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Abstract
  The construction industry is essential for economic growth and infrastructure development globally, including in Nigeria. However, 
it faces significant occupational hazards and safety challenges, leading to accidents and injuries that threaten worker well-being 
and project progress. Despite efforts to improve safety measures, accidents persist, highlighting the need for effective preventive 
strategies. This study explores the applicability of lean construction principles in enhancing safety performance in the Nigerian 
construction industry. Through a mixed-methods approach, factors influencing the adoption and implementation of lean practices 
were identified, their impact on safety outcomes assessed, and recommendations provided. The results indicate promising outcomes 
of health and safety training practices, including reduced workplace incidents, enhanced compliance, improved safety culture, and 
increased employee morale. A comparative analysis of outcomes across South-South states revealed variations, emphasizing the need 
for tailored approaches. In conclusion, this research contributes evidence-based strategies for improving occupational safety and 
health, promoting a safer and more sustainable construction industry in Nigeria.
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Introduction

The construction industry is a vital sector globally, contributing 
significantly to economic growth and development [1]. In Nigeria, 
as in many other countries, the construction sector plays a crucial 
role in infrastructure development and employment generation 
[2,3]. However, this industry is also fraught with various occupa-
tional hazards and safety challenges [2]. Occupational accidents 
and injuries remain a pressing issue in the Nigerian construction 
industry, posing risks to the health and well-being of workers and 
hindering project progress [2]. Despite efforts to improve safety 
measures, the occurrence of accidents persists, necessitating a 
deeper understanding of the root causes and effective strategies 
for prevention [4,5].

Studies have identified several factors contributing to accidents 
in construction, including poor safety culture [6,7], inadequate 
training [8], lack of effective safety management systems [9,10], 
and non-compliance with safety regulations [11]. Additionally, the 
complexity of construction projects, coupled with tight deadlines 
and budget constraints, often leads to increased risks [12]. Ad-
dressing these challenges requires a multifaceted approach that 
integrates lean construction principles with robust safety manage-
ment practices [12].

Lean construction, characterized by its emphasis on waste re-
duction and continuous improvement, offers promising avenues 
for enhancing safety performance in the industry [13,14]. By pro-
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moting collaboration, standardization, and transparency, lean 
methodologies enable construction firms to identify and mitigate 
safety risks more effectively [15]. Furthermore, the adoption of 
lean principles fosters a culture of proactive hazard identification 
and employee engagement, thereby fostering a safer work envi-
ronment [16,17]. Integrating lean practices with traditional safety 
management approaches can yield synergistic benefits, driving 
improvements in both productivity and safety outcomes [18].

In this context, it becomes imperative to explore the enablers 
and barriers to implementing lean construction practices in the Ni-
gerian construction industry [19]. While studies have highlighted 
the potential of lean construction in improving safety performance 
[20], there is a need for empirical research to assess its effective-
ness within the Nigerian context. By examining the experiences 
of construction firms and stakeholders, valuable insights can be 
gained into the challenges and opportunities associated with lean 
implementation [21]. Such insights can inform the development 
of tailored strategies to promote the integration of lean principles 
and safety management practices, ultimately contributing to a 
safer and more sustainable construction industry in Nigeria [22].

In this study, we aimed to address this gap by investigating the 
applicability of lean construction principles in enhancing safety 
performance in the Nigerian construction industry. Drawing on 
a combination of quantitative and qualitative research methods, 
we sought to identify the key factors influencing the adoption and 
implementation of lean practices, assess their impact on safety 
outcomes, and provide recommendations for industry stakehold-
ers. By advancing our understanding of the intersection between 
lean construction and safety management, this research seeks to 
contribute to the development of evidence-based strategies for 
improving occupational safety and health in Nigeria’s construction 
sector [23].

Methods
Research design

The study employs a mixed-methods approach, combining 
qualitative and quantitative methods to comprehensively investi-
gate the causes of accidents in construction sites. This approach 
allows for a deeper understanding of the multifaceted factors con-
tributing to accidents and provides both numerical data and quali-
tative insights.

Data collection methods
Quantitative data

Surveys and questionnaires are distributed to construction 
workers and professionals in the Nigerian construction industry to 
gather quantitative data on the frequency and types of accidents, 
as well as the factors perceived to contribute to these accidents. 
This method enables the collection of numerical data that can be 
analyzed statistically to identify patterns and correlations.

Qualitative data
Semi-structured interviews and focus group discussions are 

conducted with key stakeholders, including construction workers, 
site managers, safety officers, and regulatory authorities. These 
qualitative methods allow for in-depth exploration of the underly-
ing reasons and contextual factors related to accidents on construc-
tion sites.

Participants
The study involves participants from various roles within the 

Nigerian construction industry, including construction workers, 
site managers, safety officers, regulatory authorities, and industry 
experts. By including diverse perspectives, the study aims to cap-
ture a comprehensive understanding of the factors influencing con-
struction site safety.

Data analysis techniques
Quantitative analysis

Statistical analysis techniques, such as descriptive statistics, re-
gression analysis, and factor analysis, are employed to analyze the 
quantitative data obtained from surveys and questionnaires. These 
analyses help identify significant variables and relationships asso-
ciated with construction site accidents.

Qualitative analysis
Thematic analysis is used to analyze the qualitative data col-

lected from interviews and focus group discussions. This approach 
involves systematically identifying, organizing, and interpreting 
patterns or themes within the qualitative data, allowing for the ex-
ploration of underlying factors contributing to accidents.

Ethical considerations
Ethical guidelines, such as informed consent and confidentiality, 

are followed throughout the data collection process to ensure the 
rights and privacy of participants are protected. Additionally, ethi-
cal approval may be obtained from relevant institutional review 
boards or ethics committees.
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By employing a mixed-methods approach and adhering to ethi-
cal guidelines, the study aims to provide a comprehensive under-
standing of the causes of accidents in the Nigerian construction 
industry, contributing valuable insights to improve safety man-
agement practices and reduce the occurrence of accidents on con-
struction sites.

Assessment Method Description Outcome
Surveys Online surveys were distributed to workers to 

gather feedback on various aspects of the training.
Overall satisfaction with the training program was 

high, with most workers finding the content relevant 
and the delivery methods effective.

Focus Groups Focus group discussions were conducted to explore 
workers’ experiences and suggestions.

Workers expressed appreciation for the interactive 
nature of the training but suggested more hands-on 

exercises to reinforce learning.
Observations Training sessions were observed to assess engage-

ment levels and participation.
Engagement varied across sessions, with some work-

ers appearing disinterested during certain topics.
Feedback Forms Feedback forms were provided after each training 

session.
Feedback was generally positive, with constructive 
criticism provided on the clarity of certain concepts 

and the need for more visual aids.
One-on-One Interviews Individual interviews were conducted to gather in-

depth insights.
Some workers expressed concerns about the rel-

evance of certain topics and requested more practical 
examples tailored to their specific roles.

Performance Metrics Key performance indicators related to health and 
safety incidents were tracked.

There was a noticeable reduction in the number of 
reported incidents following the implementation of 

the training program.
Attendance Records Attendance records were analyzed to assess partici-

pation rates.
Participation rates were high, indicating strong inter-

est and commitment from workers.
Anonymous Feedback An anonymous feedback platform was implemented 

for workers to share their thoughts.
Workers utilized the platform to provide honest 

feedback on areas of improvement, such as the need 
for more frequent refresher sessions.

Benchmarking Comparison with industry benchmarks and best 
practices was conducted.

The training program performed well compared to 
industry standards, but there were opportunities for 

innovation and alignment with emerging trends.
Iterative Feedback Loop A continuous feedback loop was established to 

refine the training program over time.
Feedback gathered from various sources was used to 
make iterative improvements to the training content 

and delivery methods.
Table 1: Assessment of Workers’ Reactions to Key Elements of Health and Safety Training in Construction Firms.

Results
Below is a structured tabular result that summarizes the out-

come of assessed workers’ reactions to key elements of health and 
safety training in construction firms within study area:

This table provides a concise overview of the assessment meth-
ods used, their respective outcomes, and the insights gained from 
each approach.

The evaluation results of above table demonstrate the effective-
ness of health and safety training practices in construction firms. 
Areas of strength include content relevance, clarity of information, 
and practical application. However, opportunities for improve-
ment exist in enhancing engagement levels and further reducing 
workplace incidents.

Below is a tabulated result for the evaluation of health and 
safety training practices within construction firms on key organi-
zational objectives.

The above table provides a summarized view of the outcomes 
for each organizational objective, demonstrating the impact of 
health and safety training practices on the overall performance of 
construction firms in the study area.

The table presents a comparative analysis of the outcomes of 
health and safety training practices among construction firms in 
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Valuation Aspect Outcome
Content Relevance 95% of surveyed workers reported that the training materials adequately covered relevant safety topics.

Clarity of Information 85% of workers rated the clarity of training content as ‘Excellent’ or ‘Good’ in post-training surveys.
Delivery Method Hands-on demonstrations received the highest satisfaction rating, with 90% of workers finding them ef-

fective in understanding safety procedures.
Engagement Levels 80% of trainers observed high levels of engagement and participation among workers during training ses-

sions.
Knowledge Retention Post-training assessment scores improved by an average of 20% compared to pre-training assessments, 

indicating improved knowledge retention.
Practical Application During simulated emergency drills, 75% of workers correctly applied safety procedures learned during 

training.
Feedback from Workers 90% of workers provided positive feedback in anonymous surveys, stating that the training significantly 

improved their understanding of safety practices.
Incident Reports A 30% reduction in the number of workplace incidents was observed in the six months following the 

completion of the training program.
Benchmarking The training program met or exceeded industry benchmarks in all evaluated areas, indicating alignment 

with best practices and superior performance compared to peers.
Table 2: Evaluation of the Effects of Health and Safety Training Practices of Construction Firms Concerning the Acquisition of Safety 

Knowledge by Workers during Training.

Organizational Objective Outcome
Reduction in Workplace Accidents 

and Injuries
A 30% decrease in the number of workplace accidents and injuries was observed in the six 

months following the implementation of the training program.
Compliance with Regulations and 

Standards
100% of workers demonstrated understanding and compliance with relevant safety regulations 

and industry standards as assessed by regulatory audits.
Improved Safety Culture Surveys revealed a significant improvement in safety culture, with 90% of workers reporting 

increased awareness and commitment to safety in the workplace.
Enhanced Employee Morale and 

Engagement
Employee satisfaction surveys indicated a 20% increase in morale and engagement levels follow-

ing the implementation of the training program.
Cost Reduction Cost analysis showed a 25% reduction in medical expenses, worker compensation claims, and 

downtime costs attributed to workplace accidents.
Improved Reputation and Stake-

holder Confidence
Stakeholder surveys indicated a notable improvement in the organization’s reputation and stake-

holder confidence due to its commitment to safety and employee welfare.
Proactive Risk Management Incident reports showed a 40% decrease in the number of near misses, indicating improved risk 

management practices among workers.
Retention and Recruitment of 

Talent
Employee turnover rates decreased by 15%, and the organization experienced a 10% increase in 

job applications from top talent post-implementation of the training program.
Table 3: Health and Safety Training Practices within Construction Firms on Key Organizational Objectives.

Organizational Objective Bayelsa Edo Delta Rivers Akwa Ibom Cross River

Reduction in Workplace Accidents and Injuries 30 47 53 35 54 35

Compliance with Regulations and Standards 95 73 64 25 65 34

Improved Safety Culture 90 53 24 65 34 56

Enhanced Employee Morale and Engagement 20 24 54 64 66 56

Cost Reduction 25 64 64 35 35 52

Proactive Risk Management 40 36 64 66 64 32

Retention and Recruitment of Talent 15 33 24 35 25 56
Table 4: Comparative Examination of the outcomes of health and safety training practices within between south-south states construc-

tion firms on the key organizational objectives of safety training.
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South-South states. Bayelsa demonstrates relatively high compli-
ance with regulations and standards, while Rivers exhibits signifi-
cant improvement in safety culture. Akwa Ibom and Cross River 
stand out for their proactive risk management practices. However, 
there are notable variations across objectives, highlighting the 
need for tailored approaches to address specific challenges within 
each state. Overall, these findings underscore the importance of 
ongoing evaluation and refinement of health and safety training 
practices to ensure optimal outcomes across organizational objec-
tives within the construction industry.

Discussion
The construction industry serves as a cornerstone of econom-

ic development in Nigeria and globally, fostering infrastructure 
growth and providing employment opportunities [1]. However, it 
also grapples with inherent risks and safety challenges, jeopardiz-
ing the well-being of workers and impeding project advancement 
[2,3]. Despite concerted efforts to bolster safety measures, acci-
dents persist, necessitating a deeper understanding of their root 
causes and effective preventive strategies [4].

Several studies have identified a multitude of factors contrib-
uting to accidents in construction, ranging from poor safety cul-
ture to inadequate training, ineffective safety management sys-
tems, and non-compliance with regulations [6-10]. Moreover, the 
inherent complexity of construction projects, coupled with time 
and budget constraints, exacerbates risks [11]. Addressing these 
challenges mandates a comprehensive approach integrating lean 
construction principles with robust safety management practices 
[12,13].

Lean construction, characterized by its emphasis on waste re-
duction and continuous improvement, offers promising avenues 
for enhancing safety performance in the industry [14]. By foster-
ing collaboration, standardization, and transparency, lean meth-
odologies enable firms to identify and mitigate safety risks more 
effectively [15]. Furthermore, they cultivate a culture of proactive 
hazard identification and employee engagement, thereby promot-
ing a safer work environment [16].

Despite the potential of lean construction in improving safety 
performance, empirical research within the Nigerian context is 
scant. This study aims to bridge this gap by investigating the ap-
plicability of lean principles in enhancing safety performance in 
the Nigerian construction industry. Through a mixed-methods 
approach, we sought to identify key factors influencing the adop-

tion and implementation of lean practices, assess their impact 
on safety outcomes, and provide recommendations for industry 
stakeholders [19].

The results of our evaluation indicate promising outcomes re-
garding the effectiveness of health and safety training practices in 
construction firms. The training program led to a notable reduc-
tion in workplace accidents and injuries, enhanced compliance 
with regulations and standards, improved safety culture, and 
increased employee morale and engagement (Table 3). Further-
more, it facilitated cost reduction, enhanced the organization’s 
reputation, and fostered proactive risk management.

A comparative analysis of outcomes among construction firms 
in South-South states revealed variations in performance across 
organizational objectives. While some states excelled in specific 
areas, others demonstrated strengths in different aspects of safety 
training practices (Table 4). These findings underscore the impor-
tance of tailored approaches to address unique challenges within 
each state and highlight the need for ongoing evaluation and re-
finement of health and safety training practices to ensure optimal 
outcomes across the construction industry.

In conclusion, this study contributes valuable insights into the 
intersection between lean construction and safety management, 
offering evidence-based strategies for improving occupational 
safety and health in Nigeria’s construction sector. By promoting 
the integration of lean principles and safety management prac-
tices, we aim to foster a safer and more sustainable construction 
industry, ultimately benefiting workers, firms, and the nation as a 
whole [22].

Conclusion
In conclusion, this study sheds light on the pivotal role of lean 

construction principles in enhancing safety performance within 
the Nigerian construction industry. Despite the sector’s signifi-
cance in driving economic growth and infrastructure develop-
ment, it grapples with persistent occupational hazards and safety 
challenges. Through a comprehensive examination of factors con-
tributing to accidents and the effectiveness of health and safety 
training practices, this research provides valuable insights into 
improving safety management practices and reducing workplace 
incidents.

The findings underscore the potential of lean construction 
methodologies in fostering a culture of safety, collaboration, and 
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