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Abstract: In developed countries, the government primarily supports the adoption of BIM. How-
ever, adoption is typically driven by the preferences of industry professionals among construction
organizations in developing countries, who rely on their BIM awareness and competence. Thus, BIM
competence and awareness have become an important indicator of organizational BIM readiness. To
assess the level of BIM readiness, this study aims to determine the BIM competence and awareness lev-
els among Malawian construction organizations. The study surveyed 189 construction professionals
and analyzed the data using descriptive statistics and reliability tests. The findings revealed that there
is a moderate level of BIM awareness among the organizations. The organizations have BIM-capable
software. However, the professionals within these organizations possess a limited proficiency in BIM
technical abilities, particularly in performing BIM-related services and executing BIM-related tasks.
Therefore, construction organizations in Malawi should prepare for the widespread adoption of BIM
by addressing the insufficient technical skills and limited awareness of BIM among their workforce.
Furthermore, the study indicates that engaging in collaborative efforts could serve as a valuable
foundation for the adoption of BIM within construction organizations.

Keywords: Building Information Modeling (BIM); awareness; competence; Malawi; construction
organizations; BIM readiness

1. Introduction

The construction industry in developing countries faces significant challenges in de-
livering projects efficiently and effectively. These challenges stem from limited resources,
inadequate infrastructure, and a rapidly growing population [1]. Insufficient infrastructure
can hamper economic progress, hinder social development, and limit access to essential
services [2]. As such, it becomes crucial to explore innovative approaches that can over-
come these challenges and enhance construction project outcomes to meet these rising
infrastructure demands [3]. Therefore, researchers have been constantly working on study-
ing and developing new methods that could improve construction project efficiency and
productivity. Building Information Modeling (BIM) is one of the emerging technologies
believed by architecture, engineering, and construction (AEC) industry experts to have the
ability to improve construction project efficiency and productivity at lower costs [4].

Succar [5] describes BIM as “a set of interacting policies, processes, and technologies
generating a methodology to manage the essential building design and project data in digi-
tal format throughout the building’s life cycle”. Experts, scholars, and several construction
industry stakeholders consider BIM as a promising driver for change (i.e., modernization,
productivity, and new ideas) in the construction industry [6]. BIM implementation has the
potential to benefit the industry in various ways if adopted in projects. The most critical
benefits are improved quality, cost reductions, and time-saving. The industry has been
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paying attention to these benefits and in the past decade, BIM interest has been gradually
increasing, recognizing the benefits it provides and resources it saves during the various
stages of construction projects [7]. These benefits can be realized by distinct construction
organizations in all project types, creating digital models of prospective projects with all
the necessary details and information for each stage [8]. Regardless of these benefits, BIM
adoption has been slow in developing countries, especially Sub-Saharan Africa, but its
awareness is slowly increasing [9].

Similar to other countries, BIM is attracting the interest of construction professionals
and organizations in Malawi. According to several studies, the level of BIM awareness
and knowledge in developing countries such as Malawi represents a significant barrier to
its widespread adoption [10,11]. Chagunda et al. [12] state that there is a need to investi-
gate and understand the role of BIM in the construction sector to take advantage of the
knowledge generated by developed countries and to adopt BIM in developing countries
quickly. The Malawian construction industry has many professionals in various organi-
zations performing various functions. However, BIM readiness in terms of competence
and awareness is unexplored. While there have been multiple studies conducted on BIM
adoption in various countries, little or no research has specifically explored BIM readiness
levels among Malawian organizations [11,13]. To bridge this gap, this paper assessed the
BIM readiness of Malawian construction organizations, specifically regarding their level of
BIM competence and awareness.

The findings of the study could provide an all-inclusive understanding of the factors
influencing BIM adoption in Malawi and offer practical recommendations for overcoming
challenges that may arise. Furthermore, the study can benefit the Malawian construction
industry by assessing how familiar and prepared construction professionals are to utilize
advanced tools for improving project efficiency. In addition, it would raise awareness and
ultimately increase the implementation of BIM in the Malawian construction industry.

The study is structured as follows: Section 1 is this introduction, which introduces
BIM in terms of competence and awareness, highlighting the reasoning behind the study
and also the aim of the study; Section 2 is the literature review, which contains the literature
on organizational readiness and organizational BIM awareness and competence; Section 3
is the methodological approach employed for the study; Section 4 presents the results
analysis and discussions; and Section 5 concludes the study by emphasizing its implications,
identifying its limitations, and suggesting areas for further research.

2. Literature Review
2.1. Organizational Readiness

Improving construction project delivery requires evaluating organizational readiness
through various measurable variables. Several key aspects can be explored in the Malawi
construction industry to assess organizational readiness for enhancing project delivery
outcomes. These variables provide valuable insights into stakeholders’ awareness, knowl-
edge, attitudes, and capabilities, guiding efforts toward effective improvement strategies.
Stakeholder awareness and knowledge, which includes their comprehension of present
project delivery procedures, difficulties, and prospective changes, are significant variables.
A basis for assessing readiness is measuring stakeholders’ familiarity with project man-
agement principles, construction processes, and emerging industry trends [14], as well
as the attitudes and views of stakeholders towards innovation and change. Assessing
stakeholders’ willingness to collaborate and continuously improve, as well as their desire
to accept new practices, can assist in determining how ready they are for change [15].

Adopting new technology is a crucial component of improving project delivery. Ak-
intoye et al. [16] and He et al. [17] found that assessing stakeholders’ levels of technology
adoption, particularly concerning construction project management and digital tools, can
reveal how ready organizations are to take advantage of innovations like project manage-
ment software, BIM, mobile applications, and other technologies that improve efficiency. A
successful project delivery depends on effective teamwork and communication. Assessing
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stakeholders’ abilities to collaborate and communicate throughout the project lifecycle
provides insights into their readiness for enhanced coordination, decision-making, and
information exchange [18].

To complete a project, stakeholders’ skills and knowledge are necessary. It is possible
to assess if stakeholders can use efficient project management techniques by measuring
their skills in project planning, risk management, cost control, scheduling, quality assur-
ance, and stakeholder engagement [19]. Other important issues include the availability
and sufficiency of resources and infrastructure. Assessing organizational readiness for im-
provement includes looking at their access to the technology, financial resources, qualified
individuals, and physical infrastructure required for effective change management [20].
Regulatory compliance is an essential variable concerning organizations’ adherence to
legal and regulatory frameworks, safety protocols, environmental regulations, and quality
standards. Assessing stakeholders’ understanding and compliance provides insights into
their organizations’ readiness to meet regulatory requirements [21,22].

The success of a project is influenced by organizational culture and leadership practices.
The capacity of stakeholders to inflict positive change can be determined by measuring how
much the organizational culture encourages innovation, teamwork, and customer-centric
methods, as well as by evaluating the leadership’s commitment to continuous improvement
and change management [23]. It is important to take key performance metrics into account.
The evaluation of stakeholders’ performance and readiness for improvement is made
possible by identifying and monitoring measures such as project schedule adherence,
cost performance, quality indicators, customer satisfaction, and safety records [19]. The
accessibility and efficacy of training and development programs are other vital factors.
Stakeholders’ readiness to advance their project management skills and knowledge can be
assessed by looking at their access to professional development opportunities, certifications,
and continuous training programs [24,25].

2.2. Organizational BIM Awareness and Competence

In most developed countries like the US, UK, and Singapore, governments at all levels
and construction industry professionals (i.e., architects, contractors, engineers, etc.) sup-
port the implementation of BIM. In contrast, developing countries like Malawi are majorly
driven by the desires of the private sector and industry professionals, based on their BIM
awareness and availability of skills among them [26]. The benchmark for measuring BIM
implementation readiness is now BIM awareness and competence. Therefore, it is vital
to investigate the BIM awareness and competence of construction personnel to assess
organizational BIM readiness in the Malawian construction industry. BIM is frequently
incorporated into organizations that consist of teams of professionals [27]. These profes-
sionals constitute the fundamental and central elements that impact the efficiency and
effectiveness of an organization. Organizations depend on capable individuals who possess
the necessary skills and knowledge in their respective roles to attain the best possible
results. The competence of individuals within an organizational framework serves as a
fundamental pillar of the organization’s capability [28].

According to Vu [29], competencies encompass abilities, knowledge, and behaviors
that lead to successful performance. Similarly, Succar et al. [27] define individual compe-
tence as evaluating a person’s capacity to execute tasks and produce outcomes, regardless
of their role or position. These definitions are congruent with Demirdoven’s [30] interpreta-
tion of individual BIM competence, which involves an individual’s attributes, professional
knowledge, and technical skills as requisites for BIM-related tasks and results. These
capabilities, tasks, or results should be measurable against performance benchmarks. They
should be nurtured through training, education, or development efforts. BIM readiness for
individuals/personnel entails elements of knowledge, skill, and experience in BIM adop-
tion [31]. Conversely, organizational BIM readiness encompasses the effective coordination
of management strategies, streamlined processes, skilled personnel, and advanced tech-
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nologies, all of which facilitate seamless collaborative construction and facility management
practices [32].

3. Methodology

A comprehensive study (survey) was undertaken across the whole construction in-
dustry in Malawi to investigate BIM awareness and competence levels of construction
organizations. Snowball and purposive sampling techniques were utilized to select the con-
struction organizations for the study. The researchers obtained the population of targeted
organizations from the latest list of registered construction companies (2046) provided
by the National Construction Industry Council (NCIC). Three hundred and thirty-five
questionnaires were distributed. The questionnaires were distributed through emails and
in person, using Google Forms links and hard copies.

The questionnaires were administered in two sections, with Part A specifically tailored
to gather the respondents’ background data. Participants were obligated to select a single
choice from the multiple options given. Part B of the questionnaire evaluated the respon-
dents’ BIM awareness and competence. Respondents assessed their levels of awareness
using a five-point Likert scale. For competence, respondents provided the frequency of
usage of BIM services according to a Likert scale, provided the software they use for such
services in their respective organizations, and also rated their ability to use the provided
software according to a provided scale.

The scale used to assess levels of awareness is as follows: 5 stands for very high
awareness, 4 for high awareness, 3 for moderate awareness, 2 for low awareness, and 1 for
very low awareness; various studies have used a similar approach [33,34]. Severity indices
and frequency analyses were employed to analyze the organizations’ BIM awareness level.
The severity indices analysis is a statistical method without specific parameters that scholars
in engineering and technology management often use [34,35]. This method is applied to
analyze data from questionnaire respondents who provide ordinal assessments of thinking.
It uses weighted percentage scores to prioritize and compare the levels of severity of the
organization’s awareness.

This analysis has been used by several researchers for similar studies in AEC research
globally [34,35]. It ranks factors based on frequencies. The severity index is calculated
using the following formula:

Severity index =

(
5

∑
i=1

ωi × f i
n
× 100

)
/(a × 100)

where i is the rating given to each criterion by the respondent, ranging from 1 to 5. ωi rep-
resents the weight assigned to each point (on a scale of 1 to 5, with 1 being very low and
5 being very high). fi is the frequency of each point i as reported by all respondents. n is the
total number of responses, and a is the highest weight, which is set to 5 in this study.

When assessing the level of BIM awareness, the overall awareness levels were cal-
culated per organization across the Malawian construction industry. Afterwards, it was
deemed necessary to also assess the level of awareness based on work experience for each
and every organization to see if indeed the level of work experience affected/impacted
BIM awareness in the construction industry [36].

When assessing the organizations’ BIM competence levels, descriptive statistics were
used to rank the frequency of usage of BIM services among organizations. This analysis
involved the mean, standard deviation, and skewness. After this, frequency by count
was used to present the statistics of the software the organizations in the industry use
for BIM services. Furthermore, to determine and finalize the BIM competence level, the
respondents were asked to rate their ability to use the software identified. The ability was
measured using a scale ranging from none (no skills at all), beginner (which measures
familiarity with the fundamentals of the software), intermediate (which measures the
basic understanding of how the software functions), advanced (which assesses knowledge
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that comes with extensive experience with how the software works), and expert (which
measures capabilities to think critically to analyze given situations using the software).
This assessment approach to BIM competence has been widely used in research [26,27].

Before analyzing the data for the frequency of BIM service usage among organizations,
a reliability analysis was conducted to determine the consistency of the research method
(see Table 1). Clark and Watson [37] stressed that it is essential to consider the consistency
of the scales used. The factors must be checked before analyzing survey data. Several
scholars have highlighted Cronbach’s alpha test as the most used and reliable test for
internal consistency [37,38]. The coefficients of Cronbach’s alpha range from 0 to 1, with
0.7 considered reliable, and if less than 0.7, the variable can be removed to improve the
scale. George and Mallery [39] produced a widely recognized guideline for explaining
Cronbach’s alpha coefficients. The guideline is as follows: A coefficient ranging from 0.90
to 1.00 is considered excellent, while a coefficient between 0.80 and 0.89 is regarded as good.
An acceptable coefficient falls within the range of 0.70 to 0.79, but a coefficient between 0.60
and 0.69 is deemed suspicious. A coefficient between 0.50 and 0.59 is considered poor, and
any coefficient below 0.50 indicates unacceptable reliability. Cronbach’s alpha is calculated
as follows:

α =
n

n − 1

(
1 − ∑ iVi

Vt

)
where n is the number of items, Vt is the variance of the total scores, and Vi is the variance
of the item scores.

Table 1. Reliability test results.

Category Cronbach’s Alpha (α) No. of Items

Software services available among Malawian
construction organizations and frequency of use 0.912 13

Table 1 presents the overall Cronbach’s alpha coefficient from the reliability analysis.
The results show that the overall Cronbach’s alpha for BIM services usage is 0.912, which,
according to George and Mallery [39], is considered ‘excellent’.

4. Results Analysis and Discussion

The survey results were analyzed using the Statistical Package for Social Sciences
(SPSS) version 29.0.0 and Microsoft Excel 2021. A total of 335 questionnaires were delivered
to construction organizations. A total of 189 questionnaires were retrieved and evaluated
for this study. The 189 questionnaires returned signify a 56.4% response rate. Moser and
Kalton [40] contend that with a return of less than 30–40% of questionnaires in a study,
the results of a study should be considered biased and of little significance. Therefore, the
sample was deemed sufficient for the study.

The demographic background part of the survey included questions aimed at gath-
ering the respondents’ profile data. This section intentionally identifies the respondents’
positions, years of experience, and organizations. Figure 1 displays the respondents’ pro-
fessional backgrounds.

The above figure implies that all participants are professionals in the fields of en-
gineering, construction, and project management. This indicates that the respondents
likely have the requisite skills and expertise to offer accurate and reliable responses to the
survey questions.

Figure 2 shows that all of the respondents are from various organizations. Due to
their positions, these individuals are deemed highly significant as they are involved in all
crucial project decisions and have an essential role in the industry. Given that BIM is mostly
considered a hub of information to improve communication among construction team
members both within and across various organizations, the input from these professionals
in their respective organizations would be highly relevant to the outcomes of this study.
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The organizational types that participated in the study included real estate, academic
institutions, government, consultants, and contractors (Figure 2). In this study, real estate
organizations are considered as developers, investors, and managers of real estate projects
and facility managers and clients for building and construction projects. Government
organizations are public sector entities that oversee and regulate construction activities to
ensure safety, compliance with laws, and alignment with public interests. They are also the
primary client in the construction industry. Consultant organizations provide specialized
expertise and advisory services to various stakeholders involved in construction projects.
These services can include project management, architectural design, engineering, envi-
ronmental assessments, cost estimation, and risk management. Contractor organizations
are responsible for the actual execution of construction projects, managing the logistics
and workforce to deliver on the project’s specifications and timelines. Academic institu-
tions are dedicated to education and research, advancing knowledge, and training future
professionals in various disciplines, including construction.

Figure 3 shows the results of the respondents’ work experience in the construction
industry. A significant finding is that around 91% of the respondents had work experience
ranging from 1 to 15 years in their current employment. The results strongly suggest that
the majority of them have the expertise to give necessary information on BIM competence
and awareness of Malawian construction organizations. Thus, the data supplied by these
experienced personnel are considered reasonably reliable and crucial for this study.
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Looking at the demographic information of the respondents to this study, it can be
deduced that the Malawian construction industry is still struggling with BIM awareness
and competence. This is observed from the results of the survey, which shows that more
professionals who are still making up their careers are more familiar with BIM than vet-
erans in the industry. Since BIM is still very new in Malawi, it is understandable for old
professionals not to be higher in this study. However, another reason for the imbalance in
terms of representation of various qualifications, experience, and organizations was due to
time limits and budget constraints when the study was completed, whereby the researchers
were forced to proceed with the available data for this study. The sample representing the
construction industry is another limitation in that professionals in various disciplines may
hold engineering, architecture and quantity surveying degrees due to limited programs
offering built environment programs in the country. Hence, the reflection in Figure 1.

4.1. Awareness with BIM

Research has shown that BIM awareness is influenced by several factors, including
the type of organization a professional works for and their years of experience in the
construction industry [41,42]. Thus, awareness in this study was analyzed based on all
the organizations and also based on the experiences of the respondents in their respective
organizations. Table 2 displays the level of BIM awareness for all the organizations in the
Malawian construction industry.

Table 2. BIM awareness level among Malawian organizations.

Organization Type
Total

Consultant Contractor Government Property Developer Academic

1 12 8 3 0 4 27
2 15 19 6 4 4 48
3 12 12 9 1 3 37
4 16 19 11 5 0 51
5 12 9 2 1 2 26

Severity Index 0.603 0.606 0.619 0.655 0.477 0.592

Table 2 shows that the severity of awareness among the organizations ranges from
0.477 to 0.619. The findings show that almost all the organizations have moderate awareness
(0.603 to 0.619), except for academic organizations (0.477), with low awareness.

Overall, the level of awareness in the Malawian construction industry is low to moder-
ate (0.592). This is due to the low adoption rate of BIM in developing countries, especially in
Africa, where basic technological infrastructure is inadequate [11]. Also, the low awareness
in educational organizations shows a lack of BIM education in higher education institutions
in Malawi. The findings align with the study of Babatunde et al. [42], which revealed that
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the lack of ICT literacy staff in academic institutions is a barrier to BIM awareness and
adoption in developing countries. Furthermore, several studies highlight the importance
of education in BIM awareness, competence, and adoption [43,44]. In addition, based on
several studies globally, the level of BIM awareness for property developers is usually
low especially when compared to consultants and contractors [45–47]. The reason for the
high value in this study is due to the scarcity of property developers in Malawi, which
propelled the researchers to use a low number of property developers who happened to
be familiar with BIM. However, this can be seen in the number of respondents included
for these organizations. This is why the researchers further analyzed the findings based
on years of experience to find a true reflection of the results (Table 3), filling out the gaps
caused by the imbalanced representation of the organizations represented in the study.

Table 3. Level of BIM awareness among Malawian construction organizations.

Years of Experience
Valid Count of Awareness Levels

Severity Index Weighted Average Rank
1 2 3 4 5

Consultants
1 to 5 11 13 6 5 5 0.500

0.755 1
6 to 10 1 1 3 7 2 0.714

11 to 15 0 1 3 2 2 0.725
15 to 20 0 0 0 1 2 0.933
over 20 0 0 0 1 1 0.900

Contractors
1 to 5 8 15 8 10 0 0.498

0.712 2
6 to 10 0 3 0 7 4 0.771

11 to 15 0 0 3 1 4 0.825
15 to 20 0 0 0 1 0 0.800
over 20 0 1 1 0 1 0.667

Government
1 to 5 1 3 6 5 0 0.600

0.671 3
6 to 10 1 3 3 1 1 0.556

11 to 15 1 0 0 1 0 0.500
15 to 20 0 0 0 3 0 0.800
over 20 0 0 0 1 1 0.900

Property Developer
1 to 5 0 4 0 3 0 0.571

0.594 4
6 to 10 0 0 1 0 0 0.600

11 to 15 0 0 0 2 0 0.800
15 to 20 0 0 0 0 1 1.000
over 20 0 0 0 0 0 0.000

Academic
1 to 5 3 4 2 0 0 0.378

0.556 5
6 to 10 1 0 1 0 0 0.400

11 to 15 0 0 0 0 0 0.000
15 to 20 0 0 0 0 1 1.000
over 20 0 0 0 0 1 1.000

Therefore, to further understand the level of BIM awareness in the Malawian con-
struction industry and formulate ideas on improving it, the awareness level based on
respondents’ years of working experience under the organizations in Table 2 is shown in
Table 3. This approach was influenced by the findings of Aibinu and Venkatesh [36], which
revealed that professionals with more years of experience better understood the industry
dynamics and technological breakthroughs such as BIM. Table 3 shows the results of the
BIM awareness of the organizations based on years of working experience.

From Table 3, it can be seen that under consultants, there is a trend where consultants
with more years of experience tend to have higher levels of BIM awareness. Consultants
with 15 to 20 years and over 20 years of experience demonstrated higher severity index
values, indicating very high awareness levels (0.900 and 0.933, respectively). The findings
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underscore the importance of experience in fostering BIM awareness among consultant
organizations. This means that consultants with longer professional trajectories likely have
encountered and engaged with BIM technologies more extensively, leading to a deeper
understanding and appreciation of its benefits.

The findings align with the findings of Masood et al. [48], which highlight that profes-
sionals with working experience of over ten years have more exposure to BIM. Furthermore,
a study in the UK revealed that consultants with 0 to 15 years of experience had high aware-
ness (71.7%) but low utilization (23.4%) of BIM [49]. Thus, this awareness level among
consultants in Malawi does not imply BIM use or adoption.

Contrary to the findings among consultants, the relationship between years of expe-
rience and BIM awareness among contractor organizations shows a more varied pattern.
While contractors with 11 to 20 years of experience demonstrate higher severity index val-
ues, indicating moderate to high awareness levels, those with fewer (1 to 10 years) or more
than 20 years of experience exhibit lower awareness levels. The variability in BIM awareness
levels among contractors suggests that factors beyond years of experience may significantly
influence awareness. Factors such as exposure to BIM projects, training opportunities, etc.,
could significantly shape BIM awareness among contractors. Ahankoob et al. [41] clarify
that contractors’ BIM experience plays a crucial role in realizing the potential values of
BIM. While years of working experience alone may not directly influence awareness, it can
impact how effectively contractors leverage BIM for project benefits.

Like contractors, the government, property developers, and academic organizations,
the findings show a mixed level of BIM awareness, with notable variability across different
experience categories. However, a couple of factors contribute to the findings among
these organizations, including the small population representing them, especially property
developers and academic institutions. Nonetheless, the government has higher awareness
levels than the property developers, and the property developers have higher awareness
over academic organizations, even though, collectively, they show a moderate level of
awareness. This is because the factors that influence BIM awareness among these organi-
zations vary. According to Ullah et al. [10], the factors that influence BIM awareness in
the government include legal mandates, public procurement policies, and inter-agency
collaboration; property developers include return on investment, market trends, and tech-
nology integration; and academic organizations include curriculum development, research
funding, and industry partnerships.

The average in Table 3 shows a true reflection of the awareness levels among organiza-
tions, while the severity index in Table 1 shows the awareness levels if experience is not
included. Table 1 cannot be used to rank the awareness levels among these organizations
because it does not factor in the variation in the number of respondents across various
organizations. However, it is a build-up to the ultimate findings in Table 3. Therefore,
overall, consultants have high awareness (0.755), and the awareness level is directly related
to their years of experience. The other organizations show variability concerning BIM
awareness and years of work experience. Nonetheless, contractors are second with an
awareness of 0.712. This implies that contractors and consultants have high BIM aware-
ness. The government is third (0.671), followed by property developers (0.594), and the
least is academic institutions (0.556), implying that these organizations have moderate
BIM awareness.

4.2. Competence with BIM

To measure BIM competence among construction organizations in Malawi, the respon-
dents were asked to rate the frequency of using pre-identified BIM software services in their
respective organizations. Subsequently, they were asked to provide the software they use or
that is available in their organizations for such services. Lastly, they were asked to rate their
competency or ability to use the software they identified as available in their respective
organizations. As much as these questions were meant to measure the competence level of
BIM, they were also used to determine the BIM maturity level in the Malawian construction
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industry. Succar et al. [50] define BIM maturity level as an essential stage to assess the
extent of BIM implementation in an organization, a project, or the construction industry
within a specified region.

There are four BIM maturity levels, i.e., 0, 1, 2, and 3. When defined using collabora-
tion, level 0 represents minimum collaboration or none; level 1 represents a step towards
increased collaboration (using 2D software, 3D software, and digital file management);
level 2 represents a massive shift towards full collaboration with significant 3D modeling
and level 3 is the highest level of BIM maturity, which points out comprehensive integration
across all aspects of the construction processes [46,51]. Table 4 presents the analysis of the
frequency of BIM software services usage among construction organizations in Malawi.

Table 4. Software services available among Malawian construction organizations and frequency
of use.

S/N
N Mean Std. Deviation Skewness

Rank
Statistic Statistic Std. Error Statistic Statistic Std. Error

S1 3D Modelling 189 3.55 0.078 1.074 −0.536 0.177 1st
S2 2D Drafting 189 3.54 0.081 1.113 −0.463 0.177 2nd

S3 Project Delivery
Management 189 3.12 0.099 1.359 −0.290 0.177 3rd

S4 Visualization 189 3.10 0.100 1.374 −0.270 0.177 4th

S5 Design Analysis and
Appraisal 189 2.90 0.097 1.329 −0.098 0.177 5th

S6 4D—Time (Scheduling) 189 2.83 0.081 1.119 −0.134 0.177 6th

S7 5D—Cost Analysis and
management 189 2.83 0.099 1.355 −0.041 0.177 7th

S8 Project Information
Management System (PIMS) 189 2.60 0.092 1.262 0.222 0.177 8th

S9 Energy Assessment 189 2.41 0.082 1.124 0.461 0.177 9th
S10 Clash detection 189 2.28 0.080 1.096 0.416 0.177 10th

S11 Common data environment
(CDE) 189 2.22 0.079 1.092 0.649 0.177 11th

S12
Construction-Operations
Building information
exchange (COBie)

189 2.14 0.077 1.053 0.688 0.177 12th

S13 International Foundation
Class (IFC) Generation 189 2.14 0.076 1.043 0.631 0.177 13th

4.2.1. Software Services Available among Organizations

The respondents were asked to rate the software services in Table 4 using a five-point
Likert scale (1 = Never; 2 = Rarely; 3 = Sometimes; 4 = Very Often; 5 = Always). Considering
the results, it can be concluded that 3D modeling and 2D drafting are used very often,
with a mean of 3.55 and 3.54 and a standard deviation of 1.074 and 1.113, respectively.
Sometimes-used services include project delivery management, visualization, and design
analysis and appraisal, with a mean of 3.12, 3.10, and 2.9 and a standard deviation of 1.359,
1.374, and 1.329, respectively. Many services correlating with BIM maturity levels 2 and
3 are rarely used in Malawi. These services include, but are not limited to: common data
environment (CDE) (mean = 2.22 and std. deviation = 1.092), international foundation class
(IFC) generation (mean = 2.14 and std. deviation = 1.043), and Construction-Operations
Building information exchange (COBie) (mean = 2.14 and std. deviation = 1.053). Looking at
the frequency and services used, the results show that the Malawian construction industry
is on BIM maturity level 1, which agrees with the study of Adekunle et al. [11] on BIM
diffusion in developing countries, highlighting that most developing countries, especially
in Africa, are at BIM maturity level 1.

Furthermore, the standard mean error is very close to zero, meaning that the means
describing the frequency of the usage of the services were reliable. To further add to that,
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the standard deviation is quite low, meaning there is less variation in the manner in which
the respondents answered the question. Lastly, the skewness indicates that the results are
skewed to the left, with the top seven services being negative and all the remaining ones
closer to one. This is to add to the consistency of the respondents when rating the services.

The findings helped in understanding the stage/level in which the respondents in this
study are competent, i.e., BIM maturity level 1, and some of the BIM services such as 3D
modeling, 2D drafting, project delivery management, visualization, design analysis, ap-
praisal, etc. To further unravel the details of BIM competence, the respondents were asked
to provide the software they use in their respective organizations when performing these
services. This question was deemed necessary because one of the parameters of measuring
competence is the ability or skill level, as specified by Vu et al. [29] and Succar et al. [27],
and competence is a composition of knowledge and skill.

4.2.2. Software Available among Organizations

Figure 4 below shows the findings of the software available among organizations in the
Malawian construction industry. Most respondents mentioned using AutoCAD (120), Revit
(38), MS Office/Project (28), Sketchup (21), RIB Cost X (18), Sage (13), ArchiCAD (12), Rhino
3D (8), Civil 3D (8), etc., in their organizations. The literature in this study has highlighted
most of this software as BIM-capable. Abanda et al. [52] highlight AutoCAD, ArchiCAD,
and Revit as architectural software capable of 3D modeling. However, it is worth noting
that the software available in Malawi aligns mostly with BIM maturity level 1 [46,47].
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Figure 4. Major software available among Malawian construction organizations.

The identified software in Figure 4 were the ones the organizations were using to
perform the services discussed above. This is to show the capabilities of these organizations
with regard to technological infrastructure. Competence can be measured based on the
systems available; the question to be asked would be: do the organizations have the basic
facilities or platforms to perform at the stage where BIM demands? In this case, it can be
seen that the Malawian construction industry has the minimum technological infrastructure
to build upon and widen the adoption of BIM.

Figure 4 above shows the findings of the software available in different organizations in
the Malawian construction industry. These organizations include consultants, contractors,
government, developers, and universities/colleges. Table 5 below presents a breakdown of
the software available within each organization.
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Table 5. Software available in each organization.

Software
Software Available on Each Organization

Total
Consultants Contractor Government University/College Developer/Real Estate

AutoCAD 45 42 18 9 6 120
Revit 14 17 3 0 4 38
Microsoft Office and Project 10 13 3 2 0 28
Sketchup 11 4 3 1 2 21
Cost X 10 4 4 0 0 18
Sage 5 6 2 0 0 13
ArchiCAD 2 5 3 1 1 12
Rhino 3 2 1 1 1 8
Civil 3D 3 1 4 0 0 8
MathCAD 2 2 1 0 0 5
Tekla 0 0 0 1 4 5
Procore 2 0 1 0 1 4
Prokon 1 2 0 1 0 4
Lumion 3 0 0 0 0 3
Vectorworks 1 1 1 0 0 3
Solidworks 0 0 1 0 2 3

Starting with the consultants, the most available software by count is AutoCAD (45),
followed by Revit (14), Sketchup (11), MS Office/Project (10), Cost X (10), Sage (5), etc. The
software available to contractors is similar to those of consultants, starting with AutoCAD
(42), Revit (17), MS Office/Project (13), Sage (6), ArchiCAD (5), Sketchup (4), Cost X (4),
Tekla (4), etc. The available software in the government includes AutoCAD (18), Cost X (4),
Civil 3D, MS Office/Project (3), Revit (3), Sketchup (3), ArchiCAD (3), etc. When looking at
real estate/developers, the available software includes AutoCAD (6), Revit (4), Sketchup
(2), etc. And lastly, the software available in educational institutions include AutoCAD (9),
MS Office/Project (2), etc.

4.2.3. Ability to Use Software Available among Organizations

Furthermore, to determine and finalize the BIM competence level, the respondents
were asked to rate their ability to use the software identified in Figure 4. The results are
presented in Figure 5 below.
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Figure 5. Ability to use the Software in Figure 4.

The ability was measured using a scale ranging from none, beginner, intermediate,
advanced, and expert. The results revealed that most of the respondents have intermediate
skills for the available software (39.15%), followed by advanced skills (31.74) and beginner
(17.99%). A percentage of 5.29% of the respondents have no skills at all, and 5.82% are
experts in the available software in their respective organizations. These findings revealed
that the respondents had the average ability for the software available in their organization.
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The ability of the respondents is almost evenly distributed across the measurement scale.
This implies that, among organizations, there is a fair share of highly competent individuals
and also low-competence individuals. There is still room for improvement, but this is a
good start for the industry.

BIM transforms the construction industry by uniting diverse teams, boosting collabo-
ration, minimizing waste, and increasing efficiency. However, implementing BIM requires
tremendous effort, investments, changes in culture, and technological expertise [53]. A
holistic approach incorporating people, processes, and technology is necessary to imple-
ment BIM effectively. Before BIM implementation, there are key challenges that need to be
addressed. These challenges include but are not limited to a lack of BIM standards, cost,
resistance to change, and skill gaps [54,55]. Therefore, it is essential to prepare thoroughly
for BIM adoption. According to Chunduri et al. [56], establishing BIM goals/objectives,
defining roles and responsibilities, assessing BIM readiness, and developing a BIM imple-
mentation framework are crucial for its adoption. Eastman et al. [47] add that, for successful
BIM implementation, the team needs training to understand the fundamentals and benefits
of BIM, BIM software and its capabilities, BIM workflows and how to integrate them into
projects, and BIM standards and how to implement them.

Furthermore, adapting and using BIM technology in the construction industry requires
a large initial investment in software, hardware, and staff training [57]. Saka and Chan [58]
reported that large organizations face fewer challenges than smaller organizations in
implementing BIM. This makes it seem as if smaller organizations do not want to use BIM,
and the cause is a shortage of skills and expertise, which require massive investments in
training and purchase of the technology. Most micro-, small-, and medium-sized enterprises
(MSMEs) face financial constraints that limit their ability to invest in new technologies [59].
Organizations often seek funding from government sources or other investors to facilitate
effective BIM implementation on a global scale. This financial support helps cover expenses
related to consultation, training, and procuring the necessary software and hardware [60,61].
Considering this, the enforcement of the government in Malawi would be beneficial in
increasing the industry’s interest in using BIM tools. It should be specified as one of the
conditions included in the contract tender documentation.

Europe, Oceania, and Asia, along with countries such as the United Kingdom (UK),
China, France, Australia, and a few in other continents (such as the United States of
America (USA)) have already mandated the use of BIM in public projects [62,63]. For
successful implementation, Malawi can adopt this in public projects. However, there are
no frameworks or standards for BIM implementation. A lack of training is one of the most
critical obstacles that must be overcome to establish a satisfactory BIM implementation level.
Many organizations in the construction industry believe implementing BIM would result
in a decrease in efficiency. The reluctance to invest in BIM technology often stems from the
complexity of mastering BIM authoring software and its disruption to established processes,
such as traditional methods. Therefore, the successful adoption of new technology relies
heavily on education and training [64]. Integrating BIM across higher education curricula
and conducting trials of BIM-based tools are viable approaches to expand its applications.

A BIM introduction course for students in higher education institutions could serve as
a potent incentive to educate and raise awareness regarding the significance and application
of BIM [65,66]. Additionally, seminars or training could enhance the participants’ theoretical
knowledge, whereas hands-on experience with the technology would refine their abilities
and knowledge. According to Manzoor et al. [67], free/low-cost seminars and workshops
can stimulate active engagement and enhance understanding among professionals in the
construction industry.

5. Conclusions

The findings show that, generally, there is a positive correlation between years of
experience and BIM awareness, with organizations or individuals with more experience
tending to have higher awareness levels. However, this relationship is only consistent
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across some types of organizations and varies depending on contextual factors. This is
because BIM technologies are widely employed during the design and planning phases
to generate 3D models, simulate building performance, and evaluate different design
alternatives [68]. Therefore, consultants and contractors who usually play essential roles in
the initial phases of a project typically have a better chance to possess extensive knowledge
about the advantages and functionalities of BIM [69].

The level of BIM competence is mostly intermediate/moderate on the software that
is available among organizations. Professionals possess a limited proficiency in BIM
technical abilities, particularly in utilizing BIM-related technologies and executing BIM-
related tasks. Linking the results with the demographic data, the findings align with
Demirdoven’s [30] findings, which revealed that BIM awareness and competency can be
increased and measured through education, training, or development efforts. However,
it is worth noting that the Malawian construction industry still has a long way to go
before reaching full BIM maturity and widespread adoption. Furthermore, professionals
in the industry are facing a growing demand from clients to adopt and utilize BIM in
projects [14]. However, this differs in the Malawian construction industry due to minimal
BIM adoption [58], hence the moderate BIM awareness and competence.

However, the Malawian construction industry has professionals who can help with
the promotion of BIM awareness, providing support in the adoption processes, building the
skills of local professionals, engaging with government bodies concerning the importance
of BIM, encouraging a sense of community among BIM practitioners in the country, etc., to
maximize adoption among construction organizations. Thus, construction organizations in
Malawi should prepare for the adoption of BIM by addressing the insufficient technical
skills and limited awareness of BIM among their workforce. Furthermore, engaging
in collaborative efforts with the government, international organizations, and among
themselves could serve as a good foundation for preparing for the widespread adoption
of BIM.

The study faced limitations in time and budget, leading to a reliance on data that
was not evenly representative in terms of qualifications, experience, and organizational
types. Despite achieving a 56.4% response rate, considered adequate by research standards,
the findings’ generalizability may have been affected. The study highlighted the low
awareness of BIM in Malawian educational institutions, indicating a deficiency in BIM
education at the higher education level, which could impact industry readiness for BIM
adoption. Furthermore, the study identified varying levels of BIM awareness among
different groups, with consultants and contractors showing higher awareness compared to
academic institutions, suggesting that exposure to BIM projects and training opportunities
significantly influences awareness levels beyond years of experience alone.

Author Contributions: Conceptualization, M.N. and W.K.; methodology and publication search,
M.N.; analysis, M.N.; writing—original draft preparation, M.N.; writing—review and editing, W.K.
and T.M.; supervision—W.K. and T.M. All authors have read and agreed to the published version of
the manuscript.

Funding: This research was funded by the European Union (EU) through the Africa Sustainable
Infrastructure Mobility (ASIM) scholarship.

Data Availability Statement: The data presented in this study are available on request from the
corresponding author. The data are not publicly available due to privacy and ethical reasons.

Conflicts of Interest: The authors declare no conflicts of interest, and the funders had no role in the
design or undertaking of this study.

References
1. Aghimien, D.; Aigbavboa, C.; Meno, T.; Ikuabe, M. Unravelling the risks of construction digitalisation in developing countries.

Constr. Innov. 2021, 21, 456–475. [CrossRef]
2. Nchake, M.A.; Shuaibu, M. Investment in ICT infrastructure and inclusive growth in Africa. Sci. Afr. 2022, 17, e01293. [CrossRef]
3. Ofori, G. Construction in developing countries: Need for new concepts. J. Constr. Dev. Ctries. 2019, 23, 1–6. [CrossRef]

https://doi.org/10.1108/CI-02-2020-0026
https://doi.org/10.1016/j.sciaf.2022.e01293
https://doi.org/10.21315/jcdc2018.23.2.1


Buildings 2024, 14, 2279 15 of 17

4. Abougamil, R.A.; Thorpe, D.; Heravi, A. Investigating the Source of Claims with the Importance of BIM Application on Reducing
Construction Disputable Claims in KSA. Buildings 2023, 13, 2219. [CrossRef]

5. Succar, B. Building information modelling framework: A research and delivery foundation for industry stakeholders. Autom.
Constr. 2009, 18, 357–375. [CrossRef]

6. Olanrewaju, O.I.; Chileshe, N.; Babarinde, S.A.; Sandanayake, M. Investigating the barriers to building information modeling
(BIM) implementation within the Nigerian construction industry. Eng. Constr. Archit. Manag. 2020, 27, 2931–2958. [CrossRef]

7. Wong, J.K.W.; Zhou, J. Enhancing environmental sustainability over building life cycles through green BIM: A review. Autom.
Constr. 2015, 57, 156–165. [CrossRef]

8. Georgiadou, M.C. An overview of benefits and challenges of building information modelling (BIM) adoption in UK residential
projects. Constr. Innov. 2019, 19, 298–320. [CrossRef]

9. Walasek, D.; Barszcz, A. Analysis of the Adoption Rate of Building Information Modeling [BIM] and its Return on Investment
[ROI]. Procedia Eng. 2017, 172, 1227–1234. [CrossRef]

10. Ullah, K.; Witt, E.; Lill, I. The BIM-Based Building Permit Process: Factors Affecting Adoption. Buildings 2022, 12, 45. [CrossRef]
11. Adekunle, S.A.; Aigbavboa, C.O.; Ejohwomu, O.; Adekunle, E.A.; Thwala, W.D. Digital transformation in the construction

industry: A bibliometric review. J. Eng. Des. Technol. 2021, ahead-of-print. [CrossRef]
12. Chagunda, J.G.; Kuotcha, W.; Kafodya, I. Factors influencing Building Information (BIM) implementation in developing countries.

In Building Smart, Resilient and Sustainable Infrastructure in Developing Countries; CRC Press: Boca Raton, FL, USA, 2022; pp. 273–280.
[CrossRef]

13. Saka, A.B.; Chan, D.W.M. A Scientometric Review and Metasynthesis of Building Information Modelling (BIM) Research in
Africa. Buildings 2019, 9, 85. [CrossRef]

14. Gu, N.; London, K. Understanding and facilitating BIM adoption in the AEC industry. Autom. Constr. 2010, 19, 988–999. [CrossRef]
15. Bourne, L. Stakeholder Relationship Management: A Maturity Model for Organisational Implementation; CRC Press: Boca Raton, FL,

USA, 2016.
16. Akintoye, A.; Goulding, J.S.; Zawdie, G. Construction Innovation and Process Improvement; Wiley-Blackwell: Hoboken, NJ, USA, 2012.

[CrossRef]
17. He, Q.; Wang, G.; Luo, L.; Shi, Q.; Xie, J.; Meng, X. Mapping the managerial areas of Building Information Modeling (BIM) using

scientometric analysis. Int. J. Proj. Manag. 2017, 35, 670–685. [CrossRef]
18. Parsamehr, M.; Perera, U.S.; Dodanwala, T.C.; Perera, P.; Ruparathna, R. A review of construction management challenges and

BIM-based solutions: Perspectives from the schedule, cost, quality, and safety management. Asian J. Civ. Eng. 2022, 24, 353–389.
[CrossRef]

19. Kerzner, H. Project Management Metrics, KPIs, and Dashboards: A Guide to Measuring and Monitoring Project Performance;
John Wiley & Sons: Hoboken, NJ, USA, 2022.

20. Ozorhon, B.; Karahan, U. Critical Success Factors of Building Information Modeling Implementation. J. Manag. Eng. 2017,
33, 04016054. [CrossRef]

21. Chimhundu, S. A Study on the BIM Adoption Readiness and Possible Mandatory Initiatives for Successful Implementation in South Africa;
University of Witwatersrand: Johannesburg, South Africa, 2016.

22. Osunsanmi, T.O.; Aigbavboa, C.O.; Emmanuel Oke, A.; Liphadzi, M. Appraisal of stakeholders’ willingness to adopt construction
4.0 technologies for construction projects. Built Environ. Proj. Asset Manag. 2020, 10, 547–565. [CrossRef]

23. Taylor, G. Implementing and maintaining a knowledge sharing culture via knowledge management teams: A shared leadership
approach. J. Organ. Cult. Commun. Confl. 2013, 17, 69.

24. Boulmetis, J.; Dutwin, P. The ABCs of Evaluation: Timeless Techniques for Program and Project Managers; John Wiley & Sons: Hoboken,
NJ, USA, 2014; Volume 56.

25. Burke, R. Project Management: Planning and Control Techniques, 5th ed.; John Wiley & Sons: Hoboken, NJ, USA, 2013.
26. Adam, V.; Manu, P.; Mahamadu, A.-M.; Dziekonski, K.; Kissi, E.; Emuze, F.; Lee, S. Building information modelling (BIM)

readiness of construction professionals: The context of the Seychelles construction industry. J. Eng. Des. Technol. 2022, 20, 823–840.
[CrossRef]

27. Succar, B.; Sher, W.; Williams, A. An integrated approach to BIM competency assessment, acquisition and application. Autom.
Constr. 2013, 35, 174–189. [CrossRef]

28. Azeem, M.; Ahmed, M.; Haider, S.; Sajjad, M. Expanding competitive advantage through organizational culture, knowledge
sharing and organizational innovation. Technol. Soc. 2021, 66, 101635. [CrossRef]

29. Vu, G.T.H. A critical review of human resource competency model: Evolvement in required competencies for human resource
professionals. J. Econ. Bus. Manag. 2017, 5, 357–365. [CrossRef]

30. Demirdoven, J. An interdisciplinary approach to integrate BIM in the construction management and engineering curriculum.
In Proceedings of the 9th BIM Academic Symposium and Job Task Analysis Review, Washington, DC, USA, 7–8 April 2015;
pp. 112–119.

31. Succar, B.; Sher, W. A competency knowledge-base for BIM learning. Australas. J. Constr. Econ. Build.-Conf. Ser. 2014, 2, 1–10.
[CrossRef]

32. Chen, K.; Lu, W.; Xue, F.; Tang, P.; Li, L.H. Automatic building information model reconstruction in high-density urban areas:
Augmenting multi-source data with architectural knowledge. Autom. Constr. 2018, 93, 22–34. [CrossRef]

https://doi.org/10.3390/buildings13092219
https://doi.org/10.1016/j.autcon.2008.10.003
https://doi.org/10.1108/ECAM-01-2020-0042
https://doi.org/10.1016/j.autcon.2015.06.003
https://doi.org/10.1108/CI-04-2017-0030
https://doi.org/10.1016/j.proeng.2017.02.144
https://doi.org/10.3390/buildings12010045
https://doi.org/10.1108/JEDT-08-2021-0442
https://doi.org/10.1201/9781003325321-29
https://doi.org/10.3390/buildings9040085
https://doi.org/10.1016/j.autcon.2010.09.002
https://doi.org/10.1002/9781118280294
https://doi.org/10.1016/j.ijproman.2016.08.001
https://doi.org/10.1007/s42107-022-00501-4
https://doi.org/10.1061/(ASCE)ME.1943-5479.0000505
https://doi.org/10.1108/BEPAM-12-2018-0159
https://doi.org/10.1108/JEDT-09-2020-0379
https://doi.org/10.1016/j.autcon.2013.05.016
https://doi.org/10.1016/j.techsoc.2021.101635
https://doi.org/10.18178/joebm.2017.5.12.539
https://doi.org/10.5130/ajceb-cs.v2i2.3883
https://doi.org/10.1016/j.autcon.2018.05.009


Buildings 2024, 14, 2279 16 of 17

33. Idrus, A.B.; Newman, J.B. Construction related factors influencing the choice of concrete floor systems. Constr. Manag. Econ. 2002,
20, 13–19. [CrossRef]

34. Sodangi, M.; Salman, A.F.; Saleem, M. Building Information Modeling: Awareness Across the Subcontracting Sector of Saudi
Arabian Construction Industry. Arab. J. Sci. Eng. 2018, 43, 1807–1816. [CrossRef]

35. Ganiyu, S.A.; Oyedele, L.O.; Akinade, O.; Owolabi, H.; Akanbi, L.; Gbadamosi, A. BIM competencies for delivering waste-efficient
building projects in a circular economy. Dev. Built Environ. 2020, 4, 100036. [CrossRef]

36. Aibinu, A.; Venkatesh, S. Status of BIM Adoption and the BIM Experience of Cost Consultants in Australia. J. Prof. Issues Eng.
Educ. Pract. 2013, 140, 04013021. [CrossRef]

37. Clark, L.A.; Watson, D. Constructing validity: Basic issues in objective scale development. In Methodological Issues and Strategies in
Clinical Research, 4th ed.; American Psychological Association: Washington, DC, USA, 2015; pp. 187–203. [CrossRef]

38. Tavakol, M.; Dennick, R. Making sense of Cronbach’s alpha. Int. J. Med. Educ. 2011, 2, 53. [CrossRef]
39. George, D.; Mallery, P. Reliability Analysis. In IBM SPSS Statistics 25 Step by Step; Routledge: London, UK, 2018; pp. 249–260.

[CrossRef]
40. Moser, C.A.; Kalton, G. Survey Methods in Social Investigation; Routledge: London, UK, 1971. [CrossRef]
41. Ahankoob, A.; Manley, K.; Abbasnejad, B. The role of contractors’ building information modelling (BIM) experience in realising

the potential values of BIM. Int. J. Constr. Manag. 2022, 22, 588–599. [CrossRef]
42. Babatunde, S.O.; Udeaja, C.; Adekunle, A.O. Barriers to BIM implementation and ways forward to improve its adoption in the

Nigerian AEC firms. Int. J. Build. Pathol. Adapt. 2021, 39, 48–71. [CrossRef]
43. Olatunji, O.A. Promoting student commitment to BIM in construction education. Eng. Constr. Archit. Manag. 2019, 26, 1240–1260.

[CrossRef]
44. Safour, R.; Ahmed, S.; Zaarour, B. BIM Adoption around the World. Int. J. BIM Eng. Sci. 2021, 4, 49–63.
45. Hardin, B.; McCool, D. BIM and Construction Management: Proven Tools, Methods, and Workflows; John Wiley & Sons: Hoboken, NJ,

USA, 2015.
46. Sacks, R.; Eastman, C.; Lee, G.; Teicholz, P. BIM Handbook: A Guide to Building Information Modeling for Owners, Designers, Engineers,

Contractors, and Facility Managers; John Wiley & Sons: Hoboken, NJ, USA, 2018.
47. Eastman, C.M.; Teicholz, P.; Sacks, R.; Liston, K. BIM Handbook: A Guide to Building Information Modeling for Owners, Managers,

Designers, Engineers and Contractors, 2nd ed.; John Wiley & Sons, Inc.: Hoboken, NJ, USA, 2011.
48. Masood, R.; Kharal, M.K.N.; Nasir, A.R. Is BIM Adoption Advantageous for Construction Industry of Pakistan? Procedia Eng.

2014, 77, 229–238. [CrossRef]
49. Mickovski, S.B.; McKeever, M. BIM awareness, knowledge, and implementation within a multi-disciplinary design consultancy in

Scotland. In Proceedings of the CIB World Building Congress 2019, Hong Kong, China, 17–21 June 2019; CIB: Budapest, Hungary,
2019; p. 1232.

50. Succar, B.; Sher, W.; Williams, A. Measuring BIM performance: Five metrics. Archit. Eng. Des. Manag. 2012, 8, 120–142. [CrossRef]
51. Bew, M.; Underwood, J.; Wix, J.; Storer, G. Going BIM in a commercial world. In ECPPM 7 th European Conference on Product and

Process Modelling; Zarli, A.S.R., Ed.; CRC Press, Taylor and Francis Group: Sophia Antipolis, France, 2008; pp. 139–150.
52. Abanda, F.H.; Vidalakis, C.; Oti, A.H.; Tah, J.H.M. A critical analysis of Building Information Modelling systems used in

construction projects. Adv. Eng. Softw. 2015, 90, 183–201. [CrossRef]
53. Tookey, J.; Ghaffarianhoseini, A.; Naismith, N.; Azhar, S.; Efimova, O.; Raahemifar, K. Building Information Modelling (BIM)

uptake: Clear benefits, understanding its implementation, risks and challenges. Renew. Sustain. Energy Rev. 2017, 75, 1046–1053.
[CrossRef]

54. Liu, S.; Xie, B.; Tivendal, L.; Liu, C. Critical barriers to BIM implementation in the AEC industry. Int. J. Mark. Stud. 2015, 7, 162.
[CrossRef]

55. El Hajj, C.; Martínez Montes, G.; Jawad, D. An overview of BIM adoption barriers in the Middle East and North Africa developing
countries. Eng. Constr. Archit. Manag. 2023, 30, 889–913. [CrossRef]

56. Chunduri, S.; Kreider, R.; Messner, J.I. A Case Study Implementation of the BIM Planning Procedures for Facility Owners. In
AEI 2013: Building Solutions for Architectural Engineering, Proceedings of the 2013 Architectural Engineering National Conference, State
College, PA, USA, 3–5 April 2013; American Society of Civil Engineers: Reston, VA, USA, 2013; pp. 691–701. [CrossRef]

57. Olatunji, O.A. Modelling the costs of corporate implementation of building information modelling. J. Financ. Manag. Prop. Constr.
2011, 16, 211–231. [CrossRef]

58. Saka, A.B.; Chan, W.M.D.; Siu, F. BIM Divide: A Hybrid Approach to the Adoption and Implementation of BIM by Construction Small and
Medium-Sized Enterprises (SMEs) in Developing Countries—The Case of Nigeria; The Hong Kong Polytechnic University: Hong Kong,
China, 2022.

59. Tambunan, T.T.H. Development of micro, small and medium enterprises and their constraints: A story from Indonesia. Gadjah
Mada Int. J. Bus. 2011, 13, 21–43. [CrossRef]

60. Dim, N.U.; Ezeabasili, A.C.C.; Okoro, B.U. Managing the change process associated with Building information modeling (BIM)
implementation by the public and private investors in the Nigerian building industry. Donnish J. Eng. Manuf. Technol. 2015, 2, 1–6.

61. Zhou, Y.; Yang, Y.; Yang, J.-B. Barriers to BIM implementation strategies in China. Eng. Constr. Archit. Manag. 2019, 26, 554–574.
[CrossRef]

https://doi.org/10.1080/01446190110101218
https://doi.org/10.1007/s13369-017-2756-z
https://doi.org/10.1016/j.dibe.2020.100036
https://doi.org/10.1061/(ASCE)EI.1943-5541.0000193
https://doi.org/10.1037/14805-012
https://doi.org/10.5116/ijme.4dfb.8dfd
https://doi.org/10.4324/9781351033909-25
https://doi.org/10.4324/9781315241999
https://doi.org/10.1080/15623599.2019.1639126
https://doi.org/10.1108/IJBPA-05-2019-0047
https://doi.org/10.1108/ECAM-04-2018-0173
https://doi.org/10.1016/j.proeng.2014.07.021
https://doi.org/10.1080/17452007.2012.659506
https://doi.org/10.1016/j.advengsoft.2015.08.009
https://doi.org/10.1016/J.RSER.2016.11.083
https://doi.org/10.5539/ijms.v7n6p162
https://doi.org/10.1108/ECAM-05-2021-0432
https://doi.org/10.1061/9780784412909.068
https://doi.org/10.1108/13664381111179206
https://doi.org/10.22146/gamaijb.5492
https://doi.org/10.1108/ECAM-04-2018-0158


Buildings 2024, 14, 2279 17 of 17

62. Edirisinghe, R.; London, K. Comparative analysis of international and national level BIM standardization efforts and BIM
adoption. In Proceedings of the 32nd CIB W78 Conference, Eindhoven, The Netherlands, 27–29 October 2015; pp. 27–29.

63. Girginkaya Akdag, S.; Maqsood, U. A roadmap for BIM adoption and implementation in developing countries: The Pakistan
case. Archnet-IJAR Int. J. Archit. Res. 2020, 14, 112–132. [CrossRef]

64. Oke, A.; Fernandes, F.A.P. Innovations in Teaching and Learning: Exploring the Perceptions of the Education Sector on the 4th
Industrial Revolution (4IR). J. Open Innov. Technol. Mark. Complex. 2020, 6, 31. [CrossRef]

65. Olatunji, O. A preliminary review on the legal implications of BIM and model ownership. J. Inf. Technol. Constr. 2011, 16, 687–696.
66. Chen, K.; Lu, W.; Wang, J. University–industry collaboration for BIM education: Lessons learned from a case study. Ind. High.

Educ. 2020, 34, 401–409. [CrossRef]
67. Manzoor, B.; Othman, I.; Gardezi, S.S.S.; Harirchian, E. Strategies for Adopting Building Information Modeling (BIM) in

Sustainable Building Projects—A Case of Malaysia. Buildings 2021, 11, 249. [CrossRef]
68. Azhar, S.; Khalfan, M.; Maqsood, T. Building Information Modeling (BIM): Now and Beyond. Australas. J. Constr. Econ. Build.

2012, 12, 15–28. [CrossRef]
69. Sebastian, R. Changing roles of the clients, architects and contractors through BIM. Eng. Constr. Archit. Manag. 2011, 18, 176–187.

[CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.1108/ARCH-04-2019-0081
https://doi.org/10.3390/joitmc6020031
https://doi.org/10.1177/0950422220908799
https://doi.org/10.3390/buildings11060249
https://doi.org/10.5130/AJCEB.v12i4.3032
https://doi.org/10.1108/09699981111111148

	Introduction 
	Literature Review 
	Organizational Readiness 
	Organizational BIM Awareness and Competence 

	Methodology 
	Results Analysis and Discussion 
	Awareness with BIM 
	Competence with BIM 
	Software Services Available among Organizations 
	Software Available among Organizations 
	Ability to Use Software Available among Organizations 


	Conclusions 
	References

