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Abstract Occupational safety culture is a critical determinant of sustainable productivity,
particularly in small and medium enterprises (SMEs), where limited resources and informal
organizational structures often lead to insufficient compliance with safety standards. This study
proposes a novel diagnostic framework—OSCI-UZ (Occupational Safety Culture Index for
Uzbekistan)—designed to evaluate, quantify, and benchmark safety culture maturity across
SMEs in Uzbekistan. The index integrates fuzzy-Delphi expert evaluation, multi-criteria
decision-making (MCDM), and weighted composite indicators covering managerial
commitment, employee participation, risk awareness, training effectiveness, and regulatory
compliance. A pilot application demonstrates the index’s feasibility and sensitivity in
differentiating safety culture levels across sectors. The results indicate that the proposed index
can serve as a practical decision-support tool for policymakers, enterprise managers, and
occupational safety regulators.
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Introduction

Small and medium enterprises (SMEs) represent a dominant share of employment and
economic activity in Uzbekistan. Despite their importance, SMEs often face structural
challenges in implementing occupational health and safety (OHS) systems effectively. Unlike
large enterprises, SMEs typically lack dedicated safety departments, standardized procedures,
and continuous monitoring mechanisms. The concept of occupational safety culture extends
beyond compliance with regulations; it reflects shared organizational values, attitudes, and
behaviors regarding safety. International studies have demonstrated that strong safety culture
significantly reduces workplace accidents and improves productivity. However, in developing
economies such as Uzbekistan, there is a lack of standardized tools to measure safety culture
in SMEs. Today, more than 358,000 small and medium-sized enterprises (SMEs) operate in
Uzbekistan, contributing 54.3% of the country’s gross domestic product and providing 78% of
total employment. However, in 2024, 868 industrial accidents were officially recorded in the
country, resulting in the deaths of 261 workers and injuries to 974 employees. These figures
clearly highlight the urgent need to strengthen occupational safety culture.

In SMEs, safety culture is generally weaker compared to large enterprises due to limited
resources, the absence of specialized occupational safety services, and underdeveloped
systematic training mechanisms. As a result, many SMEs face significant challenges in
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ensuring consistent compliance with occupational health and safety standards, which increases
the likelihood of workplace accidents and injuries.

This study addresses this gap by developing a diagnostic index—OSCI-UZ—tailored to the
socio-economic and institutional context of Uzbekistan.

Literature Review.
Existing research on safety culture measurement can be categorized into three main
approaches:
1. Behavioral-based models, focusing on employee compliance and safety behavior.
2. Perceptual survey models, assessing attitudes and perceptions of safety climate.
3. Indicator-based composite indices, integrating multiple quantitative and qualitative
factors.

Prominent frameworks include the Safety Culture Maturity Model (SCMM), the Bradley
Curve, and the Nordic Safety Climate Questionnaire (NOSACQ-50). However, these models
are primarily developed for large industrial systems and are not directly applicable to SMEs in
transitional economies.

Recent studies emphasize the importance of adaptive and context-sensitive indices that
incorporate fuzzy logic and expert consensus methods. The Fuzzy Delphi Method has gained
attention for its ability to handle uncertainty in expert judgment, making it suitable for safety
culture assessment.

Research Objectives

e To analyze the evolution of theoretical concepts of safety culture and identify their
applicability within the context of small and medium-sized enterprises (SMEs);

e To assess the current state of occupational safety in SMEs in Uzbekistan and identify
key factors influencing safety culture;

e To systematically review international diagnostic indices and rating models, and
develop a context-adapted set of indicators suitable for local conditions;

e To determine the weights of indicators through expert evaluation using the Fuzzy
Delphi method and the Analytic Hierarchy Process (AHP);

e Todevelop the calculation algorithm of the OSCI-UZ index and design a corresponding
information-based assessment platform;

e To conduct field research for empirical validation of the index and evaluate its
psychometric properties;

e To develop practical recommendations and an economic efficiency model aimed at
improving occupational safety culture in SMEs.

Methodology

1. Research Design

The study adopts a mixed-method approach combining qualitative expert consultation and
quantitative index construction.
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2. Indicator Selection
Initial indicators were derived from literature review and expert interviews. The final structure
includes five main dimensions:

. Management commitment to safety

. Employee participation and communication

. Risk identification and prevention practices

. Training and competence development

. Compliance with legal and regulatory requirements

Each dimension contains sub-indicators measured on a 5-point Likert scale.

3. Fuzzy Delphi Method

To ensure validity, the Fuzzy Delphi Method was applied. Expert evaluations were aggregated
using triangular fuzzy numbers to determine consensus on indicator relevance.

3. Weight Determination

Weights were assigned using a hybrid MCDM approach combining:

. Analytic Hierarchy Process (AHP)
. Entropy weighting method

This dual approach ensures both subjective expert judgment and objective variability analysis.

3.Index Calculation
The OSCI-UZ index is computed as:

OSCI-UZ= S\ wi-Si

where:

. wi = weight of indicator 1
. Si = standardized score of indicator 1
The final index ranges from 0 to 1, classified into four levels:

. 0.00-0.25: Low safety culture
. 0.26—0.50: Moderate

. 0.51-0.75: Good

. 0.76-1.00: Advanced

Results
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1. Expert Consensus Analysis. The fuzzy Delphi process showed strong agreement among
experts, with a consensus coefficient above 0.8 for all primary indicators, indicating high
validity of the proposed structure.

A system of weighting coefficients that accounts for uncertainty in expert evaluations was
developed using the Fuzzy AHP methodology (CR = 0.036 < 0.10).

2. Weight Distribution.The highest-weighted dimension was management commitment
(0.28), followed by employee participation (0.22) and risk prevention (0.21). Training and
compliance received slightly lower but significant weights.

3.Stages of the Calculation Algorithm

The calculation process includes the following sequential stages:

Stage 1. Indicator Assessment and Normalization

A total of 42 indicators are evaluated using a 5-point Likert scale (1 — strongly disagree, 5 —
strongly agree). For subjective indicators (such as safety climate, trust in management, and
learning culture), factor loadings are determined using the graded response IRT model or
Confirmatory Factor Analysis (CFA). Reverse-coded items are inverted, and internal
consistency is verified using Cronbach’s alpha (a > 0.70) and omega coefficients. Objective
indicators (such as training coverage, reporting discipline, PPE provision, and incident
frequency) are transformed to a 0—100 scale using min—max normalization.

Stage 2. Determination of Weight Coefficients

Weight coefficients identified in Section 2.2 using the Fuzzy AHP methodology are applied.
A group of experts (n = 15) completed pairwise comparison matrices, and uncertainty was
incorporated using triangular fuzzy numbers (I, m, u). Aggregation was performed using the
fuzzy geometric mean method, and crisp weights were obtained through defuzzification:

wi=(@+mi+u)/3 Yw =1

Consistency was verified by ensuring that the consistency ratio for all matrices satisfied the
condition CR < 0.10.
Stage 3. Calculation of Dimension Scores

The score for each dimension (pillar) is calculated as the weighted sum of its indicators:

Sp = 20€p) w; %5
where SpS_pSp is the total score of the p-th dimension, wjw_jwj is the weight coefficient of
the j-th indicator, and sjs_jsj is the normalized value of the j-th indicator.

Stage 4. Calculation of the Overall OSCI-UZ Index

The overall index is obtained by aggregating the scores of the seven dimensions using a
weighted arithmetic sum:

OSCLUZ = Y("-17) B, % S,

where B, — p- is the weight coefficient of the p-th dimension determined through Fuzzy AHP,
Sp — p-is the score of the p-th dimension, and } 3, = 1. The final result ranges from 0 to 100.
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The aggregation design deliberately controls the degree of compensability. Within sub-
indicators, an arithmetic sum is used, as elements within the same category can partially
compensate for each other. At the same time, a geometric aggregation alternative was also
tested:

OSCI-UZ(geom) = 100 * [](*-17) (S,/100)B,}

The geometric mean ensures that strong dimensions do not completely compensate for weak
ones, reflecting the principle that a system is only as strong as its weakest component. In pilot
testing, the correlation between the two approaches was high (r =0.96, p <0.01). However, for
practical implementation, the weighted arithmetic sum was adopted as the primary formula due
to its simplicity of interpretation.

These results demonstrate the index’s sensitivity in distinguishing safety culture maturity
across sectors.

Discussion

The findings confirm that safety culture in Uzbek SMEs is uneven and strongly influenced by
managerial engagement. Enterprises with active leadership involvement demonstrated
significantly higher safety performance.

The study also highlights systemic challenges:

. Limited safety training programs
. Weak enforcement of internal safety rules
. Low employee awareness in high-risk sectors

The proposed OSCI-UZ index provides a structured mechanism for identifying these gaps and
prioritizing interventions. The measurement invariance test confirmed that the OSCI-UZ is
suitable for comparative analysis across different types of SMEs. This property has important
practical significance: OSCI-UZ scores calculated across enterprises, across sectors, or over
time can be directly compared—measurement error does not distort these comparisons.

Policy Implications

The implementation of the OSCI-UZ index can support: The aim of this study is to develop a
comprehensive diagnostic index (OSCI-UZ) for assessing occupational safety culture in small
and medium-sized enterprises (SMEs) in Uzbekistan, to validate the index, and to formulate
scientific and methodological recommendations for its practical implementation.

. National labor safety monitoring systems

. SME benchmarking programs

. Targeted training initiatives

. Regulatory inspections based on risk profiling
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For policymakers, integrating the index into national occupational safety strategies can
improve data-driven decision-making.

Conclusion

This study developed a novel diagnostic tool—OSCI-UZ—for evaluating occupational safety
culture in SMEs in Uzbekistan. By integrating fuzzy Delphi, AHP, and entropy methods, the
index provides a robust, adaptable, and context-sensitive measurement system.

Future research should expand the dataset across multiple regions and industries and integrate
digital monitoring systems for real-time safety culture assessment.
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