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(“Abstract )
Safety performance describes the interplay of multiple layers within the organization, rather than from singular performance
within the given compliance framework. This study creates a focused thesis-derived model that connects management
commitment, safety training, safety communication, and financial restraints to safety culture. This model then connects safety
culture to behavior-based safety and safety performance. The analysis uses the fixed synthetic dataset from the doctoral thesis
(N=450; Chennai=250, Coimbatore=200) that includes several multi-item five-point Likert constructs and a prespecified Stata 18
analytic workflow. I accepted the overall KMO value at 0.889. Strong to good internal consistency was accepted across the principal
scales (Cronbach’s alpha 0.761-0.840). Robust multiple regression accounted for almost 38% of the variance in safety culture.
Management commitment (B=0.289, p<0.001) and safety training (B=0.142, p=0.003) and safety communication (B=0.143,
p=0.002) were positive constructs. Technology adoption (B=0.110, p=0.010) was positive. Financial constraints (B=-0.097,
p=0.014) were negative. Safety culture was positively related to safety performance, and a bootstrap mediation analysis confirmed
a significant, positive safety culture — behavior-based safety safety performance relationship that was moderated by safety
culture, with a total estimated effect of 0.059 (95% CI 0.031-0.094). The positive results suggest a unified opinion that managerial
decisions and communication create a protected resource environment that forms safe behaviors. Because the dataset is synthetic,
the calculated numbers refer to a replicable analysis framework rather than a causal effect. Field validation is needed for external
generalizability.

Keywords: Construction safety; Safety culture; Management commitment; Safety training; Safety communication; Behaviour-
(_based safety; Safety performance; Financial constraints J

1. Introduction

Construction projects are characterized by transient workforces, temporary structures, fragmented
production, and the involvement of numerous contractors and subcontractors. These characteristics make
construction safety management dependent not only on technical controls but also on effective organization,
coordination, leadership, communication, learning, and risk control. Contemporary construction safety
research therefore considers safety as an integrated organizational system in which safety culture is reflected
through consistency in management decisions, reporting practices, and the ability to control risks under
changing operational pressures (Duryan et al,, 2020; Fang et al., 2020; Alkaissy et al., 2020). Management
commitment is particularly important because workers assess whether adequate time, staffing, materials,
equipment, training, and other safety resources are provided when projects face cost and schedule pressures.
The Leadership-Culture-Behavior approach identifies leadership as an important driver of cultural and
behavioural development (Fang et al, 2020), while resilient safety culture emphasizes the capacity of
organizations to remain adaptable when project complexity and safety conditions change (Trinh & Feng,
2020, 2022).

Safety training and communication are important mechanisms through which organizational intentions are
converted into worker competence, shared situational understanding, and appropriate safety behaviour.
Duryan et al. (2020) emphasized knowledge transfer and the development of a learning culture within
construction firms, while Naji et al. (2022) identified safety communication as an important factor linking
safety culture and safety performance. However, training may become a procedural formality when it is
evaluated only through attendance, and communication may remain ineffective when workers cannot raise
concerns or receive meaningful feedback. Effective construction safety management therefore requires task-

Vol.6, No.10s, 2026 1153


http://www.svedbergopen.com/ijaiml
mailto:sathvikt22@gmail.com

www.svedbergopen.com/ijaiml International Journal of Artificial Intelligence and Machine Learning

specific training, reinforcement, verification of competence, supervisory involvement, and a culture that
encourages workers to speak up. Financial constraints represent another important organizational pressure.
Weak resources, ineffective governance, and insufficient safety awareness can obstruct implementation of
formal safety programs (Buniya et al., 2021). Cost pressures may result in delayed training, inadequate
replacement of personal protective equipment, insufficient maintenance, reduced staffing, and limited
adoption of safety technologies. Thus, safety expenditure should be considered an essential component of
organizational risk management rather than merely an overhead cost. Safety culture is also influenced by
visible management decisions and supervisory control, with leadership expected to contribute positively and
independently to safety culture (Fang et al., 2020).

Safety communication provides a bridge between formal safety procedures and everyday work practices.
Toolbox meetings, hazard reporting, stop-work communication, supervisory feedback, safety discussions,
and peer interaction can support the development of a stronger safety culture. Naji et al. (2022) reported
that safety communication contributes to the relationship between safety culture and employee safety
performance. Similarly, training becomes more effective when construction workers receive continuous
learning opportunities because they frequently move between projects, tasks, and changing site hazards
(Duryan et al., 2020). The relationship between safety culture and safety performance is largely behavioural,
although it cannot be reduced to individual behaviour alone. A positive safety culture can encourage workers
to report incidents, intervene when unsafe behaviour is observed, participate in safety activities, and
communicate risks more effectively. Previous studies indicate that safety behaviour is influenced by
psychological capital, work engagement, and group identification (Saleem et al.,, 2022; Chen et al.,, 2022).
Accordingly, behaviour-based safety may function as an important mediating mechanism between safety
culture and safety performance. At the same time, safety culture can influence performance through planning,
supervision, engineering controls, resource allocation, and organizational decision-making. Therefore,
construction safety performance should be understood as the outcome of interacting organizational,
behavioral, and resource-related factors rather than as the result of a single safety intervention.

The objectives of the present study are to examine the influence of management commitment, safety training,
safety communication, and financial constraints on safety culture; to assess the direct relationships of safety
culture and behaviour-based safety with safety performance; to quantify the relationships among the
principal safety-management constructs using the specified statistical framework; and to examine whether
behaviour-based safety mediates the relationship between safety culture and safety performance.

2. Hypotheses

The hypotheses are: H1 management commitment positively predicts safety culture; H2 safety training
positively predicts safety culture; H3 safety communication positively predicts safety culture; H4 financial
constraints negatively predict safety culture; H5 safety culture positively predicts safety performance; H6
safety culture positively predicts behavior-based safety; H7 behavior-based safety positively predicts safety
performance; and H8 behavior-based safety mediates the safety culture-safety performance relationship.

- H1: The greater the level of management commitment, the stronger the safety culture.

- H2: The level of safety training positively influences the safety culture.

- H3: Safety culture is positively influenced by the level of safety communication.

- H4: The presence of financial constraints negatively influences safety culture.

- H5: Safety culture positively influences safety performance.

- H6: Safety culture positively influences behavior-based safety.

- H7: Behavior-based safety positively influences safety performance.

- H8: Behavior-based safety mediates the safety culture-safety performance relationship.

3. Methodology

The design is cross-sectional and deductive with a post-positivist approach that accounts for measurement
error. It permits restriction on causality. The author has proposed an empirical context composed of
construction personnel in Chennai and Coimbatore. However, the actual dataset used here is synthetic. It
consists of 450 observations generated with seed 20250818, among which 250 observations are allocated to
Chennai and 200 observations are allocated to Coimbatore. Synthetic records have been created to illustrate
questionnaire coding and construct scoring. They also demonstrate a complete statistical workflow;
however, these records do not contain any construction workers’ observations.

Seven principal constructs are used in this paper. These include management commitment (MC; 7 items),
safety training (ST; 7 items), safety communication (SC; 6 items), financial constraints (FC; 6 items), safety
culture (SCUL; 8 items), behaviour-based safety (BBS; 6 items), and safety performance (SP; 7 items). All
items have a five-point Likert response structure. The constructs of technology adoption, PPE, safety
participation and HIRA have been retained as controls in the principal safety-culture regression, since the
thesis estimated the constructs simultaneously.
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Figure 1: - Conceptual management culture behaviour performance model.

The analysis consists of a series of steps, including description, Cronbach’s alpha, exploratory factor analysis,
convergence validity, correlations, multiple regression, hierarchical regression, and bootstrap mediation.
The overall KMO statistic was has been reported as 0.889, indicating factorability. Cronbach’s alpha values
for the constructs used in this article have been reported to be between 0.761 to 0.840. Composite reliability
values were all greater than 0.70, although some AVE values were less than 0.50. These have been considered
as measurement-development signs, rather than being hidden or adjusted with a remedial approach.

Safety culture is modelled as a continuous outcome with robust multiple linear regression. The mediation
analysis will estimate path a (SCUL-BBS), path b (BBS—SP), and the direct SCUL—SP and a x b indirect
effects with 1,000 bootstrap samples. In the interpretation, emphasis is placed on the magnitude of the
relationship and the amount of uncertainty and model diagnostics, not just the p-values. Since the data is
synthetic and cross-sectional, the coefficients are interpreted as the relationships as modeled, not causality
nor the population.

Table 1: - Construct Structure and Measurement Quality

Construct Code Items Cronbach a Analytical role
Management MC 7 0.791 Predictor
commitment
Safety training ST 7 0.840 Predictor
Safety o Ne 6 0.781 Predictor
communication
Financial FC 6 0.792 Barrier/predictor
constraints
Safety culture SCUL 8 0.840 Outcome/antecedent
Behaviour-based BBS 6 0.761 Mediator
safety
Safety Sp 7 0.789 Outcome
performance

4. Results

The sample was deliberately made synthetic in terms of occupational roles and project categories. The main
constructs were grouped in the upper and mid-region of the five-point scale, facilitating the existence of
meaningful covariation without generating perfectly measurable constructs. Reliability was deemed as
acceptable to good: MC a=0.791, ST a=0.840, SC «=0.781, FC a=0.792, SCUL a=0.840, BBS a=0.761, and SP
a=0.789.

Pearson correlations and the conceptual framework were directionally consistent. The Safety Culture
construct was correlated with Management Commitment at approximately r=0.519 and with Safety Training
at r=0.425. Safety Culture was also correlated with Safety Performance at r=0.451. Financial Constraints
correlated negatively with Safety Culture at approximately r=-0.29 and with Safety Performance at
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approximately r=-0.31. The above-mentioned correlations indicated that the magnitudes of the negative
correlations were smaller in comparison to what is needed to conclude that the constructs described above
are duplicated.

The robust multiple regression explaining Safety Culture accounted for approximately 37.6% of the variance
(Adjusted R?=0.365) and was statistically significant at F=33.79, p<0.001. Among the Key variables, the
largest positive coefficients were attributed to Management Commitment, (B=0.289, 95% CI 0.184-0.394,
p<0.001) and Safety Training (B=0.142, 95% CI 0.050-0.235, p=0.003) and Safety Communication (B=0.143,
95% CI 0.054-0.232, p=0.002). Technology Adoption, a contextual control variable, was also positive
(B=0.110, p=0.010). Financial Constraints were negative (B=-0.097, 95% CI -0.175 to -0.020, p=0.014). The
other variables i.e. PPE, Participation, and HIRA, were not found to be independently important once the
other variables were inserted.

Hierarchical regression of safety performance demonstrated that demographic and organizational controls
accounted for a small variance (R?=0.058) on their own. With the incorporation of substantive safety-
management constructs, R? increased to 0.318 and the extended model reached R?=0.331. In the final model,
safety culture (B=0.194, p<0.001), management commitment (B=0.142, p=0.012), behavior-based safety
(B=0.128, p=0.008) and PPE (B=0.118, p=0.008) were positive, and financial constraints were negative (B=-
0.102, p=0.022). The occupational group coefficients remained insignificant, which further substantiated the
assumption that constructs of safety-management were more significant than occupational-group labels.
The safety-culture construct and behavior-based safety (B=0.305) were the only significant predictors of
safety performance, followed by a positive relationship (B=0.193) between behavior-based safety and safety
performance. The indirect effect was 0.059 and had a 95% confidence interval of 0.031-0.094. The direct
effect was positive and remained (B=0.376) while the total effect was (B=0.435). Because the indirect effect
was significant and the direct effect remained, the relationship was interpreted as partially mediated.

Table 2: -Correlation Pattern

Relationship Pearson r Interpretation
Management commitment — .
Safety culture 0.519 Moderate positive
Safety training - Safety culture 0.425 Moderate positive
Safety communication - Safety 0.400 Moderate positive
culture

Financial constraints - Safety -0.290 Negative

culture

Safety culture - Behaviour-based 0310 Positive

safety

Safety culture - Safety 0.451 Moderate positive
performance

Financial constraints - Safety -0.310 Negative
performance

Selected Pearson Correlations among Core Constructs
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Figure 2: -Selected Pearson correlations among the focal constructs.
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Table 3: -Robust Multiple Regression Predicting Safety Culture

Predictor B Robust SE p 95% CI
Management 0.289 0.054 <0.001 0.184 to 0.394
commitment

Safety training 0.142 0.047 0.003 0.050 to 0.235
Safety 0.143 0.045 0.002 0.054 to 0.232
communication

Technology 0.110 0.043 0.010 0.026 to 0.194
adoption

Financial -0.097 0.040 0.014 -0.175 to -0.020
constraints

PPE 0.056 0.038 0.136 -0.018 to 0.129
Safety 0.073 0.041 0.072 -0.007 t0 0.153
participation

HIRA 0.045 0.043 0.288 -0.038 t0 0.129

Model summary: R%=0.376; adjusted R?=0.365; F=33.79; p<0.001. All reported VIF values in the thesis were
below 2.

Predictors of Safety Culture in the Robust Multiple Regression Model

Management commitment - &

@

Safety training -

“

Safety communication

=

Technology adoption A

o

Financial constraints

PPE

o

@

Participation -

HIRA

o

-0.2 -0.1 0.0 0.1 0.2 0.3 0.4
Unstandardized coefficient (B) with 95% CI

Figure 3: - Regression coefficients and 95% confidence intervals for predictors of safety culture.

Table 4: -Hierarchical Safety-Performance Model

Model R? Adjusted R? Interpretation

M1 0.058 0.041 Organisational/demographic
controls

M2 0318 0.294 Adds substantive safety
constructs

M3 0.331 0.303 Expanded substantive model

Selected M3 term B p

Safety culture 0.194 <0.001

Management commitment 0.142 0.012

Behaviour-based safety 0.128 0.008

PPE 0.118 0.008

HIRA 0.083 0.060

Financial constraints -0.102 0.022
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Table 5: -Mediation Analysis

Path/effect Estimate Bootstrap/interval
Safety culture — BBS (a) 0.305 —
BBS — Safety performance (b) 0.193 —
Direct effect 0.376 —
Indirect effect 0.059 95% C10.031-0.094
Total effect 0.435 —

The bootstrap interval for the indirect effect excluded zero while the direct effect remained positive; the
thesis therefore interprets the pattern as partial mediation.

Table 6: -Hypothesis Summary

Hypothesis Evidence Decision
H1 MC - safety culture B=0.289, p<0.001 Supported
H2 Training — safety culture B=0.142, p=0.003 Supported
H3 Communication - safety B=0.143, p=0.002 Supported
culture

H4 Financial constraints — safety B=-0.097, p=0.014 Supported
culture

H5 Safety culture — performance Eloos'éz;'e; p<0.001 in performance Supported
H6 Safety culture — BBS a=0.305 Supported
H7 BBS — performance b=0.193 Supported
H8 Indirect culture — BBS - 0.059; 95% CI 0.031-0.094 Supported (partial mediation)

performance

5. Discussion

The most significant finding is the central role of management commitment. A B coefficient of 0.289 does not
imply that leadership is the sole determinant of culture, but does suggest that, after the other components
(training, communication, technology, resources, and frontline controls) are considered, visible managerial
priorities convey important information. This finding is also consistent with the LCB approach and resilient-
safety perspectives (Fang et al,, 2020; Trinh & Feng, 2020), in which leadership influences the context in the
organization, and as a result the behaviors of employees, and does not simply concern the dictating of rules.
Training maintained an independent positive influence on safety culture. This is important in the context of
construction, as the quality of training is more often measured by attendance, as opposed to the training
being effectively absorbed. This result supports a more robust model: induction should be specific to the
tasks and be repeated if controls or hazards change, as well as being reinforced by supervision and assessed
by the presence of competence. Duryan et al. (2020) also emphasized the learning culture and the transfer of
OHS knowledge across different parts of the organization.

Safety culture was also positively influenced by safety communication. The quality of communication, rather
than the number of communications, must be evaluated. A suppression of communication and two-way
communication are not equivalent. Naji et al. (2022) confirmed that communication connects culture to
performance. This position supports safety communication as a priority, and a part of the mechanisms that
link organizational priorities to daily practices.

Financial restrictions had a pronounced negative influence on safety culture and continued to do so in the
safety-performance model. This is theoretically logical as constraints associated with resource allocation can
impact training time, renewal of personal protective equipment (PPE), preventive maintenance, workforce
allocation, and supply of required controls and technology. Safety expenditure should be viewed as a priority
area rather than be treated as discretionary in cost pressure and safety-program implementation barriers,
which are multi-dimension in nature, as demonstrated by Buniya et al. (2021).

The mediation effect is of particular interest and relevance to behaviour-based safety. The presence of a
significant indirect effect establishes that safety culture has the potential to influence performance,
particularly through the shaping of everyday behaviors, while the presence of a direct effect suggests that an
exclusive behavioral explanation is not justified. This is consistent with a non-blaming culture, which
suggests that unsafe behavior may be influenced by workload, supervision, competence, peer norms,
equipment, design, and production incentives. Therefore, the purpose of behavioral observation and
collection should be to identify the system antecedents and provide corrective action, as opposed to counting
violations.

The final model demonstrates that, while it is tempting to interpret the occupational category as managerial,
mid, or low, this should be avoided. Average safety-performance ratings did not differ sufficiently to warrant
distinction based on role in the synthetic analysis. Therefore, formal hierarchy may not be the dominant
design feature of safety-performance management. Future studies using real data are advised to test this
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hypothesis using multilevel models that distinguish worker-level, crew-level, and project-level safety-
performance indicators.

6. Theoretical Implications

This paper endorses an integrated socio-technical approach to construction safety. In this regard, rather than
treating safety culture as a standalone construct, this paper links leadership and resource allocation to safety
culture. This paper also proposes that training and communication are the transmission mechanisms through
which the organization’s intent is transformed into the competence, collective understanding, and speaking
up of employees. This paper retains behaviour as an important pathway, without reducing safety
performance to individual choice. This structure aligns with the contemporary focus towards leading
indicators of safety, learning systems, and resilience (Xu et al., 2023; Trinh & Feng, 2022).

7. Managerial and Policy Implications

In the construction industry, organizations need to make their safety-related commitments more visible
through budget protection and timely closure of actions to address identified safety risks; provide
supervisory level full authority regarding the decision to prioritize the control of risk over the pressure to
meet production targets; and, finally, supporting visible decisions regarding the control of risk. A robust
safety-related budget should cover priority safety controls, as well as the provision of adequate resources
and regular replacement of personal protective equipment (PPE). Safety-related budgets should also resist
cost cutting.

Behavioral safety should be implemented with the goal of increasing safety rather than blaming individuals
for failing to comply. Training systems should verify competence, and ensure employees who have not been
active for a significant period of time are assessed to ensure they remain competent. Leading safety indicators
should focus on the closure of reported hazards, training and competence, learning from near misses, the
quality of permits, and regular safety inspections. These suggest the intent of ISO 45001, along with the
Occupational Safety, Health and Working Conditions Code, 2020.

8. Conclusion

Following the analysis derived from the thesis, the discrete constructs of leadership, competence, technology,
resources and communication demonstrate that safety culture within construction is an organizational
outcome. Of all the factors considered, management commitment was the strongest and most important.
Positive contributions were also observed for safety training and safety communication, with financial
constraints observed to have a negative impact. Safety culture is related to both direct and indirect safety
performance via behavior-based safety. The overall model confirms the notion that to a greater extent than
previously recognized, safety culture is shaped by all the components of the system, both visible and invisible,
including management commitment, safety training, and safety communication. The overall model, however,
should be viewed from an analytical perspective as opposed to an epidemiological perspective. This is
primarily due to the artificial nature of the dataset. The next phase of research should be undertaken in a
more comprehensive field setting to validate the model.

9. Limitations and Future Research

The main factor limiting this study was the synthetic nature of the dataset. The reported N=450, city
allocation, and numerical estimates are demonstrations at the methodological level and cannot be used to
find the real prevalence, the performance of companies, or causal effects in Chennai or Coimbatore. The cross-
sectional nature of the data also prevents the making of any causal inferences, and all constructs have been
represented through self-report Likert-type responses. Some AVE values were below 0.50, signaling the need
for review of the items during field validation.

The syringe data has to be replaced with primary ethical data as the first step. The measurement invariance
for the different job groups and for the different cities has to be studied. Since the data for different levels of
the organization is nested, such as employees in teams and teams in projects, the data has to be modeled at
the different levels. Longitudinal studies have to analyze whether changes in management focus and
commitment on competence and involvement have an impact on changes in safety and behavior at work.
Diversifying the data sources, such as digital data logs of incidents and behavior at work, and incorporating
other methods such as objective leading indicators, could help in minimizing common method bias.
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