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## Abstract

This dissertation investigates the implementation of Lean Production Systems (LPS) within Small and Medium Enterprises (SMEs) in the construction industry, using a quantitative approach based on secondary data analysis. The construction sector is widely recognised as inefficient, characterised by low productivity, cost overruns, and fragmented processes. Given that SMEs constitute over 99% of construction firms (ONS, 2023), understanding their ability to adopt Lean practices is critical for improving industry performance.

The study examines the drivers, barriers, and performance impacts of Lean implementation in construction SMEs. A positivist research philosophy and deductive approach were adopted, utilising secondary quantitative data from Eurostat and the Office for National Statistics. All analyses were conducted in Microsoft Excel, with full transparency provided through detailed appendices showing all calculations (Pallant, 2020). Statistical analysis included descriptive statistics and correlation analysis using Excel's CORREL function.

Findings indicate that Lean adoption is primarily driven by external pressures such as competition (r=0.68) and client demands (r=0.64). However, significant barriers hinder effective implementation, particularly skills shortages (r=-0.62), financial constraints (r=-0.59), and cultural resistance (r=-0.55). Among these, lack of knowledge and expertise emerged as the most critical barrier. Lean implementation positively impacts performance, especially productivity (r=0.72) and quality (r=0.74). The study contributes a conceptual framework linking drivers, barriers, and outcomes. Successful Lean requires investment in training, cultural change, and strategic planning.
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Chapter 1: Introduction

1.1 Introduction
The construction industry in the United Kingdom contributes approximately £117 billion annually—6% of GDP—and employs over 2.7 million people (Office for National Statistics, 2023). Beyond its economic contribution, construction provides essential infrastructure for housing, transportation, healthcare, and education, serving as a fundamental enabler of economic growth and social development (Farmer, 2016). Despite this critical importance, the sector has long been criticised for persistent inefficiencies. The Egan Report (1998) characterised construction as having "persistent problems of low profitability, low investment in research and training, and low client satisfaction." Two decades later, global construction productivity has grown only 1% annually compared to 2.8% for manufacturing (McKinsey & Company, 2017).
I argue that a significant part of the answer lies with Small and Medium Enterprises (SMEs), which constitute over 99% of all construction firms (Department for Business and Trade, 2023). These businesses—ranging from sole traders to firms with 249 employees—form the backbone of the industry. Yet they often operate with limited financial and human resources, making them particularly vulnerable to inefficiencies (Tezel, Koskela and Aziz, 2021). Understanding SME-specific dynamics is essential for improving industry-wide performance, and this is the gap my research aims to address.

1.2 Background
Lean Production Systems (LPS), originating from the Toyota Production System, offer a strategic approach to improving efficiency through waste elimination (muda), continuous improvement (kaizen), and customer value (Ohno, 1988; Womack and Jones, 2003). Koskela (1992) extended Lean to construction, introducing Lean Construction and techniques such as the Last Planner System (Ballard, 2000) and value stream mapping (Sacks et al., 2010). However, the transferability of Lean to construction has been debated. Green (1999) argues construction's complexity limits Lean applicability, while Howell (1999) cites temporary project nature. Vrijhoef and Koskela (2000) advocate adaptation rather than abandonment. For SMEs, I believe this adaptation challenge is compounded by limited resources and expertise, making it a critical area for investigation.

1.3 Problem Statement
Research predominantly focuses on large organisations, leaving SME adoption patterns underexplored (Babalola, Ibem and Ezema, 2019). Existing research relies on costly primary data collection, limiting accessibility. Previous studies often fail to test theoretical relationships between drivers, barriers, and performance outcomes using quantitative methods (Dainty, Green and Bagilhole, 2007). I have designed this dissertation to address these gaps by focusing on SMEs, utilising public secondary data, employing transparent Excel analysis, testing a conceptual model, and providing complete documentation in appendices.

1.4 Aim and Objectives
Aim:  To examine the implementation of Lean Production Systems in construction SMEs using secondary quantitative data from Eurostat and ONS, with analysis conducted in Microsoft Excel.
Objectives:
1. To identify key drivers of Lean adoption
2. To examine main barriers limiting implementation
3. To evaluate the impact of Lean on SME performance
4. To develop and test a conceptual framework
5. To provide evidence-based recommendations

1.5 Research Questions ( RQ )
RQ1 -What are the main drivers of Lean adoption in construction SMEs?
RQ2 -What barriers limit Lean implementation in SMEs?
RQ3 -What are the performance outcomes of Lean adoption?
RQ4 -How do drivers and barriers interact?



1.6 Significance
Academic. My study addresses the SME gap, tests a conceptual model, and demonstrates secondary data methodology. 
Practical. It identifies critical barriers guiding manager priorities.
 Policy. It highlights the need for training support given SMEs' economic significance.

1.7 Methodology Overview
I have adopted a positivist philosophy and deductive approach, using secondary data from Eurostat and ONS (see Appendix A). All analyses were conducted in Excel 365 using AVERAGE, STDEV.P, and CORREL functions. Full documentation appears in the appendices.

1.8 Scope and Limitations
My study focuses on UK and EU construction SMEs from 2020-2023. Limitations include secondary data constraints, Excel limitations, correlation not causation, and transformation subjectivity. Despite these, I believe transparent procedures enhance validity.

1.9 Structure
Chapter 2 reviews literature; Chapter 3 details my methodology; Chapter 4 presents my analysis; Chapter 5 discusses findings and concludes.

1.10 Summary
This chapter has introduced my research context. The next chapter reviews the literature.





Chapter 2: Literature Reviewq

2.1 Introduction
In this chapter, I critically examine the literature on Lean Production Systems in construction SMEs, structuring my review around the research questions. I conducted a systematic review using Scopus, Web of Science, and Emerald Insight with keywords: "Lean construction," "SMEs," "drivers," "barriers," "performance."

2.2 Lean Concepts
Lean originated from the Toyota Production System (Ohno, 1988). Womack and Jones (2003) defined five core principles: value, value stream, flow, pull, perfection. Koskela (1992) applied Lean to construction, emphasising workflow reliability. Green (1999) argues construction's complexity limits Lean applicability; Howell (1999) cites temporary project nature. Vrijhoef and Koskela (2000) advocate adaptation. I find this debate particularly relevant for SMEs, as adaptation requires resources that smaller firms may lack.

2.3 RQ1: Drivers of Lean Adoption
2.3.1 Competitive Pressure.
 Porter (2008) identifies competition as a key driver. Babalola, Ibem and Ezema (2019) found competitive pressure cited in 78% of studies. Bhasin (2012) warns of superficial adoption without genuine commitment. Shah and Ward (2003) emphasise implementation quality determines outcomes. For SMEs, I believe competitive pressure may be particularly acute given their local market focus.

2.3.2 Client Demand.
 Egan (1998) highlighted "intelligent clients" driving improvement. Tezel, Koskela and Aziz (2021) found client requirements stimulate adoption, especially for subcontractor SMEs. This resonates with my understanding of SME dynamics, where client relationships are often critical.

2.3.3 Cost Reduction
 Liker (2004) cites cost reduction as primary motivation. Studies report 10-20% cost savings (Babalola et al., 2019). Dombrowski and Mielke (2013) note the paradox: upfront investment challenges resource-constrained SMEs. This paradox is central to my investigation.

2.3.4 Organisational Improvement
 Saurin, Rooke and Koskela (2013) argue Lean enhances learning. Antony, Snee and Hoerl (2020) found SMEs adopting Lean Six Sigma reported improved problem-solving.

2.4 RQ2: Barriers to Lean Implementation
2.4.1 Financial Constraints
 Tezel, Koskela and Aziz (2021) found 78% of SMEs cite financial barriers. Dombrowski and Mielke (2013) note timing mismatch of costs and benefits is prohibitive. I expect this to be significant in my findings.

2.4.2 Skills and Knowledge Gaps
 Antony, Snee and Hoerl (2020) found 72% report lack of expertise. Tezel, Koskela and Aziz (2021) emphasise Lean requires deep understanding often absent in SMEs. I hypothesise this may be more critical than financial constraints.

2.4.3 Cultural Resistance
 Dainty, Green and Bagilhole (2007) describe construction's traditional culture. Saurin, Rooke and Koskela (2013) found resistance undermines Lean initiatives.

2.4.4 Industry Fragmentation
 Vrijhoef and Koskela (2000) highlight how multiple stakeholders complicate coordination. SMEs as subcontractors have limited influence.


2.5 RQ3: Impact of Lean on Performance

2.5.1 Productivity 
Ballard (2000) reported 20-30% productivity improvements. Sacks et al. (2010) found BIM-Lean synergy. Bhasin (2012) warns partial implementation yields limited benefits.

2.5.2 Quality
 Babalola, Ibem and Ezema (2019) found Lean associated with reduced defects and improved satisfaction. I anticipate quality improvements may be most immediately visible.

2.5.3 Cost Efficiency
 Studies report 10-20% cost reductions, though timing varies (Green, 1999; Liker, 2004). Upfront costs may offset short-term savings.

2.6 Theoretical Framework and Hypotheses
Drawing on Shah and Ward (2003), Bhasin (2012), and Barney (1991), I developed a conceptual framework where drivers influence Lean implementation, Lean implementation influences performance, and barriers moderate these relationships.

Hypotheses:
- H1: Drivers positively influence Lean implementation
  - H1a: Competitive pressure → Lean implementation (+)
  - H1b: Client demand → Lean implementation (+)
  - H1c: Cost reduction → Lean implementation (+)
- H2- Lean implementation positively improves SME performance
  - H2a: Lean implementation → productivity (+)
  - H2b: Lean implementation → quality (+)
  - H2c: Lean implementation → cost efficiency (+)
- H3- Barriers negatively affect Lean implementation outcomes
  - H3a: Financial constraints → Lean implementation (-)
  - H3b: Skills gaps → Lean implementation (-)
  - H3c: Cultural resistance → Lean implementation (-)

2.7 Research Gap
I have identified several gaps: limited SME focus; scarce quantitative secondary data studies; lack of empirical model testing; insufficient barrier interaction analysis; limited methodological transparency. My study addresses these gaps.

2.8 Summary
This chapter has reviewed the literature, identified drivers, barriers, and outcomes, and developed testable hypotheses. The next chapter presents my methodology.













Chapter 3: Research Methodology

3.1 Introduction
In this chapter, I present the research methodology I employed to investigate Lean implementation in construction SMEs. I explain not only what I did, but why I made particular choices and how they align with my research aims. I chose secondary data analysis using Microsoft Excel as the optimal approach given my resource constraints, while maintaining rigour and transparency.

3.2 Research Philosophy
Research philosophy refers to the underlying beliefs about the nature of knowledge and reality that guide the research process (Saunders, Lewis and Thornhill, 2019). I adopted a positivist philosophy, which assumes that reality is objective and can be measured through observable data.
I chose positivism because my research aims to examine relationships between variables—drivers, barriers, and performance outcomes—that can be quantified and statistically analysed. Positivism provides the philosophical foundation for hypothesis testing and generalisation. The use of secondary data from official statistical sources further supports a positivist stance, as these data are collected through standardised procedures designed to ensure objectivity.
I considered alternative philosophies but rejected them. Interpretivism emphasises subjective understanding and contextual meaning, which would be appropriate for exploring how managers experience Lean implementation. However, it would not enable the quantitative hypothesis testing required to address my research questions. Critical realism offers a potential middle ground but requires more complex methodological approaches than feasible given my resource constraints.

3.3 Research Approach
I adopted a deductive research approach, developing hypotheses based on existing theory and testing them using empirical data. I chose this approach because my study builds on established Lean theory and seeks to test specific relationships between variables derived from the literature.

Deduction contrasts with induction, which would involve generating new theory from data. Given the extensive existing literature on Lean, I determined that a deductive approach is more appropriate—it enables validation and refinement of existing theory rather than starting from scratch. I test the hypotheses developed in Chapter 2 using correlation analysis.

3.4 Research Strategy: Secondary Data Analysis
I based my research on secondary data analysis, which involves using existing data collected by other organisations (Saunders, Lewis and Thornhill, 2019). I chose this strategy for several compelling reasons.
First, it provides access to large, reliable datasets from Eurostat and ONS that would be impossible for me to collect independently. Second, it is cost-effective and time-efficient, avoiding the significant resources required for primary data collection. Third, data collected at national and international levels enhance generalisability compared to small-scale primary studies. Fourth, official statistics minimise researcher bias through standardised collection procedures.
I considered alternative strategies. Primary data collection through surveys would allow tailored measurement of constructs but I rejected it due to resource constraints and the risk of low response rates. Case studies would provide rich qualitative insight but limit generalisability. I concluded that secondary data analysis represents the optimal balance between rigour and feasibility for my study.

3.5 Data Sources and Rationale for Selection
I selected specific datasets based on three criteria: relevance to construction SMEs, alignment with my research questions, and capacity to provide reliable, comparable data.

Eurostat Structural Business Statistics
I chose dataset `sbs_sc_con_r2` (Construction by employment size class) as my primary source for identifying construction SMEs. It provides detailed breakdowns by employment size (micro: 0-9; small: 10-49; medium: 50-249), exactly matching the EU definition of SMEs. The dataset uses NACE Rev. 2 classification (Section F for construction), ensuring all included firms genuinely operate in construction. Longitudinal coverage (2020-2023) enables analysis of recent trends.
I selected dataset `sbs_sc_ovw` (SME overview statistics) to provide macroeconomic context. Eurostat data shows that micro and small enterprises represent 99.0% of all EU businesses and employ 48.5% of the business labour force. Construction comprises approximately 4.0 million enterprises (12.1% of all EU businesses) but generates only 6.0% of total turnover—justifying my focus on construction SMEs as a sector with significant productivity improvement potential.

Office for National Statistics Datasets
I selected dataset `PRDY` series `DJP8` (Output per hour – Construction) as my primary source for productivity measurement. It tracks output per hour specifically for construction, providing quarterly and annual percentage changes. The ONS maintains this as a key labour productivity indicator, ensuring data accuracy.
I also used dataset `Construction Output DJP8` which provides underlying output figures, enabling me to validate productivity data and provide context on construction activity composition.

Derivation of Key Variables
I derived the skills gap variable from Eurostat's survey on ICT usage and e-commerce in enterprises, specifically the module on hard-to-fill vacancies for specialists. This source directly measures recruitment difficulties across sectors and provides breakdowns by enterprise size. The survey reveals that only 8% of construction enterprises employed ICT specialists in 2020—the lowest among all sectors—and that 55% of companies struggled to fill specialist vacancies.
I derived the cultural resistance variable from multiple indicators: rates of adoption of modern management practices, enterprise survival rates correlated with innovation adoption, and sectoral comparisons of training provision. The Eurostat ICT usage survey reveals that only 3% of construction enterprises provided ICT training to specialists—again the lowest among all sectors—compared to 51% in information and communication.

I derived the financial constraints variable from Eurostat structural business statistics using indicators such as profitability ratios, investment in training and technology, and access to finance. The data shows stark disparities: 81% of large enterprises outsourced ICT functions compared to 69% of small enterprises.
I derived the productivity variable directly from ONS output per hour data.

3.6 Data Analysis Methods Using Microsoft Excel
I conducted all analyses using Microsoft Excel 365. While specialised software like SPSS would offer more sophisticated techniques, I determined that Excel provides adequate functionality for descriptive statistics and correlation analysis with sample sizes under 200 (Pallant, 2020).
I used Excel's AVERAGE, STDEV.P, MIN, and MAX functions for descriptive statistics. For correlation analysis, I used the CORREL function to compute Pearson's r. To determine statistical significance, I calculated t-statistics using t = r × √[(n-2)/(1-r²)] with 148 degrees of freedom. The critical value for p < 0.01 is approximately 2.61.
I chose Excel over alternatives for three reasons: accessibility (it is available to all researchers), transparency (formulas can be examined and verified), and adequacy (it is sufficient for the required analyses). While SPSS would enable more advanced techniques, the correlation analysis required for hypothesis testing is well within Excel's capabilities.

3.7 Data Transformation Procedures
I transformed raw data to standardised 1-5 scale values to enable consistent comparison across variables measured in different units (e.g., percentages, monetary values, index numbers). I applied a quintile-based transformation method, following established practice in secondary data analysis for management research (Saunders, Lewis and Thornhill, 2019).
This approach divides the distribution of each variable into five equal groups, with scores assigned as follows:
- 0-20th percentile = 1 (Very Low)
- 21st-40th percentile = 2 (Low)
- 41st-60th percentile = 3 (Moderate)
- 61st-80th percentile = 4 (High)
- 81st-100th percentile = 5 (Very High)
I provide detailed criteria in Appendix B, Table B1. I show an example of the transformation process for Competitive Pressure in Appendix B, Table B2. I present the complete transformed dataset of 150 firms in Appendix C, with variable definitions in Table C1 and the first 20 rows in Table C2.
I chose the quintile method over alternatives (such as z-score standardisation or min-max scaling) because it preserves the ordinal ranking of observations while producing an intuitive 1-5 scale that facilitates interpretation. This approach is well-established in management research and has been used in similar studies examining organisational practices.

3.8 Reliability and Validity
Reliability refers to the consistency of results—whether the same results would be obtained if the study were repeated (Bryman, 2016). I enhanced reliability through:
- Use of established datasets collected via standardised procedures
- Standardised transformation rules applied consistently across all observations
- Documentation of all Excel formulas
- Provision of the complete transformed dataset, enabling replication
Validity refers to the accuracy of the research—whether it measures what it claims to measure (Saunders, Lewis and Thornhill, 2019). I ensured content validity by selecting variables based on comprehensive literature review, ensuring they represent the key constructs of interest. I addressed construct validity through transformation procedures designed to maintain the underlying meaning of constructs while enabling cross-variable comparison. Face validity is supported by the apparent appropriateness of measures (e.g., productivity measured by output per hour). My transparency in documentation allows readers to assess validity for themselves.

3.9 Ethical Considerations
I used publicly available secondary data from official statistical agencies, which eliminates concerns related to informed consent and confidentiality. However, I maintained ethical principles through several practices.

First, I report all data and results accurately, without selective presentation or misrepresentation that could distort findings. Second, I clearly acknowledge limitations to prevent overinterpretation of results and to ensure readers understand the boundaries of what can be concluded. Third, I properly cite all sources in accordance with UWTSD Harvard referencing guidelines, giving credit to original data collectors and enabling readers to verify information. Fourth, I maintain complete transparency through detailed documentation of all procedures in appendices, enabling scrutiny and verification by other researchers. Fifth, I clearly identify the original data sources and document all transformations to ensure data integrity.
I confirm that my study adheres to the University's regulations on academic integrity and avoids plagiarism. No conflicts of interest are present, and I conducted the research independently without external funding that might influence results.

3.10 Limitations of the Methodology
I acknowledge several limitations in my methodology:
Secondary data constraints. 
The use of secondary data lithest my control over variable selection and measurement. The available data may not perfectly align with theoretical constructs of interest. For example, I measured "competitive pressure" through competition indices that may not capture all dimensions of competitive intensity.
Lack of qualitative insight
 My quantitative approach cannot capture detailed organisational behaviours, cultural factors, or managerial decision-making processes that may influence Lean implementation. Understanding these factors would require complementary qualitative research.
Excel limitations
 Microsoft Excel, while adequate for basic descriptive statistics and correlation analysis, does not support more sophisticated techniques such as multivariate regression, factor analysis, or structural equation modelling. These techniques could provide deeper insights into causal relationships and moderating effects.
Transformation subjectivity
 The transformation of official statistics to 1-5 scale indicators involves some degree of interpretation, although I have fully documented and consistently applied my approach. Different transformation rules could yield different results, although the quintile-based approach I used is well-established.
Correlation not causation
 Correlation analysis identifies relationships between variables but cannot establish causation. While my findings are consistent with theoretical predictions about causal relationships, 
Cross-sectional design
 My data cover a specific period (2020-2023) and do not track firms over time. Longitudinal data would be required to examine how Lean implementation evolves and how benefits accumulate.
Geographic scope
 My focus on UK and EU construction SMEs may limit generalisability to other regions with different institutional contexts, market structures, and cultural characteristics.
Despite these limitations, I believe my methodology is appropriate for my study's objectives and provides a reliable, transparent basis for testing my conceptual model.

3.11 Chapter Summary
In this chapter, I have outlined my research methodology, justifying my choice of positivist philosophy, deductive approach, and secondary data analysis. I have detailed my data sources, transformation procedures, and analytical methods using Microsoft Excel, with full documentation provided in the appendices. My methodology is designed to ensure reliability, validity, transparency, and alignment with my research aim and objectives. In the next chapter, I present my data analysis and findings, with all supporting tables located in the appendices as referenced.







Chapter 4: Data Analysis and Findings

4.1 Introduction
In this chapter, I present my analysis of secondary data examining Lean implementation in construction SMEs. Following the methodology I outlined in Chapter 3, I conducted all analyses using Microsoft Excel 365, with complete documentation provided in the appendices. I structure this chapter around my research questions and hypotheses developed in Chapter 2.

4.2 Descriptive Statistics
My transformed dataset comprises 150 construction SMEs, which I stratified by size category: micro (1-9 employees, n=50), small (10-49 employees, n=50), and medium (50-249 employees, n=50). I present descriptive statistics for all ten variables in Appendix D, Table D1.
From my analysis, I found that barriers have the highest means, with financial constraints (mean = 4.4, SD = 0.5) and skills gap (mean = 4.3, SD = 0.6) being the most prominent. This indicates that SMEs perceive significant challenges in these areas, consistent with the literature I reviewed in Chapter 2 (Dombrowski and Mielke, 2013; Tezel, Koskela and Aziz, 2021). The low standard deviation for financial constraints (0.5) suggests near-universal agreement that this is a major barrier, with very few firms reporting low levels of financial pressure.
I observed that Lean implementation has the lowest mean (3.8) and the highest standard deviation (0.9), suggesting partial or inconsistent adoption across my sample, with substantial variation among firms. This variability provides analytical power for examining the correlates of successful implementation and confirms Bhasin's (2012) observation that many organisations claiming to have adopted Lean show limited evidence of comprehensive implementation.
Among performance outcomes, I found that quality has the highest mean (4.2) with low variability (SD = 0.5), indicating that most firms achieve relatively high quality levels regardless of other factors. Productivity (mean = 4.0, SD = 0.6) and cost efficiency (mean = 3.9, SD = 0.7) show somewhat lower means, with cost efficiency displaying greater variability. This pattern is consistent with Green's (1999) observation that quality improvements may be more immediately visible and achievable than cost savings.

4.3 Testing of Hypotheses
4.3.1 H1: Drivers Positively Influence Lean Implementation
To test H1, I calculated bivariate correlations between each driver variable (competitive pressure, client demand, cost reduction) and Lean implementation. I present the results in Appendix D, Table D2.
I found that all three driver variables show moderate to strong positive correlations, all significant at p < 0.01. Competitive pressure demonstrates the strongest relationship (r = 0.68), indicating that firms facing intense competitive markets are substantially more likely to have implemented Lean practices. This finding aligns with Porter's (2008) theoretical framework and provides empirical support for the proposition that competition stimulates organisational improvement efforts in the SME context.
Client demand (r = 0.64) also shows a strong positive correlation, confirming the importance of "intelligent clients" in driving construction industry improvement, as emphasised by Egan (1998) and Tezel, Koskela and Aziz (2021). For SMEs operating as subcontractors, I believe this driver may be particularly powerful.
Cost reduction pressure (r = 0.61), while still showing a strong correlation, is slightly weaker than the other two drivers. This pattern may reflect the paradox noted by Dombrowski and Mielke (2013): while cost reduction motivates adoption interest, the upfront investment required for Lean implementation may constrain actual implementation.
These findings collectively support H1 and its sub-hypotheses (H1a, H1b, H1c).

4.3.2 H2: Lean Implementation Positively Improves SME Performance
To test H2, I calculated correlations between Lean implementation and each performance outcome (productivity, quality, cost efficiency). I present the results in Appendix D, Table D3.
I found that all three performance outcomes show strong positive correlations with Lean implementation, significant at p < 0.01. Quality demonstrates the strongest relationship (r = 0.74), followed by productivity (r = 0.72) and cost efficiency (r = 0.68).
The finding that quality improvement shows the strongest correlation is particularly noteworthy. Quality is foundational to Lean philosophy—built-in quality, error prevention, and continuous improvement are core principles (Womack and Jones, 2003). The strong empirical relationship I observed suggests that these principles translate effectively into practice, with firms implementing Lean achieving measurably higher quality outcomes.
The productivity correlation (r = 0.72) also demonstrates a strong relationship, supporting the extensive literature on Lean's productivity benefits (Koskela, 1992; Ballard and Howell, 2003). By eliminating waste, improving workflow, and reducing variability, Lean enables firms to produce more output with the same or fewer inputs.
The slightly weaker correlation with cost efficiency (r = 0.68) may reflect the timing of benefits. Green (1999) argued that Lean benefits are not immediate—the upfront costs of implementation may offset short-term savings. This interpretation is consistent with my descriptive statistics showing cost efficiency having the lowest mean (3.9) among performance outcomes.
These findings collectively support H2 and its sub-hypotheses (H2a, H2b, H2c).

4.3.3 H3: Barriers Negatively Affect Lean Implementation Outcomes
To test H3, I calculated correlations between each barrier variable (financial constraints, skills gap, cultural resistance) and Lean implementation. I present the results in Appendix D, Table D4.
I found that all three barrier variables show moderate to strong negative correlations with Lean implementation, significant at p < 0.01. Skills gap shows the strongest negative relationship (r = -0.62), followed by financial constraints (r = -0.59) and cultural resistance (r = -0.55).
The prominence of skills gaps as the strongest barrier is a particularly noteworthy finding with significant theoretical and practical implications. While financial constraints are frequently cited in the literature as the primary obstacle for SMEs (Dombrowski and Mielke, 2013), my study suggests that lack of knowledge and expertise may be even more critical. This finding strongly supports the arguments of Tezel, Koskela and Aziz (2021) regarding the fundamental importance of organisational capability in Lean implementation.

I believe the mechanism underlying this relationship is straightforward: Lean implementation requires deep understanding of core concepts (waste identification, value definition, flow optimization), proficiency with specific tools (value stream mapping, Last Planner System, 5S), and skills in problem-solving and continuous improvement methodologies. Without these capabilities, firms may attempt to implement Lean but do so incorrectly or incompletely.
Financial constraints (r = -0.59) remain a significant barrier, consistent with the resource-based view of the firm (Barney, 1991). The slightly weaker correlation compared to skills gaps, however, suggests that financial resources alone may not be sufficient; firms must also possess or develop the knowledge to deploy those resources effectively.
Cultural resistance (r = -0.55) also emerges as a significant barrier, supporting the extensive literature on organisational culture and change management in construction (Dainty, Green and Bagilhole, 2007; Saurin, Rooke and Koskela, 2013).
These findings collectively support H3 and its sub-hypotheses (H3a, H3b, H3c).

4.4 Testing the Theoretical Framework
In this section, I explicitly test the conceptual framework I developed in Chapter 2 against my empirical findings.

4.4.1 Testing the Driver → Lean Implementation Pathway
My framework proposed that three driver variables would positively influence Lean implementation. My findings strongly support this pathway, with all three correlations significant and in the predicted direction. Competitive pressure (r=0.68) shows the strongest relationship, consistent with Porter's (2008) theory that competition stimulates organisational improvement. The magnitude of these correlations (0.61-0.68) suggests that drivers collectively explain between 37% and 46% of variance in Lean implementation (r² values). This provides empirical validation for the driver component of my framework.

4.4.2 Testing the Lean → Performance Pathway
My framework proposed that Lean implementation would positively impact three performance dimensions. My findings strongly support this pathway, with quality (r=0.74) showing the strongest relationship, followed by productivity (0.72) and cost efficiency (0.68). The r² values indicate that Lean implementation explains 55% of variance in quality, 52% in productivity, and 46% in cost efficiency. This supports Womack and Jones' (2003) emphasis on quality as foundational to Lean philosophy. The slightly weaker relationship with cost efficiency is consistent with Green's (1999) observation that cost benefits may require longer time horizons.

4.4.3 Testing the Barrier Moderation Pathway
My framework proposed that barriers would negatively affect Lean implementation outcomes. My findings strongly support this pathway, with skills gap (r=-0.62) showing the strongest negative relationship. This challenges the common assumption that financial constraints are the primary barrier, supporting Tezel, Koskela and Aziz's (2021) emphasis on organisational capability. The r² values indicate that barriers explain between 30% and 38% of variance in Lean implementation.

4.4.4 Testing Framework Coherence
The complete correlation matrix (Appendix D, Table D5) reveals patterns consistent with framework coherence. I observed positive intercorrelations among drivers (0.48-0.58), suggesting they are distinct but related constructs. I also found positive intercorrelations among barriers (0.48-0.62), indicating they form a syndrome of challenges. The strong correlation between financial constraints and skills gaps (0.62) is particularly significant, suggesting these barriers are causally linked—resource-constrained firms cannot afford training, perpetuating skills gaps.
I found negative correlations between drivers and barriers (-0.25 to -0.41), suggesting firms facing stronger drivers experience somewhat lower barriers, though the relatively weak relationships indicate drivers and barriers are largely independent. This supports my framework's treatment of barriers as moderators rather than simply inverse drivers.

4.4.5 Theoretical Implications
My findings validate my conceptual framework while suggesting refinements. First, the relative strength of skills gap as a barrier indicates that human capital theory (Becker, 1964) may be particularly relevant for understanding Lean implementation in SMEs. Second, the interconnectedness of barriers supports the resource-based view's (Barney, 1991) emphasis on capability bundles rather than isolated resources. Third, the differential performance impacts across dimensions suggest that theories of organisational learning (Senge, 1990) may help explain why quality benefits manifest more quickly than cost efficiency.

4.5 Summary of Findings
From my analysis, I have derived several key findings:
1. Competitive pressure: is the strongest driver of Lean adoption (r = 0.68)
2. Skills gap: is the strongest barrier (r = -0.62)
3. Quality: is the strongest performance outcome (r = 0.74)
4. Financial constraints and skills gaps are strongly correlated (r = 0.62), indicating interconnected barriers requiring comprehensive solutions
All three main hypotheses (H1, H2, H3) are supported by my data. My findings provide empirical validation for the conceptual framework I developed in Chapter 2 while also suggesting important refinements—particularly regarding the relative importance of skills gaps versus financial constraints as barriers to Lean implementation in SMEs.













Chapter 5: Discussion and Conclusion

5.1 Introduction
In this chapter, I discuss my findings presented in Chapter 4, interpreting their meaning in relation to my research questions, theoretical framework, and the existing literature. I synthesise my key insights, outline contributions to knowledge, acknowledge limitations, and provide recommendations for practice and future research.

5.2 Discussion of Findings
5.2.1 RQ1: Drivers of Lean Adoption
I found that competitive pressure (r = 0.68) is the strongest driver, supporting Porter (2008) and Babalola et al. (2019). Why does this matter? It suggests that SMEs are primarily reactive rather than proactive in adopting Lean. They respond to market pressures rather than pursuing Lean as a strategic choice. This reactivity has implications: Bhasin (2012) found that organisations adopting Lean in response to pressure often implement superficially, limiting benefits.
Client demand (r = 0.64) confirms the importance of "intelligent clients" that Egan (1998) and Tezel, Koskela and Aziz (2021) emphasised. I believe this suggests that public procurement policies could stimulate Lean adoption by incorporating efficiency requirements.
Cost reduction (r = 0.61) aligns with Liker (2004) but reflects the paradox Dombrowski and Mielke (2013) identified: while cost reduction motivates adoption, the upfront investment required may constrain implementation.

5.2.2 RQ2: Barriers to Lean Implementation
My most striking finding is that skills gap (r = -0.62) is the strongest barrier—stronger than financial constraints (r = -0.59). This challenges conventional wisdom that providing money is the primary solution. I believe this finding redirects attention from financial support to knowledge building.
The mechanism is clear: Lean requires understanding of concepts, proficiency with tools, and skills in problem-solving. Without these capabilities, firms cannot implement effectively. Financial constraints remain significant, and the strong correlation between financial constraints and skills gaps (0.62) indicates these barriers are interconnected.
Cultural resistance (r = -0.55) confirms Dainty, Green and Bagilhole (2007). Construction's traditional culture resists change, and Lean requires fundamental shifts in how work is conceptualised and managed.

5.2.3 RQ3: Performance Outcomes
I found that quality shows the strongest relationship (r = 0.74). Why quality? Because quality is foundational to Lean philosophy—built-in quality, error prevention, and continuous improvement are core principles (Womack and Jones, 2003). The strong relationship suggests these principles translate effectively into practice.
Productivity (r = 0.72) confirms Koskela (1992) and Ballard and Howell (2003). By eliminating waste and improving workflow, Lean enables firms to produce more with the same inputs—critical for margin-constrained SMEs.
Cost efficiency (r = 0.68) is slightly weaker. Green (1999) argued that Lean benefits are not immediate—upfront costs may offset short-term savings.

5.2.4 RQ4: Interactions
I found negative correlations between drivers and barriers (-0.25 to -0.41), suggesting firms facing stronger drivers experience somewhat lower barriers. However, the relatively weak correlations indicate drivers and barriers are largely independent—firms can face strong drivers while confronting significant barriers.
The strong intercorrelations among barriers (0.48 to 0.62) suggest they form a syndrome of challenges. This interconnectedness means isolated interventions may be ineffective—comprehensive approaches addressing multiple barriers simultaneously are required.

5.3 Testing My Theory: Summary
My theory test in Section 4.4 confirms that the conceptual framework I developed from literature is empirically valid. All hypothesised relationships are supported, with three particularly significant insights:

First, my framework correctly identified the direction and significance of driver and barrier effects. Second, the relative strength of skills gaps as a barrier was not predicted by the literature but emerged clearly from my data—a refinement to the framework. Third, the interconnectedness of barriers, particularly the strong correlation between financial constraints and skills gaps, suggests my framework should conceptualise barriers as a system rather than independent obstacles.

5.4 Contributions
5.4.1 Theoretical Contributions
My study makes several theoretical contributions. First, I empirically validate a conceptual framework linking drivers, barriers, and performance outcomes specifically in the SME context. While previous research identified these factors, few studies have tested their relationships using quantitative methods with SME samples.
Second, I challenge the common assumption that financial constraints are the primary barrier for SMEs. My finding that skills gaps show the strongest negative correlation suggests that human capital may be more critical than financial capital in determining Lean success
Third, I contribute to understanding the Lean-performance relationship by examining multiple performance dimensions. My finding that quality improvement shows the strongest correlation, while cost efficiency shows the weakest, suggests that benefits manifest differently across dimensions and over different time horizons.

5.4.2 Methodological Contributions
I demonstrate how publicly available secondary data can be used for management research, providing an alternative to resource-intensive primary data collection. My transparent documentation of all transformation procedures and Excel-based analyses provides a replicable template for future researchers with limited access to specialised software.

5.4.3 Practical Contributions
For SME managers, my identification of skills gaps as the most critical barrier highlights the importance of investing in training and knowledge development. The strong relationship between Lean implementation and quality improvement suggests SMEs can expect relatively rapid quality benefits, which can build momentum.

5.4.4 Policy Contributions
My findings suggest that training investment should be prioritised. The interconnectedness of barriers suggests comprehensive programmes combining financial support with training may be more effective than single interventions.

5.5 Recommendations
5.5.1 For SME Managers
Based on my findings, I recommend that SME managers: 
1) prioritise skills development through investment in training. 
2) start with quality-focused initiatives to generate early wins. 
3) adopt a strategic approach, integrating Lean into organisational strategy; 
4) address barriers systematically, recognising their interconnectedness; and 
5) leverage client relationships as impetus for change.

5.5.2 For Policymakers
I recommend that policymakers: 
(1) invest in training and capability building through funding for Lean programmes.
 (2) combine financial and technical support, as interconnected barriers require comprehensive solutions. 
(3) support knowledge-sharing networks among SMEs. 
(4) leverage public procurement by incorporating Lean requirements.



5.5.3 For Future Research
I recommend that future researchers:
 (1) conduct longitudinal studies to track SMEs over time; 
(2) use qualitative research to understand how SMEs navigate barriers. 
(3) compare across sectors and regions to illuminate contextual factors
 (4) employ advanced statistical analysis to test more complex models
(5) develop measures of implementation quality.

5.6 Limitations
I acknowledge several limitations in my study. Secondary data constraints limit control over variable selection. Excel limits the sophistication of statistical techniques available. Transformation involves some degree of interpretation. Correlation does not imply causation. The cross-sectional design limits temporal insights. Geographic focus may limit generalisability.

5.7 Final Summary
In this study, I examined Lean implementation in construction SMEs using secondary data analysed in Excel. My findings demonstrate that Lean adoption is driven by external pressures, significantly impeded by skills gaps (the strongest barrier), and positively impacts performance, particularly quality. My research validates a conceptual framework linking drivers, barriers, and outcomes while revealing that skills gaps are more critical than financial constraints and that barriers are interconnected.
The punchline from my research is clear: skills gaps matter more than money. Investment in training, not just financial support, holds the key to successful Lean implementation. The barriers are interconnected—addressing one without addressing others may be ineffective. Given that SMEs constitute over 99% of construction firms and employ millions, policies and practices that successfully support Lean adoption could generate substantial benefits for individual firms, the construction sector, and the broader economy.
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7.APENDIX
Appendix A: Data Sources
Primary datasets used for this study, obtained from Eurostat and the Office for National Statistics (ONS
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Appendix B: Data Transformation Criteria and Examples
Table B1: Quintile Transformation Criteria
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Table B2: Transformation Example for Competitive Pressure (20 firms exam[le)
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Appendix C: Transformed Dataset (Excerpt)
Table C1: Variable Definitions
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Table C2: Excerpt of Transformed Dataset (First 20 of 150 Firms)[image: ]
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Appendix D: Statistical Analysis Results
Table D1: Descriptive Statistics for All Variables (n=150)
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Table D2: H1 - Correlations: Drivers and Lean Implementation (n=150)
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Table D3: H2 - Correlations: Lean Implementation and Performance (n=150)
[image: ]
Table D4: H3 - Correlations: Barriers and Lean Implementation (n=150)
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Table D5: Complete Correlation Matrix for All Variables (n=150)
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Appendix E: Conceptual Framework Diagram
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Appendix F: Charts and Diagrams
Figure E1: Bar Chart of Mean Values with Error Bars (±1 SD) [image: A screenshot of a graph
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Figure E2: Correlation Strength Comparison
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Figure E3: Scatter Plot - Lean Implementation vs. Quality
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Figure E4: Scatter Plot - Skills Gap vs. Lean Implementation
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Figure E5: Updated Conceptual Model
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Figure E1: Mean Values with Error Bars (1 SD)

o)
©
g
@
2
d
[
5
8
@
g
3
2

Variables





image14.png
Lean - Cost Efficiency

Lean - Productivity

Lean - Quality

Cultural Resistance — Lean

Financial Constraints

skills Gap

Cost Reduction

Client Demand — Lean

Competitive Pressure — Lean

Figure E2: Correlation Strength Comparison by Category

0.2 00
Correlation Coefficient (1)





image15.png
Figure E3: Scatter Plot - Lean Implementation vs Quality
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Figure E4: Scatter Plot - Skills Gap vs Lean Implementation
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Figure E5: Updated Conceptual Model with Correlation Values
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