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ABSTRACT

The Indian construction industry is afflicted by constant challenges in efficiency, cost overruns,
and sustainability due to fragmented workflows and limited collaboration. Proposed study
explores incorporating Lean Construction concepts with Building Information Modeling (BIM)
to enhance project performance by minimizing waste, improving resource allocation, and
optimizing workflows. A combined methods strategy was used, combining structured surveys,
statistical analysis through structural equation modeling (SEM), and qualitative insights from
industry experts. Findings indicate that BIM-Lean integration significantly enhances project
efficiency, reduces delays, and fosters collaboration among stakeholders. However, obstacles
including excessive implementation expenses, reluctance to change, and regulatory constraints
remain. The study proposes a strategic framework for seamless BIM-Lean adoption, tailored to
the Indian construction landscape. The proposed model offers actionable insights for
policymakers, construction firms, and project managers seeking to drive digital transformation
and sustainable development in the sector.

Keywords: BIM-Lean integration; Construction efficiency; Structural equation modeling
(SEM); Indicators; Constructs.

1.0 Introduction

The construction industry has undergone a paradigm shift in recent years, embracing
digitalization and process optimization to enhance efficiency, mitigate risks, and improve
overall project outcomes. Among the transformative methodologies, Building Information
Modeling (BIM) and Lean Construction have emerged as two key approaches revolutionizing
construction practices worldwide. BIM facilitates a data-driven approach by offering a digital
depiction of the structural and operational characteristics of a structure, enabling enhanced
collaboration, reduced errors, and improved decision-making. Meanwhile, Lean construction,
which is based on lean manufacturing principles, emphasizes value generation, workflow
optimization, and waste reduction. Despite the proven benefits of BIM and Lean, their combined
application remains relatively underexplored, particularly in the Indian construction sector.
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India’s rapid urbanization, increasing infrastructure demands, and regulatory complexities
necessitate innovative solutions to overcome inefficiencies, project delays, and cost overruns.
Integrating BIM with Lean principles offers a strategic framework for optimizing construction
processes, improving resource utilization, and ensuring sustainability. This research investigates
the convergence of Lean and BIM approaches in the Indian construction industry analyzing real-
world case studies, industry insights, and empirical data to develop a structured integration
framework. The findings aim to provide actionable recommendations for industry stakeholders,
fostering a more efficient, collaborative, and sustainable construction ecosystem in India.

2.0 Literature Review

The Indian construction industry is in dire need of digital transformation to increase
stakeholder participation, cut waste, and improve project efficiency. Despite the global shift
towards digitalization, the construction sector remains one of the least digitalized industries
(Schimanski et al., 2020). Most construction firms continue to rely on traditional project
management systems that are often fragmented and inefficient (Nowotarski et al, 2016).
Although the transition towards digitalization has begun, only a limited number of Indian
construction firms are actively experimenting with digital tools and methodologies (Eldeep et
al., 2022). As suggested in previous research, innovation within organizations enhances
competency. In the construction sector, competence improvement through digital adoption and
Lean practices is crucial for achieving long-term sustainability. Digitalization, coupled with
Lean principles, has the ability to completely transform project performance and industry
productivity. However, its effective implementation and long-term sustainability remain critical
challenges (Ahuja et al., 2017).

2.1 BIM and lean adoption

Organizations that adopt BIM and Lean principles are more likely to achieve successful
BIM-Lean integration, enhancing efficiency and productivity. BIM improves collaboration and
decision-making, while Lean reduces waste and streamlines processes. Thus, both BIM and
Lean adoption positively impact BIM-Lean integration.

2.2 BIM and lean integration in construction

Through enhancing cooperation, cutting waste, and streamlining workflows, the
combination of Lean concepts and Building Information Modelling (BIM) improves
construction productivity. (Schimanski et al., 2020). BIM enables 3D visualization and real-time
data sharing, while Lean minimizes inefficiencies. “This synergy improves project management,
safety, and quality but faces challenges such as high initial costs, skill shortages, and resistance
to change” (Nowotarski ef al., 2016).
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2.3 Challenges and barriers to BIM-lean integration

BIM-Lean adoption faces hurdles due to the construction industry’s resistance to
change, high costs, limited expertise, and inadequate regulatory support (Nowotarski et al.,
2016). Interoperability issues further complicate implementation. Digitalization is also seen as
risky due to cybersecurity, data privacy, and investment concerns (Eldeep et al, 2022). A
structured risk management approach is crucial for successful adoption.

2.4 Hypothesis

Based on the theoretical framework and literature findings the following research
hypotheses table 1 are proposed to examine the impact of BIM-Lean integration on project
outcomes. These hypothesis’ will be used as constructs and the questions will be used as
indicators in the SEM of the data received through survey questions.

3.0 Methodology

The methodology follows structured approach, including literature review, data
collection, quantitative and qualitative analysis, framework development, and validation through
case studies.

3.1 Data collection and survey design

Primarily literature review was performed, on the basis of the literature review four
hypothesis’ were formulated table 1. The indicators were decided on the basis of hypothesis
table 1. A structured questionnaire survey is designed containing ‘questions’ addressing the
indicators. to collect data from industry professionals, including project managers, engineers,
and other stakeholders. The survey aims to gather insights and level of significance of the
current practices, barriers, and success factors related to BIM and Lean adoption. Respondents’
views and opinions are measured using the Likert scale methodology, which has responses
ranging from strongly disagree to strongly agree.

3.2 Quantitative analysis

Structural Equation Modeling (SEM) validated theoretical frameworks, using survey
questions as indicators for hypothesis-based constructs. This study utilizes smart PLS 4 software
for structure equation modelling. As a result, before being processed in smart PLS 4, the text
replies were transformed into numerical values (strongly disagree — 1, strongly agree — 5, etc.).

3.3 Framework development and refinement

Based on empirical findings, a structured framework is developed to guide BIM and
Lean integration in Indian construction projects. The framework outlines step-by-step
implementation strategies, addressing identified challenges and leveraging success factors. The
inferences from the Structure Equation Modelling and further analysis explained in results and
discussion were used to refine framework.
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4.0 Results and Discussions

This section analyzes SEM results from SmartPLS 4, examining relationships among
key wvariables. It involves evaluating measurement models for validity and reliability before
testing hypotheses with structural models. Findings are then interpreted in relation to study
objectives, theoretical framework, and prior literature, with implications for academia and
practice.

4.1 Path coefficients interpretation

Values near 0 suggest weak or no relationship. As illustrated in table 2, the structural
model defines the relationships between latent variables. BIM-Lean Implementation (BLI),
BIM-Lean Barriers (BLB), and BIM-Lean Support (BLSP) influence BIM-Lean Success (BLS),
which in turn impacts Project Efficiency (PE). Each path coefficient represents the strength and
direction of these relationships values close to 0 indicate weak or no relationship, while higher
values (closer to -1 or 1) indicate substantial negative or positive correlations. The analysis
reveals that BIM-Lean Implementation positively influences BIM-Lean Success with a
significant impact (0.618). In contrast, BIM-Lean Barriers have a negligible effect (0.011).
BIM-Lean Support plays a moderate role in influencing BIM-Lean Success (0.321).
Furthermore, BIM-Lean Success strongly enhances Project Efficiency, demonstrating a high
impact (0.805).

4.2 Hypothesis testing (bootstrapping)

Figure 3 confirms statistical significance through p-values, where p < 0.05 indicates
strong support. BIM-Lean Implementation emerges as the strongest driver of BIM-Lean Success
(» < 0.05), while BIM-Lean Support has a moderate influence (p < 0.05). Conversely, BIM-
Lean Barriers show weak support (p > 0.05), indicating minimal impact. Finally, BIM-Lean
Success significantly enhances Project Efficiency (p < 0.05).

4.3 Indicator loadings (measurement model)
Factor or Indicator loadings should be above 0.7 for reliability. In figure 2, most indicators have
high loadings, confirming that items strongly measure their respective constructs.

5.0 Framework for BIM-Lean Success and Project Efficiency

Based on the findings, a framework is developed to assess BIM-Lean integration’s
impact on project efficiency. BIM-Lean Implementation (BLI) is a strong enabler, BIM-Lean
Support (BLSP) provides moderate aid, while BIM-Lean Barriers (BLB) have minimal negative
influence on BIM-Lean Success (BLS). As the strongest predictor, BLS significantly enhances
cost, time, quality, and productivity. The framework underscores the need to increase
acceptance and reduce barriers to optimize project efficiency, emphasizing three key factors
driving BIM-Lean Success and, in turn, Project Efficiency.
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BIM-Lean Implementation (BLI) — Strong aid: BIM and Lean adoption strongly
enhance BIM-Lean integration, showing high factor loading and a significant path coefficient,

improving project efficiency.

BIM-Lean support (BLSP) — Moderate aid: Technology, regulation, and training
sustain BIM-Lean adoption. Though moderately loaded, their significant path coefficient

underscores their vital role in long-term implementation.

BIM-Lean barriers (BLB) — Weak negative influence: Challenges like cost, resistance,
and lack of expertise have negligible impact, with low factor loading and an insignificant path

coefficient.

BIM-Lean success (BLS) — Strongest predictor of project efficiency: With a high path
coefficient, BLS significantly enhances cost, time, quality, and productivity, making it crucial

for optimal project outcomes.
5.6 Figures

Figure 1: Framework
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Figure 2: Indicator Loading
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Figure 3: Bootstrap Chart for Hypothesis Testing
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5.7 Tables
Table 1: Hypothesis
Hypothesis Relationship
H1 BIM & Lean Adoption — BIM-Lean Integration (+)
H2 Challenges — BIM-Lean Integration (-)
H3 Technology, Regulation & Training — BIM-Lean Integration (+)
H4 BIM-Lean Integration — Project Performance (+)
Source: Compiled by authors based on literature review
Table 2: Path coefficients, Hypothesis Testing
Construct Reliability | Indicator Path Path Coefficients | Hypothesis Testing (Bootstrapping) p
BIM L
ean BLII | BLI— BLS 0.618 0 (<0.05)
Implementation
BIM Lean Barriers BLBI1 BLB — BLS 0.011 0.908 (>0.05)
BIM Lean Success BLS1 BLSP — BLS 0.321 0.024 (<0.05)
Project Efficiency PE1 BLS — PE 0.805 0 (<0.05)

Source: Compiled by authors
6.0 Conclusion

Using literature reviews, industry surveys, case studies, and Structural Equation
Modeling (SEM), the research establishes a strong link between BIM-Lean adoption and
improved project performance. Findings show significant gains in cost efficiency, time
management, and quality, while barriers like high initial costs and resistance to change have
minimal impact when proper support is in place. A structured framework for BIM-Lean
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integration is proposed, providing practical guidelines for industry professionals, policymakers,
and firms. Emphasizing early collaboration, data-driven decision-making, and process
standardization, it serves as a roadmap for better project outcomes. This study highlights BIM-
Lean synergy as a key driver of innovation in Indian construction. It calls for greater awareness,
investment in training, and supportive regulations to drive adoption. Future research should
refine this model through real-world applications to ensure adaptability across diverse
construction environments, clearing the path for higher-quality, more economical, and
environmentally friendly approaches.
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