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ABSTRACT

Introduction: Cultivating a generative Health, Safety, and Environmental (HSE) culture represents more than a strate-
gic priority. It has become a core determinant of organizational resilience, sustainability, and operational excellence. 
As organizations challenge increasingly complex risk environments, the shift toward proactive, learning driven cul-
tural systems has become essential.  Methodology: This study assesses a several year cultural enhancement initiatives 
within a high risk multinational oil and gas setting, using a longitudinal mixed-method design that allowed systematic 
tracking of cultural progression and the integration of quantitative maturity scores with qualitative thematic under-
standings. Result: The findings resulted significant improvements across five primary dimensions such personality, 
work satisfaction, company feedback, superior commitment, and improvement. It supported by marked calculated 
in psychological safety, operational risk awareness, leadership commitment, employee engagement, and continuous 
learning. Mean scores rose from the lower 3-point range in 2021 to nearly 4.0 and above by 2024, showing a clear 
shift toward a generative culture. These cultural advancements were accompanied by measurable performance 
outcomes, including reduced near-miss occurrences, a decline in LTIFR, and increased hazard reporting through a 
digital platform. Conclusion: The study highlights the impact of integrated leadership, communication, and learning 
systems in accelerating cultural maturity and outlines practical pathways for set in sustainable HSE practices. Future 
research should extend these understandings across diverse sectors and incorporate objective performance indica-
tors and emerging technologies to deepen understanding of generative culture development. 
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INTRODUCTION

Organization worldwide is under increasing pressure 
to strengthen their commitment to sustainability, 
operational excellence and worker’s wellbeing. The 
integration health, safety and environment (HSE) 
management has become a strategic imperative 
rather than a regulation requirement (1,2). Traditional 
approaches that often compliance drive and reactive in 
nature are no longer sufficient to sustain performance 
in complex, high risk and fast changing industries (3,4). 

Consequently, organizations are shifting their focus 
towards fostering a generative culture which the most 
mature level of safety and health where individual 
act proactively, learn continuously, and take shared 
responsibility for health, safety and environment (5,6). 
The notion of a generative culture is characterized 
by proactive learning, shared accountability and 
collective mindfulness that represents the highest level 
of HSE cultural maturity and foundation for sustainable 
performance. 

A strong safety culture ensure that high hazard operations 
are performed safely, reliably, and consistently. Safety 
culture ladder serves as a practical roadmap for 
organization to assess their current cultural maturity and 
set the improvement targets (7,8,9). It captures both the 
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underlying values, beliefs, and attitude that shape how 
people feel about safety, the observable behaviours that 
demonstrate how safety is practiced. When a positive 
culture is reinforced by an effective management 
system, it becomes one of the most powerful initiatives 
of sustained safety performance (2,10). The ladder 
model recognizes that organizational culture evolves 
progressively, moving through stages from pathological 
to reactive, calculative, proactive, and ultimately 
generative as Figure 1. This progression reflects the 
initiative from having systems only “in place” to being “in 
operation,” then “effective,” and finally “sustainable,” 
representing continuous cultural advancement toward 
excellence in HSE (11,12,13).

Generative safety culture concepts and maturity 
frameworks have been applied most visibly in high-risk 
sectors (14,16,17) such as oil & gas, petrochemicals, and 
heavy construction such United Kingdom, Netherlands, 
Norway and Australia (18,19,20). The regulators and 
industries being a core and promote maturity based 
assessment and continuous assessment. These sectors 
experience shows that moving up the safety ladder 
typically involves leadership commitment, contractor 
integration, and systematic learning practices (20). The 
movement towards sustainable generative culture offers 
a critical pathway to organizational excellence (21,22). 
It aligns with broader framework such environmental, 
Social and Governance (ESG) principles and the United 
Nations’ Sustainable Development Goals (SDGs) that 
reinforcing the idea that safety, health and environmental 
performance are integral components of sustainable 
success (23). Understanding how organizations fostering 
this form of culture can provide valuable visions into 
leadership commitment, employee empowerment, 
organizational learning, and system integration means 
all of these are contribute to long term excellence 
(24,25). 

In Malaysia context, the literature shows growing 
interest and developing evidence base which research 
since 2007 has concentrated on healthcare, oil and gas, 
construction with several review articles on accident in 
process plant, adapted assessment tools and tailoring 
intervention for local industries (26,27). Limited studies 
on evidence of sustained movement into generative 
band. It is signalling an opportunity for intervention based 
studies that document measurable cultural change. This 
study was grounded in three complementary models 
explaining how safety culture evolves toward generative 
maturity (28). Hudson’s Safety Culture Ladder provided 
the core framework, viewing safety culture as progressing 
through five levels from Pathological to Generative 
(11,29). Reason’s Swiss Cheese Model highlighted how 
systemic barriers and latent conditions contribute to 
incidents, linking cultural maturity to stronger defence 
layers through leadership and communication (30,31). 
Cooper’s Reciprocal Safety Culture Model emphasized 
the interaction between psychological, behavioural, and 
situational factors shaping safety performance. These 
frameworks established a multidimensional foundation 
showing that a generative HSE culture emerges 
through continuous learning, systemic resilience, and 
psychological empowerment. 

Building on these foundations, a conceptual model 
was developed to integrate cultural, psychological, 
and organizational factors leading to a generative 
HSE culture and ultimately organizational excellence. 
The model positions safety culture maturity as a 
continuous pathway driven by three key elements: 
leadership commitment, psychological safety, and 
continuous learning (7,8). These factors influence both 
individual and organizational mechanisms, fostering 

Fig. 1: The Hudson Safety Culture Ladders (2024)

These growing emphasis on culture-based safety and 
sustainability, many organizations continue to operate 
within reactive or calculative level of maturity. Existing 
study has focused on safety dimension, with limited 
integration of health and environmental factors that 
shape holistic organizational behaviour. Past studies 
leaving a limited understanding of how organizations 
in emerging regions build sustainable generative culture 
within their social, economic and regulatory contexts 
(14). The insufficiency of empirical evidence on 
practical interventions that successfully foster generative 
behaviours highlights crucial research gaps. 

Traditional HSE improvement strategies remain heavily 
compliance-focused, with limited attention to mental, 
emotional, and psychological aspects that influence 
safe behaviour. Human factors, mental wellness, and 
psychological safety continue to be under-addressed in 
many workplaces (15). High-risk industries also struggle 
to sustain generative HSE practices beyond short-term 
initiatives, while multinational workforce diversity and 
site variability contribute to inconsistent risk awareness 
and engagement. These issues reinforce the need for a 
scalable, people-centred strategy capable of embedding 
generative culture across all phases of organizational 
activities.
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Data were collected annually using the HSE Culture 
Maturity Assessment (CMA), which served as the core 
measurement instrument throughout the study. The CMA 
was adapted from well-established safety culture maturity 
frameworks and validated through expert review (35). It 
measured five interrelated dimensions of safety culture 
such psychological safety, operational risk awareness, 
leadership commitment, employee engagement, and 
continuous learning. Each construct was assessed using 
a 5-point Likert scale, where 1 represented “Strongly 
Disagree”, 3 represented “Neutral”, and 5 represented 
“Strongly Agree”. Scores were interpreted as indicators of 
cultural maturity such Scores ranging from 1.00 to 2.49 
indicate a Pathological to Reactive culture characterized 
by compliance-based practices and low engagement; 
2.50 to 3.49 reflects a Calculative stage where systems 
are in place but ownership remains limited; 3.50 to 
4.19 represents a Proactive culture marked by learning 
orientation and shared accountability; while 4.20 to 
5.00 signifies a Generative culture, where safety is 
deeply embedded and sustained through a trust-based 
mindset. Open-ended questions were incorporated to 
elicit participants’ views on leadership, communication, 
and system effectiveness (36). 

Data were compiled and analyzed both at individual 
and departmental levels to map cultural progression 
along the five-tier HSE culture ladder as Figure 1. A 
pilot test was conducted among 100 employees from 
different operational units to assess clarity, relevance, 
and instrument reliability. The internal consistency 
of each dimension was confirmed using Cronbach’s 
alpha, which ranged from 0.86 to 0.90, indicating high 
reliability. The maturity ladder served as a diagnostic 
tool to identify the organization’s current stage and 
guide targeted improvement strategies (14,33). This 
study is based on non-clinical, industry-derived OSH 
data collected as part of routine professional practice 
and derived own long term-system. Permission to use 
the data for academic publication was obtained from the 
participating organisation. Participation was voluntary, 
and all information was treated confidentially. Ethical 
considerations were addressed through anonymisation, 
confidentiality, and organisational permission. The data 
were derived from non-interventional, routine industrial 
practices and did not involve the collection of sensitive 
personal or medical information.  The ethical approval 
received from Universiti Putra Malaysia (UPM) with 
reference number (JKEUPM-2018-100).

Quantitative data were organized and analyzed using 
Microsoft Excel and SPSS Version 26. Descriptive 
statistics were used to establish baseline conditions, 
while trend analyses to evaluated changes across the 
four-year period. Correlation analyses were performed 
to explore relationships between key constructs such 
as psychological safety, leadership commitment, and 
actual safety outcomes. Two large-scale organizational 
interventions were introduced to determine cultural 

behavioural ownership and collective mindfulness. In 
turn, a generative HSE culture acts as a bridge linking 
internal cultural maturity to external performance 
outcomes such as safety, reliability, and employee well-
being. Therefore, the aim to explore how a structured 
organizational initiative can foster a sustainable HSE 
generative culture and drive continuous improvement 
across multiple dimension performance. The study 
explores the key factors that supported and hindered the 
implementation of a culture transformation program, as 
well as the outcomes achieved through this initiative 
in large scale industrial organization. the evaluation of 
changes in perception, behaviour, and system maturity 
can be establishing a framework that connects HSE 
generative culture with organizational excellence.

The findings contribute to existing knowledge by 
integrating sustainability principle into HSE maturity 
models and demonstrating how generative behaviour 
can become catalysts for innovation, resilience, and 
long-term organizational success. This paper provides 
a replicable pathway for organization aiming to embed 
sustainable generative culture as a foundation for 
excellence. 

METHODS

This study was chosen longitudinal mixed-method design 
conducted over years within a multinational oil and gas 
company operating in a high-risk environment (32). The 
longitudinal approach was selected to allow systematic 
tracking of cultural progress over time, capturing both 
short-term and sustained effects of interventions on 
organizational behaviour, leadership engagement, and 
workforce perception. The design assist in the integration 
of quantitative survey data with qualitative thematic 
findings that contribute more understanding of the 
mechanisms supporting the development of a generative 
Health, Safety, and Environment (HSE) culture. 

Qualitative data were obtained through open-ended 
survey questions and reflection sessions conducted 
during the annual assessments (33,34). These responses 
were analyzed using a thematic analysis approach, 
providing contextual perceptions that complemented 
the quantitative findings. The process involved 
familiarization with the data, coding of recurring 
concepts, and modification of themes. Through this 
analysis, five dominant themes were identified in 
shaping generative safety culture development: (1) 
Personality, referring to individual traits that influence 
safety attitudes and behaviours; (2) Work Satisfaction, 
encompassing employee morale, motivation, and 
perceived recognition; (3) Company Feedback, denoting 
the quality of communication and responsiveness to 
employee input; (4) Superior Commitment, reflecting 
leadership involvement and role modelling; and (5) 
Improvement, representing continuous learning and 
innovation within HSE practices. 
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transformation. The first focused on psychological 
safety, promoting openness, empathy, and trust 
through leadership workshops, peer coaching, and 
communication training. The second emphasized 
operational risk strengthening, incorporating scenario-
based training, behaviour reinforcement tools, and 
a digital safety reporting system for real-time hazard 
feedback. These initiatives supported the shift from a 
reactive to a generative safety culture built on shared 
ownership and continuous improvement. 

RESULTS

The longitudinal assessment of the organization’s 
HSE culture over years demonstrated significant 
and sustained improvements across all five primary 
dimensions personality, work satisfaction, company 
feedback, superior commitment, and improvement 
which each of which was further examined across 
five interrelated sub-domains: psychological safety, 
operational risk awareness, leadership commitment, 
employee engagement, and continuous learning. 

The mean scores in 2021 for personality ranged from 
2.7 to 2.9 across sub-domains, work satisfaction varied 
between 2.9 and 3.1. company feedback showed slightly 
lower scores of 2.7–2.8, superior commitment ranged 
from 2.8 to 3.1, and improvement scored 2.7–2.8. All 
dimensions and sub-domains had increased clearly by 
year 2024, with mean values between 3.95 and 4.12, 
signalling progression toward a generative HSE culture 
as per Table I. 

Paired-sample t-tests showed statistically significant 
improvements across the four-year period as per Table 
II. The mean score for personality increased from 2.85 to 
4.10 (t = 12.45, p<0.001), work satisfaction from 3.02 to 
4.02 (t = 10.97, p<0.001), company feedback from 2.78 
to 4.05 (t = 11.32, p<0.001), superior commitment from 
3.00 to 4.00 (t = 10.50, p<0.001), and improvement 
from 2.75 to 3.98 (t = 10.12, p<0.001). 

Correlation analyses resulted in the relationship between 
HSE dimensions and key safety outcomes, including 
near-miss reporting and Lost Time Injury Frequency Rate 
(LTIFR) as per Table II. Superior commitment exhibited 
a strong negative correlation with incident rates (r= 
–0.78, p<0.01), indicating that higher leadership 
engagement was associated with fewer workplace 
incidents. Company feedback also correlated negatively 
with incident rates (r= –0.72, p<0.01), suggesting that 
effective communication and responsiveness reduced 
risk exposure. positive correlations were observed 
between personality and employee engagement (r= 
0.68, p<0.01), and between work satisfaction and 
participation in safety committees (r= 0.65, p<0.01), 
indicating that individual traits and morale were linked 
to proactive safety behaviours. improvements in the 
improvement dimension, reflecting continuous learning, 

Table I: Descriptive Result of HSE Dimensions

HSE Dimension Sub Domain 2021 2024 Mean

Personality
Psychological 
Safety

2.8 4.12 1.32

Operational Risk 
Awareness

2.9 4.05 1.15

Leadership Com-
mitment

2.7 4.00 1.30

Employee Engage-
ment

2.9 4.03 1.13

Continuous Learn-
ing

2.8 4.00 1.20

Work Satisfac-
tion

Psychological 
Safety

2.9 4.05 1.15

Operational Risk 
Awareness

3.0 4.08 1.08

Leadership Com-
mitment

2.9 4.00 1.10

Employee Engage-
ment

3.0 4.02 1.02

Continuous Learn-
ing

2.9 4.05 1.15

Company 
Feedback

Psychological 
Safety

2.7 4.02 1.32

Operational Risk 
Awareness

2.8 4.05 1.25

Leadership Com-
mitment

2.7 4.00 1.30

Employee Engage-
ment

2.8 4.05 1.25

Continuous Learn-
ing

2.8 4.03 1.23

Superior Com-
mitment

Psychological 
Safety

2.8 4.05 1.25

Operational Risk 
Awareness

2.9 4.00 1.10

Leadership Com-
mitment

3.0 4.05 1.05

Employee Engage-
ment

2.9 4.03 1.13

Continuous Learn-
ing

2.8 4.00 1.20

Improvement
Psychological 
Safety

2.7 3.95 1.25

Operational Risk 
Awareness

2.8 4.00 1.20

Leadership Com-
mitment

2.7 3.95 1.25

Employee Engage-
ment

2.8 3.98 1.18

Continuous Learn-
ing

2.7 3.95 1.25

correlated positively with hazard reporting through the 
digital safety platform (r=0.62, p<0.01), demonstrating 
the role of learning mechanisms in supporting generative 
safety culture as per Table III. 

Reported near-misses declined by approximately 28%, 
and LTIFR improved from 1.6 to 0.95. The integration 
of digital safety reporting tools contributed to a 12% 
increase in hazard submissions, supporting real-time 
feedback and continuous learning. These findings 
indicate that the interventions not only strengthened the 
organization’s HSE culture across multiple dimensions 
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Table II: Changes over Time of HSE Dimensions

HSE Dimension Sub Domain t-value p-value

Personality Psychological Safety 12.45 <0.001

Operational Risk Awareness 3.02 0.085

Leadership Commitment 8.12 0.002

Employee Engagement 2.15 0.12

Continuous Learning 6.50 0.01

Work Satisfaction Psychological Safety 7.20 0.005

Operational Risk Awareness 1.95 0.14

Leadership Commitment 4.80 0.03

Employee Engagement 3.60 0.06

Continuous Learning 5.10 0.025

Company Feedback Psychological Safety 10.32 <0.001

Operational Risk Awareness 2.80 0.09

Leadership Commitment 6.50 0.01

Employee Engagement 4.20 0.035

Continuous Learning 1.95 0.12

Superior Commitment Psychological Safety 8.10 0.002

Operational Risk Awareness 3.20 0.07

Leadership Commitment 10.25 <0.001

Employee Engagement 4.50 0.03

Continuous Learning 2.85 0.08

Improvement Psychological Safety 5.12 0.025

Operational Risk Awareness 3.25 0.065

Leadership Commitment 4.10 0.04

Employee Engagement 2.55 0.09

Continuous Learning 3.90 0.055

Table III: Relationship between HSE Dimensions and Key Safety Outcomes

HSE Dimension Sub Domain r-value

Personality Psychological Safety –0.70

Operational Risk Awareness –0.42

Leadership Commitment –0.55

Employee Engagement –0.30

Continuous Learning –0.60

Work Satisfaction Psychological Safety –0.65

Operational Risk Awareness –0.28

Leadership Commitment –0.50

Employee Engagement –0.35

Continuous Learning –0.48

Company Feedback Psychological Safety –0.72

Operational Risk Awareness –0.40

Leadership Commitment –0.62

Employee Engagement –0.55

Continuous Learning –0.30

Superior Commitment Psychological Safety –0.75

Operational Risk Awareness –0.50

Leadership Commitment –0.78

Employee Engagement –0.60

Continuous Learning –0.45

Improvement Psychological Safety –0.63

Operational Risk Awareness –0.42

Leadership Commitment –0.55

Employee Engagement –0.38

Continuous Learning –0.45
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and sub-domains but also translated into measurable 
improvements in safety performance and workforce 
engagement.

DISCUSSION

The findings from this longitudinal study demonstrate 
significant progress in the organization’s HSE culture 
across five key dimensions and sub-domain (29). 
The upward trends suggest that the implemented 
interventions successfully assist movement along the 
safety culture maturity range, supporting the concept that 
multi-dimensional approaches addressing individual, 
interpersonal, and organizational factors are critical for 
fostering a generative safety culture. This is consistent 
with prior study showing that maturity model assessments 
provide action understandings for organizations aiming 
to progress from compliance-based safety management 
toward proactive and generative practices (14,22).

Several sub-domains, such as Personality–Psychological 
Safety (t=12.45,p<0.001), demonstrated statistically 
significant improvements, others, like Work Satisfaction–
Operational Risk Awareness (t=1.95,p=0.14), showed 
only marginal changes. Several sub-domains, 
Personality–Psychological Safety (t=12.45,p<0.001), 
demonstrated statistically significant improvements, 
Work Satisfaction–Operational Risk Awareness 
(t=1.95,p=0.14), showed only marginal changes. 
Previous findings are in line with highlighted the 
increase and uneven nature of safety culture maturation, 
emphasizing the need for longitudinal designs to capture 
changes.

Superior Commitment - Leadership Commitment 
showed a strong negative correlation with incident 
rate (r= –0.78), as  Company Feedback–Psychological 
Safety (r= –0.72), indicate that leadership visibility, role 
modelling, and robust feedback mechanisms are crucial 
determinants of operational safety. In contrast, weaker 
correlations in sub-domains such as Improvement–
Employee Engagement (r=–0.38) suggest that continuous 
learning initiatives alone, without reinforcing leadership 
and communication structures, may not immediately 
explain into reductions in incidents. These findings 
reflect international evidence (37,38) observed that 
in the Rotterdam major hazard industries, leadership 
commitment and systemic communication were 
stronger predictors of safety improvement than general 
engagement metrics alone. Similarly, (38) in China 
enterprises found that maturity progression requires 
alignment across leadership, process systems, and 
employee behavioral engagement.

From a comparative perspective, the organization 
under study shows good results when benchmark 
against international evidences. In Indonesian hospitals, 
(40) reported that most institutions remained at the 
proactive rather than generative stage, while in China, 

(39) observed that enterprises achieving generative 
maturity relied heavily on structured assessment, 
leadership reinforcement, and continuous learning 
mechanisms. This suggests that while the organization 
has made substantial progress achieving fully embedded 
generative culture is an iterative process that may benefit 
from further strengthening of leadership commitment 
and feedback loops, particularly in dimensions with 
weaker t-test significance.

Critically, these results also highlight limitations 
essential to survey-based maturity assessments. 
Furthermore, correlation analysis does not indicate 
interconnection; strong negative relationships between 
leadership commitment and incident rates should 
be interpreted cautiously, as other organizational or 
environmental factors may contribute. However, linking 
survey outcomes with perceptible safety performance 
indicators (LTIFR decrease from 1.6 to 0.95, near-miss 
reporting increases) strengthens the validity of the 
observed cultural improvements. 

This finding provides several practical implications 
that can support organizations in cultivate a generative 
HSE culture. First, leadership commitment is essential, 
as visible prioritization, consistent role modelling, and 
the alignment of strategic and operational objectives 
are strongly associated with clear safety outcomes. 
Second, fostering psychological safety and maintain 
open communication channels allows employees 
to report hazards and near misses more confidently, 
thereby strengthen engagement and organizational 
learning. Third, embedding continuous learning 
through structured feedback loops, scenario-based 
training, and digital reporting platforms supports the 
shift from a reactive approach to more proactive and 
generative safety culture. Future research should 
broaden the generalizability of these findings by 
implementing comparable interventions across varied 
industries and regions. Longer-term longitudinal 
studies could assess the durability of generative safety 
culture, while the inclusion of objective behavioral and 
performance indicators would enhance the robustness 
of cultural maturity assessments. Mixed-method designs 
supported by machine-assisted qualitative analysis 
may further reduce interpretive bias. Examining how 
emerging technologies interact with psychological and 
organizational dynamics could offer deeper insight into 
factors that accelerate advancement along the safety 
culture maturity range.

CONCLUSION

This study demonstrates that targeted interventions can 
effectively enhance generative HSE culture in high-risk 
industrial settings. Across key dimensions Personality, 
Work Satisfaction, Company Feedback, Superior 
Commitment, and Improvement employees reported 
and demonstrated greater engagement, trust, and 
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ownership of safety practices, supported by sub-domains 
such as Psychological Safety, Leadership Commitment, 
Employee Engagement, and Continuous Learning. 
Leadership visibility, open communication channels, 
and structured learning opportunities emerged as critical 
enablers for embedding cultural change and improving 
tangible safety outcomes. The findings underscore that 
generative HSE culture is not a fixed achievement but a 
dynamic, continuous process, requiring the integration 
of human, technical, and organizational factors to 
sustain safety performance and drive organizational 
excellence over time.

LIMITATION

Despite the robust longitudinal design, several limitations 
must be acknowledged. First, the dependence on self-
reported survey data introduces potential bias, including 
social desirability and overestimate of safety behaviors. 
While the inclusion of objective safety indicators (LTIFR, 
near-miss reporting) mitigates this risk, the alignment 
between perceived culture and actual practices may not 
be perfect. Second, although the sample size was large 
and response rates consistently exceeded 80%, the study 
was conducted within a single multinational organization 
operating in a high-risk offshore environment. 
Consequently, generalizability to other industrial sectors 
or national contexts may be limited. Third, correlation 
analyses, while useful for exploring associations, do 
not establish causal relationships. Finally, the thematic 
analysis of qualitative data, although systematically 
coded, remains subject to interpretive bias essential in 
manual coding procedures.
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