for
designing structural projects in Jordan. The
majority of major projects constructed in
different cities rely on the crucial element of
BIM, which is often required for a significant
percentage of major projects, as mentioned
during the interviews. The interest of Jordanian
firms in BIM system technology has become
increasingly understandable, and firms are
updated on the latest modern technologies.
Additionally, a notable percentage of
companies have a professional development
agenda and provide training with the latest
technology [54]. The main challenge in
implementing business information modeling
is the limited availability of skilled labor. The
purpose of this case study was to investigate the
current status and success of the application of
Building Information Modeling required for
Architecture, Engineering, Construction, and
operation and maintenance. It was argued that
managers may enhance the company's
performance and, in turn, improve programs,
techniques, tools, and processes for developing
the building information model. Furthermore,
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AECO should enhance the training of BIM and
then accelerate its adoption by educating and
implementing BIM, building skills and
concepts, which is crucial due to the availability
of contacts and stakeholders. While risk
evaluation can maintain a balance, it also
participates in ensuring quality and timely
building [55]. In Jordan, the National
Information Technology Center has launched
an initiative to improve the awareness of
building information modeling. The center
reimagines, leads, and transforms the future of
the building and construction industry. BIM is
the next digital revolution that will redefine the
planning, designing, and building processes in
which various stakeholders, such as real estate
developers, architects, engineers, construction
and operational professionals, and
governments, must adapt to and adhere to
internationally accepted BIM standards,
protocols, and guidelines [56]. There is still a
very modest contribution from a large-scale
national perspective by the government or any
other institution. Many international firms
have adopted BIM models for engineering and
construction management. Similarly, there is
an almost equal level of awareness between
architects and structural engineers. The results
of these studies are not generalized to all
stakeholders but are specific to partners such as
architects and contractors.

4.STRATEGIES FOR ENHANCING
CONSTRUCTION READINESS IN BIM
IMPLEMENTATION

As has been seen, increasing readiness for the
construction industry is paramount in Jordan,
where implementing BIM and its supporting
tools in building projects is challenging on both
service and economic grounds. These are
integrated strategies for the BIM readiness of
the construction industry. Enabling proven
technologies and environments shapes the
construction readiness of BIM implementation.
This BIM approach integrates both technology
and human aspects. This integration is
translated into strategies to foster readiness
values within the firms. Decision-makers
commit to improved productivity outcomes,
which include construction readiness values of
BIM implementation, such as knowledge,
hands-on training, and improved self-
confidence to stand out in the competitive
construction market [57]. In this regard, the
strategies proposed foster a proactive
environment for training courses in Jordan.
Strategies to enhance construction readiness in
BIM implementation are practical and
effectively applied in Jordan. Consequently,
they are interrelated, where collaboration and a
communication platform are crucial to ensure
easier relations between the four strategies. In
addition, the collaborative approach supports
one of the most prominent indicators of

construction readiness in Jordan, namely the
application of a continuous improvement
strategy and the development of learning
organizations.

5.RESEARCH METHODOLOGY

This study employs a mixed-methods research
design, integrating quantitative and qualitative
approaches to address the research objectives.
The methodology is structured into four
phases: (1) literature review and framework
development, (2) empirical data collection via
surveys, (3) statistical analysis using quality
management tools, and (4) comparative case
studies. For transparency, the case study
analysis procedures (Egypt and Lebanon) are
described in greater detail. Sources included
peer-reviewed  publications,  government
reports, and industry white papers. Selection
criteria =~ were based on comparable
socioeconomic contexts and documented BIM
maturity. Analytical steps involved pattern
coding, Cross-case synthesis, and
benchmarking to ensure methodological rigor.
The rationale for this approach is to holistically
assess barriers, success factors, and strategies
for BIM readiness in Jordan while ensuring
scalability across developing nations. The study
employs a sequential exploratory strategy,
commencing with a systematic literature review
to identify gaps and inform the development of
the BIM Adoption Model. This review is
followed by empirical validation through
surveys and statistical analysis, culminating in
cross-country comparisons to assess the
model’s applicability. A structured
questionnaire was developed based on
literature-derived barriers (21 items) and
success factors (20 items). Responses were
captured using a 5-point Likert scale (1 =
Strongly Disagree; 5 = Strongly Agree). The
survey was validated through pilot testing with
15 industry experts, achieving a Cronbach’s
alpha of 0.89, which confirmed its internal
consistency. The target population included
architects, engineers, contractors, and
policymakers in Jordan’s construction sector. A
stratified random sampling technique ensured
representation across roles and project types.
Out of 250 distributed questionnaires, 171 valid
responses were collected (68.4% response
rate). The survey was distributed, with 65% of
responses collected online and 35% through in-
person interviews, ensuring broad participation
across architects (28%), engineers (32%),
contractors (24%), and policymakers (16%).
Representativeness was validated against
national workforce statistics. Data collection
occurred through online platforms and in-
person interviews between January and March
2025. Furthermore, comparative case studies
from Egypt and Lebanon were analyzed using
secondary data from academic publications,
government reports, and industry whitepapers.
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These countries were selected due to their

similar socioeconomic contexts and
documented challenges to BIM adoption.
5.1.Data Analysis

¢ Quantitative Analysis
Descriptive Statistics: Mean scores and
standard deviations were calculated to
assess the perceived significance of barriers
and success factors.
Relative Importance Index (RII):

RII = z W/(A*N) €Y

where W = weight of each factor,A=
highest Likert score (5), and N = number of
respondents. Factors with RII > 0.6 were
deemed critical.

Fishbone Diagram: Utilized to map root
causes of key barriers, e.g., high costs,
resistance to change.

e Qualitative Analysis
Thematic analysis of case studies identified
patterns in policy frameworks, training
programs, and institutional collaborations.
The findings were synthesized into the
Benchmark Table to contrast Jordan’s
challenges and strategies with those of
other developing nations.

5.2.Results of First Set

The BIM Adoption Model was validated

through triangulation:

e Statistical Robustness: High RII scores,
e.g., 0.93 for cost barriers, confirmed
survey reliability.

e Expert Feedback: Preliminary findings
were reviewed by 10 BIM practitioners to
ensure practical relevance.

Model for
Contextual Developing
Factors Countries

*  Offering scholarships for BIM
education Upper:Midde

*  Mandate skilled BIM Income Countries
professionals for government |
projects

e Developing clear BIM goals, as
to the economic development

¢ Evaluating and addressing Income Countries
phased BIM development

*  BIM knowledge development
via education and training

*  Providing standard forms and
templates of BIM execution
plan

Low-Income
Countries

BIM Adoption

Strategic Factors

e Case Study Alignment: Consistency
between Jordan’s results and global trends,
such as skill gaps in Nigeria, reinforced the
external validity.

This methodology offers a replicable framework
for evaluating BIM readiness in resource-
constrained environments, striking a balance
between empirical rigor and actionable insights
for policymakers and industry leaders.
6.BIM ADOPTION MODEL FOR
DEVELOPING COUNTRIES
This study formulates a framework model by
examining critical insights and devising
customized suggestions derived from BIM
adoption experiences in representative nations
across three developmental tiers, as shown in
Fig. 2. The model is carefully developed by a
comprehensive study of the data obtained from
our systematic review. The essential features
from the literature were classified into three
overlapping domains: strategic considerations,
contextual factors, and adoption factors, which
provide a thorough array of interconnected
components vital to BIM adoption. The
proposed BIM Adoption Model is an extensive
framework designed to assist developing
nations in the complex integration of BIM
within their building and construction
industries. This paradigm is based on a multi-
dimensional approach that acknowledges the
diverse economic, educational, and
infrastructural conditions in developing
nations.

Active participation

Spearhead pilot projects
Experience exchange
Developing adoption roadmaps

. |* Government-academia collaboration
s Legal responsibilities definition for BIM
«  Contract standardization for BIM projects

e Establishing BIM adoption funds
*  Encouraging public-private partnerships

BIM education into academic
curricula

National accreditation and
certification for BIM training

¢ Collaboration with international

Internationalization sntities
e Adoption of international

standards
. . * Central platforms and digital
Nﬁﬁ'{?;{;‘gge 1 resource banks
« National platforms for BIM usage
* Knowledge hubs for experience

Cross-sectional | exchange
Collaboration ¢ Links to international BIM

platforms

Fig. 2 Conceptual Model of BIM Adoption for Developing Countries (prepared by author).
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6.1.Contextual Variables

The paradigm starts by recognizing the
Contextual Factors, which are essential for
establishing the foundation for BIM adoption.
It acknowledges the imperative of customizing
policies according to the economic capacities of
nations, classified as upper-middle, lower-
middle, and low-income. Upper-middle-
income countries may be better positioned to
provide scholarships for BIM courses and
require  qualified BIM specialists for
government projects. Conversely, low-income
countries may focus on developing BIM goals
that align closely with their urgent economic
development needs. Supplying standardized
forms and templates for BIM execution plans is
a vital strategic component, guaranteeing
uniformity and excellence in BIM deployment.
For low- and middle-income nations, it
encompasses the establishment of explicit BIM
objectives, assessment of incremental BIM
advancement, and the enhancement of BIM
expertise through education and training.
6.2.Strategic Considerations

Central to the approach are Strategic Factors
that serve as the impetus for adoption tactics.
Internationalization involves collaboration
with global organizations and the adoption of
international standards, thereby facilitating
interoperability and enhancing global
competitiveness. National initiatives
encompass centralized platforms and digital
resource repositories, ensuring nationwide
accessibility and uniformity of information
across the country. Transversal Collaboration
promotes the exchange of information and
resources across several sectors, building a
community of practice that facilitates ongoing
learning and adaptation.

6.3.Factors Influencing Adoption

The external layer of the model encompasses
Adoption Factors, which are critical elements
that must be considered to guarantee effective
BIM adoption. Government engagement is
essential, necessitating active involvement,
leading pilot initiatives, and formulating BIM
adoption strategies. Government entities must
lead the demonstration of BIM's value and
foster an environment that facilitates its
implementation. A legal framework guarantees
that suitable rules and regulations underpin the
implementation of BIM. This framework
includes collaboration between government
and academics, delineating legal obligations for
BIM, and standardizing contracts for BIM
initiatives. Financial support is a crucial
enabler, involving the creation of BIM adoption
funds and promoting public-private
collaborations. These financing strategies help
mitigate the expenses associated with adopting
BIM technology and procedures. Education and
training must be integrated into academic
courses to develop a workforce proficient in

BIM. National accreditation and certification
for BIM training may maintain educational
quality and ensure industrial preparedness
(Fig. 2).

7.DISCOURESE

The suggested BIM Adoption Model for
Developing Countries (Fig. 2) is not only a
strategy framework but an appeal for a
coordinated initiative across several sectors,
particularly focused on enhancing project
delivery results. This model highlights the
crucial role of projects as organizational entities
that drive strategic and contextual elements
influencing BIM adoption. This study
emphasizes that project-based insights can
enable BIM to revolutionize project
management techniques in underdeveloped
nations, resulting in improved project
efficiency, decreased costs, and more alignment
with strategic objectives. The effectiveness is
rooted in the understanding that successful
BIM adoption encompasses not merely a
technological shift but a comprehensive
transformation that comprises cultural and
procedural changes impacting numerous
stakeholders. Government involvement is a
vital element in facilitating the adoption of
BIM. Refs. [56-57] underscore the necessity of
government-led initiatives—such as pilot
programs, established guidelines, stakeholder
incentives, and contemporary leadership
styles—in the engineering sectors,
demonstrating the pivotal role of governmental
support in promoting BIM integration.
Financial assistance [58] is a crucial catalyst for
the BIM adoption Roadmap, especially in
resource-limited contexts. By allocating
resources and incentives for BIM adoption,
stakeholders may mitigate perceived risks and
promote investment in BIM technology.
Education and training are essential for the
successful integration of BIM. Al-Btoush et al.
[7] asserted that incorporating BIM education
into academic programs and offering
professional development opportunities can
cultivate a proficient workforce capable of
effectively utilizing BIM technologies. They
emphasize the necessity of internationalization
to conform to global standards, hence
enhancing participation in the worldwide
market and the adoption of best practices.
Moreover, national efforts and interdisciplinary
cooperation [58] underscore the importance of
collective infrastructure and information
sharing in democratizing the benefits of BIM
and fostering a culture of collaboration and
innovation. The Jar test apparatus used in this
study was the Pharma Test PT-DT7. It was
taken from Samarra’a Company for drug and
medical implementations (SDI). The present
findings align with [13], who also identified
high initial costs as a dominant barrier in
Nigeria. They further extend the insights of Al-
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Btoush et al. [7] by highlighting the unique role
of institutional support, such as CCIT in
Jordan, in shaping readiness. Moreover, they
partially contradict El Hajj et al. [19], who

downplayed the

role of government

involvement; the present evidence shows that
public-sector leadership remains decisive in
advancing BIM adoption.

8.RESULTS AND DISCUSSIONS
8.1.Practical Implications

The results and established model (Fig. 2) have

several practical

implications for project

managers, policymakers, and leaders in poor
nations seeking to harness digital change via
BIM adoption.

8.2.For Project Managers

1)

2)

3)

Improved Project Delivery: The
Adoption Model highlights the use of
collaborative digital platforms that

enhance communication and
coordination among stakeholders.
Utilizing BIM  enables  project
managers to optimize workflows,
minimize rework, and guarantee

compliance with project schedules.
This model advocates for the
implementation of BIM Level 2 and 3
methodologies, which foster
comprehensive  cooperation  and
interoperability throughout project
phases, leading to improved project
delivery efficiency.

Resource Optimization: The model
underscores the significance of
resource management via precise cost
prediction, materials monitoring, and
labor allocation enabled by BIM.
Project managers can utilize these
skills to enhance resource efficiency,
reduce waste, and ensure initiatives are
completed within budgetary
constraints.  The  model's key
characteristics promote the use of BIM
for comprehensive resource planning
and management, which is essential for
achieving cost efficiency.

Risk Management: The sophisticated
simulation and modeling
functionalities of BIM, as detailed in
the adoption model, enable project
managers to anticipate possible
challenges and proactively minimize
risks. This risk management strategy is
underpinned by the model's focus on
both technological and strategic
elements, facilitating the early
identification and resolution of
potential issues throughout the project
lifecycle, thereby enhancing project
success.

8.3.For Decision-Makers

1)

2)

3)

Policy Development: The BIM
Adoption Model provides insights that
might assist policymakers in
formulating national standards and
recommendations to facilitate BIM
adoption. The model's contextual
variables underscore the necessity for
supporting legislative frameworks that
require BIM implementation in public
sector projects, hence promoting
industry-wide adoption. Policymakers
can utilize the model to design policies
that conform to international norms
while addressing local requirements.
Financial Incentives: The concept
proposes the implementation of
financial incentives, such as tax breaks,
grants, or subsidies, to promote BIM
adoption. These incentives may help
mitigate the initial expenses associated
with  BIM  deployment, thereby
enhancing accessibility for enterprises.
Policymakers may promote extensive
BIM integration in the construction
sector by offering financial assistance,
as suggested by the model's financial
support schemes.

Infrastructure Development:
Investment in digital infrastructure,
including high-speed internet and data
storage facilities, is essential for the
efficient deployment of BIM. The
adopted model emphasizes the need to
establish a robust infrastructure to
facilitate digital transformation in the
construction industry. Policymakers
must prioritize these infrastructure
advancements to establish the essential
technological underpinning for BIM
adoption.

8.4.For Executives in the Construction

Sector

1)

2)

Strategic Planning: Industry leaders
may utilize the BIM Adoption Model to
integrate BIM into their strategic
planning frameworks. Integrating BIM
into business models enables firms to
optimize project outcomes, enhance
customer satisfaction, and increase
profitability. The approach provides a
framework for executives to align their
strategic objectives with BIM adoption,
ensuring the successful
implementation of digital
transformation initiatives.

Workforce Development: The model
underscores the necessity for training
and development initiatives to cultivate
a workforce skilled in BIM technology.
Leaders ought to allocate resources
towards educational efforts and
collaborate with academic institutions
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to provide BIM certification programs
and ongoing professional development
opportunities. This method ensures
that the staff have the necessary skills
to utilize BIM effectively.
3) Collaboration and creativity: Fostering
a culture of collaboration and creativity
is an essential element of the BIM
Adoption Model. Leaders ought to
foster multidisciplinary cooperation
and endorse creative methods that
maximize the potential of BIM. By
cultivating a culture that prioritizes
collaboration, firms can enhance their
BIM adoption initiatives and achieve
superior project outcomes.
The BIM Adoption Model offers a strategic and
sophisticated framework to support emerging
nations in the complex process of BIM
integration. This approach suggests a road that
is both strategic and practical by concurrently
addressing contextual, strategic, and adoption
variables. This is a call to action for
governments, businesses, academia, and
international partners to join in leveraging the
revolutionary potential of BIM for the future of
construction and development.
9.STATISTICAL QUALITY
TECHNIQUES
Statistical methods in project management and
control help reduce deviations, while statistical
process control charts assess whether a process
needs to be continued or modified to meet
quality standards. Seven basic quality tools, as
shown in Fig. 3, were first developed by
Ishikawa (1968). He provided systematic
approaches for identifying and addressing root
causes of quality issues. Recent studies have
reinforced their relevance in construction
management, particularly for readiness and
delay analysis (Radzi et al., 2024 [37] and
Sanni-Anibire et al., 2022 [42]. These tools are
useful for self-study, foreman training, and
quality control reading groups.

. Check sheets.

. Graphs (Trend Analysis).
|

. Histograms.
T

Pareto charts.

Cause-and-effect diagrams.

Scatter diagrams.

Control charts

Fig. 3 The Seven Quality Control Tools.

9.1.Check Sheets and Histogram

Check sheets are simple forms that help
systematically record data in a business,
providing a clear picture of the organization's
situation and condition. Hemograms are
excellent tools for describing the frequency
distribution of observed values of a variable and
can be used to investigate and identify the
underlying distribution of a variable. Pareto

Analysis, developed by Italian economist
Vilfredo Pareto, is a type of histogram that can
be used to quickly identify and prioritize quality
issues, conditions, or causes in a company. It
can be useful in project management and
productivity, allowing for the analysis of to-do
lists and prioritizing tasks with the most
important results. The Fishbone Diagram,
created by Kaoru Ishikawa, is a powerful tool
for root cause analysis and the concept of
Quality Control (QC) circles. It examines and
analyzes all potential or real causes that lead to
a single effect in a systematic manner, enabling
a company's management to investigate the
root causes of a problem. Unlike prior studies
that cite barriers descriptively, this research
operationalizes statistical quality tools to
measure them. Pareto analysis isolates the
“vital few” factors that account for 80% of
readiness gaps, while Fishbone diagrams map
systemic root causes, such as policy
fragmentation, training deficits, and cultural
inertia, thereby strengthening the analytical
depth of the framework. Scatter diagrams are
powerful tools for drawing the distribution of
information in two dimensions, aiding in
detecting and analyzing pattern relationships
between two quality and compliance variables.
Flowcharts are diagrammatic representations
that use symbols to represent the steps in a
process or operation, helping to detect and
analyze potential problems. The Shewhart
control chart, developed by Walter A. Shewhart
in the 1920s, is the most technically
sophisticated for quality management,
depicting the amount and type of variation in a
process over time.

9.2.Barriers to Implementing the BIM
technique in Jordanian Construction
Projects

To evaluate the most significant challenges
facing the Jordanian construction sector in
adopting BIM technology, statistical analysis
was conducted using the mean score, standard
deviation, and relative importance index to
rank these challenges according to their
significance. Table 1 illustrates the most
significant challenges that limit the adoption of
BIM in the Jordanian construction sector.
Table 1 explains that the most significant factor
hindering the adoption of BIM techniques in
the Jordanian construction sector is the high
initial cost of software and hardware, as BIM
software requires high licensing costs,
especially for large projects. The second-
highest limitation preventing the adoption of
BIM techniques in Jordan is that training
personnel in new software and technology
incurs high costs, resulting in a shortage of
technical skills and a lack of experts and
professionals with adequate experience in BIM
techniques. Also, the following challenges
present the third-highest factors that prevent
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the adoption of BIM in the Jordanian
construction industry: Shortage of market
support for BIM execution where there is no
enough support BIM adoption due to lack of
awareness of beneficial contribution of BIM
technique, industry resistance to process
change due to shortage awareness and

knowledge of BIM culture, and Lack of a ready
pool of skilled BIM staff expertise. In addition,
all barriers evaluated in Table 2 are considered
significant, as the IRR achieved values exceed
0.6, which is the recommended threshold for
considering these challenges significant.
Ideally, these values should be higher than 0.6.

Table 1 Challenges of BIM Application in Construction Management

No. limitation

Mean STDEV description IRR Rank

Shortage of Demand for BIM
The steep learning curve to build up BIM expertise
Insufficient BIM talent pool

Shortage of technical skills

Absence of a real-world BIM-based sample
Shortage of organization between project elements
Contractual and security challenges

It is multiple software, not a single one

Shortage of a single standard for software results

el W -
NHO\D@\]O\ AW N

or based on the goodness of the data
13 The need for legalization

14 A BIM protocol can cost a higher price for intellectual property licensing 4.31  1.11

than that procured under traditional contracts

15 Firms believe that BIM is an underdeveloped technology with limited 4.34 1.08

capacities

16  Shortage of support from enterprises and culture in the implementation of 4.38 1.14

BIM execution

17 Lack of BIM object libraries and standard modeling protocols

18 Industry resistance to process change
19  Shortage of market support for BIM execution
20 The high initial cost of software and hardware

21 Training personnel in new software and technology requires high costs 4.53 0.88 Strongly Agree 0.91

22 High cost of process and technology execution

Shortage of awareness of the procedures to implement BIM

Shortage of organization in the software used in several sectors

Legal responsibilities are owed to stakeholders contributing to the model, 4.38 1.03

4.43 1.07 Strongly Agree 0.89 4
4.52 0.90 Strongly Agree 0.90 3
4.49 0.97 Strongly agree 0.90 3
4.47 1.05 Strongly Agree 0.89 4
4.57 0.92 Strongly Agree 0.91 2
4.37 1.07 Strongly Agree 0.87 6
4.41 108 Strongly Agree 0.88 5
4.41  1.03 Strongly Agree 0.88 5
4.27 117 Strongly Agree 0.85 8
4.28 112 Strongly agree 0.86 7
4.23 113 Strongly Agree 0.85 8

Strongly Agree 0.88 5
4.25 115 Strongly agree 0.85 5

Strongly agree 0.86 7

Strongly Agree 0.87 6
Strongly Agree 0.88

4.34 113 Strongly Agree 0.87
4.49 0.98 Strongly Agree 0.90
4.51 0.82 Strongly Agree 0.90
4.66 0.70 Strongly Agree 0.93

SN =W W o (9]

4.43 1.07 Strongly Agree 0.89

9.3.Strategies to Motivate the Adoption
of the BIM Technique in Jordanian
Construction

This section assesses the drivers of BIM
adoption in construction projects by identifying
the critical success factors for adopting BIM
techniques in Jordanian Construction projects.
Mean score, standard deviation, and RII have
been employed to assess these drivers. The
following critical success factors represent the
third-highest factors that can be considered
drivers for adopting BIM in the Jordanian
construction industry. Several tertiary
institutions should incorporate BIM training
into their curricula to develop basic guidelines
for skills and training demands. In addition, all
critical success factors evaluated in Table 2 are
considered significant, as the IRR achieved
values exceed 0.6, which is the recommended
threshold for considering these challenges
significant. The Jar test apparatus used in this
study is the Pharma Test PT-DT7, which was
obtained from Samarra’s Company for Drug
and Medical Implementations (SDI). Table 2
displays that the highest critical success factors
motivating the adoption of BIM techniques in
the Jordanian construction sector are execution
seminars, workshops, and conferences on the

utilization of BIM for the industry to upgrade
the advantages of the technology and
standardize work procedures for BIM. The
second-highest  critical success factors
encouraging the adoption of BIM in the
Jordanian  construction  industry  are
establishing the CCIT, which promotes BIM
and guides businesses and professionals in the
industry. The CCIT is a software development
company that provides a comprehensive
solution to companies through web
applications and cloud technology. CCIT can
help develop high-performance applications,
provide IT consulting, and analyze data in the
field of building information modeling to
improve productivity and guide companies and
professionals in the construction and
manufacturing industries. Additionally, the
provision of BIM finance covers the costs for
training, consultancy services, and the
purchase of hardware and software for
businesses and projects. The client’s obligation
includes paying for additional costs associated
with BIM execution. Furthermore, the
performance of a promotion and awareness
campaign about BIM is also required. The
benchmark BIM Adoption in Developing
Countries is illustrated in Table 3.
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Table 2 Critical Success Factors of Adopting the BIM Technique in Construction Management.

No. limitation

Mean STDEV Description IRR

Rank

1 Government support, such as subsidizing training, software, and consultancy 4.47 1.00 Strongly agree 0.89 4
costs

2  Established the CCIT to promote BIM and guide businesses and 4.58 0.82 Strongly agree 0.92 2
professionals in the industry.

3  Execute seminars, workshops, and conferences on the utilization of BIM for 4.63 0.78 Strongly agree 0.93 1
the industry to upgrade the advantages of the technology

4  Several tertiary institutions should collaborate to incorporate BIM training 4.55 0.88 Strongly agree 0.91 3
into their curricula.

5  Provide the BIM finance, which covers the costs for training, consultancy 4.59 0.75 Strongly agree 0.92 2
services, and the purchase of hardware and software for businesses and
projects

6  Develops basic guidelines for skills and training demands. 4.54 0.89 Strongly agree 0.91 3

7 Clients’ obligation to pay more costs for BIM execution 4.60 0.83 Strongly agree 0.92 2

8  Promotion and awareness campaign performance for BIM 4.62 0.81 Strongly agree 0.92 2

9  The incentive provided by the client as a tax mitigation 4.45 1.02 Strongly agree 0.89 4

10 Provide a grant plan for BIM training 4.43 1.09 Strongly agree 0.89 4

11 Support the implementation of BIM by the government 4.35 110 Strongly agree 0.87 6

12 Clients should offer pilot projects for BIM 4.49 0.88 Strongly agree 0.90 4

13 Cooperation with universities (Research Cooperation and Curriculum Design 4.25 1.14 Strongly agree 0.85 7
for Students)

14 Customers should order by applying BIM in their project 4.42 1.00 Strongly agree 0.88 5

15 Provision BIM expertise 4.47 0.97 Strongly agree 0.89 4

16 Demand for personnel to be BIM competent 4.34 112 Strongly agree 0.87 6

17 Outsourcing a BIM specialist 4.42 0.97 Strongly agree 0.88 5

18 An organizational structure that supports BIM 4.24 115 Strongly agree 0.85 7

19 Standardize work procedure for BIM 4.63 0.81 Strongly agree 0.93 1

20 Technical support 4.45 1.03 Strongly agree 0.89 4

Table 3 Benchmark Table: BIM Adoption in Developing Countries.

Country Key Barriers (Ranked) Critical Success Factors Methodology Key Findings

(Ranked)

Jordan 1. High initial 1. Seminars/Workshops RII, Pareto, Fishbone High costs and skill gaps

Software/Hardware Costs (RI[=0.93) Diagrams, Survey of ~ dominate; success hinges on

(RII=0.93) 2. Standardized Workflows 171 Industry training, standardization, and

2. Training Costs/Skill (RI1=0.93) Responses institutional support.

Shortages (R11=0.91) 3. Government/CCIT Support

3. Industry Resistanceto  (RII=0.92)

Change (RI1=0.90)

Nigeria 1. Lack of BIM Expertise 1. Government Mandates Case Studies, Policy fragmentation and low

2. High Costs 2. Academic integration interviews (Babatunde awareness slow adoption;

3. Fragmented Policies 3. Public-Private Partnerships et al., 2021) Collaboration between
academia and industry is
vital.

Egypt 1. Resistance to Change 1. Pilot Projects Comparative Case Cultural resistance and legacy

2. Interoperability issues 2. Regional Collaboration Studies (Section 6.1 of systems hinder adoption;

3. Legal Framework Gaps 3. Financial incentives the Paper) Regional alignment improves
scalability.

Lebanon 1. Limited digital literacy 1. Training programs Survey Analysis Digital infrastructure gaps

2. Infrastructure deficits 2. Bim libraries (Section 7 of the are critical; Regulatory

3. Contractual challenges 3. Regulatory reforms Paper) reforms and training
accelerate readiness.

India 1. Organizational inertia 1. Client Mandates Mixed-Method Client-Driven Mandates and

2. Software complexity 2. Modular Workflows (Atakul, 2024) Modular Approaches Reduce

3. Client reluctance 3. Industry Certifications Resistance; Certifications
Enhance Workforce
Readiness.

Global Common Barriers: High ~ Common Success Factors:

Costs, skill shortages,
cultural resistance

Training, Policy Support,
Standardized Workflows

9.4.Summary of Comparisons

Barriers: Jordan aligns with other developing
nations in facing high costs and skill shortages;
however, its industry resistance to change
(ranked third) is more pronounced than in
countries like Nigeria or India. Success Factors:
Jordan emphasizes seminars and workshops,
as well as standardization, similar to India’s
focus on modular workflows. However, Jordan
uniquely highlights the role of the Center for
Construction Information Technology (CCIT),
a local institutional entity in Jordan that

supports the promotion and adoption of
Building Information Modeling for guidance.

Methodology: The use of RII and Pareto
analysis in Jordan provides quantitative
prioritization, contrasting with the qualitative
approaches employed in Nigeria’s case studies.
Policy Gaps: Unlike Egypt and Lebanon,
Jordan’s study highlights market support
deficits, such as the lack of BIM awareness
campaigns, which necessitate targeted
stakeholder engagement. This comparison
highlights that while Jordan’s BIM challenges
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mirror those of other developing nations, its
strategies must address localized
organizational  cultures and  leverage
institutional partnerships, such as CCIT, for
scalable adoption.

10.CONCLUSIONS

This study systematically addresses the
underexplored challenge of enhancing
construction readiness for BIM
implementation in Jordan, offering actionable
insights for developing nations. By identifying
high initial costs (RII=0.93), training/skill gaps
(RIT=0.91), and industry resistance to change
(RII=0.90) as the foremost barriers, the
research aligns with global trends observed in
countries like Nigeria, Egypt, and India, where
cost and cultural inertia similarly hinder
adoption. However, Jordan’s pronounced
organizational resistance and reliance on
localized institutional support—such as the
CCIT—distinguish its challenges and strategies
from other contexts.The proposed BIM
Adoption Model, integrating strategic,
contextual, and adoption factors, provides a
scalable framework tailored to resource-
constrained environments. Empirical
validation through surveys (n = 171 responses)
and comparative case studies (Egypt, Lebanon)
underscores the effectiveness of strategies such
as standardized workflows (RII = 0.93),
targeted workshops, and government-led
financial incentives. These findings align with
successes in regions such as India, where
modular workflows and client mandates have
accelerated the adoption of these solutions.
However, Jordan’s emphasis on CCIT-driven
guidance highlights the critical role of localized
institutional partnerships. Furthermore, future
research should pursue longitudinal studies to
track the sustained impact of BIM adoption on
project outcomes across a five- to ten-year
horizon, enabling stronger causal insights. The
scalability of the proposed framework is
demonstrated by Egypt’s success in piloting
BIM workflows through regional
collaborations, and Lebanon’s reliance on
regulatory reforms and training-driven
readiness—both of which confirm the model’s
replicability.  Practical implications for
policymakers and industry leaders include
prioritizing cost mitigation through subsidies,
integrating BIM training into academic
curricula, and fostering collaborative platforms
to mitigate resistance. The study’s use of RII
and Pareto analysis provides a replicable
methodology for quantitatively prioritizing
barriers, contrasting with the qualitative
approaches employed in similar studies. While
the research advances BIM readiness strategies,
limitations such as regional specificity and
sample size warrant further exploration into the
longitudinal adoption impacts and broader
applicability across diverse socioeconomic

contexts. Furthermore, these limitations
include reliance on self-reported data that may
introduce bias, the absence of longitudinal
analysis to capture changes in adoption over
time, and limited integration of simulation-
based cost-benefit assessments. Future
research should address these issues by:

¢ Conducting longitudinal studies to track
the evolution of BIM adoption in Jordan
over time.

e Expanding the scope of the study to
include other developing countries across
the Middle Eastern countries for broader
comparative insights.

e Employing cost—benefit simulations to
evaluate the long-term impacts of BIM
integration.

e Conducting longitudinal studies to track
the evolution of BIM adoption in Jordan
over time.

e Exploring the integration of BIM with
emerging technologies such as Artificial
Intelligence (AI) and Blockchain to
strengthen sustainable practices.

NOMENCLATURE

BIM  Building Information Modeling
CCIT Center for Construction Information

Technology
RIT Relative Importance Index
ISO International Organization for Standardization
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