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 1. Introduction

The construction industry is a cornerstone of global economic development, yet it is perennially plagued by inefficiencies, significant waste, and frequent project delays and cost overruns (Egan, 1998). Within this sector, Small and Medium Enterprises (SMEs) constitute the vast majority of businesses, forming the essential backbone of the workforce and supply chain (OECD, 2022). Despite their numerical dominance and economic importance, SMEs consistently grapple with profound challenges related to productivity, stringent cost control, and consistent quality assurance (Alinaitwe, 2023). To combat such inefficiencies, Lean Production Systems (LPS)—a management philosophy derived from the Toyota Production System and centred on maximising value through the systematic elimination of waste—have been successfully adopted across various industries, most notably in manufacturing (Womack and Jones, 2003). While the application of Lean principles, often termed Lean Construction, has demonstrated measurable success in enhancing the performance of large construction firms, its uptake and effective implementation within construction SMEs remain conspicuously limited and under-researched (Sacks et al., 2010). This limited adoption is largely attributable to the unique challenges SMEs face, including severe resource constraints, limited capital for investment in new methodologies, a lack of in-house training capacity, and a project-based operational structure that complicates sustained process improvement initiatives. Consequently, this research aims to conduct a systematic investigation into the implementation of LPS in construction SMEs, with a specific focus on elucidating the key drivers, formidable barriers, critical success factors, and tangible performance outcomes that characterise its adoption in this vital yet underserved sector.

 2. Research Aim and Objectives

Aim: To quantitatively examine the implementation of Lean Production Systems (LPS) in Small and Medium Enterprises (SMEs) within the construction industry, focusing on identifying key success factors, barriers, and performance outcomes.



Objectives:

1.  To identify the key drivers motivating SMEs to adopt Lean practices.
2.  To examine the barriers to effective LPS implementation in SMEs.
3.  To evaluate the impact of LPS on operational performance, cost, and quality.

3. Research Questions

1.  What are the primary factors that motivate SMEs in the construction sector to adopt Lean Production Systems?
2.  What specific challenges and barriers do SMEs face during the implementation of Lean practices?
3.  How does the implementation of LPS affect productivity, operational efficiency, and quality outcomes within construction SMEs?

 4. Justification of the Research

Construction SMEs are not merely participants but are the fundamental backbone of national economies, accounting for more than 90% of construction firms and a substantial proportion of employment in many regions (OECD, 2022). Their collective performance is therefore a critical determinant of the overall health, efficiency, and productivity of the entire construction industry. Despite their paramount importance, chronic inefficiencies, pervasive waste, and adversarial relationships continue to undermine their productivity, profitability, and long-term sustainability. Lean Construction principles, which focus on value creation, waste reduction, and continuous improvement, offer a proven pathway to mitigate these issues by enhancing workflow, reducing rework, and improving final quality and client satisfaction (Koskela, 1992; Ballard and Howell, 2003). However, a significant implementation gap persists. While large corporations have successfully leveraged LPS, often with dedicated continuous improvement teams and substantial capital, SMEs frequently lack the requisite financial resources, technical expertise, and organisational stability to do so effectively (Babalola et al., 2019). This research is therefore of critical importance as it seeks to fill a substantial knowledge gap by focusing explicitly on the SME context within the construction industry. Understanding their unique constraints, motivations, and enablers for Lean adoption will not only make a valuable contribution to the academic literature on operations management and Lean Construction but will also yield practical, evidence-based recommendations for SME leaders, industry associations, and policymakers aiming to foster operational excellence, enhance competitiveness, and ensure the sustainable development of this crucial sector.

 5. Literature Review

This literature review is structured to systematically address the three research questions outlined previously, providing a comprehensive theoretical foundation for the study.

 5.1 Drivers for LPS Adoption in Construction SMEs

Understanding the impetus for change is crucial. For SMEs, the decision to adopt Lean practices is often driven by a combination of internal and external pressures. A primary external driver is intense market competition. SMEs must compete with larger firms that benefit from economies of scale, making operational efficiency a matter of survival rather than choice (Forbes and Ahmed, 2011). Furthermore, client demands are increasingly shifting towards more integrated, efficient, and cost-effective project delivery models, pressuring SMEs in the supply chain to adopt recognised improvement methodologies like Lean to secure contracts (Aziz and Hafez, 2013).

Internally, the pursuit of improved operational performance is a significant motivator. SMEs are often acutely aware of problems such as project delays, budget overruns, and material waste. The potential of LPS to create more reliable workflow, reduce lead times, and minimise non-value-adding activities presents a compelling case for adoption (Marhani et al., 2013). Financial incentives, though initially a barrier due to implementation costs, are also a key driver; the prospect of long-term cost reduction through waste elimination and improved productivity is a powerful motivator for SME owners (Antony et al., 2020). Finally, the desire for enhanced quality and reputation acts as a strategic driver. By reducing defects and rework, SMEs can improve client satisfaction, build a stronger market reputation, and achieve a competitive advantage (Sacks et al., 2010). This body of literature suggests that the drivers for Lean adoption in SMEs are multifaceted, rooted in the need for competitive parity, operational survival, and strategic growth.

 5.2 Barriers to LPS Implementation in Construction SMEs

Despite the compelling drivers, the path to successful Lean implementation in construction SMEs is fraught with significant barriers, which are often more pronounced than in larger firms. The most frequently cited barrier is financial constraint. SMEs typically operate with limited capital and tight cash flows, making it difficult to allocate funds for training, consultancy, or the initial productivity dip often associated with process change (Abdel-Razek, 2017).

Closely linked to financial limitations is the barrier of human resources, encompassing a lack of expertise and training. SMEs often lack dedicated continuous improvement staff and may not have the resources to provide comprehensive Lean training for their employees. This results in a knowledge gap where the principles and tools of LPS are poorly understood, leading to misapplication and disillusionment (Marhani et al., 2013). Cultural and behavioural resistance to change represents another formidable obstacle. The construction industry has traditionally been characterised by a fragmented, short-term, and often adversarial culture (Egan, 1998). Introducing a collaborative, transparent, and continuous improvement-oriented philosophy like Lean can face significant pushback from both management and workers who are accustomed to established, albeit inefficient, working methods.

Furthermore, the inherent characteristics of construction projects—such as their unique, one-off nature, temporary multi-organisational teams, and fluctuating demand—create structural barriers to implementing standardised processes, which are a cornerstone of LPS (Sacks et al., 2010). Finally, a lack of top management commitment and leadership, often due to a short-term focus on immediate project deliverables rather than long-term process capability, can stymie implementation efforts before they gain any meaningful traction (Antony et al., 2020). In summary, the literature identifies a complex interplay of financial, human, cultural, and structural barriers that uniquely challenge SMEs in their Lean journeys.

 5.3 Impact of LPS on SME Operational Performance

The extant literature, while more developed for large firms, provides evidence that when successfully implemented, LPS can yield significant positive impacts on the operational performance of construction SMEs. In terms of productivity and operational efficiency, Lean tools such as the Last Planner System (LPS) have been shown to improve workflow reliability and reduce project durations by making planning more collaborative and commitment-based (Ballard and Howell, 2003). This leads to a reduction in waiting times and other forms of waste (muda), thereby increasing labour productivity.

Regarding cost performance, the elimination of waste directly translates into financial savings. Reduced rework, lower inventory levels through Just-In-Time principles, and decreased rectification work all contribute to improved cost control and predictability (Aziz and Hafez, 2013). For an SME, where profit margins are often slim, such improvements can be transformative. The impact on quality is equally significant. A core Lean principle is building quality into the process from the outset. Techniques that prevent errors, standardise work, and empower workers to identify and resolve problems lead to a marked reduction in defects and rework, thereby enhancing the overall quality of the finished product and increasing client satisfaction (Koskela, 1992). Studies by Babalola et al. (2019) indicate that SMEs that persevere through the initial implementation challenges often report not only hard metrics improvements but also softer benefits such as improved employee morale, better site safety, and enhanced communication. However, the literature also cautions that these outcomes are not automatic and are contingent upon a contextualised and well-supported implementation strategy.

 5.4 Research Gap

While the concepts of Lean Construction are well-established in academia, the body of research specifically focusing on the implementation, challenges, and performance outcomes within the context of construction SMEs remains limited and fragmented (Babalola et al., 2019). Many existing studies are qualitative in nature, offering rich insights but lacking the generalisability that quantitative studies can provide. There is a distinct scarcity of large-scale survey-based research that statistically validates the relationships between drivers, barriers, and performance outcomes in this specific sector. This study directly addresses this gap by employing a quantitative methodology to systematically measure and analyse these factors, with the goal of developing a more robust and generalisable understanding of LPS implementation in construction SMEs.

 6. Research Methodology

In alignment with the research aim and objectives, this study will adopt a quantitative research methodology. A quantitative approach is deemed most appropriate as it allows for the systematic collection of numerical data from a larger sample, facilitating statistical analysis, the identification of patterns, and the generalisation of findings to the wider population of construction SMEs (Creswell and Creswell, 2018).

Research Design: The study will utilise a cross-sectional survey design. This involves collecting data at a single point in time from a sample of SMEs to investigate the relationships between variables such as drivers, barriers, and performance outcomes.

Population and Sampling: The target population for this research comprises owners, project managers, and senior site supervisors within construction SMEs that have some experience with or exposure to Lean Construction principles. A non-probability purposive sampling technique will be employed to identify and recruit participants who meet these criteria, ensuring the data collected is relevant and information-rich. The aim is to secure a sample size of approximately 100-120 respondents to ensure the statistical robustness of the findings.

Data Collection Instrument: The primary instrument for data collection will be a structured online questionnaire. The questionnaire will be divided into several sections:
   Section A: Demographic and company information (e.g., company size, years in operation, primary project types).
   Section B: Drivers for LPS adoption (measured using a 5-point Likert scale).
   Section C: Barriers to LPS implementation (measured using a 5-point Likert scale).
   Section D: Extent of LPS tool usage (e.g., Last Planner, 5S, Visual Management).
   Section E: Perceived impact on operational performance metrics (e.g., productivity, cost control, quality, safety), also measured on a 5-point Likert scale.

Data Analysis: Collected quantitative data will be analysed using the Statistical Package for the Social Sciences (SPSS) software. Analysis will include:
1.  Descriptive Statistics: To summarise the demographic characteristics of the sample and the central tendencies of the main variables (means, standard deviations).
2.  Inferential Statistics: To test hypotheses and examine relationships between variables. This will include correlation analysis to explore relationships between the extent of LPS implementation and performance outcomes, and possibly multiple regression analysis to identify which barriers or drivers are the most significant predictors of implementation success.

Ethical Considerations: Ethical approval will be sought from the university's ethics committee prior to data collection. All participants will be provided with an information sheet and will be required to give informed consent electronically before proceeding with the questionnaire. Anonymity and confidentiality will be guaranteed, with no personally identifiable information being stored or published.

 7. Expected Outcomes

This research is expected to yield several significant outcomes. Firstly, it will produce a ranked and statistically validated set of the primary drivers and most critical barriers to LPS implementation specific to construction SMEs. Secondly, it will provide quantitative evidence of the correlation between the adoption of specific Lean practices and improvements in key operational performance indicators. Based on these findings, the research will develop a preliminary framework or set of guidelines tailored to assist SME managers in navigating the implementation process, prioritising efforts, and avoiding common pitfalls. Academically, the study will contribute a robust, quantitative dataset to the under-researched domain of Lean Construction in SMEs, providing a foundation for future longitudinal or comparative studies.

 
8. Proposed Timeline (10 Weeks)


	Activity
	Week 1-2
	Week 3-4
	Week 5-6
	Week 7-8
	Week 9-10

	
	
	
	
	
	

	Literature review
	✓
	
	
	
	

	Research design & ethics approval
	✓
	✓
	
	
	

	Data collection (interviews)
	
	✓
	✓
	
	

	Data analysis
	
	
	✓
	✓
	

	Drafting and revisions
	
	
	
	✓
	

	Final review and submission
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