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INTRODUCTION

Public-private partnership (PPP) investments play a
crucial role in driving economic growth in developing
Asian countries [1]. Jordan and Malaysia have turned to
PPPs to address countries growing infrastructure needs
and resource constraints [2,3]. Despite their strategic
importance, PPPs encounter numerous challenges in these
developing nations. In Jordan, these challenges include risk
factors related to the transfer phase, organizational issues,
financing, project management, and feasibility studies [4].
In Malaysia, the challenges include inflation, interest rate
risks, currency fluctuations, technical expertise, and limita-
tions in financial capacity [5].

Jordans Public-Private Partnership (PPP) framework
was established with Law No. 31 of 2014. In 2015 Jordan
created PPP by-laws council and strategy chaired by the
Prime Minister [6]. Serveral Projects under the PPP pro-
curement method are uderway in Jordan, Such as Bus
Rapid Transit (BRT) Project between Amman and Zarqa,
the National Broadband Network (NBN) to support digital
transformation, and the King Hussein Bridge Land Border
Crossing Terminal. Jordan initiated a group of projects
such as the construction of 14 public schools, then a Non-
revenue water project to reduce losses of water in the capital
city. One more major project that to improve key roads in
the country through users chargers [7].

The economic development in malaysia started in the
early 1980s. The goverement engaged the private sector
expertise as a national development effort [8]. However, in
the early 80s, significant progress on funding PPP initia-
tives in the Ninth and Tenth Malaysia plans. The main goal
for these plans were to improve development strategies [9].
Despite the benefits of PPP in Malaysia, obligations and cri-
tisism imposed the policies of the malaysian governement
[10].

Some challenges faces the implementation of BIM in
PPP Projects. Some the challenges include technological
obstical, some expamples are the complexity and interop-
erability between different platforms [11,12].

On the other hand, BIM application faces legal and con-
tractual challenges, such as conflection in responsibilities
[13]. Another challenge is the cultural resistenace from
stakeholders accustomed to traditional work, which makes
communication gaps feels bigger and hinder effective col-
laboratios [14].

BIM helps PPP projects work smoother, by identifying
risks early which provide time to mitigate the risk early
in the project life. Furthermore, BIM reduces and cuts
costs[15], modulate construction to address poor commu-
nications [16]. Support cost tracking standarized KPIs [17],
and improve performance management systems [18]. Prior
studies have explored various aspects of BIM in PPP proj-
ects, BIM impact on key performance indicators (KPIs) and
risk management, but the focus if the literature mainly is on
developed economies or a wider regional perspective. Prior

studies lacks comprehensive assessment of the role of BIM
in managing PPP projects and improving results in Jordan
and Malaysia.

Building Information Modeling (BIM) is an innovative
procedure that fundamentally changes the architecture,
engineering and construction sectors by improving con-
ceptualization, design, construction and overall manage-
ment of constructed spaces [19-21].

BIM is seen as beneficial in the construction inducstry
dues to the collaboration improvement, as well as minizing
errors, reduces costs, and improving efficincy [22,23]. BIM
allows somther data exchanges, that mitigates risks, and
reduces projects setbacks and overruns. Although some
studies have explored aspects of BIM adoption in PPP proj-
ects within developing countries, a comprehensive evalua-
tion of its implications, especially in Jordan and Malaysia,
is still lacking.

Recognizing the growing interest in BIM to improve
PPP projects, various studies have explored its potential
benefits [24]. For example, [12] conducted a study in
Sweden, proposing a BIM implementation plan that iden-
tifies major drivers and barriers to the adoption of BIM,
although it does not specifically address cost reduction.
On the contrary, [15] provided a quantitative analysis
from Iran, demonstrating that BIM can improve perfor-
mance by 28.9% on average through improved key per-
formance indicators (KPIs), utilizing a Copula Bayesian
Network for causal analysis. Furthermore, [25] focused
on China, examining how contractual flexibility in BIM-
enabled PPP projects can significantly impact cost reduc-
tion during the procurement and construction phases.
While these studies illuminate the potential performance
benefits of BIM in PPP projects, they also underscore the
need for comprehensive strategies for BIM’s potential
benefits.

The recent studies have investigated the role of BIM
in managing risks of PPP projects. [26] explored the inte-
gration of BIM and the Integrated Project Delivery (IPD)
model in characteristic Chinese towns, demonstrated that
this integration enhanced collaboration and reduced risks
in construction projects. The same study highlighted the
need to address a list of challenges related to these towns
and the potential drawbacks of the BIM-based IPD model.
Another study implemented in Malaysia by [11], identified
six significant risk factors in PPP projects and provided
insights and lessons from the UK context to improve BIM
implementation in Malaysia. They used questionnaires and
expert interviews to uncover critical challenges that need to
be addressed in this context [14] analysed critical PPP risk
factors and BIM functions, and proposed a comprehensive
BIM-based risk management framework. That study iden-
tified seven critical risk factors and eight BIM functions,
and noted the limited scope of critical factors and BIM n-D
functions. The findings provided valuable insights into
integrating BIM into PPP projects.
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Studies show that BIM save energy, makes projects
more envirnmently friendly, which in turn improves the
operational effectiveness, and boost the productivity.
Furthermore, BIM adoption has the potential to reduce
CO2 emissions. These benefits suggests that BIM has the
ability to support sustainable development 8, 9, 11, and 13,
which advances overall construction sustainability [27].
BIM tools facilitate the improvement of building designs
to substantially reduce energy consumption, leading to
potential savings of up to 46% in overall energy usage [28].
Depending on BIM in Value for Money (VEM) evaluations
of PPP projects could result in more scientific and accurate
assessments. This also could help the long-term growth of
such efforts [29]. The use of BIM in PPP projects add a high
value in improving decision making, operational manage-
ment, and collaborative efforts, resulting in more and more
sustainable environment for all memers of the ecosystem
[26].

Whenyoulookat the challenges that prevent companies
in Jordan and Malaysia from using Building Information
Modeling (BIM), you find a lot of obstacles. In Jordan, the
main problems are that it’s expensive to train people and
buy the software, many people don’t know much about
BIM, and there aren'’t clear rules to follow. Also, compa-
nies have to spend a lot of money upfront, they don’t get
enough support from their leaders, and it’s hard for them
to get the right technology and frameworks. In Malaysia,
it’s also tough because people don’t have many chances to
learn about BIM, the laws are not helpful, and different
systems can’t work well together, which makes it hard to
use BIM. All these issues make it difficult for companies
in both countries to start using BIM. It’s clear that both
Jordan and Malaysia face unique challenges when it comes
to adopting BIM [30]. If companies and governments can
work together to address these issues, it might be easier
for them to use BIM and improve their construction proj-
ects. This could involve creating more training programs,
making clearer rules, and investing in better technology
to support BIM adoption. By doing so, they can help their
construction industries become more efficient and com-
petitive [31].

A lot of researchers were motivated to investigate
KPIs to evaluate the adoption of BIM in the construc-
tion industry from different point of views [32] explore-
ded the impact of BIM technology on safety KPIs in
construction projects in Slovakia, Slovenia, and Croatia
[33] analyzed the ROI value of BIM in an architectural
company, emphasized on cost control improvements
and workflow optimization [34] identified the primary
stakeholder groups that add value from BIM adoption,
including design units, facility management, contractors,
and owners. In another study, [29] provided evaluation
criteria for innovative constructon projects, showing
that BIM improves material usage control and minimizes
initial material consumption.

In our previous research [17], we identified and selected
key performance indicators (KPI) related to administrative,
sustainability, and management aspects for PPP projects.
A framework was established for the current analysis, that
allowed a comprehensive examination of the multidimen-
sional impacts of BIM on PPP performance. Supplementary
Table 1 shows the overall KPIs utilized to evaluate BIM per-
formance in PPP Projects.

The mentioned studies emphasize the diverse benefits
of BIM in PPP projects and stress the necessity for strate-
gic implementation, quantitative analysis, and adaptable
contractual agreements. Even with these insights, there is
still a lack of understanding of how BIM affects cost sav-
ings in PPP projects in countries like Jordan and Malaysia.
This research aims to fill that gap. BIM technology is not
being used enough in many countries, especially in Jordan
[35,36] and Malaysia [37,38], where it seems to be used in
a random and poorly integrated way. This research inves-
tigates the influence of BIM on PPP projects within these
nations, thereby addressing the existing gap.

Reduce in cost, which also means to see in to a reduc-
tion of delay, we see an improvement in quality, we see an
increase in productivity, we also put forth that which is sus-
tainable has been increased and we have better risk transfer.
We put forth these points to in hope of convincing pub-
lic and private sector players to adopt BIM into wider use.
The current research investigates how BIM influences the
success of PPP projects to foster greater adoption and to
achieve more successful project benifits. It also aims to fill
this gap by systematically examining the impact of BIM on
the success of PPP projects in Jordan and Malaysia.

MATERIALS AND METHODS

The current study adopts a descriptive quantitative
approach to systematically analyze experts’ perceptions
of the potential impact of BIM adoption on PPP projects.
BIM and PPP projects experts were targeted in Jordan and
Malaysia. The study sample included professionals of the
public and private sectors, and educational institutions
experts, providing a comprehensive view of industry prac-
tices and policy implications. A pilot study was conducted
with 30 respondents prior to the main survey distribution
in order to validated the questionnaire.

The study was conducted during 05-2023 to 01-2024,
using an electronic questionnaires distributed using email,
in person, and phone calls. We ensured informed con-
sent from each participant prior to data collection. 1,100
questionnaires were distributed and 441 were responded
with 40% response rate . The questionnaire was carefully
designed and divided into two main sections: general
demographic questions and specialized questions. The
demographic section collected general information such
as: gender, age, education, experience, and employment
sector.
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We utilized a systematic method to insure compre-
henisve and reliable questionnaire design. The first step was
reviewing existing literature on topics that is related to BIM
and PPP, we searhced through Google Scholar, Scopus,
and Web of Science databases. The aim was to idenfity key
variables and themes. Followed by organizing the data into
Excel spread sheed to systematically categorize the data.

Upon identifying recurring themes across multiple stud-
ies, we consolidated these findings and categorized them
into five main areas: administrative aspects, sustainability,
management, tools and frameworks, and productivity. This
categorization formed the basis for drafting the first version
of the questionnaire. Supplementary Table 1 in the appen-
dix shows the KPI factors selected from the literature.

For the main section, we developed questions to
cover five key aspects of BIM adoption in PPP projects:
Administrative (3 items), Productivity (10 items, cover-
ing manpower, machine, and materials), Management (11
items, addressing time, cost, and quality), Tools Framework
(11 items, focusing on people, process, and technology),
Sustainability (10 items, including environmental, eco-
nomic, and social factors). We used a Likert scale from 1 to
5 for responses. Table 1 shows the distribution of the ques-
tions across different aspects.

To assess if the data is appropriate for factor analysis,
we calculated Kaiser-Meyer-Olkin (KMO) measure for all
question groups of the questionnaire. The KMO values
range from 0 to 1. values closer to 1 indicating that the data
are suitable for factor analysis. Table 1 shows that the KMO
values for all aspects meet acceptable criteria.

The aim of this study is to assss the overall performance
of utilizing BIM in the performance of PPP projects. We
analyzed the data using SPSS software (version 25), employ-
ing a variety of statistical tests and descriptive analyzes to
understand BIM’s impact on PPP projects. In order to do

so, we calculated means, standaard deviations, frequencies.
Furthermore, we summarized the central tendencies, vari-
ablity, and distribution.

The next step was to validate and refine the final ques-
tionnaire. We started with conducting a pilot study with the
preminary questionnaire with a 30 respondents. The main
questionnaire after validating was distributed for around
six months period. The distribution took place from May
2023 to January 2024. The distribution was done by email,
in person, and through phone calls. Before distribution we
ensured informed consent from each participant prior to
data collection.

Questionnaire Design

To ensure the questionnaire validity and effectiveness,
feedback from three experts who specialize in question-
naire design was collected and the related modifications
were implemented. Three additional experts were consulted
to enhance the questionnaire quality further. This process
helped to address potential issues and improve the clarity
and relevance. After that, a pilot study was conducted for 30
respondents to evaluate the validity and reliability. Analysis
of this pilot study was used to make final adjustments to
the questionnaire, ensuring that it accurately captured the
intended data. The final questionnaire form is shown in
Supplementary Table 2.

We distributed the finalized questionnaire to a larger
sample and received 441 responses of 1100 distributed.
The collected data were analyzed using SPSS, applying var-
ious statistical tests to ensure the data reliability. This pro-
cess enabled to confirm that the questionnaire effectively
measured the relevant constructs and provided valuable
insights for the study. (Fig. 1) explains the research process
framework that is adopted in this research. A quantitative
research approach was employed.

Table 1. Distribution of questions in the questionnaire and the results of the Kaiser-Meyer-Olkin test

Category Indicators No of Questions KMO
Administrative Administrative 3 0.696
Productivity Manpower 5 0.856
Machine 2 0.500
Material 3 0.696
Management Time 3 0.711
Cost 4 0.812
Quality 4 0.800
Tools Framework People 4 0.802
Process 5 0.701
Technology 2 0.500
Sustainability Environment 3 0.690
Economy 3 0.705
Social 4 0.816
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Figure 1. Research method framework.

RESULTS AND DISCUSSION

Demographic Characterstices of the Respondents

We faced significant challenges in obtaining partic-
ipants with experience in PPP and BIM projects. 1,100
questionnaires have been distributed to individuals who
involved in projects in Jordan and Malaysia’s for both public
and private sectors. To colect data, face-to-face interviews,
emails, and social media platforms using Google Forms
were included. The survey achieved a notable response rate,
garnering 441 valid responses, which equal about 40% of
the total distributed.

The research sample were selected based on their PPP
and BIM projects expirience within the public and private
sectors in Jordan and Malaysia. The process prioritized indi-
viduals with expertise in project management, engineering,
and construction. The samples’ qualifications ranged from
Bachelor’s to Doctorates degrees, shows diverse affiliations,
including government bodies, private engineering organi-
zatins and academic institutions as well. A purposive sam-
pling approach was used to ensure representation for both
public and private sectors, as outlined in Table 2.

The respondents screening revealed a presence of the
private sector, which comprised 79.1%, while the public
sector was only 20.9% of the total respondents. A higher

dit Questionnaire

End

representation of males (73.5%) than females (26.5%) was
presented, reflecting broader workforce trends. Educational
qualifications ranged from Bachelor’s to Doctorate degrees,
with 73.9% holding a Bachelor’s degree, 21.3% possessing
a Master’s degree, and 4.8% having attained a Ph.D,, indi-
cating a diverse educational background. The responses
covered a wide range of professional experience, with 1-5
years and 21-25 years being the most common, illustrating
a varied pool of participants with differing levels of exper-
tise. The demographic characteristics of the respondents
are detailed in Table 2.

Descriptive Analysis

The data shown in Table 3 indicates a detailed analysis
of the questionnaire responses, the questionnaire covered
various dimensions, including administrative, sustainabil-
ity, tools framework, management, and productivity factors.
The level of agreement or disagreement with each factor.

We evaluated factors across administrative, sustainabil-
ity, tools framework, management, and productivity aspects
of performance. The tools framework category was ranked
first, scoring 3.94+0.772, underscoring the importance of
document management and clash detection, followed by
productivity factors with a score of 3.93+0.783, emphasiz-
ing effective interface management and experience gains.
However, sustainability factors came in third and rated
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Table 2. Demographic characteristics of respondents

Background information Parameter Frequency Percent
Sector Private 349 79.1
Public 92 20.9
Total 441 100
Highest Academic Qualifications Bachelor's degree 326 73.9
Master's degree 94 21.3
Doctoral Degree 21 4.8
Total 441 100
Gender Male 324 73.5
Female 117 26.5
Total 441 100
Years of experience 1-5 123 27.9
6-10 68 15.4
11-15 85 19.3
16-20 39 8.8
20-25 126 28.6
Total 441 100

Table 3. Detailed analysis of the responses to the questionnaire

Measurement S.Dis Dis. N. Ag. S.Ag  Total Mean+SD Rank
(1) 2 6 @ () %

1- Administrative Factors Agree 3.83+£0.935 5

Organization structure 27 18 71 144 181 441 3.98+1.135 1
6.1 4.1 16.1 32.7 41.0 100.0

Risk of adverse changes in law, policy, or 18 33 87 162 141 441 3.85£1.079 2

regulations 4.1 7.5 19.7 36.7 32.0 100.0

Risk of force majeure 32 40 95 157 117 441 3.65+1.174 3
7.3 9.1 21.5 35.6 26.5 100.0

2- Productivity Factors Agree 3.93+0.783 2

Experience and knowledge gains 19 16 56 170 180 441 4.08+1.032
4.3 3.6 12.7 38.5 40.8 100.0

Staff training 16 24 65 168 168 441 4.02£1.037 4
3.6 5.4 14.7 38.1 38.1 100.0

effective interface management 12 21 62 167 179 441 4.09+0.988 1
2.7 4.8 14.1 37.9 40.6 100.0

Use of construction waste 11 45 97 147 141 441 3.82+1.069 8
2.5 10.2 22.0 33.3 32.0 100.0

Employment opportunities 26 39 92 141 143 441 3.76+1.168 10
5.9 8.8 20.9 32.0 324 100.0

Specialized expertise 14 23 74 150 180 441 4.04%1.035 3
3.2 5.2 16.8 340 40.8 100.0

Technical staff resources 17 24 80 171 149 441 3.93£1.040 5
3.9 5.4 181 388 33.8 100.0

Equipment condition and number 13 32 104 169 123 441 3.81£1.018 9

2.9 7.3 23.6 38.3 27.9 100.0
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Table 3. Detailed analysis of the responses to the questionnaire (continued)

Measurement S.Dis Dis. N. Ag. S.Ag  Total Mean+SD Rank
(1) 2 6 @ (5) %

Use of innovative materials 12 29 93 173 134 441 3.88+1.005 7
2.7 6.6 21.1 39.2 30.4 100.0

Material condition and number 12 27 91 176 135 441 3.90+0.997 6
2.7 6.1 20.6 39.9 30.6 100.0

3- Tools Framework Factors Agree 3.94+0.772 1

Requirements of stakeholders/goals 14 24 89 176 138 441 3.91£1.006 7
3.2 5.4 20.2 39.9 31.3 100.0

Change management - resistance to change 16 41 117 155 112 441 3.69£1.061 11
3.6 9.3 26.5 35.1 25.4 100.0

Information and knowledge sharing 15 30 75 181 140 441 3.91£1.030 6
3.4 6.8 17.0 41.0 31.7 100.0

Effective safety management: no. of security 19 43 80 155 144 441 3.82+1.121 10

incidents 43 98 181 351 327  100.0

Document management 10 23 67 139 202 441 4.13+1.004 1
2.3 52 15.2 31.5 45.8 100.0

Updated timeline 16 22 65 162 176 441 4.04+1.036 3
3.6 5.0 14.7 36.7 39.9 100.0

Clash detection 12 27 63 155 184 441 4.07£1.023 2
2.7 6.1 143 351 41.7 100.0

Transferring risk to the private sector 15 29 100 170 127 441 3.83+1.028 9
3.4 6.6 22.7 385 28.8 100.0

Procedures for settling claims and disputes 12 31 83 177 138 441 3.90£1.010 8
2.7 7.0 18.8 40.1 31.3 100.0

Detail and transparent level of tendering 13 28 72 159 169 441 4.00+1.034 4

procedure 2.9 6.3 16.3 36.1 38.3 100.0

Life-cycle management ability 11 29 71 169 161 441 4.00+1.008 5
2.5 6.6 16.1 38.3 36.5 100.0

4- Management Factors Agree 3.88+0.781

On-time or earlier project completion 14 33 81 162 151 441 3.91+1.052
3.2 7.5 18.4 36.7 34.2 100.0

Schedule variance 16 30 81 182 132 441 3.87£1.033 9
3.6 6.8 18.4 41.3 29.9 100.0

Investment life cycle cost and return 15 31 84 173 138 441 3.88+1.039 6
3.4 7.0 19.0 39.2 31.3 100.0

Cost management 17 27 85 170 142 441 3.89+1.047 5
3.9 6.1 19.3 38.5 32.2 100.0

Cost variance 16 29 85 175 136 441 3.88+1.038 8
3.6 6.6 19.3 39.7 30.8 100.0

Completion/time delay 18 27 77 187 132 441 3.88+1.036 7
4.1 6.1 17.5 42.4 29.9 100.0

Construction cost overrun 18 33 93 180 117 441 3.78+1.048 11
4.1 7.5 21.1 40.8 26.5 100.0

Change in scope 16 25 102 186 112 441 3.80+1.000 10
3.6 5.7 23.1 42.2 25.4 100.0

Quality and innovation public service 11 41 68 173 148 441 3.92+1.040 1
2.5 9.3 15.4 39.2 33.6 100.0
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Table 3. Detailed analysis of the responses to the questionnaire (continued)

Measurement S.Dis Dis. N. Ag. S.Ag  Total Mean+SD Rank
(1) @ 6 @ (5) %

The third-party assessment results 13 28 76 188 136 441 3.92+0.998 2
2.9 6.3 17.2 42.6 30.8 100.0

Contract management and control 13 29 83 175 141 441 3.91£1.015 4
2.9 6.6 18.8 39.7 32.0 100.0

5- Sustainability Factors Agree 3.90+0.774 3

Environmental risk 13 32 96 181 119 441 3.82+1.006 9
2.9 7.3 21.8 41.0 27.0 100.0

Energy efficiency 7 34 73 176 151 441 3.98+0.980 1
1.6 7.7 16.6 39.9 34.2 100.0

Reduction of pollutant discharge 19 34 105 162 121 441 3.75+1.072 10
4.3 7.7 23.8 36.7 27.4 100.0

Economic development 13 40 79 178 131 441 3.85+1.041 8
3 9 18 40 30 100

Value for money (VFM) 8.0 28.0 94.0 173.0 138.0 441.0 3.92+0.969 7
2 6 21 39 31 100

Feasibility analysis 12.0 28.0 88.0 168.0 145.0 441.0 3.92+1.012 6
3 6 20 38 33 100

Government reputation and improvement 17.0 31.0 670 172.0 154.0 441.0 3.94+1.062 4
4 7 15 39 35 100

Trust and respect 11 28 80 179 143 441 3.94+0.991 3
2.5 6.3 181  40.6 32.4 100.0

Market interest and opportunity 11 34 74 178 144 441 3.93+1.012 5
2.5 7.7 16.8 40.4 32.7 100.0

Public interest 12 24 82 173 150 441 3.96+0.995 2
2.7 5.4 18.6 39.2 34.0 100.0

3.90+0.774, highlighting energy efficiency and govern-
ment reputation, while emphasizing pollutant discharge
and economic development less. Management factors were
ranked fourth of all aspects, with a score of 3.88+0.781,
prioritizing quality in public service and third-party assess-
ments, but noting challenges in cost overruns and scope
changes. Lastly, administrative factors, with a mean score
of 3.83+0.935, highlighted organizational structure as the
most critical, followed by legal and policy change risks.

Summary of Key Dimensions

The survey results indicate that respondents reported
that BIM adoption could have a positive influence on PPP
projects. Most of the participants agreed or strongly agreed
on categories like technology, people, manpower, social,
economy, quality, and administrative aspects, as illustrated
by the significant portions of light blue and dark blue
bars. Only a few respondents indicated strongly disagree
or disagree, suggesting that negative perceptions are min-
imal. Some participants chose neutral responses, indicat-
ing a degree of ambivalence. In general, the data strongly

endorse the positive influence of BIM on these factors. (Fig.
2) shows the survey results in detail.

However, our study ranked various project manage-
ment dimensions based on the levels of agreement levels.
The tools framework factors were deemed to be the most
critical, followed by the sustainability and productivity fac-
tors. Management factors ranked fourth, highlighting their
importance, but slightly less critical than the top three.
Administrative factors were ranked the fifth, meaning
that they are considered essential but not as immediately
impactful as the other dimensions. These rankings reflect a
consensus on the effect of BIM adoption on various aspects
of performance in PPP projects. Table 4 represents a high-
lighted summary of the consensus on the agreement on
various dimensions of the impact of BIM adoption in PPP
projects on different factors.

Correlation Analysis

Linear correlation was used to explore the relation-
ship between BIM implementation (dependent variable)
and various performance indicators (independent vari-
ables). Pearson’s correlation coefficient, ranges from -1 to 1,
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Figure 2. The survey detailed results.

Table 4. Summary of key dimensions
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Table 5. Correlation analysis of the questionnaire

Project performance factors

Overall performance (pearson correlation coefficient value)

Tools framework factors 0.948**
Management factors 0.938**
Productivity factors 0.937**
Sustainability factors 0.922**
Administrative factors 0.711**

**: Correlation is significant at the 0.01 level (2-tailed).

determines the degree and direction of these relationships.
A positive value means a good relationship, while a negative
value means a bad relationship. Table 5 shows that all of the
factors are strongly related to each other. The factors that
make up the tools framework have the strongest relationship
with BIM implementation at 0.948. Next are the manage-
ment factors at 0.938, the productivity factors at 0.937, the
sustainability factors at 0.922, and the administrative factors
at 0.711. These findings indicate that respondents believe
that greater BIM adoption may improve performance in tools

framework, management, sustainability, and productivity.
Even though administrative factors are positively linked to
BIM implementation, they are much weaker, which means
the relationship is only moderate. The findings indicate that
the adoption of BIM favorably influences administrative fac-
tors, albeit to a lesser extent than other variables.

Reliability Test (Cronbach’s Alpha Coefficient)
Our study demonstrated a high internal consistency
across the questionnaire, indicated by a Cronbach alpha
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Table 6. Cronbach’s Alpha coefficient for all the dimensions of the study

Dimension Cronbach's Alpha Interpretation N of Items Valid
Administrative factors 0.769 Acceptable 3 441
Productivity factors 0.915 Excellent 10

Tools Framework factors 0.921 Excellent 11

Management factors 0.925 Excellent 11

Sustainability factors 0.920 Excellent 10

of 0.975 for all items. We collected a total of 441 valid
responses. Examining individual dimensions, we found
that with ten items, productivity factors achieved an excel-
lent reliability score of 0.915. Tools framework factors (11
items) and management factors (11 items) also exhibited
excellent reliability, with Cronbach’s alpha values of 0.921
and 0.925, respectively. Sustainability factors showed
excellent reliability, with a Cronbach alpha of 0.920 over
ten items. With three items, administrative factors had an
acceptable reliability score of 0.769.

These values represent the internal consistency within
each dimension. The administrative factors dimension
shows an acceptable level of reliability, while sustainability
factors, tools framework factors, management factors, and
productivity factors exhibit excellent levels of reliability.
Table 6 shows the Cronbach’s Alpha coefficient for all the
study dimensions.

The results showed a stronge positive correlation
between the tools framework factors and BIM implementa-
tion. Management, sustainability, and productivity factors
also demonstrated high positive correlations. The results
underscore the critical role in enhancing project benifits
for multiple dimensions.

The current research results align with the most of
previous studies on BIM adoption in PPP projects. [15]
demonstrated that BIM improves the performance of con-
struction projects by an average of 28.9%, especially when it
comes to feasibility studies, financial and cost performance,
and risk management. While [39] stressed the importance
of helping people make decisions that are worth the money
in PPP projects. [12] proposed a BIM implementation
plan to enhance collaboration, corroborating our assertion
that successful BIM adoption markedly improves project
outcomes.

This study offers valuable insights while also acknowl-
edging specific limitations. The emphasis on Jordan and
Malaysia, along with the absence of distinction among proj-
ect types, may influence the generalizability of the results.
It is acknowledged that the questionnaire was not widely
distributed and that the use of a 5-point Likert scale may
have led to biased responses. The results are interesting, but
they shouldn’t be used to make generalizations about other
situations.

Future research on BIM adoption in PPP projects may
include sector-specific analyses of various PPP procure-
ment methods, which are crucial for comprehending BIM’s
impact on their efficacy. Looking at different levels of BIM
maturity could help us understand the benefits better.
Comparing regions, like countries with different levels
of economic development, will help us understand how
geography and culture affect things. Examining the amal-
gamation of BIM with nascent technologies can elucidate
forthcoming trends in the construction sector. To improve
future studies, it would be helpful to use both qualitative
and quantitative data collection methods, like interviews,
case studies, and surveys. This would give a full picture of
BIM’s effects.

CONCLUSION

With BIM the benefits of collaboration (with partners)
on construction projects are enormous. It helps in organiz-
ing all the documents, prevent errors from taking place,
and keeps schedules and bids transparent. Which naturally
optimizes the entire process as everyone is at the same level
and has the right talent. And there’s an environmental side
to it too: by conserving energy, the community gets added
value. It makes managers less prone to misunderstanding
or legal conflict. BIM is a great tool to help streamline and
execute construction projects smoothly.

In order to encourage the usage of BIM by a greater
number of organizations, both government and private
business need to collaborate. They can accomplish this by
offering training, establishing nationwide standards and
incentives. They also need to ensure BIM is used from
beginning to end on every project. This is one of the initial
types of research to demonstrate how BIM really works in
developing countries. This indicates that BIM can lead to
improved performance, sustainability and service delivery.
BIM aids companies to get better in a lot of things and it
comes important for the success of their projects.

It recommends fostering innovation through supportive
regulations, mandating BIM in large projects, strengthen-
ing collaboration with technology providers, encouraging
knowledge sharing, and developing skilled professionals to
ensure effective and sustainable adoption.



Sigma J Eng Nat Sci, Vol. 44, No. 2, pp. 1383-1398, April, 2026

1393

AUTHORSHIP CONTRIBUTIONS

Authors equally contributed to this work.

DATA AVAILABILITY STATEMENT

The authors confirm that the data that supports the
findings of this study are available within the article. Raw
data that support the finding of this study are available from
the corresponding author, upon reasonable request.

CONFLICT OF INTEREST

The author declared no potential conflicts of interest
with respect to the research, authorship, and/or publication
of this article.

ETHICS

There are no ethical issues with the publication of this
manuscript.

STATEMENT ON THE USE OF ARTIFICIAL
INTELLIGENCE

Artificial intelligence was not used in the preparation
of the article.

REFERENCES

[1]  Atapattu PJ. Infrastructure Investment with Public-
Private Partnership (PPP) and Economic Growth in
Developing Countries in Asia. Vidyodaya ] Manag
2019;5. [CrossRef]

[2] Ismail S, Mohamad R, Said JM. Performance indi-
cators for lifecycle process of public private partner-
ship (PPP) projects in Malaysia. Built Environ Proj
Asset Manag 2022;12:704-718. [CrossRef]

[3] Mistarihi A, Hutchings K, Shacklock A. Differing
Opinions Do Not Spoil Friendships: Managing Public-
Private Partnership (Ppp) Infrastructure Projects in
Jordan. Public Adm Dev 2013;33:371-388. [CrossRef]

[4] Almuhisen M, Gokcekus H, Celik T. Developing an
AHP Risk Assessment Model for PPP Projects in
Jordan. ] Eng Res 2021. [CrossRef]

[5] Razi PZ, Ali ML, Ramli NI. Incorporation of Risk
Index for Risk Response and Risk Mitigation
Strategies of Public-Private Partnership (PPP)
Housing Construction Project in Malaysia. IOP
Conf Ser: Mater Sci Eng 2020;712:012031. [CrossRef]

[6] Biygautane M, Jarrar Y. Public-private partnerships
and achievement of public value: The experience
of Jordans Queen Alia International Airport. ]
Infrastruct Policy Dev 2023;7:1936. [CrossRef]

[7]1 PPP Unit. PPP Projects Registered in the National
Registry of Public Investment Projects - Public-
Private Partnership Unit. Available at: https://pppu.
gov.jo/EN/List/Projects_. Accessed on Apr 28 2026.

(8]

(9]

(10]

(11]

(12]

(13]

(14]

(15]

(16]

(17]

(18]

(19]

(20]

Ismail S. Driving forces for implementation of public
private partnerships (PPP) in Malaysia and a com-
parison with the United Kingdom. ] Econ Admin
Sci 2014;30:82-95. [CrossRef]

Ahmad U, Ibrahim Y, Abu Bakar A. Malaysian pub-
lic private partnership. Acad Account Financ Stud ]
2018;22.

Abdul AFC, Sarif SM, Mat NHN. Public Private
Partnership and Financial Implication to
Government: A Case Study from Malaysia. Inf
Manag Bus Rev 2024;16:372-384. [CrossRef]

Abdullah Habib SNH, Ismail S, Syed Khuzzan SM. Risk
Factors Towards Public-Private Partnerships (Ppp)
Projects Implementing Building Information Modelling
(Bim) in the United Kingdom (Uk): A Lesson Learnt
For Malaysia. Plan Malays 2020;18. [CrossRef]

Deniz GO, Lokhandwala Z. Building Information
Modeling (BIM) Implementation in Public—Private
Partnership (PPP) Projects. Eng Proc 2023;40. [CrossRef]
Laishram B. Building information modeling in
Public Private Partnership Projects—perspectives
and hurdles. International Conference on Structural
Engineering, Construction & Management. Sri
Lanka; 2011.

Song YH. Building Information Modelling
Integration into Public-Private Partnership (Ppp)
Risk Management. Univ Technol Malalysia 2019.
Ghorbany S, Noorzai E, Yousefi S. BIM-based
solution to enhance the performance of pub-
lic-private  partnership  construction projects
using copula bayesian network. Expert Syst Appl
2023,216119501 [CrossRef]

Cui B. BIM - based modular integrated construction
risk management. Apll Comput Eng 2024;70:8-13.
[CrossRef]

Al-Shamayleh A, Zakaria S, Rahim N, Totanji
DA. A Political, Sustainable, and Management
Building Information Modelling (BIM) Key
Performance Indicators (KPIs) for Public-Private
Partnership (PPP) Projects. Int ] Adv Eng Manag Sci
2024;10:153-61. [CrossRef]

Yuan J, Li X, Ke Y, Xu W, Xu Z, Skibnewski M.
Developing a building information modeling-based
performance management system for public—pri-
vate partnerships. E 2020;27:1727-1762. [CrossRef]
George WK, Sunday SE, Pandey D, Kabari AD,
Pandey BK, George AS, et al. Building Information
Modeling: Harnessing Innovations for Professional
Proficiency. In: El Kacimi Y, Alaoui K, editors.
Advances in Civil and Industrial Engineering, IGI
Global, 2024, p- 305-331. [CrossRef]

Spirkova D, Stepanek P. Building Information
Modeling (BIM) In Effective Management of
Development Projects and In the Administration
of Housing Companies. Commun Int Proc 2023.
[CrossRef]


https://doi.org/10.31357/vjm.v5i1.3917
https://doi.org/10.1108/BEPAM-02-2021-0030
https://doi.org/10.1002/pad.1651
https://doi.org/10.36909/jer.10543
https://doi.org/10.1088/1757-899X/712/1/012031
https://doi.org/10.24294/jipd.v7i1.1936
https://doi.org/10.1108/JEAS-06-2013-0019
https://doi.org/10.22610/imbr.v16i3(I)S.4066
https://doi.org/10.21837/pm.v18i14.836
https://doi.org/10.3390/IOCBD2023-15189
https://doi.org/10.1016/j.eswa.2023.119501
https://doi.org/10.54254/2755-2721/70/20240967
https://doi.org/10.22161/ijaems.105.10
https://doi.org/10.1108/ECAM-06-2019-0328
https://doi.org/10.4018/979-8-3693-1335-0.ch015
https://doi.org/10.5171/2023.4144823

1394

Sigma J Eng Nat Sci, Vol. 44, No. 2, pp. 1383-1398, April, 2026

(21]

(22]

(23]

(24]

(25]

(26]

(27]

(28]

(29]

(30]

(31]

(32]

(33]

(34]

(35]

Tang L, Wu Z, Wen Y, Chen C, Tang S, Trofimova
P. Building Information Modeling and Building
Performance Optimization. Elsevier 2024;750-764.
[CrossRef]

Adhikari S, Roca AK. Impact of BIM Technology
on the Construction Project Management Process.
EasyChair 2024;948-938. [CrossRef]

Shao M, Wang E Analyzing the Application of BIM
Technology in Construction Project Management. ]
Civil Transp Eng 2024;1:16-20. [CrossRef]
Al-Shamayleh A, Zakaria S, Rahim N, Totanji DA.
Building information modeling for Public Private
Partnership Projects A literature review and future
research directions. Int J Adv Eng Manag Sci
2024;10:138-152. [CrossRef]

Xu Y, Chong H-Y, Chi M. Impact of Contractual
Flexibility on BIM-Enabled PPP Project Performance
during the Construction Phase. ] Infrastruct Syst
2022;28:04021057. [CrossRef]

Shyng JH. Based on BIM intelligent technology and
IPD collaborative management model applied to
characteristic towns with PPP mode. ] Infras Policy
Dev 2024;8. [CrossRef]

Sitva AD, Cardoso AM. Advancing BIM and
Sustainability with Coopetition: Evidence from the
Portuguese Stone Industry. Apll Syst Innov 2024. [CrossRef]
Mughal S, Khoso AR, Najeeb H, Noor Khan MS,
Hussain Ali T, Hussain Khahro S. Green Retrofitting
of Building wusing BIM-based Sustainability
Optimization. ] Kejuruterr 2024;36:179-189. [CrossRef]
Jiang X, Ouyang W, Dai X, Hu K, Liu Y, Xia B. A
Framework of BIM-Based Value for Money (VEM)
Evaluation Methods of PPP Projects at Decision-
Making Stages. Springer 2021;797-807. [CrossRef]
Hyarat E, Hyarat T, Al Kuisi M. Barriers to the
Implementation of Building Information Modeling
among Jordanian AEC Companies. Buildings
2022;12:150. [CrossRef]

Wong SY, Gray J. Barriers to implementing Building
Information Modelling (BIM) in the Malaysian con-
struction industry. IOP Conf Ser: Mater Sci Eng
2019;495:012002. [CrossRef]

Mandi¢ak T, Spisakova M. BIM Technology and
Impact on Safety KPIs in Construction Projects in
Slovakia, Slovenia, and Croatia. Springer 2024;242—
250. [CrossRef]

Lechhab N, Iordanova I, Forgues D. Evaluation of
the Return on Investment of BIM—The Case of an
Architectural Firm. Springer 2023;431-443. [CrossRef]
Toan NQ, Tam NV, Diep TN, Anh PX. Adoption Of
Building Information Modeling In The Construction
Project Life Cycle: Benefits for Stakeholders. Alex
Ellg ] 2022;7:56-71. [CrossRef]

Alada A, Zeeshan A. Crucial barriers of building
information modelling (BIM) in the Jordanian
construction industry. Global ] Eng Tech Adv
2020;3:20-30. [CrossRef]

(36]

(37]

(38]

(39]

(40]

[41]

[42]

(43]

(44]

(45]

[46]

(47]

(48]

(49]

Matarneh R, Hamed S. Barriers to the Adoption of
Building Information Modeling in the Jordanian
Building Industry. Open J Civ Eng 2017;7:325-335.
[CrossRef]

Othman I, Al-Ashmori YY, Rahmawati Y, Mugahed
Amran YH, Al-Bared MAM. The level of Building
Information Modelling (BIM) Implementation
in Malaysia. Ain Shams Eng ] 2021;12:455-463.
[CrossRef]

Wong SY, Gray J. Barriers to implementing Building
Information Modelling (BIM) in the Malaysian con-
struction industry. IOP Conf Ser: Mater Sci Eng
2019;495:012002. [CrossRef]

Ren G, Li H. BIM Based Value for Money Assessment
in Public-Private Partnership. Springer 2017;51-62.
[CrossRef]

Aghimien D, Aigbavboa C, Oke A. Critical success
factors for digital partnering of construction organ-
isations - A Delphi study. Eng Constr Archit Manag
2020;27:3171-188. [CrossRef]

Cheng M, Liu G, Xu Y. Can joint-contract functions
promote PPP project sustainability performance?
A moderated mediation model. Eng Constr Archit
Manag 2021;28:2667-2689. [CrossRef]

Doloi H. Understanding Impacts of Time and
Cost Related Construction Risks on Operational
Performance of PPP Projects. Int J Strateg Prop
Manag 2012;16:316-337. [CrossRef]

Ke Y, Wang S, Chan APC, Lam PTI. Preferred risk
allocation in Chinas public-private partnership
(PPP) projects. Int ] Proj Manag 2010;28:482-492.
[CrossRef]

Hoeft M, Pieper M, Eriksson K, Bargstadt H-J.
Toward Life Cycle Sustainability in Infrastructure:
The Role of Automation and Robotics in PPP
Projects. Sustainability 2021;13:3779. [CrossRef]

Li H, Xia Q, Wang L, Ma Y. Sustainability assess-
ment of urban water environment treatment pub-
lic-private partnership projects using fuzzy logic. J
Eng Design Technol 2020;18:1251-1267. [CrossRef]
Chen H, Zhang L, Wu X. Performance risk assess-
ment in public-private partnership projects based
on adaptive fuzzy cognitive map. Appl Soft Comput
2020;93:106413. [CrossRef]

Liang Y, Wang H. Sustainable Performance
Measurements for Public-Private Partnership
Projects: Empirical Evidence from China.
Sustainability 2019;11:3653. [CrossRef]

Wang Y, Liang Y, Li C, Zhang X. Operation
Performance Evaluation of Urban Rail Transit PPP
Projects: Based on Best Worst Method and Large-
Scale Group Evaluation Technology. Adv Civ Eng
2021;2021:1-15. [CrossRef]

Hossain M, Guest R, Smith C. Performance indica-
tors of public private partnership in Bangladesh: An
implication for developing countries. Int ] Product


https://doi.org/10.1016/B978-0-323-90386-8.00109-1
https://doi.org/10.1016/B978-0-323-90386-8.00109-1
https://doi.org/10.29007/wfhq
https://doi.org/10.62517/jcte.202406203
https://doi.org/10.22161/ijaems.105.9
https://doi.org/10.1061/(ASCE)IS.1943-555X.0000671
https://doi.org/10.24294/jipd.v8i4.2905
https://doi.org/10.20944/preprints202406.0589.v1
https://doi.org/10.17576/jkukm-2024-36(1)-17
https://doi.org/10.1007/978-981-15-3977-0_61
https://doi.org/10.3390/buildings12020150
https://doi.org/10.1088/1757-899X/495/1/012002
https://doi.org/10.1007/978-3-031-44955-0_25
https://doi.org/10.1007/978-981-19-1029-6_33
https://doi.org/10.23968/2500-0055-2022-7-1-56-71
https://doi.org/10.30574/gjeta.2020.3.3.0034
https://doi.org/10.4236/ojce.2017.73022
https://doi.org/10.1016/j.asej.2020.04.007
https://doi.org/10.1088/1757-899X/495/1/012002
https://doi.org/10.1007/978-3-319-65151-4_5
https://doi.org/10.1108/ECAM-11-2019-0602
https://doi.org/10.1108/ECAM-06-2020-0419
https://doi.org/10.3846/1648715X.2012.688774
https://doi.org/10.1016/j.ijproman.2009.08.007
https://doi.org/10.3390/su13073779
https://doi.org/10.1108/JEDT-10-2019-0260
https://doi.org/10.1016/j.asoc.2020.106413
https://doi.org/10.3390/su11133653
https://doi.org/10.1155/2021/4318869

Sigma J Eng Nat Sci, Vol. 44, No. 2, pp. 1383-1398, April, 2026

1395

(50]

(51]

(52]

(53]

(54]

(55]

(56]

Perform Manag 2019;68:46—68. [CrossRef]

Xu Z, Wang X, Xiao Y, Yuan J. Modeling and perfor-
mance evaluation of PPP projects utilizing IFC exten-
sion and enhanced matter-element method. Eng
Constr Archit Manag 2020;27:1763-1794. [CrossRef]
Eadie R, Browne M, Odeyinka H, McKeown C,
MCcNift S. BIM implementation throughout the UK
construction project lifecycle: An analysis. Autom
Constr 2013;36:145-151. [CrossRef]

Porwal A, Hewage KN. Building Information
Modeling (BIM) partnering framework for public
construction projects. Autom Constr 2013;31:204-
214. [CrossRef]

Deng Z, Yin Y, Yu X. Research on Construction of
Life Cycle Supervision Platform for PPP Project in
Sponge City Based on BIM. DEStech 2017. [CrossRef]
Budayan C, Okudan O, Dikmen I. Identification
and prioritization of stage-level KPIs for BOT
projects — evidence from Turkey. Int ] Mod Phys B
2020;13:1311-1337. [CrossRef]

Love PED, Liu J, Matthews J, Sing CP, Smith J. Future
proofing PPPs: Life-cycle performance measure-
ment and Building Information Modelling. Autom
Constr 2015;56:26-35. [CrossRef]

Olawumi TO, Chan DWM. Green-building infor-
mation modelling  (Green-BIM)  assessment

(571

(58]

(59]

[60]

[61]

[62]

framework for evaluating sustainability perfor-
mance of building projects: a case of Nigeria. Archit
Eng Des Manag 2021;17:458-477. [CrossRef]

Chan DWM, Olawumi TO, Ho AML. Perceived
benefits of and barriers to Building Information
Modelling (BIM) implementation in construction:
The case of Hong Kong. ] Build Eng 2019;25:100764.
[CrossRef]

Liang Y, Jia H. Key Success Indicators for PPP
Projects: Evidence from Hong Kong. Adv Civ Eng
2018;2018:1-10. [CrossRef]

Ren G. Knowledge management in PPP decision
making concerning value for money assessment.
Cardiff Univ 2019.

Du J, Wu H, Zhao X. Critical Factors on the
Capital Structure of Public-Private Partnership
Projects: A Sustainability Perspective. Sustainability
2018;10:2066. [CrossRef]

Ma G, Jia J, Ding J, Shang S, Jiang S. Interpretive
Structural Model Based Factor Analysis of BIM
Adoption in Chinese Construction Organizations.
Sustainability 2019;11:1982. [CrossRef]

Song S, Zhang C, Marks E. Effectiveness and
Practicability Analysis of BIM Adoption in the AEC
Industry. Comput Civ Eng 2022;530-537. [CrossRef]


https://doi.org/10.1108/IJPPM-04-2018-0137
https://doi.org/10.1108/ECAM-08-2019-0429
https://doi.org/10.1016/j.autcon.2013.09.001
https://doi.org/10.1016/j.autcon.2012.12.004
https://doi.org/10.12783/dtssehs/msie2017/15501
https://doi.org/10.1108/IJMPB-11-2019-0286
https://doi.org/10.1016/j.autcon.2015.04.008
https://doi.org/10.1080/17452007.2020.1852910
https://doi.org/10.1016/j.jobe.2019.100764
https://doi.org/10.1155/2018/9576496
https://doi.org/10.3390/su10062066
https://doi.org/10.3390/su11071982
https://doi.org/10.1061/9780784483893.066

1396 Sigma J Eng Nat Sci, Vol. 44, No. 2, pp. 1383-1398, April, 2026

SUPPLEMENTARY APPENDIX

Supplementary Table 1. KPIs for evaluating BIM in PPP projects

Category Indicator Subset Reference
Administrative Administrative Risk of Adverse changes in law, policy or regulations [14,39-43]
Organization structure [42,43]
Risk of Force Majeure [44,45]
Sustainability Manpower Experience and knowledge gains [11,46-48]
employment opportunities [45,48-50]
Specialized Expertise [49,51,52]
Technical Staff Resources [41,50,52]
Staff training [11,18]
Machine Equipment condition and number [18,39,50,53]
effective interface management [48,54,55]
Material Use of construction waste [18,39,44,45,56]
Material condition and number [18,39,50,53]
Use of innovative materials [44,45]
Management Time on-time or earlier project completion [41,50,57,58]
Completion/Time Delay [39,42,59]
schedule variance [46,50]
Cost Investment life cycle Cost and return [11,41,44,45,47-52,53-55,57-59]
Construction Cost overrun [39,60]
Cost management [46,47]
cost variance [47,50]
Quality contract management and control [39,40,48-50,52,54,54]
quality and innovation public service [47-49,58,62]
The third-party assessment results [18,48]
Change in scope [41,42]
Tools Framework  People effective Safety management: no. of security incidents [18,39,41,48,50,54,55,57]
Change management - resistance to change [11,52,61]
Information and knowledge sharing [18,57,61]
Requirements of Stakeholders/Goals [39,41]
Process procedures for settling claims and disputes [25,41,42,49,55]
Detail and transparent level of tendering procedure [39,52,54,55]
Clash Detection [57,62]
transferring risk to the private sector [54,58]
Life-cycle management ability [49,60]
Technology Document management [52,53,56,62]
updated Timeline [18,50]
Productivity Environment Environmental risk [18,55,60]
Energy efficiency (e.g., reduction of energy consumption [44,45,56]
and use of renewable energy resources)
Reduction of pollutant discharge [44,45]
Economy Value for Money (VFM) [18,39,48,49,54,55]
Feasibility analysis [39,49,52,54,55]
Economic development [41,47]
Social market interest and opportunity [39,47,54,59]
Government reputation and improvement [41,47]
Trust and respect [44,49]
[

Public interest 49,60]
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Supplementary Table 2. The overall questionnaire form

1. Adopting BIM in PPP Projects can enhance and modify organizational structures to better align with the project>s requirements.
2. Adopting BIM in PPP Projects can effectively decrease and alleviate the risk of unfavorable law, policy, or regulation alterations.
3. Adopting BIM in PPP Projects can reduce force majeure risks.

4. BIM adoption in PPP projects will improve the overall experience and knowledge gains due to BIM integration.

5. BIM adoption in PPP projects can improve the quality of staff training by introducing interdisciplinary training and the operability
of information.

6. BIM adoption in PPP projects will make it easier to get information by using effective interface management.
7. Adopting BIM in PPP Projects facilitates the efficient assessment and utilization of waste materials.

8. Adopting BIM in PPP Projects can generate employment opportunities or productive jobs by meeting the growing knowledge and
demand for such expertise.

9. BIM adoption in PPP projects will produce more specialized expertise when compared to traditional PPP procurement.

10. BIM adoption in PPP projects will attract more qualified technical staff resources.

11. BIM adoption in PPP projects has vast resource allocation potential by keeping records of Machines> conditions and numbers.
12. Better use of innovative materials through design and implementation can be achieved by adopting BIM in PPP projects.

13. BIM adoption in PPP projects has vast resource allocation potential by keeping records of Materials conditions and numbers.
14. BIM adoption in PPP Projects will better meet stakeholders> diverse requirements and Goals in performance management.

15. BIM adoption in PPP Projects can reduce resistance to change among team members and stakeholders.

16. The adoption of BIM in PPP Projects promotes the effective sharing of information and knowledge and an interoperability
framework.

17. BIM adoption in PPP Projects is more effective in Safety management on construction sites and can reduce security incidents.

18. Data and documents used in PPP projects that adopt BIM have everything sorted in digital folders and archives to be quickly and
effectively created, managed, and shared.

19. BIM Adoption in PPP projects makes timeline updates quicker and more efficient, including design, construction, and in-use
operational information.

20. BIM Adoption in PPP projects has the potential to utilize smart technology for better coordination and Clash Detection.

21. BIM adoption in PPP Projects helps transfer the boundaries of risk and insurability to the private sector, leveraging risk mitigation
and prevention affordability.

22. BIM adoption in PPP Projects simplifies claims management by identifying potential claims, information consistency, data storage,
and improved collaboration.

23. BIM adoption in PPP Projects can help create a more detailed and transparent level of tendering procedure due to the integration
and clearness of the project.

24. BIM adoption in PPP Projects has the tools for smoother and more efficient Life-cycle management throughout projects» life cycle stages.
25. BIM adoption in PPP Projects increases efficiency and thus increases the chances of on-time or earlier project completion.

26. BIM adoption in PPP Projects can notify early warnings on schedule indicators, resulting in fewer schedule variances.

27. BIM adoption in PPP Projects will result in a better investment Cost and return throughout the projects life cycle.

28. BIM adoption in PPP projects improves cost management by estimating the total price reasonably based on the specific expenses
required for each part of the project quantity.

29. BIM adoption in PPP Projects can notify early warnings on cost indicators and result in fewer cost variances.

30. BIM adoption in PPP Projects increases efficiency and thus reduces the chances of project time delays.

31. Adopting BIM in PPP construction Projects can significantly contribute to cost overrun mitigation.

32. BIM adoption in PPP projects helps meet the score or requirements, making a change in scope (scope creep) less likely to happen.
33. BIM adoption in PPP Projects can test and try different design alternatives to improve public service quality and innovation.

34. By adopting BIM in PPP projects, the third-party assessment process can be made more efficient and streamlined, leading to
improved results and higher quality outcomes.

35. BIM Adopted in PPP projects helps in ensuring that the terms and conditions contained within the contract are adhered to and
that all party’s contractual obligations are met satisfactorily.

36. BIM adoption in PPP projects can allow designers to run an automated assessment of the environmental impact of their design
choices immediately.

37. BIM adoption in PPP projects significantly impacts increasing efficiency during a project>s design and construction phases.

38. BIM adoption in PPP projects can help create business models that reduce the overall pollutant discharge by enabling
environmental performance in building design and operation.
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39. BIM adoption in PPP projects has the potential for better, more affordable, and quicker project alternatives to help economic
development.

40. BIM adoption in PPP projects can achieve better Value for Money (VEM) than traditional PPP procurement.
41. BIM adoption in PPP projects creates a more detailed and accurate feasibility analysis reflecting the project life cycle stages.

42. Adopting BIM in PPP projects can facilitate more effective project completion and enhance project improvements, which, in turn,
can bolster the reputation of government agencies involved in such projects.

43. Adopting BIM in PPP projects holds the potential to cultivate greater trust and respect among project teams and stakeholders.

44. Adopting BIM in PPP projects facilitates fulfilling market needs and realizing project opportunities by enhancing the
comprehension of project details through BIM implementation.

45. The adoption of BIM in PPP projects has the potential to generate greater public interest in more advanced and complex projects.



