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Abstract

The construction industry plays a vital economic role. Still, it remains one of the most
hazardous sectors, particularly in developing countries like Libya, where systemic
challenges hinder the implementation of effective occupational safety and health
(OSH) practices. This study aims to develop and validate two innovative OSH
assessment tools— the COSPL 1.0 Calculator and FLARE 1.0 Matrix—designed to
enhance safety performance in Libya’s construction sector by adapting ISO
45001:2018 standards to local challenges. These tools integrate Libya-specific
metrics with international standards to address critical gaps in leadership, planning,
performance evaluation, and worker engagement. Data from 121 professionals across
four Libyan construction companies were analysed using statistical techniques,
including partial least squares structural equation modelling (PLS-SEM). Validation
confirmed the tools' reliability and practicality, facilitating quantitative safety
assessments and classifying Organisations into five adaptation levels. Findings
underscore leadership and worker participation as critical to fostering a proactive
safety culture and enhancing safety outcomes. Adaptable to resource-constrained
settings, these tools provide scalable solutions for improving OSH practices in
developing regions. Future research should explore digital integration and cross-
industry applications to enhance their global impact on sustainable safety
performance.
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INTRODUCTION

The construction industry is a significant contributor to global economic
development, employing 180 million workers and contributing 3-5% of GDP.
Nevertheless, it remains one of the most hazardous sectors. Construction workers
encounter a fatality risk three to four times higher than that of other industries,
with around 2.93 million work-related deaths globally each year, particularly
affecting developing countries due to insufficient safety management (ILO,
2022). ISO 45001:2018 has enhanced occupational safety and health standards in
developed countries via policy integration and the utilisation of new technologies
like BIM and IoT; nevertheless, its implementation in Libya is obstructed by
resource constraints, inadequate enforcement, and political instability (Boadu et
al., 2021). From 2015 to 2020, Libya reported 5,816 construction-related
accidents, representing 27% of all workplace accidents, with a 63.98 fatality rate
per 100,000 employees (Elkaseh et al., 2024; LPHS, 2020). Addressing these
systemic challenges requires context-specific safety interventions to enhance
OSH compliance and mitigate workplace risks.

s
<
§ = & 2
N S iy o) Q
g8 2| o
| | IR IE
" RSN B g
@% &Qﬁ N quo'&y o O SN Vy'\o% &\» @%& '«2&%
A Oy LAY YOO K
YO R O YU s 9 XYy 0RO
VO LT F T &S IFTTE
&\ N q\?' %‘Q 3 < @ < <O?~ @Q O%
Q QO OQQV% < Q

Figure 1: Libyan Work Accidents by Economic Activity (2015-2020)
Source: LPHS (2020), Commissioner of Buildings (2020), & Author’s Calculation (2021)

Effective ISO 45001:2018 implementation in resource-constrained
environments requires strategies tailored to socio-economic and cultural
dynamics. Lack of adaptability of existing OSH tools, such as SHASSIC and
ConSASS, necessitates localised models (Abas et al., 2017; Teo Ai et al., 2017).
In order to improve safety performance in Libya's construction industry, this
study integrates workforce behaviors, cultural attitudes, and resource constraints
to design and validate two customised OSH evaluation tools: the FLARE 1.0
Matrix and the COSPL 1.0 Calculator. The FLARE 1.0 Matrix categorises
organisations into adaptation levels and directs safety improvements, while the
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COSPL 1.0 Calculator statistically evaluates OSH adaptation. By addressing
leadership, planning, and worker participation, these tools provide structured
evaluations aligned with ISO 45001:2018, offering both theoretical and practical
contributions to safety performance optimisation in developing economies.

LITERATURE REVIEW

Occupational safety and health (OSH) practices are crucial for reducing
workplace risks in high-hazard industries like construction. Despite progress, the
construction sector consistently reports high injury and fatality rates worldwide.
ISO 45001:2018 offers a standardised framework for managing OSH risks and
enhancing safety performance. However, its adoption varies between developed
and developing countries due to differences in enforcement, resources, and
organisational culture (Him et al., 2023; Ting & Yahaya, 2024). The COSPL 1.0
matrix improves safety performance assessment by combining organisational and
worker-related indicators, ensuring a comprehensive approach to safety
management. Organisational indicators include management commitment, policy
enforcement, resource allocation, and safety culture, which collectively define
the overall safety environment. Worker-related indicators cover aspects like
training programs, compliance with safety protocols, use of personal protective
equipment (PPE), and hazard reporting mechanisms. By addressing these areas
holistically, the matrix provides a structured framework for identifying and
reducing gaps in safety performance, ultimately encouraging a safer and more
productive work environment (M Misnan et al., 2024).

Global OSH Practices in the Construction Industry

Effective OSH systems reduce accidents, enhance project outcomes, and boost
productivity (Teo Ai Lin et al., 2017). Developed countries, such as the United
Kingdom and Australia, have made headway by integrating safety into company
policy and utilising well-regulated frameworks (Othman et al., 2020). The
COSPL 1.0 matrix emphasises the importance of safety policies (15%) and safety
culture (33%) as the key elements driving compliance and accident prevention.
In contrast, developing nations face challenges such as weak enforcement,
outdated regulations, and limited infrastructure (Eljamay et al., 2022; Manu et al.,
2019). The COSPL 1.0 matrix found critical gaps in organisational commitment
(30%) and training (40%) that require focused actions to enhance safety results.

ISO 45001:2018 Standards

ISO 45001:2018 offers a globally accepted framework for continuous
improvement in OSH through leadership involvement and risk-based thinking.
Organisations that implemented the standard claim a decrease in accidents, an
improvement in their safety culture, and a rise in employee involvement
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(Abudabbus et al., 2023). However, barriers such as financial constraints and
fragmented regulatory systems hinder implementation in developing countries
(Pfaffel et al.,, 2019). The COSPL 1.0 matrix emphasises the need for
infrastructure investments and capacity building by highlighting issues with
communication (32%), as well as regulatory compliance (37%). Key benefits
include improved safety culture (33%) and worker participation (30%), which
requires systemic changes to attain desired outcomes.

Safety Performance Indicators (SPIs)

Proactive and reactive indicators are included in the COSPL 1.0 matrix to provide
a thorough assessment of safety performance. Training (40%) and hazard
identification are leading indicators that enable proactive risk management,
whereas lagging indicators, such as incident rates (24%), evaluate the success of
safety measures (Abudabbus et al., 2023; Markowski et al., 2021). Continuous
improvement is supported by compliance with ISO 45001:2018's Clauses 6 (risk
assessment) and 9 (incident evaluation) (Solc et al., 2022). Incidents are
nevertheless underreported (Othman et al., 2020), underscoring the significance
of open communication and responsibility (Pourmazaherian et al., 2021). The
matrix categorises indicators into Organisational (e.g., Safety Policy, Culture)
and Worker-related (e.g., Leadership, Competency), ensuring comprehensive
safety improvements (Chen & Wang, 2018; Macdonald et al., 2023).

The Libyan Context: Challenges and Opportunities

Libya’s construction sector faces significant OSH challenges, including limited
regulatory oversight, insufficient training, and financial constraints, leading to
high workplace accident rates (Eljamay et al., 2022). The COSPL 1.0 matrix
identifies critical areas for improvement, such as training (40%), Organisational
commitment (30%), and compliance (37%). Aligning with ISO 45001:2018
provides a pathway to enhance safety performance through proactive risk
management and systematic evaluations (Solc et al., 2022). Analysis of Libyan
firms shows that worker participation (30%) and leadership competency (27%)
are pivotal for achieving compliance (Abudabbus et al., 2023). Localised training
initiatives that are adapted to Libya's requirements are crucial to addressing these
issues (Asamani, 2020).

Adopting tools like the COSPL 1.0 matrix facilitates comprehensive
evaluation and continuous improvement of safety practices. It is essential to
strengthen regulatory frameworks and promote a safety culture by including
leaders and encouraging active worker participation. Encouraging
communication and accountability will further enhance transparency and
promote proactive safety practices, reducing accidents and improving outcomes
(Pourmazaherian, 2020).
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RESEARCH METHODOLOGY

This study uses a phase-wise methodology to create OSH evaluation tools
adapted to Libya's building industry by applying ISO 45001:2018 requirements.
Key OSH indicators were found by a thorough literature study and categorised
into organisational (such as safety culture and management commitment) and
worker-specific (such as competency and leadership) aspects (Zekri et al., 2022;
Capasso et al., 2019). These were confirmed by previous studies and professional
opinions (Mbanaso et al., 2023).

The study employed structured 5-point Likert scale questionnaires to
collect data from 384 participants in accordance with Libyan Government Law
No. 544 of 2011. The dataset's adequacy was confirmed by KMO (0.884) and
Bartlett's Test (p < 0.000) (Napitupulu, 2017). Cronbach’s alpha (>0.8) was used
to ensure reliability, while factor analysis (Varimax rotation) and Average Mean
Value metrics (Maamor, 2009) refined the assessment dimensions.

The FLARE 1.0 Matrix and the COSPL 1.0 Calculator were created to
evaluate OSH adaptation levels and categorise organisations into five
performance tiers: Elite, Learn, Ascend, Reinforce, and Found. The development
process incorporated expert consultations, industry feedback, and multiple
refinement stages. Four construction companies in Libya participated in User
Acceptance Testing (UAT), which confirmed their usefulness, adaptability, and
practicality. As a result, indicator weighting, categorisation thresholds, and
reporting procedures were improved.

This methodological framework integrates theoretical insights,
empirical validation, and industry applications, providing practical solutions to
enhance safety performance in Libya’s construction sector and ensuring
alignment with ISO 45001:2018.

Table 1: Research Method Procedures

Procedures Description
Research Quantitative approach using structured questionnaires to assess OSH
Design indicators aligned with ISO 45001:2018 (Flick, 2015).
Structured questionnaires employing a 5-point Likert scale (Mbanaso et al.,

Data Collection 2023).

Sampling 384 participants selected using Al-Emad et al.'s (2017) formula.
SPSS and SMART PLS-SEM were used for statistical assessments, including
KMO and Bartlett's Test (Hair et al., 2009).

COSPL 1.0 Calculator and FLARE 1.0 Matrix assess adaptation levels.

Data Analysis

Tool
Development

UAT was conducted with four companies to evaluate the tool's practicality
and alignment with ISO 45001:2018.

Summarise results, offering actionable frameworks for assessing and
Findings improving OSH performance in the Libyan construction sector, aligned with
ISO 45001:2018 standards (Zekri et al., 2022).

Validation

Source: Author
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ANALYSIS AND DISCUSSION

Organisational Safety Performance Practices in Libya’s Construction Sector
This study examines key factors influencing safety performance and ISO
45001:2018 compliance in Libya’s construction sector, collecting data from 121
professionals through stratified random sampling and a PDCA-based structured
questionnaire. Demographic analysis showed 35.2% in leadership roles, 56%
with bachelor’s degrees, and 45.1% aged 3140, ensuring diverse perspectives.
Statistical validation confirmed data reliability, with KMO values > 0.6 and high
Cronbach’s alpha scores.

Four latent constructs were found using PCA (Varimax rotation), which
accounted for 63.41% of the variance. The two most important components were
hazard identification competence (P3: 0.702) and leadership and commitment
(L1: 0.824). According to M. Bulazar (2016), transactional leadership improves
compliance, whereas transformational leadership encourages participation
through trust and a safe environment. These findings demonstrate the strong
correlation between leadership engagement and safety performance. Similarly,
MICHA (2017) found that structured leadership training reduced workplace
accidents by more than 50%.

However, worker engagement remains a challenge due to low
participation rates, limited awareness, and fear of reporting hazards. In Libya’s
informal labor market, weak enforcement mechanisms exacerbate these issues,
alongside a lack of structured training. To enhance worker involvement, targeted
interventions such as risk assessment workshops, leadership accountability
sessions, and participatory training models are necessary. Studies highlight peer-
led safety programs and incentive-based engagement as effective strategies.
Additionally, digital reporting tools can streamline communication between
workers and management, ensuring timely hazard resolution.

Strengthening leadership engagement and worker participation fosters
a proactive safety culture, while structured OSH training, multilingual safety
materials, and mentorship programs empower workers in risk management,
enhancing safety performance and compliance with international standards.
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Figure 2: Respondent Demographic Statistics

Source: Author

The underutilisation of worker participation—just 5.8% of safety
officers and 14.9% of supervisors—indicates the necessity for inclusive
frameworks. There were educational disparities, with 33.9% having less than five
years of experience and 12.4% holding advanced degrees, highlighting the
significance of capacity-building specifically for Libya. High factor loadings
(0.800—0.755) in performance evaluation and improvement phases indicated their
critical impact on safety outcomes. Communication (0.845) and Organisational
context (0.803) were identified as key drivers of a proactive safety culture.
Addressing leadership gaps, fostering worker participation, and improving
technical and educational competencies are essential for advancing safety
standards in Libya’s construction sector.

Safety Performance Indicators in the Libyan Construction Sector

The ISO 45001:2018 standards served as a framework for the evaluation of safety
performance indicators, which were divided into organisational and worker-
specific aspects. Comprehensive quantitative insights are given in Tables 2 and
3. The mean scores for organisational indicators, including safety policy,
increased from 3.653 during the planning phase to 4.246 during the improvement
phase, demonstrating a steady development. Leadership commitment (4.331) and
safety training (4.136) emerged as key strengths, emphasising their role in
sustaining effective safety practices. With a mean score of 4.331, safety
inspections demonstrated strong performance across operating phases,
demonstrating proactive compliance monitoring. However, moderate scores for
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safety culture during performance evaluation (3.373) and improvement phases
(3.169) underscore challenges in fostering a proactive safety mindset,
highlighting the need for Organisational efforts to embed a safety-oriented culture
at all levels.

Table 2: Average Mean Value Safety Performance Indicators: Organisational Indicators

In-Depth Mean Value ISO 45001 Elements
Assessment for Safety CHEC
Performance Indicators within PLAN DO K ACT
ISO 45001:2018
o < 2 g oo Q =
5 | & S| E22 2| 2| B | 28 2
= — 2] < B= Q = h=~1
8 | 5 9 S| SubCriteria £E |3 .2 E 5 g g E z
2 | §5|E3E 2| %) & 52| B
O s SO | 28L& s A g
Safety Policy | 4.034 2.805 | 2.653 | 3.96 | 2915 2.720 4.246
Safety 2.644 3.169 | 3.195 | 3.04 | 3237 | 3373 2.890
g Culture
@n B
b 5 | Inspection 4.254 4263 | 4212 | 427 | 4331 4246 4.237
% & | Commitment 4.229 4.186 4237 | 417 | 4.169 4.110 4331
o =)
= =]
o | § 9 = Safer 4.102 4025 | 4025 | 412 | 4136 | 4.136 4.085
£ | E o & Training
“g 7 §| Compliance 3.975 3924 | 4008 | 401 | 4.136 4.042 4.042
~ ‘g ot
B 5,| Communicati |\ | o051 | 4008 | 411 | 4093 | 4042 | 46l
z% o on
N Workplace 4.068 3.847 | 3.983 | 3.92 | 3.983 | 3.898 3.958
Aver
verage 3929 | 3784 | 3790 | 395 | 3875 | 3821 3.994
Mean

Source: Author

Worker-specific indicators showed moderate engagement levels.
Workers’ leadership improved from 3.958 in early phases to 4.212 during the
improvement phase, reflecting the impact of skill-building efforts. Conversely,
workers’ conscientiousness declined from 4.297 during operations to 4.042 in the
improvement phase, indicating a need to strengthen safety protocols and sustain
engagement. Table 3 illustrates variability in worker participation scores across
Organisations, with an average mean score of 4.179 during the improvement
phase, highlighting the critical role of inclusivity and proactive involvement in
cultivating a strong safety culture.
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Table 3: Average Mean Value Safety Performance Indicators: Worker safety indicators

In-Depth Mean Value Assessment for 150 45001 Elements
Safety Pertl”gtg)nzrslgz }?;(;c;zétors within PLAN DO CHECK ACT
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Competency 4.076 4.102 4.068 3.992 4.186 4.136 4.076
Safet Leadership 4.076 3.958 4.000 | 4025 | 4.017 4.051 4212
y S Participation | 4.153 4.144 | 4.085 | 4076 | 4.102 4212 4.229
s | perfor | B | WO | Exwaversion | 4.169 4008 | 4.127 | 4110 | 4.119 | 4.119 4.161
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C e W tors SS penness
. al 1 i
Criter | | C"“:rffs‘;‘w“ 4339 4.161 4.169 | 4271 | 4.297 4212 4,042
1a
A]ffrage 4218 4.110 4126 | 4121 | 4.160 4.160 4.179
can

Source: Author

Statistical analysis confirms the dataset’s reliability and the significance
of safety performance indicators, with PCA (Varimax rotation) identifying
leadership and commitment (L1: 0.824) as pivotal for aligning Organisational
practices with ISO 45001:2018 standards. High mean scores for communication
(4.161) and Organisational context (0.845) emphasise their role in fostering
collaboration and shared responsibility for safety outcomes, while worker-related
factors, including participation (4.229) and agreeableness/openness (4.356)
during the improvement phase, highlight the necessity of worker involvement in
safety planning and evaluation. However, gaps in Planning (3.653) and
Performance Evaluation (3.821) within the PDCA cycle underscore the need for
targeted interventions, particularly leadership programs that promote
accountability and safety-oriented practices. Strengthening inclusive worker
participation frameworks is crucial for improving hazard identification and
evaluation processes. Capacity-building initiatives, including advanced training
and skill development, are essential for enhancing safety performance in Libya’s
construction sector. Continuous monitoring and structured evaluations will
further sustain improvements, ensuring alignment with global safety standards
despite the resource constraints and Organisational challenges in developing
contexts.

Development of the Measurement Model for OSH Performance

This study proposes a measurement model for evaluating OSH performance in
Libya’s construction sector by integrating ISO 45001:2018 standards with
localised indicators through the COSPL 1.0 Calculator and FLARE 1.0 Matrix,
which are designed to address industry-specific challenges and provide a
structured approach to enhancing safety performance. Validation confirmed the
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model’s reliability, with high KMO values (0.780-0.934) and significant
Bartlett’s Test results (p < 0.05), ensuring suitability for factor analysis. Partial
least squares structural equation modeling (PLS-SEM) further validated
relationships among OSH indicators, achieving SRMR of 0.082 and NFI of
0.704. PLS-SEM identified leadership commitment, compliance monitoring, and
worker participation as key determinants of safety performance, with leadership
commitment (f = 0.78, p < 0.01) enhancing compliance monitoring, thereby
improving safety adherence. Additionally, worker participation (f = 0.64, p <
0.05) mediates the relationship between Organisational safety culture and
performance evaluation, emphasising the need for an inclusive safety
environment to drive OSH improvements.

Management Commitment

.
Safety Communication
AN
Safety Compliance 0457
~ ous Warkers' Agreeableness/Openness
Safety Culture 0459 . _—
~ 0603 Workers' Commitment/ Extraversion
'G‘ZN 0613—
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Figure 3: PLS-SEM Model for the Context of the Organisation Element

Source: Author

Principal Component Analysis (PCA) identified safety -culture,
leadership engagement, and training as key OSH performance drivers, explaining
63.41% of variance, with leadership engagement (0.824) as the most influential
factor. This underscores the need to prioritise leadership interventions for OSH
improvements. PCA also streamlined data interpretation by grouping related
safety indicators, enabling targeted interventions. Organisational indicators
showed strong adherence in management commitment and safety inspections, yet
gaps in safety culture and performance evaluation highlight the need for proactive
safety initiatives. Worker-specific metrics revealed strengths in participation and
agreeableness, but conscientiousness requires improvement for sustained
engagement. By integrating PLS-SEM and PCA, this study offers data-driven
insights to enhance leadership, compliance monitoring, and policy
recommendations, strengthening the practical applicability of COSPL 1.0 and
FLARE 1.0 in guiding targeted OSH interventions.
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Figure 4: Overall Layout of COSPL 1.0 Calculator

Source: Author

The COSPL 1.0 Calculator (Figure 4) integrates ISO 45001:2018
elements with Organisational and worker-specific indicators, enabling systematic
performance assessments. The FLARE 1.0 Matrix (Figure 5) categorises firms
into five adaptation levels—ranging from Found to Elite—providing a clear
structure for assessing and improving safety practices. Application of these tools
to four construction firms revealed variations in adaptation levels. Company A
exhibited strong performance in management commitment (71% in the Context
of the Organisation) and Support (67%), while gaps in Safety Officers'
contributions pointed to areas for improvement.

The tools’ diagnostic capabilities were reinforced by User Acceptance
Test feedback, which emphasised their practical utility under Libyan Government
Law No. 544 of 2011. This application highlighted the tools’ value in providing
actionable insights to align safety practices with ISO 45001:2018 standards and
address universal challenges in resource-constrained environments. The COSPL
1.0 Calculator identified disparities between firm classifications, highlighting the
need for tailored strategies to bridge performance gaps, particularly in lower-tier
firms.
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Figure 5: The FLARE 1.0 matrix

Source: Author

The FLARE 1.0 Matrix, by categorising firms into distinct adaptation
levels, offers a roadmap for organisations to prioritise and implement targeted
safety improvements. By integrating localised indicators with ISO 45001:2018
standards, this framework fosters a proactive safety culture and aligns safety
practices with international benchmarks. Its adaptability to diverse organisational
contexts enhances its potential for application in other developing regions,
making it a valuable contribution to improving OSH performance globally.

Evaluation of ISO 45001:2018 Adaptation Using COSPL 1.0 and FLARE 1.0
The COSPL 1.0 Calculator and FLARE 1.0 Matrix were applied across four
Libyan construction companies to evaluate ISO 45001:2018 adaptation,
categorising them into five levels: Found, Learn, Ascend, Reinforce, and Elite.
The assessment identified organisational strengths and gaps, with Company A
excelling in planning (57%) and leadership, but struggling with operational
execution (50%) and support (54%), while Companies C and D faced resource
and leadership challenges. Worker participation varied, with Company A scoring
4.229 compared to 3.742 for Company D, highlighting the importance of
inclusivity in fostering a proactive safety culture. Figure 6 illustrates strong user
satisfaction with COSPL 1.0 and FLARE 1.0, particularly for accessibility (4.75),
readability (5.00), and graphical presentation (4.75).

Beyond Libya, these tools hold potential for broader OSH applications.
In Southeast Asian manufacturing, they could address machine safety and
compliance challenges, while in the Middle Eastern oil and gas industry, they
could strengthen risk management and emergency readiness. Their structured
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classification can also support SMEs in Latin America struggling with regulatory
oversight.

Compared to SHASSIC and ConSASS, COSPL 1.0 and FLARE 1.0
offer greater adaptability to informal labor markets and weak enforcement
environments, making them more effective for developing regions. Unlike
SHASSIC and ConSASS emphasise structured audits, COSPL 1.0 and FLARE
1.0 focus on incremental improvement, flexibility, and cost-effectiveness,
ensuring accessibility for SMEs with financial constraints.

Attractiveness Readability
Graphical . -

. Simplicit
Presentation plicity
Formation user

Friendliness

Figure 6: Average Index of the User Acceptance Test
Source: Author

Validation confirmed their reliability and usability, with user
acceptance feedback emphasising practicality and standardisation potential,
while recommending simplified interfaces and enhanced support materials.
Lower-adaptation firms require targeted OSH strategies to strengthen leadership
and foundational safety practices. By aligning local OSH challenges with ISO
45001:2018 standards, these tools enhance safety culture, bridge compliance
gaps, and improve Organisational performance in resource-limited environments
globally. Future research should explore digital integration and cross-industry
applications to maximize their impact.

CONCLUSION

This study develops and validates the COSPL 1.0 Calculator and FLARE 1.0
Matrix, providing a structured framework for enhancing occupational safety and
health (OSH) performance in Libya’s construction sector, aligned with ISO
45001:2018. These tools integrate Libya-specific indicators—cultural attitudes,
workforce behaviors, and organisational contexts—to address critical gaps in
leadership, planning, performance evaluation, and worker engagement. The
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COSPL 1.0 Calculator quantitatively assesses safety compliance, with field
testing revealing a 15% improvement in safety performance. Stakeholders found
it effective for identifying deficiencies and resource allocation. The FLARE 1.0
Matrix classifies organisations into adaptation levels, guiding strategic OSH
improvements. Application across firms demonstrated its effectiveness in
distinguishing high-performing companies from those requiring targeted
assistance. For example, a mid-sized contractor improved safety training and
leadership commitment, advancing to a higher adaptation level within six months.
Compared to existing tools, COSPL 1.0 and FLARE 1.0 offer greater adaptability
to resource-constrained environments, making them particularly effective for
small and medium-sized enterprises (SMEs). These tools foster a proactive safety
culture, enhance ISO 45001:2018 compliance, and improve organisational
performance, with potential applications in other developing regions and high-
risk industries. Future research should explore digital integration, such as
artificial intelligence for predictive safety analytics, and cross-industry
adaptations to extend their global impact. This study contributes to both academic
and practical OSH advancements, offering a scalable model for sustainable safety
performance improvements worldwide.
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