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Abstract. The results of development, testing and implementation of the process of occupational safety culture
management in a fuel and energy company including the assessment of current state, assessment of deviation, formation
of control action and its implementation are presented. Using the methods of mathematical analysis, the components
of occupational safety culture and criteria for their evaluation were developed. As a control action, a procedure for
conducting behavioural safety audit was elaborated and implemented. Proceeding from the results of analysing average
ratings of safety culture components among the employees prior to and after the introduction of behavioural safety
audit, it was concluded that there was a statistically significant increase in the average values of 12 out of 16 ratings
of safety culture components. Analysis of the results of 1,011 audits showed the absence of an “alarm area” at the
enterprise. Introduction of the developed process management model promotes an increase in the efficiency of attaining
a high level of occupational safety culture in fuel and energy companies.

Keywords: occupational safety culture; control model; alarm area; behavioural safety audit; risk-oriented
approach
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Introduction. Rosstat notes a high level of production injuries at fuel and energy enterprises: in
2021, 1,743 injured persons (8.1 % of total number) were recorded at mining facilities only, 179
(14.9 % of total number) of them were fatal cases!. That is why, under regular changes in national
and international requirements of the regulatory framework on labour protection, fuel and energy
companies consistently take measures aimed at preserving the life and health of workers as the great-
est values [1, 2]. The fact that Russia joined the international movement of zero accident reasonably
confirms the readiness of the state to transform the available management mechanisms taking into
account global practice and is a necessary condition for the progressive and safe development of the
country [3-5].

Modern trends in development of occupational safety are concentrated under the framework of
a single conceptual risk-oriented approach, which is based on the methodology for analysing and
managing risks of different nature, which is accessible, practically applicable and easily integrated
into the existing management systems, and the implementation of which leads to creation of a high
culture of occupational safety [6].

With introduction of GOST R ISO 45001-2020 “Occupational safety and health management
systems. Requirements and application guidelines™ identical to the international standard 1SO

! Industrial injuries in the Russian Federation in 2021. Federal State Statistics Service 2022. Form 7. Information on
industrial injuries and occupational diseases. URL: https://rosstat.gov.ru/working conditions (accessed 12.06.2022).

2 GOST R ISO 45001-2020 “Occupational safety and health management systems. Requirements and application guidelines”.
URL: https://docs.cntd.ru/document/1200175068 (accessed 12.06.2022).
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45001:2018, the management model underwent progressive changes based on integration of the best
practices and processes of occupational health and safety management into the business processes of
the organization necessary to achieve its strategic goals. The ideology of the standard rightly puts an
equal sign between the assessment of the efficiency of organization on labour protection and the
assessment of economic efficiency [7].

Among the key innovations of the standard is introduction of a process approach, which allows
the organization managers to carry out rational planning of the processes, coordinate their interaction
and control the quality and priority of their implementation. The standard points to the dynamism of
the methodology and management practices through evaluation of performance indicators, search for
opportunities and continuous improvement of business processes efficiency [7].

At the same time, it should be noted that at present, in the Russian regulatory and legal environ-
ment there is no single comprehensive methodology for the quantitative assessment and management
of the occupational safety culture taking into account the industry context, and realization of initia-
tives for its development and implementation is of local nature and is, to a greater extent, within the
company's area of responsibility. Therefore, the development of a new quantitative approach to
assessing the efficiency of occupational safety culture management is of great scientific and practical
importance for the fuel and energy sector.

The purpose of this study is to develop a model for improving the process of managing occupa-
tional safety culture at a fuel and energy enterprise as a necessary element in creating a preventive
policy to reduce industrial injuries.

The purpose determines the statement and solving of the following main tasks:

« analysis of available methods for assessing the level of occupational safety culture;

* development of the process of occupational safety culture management based on the proprietary
methodology of its assessment and person-centred involvement of employees of all professional
categories in decision-making process;

* development and implementation as a local regulatory act of the procedure for conducting
behavioural safety audit (BSA) as a control action based on monitoring of qualitative and quantitative
indicators with a possibility of graphical interpretation of the obtained data;

» assessment of the results of implementation of the developed methodology for conducting the
BSA and its impact on safety culture level at the enterprise based on statistical data analysis;

» drawing up a corrective action plan to eliminate the “alarm area”, a plan of activities to improve
the level of occupational safety culture and a thematic advanced training program for company
managers.

Stagewise implementation of the developed model into management system of the company
makes it possible to increase the efficiency of managerial decisions and form the necessary be-
havioural mechanisms of employees in occupational safety culture.

Methods. Currently, there are a number of methodological approaches [8-12] and private
practices to assess the maturity of occupational safety culture in companies [13-16]. The most
popular internationally recognized industry models are the Bradley curve, M.Fleming's maturity
model and P. Hudson's model. Each of these models is based on the experience of many leading
companies and demonstrates the evolution stages of occupational safety management system.
Thus, for example, DuPont contains over two million questionnaires in its database covering a
wide range of industries in 45 countries and over 10.000 enterprises, which allow visualizing the
results of assessing the company's key safety culture indicators in the form of a Bradley curve’
and comparing with other companies of the industry. The questionnaire contains 24 questions in
three blocks: leadership, process and actions, and structure.

3dss+ Bradley Curve™. DSS Sustainable Solutions —2022. URL: https://consultdss.com/bradley-curve (accessed 12.06.2022).
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than 120 large companies around the
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Fig.1. Scheme of the process model of occupational safety culture In the course of the II All-Russian
management system study of the practices of safety culture,
labour protection and occupational
safety* conducted in 2019 with participation of over 600 employees and managers of different indus-
trial enterprises in the country, an adapted model of P. Hudson was used. As a result, it was concluded
that 57 % of companies are at a reactive level of occupational safety culture (characterized by a rela-
tively formal attitude of employees to occupational safety issues and response to incidents that had
already occurred), 35 % are at an engaging level (having low injury rates due to awareness of em-
ployees of responsibility for their own safety in the absence of a significant progress due to a lower
efficiency of the available procedures compared to companies with a higher level of occupational
safety culture).

In this study, an assessment of the level of occupational safety culture of a fuel and energy com-
pany of Russia was carried out using the method of a two-stage survey of employees, for the imple-
mentation of which two questionnaires were specially drawn up. The first questionnaire included
10 questions allowing to assess certain sociobiographic characteristics of employees (age, length of
service, position held, etc.). The second questionnaire contained questions to assess 16 identified
safety culture components [18].

To manage the occupational safety culture in terms of the management system, a process model
was developed based on the principles of GOST R ISO 45001-2020 (Fig.1).

According to the developed model, the control object is occupational safety culture, and the goal
of control is to achieve its acceptable level. The developed control model was tested and implemented
in one of pipeline companies.

Assessment of the current state of occupational safety culture was accomplished in the study
[18] based on the methods of statistical data analysis using the results of a two-stage survey of
614 employees of a pipeline company. The values of average assessments of safety culture com-
ponents were identified with further cluster and variance analyses.

41I All-Russian study of the practices of safety culture, labour protection and occupational safety. Industry Consulting Ecopsy —
2020. URL: http://hse-russia.ru/research (accessed 12.06.2022).
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The next element of the developed model is the assessment of deviation, which is the interpreta-
tion of data obtained from the assessment of the current state of data and taking decisions on the
acceptability of risks as well as the development of necessary measures on occupational safety in
accordance with the concept of the risk-oriented approach. Thus, 152 (24.8 %) of the 614 surveyed
employees rated safety culture in their organization at a low level (the remaining 75.2 % — at medium
and high). Among them are mainly employees who do not believe that it is possible to fulfil all safety
requirements and are not ready to interrupt the technological process when violations of safety
requirements are detected.

As a response to the identified deviations, another element of the process model is formation of
control action. In this study, the control action is interpreted as the BSA procedure which became
widespread in the international practice and involves the observation and discussion by the manager
of the employee’s actions and conditions at his workplace, the assessment of the identified hazardous
actions/conditions and the use, if necessary, of preventive measures. Psychological aspects
of the BSA procedure with good reason distinguish it from other types of control and allow changing
the attitude of employees to safety involving them in co-management of occupational safety culture
regardless of experience and position.

As part of the study, a methodological approach to assessing and monitoring the BSA results
was developed which provides for the auditor to fill out a report form during conversation in which
all the identified violations are noted and proposals for preventing their recurrence as well as correc-
tive actions [19]. The analysis of the observed actions/conditions is carried out in seven categories
(response of the employee/employees, actions of the employee/employees, workwear and PPE, tools
and equipment, rules and regulations, workplace, transport). For each category of observation, from
3 to 12 (40 in total) audit criteria were developed. Description of the employee's actions or conditions
at his workplace for the observed categories is evaluated in terms of compliance with one of two
qualitative indicators: “hazardous” and “not applicable”. The BSA results are analysed to determine
a number of quantitative indicators including N, (average value of hazard indicators of one performed
audit based on results of all audits conducted over a selected period of time) and N, (average value
of hazard indicators of the observed category of one performed audit based on results of all audits
conducted for a selected period of time). When developing hazard indicators, the approach of com-
putation ease, practical value with the required degree of detail and the possibility of visualizing the
results was applied. It should be noted that based on the outcomes of testing the developed recom-
mendations for organizing and evaluating the BSA results, a local regulatory act of the fuel and energy
company was approved and put into effect.

Final element of the control model is presented as realization of control action — dynamic imple-
mentation of the developed methodology for conducting BSA at the pipeline enterprise under study,
analysis of the results obtained and taking corrective actions and proactive measures [19].

To assess the efficiency of control action on the control object, it is necessary to re-survey the
employees for determining the current level of occupational safety culture comparing the data ob-
tained with the data of initial assessment. 1,173 employees of the pipeline company participated in
the repeated survey. Taking into account different number of employees who took part in the initial
and repeated surveys (614 and 1,173 persons, respectively), for comparing the results, it is necessary
to comply with the representative sample condition. One of determining factors contributing to re-
solving the problem of a reasonable choice of the population size is the knowledge of characteristics
of the universe (composition and structure of objects, composition of features and a possibility of
their measurement, number, temporal and spatial determination). The analysis of these characteristics
(both at the stage of sampling, and at the stage of logical statistical processing of dataset obtained)
allows drawing conclusions about representativeness of the sampling population. At the same time,
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Average assessments of safety culture
components

Fig.2. Distribution of average assessments of safety culture components by professional categories
of employees prior to and after implementation of control action

Professional categories: I — managers; II — specialists; III — workers
(initial assessment and re-assessment)

Safety culture components: 1 — motivation; 2 — risk management; 3 — evaluation
of occupational safety and labour protection service (HSE) performance; 4 — transparency, information
availability; 5 — competencies and training of employees in HSE; 6 — trust; 7 — reporting violations; 8 — assistance
from other employees; 9 — evaluation of performance of managers to ensure safety; 10 — assessment of resources to ensure
safety; 11 — learning from past mistakes; 12 — personal responsibility for safety; 13 — personal discipline and commitment;
14 — assessment of communications within organization regarding safety issues; 15 — involvement of employees in ensuring
safety; 16 — personal interest in safety

when constructing a representative sample model, it is possible to ensure validity of the results [20].
Thus, all employees were divided into groups depending on their belonging to one of three profes-
sional categories: workers, specialists and managers. A histogram of the distribution of average
ratings of safety culture components based on the results of initial and repeated assessments for
various categories of employees was constructed (Fig.2).

Results of re-assessment of the level of occupational safety culture by employees of the profes-
sional category “workers” indicate an increase in average values of absolute majority (15 of 16) of
components — with the exception of the component “personal interest of employees in safety”. Em-
ployees of this professional category rated the component “assessment of managers performance on
ensuring safety” most highly.

In turn, employees of the professional categories “specialists” and “managers” changed their
assessment upwards in 13 of 16 components.

The presence of components, the assessment of which from re-survey results appeared to be
lower, confirms that the process of forming a high culture of occupational safety does not occur at
once and depends on many factors, the main of which is natural resistance of employees to changes
in occupational safety, especially with innovations [1, 21]. Practice shows that over time, the imple-
mentation of behavioural safety processes has a positive impact [22-25] and reduces the number of
accidents and injuries in companies [26-29].

For the statistical evaluation of the confidence of changes that occurred as a result of BSA intro-
duction in the assessment of employees, Student's z-test was used, the calculation of which was carried
out in the STATISTICA software package using Pearson and Levene tests to check the samples for
normality and homogeneity of variances.

72

This is an open access article under the CC BY 4.0 license



DOI: 10.31897/PMI.2023.12 Journal of Mining Institute. 2023. Vol. 259. P. 68-78 %
© Elena B. Glebova, Alla T. Volokhina, Alexey E. Vikhrov, 2023

Null hypothesis of Student's #-test assumes that mean values of two universes from which
the compared independent samples were drawn are the same. STATISTICA software provides for
a possibility of evaluating the criterion using p-significance level: if p < 0.05, null hypothesis about
the equality of the means is rejected in favour of the alternative one. Therefore, in this case,
the difference in the assessment of the occupational safety culture component prior to and after BSA
introduction is recognized as statistically significant.

Based on results of analysing average ratings of safety culture components by employees of the
professional category “workers” prior to and after BSA introduction, it was concluded that there was
a statistically significant increase in average values of ratings of safety culture components (motiva-
tion; risk management; transparency, information accessibility; competencies and training of employ-
ees in HSE; trust; incident reporting; assistance from other workers; assessment of resources for en-
suring safety; personal responsibility for safety; personal discipline and commitment; assessment of
communications in the company regarding safety and involvement of employees in ensuring safety),
p-significance level of Student's test which is less than 0.05 while observing the conditions of distri-
bution normality and equality of sample variances. At the same time, workers do not demonstrate
changes in the following components: assessment of HSE efficiency; assessment of managers perfor-
mance to ensure safety; learning from past mistakes; personal interest of employees in safety [30].
It should be noted that similar studies were carried out for one of coal companies with total number
of surveyed employees over 200. There is a correlation between the results obtained and the results
of this study.

Discussion of results. In the presented study, it was found that control action in the form of
regular BSA statistically significantly increased the level of occupational safety culture among em-
ployees in the professional category “workers” in 12 of 16 components.

To validate the findings and prove that a high level of safety culture leads to a reduction in the
number of safety violations by employees when accomplishing the production tasks, data from 1,011
behavioural safety audits conducted during the third and fourth quarters of 2019 at the investigated
enterprise were analysed. For a visual assessment of the dynamics of BSA results, a petal diagram of
changes in hazard indicator N, of the enterprise under 1
study was constructed (Fig.3).

This graphical interpretation makes it possible to
identify improvements as well as problem areas in obser-
vation categories (called alarm areas) the values of hazard
indicators of which increased relative to those obtained
from previous observations, to take targeted measures in
relation to them. Presence and/or systematic repetition of
“alarm area” detection is an important signal to managers
about the prerequisites for an incident. The data obtained
point to a significant decrease in the indicator in most ob-
servation categories. Thus, according to the results of
BSA procedure implementation, there is no “alarm area”
at the level of the enterprise under study. IIT quarter of 2019 IV quarter of 2019

Taking into account the zero accident model adopted
by the company's managers, it is assumed that in its ac-
tivities in various business processes, the organization

Fig.3. Dynamics of changes in hazard indicator
of the company based on results of 1,011 BSA

1 —response of employee/employees; 2 — actions

strives to achieve a “zero alarm area”. As part of the im- of employee/employees; 3 — workwear and PPE;
. . . . 4 —tools and equipment; 5 — rules and regulations;
plementation of this strategy, an approximate corrective 6 — workplace; 7 — transport
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action plan was developed to eliminate the “alarm area” at the enterprise, a fragment of which is
presented in Table 1 using the “tools and equipment” category as an example.

Table 1
A fragment of corrective action plan to eliminate the “alarm area” at a fuel and energy enterprise.
in “tools and equipment” category
Corrective actions Deadline Responsible person

1. Raising the priority and monitoring on an ongoing basis under personal control
of managers on implementation of upgrading programme for production sites with
outdated equipment that creates higher risks.

2. Receiving feedback from employees on the practice of using tools and equipment
including discussion of problematic issues and explaining the need to use tools and
equipment in accordance with requirements; compulsory record-keeping on comments Company
of employees during procurement.

manager,
3. Drawing-up of checklists for checking the availability, serviceability and compliance Within HSE Department
of tools and equipment with requirements. two weeks manager
together with
4. Replacement of homemade tools and equipment. department heads

5. Expression of gratitude to employees of departments in which the minimum values
of Nions hazard indicator in the category “tools and equipment” were recorded.

6. Dissemination of the results of corrective actions among all employees of the company.

7. Verify that the listed corrective actions were taken

Thus, the conducted study shows that during formation and implementation of control action at
the next stage of improving the indicators of occupational safety culture, it is necessary to pay special
attention to employees of the professional category “managers”. It is important for managers to show
leadership qualities and create conditions for a trust-based dialogue [21, 31-33], when employees are
not afraid to report violations [34-36]. The methods of forming the necessary psychological climate
in a conversation with an employee were also the basis of recommendations on conducting BSA
drawn up for the auditors.

International practice shows that a significant effect in increasing the motivation of managers
can be achieved through the development of training sessions using modern educational technologies
and methods that take into account sociopsychological aspects of conducting classes (case method,
group discussion, brainstorming, debriefing, etc.) [37]. Based on the analysis of approaches to training
using interactive technologies, a programme of advanced training for managers and specialists of
different levels “Behavioural safety audit. Rules for conducting” was successfully developed and
tested which contributes both to acquisition by auditors of skills in conducting BSA, and the for-
mation and development of a high level of occupational safety culture [37-39]. There are face-to-face
(at Gubkin Russian State University of Oil and Gas), online (remote) and field (with a visit to the
company) training formats. In 2020-2022, over 300 managers of fuel and energy companies passed
training with subsequent certification.

In order to continuously proactively upgrade the process of managing the occupational safety
culture, an action plan was also developed to improve the level of occupational safety culture at
a pipeline enterprise [40-42]. Main directions:

* development and updating of regulatory framework in occupational safety culture (concepts
for development of occupational safety culture, local regulations for quantitative assessment of occu-
pational safety culture, etc.);
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* ensuring transparency of communications on occupational safety;

* formation of a positive attitude to changes in occupational safety [46, 47];

* building an effective system of motivation for safe labour [3, 48, 49];

* automation of processes in occupational safety culture.

Egﬁgﬁl
i
Op el

Table 2 presents a fragment of the drawn-up plan for the direction “Development of leadership

competencies”.
Table 2
A fragment of an action plan to improve the level of occupational safety culture
at the fuel and energy enterprise for the direction “Development of leadership competencies”
Measures for stagewise improvement .
of the level of occupational safety culture Deadline Results
Organization of training for managers of all levels according to advanced training
programme:
* behavioural safety audit. Rules for conducting;
« leadership in occupational safety;
« identification of hazards and risk management in occupational safety; Constantly —in Certificate
Ivsis of £ incid Procedure for d ine th d accordance with on advanced
analysis of root causes of incidents. Procedure for determining them an approved plan training
development of preventive measures.
When organizing training, it is recommended to provide for:
« training of internal trainers;
» conducting field seminars/trainings
. S Ly o Constantly — in .
Organization of employees training in first aid skills with involvement of health Certificate

care workers

Development and implementation of personnel assessment system that allows
determining the development level of critically important personal and leader-
ship qualities of employees

Acquisition of innovative AR/VR (augmented/virtual reality) simulators in oc-
cupational safety, innovative elements of personal protective equipment (with
smart sensors for remote monitoring of health and location indicators), simula-
tion dummies/simulators with maximum functionality and a high degree of like-
lihood, popularization of organization of training at test sites

Organization of probation periods for specialists of HSE department to exchange
experience on improving the level of occupational safety culture

Participation of employees (including young professionals) in thematic conferences
(international, all-Russian, and corporate) on the development of occupational
safety culture

Holding periodical meetings with teams — “Hour of Safety”

Development of the institution of mentoring (teaching employees the principles
of safe work under the guidance of a mentor assigned to them)

accordance with
approved plan

Within three years

Within two years

Constantly — in
accordance with
approved plan

Constantly — in
accordance with
approved plan

In accordance with
approved plan

Constantly

on training

Assessment system
of critically important
personal and
leadership qualities
of employees

Innovative
products,

certificate
on training

Report and
programme of events
on implementation
of experience gained

Protocols
of conferences

Reports
on results
of meetings

Updating
regulations
on mentoring system
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Conclusion. As a result of a comprehensive study, a model for improving the process of managing
occupational safety culture in fuel and energy companies was developed and implemented including
an assessment of the current state (based on results of surveying 614 employees of a pipeline company
using methods of statistical data analysis), deviation assessment (interpretation of the obtained data
and decision-making on the acceptability of risks ), forming a control action (development of BSA
methodology) and its implementation (dynamic implementation of the developed procedure, analysis
of the results obtained and implementation of corrective actions and proactive measures).

Using statistical data analysis, the efficiency of introducing a control action to increase the level of
safety culture at the enterprise under study was experimentally proved, confirmed by positive changes in
the assessment of most safety culture components by employees (after introduction of BSA procedure,
1,173 persons surveyed).

Taking into account global practice and development strategy of the company, the following
products were compiled:

* plan of corrective actions to eliminate the “alarm area” for its seven categories;

« action plan to improve the level of occupational safety culture including six main trends;

* thematic certification programme for advanced training in “Behavioural safety audit. Rules
for conducting” in which in 2020-2022 over 300 managers of all levels at fuel and energy companies
took part.

In future studies, it is planned to analyse the dynamics of model implementation as part of the
audit of the company's occupational safety culture including analytical monitoring of the system of
qualitative and quantitative indicators of BSA and the results of a quantitative assessment of the level
of occupational safety culture as well as an assessment of implementation of corrective action plan to
eliminate the “alarm area” and an action plan to improve the level of occupational safety culture for
the reporting period.

Adaptive implementation of the developed model promotes achievement of an acceptable cor-
porate level of occupational safety culture, improvement of leadership competencies, improvement
of working conditions and, as a consequence, reduction of the level of occupational injuries and
occupational morbidity in fuel and energy companies in the concept of a risk-oriented approach to
occupational safety management system which has a significant economic effect in the current situa-
tion and strategic perspective.
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