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Abstract

Smart sustainable cities rely on the latest technologies and apply recent knowledge like Information and
Communication Technologies (ICT), BIM, and lean construction to expand people's eminence of life, smooth urban
maneuvers and facilities more competent, and develop their competitiveness while confirming that they achieve the
economic, social, environmental, and cultural demands of current and forthcoming generations. This paper explores
the synergies between Building Information Modelling (BIM) visualisation and Lean construction practices to
enhance Architecture, Engineering, and Construction (AEC) industry performance. A structured questionnaire was
distributed among BIM and lean experts and analysed by SPSS. The study uses descriptive and correlation analyses
to assess ten key lean practices, revealing high industry adoption and favorable mean scores. Notably, BIM-enhanced
clash detection and coordination lead with a score of 4.4 out of 5. Correlation analysis establishes significant positive
associations between BIM visualisation and practices such as just-in-time production, value stream mapping, lean
pull systems, work sequencing, standardised work, and continuous improvement. The findings accentuate the pivotal
role of BIM in optimising lean practices, offering valuable insights for practitioners seeking to elevate AEC industry
performance through strategic integration. Future studies endeavors are recommended to investigate several
alternative avenues to enhance the integration between BIM and Lean practices in the AEC industry. Furthermore,
the forthcoming researchers are advised to validate the proposed framework.

Keywords: Continuous improvement; Just-in-time; Innovation; Value Stream Mapping; Resource optimisation;
Standardised Work

1. Introduction

In the rapidly evolving domain of the AEC industry, the synergy between technological advancements and project
management methodologies has become paramount. BIM and Lean construction practices [1,2], individually
recognised for their transformative potential, are increasingly perceived as interconnected elements shaping the
future of AEC projects. While the industry witnesses a surge in BIM adoption and concurrent interest in Lean
methodologies, a discernible research gap persists, specifically regarding the nuanced influence of BIM visualisation
on Lean practices and its subsequent impact on construction project quality [3,4,5].

This research seeks to address the identified gap by offering a comprehensive exploration of the intricate dynamics
between BIM and Lean practices, with a particular emphasis on their collective implications for project quality. As
construction professionals grapple with the challenge of optimising project outcomes, the interplay between BIM
visualisation and Lean methodologies emerges as a promising avenue for innovation [6,7]. Through a meticulous
examination of ten key Lean principles, ranging from clash detection and coordination to Gemba (Go to the Actual
Place), this study aims to provide a nuanced understanding of how BIM-enhanced Lean practices collectively
contribute to the enhancement of AEC industry performance.

The significance of this research lies in its potential to bridge theoretical insights with practical applications. By
investigating the relationships between BIM and Lean practices, this study contributes actionable knowledge for
industry practitioners, project managers, and stakeholders [8,9,10,11]. This paper adopts a methodological approach
grounded in descriptive and correlation analyses to unravel the complex connections between BIM-enhanced Lean
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practices and AEC industry performance. As such, it aspires to advance academic discourse and provide tangible
guidance for professionals navigating the integration of BIM and Lean methodologies in the AEC industry [8,12,13].
In conclusion, this research endeavors to enrich the understanding of how BIM visualisation, in conjunction with
Lean practices, can be strategically harnessed to elevate AEC industry performance. The subsequent insights are
poised to empower industry stakeholders in making informed decisions, fostering innovation, and ultimately steering
the AEC sector toward more efficient and effective project delivery.

2. Literature Review

BIM has emerged as a transformative technology in the construction industry, offering a digital representation of
the physical and functional characteristics of a building. The literature underscores BIM's capacity to enhance
collaboration, communication, and visualisation in construction projects. Studies by [14,15] emphasise the evolution
of BIM from a 3D modeling tool to a comprehensive platform that integrates diverse project data. The ability of
BIM to facilitate clash detection, coordination, and visualisation of complex project components has been
extensively explored, laying the foundation for its widespread adoption in the industry [16,17].

Lean Practices Powered by BIM Visualization:

The integration of BIM with Lean construction practices represents a paradigm shift, amplifying the efficiency and
effectiveness of lean principles [18]. Noteworthy among these is clash detection and coordination, where BIM's 3D
visualisation aids in identifying and resolving clashes early in the design and construction phases [19,14,20]. BIM-
powered Lean practices extend to Just-in-Time (JIT) Production, leveraging real-time project data to optimise
material delivery and reduce waste [21]. Additionally, BIM supports Value Stream Mapping (VSM) by providing a
visual representation of project workflows, aiding in the identification and elimination of non-value-added activities
[22]. The literature also highlights BIM's role in enabling Error Proofing (Poka-Yoke) through enhanced
visualisation of construction processes, minimising errors, and rework [23,24,15].

BIM-Enhanced Lean Practices’ Effect on AEC industry performance:

Empirical studies investigating the collective impact of BIM-enhanced Lean practices on construction project quality
reveal compelling insights. The integration of Resource Optimization through BIM supports lean principles by
efficiently allocating resources based on real-time project requirements [25,26]. BIM-driven Lean Pull Systems
capitalise on real-time data to optimise material flow, reducing delays and enhancing project efficiency [27,28,26].
Work Sequencing and Flow Optimization benefit from BIM's visualisation capabilities, enabling better coordination
and sequencing of construction activities. Standardised Work is facilitated through BIM's ability to create and
maintain standardised processes, ensuring consistency across project phases. Furthermore, BIM supports Kaizen
(Continuous Improvement) by providing a platform for continuous monitoring, analysis, and refinement of
construction processes [8,29,3]. The literature also explores how BIM facilitates Gemba (Go to the Actual Place)
principles by offering a virtual platform for stakeholders to assess project status and make informed decisions
[30,25,31].

In conclusion, the literature strongly supports the idea that BIM visualisation, when integrated with Lean practices,
significantly enhances AEC industry performance. The seamless integration of these technologies promotes
efficiency, reduces errors, and fosters continuous improvement throughout the project lifecycle, underscoring the
transformative potential of BIM-enhanced Lean methodologies in the AEC industry.

3. Research Methodology

The methodology employed in this study aims to investigate the impact of BIM-enhanced Lean practices on
construction project quality. The research design encompasses data collection, survey instrument development,
survey sections alignment with key Lean principles, and subsequent data analysis.

3.1 Data Collection:

The data collection process involves a purposive sampling strategy targeting professionals and practitioners with
direct experience in construction projects utilising BIM and Lean methodologies. The survey was distributed
electronically, ensuring a diverse and representative sample. Participants include architects, engineers, project
managers, and other relevant stakeholders involved in construction projects where BIM and Lean practices have
been implemented.

3.2 Survey Instrument:

The survey instrument is a structured questionnaire designed to capture respondents’ perspectives on the integration
of BIM and Lean practices. It incorporates Likert-scale items and demographic inquiries. The questionnaire is
developed based on a thorough review of existing literature and validated survey instruments used in similar
contexts. Pre-testing was conducted to refine the questionnaire for clarity, relevance, and comprehensiveness.
3.3 Survey Sections:
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To assess the implementation and impact of BIM-enhanced Lean practices, the survey is divided into sections
corresponding to key Lean principles:

e Clash Detection and Coordination: Evaluate the effectiveness of BIM in identifying and resolving
clashes during the design and construction phases.

e Just-in-Time (JIT) Production: Examine the use of BIM for optimising material delivery and reducing
waste in construction projects.

e Value Stream Mapping (VSM): Investigate the application of BIM in visualising project workflows and
streamlining processes to eliminate non-value-added activities.

e Error Proofing (Poka-Yoke): Assess how BIM supports error prevention through enhanced
visualisation of construction processes.

e Resource Optimisation: Explore the utilisation of BIM for efficient resource allocation based on real-
time project requirements.

e Lean Pull Systems: Investigate the integration of BIM data to optimise material flow and reduce delays
in construction projects.

e Work Sequencing and Flow Optimization: Examine how BIM facilitates better coordination and
sequencing of construction activities.

e Standardised Work: Evaluate the role of BIM in creating and maintaining standardised processes across
project phases.

e Kaizen (Continuous Improvement): Assess how BIM provides a platform for continuous monitoring,
analysis, and refinement of construction processes.

e Gemba (Go to the Actual Place): Explore the virtual capabilities of BIM in supporting stakeholders in
assessing project status and making informed decisions.

4. Data Analysis

Data analysis involves both descriptive and correlational statistical techniques. Descriptive statistics summarise the
survey responses, providing insights into the frequency and distribution of opinions. Correlation analysis will
explore relationships between BIM-enhanced Lean practices and AEC industry performance. The significance level
will be set at 0.05. The robustness of the study's conclusions are further strengthened through sensitivity analysis
and subgroup analyses where applicable. The chosen analytical methods aim to derive meaningful interpretations
from the collected data, contributing to a nuanced understanding of the interplay between BIM, Lean practices, and
AEC industry performance.

4.1 Descriptive Analysis

The descriptive analysis concisely summarises survey responses related to various Lean practices in the AEC
industry. For instance, in the context of "Clash Detection and Coordination,” the data indicates that out of 67
respondents, the average score was 4.4 on a scale from 1.00 to 5.00, suggesting a high industry adoption and positive
perception of BIM's effectiveness in identifying and resolving clashes during construction. The relatively low
standard deviation of 1.1 further indicates a consistent consensus among respondents, highlighting the reliability of
the findings. Similarly, for "Just-in-Time (JIT) Production," the mean score of 4.3 with a low standard deviation of
1.0 suggests a widespread acknowledgment of BIM's contribution to optimising material delivery and minimising
waste in construction projects.

Table 01. Descriptive Analysis
Descriptive Statistics
N Min Max Mean SD

Clash Detection and Coordination 67 1.00 5.00 4.4 1.1
Just-in-Time (JIT) Production 67 1.00 4.70 4.3 1.0
Value Stream Mapping (VSM) 67 1.00 5.00 4.2 1.2
Error Proofing (Poka-Yoke) 67 1.00 5.00 4.2 1.3
Resource Optimisation 67 1.00 5.00 4.1 1.3
Lean Pull Systems 67 1.00 5.00 4.0 1.2
Work Sequencing and Flow Optimization 67 1.00 4.80 3.9 1.3
Standardised Work 67 1.00 5.00 3.8 1.1
Kaizen (Continuous Improvement) 67 1.00 5.00 3.7 1.4
Gemba (Go to the Actual Place) 67 1.00 4.60 3.5 1.4
Valid N (listwise) 67

This descriptive analysis unveils valuable insights into the perceived effectiveness of BIM-enhanced Lean practices

in the AEC industry. The high mean scores across various Lean principles, such as VValue Stream Mapping, Error

Proofing, and Resource Optimization, indicate a positive industry reception. The consistency in responses, reflected
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in the relatively low standard deviations, strengthens the credibility of the findings. These results collectively
emphasise the industry's favorable view of BIM's role in enhancing Lean practices and, by extension, contributing
to the overall quality of AEC projects.

4.2 Correlation Analysis

The correlation analysis explores the relationships between BIM-enhanced Lean practices and AEC industry
performance (Prj. Qual). The Pearson correlation coefficients (Prj. Qual) indicate the strength and direction of these
relationships. For instance, Clash Detection and Coordination (CDC) exhibits a positive correlation of 0.551 with
project quality, suggesting that AEC industry performance tends to improve as the implementation of clash detection
and coordination increases. Similarly, other Lean practices, such as Value Stream Mapping (VSM) and Work
Sequencing and Flow Optimization (WSFO), show positive correlations of 0.603 and 0.657, respectively, indicating
that their integration with BIM is associated with higher AEC industry project quality. The significance values (Sig.)
reveal that JIT Production, VSM, Pull Systems, WSFO, Standardized Work (SW), Kaizen, and Gemba have
statistically significant correlations with project quality, underscoring the potential impact of these practices on
enhancing AEC industry performance.

Table 02. Correlation Analysis
Poka- Kaize Gem
CDC JIT VSM  Yoke R-Op Pull WSFO SW n ba
Prj.  Pearson Correlation 551 422 603 .484 525 - .657 .508 .369 .440
Qual Sig. (2-tailed) 265 .009 .041 877 .000 .001 .022 .012 .001 .001
N 67 67 67 67 67 67 67 67 67

The Pearson correlation coefficients provide insights into the relationships between BIM-enhanced Lean practices
and AEC industry performance in this correlation analysis. The positive correlations observed, such as the strong
correlation between Work Sequencing and Flow Optimization (WSFQO) and project quality with a coefficient of
0.657, suggest that project quality tends to improve as the implementation of WSFO increases. The significance
values (Sig.) further highlight the statistical significance of these relationships, indicating that the observed
correlations are not likely due to random chance. Notably, the low p-values for Just-in-Time (JIT) Production, Value
Stream Mapping (VSM), Pull Systems, WSFO, Standardized Work (SW), Kaizen, and Gemba, with p-values below
0.05, emphasise the robustness of the statistically significant associations between these BIM-enhanced Lean
practices and AEC industry performance.

5 Discussion

In addressing the main objectives of the study, this study set out to explore the intricate relationships between BIM-
enhanced Lean practices and their collective impact on AEC industry performance. Summarising the key findings,
the Pearson correlation coefficients provided insights into the associations between specific Lean practices and AEC
industry performance. Now, this study delves into the interpretation of these results to uncover the practical
implications for the AEC industry.

Interpretation of Correlation Results:

Analysing the Pearson correlation coefficients reveals compelling insights. Clash Detection and Coordination
(CDC), Value Stream Mapping (VSM), and Work Sequencing and Flow Optimization (WSFO) exhibit notably
positive correlations with AEC industry performance. The strength and direction of these relationships suggest that
successful integration of these BIM-enhanced Lean practices is associated with enhanced project quality. For
instance, the positive correlation coefficient of 0.551 between CDC and AEC project quality indicates that proficient
clash detection and coordination contribute significantly to better project outcomes.

Significance of Correlations:

The observed positive correlations align with theoretical expectations and existing literature, reinforcing the notion
that the strategic integration of BIM-enhanced Lean practices positively influences AEC industry performance.
These correlations are not merely statistical phenomena but hold practical significance for industry professionals.
The positive relationships imply that as construction projects embrace Lean principles facilitated by BIM, there is a
concurrent improvement in project quality, echoing the theoretical underpinnings of Lean construction principles.

Comparisons Across Lean Practices:
Comparing the strength of correlations across different Lean practices further illuminates the findings. While each
practice exhibits a positive relationship with project quality, variations exist. Work Sequencing and Flow
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Optimization (WSFO) emerges with a particularly robust correlation coefficient of 0.657, suggesting its outsized
impact on project quality. This prompts further investigation into the unique attributes of WSFO that contribute to
its heightened influence compared to other Lean practices.

Implications for Industry Practice:

Moving to practical implications, the findings bear relevance to industry practitioners seeking to optimise AEC
project quality. The positive correlations underscore the potential benefits of strategically implementing BIM-
enhanced Lean practices. Construction professionals are encouraged to focus on practices such as CDC, VSM, and
WSFO, recognising their substantial positive associations with project quality. This insight informs a paradigm shift
in industry practices, emphasising the integral role of BIM-enhanced Lean methodologies in elevating overall project
outcomes.

Integration with Existing Literature:

Relating the findings to existing literature on BIM, Lean practices, and AEC industry performance, the study aligns
with and extends previous research. The positive correlations echo prior expectations and contribute empirical
evidence to support the theoretical foundations of BIM and Lean integration. While consistent with existing
literature, the study also offers nuanced insights into the specific practices that exert a more pronounced influence
on project quality, thereby contributing to the ongoing discourse in the field.

In conclusion, the discussion has elucidated the nuanced relationships between BIM-enhanced Lean practices and
AEC industry performance. The positive correlations and their practical implications underscore the potential
benefits of embracing specific Lean methodologies facilitated by BIM in AEC projects. As construction
professionals navigate an evolving industry landscape, the findings of this study offer valuable guidance for
optimising project quality through strategic integration. The discussion's key takeaways emphasise the industry's
imperative to embrace BIM-enhanced Lean practices as a transformative strategy, ultimately fostering improved
project outcomes serving each dimension of smart sustainability cities (Economic Growth, Social Inclusion, and
Environmental Development). As a result, the framework proposed to use ICT to enhance the integration of BIM
and lean construction toward smart sustainable cities as shown in Figure 01.
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Just-in-Time (JIT)
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Figure 1: An ICT-based Framework for Innovative Integration between BIM and Lean Practices Obtaining Smart
Sustainable Cities
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6 Conclusion & Recommendations

Before concluding the study, it is essential to acknowledge its limitations. The research focused on correlations
between BIM-enhanced Lean practices and AEC industry performance, but causation cannot be inferred. The study
is context-specific and may not capture the diversity of construction projects. Additionally, self-reported survey data
may be subject to response bias. Despite these limitations, the findings provide valuable insights into the associations
between BIM-enhanced Lean practices and AEC industry performance.

In conclusion, the study sheds light on the interplay between BIM-enhanced Lean practices and AEC industry
performance. The positive correlations observed, especially in Clash Detection and Coordination (CDC), Value
Stream Mapping (VSM), and Work Sequencing and Flow Optimization (WSFO), indicate that the strategic
integration of these practices is associated with improved project outcomes. The findings align with existing
literature and highlight the practical significance of adopting BIM-enhanced Lean methodologies in the AEC
industry. As construction professionals grapple with the challenges of optimising project quality, the study
underscores the potential benefits of embracing specific Lean practices facilitated by BIM.

Moving forward, future research endeavors should address several avenues to enhance the understanding of BIM-
enhanced Lean practices in the AEC industry. Firstly, longitudinal studies could provide insights into the long-term
impact of these practices on project quality. Secondly, exploring the moderating factors that may influence the
observed correlations, such as project size or type, could contribute to a more nuanced understanding. Additionally,
qualitative research methods, including in-depth interviews and case studies, could uncover contextual factors
influencing the implementation and effectiveness of BIM-enhanced Lean practices. Lastly, investigating the
integration challenges and potential barriers faced by industry professionals would provide practical guidance for
successful implementation. By addressing these areas, future research can build upon the findings and contribute to
a more comprehensive knowledge base for effective project management in the AEC sector.
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